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EXECUTIVE SUMMARY 

This report describes the results of a study on Ultra-Wide Band (UWB) deployment in 
Personal Area Networking (PAN) environments in the United Kingdom.  Mason 
Communications Ltd and DotEcon Ltd have conducted the study for the Office of 
Communications (Ofcom), the UK Communications regulator, to assist in the 
development of regulation of UWB PAN deployment.  The study included an 
extensive consultation process with industry representatives. 

This report was commissioned by Ofcom to provide an independent analysis of the 
costs and benefits which are likely to be associated with the deployment of UWB 
technology in the United Kingdom, in order to assist Ofcom in its development of 
policy in this area.   

The assumptions, conclusions and recommendations expressed in this report are 
entirely those of Mason and DotEcon and should not be attributed to Ofcom. 

What is UWB? 

UWB is a technology developed to transfer large amounts of data wirelessly over 
short distances, typically less than ten metres.  Unlike other wireless systems, which 
utilise spectrum in discrete narrow frequency bands, UWB operates by transmitting 
signals over a very wide spectrum of frequencies.  It is an alternative to other wireless 
technologies, such as Bluetooth and WiFi, for Personal Area Network (PAN) 
applications. 

The principal advantages of UWB over alternative technologies are much faster data 
transfer rates (100 Mbps or greater) and extended device battery life.  It may also 
offer cost advantages, if chipset production volumes are sufficiently high.    
Regulations for use of UWB are already in place in the United States and vendors are 
producing compliant chipsets.  Two rival UWB approaches have emerged: a Direct 
Sequence CDMA standard (DS-UWB); and a variant using a multi-band approach 
with Orthogonal Frequency Division Multiplexing (MB-OFDM).  Both standards are 
currently being developed within the IEEE standardisation group. 

The scope of this study is focussed on UWB in PAN environments, although UWB is 
envisaged for a range of other applications including ground probing radar, security 
applications, sensing and radio tagging.  Since these applications are envisaged to 
exist in low densities compared to UWB PAN usage, they are not addressed in this 
study. Thus, the conclusions of this study on costs and benefits of UWB are based on 
deployment of UWB in wireless PAN environments and do not address the impact of 
UWB deployed in other environments (such as higher powered outdoor systems).  It 
is nevertheless noted that, in setting the regulatory framework for UWB in the UK, 
Ofcom will need to address the full range of UWB deployment scenarios.  

Study Objectives 

The aim of the study was to estimate the economic benefits and costs associated with 
UWB deployment for PAN applications.  By ‘costs’ and ‘benefits’, we mean negative 
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and positive impacts respectively on social value (or welfare) generated for the United 
Kingdom.  For the purposes of this study, we have focused only on the net impact on 
value across the economy, not on the distribution of costs and benefits between 
different groups of firms and individuals.   

Specifically, the study compares the net private benefits to consumers from using 
UWB-enabled devices (rather than alternative technologies) with potential external 
costs in terms of spectral interference to other radio services.  By offsetting total 
interference costs against total net private benefits, we can derive an overall value to 
the United Kingdom from UWB deployment.  For the purposes of this study, 
interference to other radio services relates only to the noise rise generated by UWB in 
isolation and does not consider the impact of noise from other sources.  

Scope of Work 

The scope of work was that the study should consider: 

• Drivers of costs and benefits of UWB deployments in mass-market 
deployment in wireless PAN environments 

• Net impact of value to the UK economy for different regulatory scenarios for 
UWB PAN regulation (scenarios as identified by Ofcom) 

• Sources of current potential interference costs, based on assessment of 
interference scenarios with systems currently operating in the UK in radio 
spectrum between 3 and 10 GHz and neighbouring bands. 

 
Net Private Benefits from UWB 

Using UWB to transmit data between enabled devices for applications generates 
private benefits for consumers wherever it offers better quality or lower costs 
compared with alternative wireless technologies.   

We estimate the flow of net private benefits across the UK population by: 

• Identifying PAN applications for UWB and comparing their characteristics 
and the likely cost of using UWB relative to alternative wireless technologies 

• Where there are quality differences, estimating the willingness to pay of UK 
consumers for UWB based on an hedonic pricing survey of existing devices 
for PAN applications that use wireless technology 

• Forecasting cost (relative to alternative technologies), take-up and usage of 
UWB devices. 

 
External Costs from UWB 

It is envisaged that UWB devices will occupy spectrum from 3.1 to 10.6 GHz.  
Existing, and potential future, systems operating either in this band or neighbouring 
bands may be subject to interference from UWB emissions.  This study focuses solely 
on external costs to systems currently active within or neighbouring the proposed 
spectrum for UWB.  
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We estimate interference costs in this study based on current UK licensed use of the 
radio spectrum, by: 

• Identifying those systems potentially vulnerable to UWB interference 
(particularly those which are likely to be used in close proximity to UWB 
devices) 

• Modelling the impact of interference using Monte-Carlo techniques, based on 
our forecasts of UWB take-up and usage 

• Where there is a potential impact on Quality of Service (QoS), calculating the 
cost of the additional network measures (build and/or running costs) that 
would be incurred in restoring quality of service to the level without the 
interference being present. 

 
Regulatory Scenarios 

There are a variety of options available to Ofcom in regulating UWB deployment in 
the United Kingdom.  The characteristics and price of UWB in the UK market, and 
the scope for interference with other services may be affected by the approach it 
adopts.  Ofcom therefore asked us to consider the impact of regulation of UWB PAN 
applications on net value to the UK under four alternative regulatory scenarios: 

• The FCC indoor mask - the UWB transmission range and emission limits for 
UWB indoor communications applications adopted by the FCC in the United 
States 

• The draft ETSI UWB mask - the draft European UWB emissions mask for 
UWB indoor communications systems currently being considered within 
CEPT and ETSI.  Relative to the FCC mask, this envisages introducing 
additional transmission limits on UWB at the edges of the 3 to 10 GHz 
operating band1.  We consider two variants of this mask: 

 The current version, which envisages a Power Spectral Density (PSD) 
of -65 dBm/MHz at 2.1GHz 

 A revised version, with a tighter PSD of -85 dBm/MHz at 2.1GHz 
• Lower band only - restricting UWB PAN transmissions to the lower part (3-5 

GHz) of the 3 to 10 GHz frequency band 
• Upper band only - restricting UWB PAN transmissions to the upper part (6-10 

GHz) of the 3 to 10 GHz frequency band. 
 

Assumptions 

Within the scope of the study we have sought to develop a conservative methodology 
by deliberately taking worst-case assumptions in modelling for external costs and 
modelling a lower bound for net private benefits.  Throughout the study, we have 
therefore made a series of conservative assumptions, for example, in relation to the 
potential benefits and cost levels of UWB relative to alternative technologies, and 
have attempted to reflect ‘worst case’ interference scenarios with current systems 

                                                 
1 This mask is still being considered within CEPT and ETSI; we consider the mask as it was envisaged in May 
2004. 
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(particularly in terms of the likely co-incidence of UWB within the interfering range 
of other radio services) within the external cost assessment.  However, we have not 
estimated the costs associated with some services.  Thus, our estimates of the value of 
UWB to the UK presented below should represent a lower bound, subject to 
determining the costs associated with these other services. 

As with any new technology, there is particular uncertainty about potential levels of 
take-up and usage of UWB.  Therefore, for each of our regulatory scenarios, we 
modelled low, central and high cases for take-up of UWB-enabled PAN applications 
over the period 2004-2020. 

Value of UWB 

The study attempted to consider all external costs but was unable to do so in some 
cases.  In some cases it is identified that UWB will not create external costs for other 
radio services; in others, insufficient data existed to enable us to accurately estimate 
the impact.  Thus, cost calculations on which our conclusions are based relate to 
UMTS interference costs.  Further study may be required to determine costs to other 
services not fully covered in this study.    

Our main finding, subject to further study, is that UWB has the potential to make a 
substantial contribution to the UK economy, generating billions of pounds in value 
over the next 15 years.  For the period to 2020, net private benefits exceed external 
costs under all the regulatory scenarios considered (however, in the case of the FCC 
mask, a positive net value is not achieved until 2020 and significant external costs are 
present in the period preceding this).  There are large variations in value between the 
scenarios, as illustrated in the graph below2.  The UWB emission level has a 
significant effect on UMTS costs, as does the level of UWB uptake (we have 
compared high, central and low predicted uptakes within the report).  Assuming FCC 
mask levels at 2.1 GHz, cumulative ‘costs’ rise to nearly £1bn per UMTS network for 
the period 2004-2020 (under our central UWB take-up forecasts).  At an emission 
level of –65dBm/MHz (the proposed ETSI mask limit), the cumulative costs are 
somewhat smaller at £35mn per network, again under the central uptake forecasts3.  
For an emission level of -85dBm/MHz, under the central UWB uptake forecasts, the 
model predicts the impact of UWB on the UMTS network QoS is negligible, with 
very few instances of interference being measured.   

We concluded that the value to the United Kingdom is likely to be maximised if 
chipsets deployed in UWB PAN devices meet the draft ETSI standard, or a modified 
version of this.  We understand from manufacturers that chipsets under development 
already meet the draft ETSI standard and may also be compatible with a tighter PSD 
limit of -85 dBm/MHz at 2.1GHz.  If this is the case, then benefits from UWB should 
be unaffected, whereas external costs owing to interference are significantly reduced. 

                                                 
2 The graph presented here illustrates net value, based on our central UWB uptake forecasts, with the UMTS 
reference year for costs set at 2015.  Under the ETSI mask scenarios, whilst net value is positive, external costs 
still arise to UMTS networks.  When the high uptake forecasts for UWB are used, costs are higher per network 
(cumulative costs of £366 million per network by 2020 for the ETSI –65 dBm mask scenario) 
3 UMTS costs are relative to a predicted degradation in QoS, which is significant at an emission level of –51 
dBm (a 4% change).  At –65 dBm the QoS change is still measurable but relatively small at around 0.1-0.2%. 
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By contrast, the FCC mask scenario does not look attractive, owing to the potential 
for very large external costs related to interference with UMTS networks, which 
significantly offset benefits.  The lower and upper band scenarios also generate less 
value than the draft ETSI masks.  The lower band restriction would not affect initial 
deployment of UWB but might affect future development of higher specification 
chipsets.  The upper band restriction would mean that existing chipsets could not be 
deployed in the United Kingdom, and manufacturers would have to develop entirely 
new chipsets for the UK market.  Our estimate is that this could setback the launch of 
UWB by five years or more. 
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4 This graph reflects net value (benefits minus costs) assuming our central UWB uptake forecasts, taking the 
worst case QoS impact that the model predicts under this scenario (reference year of 2015).  Cumulative value 
under the ETSI scenario assuming high and low UWB uptake forecasts, compared to the central uptake, is given 
in Section 6 
5 Net value based on comparison of benefits with UMTS interference costs; further study required to validate 
interference costs to some other radio services 
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Recommendations 

Based on these conclusions and taking into account the limitations of this study that 
are fully described in the main body of this report, including the fact that the costs 
associated with some services have not been quantified, we offer the following 
recommendations in relation to regulation of UWB for wireless PAN use: 

1. Ofcom pursues a policy within Europe of promoting the draft ETSI UWB mask 
for indoor communications applications, possibly subject to modifications of the 
roll-off below 3GHz (see point 3 below).  This recommendation is based on our 
understanding from manufacturers that UWB chipsets can meet the tighter limits 
applying at the edge of the mask relative to the FCC mask, such that benefits 
predicted in this study are not affected. 

2. There appears to be scope for tightening the roll off of the ETSI mask below 3 
GHz to a level of –85 dBm/MHz without eroding UWB benefits.  At this PSD 
level, we have calculated that costs to UMTS operators will be minimal.  
Therefore, there does not appear to be any compelling reason for applying power 
restrictions below this level. 

3. Based on our assessment of current UK frequency utilisation, we recommend that 
both the upper and lower bands should be made available for UWB6.  Restricting 
UWB to the lower band would potentially constrain future value for no obvious 
benefits.  Restricting UWB to the upper band only would be value destructive. 

4. There is scope for further investigations into the interference effects of UWB on 
various services, including wireless broadband, UMTS and aeronautical radar.  
This might lead to additional insights in relation to the detailed regulation of 
UWB emissions for UWB PAN and other envisaged applications of UWB.  
However, we think it unlikely that this will impact on our finding that net welfare 
from UWB for the United Kingdom are greatest under the draft ETSI UWB mask 
(or variant), because the level of UWB benefits occurring by 2010 in this scenario 
are predicted to significantly outweigh costs (the differential being over £60 
million at 2010).  As highlighted by the scope of work, this study does not address 
the potential impact of UWB on future technology investment.  It is noted that 
within some industries considered in this study, notably 3G, there are ongoing 
developments in network technologies, implying significant future investment by 
network operators in systems using the 3 to 5 GHz portion of the spectrum.  This 
is likely to include introduction of High Speed Downlink Packet Access (HSDPA) 
and potential expansion of mobile services into other frequency bands7.  Thus, 
Ofcom may wish to consider potential future utilisation of the 3 to 5 GHz portion 
of the radio spectrum in its setting of the UWB regulatory framework. 

                                                 
6 It is outside of the scope of this study to consider whether there are any future uses of spectrum in either the 
upper or lower bands that might be constrained by UWB deployment.  It is possible that the presence of UWB 
could affect the utility of certain frequency bands being allocated for certain future applications, and/or 
constrain or distort the scope for trading and liberalisation of spectrum in affected bands in future.   
7 For instance, ERC/DEC/(02) 06 designates the frequency band 2500 – 2690 MHz as an extension band for 
3G/IMT-2000 systems, following the decision taken at the World Radio Conference in 2000. 
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5. We recommend that Ofcom should consider the adoption of rules governing the 
outdoor use of UWB in its overall policy determination on UWB.  Such rules 
could be similar to those imposed by the FCC, for example prohibition on use of 
external antennas.  We have not explored this issue in detail in the study, as we 
focus on UWB deployment in wireless PAN devices, which by their nature are 
generally used indoors.  However, we note that wireless PAN devices may be 
used to ‘roam’ outside their normal operating environment (e.g. a laptop user 
takes the laptop outdoors). 
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1. INTRODUCTION 

This report describes the results of a study by Mason Communications Ltd (Mason) 
and DotEcon Ltd on Ultra-Wide Band (UWB) deployment in Personal Area 
Networking (PAN) environments in the United Kingdom.  The Office of 
Communications (Ofcom), the UK Communications regulator, commissioned the 
study to assist in the development of regulatory policy in relation to UWB.  At 
present, UWB use in the United Kingdom is allowed only under temporary (test and 
development) licences. 

1.1 Study Objectives 

The aim of the study was to estimate the economic benefits and costs associated with 
UWB deployment in PAN environments.  Specifically, the study compares the net 
private benefits to consumers from using PAN devices enabled with UWB (rather 
than alternative technologies) with potential costs in terms of spectral interference to 
other radio services.  By offsetting total interference costs against total net private 
benefits, we can derive an overall value to the United Kingdom of UWB deployment. 

Our methodology has been designed to estimate a reasonable lower bound on benefits 
and to use worst-case assumptions in modelling to estimate costs from UWB, for each 
of these regulatory scenarios.  This is a deliberately conservative approach.  It is taken 
to ensure a high level of confidence in any finding that overall value to the United 
Kingdom is positive. 

We estimate costs and benefits of UWB deployment under four different regulatory 
scenarios, which have been identified by Ofcom as possible policy options for 
regulating UWB PAN deployment in the UK: 

• The FCC indoor mask for communications applications – the UWB 
transmission range and emission limits adopted by the FCC in the United 
States. 

• The draft ETSI UWB mask - the proposed European emissions mask currently 
being worked on by CEPT and ETSI, which introduces additional transmission 
limits on UWB at the edges of the 3 to 10 GHz operating band. 

• Lower band only - restricting transmissions to the lower part (3-5 GHz) of the 
3 to 10 GHz frequency band. 

• Upper band only - restricting transmissions to the upper part (6-10 GHz) of the 
3 to 10 GHz frequency band. 

 
For each scenario, we consider the impact on costs and benefits of low, medium and 
high cases for take-up of UWB-enabled PAN applications over the period 2004-2020.  
We also consider the impact on the cost side of take-up of different types of UWB 
chip standards8. 

                                                 
8 There are two UWB chip standards that have evolved as frontrunners and are currently being 
considered by the IEEE 802.15.3a standards forum, namely DS-UWB and MB-OFDM.  We therefore 
consider the impact of one or both of these standards being deployed in the UK market. 
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The purpose of this analysis is to provide Ofcom with a better understanding of the 
economic impact of UWB PAN use, likely to be the key mass-market application of 
UWB, under different regulatory scenarios.  In parallel with the ongoing technical 
studies being conducted by the membership of the CEPT, ETSI and the ITU, and 
consideration of appropriate policy on use of UWB in other environments, 
particularly outdoor applications, this will inform Ofcom’s policy determination on 
UWB. 

1.2 Scope of Work 

The scope of work for the study was that it would address: 

• Drivers of costs and benefits of UWB deployments in mass-market 
deployment in wireless PAN environments 

• Net impact of value to the UK economy for different regulatory scenarios for 
UWB PAN regulation as identified by Ofcom 

• Sources of current potential interference costs, based on assessment of 
interference scenarios with systems currently operating in the UK in radio 
spectrum between 3 and 10 GHz and neighbouring bands. 

 
There are a number of implications of the analysis presented in this report that are not 
addressed in the study, and may require further consideration by Ofcom in setting of 
UWB regulatory policy: 

• Distribution of costs and benefits between different groups of firms and 
individuals and impacts that may arise  

• Relative impact of other noise sources on existing radio users, compared to 
UWB 

• Impact of niche UWB applications outside of the definition of wireless PAN 
systems 

• Impact of UWB on potential future systems. 
 

1.3 Industry Consultation 

This study draws extensively on bilateral consultation with industry representatives, 
including: 

• Manufacturers of UWB chipsets 
• Manufacturers of devices that may utilise UWB 
• Manufacturers of devices that may suffer interference as a result of UWB 

deployment 
• Network operators and other parties that offer services which may utilise 

UWB technology 
• Network operators and other parties whose transmissions may suffer 

interference as a result of UWB deployment. 
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Estimations of the take-up of PAN applications were developed using data provided 
by Analysys Consulting Ltd.  

In conjunction with Ofcom, the Mason and DotEcon team also held workshops on 23 
July and 15 October, at which the study team presented their methodology, results and 
conclusions and invited industry representatives to provide comment. 

We would like to thank the following companies for participating in the workshop 
and/or bilateral consultations: 

• BT 
• Inmarsat 
• Intel 
• Motorola 
• NATS 
• Nokia 
• Orange  
• O2 
• Pipex 
• Thales Group 
• T-Mobile 
• Three 
• UK Broadband 
• Vodafone. 
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1.4 Structure of the Report 

This report is divided into seven sections: 

• In Section 2, we provide a brief explanation of UWB and its potential role in 
the market for PAN applications, and describe the possible scenarios for 
regulation and commercial deployment of UWB 

• In Section 3, we identify the sources and mechanisms through which UWB 
will generate benefits and costs, and discuss how these may be affected by the 
choice of regulation 

• In Section 4, we explain our methodology for estimating Net Private Benefits 
from UWB deployment, and present our results 

• In Section 5, we describe our methodology for estimating the external costs of 
introducing UWB, arising from interference to other radio services, and 
present our results 

• In Section 6, we integrate the results of our cost and benefit assessments under 
the different regulatory scenarios 

• In Section 7, we present our conclusions, including an assessment of the 
potential policy implications of our analysis for Ofcom. 
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2. UWB AND PERSONAL AREA NETWORKING 

In this section, we provide a brief explanation of UWB technology and its 
applications in personal area network (PAN) environments.  We then consider the 
potential for UWB signals to cause interference to various other radio services, and 
the impact of regulation under Ofcom’s four scenarios. 

2.1 What is UWB? 

Ultra-Wide Band (UWB) is a technology developed to transfer large amounts of data 
wirelessly over short distances, typically less than ten metres.  Unlike other wireless 
systems, which utilise spectrum in discrete narrow frequency bands, UWB operates 
by transmitting signals over a very wide spread of spectrum.  Under FCC rules, UWB 
devices are subject to certain power and frequency limitations.  The FCC has defined 
a radio system to be an UWB system if it has a spectrum that occupies a bandwidth 
greater than 20% of the central frequency or an absolute bandwidth greater than 500 
MHz.  For UWB PAN applications, devices must operate in the 3.1 to 10.6 GHz 
frequency band according to the FCC regulations on UWB indoor communications 
systems. 

UWB has a variety of possible applications.  In this study, we focus on applications in 
the PAN environment, which includes homes and offices.  Other potential 
applications for UWB include ground-probing radar, positioning location systems, 
wireless sensors, asset tracking and automotive systems.  However, these fall outside 
the scope of this study.  It is generally recognised that the majority of UWB 
applications will fall into the category of consumer communications and high speed 
networking within PAN environments9. 

Until recently, almost all data connections between electronic devices in the home and 
office environments were made using cabling, with limited deployment of Infra Red 
(IR).  However, in recent years, there has been increasing interest in replacing cable 
and IR connections by ‘wireless’ links, which transmit signals using radio spectrum.  
Prominent wireless technologies deployed to date include Bluetooth and the 802.11 
series of wireless LAN (WLAN) technologies.  Wireless links offer a number of 
benefits to the consumer, including greater flexibility in positioning devices and the 
aesthetic advantage of cable replacement.  They also provide much higher data rates 
and greater range than IR. 

UWB is a potential alternative (or complement) to other local area wireless 
technologies, such as Bluetooth, WiFi and other WLAN technologies, which 
themselves replace cable links.  Table 2.1 provides a comparison of the features of 
UWB with cable and other wireless technologies designed for personal area and local 
area networking.  The other wireless technologies that we consider are Bluetooth, 
ZigBee, 802.11 technologies, Infra Red and Inductively Coupled Devices.  The 
principal advantages of UWB over existing wireless alternatives are that it offers 
much faster data transfer rates (100 Mbps or greater) and extended battery life for 

                                                 
9 Up to 90% the UWB market is expected to be indoor applications in PAN environments (source: Mason 
Communications study for the Radiocommunications Agency, October 2003) 
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consumer goods (owing to the low duty cycle and bursty nature of UWB connections 
leading to power savings).  UWB chipsets should also be relatively cheap to 
manufacture, provided that there is sufficient global demand to facilitate economies of 
scale in production (they have a similar cost profile to Bluetooth and are likely to be 
cheaper than WiFi). 

The characteristics and cost of UWB in the UK market may be affected by the 
regulatory approach adopted by Ofcom for UWB PAN applications (see Section 2.5 
for a description of the alternative regulatory options we consider in this study).  In 
Table 2.1 we indicate in italics those values that may differ under alternative 
regulatory approaches.  
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WiFi 
UWB 

Characteristics 
FCC 
mask 

ETSI 
mask 3-7GHz 

7-10GHz 
band Bluetooth 

ZigBee 
(802.15.4) 802.11a 802.11b 802.11e 802.11g 802.11n 

Infra Red 
(IR) 

Inductively 
coupled 
devices Cables 

Wireless? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No 

Radio Frequency 
band 

Defined 
by mask 

Defined 
by mask 

Defined 
by mask 

Defined by 
mask 2.4 GHz 

2.0/ 2.4 GHz 
900MHz 

(United States) 
5 GHz 2.4 GHz 2.4 GHz or 

5 Ghz 2.4 GHz 5 GHz 

Not 
Applicable 
(Infra Red 
frequency) 

Various 'ISM' 
bands e.g.  
2.4 GHz. 5 

GHz, 13 MHz 

Not 
applicable 

Data rate 
100/440
Mbps - 
1Gbps10 

100/440
Mbps - 
1Gbps 

100/440
Mbps - 
1Gbps 

100/44 
Mbps – 1 

Gbps  

Up to 
721kbps up to 250kbps up to 54Mbps up to 

11Mbps 
up to 

54Mbps 
up to 

54Mbps 

up to 100Mbps, 
rapidly decreasing 

with distance 
up to 4Mbps up to 64 kbps 

Up to 
10Gbps 

with fibre-
optics 

Range < 10m < 10m < 10m < 10m 10m or more 10m 50 m 100-150 m 50-150 m 100-150 m 100-150 m  20cm-2m Line 
of sight  

100-200 m to 
several km 

length of 
wire 

No. of channels 1 to 5 1 to 5 1 to 5 1 to 5 79 channels 16 channels at 
2.4 GHz 

Up to 15 non-
overlapping 
channels per 
access point 

11 
overlapping 

channels, 
typically 3 

channels per 
access point 

As for 
802.11a or 

802.11b 

3 non-
overlapping 
channels per 
access point 

15 non-overlapping 
channels per access 

point 

1 per access 
point ?? Not 

applicable 

Scope for multiple 
devices to operate 
simultaneously 

High High High High Low Low Medium/high Medium High Medium/high Medium/high Low High High 

Throughput 
degradation 
owing to 
contention 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No No Yes 

Wall 
penetration Yes Yes Yes Yes No No At reduced data 

rate Yes Yes Yes Yes No No Not 
applicable 

Line of sight 
only No No No No No No No No No No No Yes No Not 

applicable 

Q
ua

lit
y 

of
 se

rv
ic

e 
/ 

in
te

rf
er

en
ce

 is
su

es
 

Immunity to 
Multipath 
Interference 

Yes Yes Yes Yes No No No No No No No Not applicable No Not 
applicable 

Power consumption Low Low Low High Medium/ 
high Low High High High High High Low Low Negligible 

Relative cost  Low/ 
Medium 

Low/ 
Medium 

Low/ 
Medium Unknown Low Low Medium Medium High Medium High Low Medium Low 

Available 2005 2005 2005 2010 Currently 
available 2005 Currently 

available 
Currently 
available 2005 Currently 

available 2005 Currently 
available 

Currently 
available 

Currently 
available 

               

Table 2.1:  Comparison of PAN/LAN Technologies

                                                 
10 Depending on the type of UWB chipset (DS-UWB) and on future developments.   
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2.2 PAN Applications 

Personal area networking is generally understood to be the creation of ad-hoc 
networks connecting computing and consumer electronic devices in the home or 
office.  Figure 2.1 depicts a typical PAN in a home environment.   

 

Figure 2.1:  PAN in the Home (Source:  Analysys Consulting Limited) 

There are two broad types of environment in which PANs are deployed in the home 
and/or office: 

1. Computer applications. 

UWB technology could be used to link together personal computers (PCs) and 
connect PCs to other devices.  We consider connections between the following 
applications: 

♦ PC networking (PC to PC, PC to LAN, printer/scanner, etc.) 
♦ PCs and low data rate peripherals (keyboards, mice, joysticks) 
♦ PCs and audio devices (microphones, speakers, headsets) 
♦ PCs and video display/capture devices (wireless monitors, projectors, 

webcams) 
♦ PCs and handheld devices (mobile phones, PDAs, digital cameras & 

camcorders, MP3 players) 
♦ Handheld devices to other handheld devices 
♦ PCs to external data storage devices (external hard drives, CD/DVD 

drives). 
 

In Box 1, we provide a brief summary of relative strengths and weaknesses of 
using UWB for these categories of application. 
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2. Home entertainment applications. 

UWB can also be used for residential home entertainment system applications, 
for example replacing wire connections between video and audio devices or 
PCs and audio-visual devices by wireless connection.  Resolution and quality 
of transmission is particularly important in this area, and maintaining a good 
quality transmission may require high and dedicated data rates, which a UWB 
connection would be suitable to provide.  We consider the following 
applications: 

♦ Audio streaming (PC/hi-fi/VCR/DVD player device to other PC/hi-fi 
or speakers/headphones) 

♦ Video streaming (PC/VCR/DVD player/decoder/games console to 
video recorder/screen/projector) 

♦ Video and audio downloads (between different devices with data 
storage capabilities such as hard-drive video recorders). 

 
In Box 2, we provide a brief summary of relative strengths and weaknesses of 
using UWB for these categories. 

Box 1:  Computer applications for UWB 

PCs networking 

UWB could be used for networking computers in a PAN, provided that they are 
located sufficiently close together.  UWB offers higher data rates than WiFi.  
However, WiFi technologies are very cost effective for this application.  
Meanwhile, UWB has much lower range and cannot connect devices in separate 
rooms, factors which may limit its use for larger PANs and for local area 
networks (LANs). 

PCs and low data rate peripherals 

The main strength of UWB is its combination of wireless and ability to transmit 
data at very high data rates.  Relative to other wireless technologies, such as 
Bluetooth, it offers no additional benefits for connecting computers to basic 
peripherals, such as keyboards and mice.  These only require low data rates to 
function effectively, and may rely on a regular flow of low rate data rather than 
short bursts.  Therefore, users would not experience any difference in their user 
experience from switching between the technologies.  Note, however, UWB 
(along with Bluetooth etc.) can offer advantages over wire and Infra Red 
connections.  In summary, benefits from using UWB for these applications will 
only come if it can offer lower costs relative to other wireless technologies. 

PCs and audio devices 

Audio connections could be provided using UWB, linking computers with 
loudspeakers, headphones, microphones and headsets.  Such wireless connections 
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are already available using other technologies, which provide high quality audio 
transmission.  The advantages from using UWB – high data rates and low power 
consumption – are likely to be negligible from a user experience perspective.  
Furthermore, to the extent that range is important, UWB may be at a disadvantage 
relative to some alternative technologies.  Thus, in practice, if UWB is deployed 
in this area, it is likely to be largely on cost rather than qualitative grounds. 

PCs and video display/capture devices 

High quality wireless connections to video display devices like monitors or 
projectors are currently unavailable using wireless technologies11.  The need for a 
sufficiently high and constant data rate means that existing Bluetooth and WiFi 
technologies are inadequate for this application.  UWB could bridge this gap, as 
may higher rate WLAN technologies, such as 802.11e and 802.11n.  Given that 
monitors will still need to be powered, benefits from connecting a desktop 
computer to a dedicated monitor may be limited to aesthetical aspects.  The 
greatest benefits from using wireless technology in this area may be for 
connections between laptops and monitors or projectors (which may then be 
shared, for example in high-tech meeting rooms). 

PCs and handheld devices 

Connections between PCs and handheld device (phones or PDA) are typically 
made using wire, IR or Bluetooth.  Data transfer to these applications typically 
takes place only occasionally, but may be substantial.  UWB could significantly 
reduce file download and synchronisation times between these devices, in 
situations where a large amount of data is being transferred.  Additionally, using 
UWB may result in improved battery life of handheld devices and laptops owing 
to lower power consumption and connection time required.  The limited range of 
UWB is unlikely to be a problem; as such connections often require the user 
introducing commands in both devices and therefore the devices are typically 
positioned close together during the connection. 

Handheld devices to other handheld devices 

UWB offers the same advantages as for PCs to handheld devices.  The extent of 
advantages from using UWB will depend on the level of data being transferred.  
This is often modest at present, but is growing as handheld devices, such as PDAs 
and mobile phones, take on more PC functionality. 

PCs and external data storage devices 

This group of applications has characteristics similar to the PC to handheld 
devices group.  UWB is likely to provide significant benefits for these 
applications, replacing wired connections via USB ports, given the large size of 

                                                 
11 Connection between surveillance cameras and computers is currently available on Bluetooth; however, there 
are important limitations on the quality of the video stream using this technology and we consider these 
applications to be different from high-quality video streaming. 
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files being transferred.  UWB will both cut the time involved and reduce power 
consumption relative to other wireless alternatives. 

 

Box 2:  Home entertainment applications for UWB 

Audio streaming 

Audio connections can already be achieved using a number of wireless 
technologies, including Bluetooth.  The data rate required for transmitting digital 
audio signals increases with the quality of the audio transmitted.  Additionally, 
the required data rate also increases with the number of independent audio 
channels if audio quality is to be preserved.  For instance, the data rate required in 
order to stream multiple audio signals from a DVD player to a surround amplifier 
would be considerably larger than that required for traditional stereo signals, as 
each independent channel requires its own data stream.  For this reason, there 
may be scope for using UWB for high-end audio applications (especially hi-fi 
systems). 

Video streaming 

High-quality video streaming requires high-speed, dedicated data rates.  
Technologies currently exist that allow users to wirelessly connect video units 
(DVD players/recorders, VCRs and televisions or projectors) within the PAN 
environment.  Additionally, in combination with a PC to TV card they would 
allow users to stream, wirelessly, high quality audio from their computers or 
dedicated hardware designed for broadband video-on-demand services, 
potentially even when these are not in the same room.  Current technologies can 
transmit signals through walls with no significant reduction in quality, an attribute 
that UWB is not able to replicate. 

Video and audio downloads 

Digital encoding and compression of data files allows users to transfer audio and 
video files at non-real time speeds between different devices with data storage 
facilities (e.g. PCs, DVD recorders or set-top boxes with hard disk space or 
connected to a video network).  This allows users of low data rate technologies 
(with data rates below that required for real-time streaming) to transfer files from 
one device to another (which would therefore take more time than the real 
playing time) prior to playing them or recording them to another data storage 
media.  However, non-real time file transfers would also allow users of high data 
rate devices to transfer files at times significantly below the playing time of the 
files, thus allowing for fast recording or downloading of files.  In this type of 
application, UWB would allow users to significantly reduce the speed of file 
transfers. 
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Table 2.2 provides a summary of the PAN applications considered in this study and 
an assessment of the suitability of UWB and alternative technologies for providing 
these services.  As can be seen, in all cases, there are alternative technologies 
available to UWB, albeit in most cases offering quality differences in service. 

There are a number of possible other applications for UWB, either in or at the margins 
of the PAN environment.  These have been excluded from this study, either because 
their use is too speculative or because they fall outside our definition of PAN 
applications.  Excluded services include: 

• Toys – US regulations currently prohibit the use of UWB in toys; it is 
anticipated that regulation in EU countries will carry the same restriction 

• Surveillance systems - UWB technology could be used for connecting wireless 
cameras to the surveillance centre or its network, or intercom cameras using 
UWB technology in order to provide easier installation 

• Location based systems and outdoor applications of UWB (ground probing 
radar, through-wall imaging, surveillance systems, automotive applications) 

• Chip-to-chip interconnection – UWB could potentially be used for high-
bandwidth wireless connections between chips within PCs.  However, if UWB 
is deployed in this way, it would likely be on a very low-range basis and 
subject to screening within the device.  Thus, the risk of interference with 
others services would be much lower than for other PAN applications. 

 
2.3 UWB Technology Standards 

Although the technologies behind UWB have been understood for many years, it is 
only since 2001 that active steps have been taken towards developing commercial 
standards.  A standards committee of the Institute of Electrical and Electronics 
Engineers (IEEE), known as the 802.15 Wireless Personal Area Network (WPAN) 
Group, has led the commercial standardisation process for UWB PAN systems.  The 
IEEE has been responsible for the development of a range of alternative wireless 
standards, including the 802.11x range of standards for wireless local area networking 
(WLAN) and emerging standards for wireless metropolitan area networks (802.16 
WiMAX and 802.20). 

Task Group 3a of IEEE 802.15 was initially formed to identify a high speed physical 
layer capable of supporting data rates between 110 Mbps and 480 Mbps over short 
ranges of less than 10 metres, using low power and low cost technology.   
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WiFi UWB 
Applications FCC 

mask 
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mask 3-6GHz 6-10GHz 

band 

Bluetooth ZigBee 
(802.15.4) 802.11a 802.11b 802.11e 802.11g 802.11n 

Infra Red 
(IR) 
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devices 
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Table 2.2:  Available Technologies for PAN Applications 

 



 

Y85A004A Page 23 REV A 

Group 3a received some 23 proposals for the physical layer standard, which 
subsequently have been narrowed down to two rival UWB proposals (the group has 
subsequently become the main focus of standardisation activity for UWB): 

• DS-UWB – Direct Sequence UWB, the Dual Band Direct Sequence technique 
supported by Motorola and Xtreme Spectrum 

• Multiband OFDM - the Multiband Orthogonal Frequency Division 
Multiplexing approach being developed through the Multi Band Operating 
Alliance (MBOA), supported by over 80 consumer electronics companies, 
including Intel, Philips, and Texas Instruments. 

 
These two standards have different characteristics (see Table 2.3 for a brief 
comparison).  As a result, they vary both in terms of their performance and potential 
effects of their emissions on other radio services.  However, both standards will be 
expected to meet the same regulatory conditions.  

As of September 2004, neither proposal has received the 75% support of all voting 
members within the IEEE group necessary to be adopted as a preferred physical layer 
solution.  At present, it appears that both approaches will develop and it will be left to 
market forces to determine which standard (if any) becomes dominant.  Industry 
sources speculate that the DS-UWB design will be focused upon the consumer 
electronics market, while the MB-OFDM solution will concentrate upon PC and 
mainstream wireless networking12.  It is unclear whether there is room for two rival 
standards and to what extent one standard will eventually dominate the market. 

                                                 
12 Walko John, Relax and Wait, IEE Communications Engineer, December/January 2003/04. 
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 Multiband OFDM Impulse/Direct Sequence--
UWB 

Number of Bands Up to 15 sub bands with 3 to 5 
GHz as the ‘core’ band that must 

be supported by all devices 

2 (3 to 5 GHz and 6 to 10 GHz) 

Bandwidth 528MHz per band 1.368GHz and 2.736GHz 

Data Rates 110, 200, 480Mbps 110Mbps (1-10m); 200Mbps -
480Mbps(<1m); recently 1.3Gbps 

(2-3m claimed) 

Chip/Symbol 
Duration 

Symbol: 312.5ns, including 9.5ns 
guard interval, 60.6ns ISI interval 
and 242.4ns information duration 

Chip: 731ps (low band) 365ps 
(high band) 

Modulation BPSK, QPSK BPSK, QPSK (+DSSS) 

PPM (+Time Hopping) 

Multiple Access Time/Frequency Interleaving CDMA or Time Hopped 

Table 2.3: Summary of the Principal Characteristics of IR-UWB and Multiband 
OFDM 

The main differences between the two standards are as follows (for a summary of the 
alternative approaches, please refer to Appendix A):  

• Both approaches meet the FCC definitions of UWB and are capable of 
providing high speed, short range wireless connectivity in PAN environments 
at speeds in excess of 100 Mbps 

• In terms of compatibility with other radio systems, the MB-OFDM approach 
offers a distinct advantage in its ability to dynamically drop tones/frequency 
bands within a tone group, if required by regulation.  Vendors within the 
MBOA suggest that this can be done without significantly impacting on UWB 
performance (range or data speed).  Our understanding from discussions with 
vendors is that studies are ongoing to verify the performance impact (if any) of 
‘notching’ specific bands 

• The direct sequence approach provides for better multipath interference 
rejection, which provides certain performance improvement benefits for some 
envisaged applications (e.g. increased accuracy when used in position location 
systems) 

• Each proposal involves greater complexity in specific aspects of design:  there 
is a more complex rake receiver design in the direct sequence technique; 
whereas the OFDM approach requires complex IFFT (inverse Fast Fourier 
Transform) techniques. 
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2.4 Co-existence with Other Radio Services 

As UWB signals require a very large bandwidth to broadcast their signals, they will 
transmit at low power across a range of frequency bands.  Very narrow pulses of 
energy are spread across a very wide frequency band, such that the power occupying a 
discrete narrow bandwidth is very low.  Hence, proponents of UWB claim that the 
noise-like signal characteristics of UWB means that they can co-exist with other radio 
systems in the same spectrum.  However, the claim that UWB will cause minimal 
interruption to other radio services is controversial.  Many existing spectrum users, 
notably the mobile industry, have expressed concern that UWB could impose harmful 
interference on their services. 

In brief, the arguments put forward by UWB proponents as to why UWB can co-exist 
in the same bands as existing wireless systems are as follows: 

• The UWB band, 3.1 to 10 GHz, is well above the frequencies used by most 
existing radio systems 

• UWB transmitted power is spread over a large bandwidth, such that the 
amount of power in any narrow frequency band (known as the Power Spectral 
Density (PSD) is insignificant 

• Interfering power picked up by an affected receiver from a UWB device will 
appear as background noise, below the threshold that will impact on receiver 
performance 

• The PSD of the UWB interference is less than the accidental spurious 
emission level allowed to other radio systems by regulation. 

 
Under the FCC rules, UWB devices for indoor communications are permitted to 
transmit across the 3.1 to 10.6 GHz frequency range.  This spectrum is used by 
various other radio services including terrestrial fixed and satellite systems and radar.  
Although UWB signals will be transmitted in licensed spectrum above 3.1 GHz, 
interference concerns are not confined to this spectrum as the UWB signal may create 
interference power in other adjacent licensed frequency bands.  Of particular concern 
to the mobile industry is the potential for UWB to interfere with the spectrum used by 
Third Generation (3G) mobile networks in Europe, which is between 1.9 and 2.1 
GHz. 

The principle of operation of UWB is different to conventional wireless schemes, 
since very short pulses of energy are transmitted, rather than a continuous waveform.  
The spectral emissions of a UWB signal depend on the characteristics of the pulse 
waveform as well as on the width of the pulse.  In general terms, a UWB device will 
produce noise-like emissions that spread across the spectrum, thus potentially 
impacting various existing radio systems from an increase in the in-band noise level.  
The pulse-like nature of UWB means that affected receivers of other radio services 
within its bandwidth may be subject to very high instantaneous powers.  This has 
caused particular concern to the mobile industry as previous technical studies have 
shown that the burst-like emissions from UWB devices will interfere with the gain 
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control mechanisms in UMTS (open loop power control)13.  It is also suggested that 
the existence of a large number of UWB devices all transmitting within the same area 
may give rise to aggregated powers levels that will interfere with a range of affected 
receivers including microwave links, fixed satellite stations and radar14. 

Detailed technical modelling to study the potential effects of UWB on a range of 
affected radio systems is ongoing within study groups of the CEPT and the ITU.  It is 
not the purpose of this study to reproduce this work, but rather to assess the 
commercial impact that interference may cause in order to consider potential 
economic costs.  This study makes use of UWB interference studies produced by 
CEPT and ITU, and from earlier Mason studies for the RA, where possible. 

Technical studies have suggested that the level of interference caused by UWB will 
depend on the parameters of the UWB transmission and the operating scenario 
(particularly the vicinity to other radio systems).  In particular, parameters affecting 
the level of interference include15: 

• Power spectral density mask 
• Peak to average power ratio 
• The use of power control 
• Characteristics of the UWB emissions (modulation, periodic usage rate and 

pulse repetition rate)  
• Operating environment (indoors or outdoors) 
• Separation distance between affected receiver and the UWB device (and 

propagation path). 
 

The scope for UWB PAN devices to interfere with other radio services particularly 
depends on the way that the systems are designed (the PSD mask), and the spatial and 
temporal co-existence of UWB PAN devices with other radio systems16.  This, in turn, 
is constrained by a combination of market factors, industry self-regulation (in defining 
the characteristics of UWB signals through the standardisation of the physical layer or 
air interface) and the rules established by national spectrum regulators and 
international bodies for use of UWB devices. 

Of particular importance in the context of this study are the UWB PSD mask, and the 
characteristics of the UWB emissions.  The PSD mask is important because this is the 
means by which regulators can set limits on the maximum power of UWB emissions, 
both within the frequency range that devices are permitted to operate as well as limits 
on emissions falling in adjacent bands.  The emission mask for UWB use in indoor 
communications environments in Europe is under discussion within CEPT and ETSI 
groups at the time of producing this report and hence our study has been based on our 
understanding from draft proposals of what the ETSI mask might look like. 

                                                 
13 Study into the Effects of Ultra Wideband Technology on Third Generation Telecommunications, Mason 
Communications, September 2003 
14 CEPT ECC TG3, Compatibility of UWB with Various Other Radio Services 
15 As found in Study into the Effects of Ultra Wideband Technology on Third Generation Telecommunications, 
Mason Communications, September 2003, CEPT TG1-3 and ITU-R TG1-8 studies 
16 Assumptions on which are described in detail in Section 5 of this report 
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The level of interference caused to other radio services will be affected by other 
characteristics of the UWB emissions as well as the power, such as the pulse width 
and the shape of the waveform.  Applications of UWB that operate outdoors, such as 
ground probing radar, will have a greater potential to interfere with other radio users.  
However, these systems are outside of the scope of this study, as only PAN 
applications are considered.   

Interference from UWB PAN applications is influenced by the modulation scheme 
adopted; as described in Section 2.3, there are currently two rival UWB approaches 
using different modulation schemes.  It should be noted that there are techniques 
within the UWB standards that will facilitate co-existence with other radio systems.  
In particular, the option to remove or ‘notch’ certain tone groups (frequencies) from 
use by UWB devices within the MB-OFDM standard will mean that devices are able 
to adapt more readily to different regulatory requirements in different regions, arising 
due to different national frequency plans and the wish to protect certain bands of 
frequencies. 

2.5 Regulatory Scenarios 

To consider the impact of regulation on the net benefits generated by UWB, Ofcom 
asked us to model costs and benefits arising from a number of alternative regulatory 
scenarios.  Here, we provide a brief overview of these scenarios assessed and discuss 
their relationship to the two rival UWB technologies. 

2.5.1 FCC Indoor Mask 

Regulations for UWB operation are already in place in the United States, 
contained in modification to the FCC ‘Part 15’ Limits (rules which govern the 
operation of low power wireless products without a licence, i.e. licence 
exempt operation)17.  The FCC’s UWB regulations were finalised in 2003, and 
vendors are now producing UWB chipsets and consumer products to meet the 
FCC rules.  Being a licence-exempt device, the Part 15 Limits mean that UWB 
systems are not protected from interference from other radio services, and 
must not themselves cause harmful interference to others. 

The FCC regulations for UWB define three types of UWB device: 

♦ Imaging systems – which can be operated below 960 MHz or between 
3.1 and 10.6 GHz 

♦ Vehicular radar systems – which must operate between 22 and 29 GHz 
♦ Communication systems – which operate between 3.1 and 10.6 GHz. 

 
A PSD mask has been defined for each type of device.  For the category of 
system of interest to this study, namely communications systems, the 
emissions levels defined by the PSD mask are as follows:  

                                                 
17 Federal Communications Commission, Revision of Part 15 of the Commission’s Rules Regarding Ultra Wide 
Band Transmission Systems, Adopted 14 February 2002. 
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♦ -41 dBm/MHz within the 3.1 to 10.6 GHz band18 
♦ -51.3 dBm/MHz between 1.9 and 3.1 GHz, and above 10.6 GHz 
♦ -53.3 dBm/MHz between 1.6 and 1.9 GHz 
♦ -75.3 dBm/MHz between 960 MHz and 1.6 GHz. 

 
The above limits apply to all types of indoor UWB communications system 
i.e. both of the rival UWB standards being discussed within the IEEE must 
meet these limits.  Our understanding is that both standards meet the limits as 
defined.  

Vendor announcements on availability of chipsets designed according to the 
DS-CDMA approach were made during July 2004, confirming availability of 
initial chipsets achieving a data rate of 110 Mbps.  We understand from 
vendors within the MBOA that initial products will be available within the 
next 12 months. 

2.5.2 Draft ETSI mask 

Earlier in 2004, the European Commission requested the European Conference 
of Postal and Telecommunications Administrations (CEPT) and European 
Telecommunications Standards Institute (ETSI) to develop conditions for use 
of the radio spectrum and harmonised standards for UWB19.  Ofcom is a 
participant in the technical studies of these bodies, with the objective of 
defining PSD limits on UWB-based devices for co-existence with other radio 
services20. 

A draft CEPT mask exists (see Figure 2.2).  However, the UWB emission 
levels stipulated in the mask are still under debate, pending results of ongoing 
technical studies within CEPT and the ITU-R on co-existence of UWB with 
other radio services.  

The differences between the draft ETSI mask that this study considers and the 
FCC indoor mask are highlighted in Figure 3.1.  This illustrates that the two 
masks currently define the same ‘in band’ limit (of –41.3 dBm/MHz between 
3.1 and 10.6 GHz).  The differences arise outside of this range, where the draft 
ETSI mask proposes a sloping fall in emissions compared to the FCC 
‘staircase’ mask.  The gradient of the slope is designed to offer increased 
protection to systems outside of the 3.1 to 10.6 GHz range, particularly to 
mobile systems at 2 GHz. 

At 2.1 GHz, the PSD limit according to the draft ETSI mask is around 
-65dBm/MHz.  However, at this emission level, technical studies have 

                                                 
18 Emissions from the UWB device must not exceed –41 dBm when measured in a bandwidth of 1 MHz. 
19 European Commission DG-InfoSoc, Mandate to CEPT to Harmonise Radio Spectrum Use for UWB Systems 
in the European Market, February 2004. 
20 Draft ECC Report, Technical Feasibility of Co-Existence Between Pulsed UWB Systems and Some Selected 
Radiocommunications Applications below 10.6 GHz Draft ECC Report, Technical Feasibility of Co-Existence 
Between Pulsed UWB Systems and Some Selected Radiocommunications Applications below 10.6 GHz. 
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highlighted that UWB will still impact the UMTS downlink transmission 
range, network capacity and quality of service. 

Although discussion is ongoing within CEPT and the ITU, our understanding 
is that there is an emerging industry consensus around a UWB PSD of 
-85dBm/MHz (which is linked to interference scenarios with a separation 
distance of approximately 36 cm between the UWB device and the UMTS 
mobile). 

Our study therefore considers two alternative ETSI mask scenarios in the 
derivation of interference costs: 

♦ ETSI mask as defined in Figure 2.2 
♦ ETSI mask with steeper slope below 3.1 GHz, to reduce UWB 

emissions to –85 dBm/MHZ at 2.1 GHz. 
 

As with the FCC scenario, the ETSI scenario assumes that both DS-CDMA 
and MB OFDM UWB products meet the defined limits.  Discussion with 
vendors has suggested that initial chipsets designed according to the FCC 
limits will be compatible with the draft ETSI mask and may also meet an 
emission level of –85 dBm/MHz at 2.1 GHz.   

ETSI Indoor Limit
FCC Indoor Limit
Part 15 Limit

-51.3+87 log(f/3.1)

ETSI Indoor Limit
FCC Indoor Limit
Part 15 Limit

-51.3+87 log(f/3.1)

ETSI Indoor Limit
FCC Indoor Limit
Part 15 Limit

-51.3+87 log(f/3.1)

 

Figure 2.2:  Draft ETSI Mask (Indoor) Relative to FCC Rules21 

 

                                                 
21 This is the draft mask being considered for interference mitigation for regulatory purposes.  It should be noted 
that there are additional interference mitigation measures being addressed within the IEEE standards 
themselves, such as the ability to notch particular frequency bands from the system operation. 
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2.5.3 Lower Band Only 

The FCC rules define that UWB devices in communications systems operate 
between 3.1 and 10.6 GHz.  Given that this bandwidth accommodates a wide 
range of commercial and Government communications systems, Ofcom 
wishes to understand where the majority of interference costs may arise in this 
range, and the impact on benefits if Europe were to define a different 
operating bandwidth for UWB to that of the FCC. 

As highlighted in the UWB technology comparison in the previous section 
(Table 2.3), it is apparent that both rival standards are designed to operate in 
defined sub-bands of the 3.1 to 10.6 GHz range.  The DS-CDMA approach 
uses two sub bands, which we understand to be from 3.1 to 4.9 GHz and from 
6 to 10 GHz.  The MB-OFDM approach divides the bandwidth into 528 MHz 
wide sub bands (a total of fourteen across the 3.1 to 10.6 GHz bandwidth).  
Products can support a sub set of the 15 bands.  The three lower bands 
(between 3.1 and 5 GHz) are defined as mandatory for ‘standard’ operation, 
with the rest of the bands reserved for future expansion.  Thus, we understand 
that initial MBOA products will cover sub bands in the lower (3 to 5 GHz) 
band, with which it is still possible to achieve a data rate of 440 Mbps22.  Since 
vendors have anticipated that UWB signals may be impacted by interference 
from 802.11a WLAN systems, the IEEE standards group has elected to avoid 
UWB devices transmitting in the 5-6 GHz band to limit this effect.  Figure 2.3 
illustrates this for the MB-OFDM UWB technique. 

Figure 2.3:  UWB OFDM Technique, Illustrating ‘Notch’ from 5.1 to 5.8 
GHz (Source:  IEEE) 

To consider the impact of the UWB bandwidth on costs and benefits under the 
lower band scenario, we thus assume that UWB operation is limited, by 
regulation, to the lower portion of the 3.1 to 10.6 GHz band, which we have 
defined to be from 3.1 to 5 GHz.  

Given our understanding that initial chipsets for both UWB approaches are 
being designed to operate within the lower band only (owing to compatibility 
concerns with 802.11a systems and also due to current limitations of existing 
silicon technology to operate above 6 GHz), we consider that this scenario will 
not impact on the initial UWB market.  However, it may place a potential 
constraint on future options, if vendors are able to design products that 

                                                 
22 The addition of further sub bands at a later date would increase the number of simultaneous piconets that the 
system supports rather than increasing the data rates (for further explanation, see Appendix A). 
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overcome the operating constraints at higher frequencies.  For the purposes of 
our analysis, we assume a partial reduction in quality benefits for consumers 
from 2010 relative to the first two scenarios (see Section 4.2 for further 
explanation). 

2.5.4 Upper Band Only 

The fourth scenario we have investigated for Ofcom is if the UWB bandwidth 
were limited to the upper portion of the FCC bandwidth, which we have 
defined to be between 6 and 10.6 GHz. 

In practice, whilst this scenario avoids the interference costs arising from 
UWB transmission in the proximity of the 2.1 GHz UMTS bands, this option 
represents a serious constraint on the UWB industry given the constraints 
imposed by operation at the higher frequencies.  As discussed in the previous 
section, advances in silicon technology will be required for UWB to operate in 
this frequency range23. It is likely that operation at higher frequencies will 
affect UWB performance and may impact some of its perceived advantages; 
the propagation loss in the upper band will severely limit the signal range, in 
turn impacting on power and battery consumption24.  Vendors we have spoken 
to as part of this study suggest that the impact of this scenario being adopted in 
practice is that it may delay the introduction of UWB in the European market 
indefinitely.  For the purposes of our analysis, we make the conservative 
assumption of a delay of five years relative to the other scenarios (see Section 
4.2 for further explanation). 

                                                 
23 Research is advancing in some parts of the world (particularly Japan and Korea). 
24 Potential range reduction of 6.5 dB, which assuming a free space path loss, equates to a 50% range reduction. 
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3. COSTS AND BENEFITS OF UWB 

In this section, we provide an overview of the mechanisms through which UWB can 
produce costs and benefits for the United Kingdom, and explain how these are linked 
to regulatory policy.  By ‘costs’ and ‘benefits’, we mean negative and positive 
impacts respectively on social value (or welfare) generated for the United Kingdom.  
Note that, for the purposes of this study, we are interested only in the net impact on 
social value for the country as a whole, not on the distribution of costs and benefits 
between different categories of firms and individuals. 

3.1 Sources of Benefits and Costs 

The introduction of devices enabled with UWB technology can generate benefits and 
costs for society in three ways: 

• Benefits from improved quality.  Consumers will extract value from utilising 
UWB to transmit data between enabled devices.  If the quality associated with 
use of UWB for particular services differs from those of substitute technologies, 
users will obtain greater (or lower) value from UWB.  Particularly large 
increases in value may be possible if UWB can facilitate entirely new services 
(however, in practice, we have not identified any such services) 

• Price differential.  Production costs of UWB may be different relative to 
alternative technologies.  In the case where costs are lower, this should provide 
benefits to consumers through lower prices and higher take-up of UWB-enabled 
devices / supported services 

• Interference effects.  The use of UWB may cause interference with other 
wireless technologies, resulting in costs for affected individuals.  These affected 
individuals may include the UWB user himself or other service users. 

 
Figure 3.1 illustrates the sources of costs and benefits from UWB in the context of a 
simple purchase decision process for a potential user of UWB.  Users have a choice 
between UWB and alternative technologies, such as Bluetooth and WiFi, or cables.  
They will only use UWB if they anticipate ‘net private benefits’ from using UWB 
relative to other technologies.  We define net private benefits as the private value 
generated from using UWB less the cost of using the service.  In other words, both the 
quality and price differential of UWB relative to other services are taken into account 
in the purchase decision. 

Actual net private benefits generated by UWB – at both individual and aggregate 
level – should always be positive in a competitive market.  Consumers who do not 
anticipate positive net benefits will not use UWB, instead using an alternative 
technology or foregoing the associated application altogether.  In practice, users buy 
devices enabled with UWB rather than UWB itself.  Nevertheless, the decision both 
to purchase and utilise devices enabled with UWB should be closely related to the 
characteristics and cost of UWB relative to alternative technologies.  Put differently, 
one would not expect manufacturers to incorporate UWB within large volumes of 
PAN applications unless they anticipate that users will value UWB relative to 
alternative data transmission technologies. 
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Figure 3.1:  Source of Costs and Benefits from Use of UWB 

As illustrated Figure 3.1, UWB may generate interference costs arising from UWB 
signals interfering with various existing radio systems.  Here, it is important to 
distinguish between ‘internal effects’ and ‘external effects’.  Internal effects relate to 
interference experienced by the UWB user (or any user that is part of a group 
involved in the purchase decision).  In principle, such costs should be internalised by 
consumers within their decision to purchase and use UWB, as part of their assessment 
of quality differences between using UWB and alternative technologies.  Thus, this 
will feed through into their assessment of net private benefits.  Actual net private 
benefits will still be positive, since, if interference costs are so large that they offset 
other benefits, a potential consumer will not purchase the device.  Therefore, in the 
context of a cost-benefit analysis of UWB, costs associated with internal effects are 
already included in the assessment of net private benefits. 

Consumption of UWB by a given consumer could also cause interference for other 
individuals (i.e. those not involved in the decision to use UWB).  This is an external 
effect, the costs of which will not normally be taken into account in the purchase and 
usage decisions.  In this case, a cost-benefit analysis is required in order to determine 
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whether the overall value – net private benefits less external effects – for the United 
Kingdom is positive.  If there were no external effects, then a cost-benefit analysis 
would not be required, as a competitive market could be expected to bring about an 
outcome that maximises overall social value. 

In our consultation with industry, some respondents expressed concern that 
consumers may not be sufficiently informed to appreciate that interference is arising 
from their use of UWB rather than some other source.  Therefore, they may not 
adequately internalise any internal effects.  This is a somewhat static view of the 
market for UWB.  In practice, a key driver of any new device is the experience of 
adopters over time (as future consumers are influenced by this via personal contacts 
or magazine reviews etc.).  If UWB is to be successful as a mass-market technology, 
it will be important that it does not get a bad reputation for interference, as this would 
significantly reduce consumers’ perceived benefits from UWB, leading them to adopt 
alternative technologies. 

Nevertheless, to the extent that there may be some internalised effects that consumers 
fail to account for, this should not affect the outcome of this study, as we contrast the 
benefits of providing a UWB service without interference with the costs of mitigating 
all anticipated external interference effects. 

UWB could also generate other external effects, in addition to interference.  These 
could be either positive or negative.  For example, there may be ‘network 
externalities’ generated to other UWB users being able to communicate with a new 
user of UWB.  There could also be productivity improvements in downstream 
markets owing to the use of UWB.  However, in the context of a PAN environment, 
we do not anticipate that these other external effects will be of sufficient magnitude to 
merit their inclusion in the cost-benefit analysis. 

3.2 Net Private Benefits from UWB 

UWB offers a number of potential advantages relative to alternative technologies that 
may generate benefits through higher quality and lower cost for users of PAN 
applications.  These include: 

• High data rate wireless connections, which may be used to support a 
guaranteed Quality of Service (QoS) comparable or superior to alternative 
wireless or wired connections 

• Ease of installation 
• Low system complexity 
• Battery savings for applications with infrequent use owing to more efficient 

data transfer 
• Opportunity for guaranteed minimum data rates to be applied to an application 
• Immunity to multi-path distortion25. 

                                                 
25 Wireless systems operating indoors are inherently limited by multi-path (a type of signal fading, otherwise 
known as Rayleigh fading, caused by signals taking different paths from the transmitter to the receiver and, 
consequently, different phases of the signal arriving at the receiver and interfering with each other).  A potential 
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The combination of very high bandwidth, wireless transmission and low power 
consumption, in particular, distinguishes UWB from competing technologies.  
However, the significance of these advantages can be over-stated.  In practice, the 
extent to which consumers will choose UWB over other technologies may depend on 
the market ‘push’ from vendors rather than the ‘pull’ from consumers demanding 
specific features. 

There are a number of factors that may limit the advantages of UWB compared to 
other technologies available for personal area networking: 

• Limited range.  UWB has a very limited transmission range (typically less 
than 10 metres in practice), especially if tight restrictions on power output are 
imposed, and cannot reliably penetrate walls.  Unless the required link is very 
short range, high data rate applications with little need for mobility may be 
served better by a wired connection; similarly, wireless Ethernet replacement 
may be better served by WiFi or other WLAN technologies 

• Limited need for very high bandwidth.  The very high data speeds provided by 
UWB are greater than is necessary to service the data transmission 
requirements for most existing applications.  Existing technologies, such as 
Bluetooth, although slower than UWB, can already wirelessly transfer 
relatively large amounts of data in a reasonably short space of time 

• Aesthetic and practical advantages of ‘no wires’ might be partially reduced if 
devices still require a power cord.  The benefits from UWB providing a 
wireless connection apply most obviously to battery-powered devices, as the 
advantages of having a wireless connection may be limited for those devices 
that still require a power cord.  For example, UWB could be used to connect 
wirelessly a television, DVD player and audio system, but all three would still 
need a power input.  However, using UWB to connect these devices may bring 
greater benefits (both aesthetic and practical advantages when relocating the 
devices connected without having to change any connections). 

 
3.3 External Costs Owing to UWB  

In this study, our analysis of costs focuses on the external interference effects that 
UWB may impose on other radio services.  As discussed in Section 2.4, UWB can 
cause interference with other devices in two ways: 

• Localised interference effects – direct interference to another device or link 
operating in the vicinity of the UWB device, usually occurring due to the 
proximity of the UWB device to the receiver of another radio system 

• Aggregated interference effects - where ‘noise’ from multiple UWB devices 
operating in a given area creates an aggregated power that causes interference 
to other radio systems, which may potentially be positioned some distance 
away from the UWB activity.  

                                                                                                                                                        
benefit often noted for UWB is that it is robust to multi-path distortion.  The reason for this is that the pulse 
width is so narrow that the channel does not suffer from Rayleigh type fading.  
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As the signal range of UWB PAN applications is very short, it appears reasonable to 
suppose that localised interference effects will dominate over aggregated effects for 
most radio systems, and that interference will in most cases be constrained to within a 
home or office environment (propagation factors such as wall losses limiting 
interference beyond this).  When interference costs are internalised, no regulation 
should be required.  Instead, it can be left to the user to decide how to manage such 
effects (however, there may still be a role for the regulator to ensure that potential 
users are adequately informed about the nature of potential interference with other 
applications).  However, technical studies have demonstrated that localised 
interference effects in the case of CDMA networks can create knock-on effects across 
the network, owing to the power control in the network that will result in a mobile 
receiving interference from UWB increasing its power in an attempt to maintain 
communication with the network.  Therefore, costs in this case are not externalised as 
other mobile users within the same cell (and in neighbouring cells) are affected by the 
increased power of the affected mobile adding to the inter cell noise. 

Aggregated interference effects arising from the combined power of a large number of 
UWB devices operating in the same area are also of concern, as the individual UWB 
user is not in a position to internalise these costs. 

In order to estimate the magnitude of external costs, it is necessary to consider how 
UWB interference will be manifested in different radio systems.  Previous technical 
studies have suggested that UWB interference can have a detrimental effect on the 
Quality of Service (QoS) of the other services, by reducing their range, latency and/or 
network capacity.  However, the extent to which potential affected radio services are 
vulnerable to reductions in system performance and/or suffer actual cost as a result of 
degraded performance, will vary by service depending on: 

• The extent to which any capacity loss impacts on actual user experience or can 
be absorbed in existing system latency 

• The nature of services being supported (in general packet switched data may 
be more tolerant to transmission errors compared with circuit switched (real 
time) services 

• The design of the affected system and the system link budget (so called 
planning margins, defined by the ratio of the carrier to interference power for 
which the system is designed to operate). 

 
It is particularly difficult to estimate the social cost of a fall in QoS, as this requires a 
notion of the value that users attribute to QoS differentials.  This could only be done 
through bespoke market research surveys of service users, a task outside the scope of 
this study.  However, it is possible to compute a theoretical upper bound for such 
costs by estimating the change in cost of building and running a network when UWB 
interference is introduced (for instance, by expanding network capacity to compensate 
for the effects of the UWB noise rise in the link budget26).  We can be confident that 

                                                 
26 However, we show in our UMTS model sensitivity analysis in Appendix H that the addition of further 
capacity to the network does not, in practice, overcome the effect of UWB interference on individual handsets in 
the network. 
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this is always an upper bound on costs, as if (a) the social costs of reduced QoS were 
greater than this, an efficient market would always ensure that such investments took 
place; and (b) if social costs are lower (which includes the case where the alternative 
service becomes unviable and investment to upgrade would not be commercially 
sensible), we are over-estimating costs. 

The choice of radio systems that we include in the cost-benefit analysis reflects the 
potential severity of interference from UWB to different systems in the cases when 
we do not expect interference effects to be internalised by users.  A complete list of 
systems included in our analysis is provided in Section 5. 

3.4 The Impact of Regulation on Costs and Benefits 

We have been asked by Ofcom to assess the impact on costs and benefits from UWB 
in PAN environments of various options for regulating UWB.  Specifically, our 
objective is to establish a reasonable lower bound on benefits and upper bound on 
costs from UWB for each of these regulatory scenarios. 

Regulation will impact on the value that UWB use generates for the United Kingdom 
in three ways: 

1.  Reduced external interference costs.  Regulatory limits will primarily focus on the 
output power of the UWB device within a specified operating bandwidth and the 
attenuation of signals outside these bands.  The primary purpose of such regulation 
will be to diminish interference to other radio systems.  However, in practice, 
potential interfering effects of UWB signals are likely to be mitigated by industry 
consensus to develop co-existence techniques within the UWB standards (e.g. tone 
notching, power control) - not least because a key potential market for UWB is 3G 
mobile phones, which operate in a frequency potentially vulnerable to interference 
from UWB.  Therefore, UK (or European) regulation will only have an impact in 
reducing external costs to the extent that it achieves an outcome different to that 
which the market would have been produced anyway.  

Reduced external interference will also result if the regulatory framework that Ofcom 
proposes has the effect of delaying the launch of UWB in the UK market or slows 
take-up, owing to reductions in net private benefits (see the next point). 

2.  Changes to net private benefits.  There are a number of mechanisms through which 
regulation could affect net private benefits: 

• Increased price.  Manufacturing UWB chips to comply with UK (or Europe)-
specific regulations may impose additional costs, which will be fed through to 
consumers in terms of high prices.  In turn, higher prices will reduce net 
benefits for all users and slow take-up of UWB 

• Changes to quality.  The effect of regulation may be to impose restrictions on 
the operation of UWB that have a qualitative impact on user experience.  For 
example, restrictions on power levels and transmissions limited to specific 
frequencies could have the effect of reducing transmission speeds, limiting 
battery life or increasing product size 
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• Delays in roll-out.  If UK (or European) regulations require significant 
redesign of UWB chips relative to those currently being developed for the US 
market, then this may significantly delay the launch of UWB technology in the 
United Kingdom.  Delay would result in the loss of net private benefits. 

 
3.  Impact on future use of the spectrum.  Regulatory decisions to protect particular                        
frequencies from UWB interference (e.g. by imposing tighter PSD limits on UWB 
emissions in specific bands) will likely affect the value of such frequencies relative to 
other spectrum.  This may distort future secondary trading in the spectrum27, for 
example limiting the scope for new technologies to emerge in unprotected frequency 
bands and/or creating a source of artificial scarcity.  Anticipating such effects is 
difficult, as their extent will depend on the development of future services.  This falls 
outside the scope of this study. 

As discussed in Section 2.5, the differences in impact between three of the four 
regulatory scenarios proposed by Ofcom appears quite limited.  We understand from 
industry sources within the MBOA Alliance and those involved in the DS-UWB 
design that UWB chipsets developed to meet US FCC regulations may also meet 
tighter European regulations, at least as they are currently envisaged (this conclusion 
may change if significant new restrictions are added).  In addition, as we understand 
that the initial products for both DS-UWB and MB-OFDM UWB approaches utilise 
only the lower part of the band, restricting signals to the lower part of the band would 
not initially affect the market, although it might restrict future developments.  By 
contrast, restricting UWB to the upper part of the 3-10 GHz band would require 
development of an entirely new generation of UWB chips.  We address these issues in 
detail in our analysis of benefits and costs in the next two sections. 

 

                                                 
27 Ofcom is committed to introducing spectrum trading for licensed services wherever appropriate.  See Ofcom, 
Spectrum Trading Consultation, November 2003. 
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4. ESTIMATES OF NET PRIVATE BENEFITS 

In this section, we present our estimates of net private benefits from the deployment 
of UWB in the PAN environment for the period to 2020.  This is preceded by an 
overview of our methodology.  Additional information about our approach, the 
forecasts used and our estimates of net private benefits are presented in Appendices B, 
C, D and E. 

4.1 Our Methodology 

We developed a six-step methodology for estimating net private benefits from UWB, 
as illustrated in Figure 4.1.  Below, we briefly describe each step.  Throughout our 
methodology, we adopt a conservative approach in our estimations, as we wish to 
estimate a lower bound on benefits from UWB utilised in PAN applications. 

Step I:  Identify PAN applications for UWB 

The first step is to identify the possible uses of UWB in the PAN environment, 
drawing on industry surveys and consultations with manufacturers.  As reported in 
Section 2.2, we identified ten categories of computer and home entertainment 
applications for UWB.  These categories have been further broken down into 22 
specific applications, as described in Tables 4.1 and 4.2. 
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Figure 4.1:  Methodology for Calculating Net Private Benefits from UWB Applications 

Homogeneous
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Application category Applications modelled 
Comparison of 

UWB and 
alternative 

technologies 

Attractiveness 
of UWB for this 

application† 
Associated 

devices 
Replacement rate of 

devices‡ 

PCs and other PCs / servers / access points (LANs) Differentiated Moderate Desktop PCs* Moderate 

PCs and other PCs (wireless file sharing) Differentiated High Laptop PCs* High 

PCs and printers Differentiated Moderate Wireless hubs Low 

PCs and scanners Differentiated Moderate Printers Moderate 

PC networking  

   Scanners Moderate 

Keyboards Moderate PCs and low data 
rate peripherals PCs and keyboards / mice Homogeneous Low 

Mice Moderate 

PCs and speakers Homogeneous Low Speakers Moderate PCs and audio 
devices PCs and microphones Homogeneous Low Microphones Moderate 

PCs and wireless monitor (with compression)  Homogeneous** Low Wireless monitors Low 

PCs (or digital video player) and wireless projectors Homogeneous** Low Projectors Low 
PCs and video 
display / capture 
devices PCs / DVD players and digital video cameras Homogeneous** Moderate Digital video cameras Low 

PCs and PDAs Differentiated High PDAs Moderate 

Mobile and PCs, other mobiles or PDAs Differentiated High Mobile phones High 

PCs and digital cameras / camcorders Differentiated High Digital cameras Moderate 

PCs and MP3 players Differentiated High Camcorders Moderate 

PCs and 
handheld devices 
AND Handheld 
devices and other 
handheld devices 

   MP3 players Moderate 

C
om

pu
te

r a
pp

lic
at

io
ns

 

PCs and external 
data storage 
devices 

PCs and external storage devices Differentiated High External data storage 
devices Low 

* PCs (desktops and laptops) are also associated with other application categories; †used for generating assumptions about full penetration levels; ‡used for generating assumptions about take-up. 
**This is a conservative assumption, based on industry consultation.  We acknowledge that some observers anticipate advantages from using UWB for some of these applications.  See Section 2.2 
for further discussion of these applications. 
 
 

Table 4.1:  PAN Computer Applications for UWB 
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Application category Applications modelled 
Comparison of 

UWB and 
alternative 

technologies 

Attractiveness 
of UWB for this 

application† 
Associated 

devices 
Replacement rate of 

devices‡ 

PCs and HiFis Homogeneous** Low HiFi / CD players Low 

HiFis / CD players and speakers (surround sound 7 
channels) Homogeneous** Low Audio recorders Low 

Audio streaming 
AND downloads 

   HiFi speakers Low 

DVD players and TVs/projectors Homogeneous** Low TVs and projectors Low 

PCs and TVs / projectors (for home theatre) Homogeneous** Low DVD players/recorders Low 

Digital set top boxes and TVs Homogeneous** Low Digital set-top boxes Low 

Games console and TVs / projectors Homogeneous** Low HD media 
players/recorders Low H
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Video streaming 
AND downloads 

DVD players / recorders and PCs or personal DVD players / 
recorders Homogeneous** Low Games consoles Low 

*PCs (desktops and laptops) are also associated with some of these categories; †used for generating assumptions about full penetration levels; ‡used for generating assumptions about take-up.  
**This is a conservative assumption, based on industry consultation.  We acknowledge that some observers anticipate advantages from using UWB for some of these applications.  See Section  2.2 
for further discussion of these applications. 
 

 
Table 4.2:  PAN Home Entertainment Applications for UWB 
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Step II:  Identify and compare alternative technologies for PAN applications 

Having identified possible uses for UWB, we then considered the current or likely 
future availability of alternative technologies for each of the 22 applications.  This is 
necessary to determine the extent to which UWB can facilitate entirely new services 
or will offer alternatives to other technologies, differentiated by cost and/or quality 
characteristics.  The distinction is important.  In the case of entirely new services, all 
benefits to users from using UWB should be included in our cost-benefit analysis.  In 
the case where UWB is an alternative technology, we should only estimate the 
incremental benefit (including cost differences) of using UWB relative to the best 
alternative. 

No applications were identified where UWB would be an entirely new service.  
Nevertheless, as discussed in Section 2, users may find UWB more or less attractive 
than other technologies for a particular application owing to differences in its 
characteristics, such as range, data rate and power consumption.  For this reason, it is 
important to study the extent to which UWB offered quality differences relative to 
other technologies. 

On this basis, two types of application were identified (see Table 4.1 and Table 4.2 for 
a breakdown by application): 

• Homogeneous applications.  These are applications where users are unlikely 
to experience any quality differences between UWB and other wireless 
technologies.  They include low data rate applications, such as transmissions 
between keyboards and PCs.  In addition, video application may also be 
included as several technologies already exist that allow consumers to connect 
video devices wirelessly, even in separate rooms. In these cases, there will 
only be private benefits from using UWB if it is cheaper to deploy than 
substitute technologies 

• Differentiated applications.  These are applications where it is anticipated that 
users will experience qualitative difference between UWB and other wireless 
technologies.  Nine of our 22 applications are of this type.  In these cases, in 
addition to considering the relative cost of UWB and alternative technologies, 
we need to consider the impact of quality differences on willingness to pay.  
However, the extent of quality differences varies significantly across 
applications; for example, the high data rates of UWB would offer little extra 
benefit in the case of PCs and audio devices but could significantly increase 
speed of synchronisation between PCs and PDAs.  Note that there may be both 
positive and negative quality differences, and that the cost of UWB relative to 
other technologies could be higher or lower. 

 
Figure 4.2 uses a demand curve to illustrate the potential increase in benefits 
(consumer surplus) for a homogeneous application where UWB displaces higher cost 
alternative technologies.  The demand curve is represented by a downward sloping 
line, which reflects the willingness to pay of consumers for additional units.  We 
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assume that cost reductions are fully passed on to consumers through lower prices28.  
There are two sources of benefits: 

A. Users who would have bought the application with the alternative technology 
gain from lower prices for each unit sold (Area A in the diagram). 

B. One would expect additional take-up of the application owing to the lower 
price (Area B).  However, for small differences in cost, this effect is likely to 
be small relative to A. 

Thus, for a homogeneous application, total net private benefits are equal to the sum of 
areas A and B.  These can be calculated by estimating the change in price and the 
quantities of UWB applications sold (see Steps IV and V for an explanation). 

Figure 4.3 uses a demand curve to illustrate the potential increase in benefits 
(consumer surplus) for a differentiated application.  In this example, we assume that 
UWB offers both better quality and cost savings relative to alternative technologies.  
Benefits from the increased quality of UWB are represented by an outward shift in the 
demand curve (from D to D’), i.e. at any given price, consumers are willing to pay 
more for a given quantity.  In this case, there are three sources of benefits: 

A. Users who would have bought the application with the alternative technology 
gain from lower prices for each unit sold (Area A in the diagram). 

B. Users who would have bought the application with the alternative technology 
also gain additional benefits from quality improvements (Area B). 

C. There may be a difference in take-up of the application owing to the 
combination of quality improvements and differences in price (Area C). 

Thus, for a differentiated application, total net private benefits are equal to the sum of 
areas A, B and C.  These can be calculated by estimating the willingness to pay of 
users for the quality improvements associated with UWB (see Step III) and the 
change in price and the quantities of UWB applications sold (see Steps IV and V). 

Note that in Figure 4.3, we are depicting a situation where UWB is displacing a more 
expensive technology, such as WiFi.  In practice, it may often be the case the UWB is 
displacing a cheaper technology, such as Bluetooth.  In this case, Area A would be 
negative, as there are no cost savings, and Area C could be positive or negative, 
depending on the relative size of quality benefits versus increased cost.  Thus, we 
calculate overall net private benefits by offsetting the negative impact on welfare from 
this increased cost against the benefits from greater quality. 

                                                 
28 This would be the case in a fully competitive market.  If the market were less competitive, producers 
may not fully pass on cost reductions.  Total benefits for society would fall, as a smaller price reduction 
would mean less take-up (in the diagram, a reduction in Area B).  The majority of benefits (Area A) 
would still be realised, but a proportion of them would accrue to producers (in the form of producer 
surplus) rather than consumers.  
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As described in the next step, our estimates based on market data only provide the 
expected change in willingness to pay for consumers at the margin (at which 
willingness to pay is equal to the market price).  In order to assess the impact on 
willingness to pay on all consumers, we assume that demand is linear and that quality 
improvements owing to UWB result in a linear shift in the demand curve.  Put 
differently, we assume that the impact of UWB on willingness to pay of all actual or 
potential consumers is uniform. 

These two assumptions – using a linear demand curve and assuming a linear shift – 
are consistent with our overall approach of taking a conservative approach towards 
estimating net private benefits from UWB.  If we used the reasonable alternative of a 
convex demand curve (e.g. one with a constant elasticity of demand) the welfare 
benefits owing to an increase in quality would be strictly larger.  In the case of the 
shift in the demand curve, the welfare impact would be higher if we assumed a greater 
increase in benefits for those with higher willingness to pay, and lower if the benefits 
are tilted in favour of marginal consumers.  In general, it is likely that consumers that 
already have a high willingness to pay, UWB will have the highest value on any 
further improvements in quality; therefore, our estimates are likely to be a lower 
bound. 
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Figure 4.2:  Effect of Cost Savings for a Homogeneous Application Figure 4.3:  Effect of Qualitative and Cost Differences for a 
Differentiated Application 
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Step III:  Estimate willingness to pay for UWB 

For differentiated applications, we need to estimate the additional willingness to pay 
for any quality improvements provided by UWB relative to alternative technologies.  
We do this using a hedonic pricing approach, which draws on price surveys of 
existing PAN applications that use wireless technology.  A description of the price 
surveys and estimations that we undertook can be found in Appendix B. 

In a competitive market, retail prices will capture the willingness to pay of marginal 
users for existing applications using different wireless technologies, such as IR, 
Bluetooth and WiFi.  Under a hedonic pricing approach, we model the price of a 
device as a function of its characteristics.  By comparing the characteristics of UWB 
with alternative technologies (see Table 2.1 in Section 2.1), we derive estimates of the 
relative willingness of users to pay for UWB devices used for specific applications.  
Put differently, we extrapolate the price that users would be willing to pay for UWB 
from the value that users place on characteristics associated with UWB, derived from 
market observations. 

We conducted surveys of products available in the UK for all 22 applications.  
However, in many cases, there was insufficient differentiation in the existing 
technologies being used for applications currently in the market place to model values 
for the key characteristics of UWB.  For example, wireless connectivity for mobile 
phones is available using either Bluetooth or Infra Red.  However, Bluetooth and 
Infra Red vary over a number of attributes, so it is not possible to estimate the value 
of each attribute.  Nevertheless, it is still possible to estimate the value of 
characteristics for categories of applications where there is insufficient data by using 
pricing data from similar applications (see Appendix B for further explanation). 

We use a standard econometric model to obtain estimations for the value that 
consumers place on the characteristics of existing technologies.  This returns a central 
estimate and an upper and lower bound with a 95% confidence interval.  For the 
purpose of calculating the benefits from UWB, we use the central estimates.  The 
upper and lower bounds are used to test the sensitivity of results. 

Step IV:  Estimate relative costs of UWB and alternative technologies 

For both homogeneous and differentiated products, we estimate the cost of UWB 
relative to alternative technologies over the forecast period.  We do this by 
extrapolating industry forecasts for the cost of UWB, Bluetooth and WiFi chipsets 
from industry forecasts.  Full details of the forecasts used can be found in Appendix 
C. 

The main observations were as follows: 

• Initial UWB chipsets are expected to be available in 2005 at a price of US$15-
16 (about GBP£9) 

• This is significantly above the current price of Bluetooth chipsets, which 
currently wholesale at around US$5-$10, and are projected to fall to $2.60 by 
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2006.  It is also somewhat more expensive than established WiFi 802.11b 
chipsets, but cheaper than 802.11a and integrated 802.11b/g chips  

• ABI Research anticipates a steep decline in the cost of UWB chipsets, with 
prices falling to Bluetooth 2006 levels by 2009.  By contrast, West 
Technology Research projects a much slower decline, which suggests that 
prices might not reach Bluetooth equivalent levels until 2020. 

 

There is uncertainty over the evolution of UWB chipset costs, as this will depend on 
take-up of UWB devices and production volumes.  We have therefore constructed 
three possible scenarios for their evolution through the forecast period, 2005-2020: 

High case: UWB chipset prices fall in line with ABI forecasts, reaching a 
plateau at $3.20 in 2010. 

Low case: UWB chipset prices fall in line with West Technology 
forecasts, declining steadily to $3.50 by 2020. 

Central case: Based on an average of the ABI and West Technology 
forecasts. 

We use the central case for our main estimations.  The high and low cases are used for 
sensitivity analysis of our final results. 

Even in our high case, we assume that the cost of UWB chipsets will converge with 
but not fall below Bluetooth chipsets.  Bluetooth is already a mass-market technology, 
and cost has fallen rapidly with global economies of scale in production.  UWB 
chipsets have a similar cost profile, and therefore – if UWB takes off as a mass-
market technology – they can be expected to follow a similar cost path.  This may be 
a conservative assumption, as if UWB is successful relative to Bluetooth over the next 
15 years, then it is possible that cost could eventually fall below Bluetooth.  UWB 
chipsets are projected to cost less than WiFi chipsets, as these have a very different 
cost profile. 

Step V:  Project take-up of applications with UWB 

In order to measure net benefits from UWB over time, we model take-up and usage of 
UWB across our 22 applications.  For a detailed description of the forecasts 
developed by application, see Appendix D.   

Our take-up model consists of three steps: 

1. Take-up of devices. 

We forecast take-up of devices for PAN applications where UWB may be used 
(see the list in Table 4.1 and Table 4.2).  To do this, we model a standard 
Gompetz (S-shaped curve) diffusion process, drawing on existing and forecast 
penetration data from Analysys, EITO and others and extending these to 2020.  
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Take-up of computer peripherals is modelled using forecasts for computer 
penetration and assumptions about the ratio of peripherals to computers. 

2. Diffusion of UWB within devices. 

We forecast the penetration of UWB as a proportion of all devices that could 
feature UWB.  To do this, we make certain assumptions about the likely appeal 
and availability of UWB across our 22 applications, based on industry forecasts 
and replacement cycles for the relevant devices, and our earlier analysis of 
consumers’ willingness to pay for UWB for different applications.  We estimate 
an S-shaped diffusion curve based on assumptions about:  (i) the year of 
introduction of UWB in the device29; (ii) the full penetration rate by device; and 
(iii) likely penetration by 2010. 

3. Usage of UWB by application. 

The presence of UWB in a device (e.g. a laptop or PDA) does not necessarily 
mean that a consumer will use the technology.  For each application, we therefore 
forecast the likelihood of available UWB devices being used.  Again, we use a 
standard S-shaped diffusion curve, reflecting adoption patterns for new 
technologies.  We assume that UWB will be used more widely for applications 
where the advantages of UWB are anticipated to be greatest and the consumer 
base may be more selective in their choice of technology.  Where UWB is likely 
to co-exist with other alternative technologies, we assume lower usage rates and 
slower adoption. 

Using these three steps, we model the proportion of the UK population using UWB 
for each of our 22 applications over the forecast period.  For each application, this is 
equal to the penetration of the relevant device multiplied by the penetration of UWB 
amongst these devices, multiplied by the likelihood that users with UWB-enabled 
devices will actually use UWB.30 

Even more so than the cost of chipsets, there is uncertainty over the extent of take-up 
of UWB devices.  This will be dependent on a range of factors including cost of 
chipsets, adoption by key manufacturers and advances in quality relative to alternative 
technologies.  We have therefore constructed three possible scenarios for their 
evolution through the forecast period, 2004-2020, by making different assumptions in 
our take-up model: 

High case: UWB emerges as the dominant wireless technology for 
connecting devices in the PAN environment.  Penetration of 
both PC laptops and desktops is approaching 100% by 2020. 

                                                 
29 We assume that the earliest date for introduction of UWB in any application is 2005 (with later dates for some 
applications).  Therefore, no benefits from UWB are generated in 2004.  See Appendix D for further details. 
30 For applications that involve two different devices, we use forecasts for the device with the lowest penetration 
of UWB-enabled devices amongst the UK population. 
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Low case: UWB is a niche technology only, used for specific applications 
where it offers significant advantages over alternative wireless 
technologies, but is little used for other applications.  
Penetration of laptops is approaching 75% by 2020 but 
penetration of desktops is under 50%. 

Central case: UWB emerges as one of a number of successful wireless 
technologies.  It is the dominant technology for some 
applications but only modestly used for others.  Penetration of 
laptops is approaching 80% by 2020 while penetration of 
desktops has surpassed 70%. 

Note that even under our high case scenario, it is not until around 2010 that UWB 
emerges as a truly mass-market technology.  As UWB is not a completely new 
technology, take-up will in part be constrained by the presence of existing substitutes.  
In particular, Bluetooth – although often an inferior substitute – has a significant 
foothold across many applications where UWB will be launched.  UWB will only be 
successful if consumers can be persuaded to adopt UWB instead of or in addition to 
substitute technologies, such as Bluetooth. 

Based on our discussions with the industry and analysis of the attributes of UWB 
relative to other wireless technologies, we view the high case scenario as being very 
unlikely.  We attach roughly equal probability to the low and central cases.  In our 
main results, we present estimates of net private benefits for all three take-up 
scenarios. 

Step VI:  Estimate benefits from UWB 

Aggregate net private benefits across all users of UWB are estimated using the data 
obtained in Steps III, IV and V.  For homogeneous applications, this is the sum of 
Areas A and B in Figure 4.2, and for differentiated products, this is the sum of Areas 
A, B and C in Figure 4.3.  We calculate benefits based on our estimates of willingness 
to pay, and forecasts of costs and take-up for the UWB devices required for our 22 
applications.  These are calculated as follows: 

1. Quality benefits. 

In order to measure the gain in benefits from UWB for users that would have 
bought the application with the alternative technology (Area B in the diagram), we 
multiply the forecasts for number of users of UWB for that application by the 
increase in willingness to pay for UWB relative to alternative technologies.  For 
the purposes of forecasts, we assume that the quality advantages of UWB over the 
next best available technologies remain constant over time.  Note that while this 
may be a reasonable assumption in the near term, it becomes increasingly unsafe 
the longer the forecast period, owing to the uncertain development path of UWB 
and other wireless technologies. 
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2. Cost savings or increases. 

The gain or loss in benefits resulting from differences in costs between UWB and 
alternative technologies can be calculated by multiplying the difference in cost by 
the quantity of UWB-enabled products sold to users that would have bought the 
application with the alternative technology (Area A in Figures 4.2 and 4.3).  UWB 
is compared with the cheapest available alternative wireless technology that can 
offer a substitutable service.  In practice, for most of the forecast period and most 
applications, we observe that there is usually a cheaper option (Bluetooth) 
available. 

We only consider the impact of cost increases – which have a negative impact on 
overall benefits – in the case of differentiated applications, where there is a trade-
off between higher price and higher benefits.  In the case of homogeneous 
applications where UWB is higher cost, we assume any users that chose to buy 
such products will receive zero benefits.  It might be argued that consumers could 
experience a dis-benefit as a result of buying UWB when there is a cheaper 
alternative available; we therefore also model this as a sensitivity. 

We perform these calculations for each year in the forecast period, using the 
corresponding forecasts for price differentials and incremental take-up of UWB. 

3. Benefits from increased take-up. 

Net cost and quantity improvements owing to UWB will also generate benefits 
through increased take-up (Area B in Figure 4.2 and Area C in Figure 4.3).  Such 
benefits must be positive, as users always have the option to use currently existing 
alternative technologies rather than UWB.  However, these benefits are likely to 
be small relative to (1) and (2) above.  Therefore, we ignore these benefits in our 
estimations (this is consistent with our overall conservative approach in 
calculating net private benefits). 

 
Performing these calculations provides us with an estimate of net private benefits 
from UWB for each of the 22 applications for each year in the forecast period.  Data 
across applications can then be aggregated to provide an estimate of total net private 
benefits for the United Kingdom in each year.  We repeat these calculations for each 
of our scenarios for UWB usage and take-up.  This gives us high, low and central case 
estimates for the net private benefits from UWB. 

In order to capture the net present value (NPV) of benefits, we also apply a discount 
rate of 3.5% to all our results.  This is the social time preference rate used by the UK 
Treasury (as defined in its Green Book31) for measuring streams of benefit lying 
within a thirty-year period.  The social time preference rate captures the degree to 
which individuals are willing to forgo future benefits for current benefits. 

                                                 
31 The Green Book, 2003 Edition, http://greenbook.treasury.gov.uk/ 
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4.2 Regulatory Scenarios 

Implicit in the methodology described above is the assumption that UWB chipsets 
currently being developed for the US market will be permitted in the United 
Kingdom, and that regulation will allow this to happen from 2005.  This would be the 
case if Ofcom adopted the FCC indoor mask. 

We also consider the impact of Ofcom following the other regulatory scenarios.  
Specifically, we are interested in whether regulation could affect the qualitative 
benefits from UWB, the cost of chipsets and/or take-up: 

• Draft ETSI mask.  Our understanding from manufacturers is that chipsets 
designed for the US market are also compatible with the draft ETSI mask.  We 
assume that this remains the case throughout the forecast period.  On this 
basis, benefits under this scenario will be the same as for the FCC indoor 
mask.  We have not attempted to estimate the impact of benefits from having a 
tighter ETSI mask, as it is uncertain whether existing chipsets would be 
compatible with this mask.  Assuming that they are compatible, then we would 
expect no impact on benefits.  If not, there might be a delay of several years 
before chipsets can be re-engineered for the European market. 

• Lower band only.  Our understanding from manufacturers is that the current 
generation of UWB chipsets designed for the US market will only utilise the 
lower band.  Therefore, restricting UWB to this band would not initially have 
any impact on benefits from UWB.  However, future generations of UWB 
chips may utilise both the upper and lower bands in order, in particular, to 
increase data rates.  To capture this effect, we assume a 20% reduction in the 
value of qualitative benefits relative to other technologies from 2010 onwards.  
Note that this is an arbitrary assumption used only as an illustration of possible 
costs from constraining future innovation in UWB. 

• Upper band only.  Our understanding from manufacturers is that no chipsets 
being designed at present will utilise only the upper band.  We assume 
therefore that the launch of UWB in the United Kingdom would be set back by 
at least five years.  Thereafter, we assume it would follow the same cost and 
take-up path as for the lower band only case.  This is an optimistic view: in 
practice, such chips would probably be costlier and poorer quality than those 
built for the lower band. 

 
For each regulatory scenario, we present a high, central and low case estimate, 
depending on the level of take-up and usage of UWB, as described in Step V. 

4.3 Results 

In the following tables, we present the main results from our estimation process of net 
private benefits across all users of UWB in the PAN environment.  We present results 
for each of the four regulatory scenarios, each one broken down into a high, central 
and low case.  The results are presented with and without the application of a discount 
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rate of 3.5%32, using 2004 as the base year.  The central and low cases are both 
realistic scenarios.  We view the high take-up scenario as being the least likely to 
occur, and would not expect more than a 10% probability of it occurring. 

The results presented here for individual years are cumulative from 2004.  Note that 
there are no benefits under any scenario for 2004, as UWB enabled devices will not 
be launched in the United Kingdom before 2005. 

Figure 4.4 illustrates annual net private benefits from UWB under the different 
regulatory scenarios for our central case take-up and usage forecasts.  Note that under 
the FCC, ETSI and Lower band scenarios, growth in benefits is starting to slow by the 
end of the forecast period, as UWB approaches its maximum penetration levels. 

 

 

Figure 4.4:  Net private benefits from UWB under different regulatory scenarios, per 
annum (£mn) 

 
The main findings are as follows: 

1. The potential total benefits from UWB under either the FCC or draft ETSI 
regulatory scenarios are very large.  Our central case anticipates cumulative 
benefits of over £6bn (undiscounted) by 2020. 

 
2. Benefits are very sensitive to assumptions about take-up, which are necessarily 

tentative at this early stage in the development of UWB.  This is reflected in the 
                                                 
32 This is the social time preference rate used by the UK Treasury (as defined in its Green Book).  See Step VI in 
Section 4.1 for further explanation. 
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large gap between our high and low forecasts for benefits.  For the FCC or draft 
ETSI regulatory scenarios, projected benefits range from £3bn by 2020 (low case) 
to nearly £15bn (high case).  We view both the central and low case forecasts as 
being highly plausible scenarios; our high case is much less likely. 

 
3. Nearly all the benefits are generated in the period from 2011 onwards, which 

reflects our assumption that initial take-up and use of UWB-enabled applications 
will be modest.  Under our central case, cumulative benefits from UWB are 
estimated to be only just over £100m (undiscounted) in the period to 2010. 

 
4. The benefits under the FCC and draft ETSI regulatory scenarios are identical.  

This reflects our understanding that UWB chipsets reaching the market in 2005 
will be compatible with both these standards, and our assumption that future 
chipsets will continue to meet ETSI’s tighter power restrictions (-65dBm/MHz in 
the 2.1 GHz band).  The benefits under our alternative ETSI scenario (which 
features an even tighter power restriction of -85dBm/MHz in the 2.1 GHz band) 
would presumably be identical, assuming vendor-assertions that existing and 
future UWB chipsets are compatible are correct. 

 
5. The benefits under the Lower Band regulatory scenario are very similar to those 

achievable under the FCC or ETSI masks.  This regulatory restriction would have 
no affect on initial chip deployment but might constrain the future quality of 
devices. 

 
6. The estimated benefits under the Upper Band regulatory scenario are just one-

third of those under the FCC/ETSI mask scenarios.  This reflects the result that a 
severe delay in the launch of UWB would have.  Furthermore, these forecasts may 
well be an overestimate, as the assumptions about the quality of such UWB 
devices relative to those using lower band frequencies are generous. 
 

The results reported here display only aggregate data across all 22 PAN applications 
included in our analysis.  For a breakdown of benefits by application under each 
scenario and case, please refer to Appendix E. 
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4.3.1 FCC / ETSI masks 

 

Usage case: 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL 

High 0 0 0.25 3.81 31 132 379 829 1,515 2,446 3,616 5,008 6,607 8,397 10,366 12,505 14,805 14,805 

Central 0 0 0.09 1.12 8.22 36 109 254 495 847 1,316 1,902 2,599 3,401 4,301 5,293 6,370 6,370 

Low 0 0 0.04 0.35 2.35 10 32 80 164 297 488 743 1,065 1,457 1,917 2,445 3,040 3,040 

Table 4.3:  Cumulative net private benefits from UWB for all PAN applications (£mn) 
 

Usage case: 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL 

High 0 0 0.23 3.33 26 108 303 644 1,147 1,808 2,609 3,530 4,553 5,659 6,834 8,067 9,349 9,349 

Central 0 0 0.08 0.98 6.95 29 87 197 374 624 945 1,332 1,778 2,273 2,811 3,383 3,983 3,983 

Low 0 0 0.03 0.30 1.99 8.40 26 62 124 218 349 517 723 965 1,240 1,545 1,876 1,876 

Table 4.4:  NPV of net private benefits from UWB for all PAN applications (£mn), discounted at 3.5% per annum 
 



 

Y85A004A Page 56 REV A 

 

4.3.2 Lower band only 

 

Usage case: 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL 

High 0 0 0.25 3.81 31 132 379 720 1,245 1,963 2,870 3,955 5,206 6,611 8,160 9,847 11,665 11,665 

Central 0 0 0.09 1.12 8.22 36 109 219 404 676 1,040 1,496 2,041 2,670 3,378 4,160 5,011 5,011 

Low 0 0 0.04 0.35 2.35 10 32 68 133 236 384 582 834 1,141 1,504 1,920 2,389 2,389 

Table 4.5:  Cumulative net private benefits from UWB for all PAN applications (£mn) 
 

Usage case: 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL 

High 0 0 0.23 3.33 26 108 303 561 947 1,456 2,077 2,795 3,595 4,463 5,387 6,360 7,374 7,374 

Central 0 0 0.08 0.98 6.95 29 87 171 306 499 748 1,050 1,399 1,787 2,210 2,661 3,135 3,135 

Low 0 0 0.03 0.30 1.99 8.40 26 53 100 173 275 406 567 757 973 1,213 1,475 1,475 

Table 4.6:  NPV of net private benefits from UWB for all PAN applications (£mn), discounted at 3.5% per annum 
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4.3.3 Upper band only 

 

Usage case: 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL 

High 0 0 0 0 0 0 0.02 1.13 16 90 315 787 1,570 2,686 4,126 5,862 7,863 7,863 

Central 0 0 0 0 0 0 0.01 0.32 3.58 21 77 207 447 821 1,342 2,010 2,820 2,820 

Low 0 0 0 0 0 0 0.01 0.13 1.15 6.18 23 63 141 274 472 745 1,098 1,098 

Table 4.7:  Cumulative net private benefits from UWB for all PAN applications (£mn) 
 

Usage case: 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL 

High 0 0 0 0 0 0 0.02 0.86 11 65 218 530 1,031 1,721 2,580 3,581 4,696 4,696 

Central 0 0 0 0 0 0 0.01 0.24 2.64 15 53 140 293 524 835 1,220 1,671 1,671 

Low 0 0 0 0 0 0 0.01 0.10 0.85 4.41 16 42 93 174 292 450 647 647 

Table 4.8:  NPV of net private benefits from UWB for all PAN applications (£mn), discounted at 3.5% per annum 
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4.4 Sensitivity Analysis 

Although we have taken a conservative approach in estimating net private benefits, 
our results may be sensitive to the assumptions we have made.  In the case of take-up 
and usage of UWB for different applications, we address this by modelling central, 
high and low cases.  In order to assess the impact of our other assumptions, we have 
further estimated the impact on net private benefits under the most extreme cases of 
our high and low take-up cases being compounded by high and low assumptions 
respectively about relative costs of chips and willingness to pay.  Table 4.9 illustrates 
how we estimate our high sensitivity and low sensitivity cases.33 

 High sensitivity case Low sensitivity case 

Willingness to pay Upper 95% confidence interval Lower 95% confidence interval 

Usage High Low 

Cost advantage Greatest cost advantage Least cost advantage 

Table 4.9:  Basis for High sensitivity and Low sensitivity cases for estimating net 
private benefits from UWB 

 
Even under the low sensitivity case, we observe that the lower bound of cumulative 
benefits by 2020 exceeds £1bn for the FCC mask, draft ETSI mask and Lower Band 
scenarios.  Under the high sensitivity case, cumulative benefits range up to £23bn by 
2020. 

Our cost assumptions for UWB are deliberately conservative.  We assume that 
throughout the forecast period, there will always be an alternative wireless technology 
of similar or lower cost (usually Bluetooth).  This has the effect of limiting benefits 
only to those applications where UWB can offer quality advantages.  In practice, 
however, it may be more appropriate to compare the cost of UWB with certain WiFi 
technologies for applications where Bluetooth is a poor substitute owing to its relative 
low data rates, e.g. those that require video streaming.  We therefore re-ran our 
estimates for such applications on this basis.  The result was a marginal increase 
(about 2%) in aggregate net private benefits.  This very marginal impact reflects the 
fact that take-up and usage forecasts for the relevant applications are modest relative 
to those categories where UWB is projected to have a big impact. 

In our analysis we consider that those consumers who purchase a homogeneous good 
do not suffer any ‘dis-benefit’, even though we model UWB as having a cost 
disadvantage relative to Bluetooth.  As a modelling sensitivity, we have modelled the 
impact on net private benefits if consumers experience dis-benefits if they buy UWB-
enabled devices for homogeneous applications.  As illustrated in Figure 4.5, the 
impact on our overall results is de minimus. 

                                                 
33 For further information about the assumptions behind these sensitivity cases, please see Section 4.1 
and Appendixes B, C and D.   
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Figure 4.5:  Sensitivity Analysis: Impact on NPV of Net Private Benefits From 

Associating ‘Dis-benefits’ with Take-Up of Homogeneous Applications with UWB 
(FCC/draft ETSI Scenarios, Central Case)  
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5. ESTIMATES OF EXTERNAL COSTS 

In this section, we present our investigation of the effect of UWB on other radio 
services, and the potential cost of this to network operators of other wireless services.  
In the context of the wider review of the value of UWB to the United Kingdom, we 
refer to these as ‘external costs’.  Detailed modelling assumptions, approach and 
results are presented in Appendices F (for the UMTS model) and G (for Fixed, Fixed 
Satellite and Fixed Wireless Access services). 

5.1 Our Methodology 

As described in Section 3 of this report, our cost-benefit assessment of the net value 
of UWB in PAN environments for the United Kingdom considers costs of UWB as 
being the potential effects caused by interference from UWB to other radio services.  
As described in the earlier section, internal and external effects can be distinguished 
depending on whether the effects are internalised by consumers within their decision 
to purchase (i.e. interference from use of UWB occurs to the UWB user himself), or 
whether the use of UWB by a given consumer causes interference for other 
individuals. The latter case, that of external effects, needs to be accounted for in the 
cost-benefit analysis.   In order to quantify interference costs, we need to understand 
the potential effects of UWB on various existing radio users, and, in particular, the 
commercial impact of interference in terms of increasing the cost of deploying the 
system or reducing its effectiveness.  

We have used a four-step methodology for estimating the impact of UWB on other 
radio services, as illustrated in Figure 5.1.   

 

Figure 5.1:  Methodology for Calculating Interference Costs from UWB 
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Below, we briefly describe each step.  

Step 1:  Identify existing radio systems within the spectrum occupied by UWB  

The first step of our interference cost assessment was to identify existing radio 
services in licensed spectrum that might be affected by UWB.  The radio services 
included within our assessment are based on current UK utilisation of the radio 
spectrum from 3 to 10 GHz and adjacent bands.  We do not account for possible new 
uses of spectrum in the future.  However, the impact of anticipated market 
developments and possible future frequency allocations is discussed within our 
Conclusions in Section 7.  

Step 2:  Identify Existing Radio Systems to be Included in Cost-Benefit 
Assessment 

The second stage of our analysis was to consider the potential severity of interference 
effects to existing radio services, and the potential costs to providers of existing radio 
services arising due to interference from UWB devices.  

We have identified those radio systems within the potential spectrum of emission 
from UWB devices.  This has been achieved by considering the likelihood of UWB 
introducing interference into other radio systems, based on likely co-existence 
scenarios with UWB PAN applications and taking account of ongoing ITU studies.  
From this, and through discussion with Ofcom, we have developed a list of systems 
for which it was anticipated that external costs may arise, these are discussed below. 

Step 3:  Interference Calculations 

For the radio systems identified in Step 2, we used Monte Carlo based models to 
estimate likely interference effects.  These are then used to calculate the interference 
impact of UWB on a typical UK deployment for that radio system.  From this we 
calculate the cost associated with restoring that radio system to the level of quality 
before UWB.   

For interference to UMTS from UWB, we used a network quality of services (QoS) 
simulation tool, which is a Monte Carlo network simulator to calculate the power 
levels and QoS for a given distribution of UMTS users and UWB applications.  
UMTS user estimates are taken from forecasts generated by Analysys Consulting. The 
usage of UWB devices was as described in Section 4.  Since the usage figures used in 
the benefits calculation represent the total UK population of UWB devices, it was 
necessary to deduce from this the likely density of UWB devices in given 
environments in the interference models.   There are several ways that this could be 
calculated, including analysis based on floor surface areas of individual homes and 
offices.  Due to a lack of reliable data to model this accurately, a heuristic approach 
was used in the study by linking the UWB density to the density of people in different 
environments (place of work, home, pedestrian/vehicle).  This was derived from UK 
Census data on the typical location of people in daytime and evening hours.  This is 
described in detail in Appendix F along with other assumptions in the UMTS Model, 
including the sensitivity of the model to key parameters.  
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For interference to Fixed Services (FS) and Fixed Satellite Services (FSS), including 
fixed wireless access systems, microwave fixed links and fixed satellite terminals, we 
use a Monte Carlo model that models the effect of UWB on the ability of the link to 
achieve a predetermined Probability of Error (pe)34.  From determination of how the 
presence of UWB modifies the Eb/No of the link, a new ep  corresponding to a 
modified Eb/No can be calculated for a range of interferer to victim separation 
distances, with the knowledge of the modulation scheme and any attendant coding 
gain: 

in
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Where: 

losspathvictimtoUWB
BandwidthVictimPSDUWBPUWB ____

__ ×=  

The probability of error model is described in Appendix G.  

For all interference scenarios considered in the study, key input assumptions to the 
model were discussed with relevant industry sources via bilateral discussion and also 
as part of a workshop hosted by Ofcom during the course of the project (attendees are 
listed in Section 2 of this report).   

For the UMTS model, the sensitivity of the conclusions to key modelling assumptions 
is explored in Appendix F.  For the FS, FSS and FWA models, key modelling 
sensitivities are explored in Appendices G and H. 

Step 4:  Cost Calculations 

The final step was to estimate the cost of interference based on the outputs from Step 
3, for those systems where the output of the Step 3 suggested measurable cost impact 
being created.    

In the UMTS case, the output from the Monte Carlo model allowed us to compare 
network build costs that would arise in the absence of the interference introduced by 
UWB, with costs arising in an environment where UWB creates some level of 
interference dependent on the regulatory scenario. 

Cost calculations were carried out by assessing the additional cost required to restore 
the UMTS network to the same level of QoS as without any interference from UWB, 
under each of the regulatory scenarios for UWB deployment.  This identified the 
change in required site numbers across a UK wide network.  Therefore we were able 

                                                 
34 The ‘design’ probability of error is taken to be 10-6 
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to quantify the capital expenditure (CAPEX) associated with the initial build of these 
sites, their operating expenditure (OPEX) and the total cost.  For this, internal Mason 
estimates of UMTS unit costs were used to estimate total costs.  These are described 
in Section 5.4.2. 

In the case of microwave links and fixed satellite systems, the results of the 
probability of error assessment in Step 3 suggested that UWB systems would have 
minimal impact, meaning that a cost calculation was not required.  This is described 
in Sections 5.4.1 and 5.4.4.  

Similarly, in the case of Fixed Wireless Access systems, the probability of error 
assessment suggested that the impact of UWB could be considerable.  However, 
uncertainty in certain key assumptions needed to produce order of magnitude costs 
meant that this was not calculated.  This is described in Section 5.4.3.  

5.2 Existing Systems within Licensed Spectrum Occupied by UWB  

A wide range of existing radio users operate in discrete frequency bands within the 
3.1 to 10.6 GHz band that is proposed for UWB.  These include a variety of 
commercial and Government telecommunications and specialist radio users.  

Current UK usage of the radio spectrum from 3 to 10 GHz is indicated in Figure 5.2 
below.  Out of band emissions from UWB might cause interference to radio systems 
operating in bands outside of the 3.1 to 10.6 GHz, with the level of interference 
depending on the PSD of the UWB emissions.  It was recognised that existing 
systems in neighbouring bands also need to be considered in the cost-benefit analysis.   

In summary, Table 5.1 shows radio spectrum users identified to be operating both within the 
proposed 3.1 to 10.6 GHz, and neighbouring bands.  
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7 GHz 8 GHz 9 GHz 10 GHz

NATO/MoD

10.15-10.25/10.5-10.6 GHz FWA (NTL) JFMG ENG/OB 7110 – 7250, 7300 - 7750 MHz

7425-7900 MHz Fixed Service 8750-8850, 9000-9200 MHz Aeronautical Radionavigation

8025-8400 MHz EESS

UK Frequency Allocations 7 to 10 GHz
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3400 – 3600 MHz Fixed Satellite Service s-E, 
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JFMG ENG/OB 3400 – 3440 MHz, 5725 – 5850 MHz

3600 – 4200 MHz, 5850 – 7125 MHz Fixed Service

4200-4400 MHz, 5000 – 5250, 5350-5460 MHz 
Aeronautical Radionavigation

5250 – 5460 MHz EESS
5150-5350/5470-5725 MHz Mobile for HIPERLAN/802.11a

5150-5250 MHz NGSO feeder links
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Figure 5.2:  UK Frequency Allocations 3 to 10 GHz 
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UK Use Frequency Band(s) 

Microwave Fixed Links operated by BT and other fixed telcos 4, 6 and 7 GHz 

Broadband wireless (Fixed Wireless Access) services provided 
by UK Broadband and PIPEX 

3.4 and 3.6-4.2 GHz 

Terminals of C-Band Fixed Satellite Services operated by BT and 
other telcos 

Downlink at 4 GHz 

Programme Making and Special Events (analogue video links) 3.4, 5, 7 and 10.3 GHz 

Radio astronomy and earth exploration satellite services 5 and 8 GHz 

Inmarsat Mobile Satellite services 1.5 GHz 

Aeronautical services including aeronautical and maritime S and 
X band radar 

2.7-3.1 and 5.2-10.9 GHz 

GPS 1.5 GHz 

Licence exempt/short range wireless 2.4 and 5 GHz 

GSM and UMTS mobile networks 1.8 and 2.1 GHz 

Military/MOD 3 GHz, 5.1 to 10.9 GHz 

Table 5.1:  UK Users within 3.1 to 10.6 GHz and Neighbouring Bands 

5.3 Systems to be Included in the Cost Benefit Assessment 

As discussed in Section 2, the wide bandwidth of UWB suggests that other radio 
systems within the UWB bandwidth and in the vicinity may be affected by UWB 
interference and suffer performance degradation as a result, particularly those 
operating in close proximity to the UWB transmitter.  Given the wide bandwidth of 
UWB the number of systems within its potential bandwidth may be considerable, as 
demonstrated by Table 5.1.  In practice, the level of UWB interference at the receivers 
of many of these systems will be mitigated by the nature of the PAN environment.   
The majority of UWB usage will be low power and indoors, limiting interference to 
outdoor systems.  

Theoretical studies being conducted within the CEPT and the ITU have suggested that 
the effect of UWB on the performance of some radio services can be quite significant.  
The severity of interference depends primarily on the number and distribution of 
UWB devices in homes and offices, distance from the affected receiver and the UWB 
activity factor. 

There is ongoing debate within industry and regulatory groups into the potential 
effects of UWB interference on other radio services and the PSD limits necessary to 
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protect those radio services that are potentially affected from suffering performance 
degradation.  At the time of producing this report, technical studies to assess the 
impact to various radio services are being completed within the CEPT and the ITU 
(this and other factors contributed to us conducting our own interference co-existence 
calculations in Step 3 of our methodology). 

Assessment of technical studies ongoing in CEPT and ITU highlights the two 
potential interference mechanisms of UWB: 

• Localised effect of a single UWB device operating close to another radio 
terminal (therefore, localised effects may impact on other radio terminals 
located in PAN environments, typically mobile terminals, wireless modems 
and wireless LANs) 

• Aggregated effects created by ‘hot spots’ of UWB activity causing 
interference to radio receivers surrounding the UWB activity (studies suggest 
this may extend to various radio receivers situated outdoors such as a 
microwave dish on the roof of an office).  

 
CEPT and ITU technical studies suggest potential interference effects to many of the 
radio systems listed in Table 5.1, with varying degrees of severity in terms of the 
resulting performance degradation.  For some of the radio services in Table 5.1, CEPT 
studies have confirmed that the proposed ETSI UWB emissions mask will attenuate 
the UWB signal to sufficiently low levels for minimal performance degradation to 
occur.  For other services, technical studies are either inconclusive or still ongoing.  
Studies suggest that systems operating close to a UWB transmitter will be particularly 
affected.  This suggests that existing radio systems that are used universally, or by the 
same users who will employ UWB, will be particularly susceptible, for example, 
mobile telephones and WiFi. 

To assess potential interference costs to be included in the cost-benefit analysis, 
discussions were held with various companies involved in the ITU studies and with 
Ofcom. 

Considerations relevant to radio systems that will be susceptible to UWB interference 
include: 

• The probability of co-existence between UWB and receivers of other radio 
services in licensed spectrum between 3 to 10 GHz, over the types of range 
where significant interference would occur (e.g. < 10m) 

• Interference mitigation provided by the system installation.  For instance, in 
the case of a satellite ground station, the antennas within those systems are 
generally highly directional towards the satellite and hence it is unlikely that 
UWB emission will fall within the principal propagation lobes of the antenna 

• Interference mitigation measures within the UWB standard.  For instance 
review of the characteristics of the two UWB approaches (DS-CDMA and 
MB-OFDM) suggests that both standards are designed to produce a reduced 
level of emissions across the 5.2 to 5.8 GHz band, to enable co-existence with 
5 GHz WLAN (which may be co-located with UWB in the same laptop).  This 
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suggests that other licensed radio users in this band will not be affected by 
UWB since devices will avoid transmission in this band 

• Mobility.  Since UWB devices are themselves mobile within PAN 
environments, other radio systems where the receiver is mobile or portable 
within the PAN environment may be particularly susceptible to interference 
since the probability of co-location is much greater. 

 
There are a number of radio users for which it was felt that the cost of interference 
from UWB could not be quantified, either because the operational impact of a noise 
increase in the system could not be quantified or it was not practical to place an 
economic cost to the impact.  Those services include: 

• Radio astronomy 
• Science services 
• Earth exploration satellite  
• Licence exempt systems.  

 
Based on the above, it was agreed with Ofcom to consider the impact of UWB on the 
following systems within our interference cost analysis:  

• Microwave fixed links at 4, 6 and 7 GHz 
• Wireless broadband systems/fixed wireless access systems at 3.4 GHz 
• 3G mobile networks at 2 GHz 
• X-band aeronautical/maritime radar  
• C-Band fixed satellite terminals 
• Analogue vision links used by programme making and special events. 

 
It is important to note that ITU UWB co-existence studies are ongoing at the time of 
producing this report.  The exclusion of selected categories of radio spectrum users 
from our cost-benefit analysis does not impact this ongoing assessment, but reflects 
the aim of our study to identify the economic impact of interference. 

5.4 Results 

5.4.1 Microwave Fixed Links  

In this section, the potential effect of UWB on microwave fixed links operated 
in the UK by BT and other operators is considered.   

Typically, microwave links in the 3 to 10 GHz range are used to provide 
backbone trunk networks for long haul communication purposes.  There are a 
number of benefits to operators of employing microwave links compared to 
other backhaul options: 

♦ Dependability and availability – properly engineered and designed, a 
microwave link provides dependable transmission within an 
availability rate of 99.999%, higher than the typical guarantee of 
alternative approaches 
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♦ Flexibility in the network layout 
♦ Ease of deployment in difficult terrains or rural areas. 

 
The quality of a microwave link is governed primarily by the engineering 
design of the link, which will include allowance for interference that may arise 
in the microwave path.  Interference sources that the link will be designed 
against will include in band sources plus unwanted emissions from sources 
other than fixed services or other services sharing the same band.  Typically, 
the allowance for interference from ‘unwanted’ sources is very small.    

For instance, ITU-R Recommendations F.1094 provides the apportionment of 
the total degradation of a fixed service (FS) link as follows35: 

♦ 89% for intra service interference 
♦ 10% for co-primary interference 
♦ 1% for the aggregation of the following interferences:  emissions from 

radio services sharing the band on a non-primary basis, unwanted 
emissions (i.e. out of band spurious emissions) and unwanted radiation.  

 
Thus, CEPT and ITU studies on UWB/FS compatibility are based on whether 
allowed performance degradation criteria the link (interference objective for 
unwanted/non primary sources) is exceeded. 

In terms of deployed UK links, data we have received from Ofcom suggests 
that the numbers of microwave links currently assigned in the frequency bands 
of interest to this study are as shown in Table 5.2 (the number of links in the 
next closest band at 1.4 GHz, is also shown). 

Frequency Band (GHz) Number of Links 

1.4 GHz (1350 – 1517 MHz) 1343 

4 GHz (3600 – 4200 MHz) 216 

6 GHz (5925 MHz – 7125 MHz) 488 

7.5 GHz (7425 MHz – 7900 MHz) 1097 

Table 5.2:  Total Number of Microwave Links in the Affected Frequency 
Bands (Source – Ofcom) 

To investigate the potential impact of UWB emissions, on deployed UK links, 
we used our Monte Carlo model, as described in Appendix G, to model the 
impact of UWB on the Eb/No for a series of representative links, with the 
modified Eb/No affecting the Probability of Error of the link.  The new 
probability of error is then compared to a design value, taken to be 1x10-6. 

                                                 
35 Percentages apply to the performance objectives of the link (percentage of error performance degradation), 
due to the aggregation of all interfering transmitters and unwanted signals. 



 

Y85A004A Page 69 REV A 

The scenarios modelled are based on the assumptions defined in Appendix G 
and summarised below. 

Scenarios assumed that the affected antenna was situation on top of an office 
building with a high density of UWB activity.  UWB office applications were 
taken from the UWB uptake forecasts developed for this study, and activity 
factors were determined from the draft ITU-R UWB Recommendation.  

Modification to the link Eb/No will depend on the interfering power picked up 
by the affected receiving antenna from active UWB devices, which in turn 
depends on the UWB emission levels.  Therefore, we have defined cases 
corresponding to different levels of UWB emissions, expecting that the level 
of UWB interference to rise with the increase of UWB Power Signal Density 
(PSD).  We also investigated the impact of different microwave receiver 
operating bandwidths (a receiver operating with a bandwidth of 30 MHz, for 
instance, can be expected to pick up more noise than that of a 15 MHz 
bandwidth).  

Because individual microwave links operate using various different 
modulation schemes (16QAM and 64QAM being typical), affecting the error 
probability at the receiver, different receiver modulation schemes were also 
investigated.  

A summary of modelling results - in terms of the average value of the 
probability of error at the affected receiver, are summarised in Table 5.3 
below.  

 Bandwidth= 15MHz Bandwidth= 30MHz 
UWB PSD 16 QAM 64 QAM 16 QAM 64 QAM 
-41.3 
(dBm/MHz) 1.2088E-06 1.13E-06 1.5279E-06 1.1631E-06 
-51.3 
(dBm/MHz) 1.1087E-06 1.08E-06 1.1010E-06 1.1277E-06 
-65 (dBm/MHz) 1.0879E-06 1.07E-06 1.0875E-06 1.0744E-06 
-85 (dBm/MHz) 1.0872E-06 1.07E-06 1.0872E-06 1.0729E-06 

Table 5.3:  Average Value of the Probability of Error at a Microwave 
Receive Antenna Situated on Top of an Office with UWB Activity 

We found that the worse case scenario (with the highest value of probability of 
error) was a microwave link with 16QAM modulation and 30MHz bandwidth, 
with the UWB emission level at -41.3dBm/MHz.  However, even in this 
scenario, the mean value of the probability of error remained very close to 10-

6, i.e. one error in one million bits of information.  Other scenarios also 
resulted in errors very close to this figure.   

Figure 5.3, shows the Monte Carlo sample sequence of the probability of error 
at the affected receiver for our worst-case scenario.  It is shown that the largest 
probability of error in 30,000 random samples from the model is around 1.59 
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error for every one million bits of information, which is very close to the 
nominal design value36. 

 

Figure 5.3:  Monte Carlo Sample Sequence of the Probability of Error 

In summary, the probability of error remains very close to the nominal design 
value of 610− in all scenarios modelled, suggesting that the impact of UWB on 
a deployed microwave link will be negligible.   

We also note that our modelling is based on a worst-case co-existence 
scenario, in that the microwave receiver is placed on the roof of an office 
block where there is a high level of UWB activity. 

Based on our assessment above, we do not consider that UWB will generate 
interference costs to a microwave fixed link operator, using licensed frequency 
bands within the range that UWB signals may occupy.  

In this work we refer extensively to the CEPT and ITU studies on UWB as to 
the methodology to be approached in the interference analysis.  However, it is 
clear that our results cannot be directly compared with the ongoing CEPT ITU 
studies on UWB/fixed service compatibility, due to the different goals of the 
current study.  In the CEPT and ITU cases, the objective is typically to achieve 
generic protection levels to ensure that defined interference protection 
objectives as set out by ITU-R Recommendations are met.  Such 
recommendations typically allow only a very small increase in the noise level 
at the affected receiver from ‘unwanted’ or non-primary noise sources.  Thus, 
compatibility between UWB and the FS in the CEPT studies is being assessed 

                                                 
36 We have assumed 10-6 to be the nominal design value.  In practice, operators may engineer links to higher 
values than this. 
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in terms of the allowed performance degradation (ITU interference objectives) 
within the design of the link margin and whether UWB exceeds the states 
objective.  In this work, the aim is to determine the economic impact of 
interference, so our approach considers the impact on a deployed link 
(irrespective of design margins), to consider how UWB modifies the Eb/No 
and the average probability of error.  In this way, we are able to consider 
potential commercial impact, in order to measure potential external costs.   

5.4.2 UMTS  

In this Section, the costs to UMTS from UWB are calculated for a 
representative UK network.   

Our approach is based on deducing the costs to build and run a UMTS 
network of sites, to support a given Quality-of-Service (QoS), and how these 
costs change when interference is introduced from a co-existing population of 
UWB devices.   

The methodology involves three main stages of calculation: 

♦ Calculation of the probability of co-incidence of UMTS mobiles and 
UWB devices 

♦ Calculation of Quality of Service (QoS) effects on the UMTS network 
♦ Calculation of costs resulting from the QoS changes.  

 
It is noted that the approach to addressing the interference cost could 
potentially have been addressed in several ways.  For example, any 
degradation in QoS could be attributed to a: 

♦ loss of revenue from dropped calls 
♦ loss of revenue from a reduction in the ongoing service usage 
♦ the additional costs to restore the initial levels of coverage and/or 

capacity (since coverage and capacity can be traded-off against one 
another in a CDMA-based network).  

 
The approach agreed with Ofcom for this study was one where the costs of 
restoring coverage through deployment of additional cell sites, would be 
deduced. 

There are both advantages and limitations of this approach, with its principal 
advantage being its transparency.  It is acknowledged that this approach does 
not take into account the wider impact on operator revenues, for instance, 
arising from customers perceiving 3G services to be unreliable due to 
interference from UWB and/or other sources.  However, as the QoS is restored 
to the original level before the appearance of UWB, such effects should be de 
minimus.  
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a) Methodology Overview 
 

Our approach to obtaining a network-wide measure of interference cost 
to UMTS can be broken into three main areas as described above: (1) 
Calculation of likely co-existence (co-incidence) between UMTS 
handsets and UWB devices in given environments within a range over 
which interference might occur37 (2) Network QoS Simulation and (3) 
Cost Calculations. 

For the co-existence parameter calculations, data on the numbers of 
UMTS users and UWB applications per area type (urban, suburban, 
rural) and environment (homes, offices, pedestrian/vehicle) are 
required, by year.  This is derived from total UK uptake forecasts for 
UMTS services and for UWB.  Analysys Consulting Ltd provided data 
on forecasted UMTS subscribers up to the year 2010, from research 
material on UMTS uptake in the UK38.  This was combined with 
UMTS Forum research on likely service uptake to predict total UMTS 
subscriber numbers and service types over the forecast period of the 
study.   

The high, central and low UWB uptake forecasts described in Section 
4 of this report were used as the basis of deriving UWB device density.  
As highlighted in Section 5.1, a heuristic approach was used to deduce 
likely UWB density from the UK wide UWB uptake forecasts by 
linking the UWB density to the density of people in different 
environments (place of work, home, pedestrian/vehicle), derived from 
UK Census data.  The usage figures are also linked to UMTS model 
area types (urban, suburban, rural).  In terms of the distance between 
the UWB device and the UMTS handset, the model effectively creates 
a PDF of separation distances between UWB and UMTS users within a 
given environment.   

The process by which the model distributes UWB activity within a 
population of UMTS users is described in more detail in Appendix F. 

This is then used to calculate the input parameters to the network QoS 
simulations.  

The network QoS simulation tool is a Monte Carlo network simulator, 
which calculates the power levels and quality of service (QoS) for a 
given number of UMTS users and UWB applications when distributed 
in a pre-defined way.  The cost calculations take the change in QoS to 

                                                 
37 This is required in order to generate the relative densities of UMTS handsets and UWB devices in particular 
environments.  Temporal characteristics are also used to determine the ultimate probability that a given number 
of UMTS and UWB co-existent devices are simultaneously active, as described in Appendix F.  
38 This was extrapolated in our model over the full forecast period.  
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the UMTS network, resulting from the presence of UWB, as its input 
and calculate CAPEX, OPEX and total costs associated with the 
changes required to restore QoS to the level without UWB. 

For a full description of the modelling approach, please refer to 
Appendix F. 

b) Unit Cost Assumptions 
 

To correlate the QoS changes with costs, it was necessary to assume 
unit CAPEX and OPEX cost values for sites. Our library of data 
suggests that the CAPEX for an own-build macro site typically is 
between £30k to £60k for a rooftop and £15k to £50k for a green field 
site. To this one must add the cost of equipment and running costs, i.e. 
Node B, antennas and electrical costs.  Node B costs are the highest 
and most important of these, and we have found that they can also vary 
quite significantly: a value of £30k was assumed. Overall, the final 
CAPEX costs were assumed to be £80k per green field site and £100k 
per rooftop site, including costs for rigging works, electrical works, 
antennas, the Node B, power, transmission, a cabin and access. The 
annual OPEX, including land rental, power and maintenance, again 
could vary markedly – typically in the range of £10k to £20k. We 
assumed a value of £15k.  

For an own build micro site, the build costs are typically £20k, but 
again this does not account for the Node B or equipment. A final 
CAPEX cost of £50k was assumed. The OPEX costs were typically 
found to be in the range of £5k to £10k and led to a final assumption of 
£7.5k. 

For a shared site, it was assumed that the CAPEX – for obtaining 
planning permission, rigging costs, access etc. as well as for the Node 
B was less than for the own build site, but still included significant 
works, at £70k. The annual OPEX costs were assumed to be slightly 
higher at £25k.  

We assumed that operators have 75% of sites as own build sites with 
25% being on sites owned by other operators or site providers. An 
equal split of rooftop and green field sites was assumed in the 
calculation.  

Around 25% of the sites (approximately 3,000) were assumed as micro 
sites, by virtue of the coverage of very highly densely populated land 
areas. 
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c) Results 
 

The Monte Carlo simulation model was used to calculate typically 
1,000-5,000 simulations (stochastic distributions of UMTS users and 
UWB devices) per scenario. The effect of the UWB interference varies 
across different simulations.  At worst, UWB interference caused some 
downlinks to fail in some simulations.  Whilst such instances are 
relatively rare, they can have a significant impact on the instantaneous 
capacity of the network.  This is shown in Figure 5.4 below, which 
shows a typical bar chart of changes in the QoS predicted by the 
model. 

In a number of simulations, there are no changes to the QoS.  
However, in a small fraction, there can be significant changes.  The 
nature of the Monte Carlo simulation means that the computation 
serves to weight the likelihood of these occurrences, and thus produce 
a representative figure for the average QoS change (denoted on this 
figure by the line that represents the running average QoS change at 
around 0.01). 

 

Figure 5.4: QoS Changes During Simulations – Bars Show Instances of 
Simulations Where UWB Caused QoS Degradation 

Plotting the PDF of the QoS also shows the shift from higher to lower 
QoS values, as shown in Figure 5.5. 
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Figure 5.5:  PDF of QoS For Each Simulation Showing Values Before 
UWB (top), After UWB (centre) and the Difference (bottom) 

Similar investigations were carried out for different area types so that 
the QoS changes could be deduced for a national network, for a given 
UWB uptake profile and assumed emission level in the UMTS band.  
Simulation results serve to directly inform on the changes of some 
area, whereas interpolation was used in other cases to produce the final 
profiles (e.g. the results for semi-urban cells was usually interpolated 
from the results of simulations on urban and suburban area). 

The QoS changes were then converted to a change in coverage area per 
site using the standard coverage probability calculation described in 
Appendix F.  This produces the fractional increase in cell area, and 
thus the new cell count required when UWB is present 

From this, cost profiles were calculated for UMTS sites rolled out from 
across the network assuming (1) the original cell areas (2) cell areas 
that are reduced by the fractional area.  Costs are calculated for the 
differences of these two profiles on a year-on-year basis and are added 
to produce the cumulative figures.  CAPEX costs are paid in the year 
that the site is built while OPEX costs are paid for all sites built to that 
year.  It is assumed that some sites have already been built prior to 
2004, but these are included in the 2004 values, leading to higher costs 
at the outset. These higher costs are also reflective of the roll-out of 
UMTS which is assumed to be currently progressing at pace in 2004. 
However, this does not affect the ultimate results since it is the 
cumulative costs that are most important. 
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It should be noted that a fundamental assumption was made as regards 
the way that the QoS degradation is converted to costs.  We assumed 
that the cost of any UWB interference could be attributed to the UMTS 
network through the association of changes in QoS with the coverage 
area.  This assumption has a number of implications to interpretation of 
our cost estimates, as follows:  

o Results are most appropriate to the case where an operator has 
not yet undergone significant development of their network, 
and so can modify planning requirements through the 
additional interference that may be caused by UWB 

o Small changes in QoS can be correlated with associated 
changes in cell area. In the case of high QoS changes, the 
approach arguably becomes less accurate because of the 
difficulty in defining which QoS values to take for the cell 
areas.   

 
d) Summary of Interference Cost Results 
 

A full description of all simulations and the sensitivity analysis that we 
carried out in order to determine external (interference) costs to UMTS 
are provided in Appendix F.  Given the wide range of possible 
combinations of key modelling parameters, costs are very sensitive to 
the modelling parameters assumed, as Appendix F illustrates. 

To generate the external costs that are used in our cost-benefit analysis 
in Section 6, we used the set of modelling parameters that we 
considered would provide the worst-case impact on QoS change, and 
thus on costs.  Simulations to generate the external costs on which our 
net value assessment are based were concentrated on: 

o UWB/UMTS co-existence during daytime hours (where the 
QoS limiting case is found) 

o Use of 2015 as the reference year to determine the levels of 
interference that degrade the UMTS network link budget and 
serve to increase site requirements.   

 
This, therefore, reflects the worst case that the model predicts.  The 
effect of the assumed UWB uptake profile (high, low and central UWB 
uptake estimates as described in Section 4) and different PSD limits 
applicable to the 2.1 GHz band (-51.3 dBm/MHz according to the FCC 
mask, -65 dBm/MHz and –85 dBm/MHz representing the draft ETSI 
mask values), were calculated so that costs could be compared with the 
benefits described in Section 4 of this report under the same scenarios.  

Resulting year on year costs from our model are shown in Figures 5.6, 
5.7 and 5.8.  It should be noted that these represent costs per operator.  
Our cost-benefit assessment and net value assessment in Section 6 
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considers total costs, i.e. per operator costs multiplied by five for the 
number of UK networks.  
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Figure 5.6: Costs Per Operator for Low Case of UWB Uptake (£000) 
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Figure 5.7: Costs Per Operator for Central Case of UWB Uptake (£000) 
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Figure 5.8: Costs Per Operator for High Case of UWB Uptake (£000) 

In Figure 5.9, potential cumulative costs to the UK are plotted to 2015 for each 
case.  These figures are from the data in the previous three tables, multiplied 
by five to reflect the five UK operators.  These figures are used in our cost-
benefit and net value analysis in Section 6, extrapolated to 202039.  
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Figure 5.9: Cumulative UK Costs to 2015 

 

                                                 
39 Our model up to 2015 creates a mature UMTS network with maximum penetration reached in all areas with 
the exception of rural areas, where penetration has reached 80% of the UK mainland.  Since the majority of 
costs by 2015 are OPEX associated with the additional cells included in the early years of rollout to account for 
the UWB effect, we extend our figures from 2015 to 2020 in the cost-benefit analysis in Section 6 by assuming 
that costs in the years 2016 –2020 are at the same level as those calculated at 2015.  
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5.4.3 Broadband Wireless/Fixed Wireless Access at 3.4 GHz 

In this section, the potential effects of UWB on emerging broadband fixed 
wireless access (broadband wireless) services being introduced in the 3.4 GHz 
band in the UK are considered.  Whilst conventional fixed wireless access 
systems typically install the receiving antenna on the rooftop of subscriber 
premises, these systems envisage wireless being delivered into the customer 
premise, being received at a wireless modem inside the house.   

Of particular interest are services being offered by new operator UK 
Broadband in the 3.4 GHz band.  UK Broadband hold a near-UK licence to 
provide fixed wireless services following the Government auction of 3.4 GHz 
licences that took place during 2003.  Such services are only just being made 
available to UK householders.  Whilst this service may also be made available 
to office subscribers, consultation with UK Broadband has shown that the 
UWB interference to broadband wireless in the home is the greatest concern.   
We therefore do not consider the effect of UWB interference to broadband 
wireless office subscribers.  However much of our investigations and 
conclusions can be applied to the office scenario.  

Interference scenarios to investigate the effect of UWB on wireless broadband 
services without an external antenna have not been concluded within the 
CEPT and ITU studies.  Hence, we have used the same Monte Carlo 
Probability of Error model as described in Appendix G to investigate the 
potential impact.   Detailed results are provided in Appendix H. 

Our overall conclusion is that further studies are required in this area in order 
to understand in more detail the nature of the interference and potential ways 
that it might be mitigated.  From our simulations, we have found that, whilst 
the effect of UWB interference has the potential to disrupt, or even disable, the 
broadband wireless service, the commercial impact will depend on the likely 
coincidence of these services in the home alongside active UWB devices (i.e. 
the probability that a wireless broadband user is also a UWB device user).  In 
economic terms, this may be considered as an internal effect, if the 
interference effect is limited to the UWB user and does not result in 
subsequent network effects on other non-associated users.  The absence of 
data on likely uptake of wireless broadband services prevented a reasonable 
calculation of this.   

We also found that the results of the simulations are very sensitive to the 
UWB PSD, in the same way as has been well documented in the studies on 
UWB/3G compatibility.  To progress the debate on potential PSD levels to 
protect wireless broadband services in the UK at 3.4 GHz, we have 
investigated what level of PSD might be required to avoid serious impact.  
Noting that the current masks set the PSD across the 3 GHz band at –41.3 
dBm/MHz, we considered how much lower the PSD might need to be to avoid 
impacting UK Broadband services.  
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Due to uncertainty in the take up of broadband wireless services, which would 
be required to accurately determine the cost of UWB relative to the costs to 
build and run a network, we have not translated the predicted interference 
effects from our Monte Carlo model into a cost calculation.  The reason for 
this is that we consider that the error margin in such a calculation would be too 
high, given the uncertainty in key assumptions for such a calculation.  
However, we have identified from our interference analysis what the likely 
effect of UWB on wireless broadband services will be, and what information 
will be required in further work to accurately estimate the cost of this to the 
UK.   

a) Interference Effect of a Single UWB Device 
 

Using the Monte Carlo model, we considered the interference effect of 
a single UWB connection operating in the vicinity of a wireless 
broadband modem in the home.  

To investigate the sensitivity of the interference effect depending on 
UWB activity and distance from the affected receiver, interference 
occurring in the following scenarios was considered:  

o Low activity device within one metre range 
o Single high activity UWB device within one metre range 
o Low activity device over ranges typical of a domestic room  
o High activity device over ranges typical of a domestic room. 

 
To investigate the impact of different UWB activity factors, we 
selected two typical UWB connections from the range of applications 
forecast in Section 4, namely connection from a PC to a printer, and 
between a PC and a monitor, to represent ‘low’ and ‘high’ activity 
respectively.   The scenarios modelled are summarised in Table 5.4.  

Scenarios UWB Printer UWB Monitor 

Range less than 1m from 
wireless broadband modem 

Scenario 1 Scenario 2 

Range within 3x5m from 
wireless broadband modem 

Scenario 3 Scenario 4 

Table 5.4:  UWB/Wireless Broadband Interference Scenarios 

Tables 5.5 and 5.6 summarises the results of the model for the four 
scenarios.  Full results are described in Appendix H. 

Summarising the results, we found that with a UWB PSD of -
41.3dBm/MHz, and without the adoption of any mitigation techniques, 
the probability of error is significant.  This occurs regardless of UWB 
activity factor and range, as long as the UWB device is in the same 
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room as the affected receiver.  Reducing the UWB PSD to –
85dBm/MHz returns the probability error to a value commensurate 
with the design probability of error, namely 1x10-6.   

Further simulations confirm that a UWB PSD of –85dBm/MHz limits 
the interference effect of a single UWB device to a negligible level, 
regardless of the spatial distribution and activity factor. 

Errors per Million Transmitted 

UWB PSD Device Activity 

-41.3dBm/MHz -85dBm/MHz 

Low (printer) 228.5 1.09 

High (monitor) 120,000 1.34 

Table 5.5: UWB-Broadband Wireless in Close Proximity, Both 
Within One Square-Metre 

Errors per Million Transmitted 

UWB PSD Device Activity 

-41.3dBm/MHz -85dBm/MHz 

Low (printer) 109.3 1.1 (note: error level reached 
at -65dBm/MHz) 

High (monitor) 103,320 1.1 

Table 5.6: UWB-Broadband Wireless in Close Proximity, Both 
Randomly Placed Within 3x5 Square-Metre Room 

In summary, simulations assuming a single UWB device operating 
locally to a wireless broadband subscriber modem show that there is a 
significant impact to the wireless broadband service at the planned 
UWB PSD of – 41.3 dBm/MHz.  A lower UWB PSD would protect 
broadband wireless to the level that the interference impact would be 
negligible.  However, it appears that between –65 dBm/MHz and –
85dBm/MHz is the value of UWB PSD that would be required to 
return broadband wireless probability of error to the nominal design 
value, i.e. some 20-30 dB lower than the ‘in band’ limit of –41.3 
dBm/MHz.   

Our analysis effectively assumes that the wireless broadband modem is 
continually active over the period of a day (8 hours) and that UWB 
activity appears across this period, to calculate the average probability 
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of error.  It is recommended that further analysis of wireless broadband 
usage patterns would be beneficial to enable a more detailed 
assessment of the likely co-incidence between wireless broadband and 
UWB usage periods.  

b) Aggregated Interference Effect 
 

In a number of previous studies (including previous Mason studies on 
UWB/UMTS compatibility for the RA) it has been demonstrated that 
the interference effect of a single UWB device closest to the affected 
receiver dominates the aggregated interference effect of all other UWB 
devices. However, this generally assumes an aggregation of a random 
distribution of UWB activity across an area the size of a large room or 
office.  This is representative of a scenario when the affected receiver 
is a UMTS handset, which may be placed on a desk in an office some 
way from other UWB activity.  However, when considering typical 
scenarios for use of broadband in the home, it is likely that both UWB 
and broadband activity will be taking place in close proximity (around 
the home PC).  Within this confined space, it is possible that both 
spatial and activity aggregation may take place. 

Our view is that the effect of aggregated interference upon the 
probability of error will become particularly important for broadband 
wireless services where long sessions of 1-2 hours downloading from 
the Internet may be corrupted by UWB interference (albeit in short 
bursts).   

Therefore, we investigated a number of scenarios to consider the 
potential aggregated effect of a number of UWB devices being located 
within a single home, assuming that this home also receives broadband 
services by wireless.  These scenarios are fully described in Appendix 
H.  

Summarising the results, we found that the severity of the impact 
depends on the mix of UWB devices assumed to exist within the home.  
The results show that if the UWB PSD in is –41.3dBm/MHz, then the 
average probability of error is generally around 0.20204x10-6: a 
substantial error increase of over 20% compared to the design level.  

The simulations also suggest that the presence of high activity UWB 
devices (e.g. a wireless monitor) within the mix of UWB connections 
worsens the overall effect and tends to dominate it.   Further 
information on likely UWB usage within different UK households 
would be required to confirm if this reflects likely UWB activity 
within a home.   

As an illustrative example of a typical home take up, parameters 
presented in Table 5.7, below, were used to demonstrate the 
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aggregated effect of a selection of UWB devices within a broadband 
wireless enabled household. 

 

Parameter Value 

Broadband Wireless 
Characteristics: 

 

Receive antenna gain (dBi) 5 

Noise Figure 5 

Bandwidth (MHz) 7.684 

Probability of Error Target 1e-6 

Antenna Temperature (K) 290 

Modulation 16QAM 

UWB Characteristics:  

Number of Devices 19 

Type of Devices 1 printer, 1 scanner, 1 HDD, 1 PDA, 2 
wireless monitor, 2 set top box, 1 digital 
camera, 3 MP3 players, 1 DVD player, 1 
DVC, 1 games console, 3 mobile phones40 

Emission level (dBm/MHz) -41.3 

Table 5.7:  Parameters Used to Model Effect of a Large Number of 
UWB Devices on a Broadband Wireless Enabled Household 

The interference results from this scenario, as illustrated by Figure 
5.10, show that, whilst the probability of error is on average low 
(typically 1.2x10-6), for almost 10% of the samples the probability of 
error was almost twice the design value.   

Our view is that this is an effect that, if occurring regularly, will be of 
considerable concern to wireless broadband operators.   

                                                 
40 This represents a ‘worst case’ number of devices within a given household, to demonstrate the impact.  
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Figure 5.10:  Probability of Error Impact on Broadband Wireless 
with a High Density of UWB Activity 

c) External Cost of UWB to Wireless Broadband 
 

The discussion of the potential effect of UWB on emerging UK 
Broadband services in the previous section demonstrates that the 
interference impact could be potentially significant and that further 
work is recommended to assess this in more detail.  However, we have 
found that it has not been possible to attribute the interference effect 
into a reasonable estimate of network cost for which to derive the 
external cost, without further information being available.  In 
particular, without knowledge of broadband wireless market take-up 
and its relationship to the UWB markets, we are not able to predict 
how often potentially severe interference situations such as the 
aggregated UWB home activity with a broadband wireless home, as 
described in the previous section, will occur.  For instance, if all 
broadband wireless subscribers also use high activity UWB 
connections within their homes, far higher levels of churn may result 
due to customer dissatisfaction, resulting in subscribers choosing an 
alternative broadband connection.  

Interference effects are particularly pronounced at the proposed UWB 
PSD of -41.3 dBm/MHz.   Lowering the UWB PSD would mitigate 
this effect; however, the ability to reduce UWB emission levels within 
the 3 to 10 GHz range will depend on the UWB industry producing 
equipment that alters its in-band performance in this specific frequency 
band for the UK, which may impact on the societal benefits of UWB.  
Alternatively, if there is little correlation between customers using 
broadband wireless services and those using UWB, then the cost 
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impact will be minimal irrespective of the UWB PSD, due to the 
probability distribution of UWB devices relative to broadband wireless 
users. 

Further knowledge of this effect would be required in order to 
reasonably estimate the cost to UK Broadband wireless services from 
UWB.   The uptake of broadband wireless services in the future will 
determine how important a consideration this might be when weighing 
against the societal benefits and cost of UWB. 

We note that, due to the nature of the UK Broadband service, 
estimating the cost of interference arising relative to the cost of 
network build (the cost metric that we were asked to use by Ofcom in 
this study) may not be the most appropriate methodology to apply.  
The reason for this is that it would appear that adding additional sites 
to the network would not necessarily overcome the effect of UWB 
corruption, if UWB corruption occurs due to the high concentration of 
UWB activity in close proximity to the broadband wireless receiver41.  
Our simulations for this study have shown that interference is highly 
sensitive to the number of UWB devices likely to be active in close 
proximity to the wireless modem in a broadband wireless home, as 
well as their activity factor and spatial distribution. 

Our view is that an alternative view of costs through the increased 
probability of error being associated with possible customer churn, 
would offer the most appropriate methodology to estimating the 
interference cost in this case.  

In summary, due to uncertainties in key assumptions, particularly 
associated with the uptake of broadband wireless services and the 
likelihood of UWB activity being concentrated in UK Broadband 
homes, we have found that we are not able to associate an interference 
cost with the probability of error changes predicted from our Monte 
Carlo modelling for broadband wireless services.   

Our studies thus far suggest that the following factors will be critical to 
removing uncertainties associated with the interference cost in this 
case to enable a reasonable cost of interference to be estimated: 

o The use of UWB services coincident to broadband wireless 
services (i.e. the number of different UWB applications within 
an individual home) 

o Uptake of emerging broadband wireless services in terms of the 
size and growth of the market and the societal benefits 

o Further study into the interference effect of likely UWB 
numbers in the home upon broadband wireless session time 

                                                 
41 A similar effect is considered for our UMTS model described in Appendix F, where it is demonstrated that the 
addition of further sites/capacity does not fully restore network QoS. 
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o Further study into potential systemic effects within the UK 
Broadband system due to CDMA power control effects 

o The appropriate UWB PSD value protecting the wireless 
customer, without impacting on estimated UWB benefits 
(noting that the UK Broadband spectrum allocation falls within 
the UWB ‘in band’ transmission range and that our simulations 
suggest a PSD some 20-30 dB lower than this being required to 
avoid significant impact). 

 
5.4.4 C-Band Fixed Satellite 

Similar to our microwave link assessment, the scenarios we define for FSS 
systems correspond to different levels of UWB emissions and different 
modulation schemes used by FSS receivers (16 QAM and 64 QAM being 
typical).  Table 5.8, below, presents the different scenarios considered as well 
as their respective results in terms of the Probability of Error. 

 Modulation Scheme 
UWB PSD 16 QAM 64 QAM 
-41.3 (dBm/MHz) 1.1269E-06 1.2698E-06 
-51.3 (dBm/MHz) 1.0908E-06 1.0754E-06 
-65 (dBm/MHz) 1.0876E-06 1.0731E-06 
-85 (dBm/MHz) 1.0872E-06 1.0729E-06 

Table 5.8:  Average Value of Probability of Error at a C-Band FSS 
Terminal 

As in the microwave link case, the average values of the probability of error at 
the FSS affected receiver remain very close to 610− , i.e. one error in one 
million bits of information.  Furthermore, if we consider the scenario with the 
highest value of probability of error - 64QAM modulation and –
41.3dBm/MHz of UWB emissions, we can see from Figure 5.11, representing 
Monte Carlo sample sequence of the probability of error at the affected 
receiver for this worst scenario, that the biggest probability of error at the 
affected receiver in 90 000 samples is less than 1.6 error in one million bits of 
information, which is a close value to the nominal design value. 
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Figure 5.11:  Monte Carlo Sample Sequence of the Probability of Error for FSS 
System 

As with the microwave link assessment, since our simulations did not find a 
scenario for an FSS terminal where the probability of error exceeded 610− .  
This suggests that the commercial impact of UWB to an FSS operator will not 
be detectable.   

Therefore, as in the microwave link case, we do not estimate that external 
(interference) costs to FSS operators will arise from UWB activity.  In the 
same way as with the microwave link assessment, we do not suggest that our 
results are comparable with the CEPT/ITU studies on UWB/FSS compatibility 
due to the different goals of the current study. 

5.4.5 Programme Making and Special Events 

Programme making and special events (PMSE) users make use of a range of 
frequency bands within the spectrum that might be occupied by UWB.   PMSE 
uses of the radio spectrum encompass various broadcast programme making 
and entertainment applications, including sound and video links for outside 
broadcasts and radio microphones for use in theatres and other venues.   

Within the frequency range that UWB emissions will potentially occupy, 
PMSE users make use of a number of bands to provide video links for outside 
broadcasts.  In the UK the key bands used by this application area 2.3-2.7 
GHz, 3.5 GHz, 5 GHz, 7 GHz and 10 GHz.   Although digital equipment 
standards are being developed by ETSI, we understand that broadcasters in the 
UK use analogue FM links (typically 20 MHz bandwidth).  

Given the key bands used for PMSE video links in the UK all largely fall 
within the 3 to 10 GHz range, UWB emissions may potentially impact all of 
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the bands available to PMSE users for this application.   However, since the 
IEEE proposals have elected to avoid the 5-6 GHz spectrum to limit UWB’s 
potential vulnerability to 802.11a transmissions, this means that the PMSE 5 
GHz band is potentially unaffected by UWB.  In addition to this, since 
limitations in existing silicon technology have prevented initial UWB chipsets 
from being developed above 5 GHz, the PMSE bands between 6 and 10 GHz 
are also potentially unaffected by UWB for the foreseeable future.  Hence, we 
can conclude that the only significant impact to PMSE users in the short to 
medium term from UWB will be to those users of the 3.5 GHz band.  We note 
that this band is already affected by the introduction of new broadband 
wireless services, resulting in at least one PMSE channel being lost in this 
band.  

To conduct a reasonable assessment of the impact of UWB on PMSE would 
require further knowledge of the number of systems in operation in the 3.4 
GHz band and typical deployment scenarios (antennas, locations etc.).  Since 
we were not able to obtain this information from the PMSE industry we have 
not be able to estimate the impact. 

As an example of potential costs that might arise, we might consider that users 
have to replace some of their equipment so that they can make use of newer 
digital links with higher performance compared to the existing equipment.  
Assuming similar parameters as a microwave fixed link, our assessment of 
various digitally modulated links in Section 5.5.1 suggests that users will not 
experience a measurable loss in service due to a UWB noise rise at the 
receiver.  Hence, the only costs to the PMSE community would be the cost to 
replace existing equipment. 

Since we have not been able to obtain estimates of the number of links within 
the affected bands, we are not able to confirm the number of links affected. 

As an example, assuming the replacement (CAPEX) cost of digital equipment 
to be around £45,000 per link, total costs would be as follows for different 
populations of links.   

Number of Affected Links Total Equipment Replacement Cost 

100 £4.5 million 

200 £9 million 

Table 5.9:  Example Link Replacement Costs 

Relative to the UMTS interference costs we have calculated, this does not 
represent a significant element of external cost within the cost-benefit 
analysis.  However, confirmed usage scenarios and an estimate of the number 
of affected links would be required to confirm this.  
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5.4.6 Maritime and Aeronautical Radar 

As described earlier in this section, the aeronautical and maritime 
communities are the major users of the radio spectrum between 8 and 10 GHz 
(along with the MOD).  They also use spectrum around 3 GHz (2.7-3.1 GHz). 

Due to the nature of radar operation, systems are very sensitive and the impact 
of radio interference from other radio users is a significant concern to the radar 
community.   A range of radar types exist in the S and X bands in the UK, 
which we understand to include: 

♦ Air traffic control approach radar 
♦ Air traffic control en-route radar 
♦ Airport ground movement radar 
♦ Weather radar (both ground based and airborne) 
♦ Airborne Doppler radar in the 8.8 GHz band 
♦ Coastal radar 
♦ Maritime radar 
♦ Altimeters radar 
♦ The Microwave Landing System (MLS), which operates from 5030 – 

5150 MHz42 
♦ General surveillance and tracking radar. 
 

It is understood that individual radars are designed for specific applications 
and therefore interference parameters for individual types is required to assess 
the impact of a noise floor rise.  Various studies have suggested the 
development of high-Q filters into civil radar systems.  However, whether this 
is operationally acceptable to primary radar operation is not determined.  It is 
also noted that the main purpose of these filters is to reduce radar bandwidth 
usage and/or sensitivity to systems in adjacent frequencies rather than the case 
where emissions fall within the main bandwidth of the radar, which may be 
the case with UWB.  

In considering the spectrum used by UK radar that may be impacted by a noise 
floor rise from UWB, as we have discussed in Section 2 of this report, initial 
UWB chipsets designed to both the DS-UWB and the MB-OFDM UWB 
standards will not use the ‘upper band’ from 6 to 10 GHz.  Our assumption in 
this study is that DS-UWB devices will occupy approximately 3.1 to 4.9 GHz, 
with the MB-OFDM occupying 3.1 to 5.2 GHz.  Hence, until such time as 
UWB devices are designed to make use of the full 3.1 to 10.6 GHz band, it 
would appear that the impact of UWB noise to radar will be limited to the 
lower portion of the X-band, from 3 to 5 GHz. 

                                                 
42 Our understanding is that this will fall within the 5 GHz frequency ‘null’ that the UWB vendors within the 
IEE standardisation group have elected to avoid for reasons of compatibility with 802.11a systems 
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Due to uncertainty in key parameters, we have not been able to estimate the 
interference cost of UWB on aeronautical and maritime radar within this study 
and recommend that further consideration is given to this within Ofcom’s 
policy determination on UWB.   

5.5 Summary of Results and Sensitivity Analysis 

5.5.1 Summary of External Costs 

As described in the previous sections, we have considered the impact of UWB 
on a range of existing radio systems both those within the 3.1 to 10.6 GHz 
range proposed for UWB and those using neighbouring bands.  We have 
attempted to quantify all external costs.  In some cases, our modelling suggests 
that external costs will not arise and in others, insufficient data has been 
available to enable us to accurately quantify costs that may occur. 

We have modelled the impact of UWB activity on representative microwave 
fixed links operating within the 3 to 10 GHz band, and to C-Band FSS 
terminals.  In both cases, we have concluded that the impact of UWB 
emissions on deployed UK systems will be negligible to the operators 
concerned and hence we have not attached a cost of interference to these 
cases.  This is summarised in Section 5.6.2 below.  

Our assessment suggests that external costs will arise to UMTS operators at 
2.1 GHz from UWB.  These costs range depending on the UWB PSD and on a 
range of modelling assumptions as described in this section.  Results are very 
sensitive to our modelling assumptions.  Total costs have been estimated that 
are used in our cost-benefit comparison in the next section of this report.  This 
is summarised in Section 5.6.3 below.  

We have also considered the impact of UWB on emerging broadband wireless 
services operating in the 3.4 GHz band in the UK and our main conclusion is 
that further work is required in this area in order to model the nature of the 
interference in more detail and consider potential ways that it might be 
mitigated.  Whilst we conclude that the potential impact of UWB to users of 
those networks may be significant, we have not been able to translate this into 
a reasonable estimate of cost, due to uncertainty regarding key assumptions.  
We consider that the error margin in such a calculation would be high without 
further work to verify key parameters.  We conclude that further study should 
be conducted in this area.   

Correspondingly, while there may be costs to the UK from UWB impact to 
broadband wireless services, these are not reflected in our cost-benefit 
comparison in Section 6.  This is summarised in Section 5.6.4 below.  

We have also considered the potential impact on PMSE and 
aeronautical/maritime radar, operating in various bands from 3 to 10 GHz.  
Since we were not able to confirm representative interference scenarios for 
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which to consider potential impact, we have not been able to estimate 
interference costs in these cases, as described in Sections 5.5.5 and 5.5.6. 

To calculate the NPV of external costs, we use a discount rate of 11.25%.  
Arguably, costs should be discounted using the weighted averages cost of 
capital (WACC) for each institution that they relate to.  However, the WACC 
is difficult to estimate accurately, and relying on many estimates introduces an 
unnecessary level of complexity.  As the majority of costs can be attributed to 
the UMTS network, we use the WACC of UK mobile operators as set out in 
the Competition Commission inquiry into mobile phone termination rates43.  
In their report, the Competition Commission calculate a range for the real 
WACC for mobile operators between 7.95% and 14.65%, with a mid point of 
11.25%.44 

Total interference costs per annum used in our cost-benefit comparison in 
Section 6, are provided in Sections 5.6.2 to 5.6.4 for the scenarios we have 
evaluated.  The interference costs used in the cost-benefit comparison are 
represent the cost of UWB to the UMTS industry in the UK, and do not 
account for costs to some other services for which we recommend that further 
work is required.   

Results are presented with and without the application of a discount rate of 
11.25%.  Since we have not confirmed interference costs associated with 
radar, costs relative to the ‘upper band’ regulatory scenario are not confirmed.  
For this scenario, we use a zero cost assumption to quantify overall value in 
Section 6, noting that further work is required to consider in more detail the 
nature of interference to radar and ways in which this might be mitigated.  

                                                 
43 Vodafone, O2, Orange and T-Mobile, Reports on references under section 13 of the Telecommunications Act 
1984 on the charges made by Vodafone, O2, Orange and T-Mobile for terminating calls from fixed and mobile 
networks, Competition Commission, December 2002. 
44 Figures include 0.25% added to account for the equity risk premium. 
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5.5.2 FCC Mask 

 

Usage case: 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL 

High 514 952 1,448 1,818 2,169 2,463 2,746 3,033 3,323 3,616 3,930 4,232 4,534 4,836 5,138 5,440 5,742 5,742 

Central 432 801 1,218 1,530 1,825 2,072 2,311 2,552 2,796 3,043 3,307 3,561 3,815 4,069 4,323 4,577 4,831 4,831 

Low 7.4 13 18 23 27 30 34 37 41 44 48 52 55 59 63 66 70 70 

Table 5.10:  Cumulative Costs to UMTS from UWB (£mn) 
 

Usage case: 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL 

High 514 816 1,176 1,418 1,623 1,779 1,913 2,035 2,146 2,247 2,344 2,428 2,504 2,572 2,633 2,688 2,737 2,737 

Central 432 687 990 1,193 1,366 1,497 1,610 1,713 1,806 1,891 1,973 2,043 2,107 2,164 2,215 2,262 2,303 2,303 

Low 7 11 15 18 20 22 24 25 27 28 29 30 31 32 32 33 34 34 

Table 5.11:  NPV of Costs to UMTS from UWB (£mn), Discounted at 11.25% per Annum 
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5.5.3 ETSI Mask (-65 dBm/MHz at 2.1 GHz) 

 

Usage case: 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL 

High 157 292 452 575 689 784 875 967 1,059 1,153 1,253 1,349 1,446 1,542 1,638 1,735 1,831 1,831 

Central 19 33     48 59     70 79 88 97 105 114 124 133 142 152 161 170 179 179 

Low 1.2 2.2 3.1 3.8 4.5 5.0 5.6 6.2 6.8 7.4 8.0 86 9.2 10 10 1 12 12 

Table 5.12:  Cumulative Costs to UMTS from UWB (£mn) 
 

Usage case: 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL 

High 157 250 366 446 514    564 607   646 681 714 745 771 795 817   837 854 870 870 

Central 19 28 39 47 53 58 62 66 69 72 75 78 80 82 84     85 87 87 

Low 1.2 1.9 2.5 3.0 3.4 3.7 4.0 4.2 4.4 4.6  4.8 5.0 5.2 5.3  5.4 5.5 5.6          6 

Table 5.13:  NPV of Costs to UMTS from UWB (£mn), Discounted at 11.25% per Annum 
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5.5.4 Adjusted ETSI Mask (-85 dBm/MHz Limit at 2.1 GHz) 

 

Usage case: 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL 

High 2.2 4 6 8 9 10 11 13 14 15 16 17 18 20 21 22 23 23 

Central 0.4 0.7     1.1 1.4 1.7 1.9 2.1 2.3 2.5 2.8 3.0 3.2 3.4 3.7 3.9 4.1 4.3 4.3 

Low 0.1 0.1 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.4 0.4 0.4 0.5 0.5 0.5 0.6 0.6 0.6 

Table 5.14:  Cumulative Costs to UMTS from UWB (£mn) 
 

Usage case: 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL 

High 2.2 3.5 5.0    6.0 6.8    7.5 8.0   8.5 8.9 9.3 9.7 10.0 10.3 10.6   10.8 11.0 11.2 11 

Central     0.4 0.6    0.9 1.1 1.2 1.4    1.5 1.6 1.6 1.7 1.8 1.8     1.9 2.0 2.0     2.0 2.1 2 

Low 0.1    0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2    0.2 0.2 0.3 0.3     0.3 0.3 0.3          0 

Table 5.15:  NPV of Costs to UMTS from UWB (£mn), Discounted at 11.25% per Annum 
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5.5.5 Lower band only 

 

Usage case: 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL 

High 157 292 452 575 689 784 875 967 1,059 1,153 1,253 1,349 1,446 1,542 1,638 1,735 1,831 1,831 

Central 19 33     48 59     70 79 88 97 105 114 124 133 142 152 161 170 179 179 

Low 1.2 2.2 3.1 3.8 4.5 5.0 5.6 6.2 6.8 7.4 8.0 86 9.2 10 10 1 12 12 

Table 5.16:  Cumulative Costs to UMTS from UWB (£mn) 
 

Usage case: 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL 

High 157 250 366 446 514    564 607   646 681 714 745 771 795 817   837 854 870 870 

Central 19 28 39 47 53 58 62 66 69 72 75 78 80 82 84     85 87 87 

Low 1.2 1.9 2.5 3.0 3.4 3.7 4.0 4.2 4.4 4.6  4.8 5.0 5.2 5.3  5.4 5.5 5.6          6 

Table 5.17:  NPV of Costs to UMTS from UWB (£mn), Discounted at 11.25% per Annum 
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5.5.6 Impact to Microwave Fixed Links and Fixed Satellite Services 

Using the Monte Carlo model described in Appendix F, we have considered 
the impact of UWB emissions on typical microwave fixed links operating in 
the 4,6 and 7 GHz bands in the UK, and to C-Band FSS terminals at 4 GHz, in 
terms of the probability of error at the affected receiver.  

In the microwave link case, we found that the worse case scenario (with the 
highest value of probability of error) was a microwave link with 16QAM 
modulation and 30MHz bandwidth, with the UWB emission level at -
41.3dBm/MHz.  However, even in this scenario, the mean value of the 
probability of error remained very close to 10-6, i.e. one error in one million 
bits of information.  Other scenarios also resulted in errors very close to this 
figure.   

Similarly in the case of FSS terminals, we found that the probability of error 
remained close to the assumed nominal design value of 10-6 under all 
scenarios investigated.  

Since the errors predicted from our model would not, in our opinion, result in 
measurable impact to microwave or FSS system operation, we have concluded 
that costs of UWB to operators of those systems will be negligible.  

It is clear that our results cannot be directly compared with the ongoing ITU 
studies into UWB co-existence with fixed and fixed satellite services, due to 
the different goals of the current study.  In the ITU case, the objective is 
typically to achieve generic protection levels to ensure that defined 
interference protection objectives as set out by ITU-R Recommendations are 
met.  Such recommendations typically allow only a very small increase in the 
noise level at the affected receiver.   

Thus, ITU and CEPT studies consider the impact of UWB relative to whether 
interference exceeds the stated design objectives (interference allowance).  In 
this work, the aim has been to determine the economic impact of interference, 
and so the Mason model developed for this study considers the impact on a 
deployed link of a modified Eb/No caused by UWB and how this modified 
Eb/No impacts the average probability of error, relative to the design level. 

 
5.5.7 UMTS 

Using the model described in Appendix F, we have developed a network-wide 
measure of UWB impact on UMTS.  Network build and running costs have 
been calculated corresponding to changes of QoS resulting from the presence 
of UWB, based on low, central and high cases of UWB uptake and on 
different UWB PSDs (relative to the alternative regulatory masks under 
consideration).  
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Our main findings have been as follows: 

♦ A significant cost to UMTS operators is calculated at the FCC UWB 
PSD of –51.3 dBm/MHz.  At this PSD, and in the high case of UWB 
uptake, additional costs of between £50m and £100m per operator per 
annum are estimated, based on degradation of QoS of 3-5% in different 
area types (however, as noted in Section 4, we consider the high take-
up case as the least likely to occur) 

♦ Costs for the central case of UWB uptake, with UWB emissions at –
65dBm, are several orders of magnitude lower than this, at around 
£1.8m per year per operator in OPEX costs, corresponding to QoS 
degradation of around 0.1-0.2%. Extra CAPEX means that the total 
costs for the first two years of the model is £2m-£3m.  This produces a 
cumulative total per operator of £25m by 2015 

♦ The significant effect of the FCC mask –51dBm/MHz emission level 
on UMTS networks at 2.1 GHz has been corroborated by other industry 
research, including from Nokia and Sprint 

♦ We have found that, for a UWB emission level of –85dBm/MHz, QoS 
effects are largely constrained to rare instances of very localised 
effects, which have negligible impact on costs e.g. using medium 
uptake UWB figures, costs were estimated to be in the order of £50k 
per year and £600k cumulative by 2015. 

 
Many assumptions were required throughout this investigation, and key 
sensitivities are explored in detail in Appendix F.  

A summary of observations from our UMTS sensitivity analysis is as follows: 

♦ The cost figures in the cost-benefit analysis in Section 6 represent the 
result of simulation investigations concentrated on the UMTS model 
‘daytime’ parameters, as described in Appendix F, where people are 
largely in places of work with UWB presence.  It was clear from our 
sensitivity analysis that the UMTS coverage is most affected by UWB 
in this scenario so this represents the worst case impact 

♦ Network operators build their networks well in advance of 
requirements, and so networks are planned to meet a site requirement at 
a future date.  Therefore, to show the extra costs incurred by a UMTS 
network, it was necessary to choose a future, reference year as the basis 
for the comparison of the UMTS site requirement with and without 
UWB.   Our sensitivity analysis demonstrates that the choice of this 
reference year has a significant impact on costs.  The comparison 
involved comparing the results of changes in QoS in urban, suburban 
and rural areas for UMTS at UWB figures pertaining to 2010 and 2015.  
The results show marked differences in QoS reduction, reflecting the 
sudden uptake of UWB devices in the 2010–2015 period that the UWB 
forecasts developed for this study suggest.  The extra UMTS traffic, 
and thus load, on the UMTS network during this period heightens the 
effect further.   We found that the approximate four-fold increase in 
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UWB density over the 2010-2015 period was responsible for a ten-fold 
increase in costs to the UMTS operator.   The results suggest that 
network costs could be up to £20m-£30m per year more per operator 
based on assuming the UWB reference year to be 2015, compared to 
around £2.5m-£3m per year if the reference year is 2010 

♦ The main implication of the above observation is that, although the 
UMTS network may have reached saturation by 2015 in terms of 
traffic, subscriber numbers and site counts, it is the UWB population 
that requires careful consideration 

♦ The UWB emission level has a significant effect on UMTS costs.  For 
levels of –51dBm, the cumulative costs to 2015 of restoring QoS run at 
over £700million per operator given a medium take-up of UWB.  For 
the emission level of –65dBm, the costs are a relatively small fraction 
of this at £27million per operator.  For –85dBm, the costs are nominal 
with very few instances of interference being measured 

♦ UMTS networks will be affected by other sources of noise other than 
UWB, and consequently Ofcom asked us to consider the impact of a 
nominal increase in noise relative to the thermal noise level, to 
represent potential other noise sources such as 2.4 GHz WLAN.  We 
found that, in the presence of the additional noise, there is additional 
interference degradation to the downlink budget.  This was arbitrarily 
set at 3dB above the background noise, kTB, of the handset to 
nominally represent the effect of other interference sources such as 
WLAN (resulting in the predicted degradation in QoS from our model 
increasing by a factor of four).  However, it is difficult to gauge the 
implications of this particular result without further studying the 
scenario of combined UWB and other system interference to UMTS in 
more detail.  To fully understand the relative effects of UWB and 
WLAN technology on UMTS requires a more detailed simulation study 
by, for example, incorporating wireless LAN transmitters at random 
locations throughout the UMTS environment 

♦ Our simulations confirm that the concept of restoring UMTS QoS by 
adding additional sites will not, in practice, overcome the effect of 
UWB distortion to UMTS mobile reception since this occurs 
principally due to the proximity of the UWB transmitter to the UMTS 
receiver, at the UWB power level (irrespective of the cell count).  This 
corroborates the concerns expressed by the UK UMTS operators that 
introducing extra sites does not necessarily restore capacity.  Therefore, 
this may merit further investigation when understanding the 
implications of the costs derived using the QoS arguments presented in 
this study. 

 
Comparing our QoS modelling for this study with ongoing ITU UWB/UMTS 
co-existence studies, we find that our results largely corroborate previous 
findings.  ITU Document 1-8/5E reports the results from previous analytic 
modelling of co-existence between UMTS and UWB, using the model 
described in Document 1-8/14 where the blocking probability was determined.  
In that work, the blocking probability was found to increase very rapidly for a 
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case of UWB emissions equal to -53dBm as the distance from the UWB to 
UMTS devices reduced towards 1m.  At 1m, the blocking probability was 
90%.  By contrast, the results for –66dBm showed a blocking probability of 
10% at emission levels of –66dBm and only around 5% at –73dBm, 
suggesting from extrapolation that the blocking probability is reducing by 
about 5% per 10dB emission reduction.  

While the numbers are slightly different from the ones reported in this study, 
the conclusions are very similar: the FCC PSD limit of -51dBm/MHz at 2.1 
GHz can cause highly significant interference and costs effects to a European 
UMTS network, whereas, at –85dBm/MHz, UWB activity would have to be 
within 1m of UMTS handsets to cause any measurable impact.  Therefore, 
their effect causes only nominal effects. The –65dBm/MHz emission level 
causes intermediate effects that are measurable and discernable, though costs 
are several orders of magnitude lower than the –51dBm levels. 

Comparison was also carried out with the results generated during a Nokia 
investigation into UWB effects (‘Ultra Wide Band (UWB) Compatibility with 
IMT-2000 Systems’ by I. Kesikitalo, J. Page and A. Palin).   We were not able 
to carry out a like for like comparison with this paper, since fixed UWB 
emission levels were fixed at –51dBm/MHz and the UWB-UMTS mobile 
separation distance at 5.5m, with no aggregation effects included in our model, 
the separation distance was a stochastic variable.  The results indicated in the 
Nokia paper relate to 64kbps and 384kbps UMTS services and suggest total 
blocking at –51dBm/MHz for a 1m separation distance. Thus, the principal 
conclusion, that –51dBm represents an emission level that could cause 
significant coverage and capacity loss, is therefore corroborated by our 
modelling for this study. 

5.5.8 UK Broadband/Emerging Broadband Wireless Services 

Using the Monte Carlo model described in Appendix G, we have modelled the 
impact of UWB on the probability of error arising within a broadband wireless 
system such as that being rolled out by new entrant operator UK Broadband.   
Based on our modelling approach that predicts average probability of error 
impact, we have shown that the potential interference effect of UWB on 
emerging UK Broadband services may be significant.  However, we have 
found that it has not been possible to attribute this interference effect into a 
reasonable estimate of network cost, without further information on broadband 
wireless market take up being available.   In particular, without knowledge of 
anticipated take up and its relationship to the UWB markets, we are not able to 
predict how often potentially severe interference situations such as the 
aggregated UWB home activity with a broadband wireless home will occur.   

It is also apparent from our results that the UWB PSD, as well as the UWB 
device density, will strongly influence the conclusions on the impact of UWB 
on wireless broadband systems.  However, the degree and severity of this 
impact and the selection of a suitable PSD that limits this impact depends 
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heavily upon the proliferation of UWB and broadband wireless services and 
their likely coincidence in the home.  

Considering the effect of aggregated interference, we have shown that the 
aggregated interference depends upon the UWB device density, spatial 
distribution and activity factor.  We also show that this effect can be rendered 
insignificant by selection of an appropriate UWB Power Spectral Density 
(PSD). This highlights that defining a limited UWB PSD (lower than –41.3 
dBm) in the 3.4 GHz band can mitigate the effect of UWB interference to 
wireless broadband services.  However, the UWB PSD chosen needs to be 
carefully selected.  Such a choice can only be made with a full and clear 
knowledge of the proliferation of wireless broadband homes and the uptake of 
UWB devices within these homes, and the likely co-incidence of UWB and 
wireless broadband activity.  

Our modelling suggests that the PSD of the UWB device that protects 
broadband wireless services is sensitive to a number of modelling 
characteristics.  We found that generally a PSD limit of –85dBm/MHz returns 
the average probability of error to approximately the design value.  But, there 
are still a significant percentage of samples that witnessed an error in excess of 
the design probability of error, even with the reduced UWB PSD.  

Our modelling effectively assumes that a wireless broadband modem is active 
for an 8-hour period during the day and that UWB activity falls within this 
period.   Further study would be beneficial to validate likely co-existence 
intervals.  

Our view is that, in order to determine the maximum emission mask for UWB 
devices which ensures that broadband wireless is unaffected, would require 
further consideration of how many UWB devices we can expect to see in a 
typical home and whether that home has broadband wireless.  In particular, the 
percentage of UK households who use a broadband network who will use 
broadband wireless as their preferred means of access is currently unclear.  
Given the highly competitive nature of the broadband market, and the range of 
alternative broadband connection types available, this is a key area of 
uncertainty.  

Whilst predictions of the size of the domestic total broadband market are 
available (Ofcom work for example), it is, as yet, unclear as to the year on 
year growth and the share of the total broadband market that broadband 
wireless services might take. 

Furthermore, in order to accurately estimate the cost of interference, the 
relationship of the broadband market size to the UWB market size would be 
required, in order to consider the percentage of UK households who will use 
broadband wireless to access the broadband network and also have UWB 
devices in the home. 
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In the absence of this detailed knowledge, we have found that, whilst we are 
able to consider the potential impact of UWB on typical scenarios of 
UWB/UK Broadband co-existence, it has not been possible to attach this 
network impact to a cost of interference calculation due to the significant 
margin of error that would exist in any estimate due to unavailability of key 
data on which a cost estimate would be based. 
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6. INTEGRATED RESULTS FOR BENEFITS AND COSTS 

In this section, we integrate our estimations of net private benefits and external costs 
to provide an overall assessment of the value of UWB to the United Kingdom.   For 
the external costs, we only use interference costs to the UMTS industry (five national 
networks), as presented in the tables in Sections 5.5.2, 5.5.3, 5.5.4 and 5.5.5 in the 
previous section.  We present high, central and low case results for each regulatory 
scenario, representing the high, central and low UWB uptake forecasts.  UMTS costs 
are predicted at the network reference year 2015, reflecting worst case QoS impact.  

6.1 Methodology for Integrating Costs and Benefits 

In our assessment of net private benefits and external costs, we adopted a consistent 
approach for each regulatory scenario: 

• We use the same forecasts for take-up and usage of UWB-enabled devices as 
an input into the estimation process 

• We model high, central and low case estimates, based on the three alternative 
forecasts of take-up and usage of different UWB applications. 

 
Thus, the overall value of UWB for the United Kingdom under each regulatory 
scenario and case can be estimated using the following simple formula: 

Value of UWB to the 
United Kingdom = Net private benefits 

(across all users) - External costs 
(across all services) 

 
We only integrate results at the aggregate level.  Although it is possible to distribute 
benefits to specific applications, it is not possible to do this with costs.  Interference 
costs are associated with either the predominant (nearest) UWB device – where 
affected technologies are located near the UWB devices – or the aggregate average 
emission levels of UWB signals – where affected technologies are typically located 
far from UWB devices.  For this reason, interference depends on the location of UWB 
devices or on the base level of UWB signals respectively, independent of the 
application that is being used.  It would therefore be inappropriate to allocate 
interference costs to specific applications. 

Our estimates of benefits and costs from UWB are comparable for any given year in 
the forecast period.  However, as the growth path of costs and benefits are very 
different (benefits grow over time, whereas some costs are front-loaded, owing to the 
need for lumpy investment to address future network capacity issues).  It is more 
instructive to look at cumulative data for both benefits and costs, which when 
integrated, indicate how the overall value to the United Kingdom changes over time.  
We also present figures for the total value generated within three specific time 
periods:  2005-10, 2011-15 and 2016-20. 
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In order to capture the NPV of the welfare flows, we also apply a discount rate of 
3.5% to all our results.45 

6.2 Results 

In the following tables, we present our integrated results for all our regulatory 
scenarios.  It should be noted that our findings on net value are based on costs to the 
UMTS industry and do not account for potential costs to some other services, such as 
broadband wireless, which we have not been able to quantify in this study.  

The main findings are as follows: 

1. UWB is projected to make a positive net contribution under all the regulatory 
scenarios considered (with the possible exception of the FCC mask scenario).  Our 
forecasts anticipate a cumulative value of £3bn to £6bn (undiscounted) by 2020, 
but this could be as high as £15bn under our most optimistic take-up and usage 
assumptions. 

 
2. The net value generated by UWB is highest under the ETSI mask scenarios.  For 

the current draft ETSI mask, we estimate a cumulative value of £6.2bn 
(undiscounted) by 2020 under our central case.  This rises to £6.4bn if the ETSI 
mask is tightened to -85dB/MHz, owing to near elimination of costs to UMTS 
operators.  This result is dependent on the assumption that existing chipsets in the 
marketplace already meet this tighter standard. 

 
3. The FCC mask regulatory scenario is the least attractive one for the United 

Kingdom.  Under our central case, cumulative value by 2020 from UWB would 
be just £1.5bn, owing to very high costs on UMTS operators.  Furthermore, as the 
benefits are back-loaded, the net present value up to 2019 is actually negative.  
This is, however, not a very realistic scenario, as chipsets being developed in the 
market meet the tighter ETSI standard. 

 
4. The value generated under the lower band scenario is similar to that of the ETSI 

mask scenarios.  We estimate slightly lower benefits, reflecting the possible loss 
of quality in future chipsets that would otherwise make use of the upper band. 

 
5. The Upper Band scenario would produce much less value than the ETSI mask 

scenarios.  Although costs to UMTS operators are eliminated, around two-thirds 
of benefits are also wiped out. 

 
 

                                                 
45 This is the social time preference rate used by the UK Treasury (as defined in its Green Book45) for measuring 
streams of benefits lying within a thirty-year period.  We also used this rate when presenting our estimates of net 
private benefits.  See Step VI in Section 4.1 for further explanation. 
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6.2.1 FCC mask 

 

Usage case: 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL 

High -514 -952 -1,448 -1,814 -2,138 -2,331 -2,367 -2,205 -1,808 -1,170 -314 777 2,074 3,562 5,228 7,065 9,064 9,064 

Central -432 -801 -1,218 -1,529 -1,817 -2,037 -2,202 -2,298 -2,301 -2,195 -1,990 -1,659 -1,216 -668 -22 716 1,539 1,539 

Low -7 -13 -18 -22 -24 -20 -1 42 123 253 440 691 1,010 1,398 1,854 2,379 2,970 2,970 

Table 6.1:  Cumulative value of UWB (£mn) 
 

Usage case: 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL 

High -514 -906 -1,353 -1,672 -1,944 -2,101 -2,130 -2,007 -1,716 -1,263 -677 45 874 1,794 2,788 3,848 4,961 4,961 

Central -432 -762 -1,138 -1,409 -1,651 -1,830 -1,960 -2,033 -2,035 -1,960 -1,820 -1,601 -1,317 -979 -593 -168 291 291 

Low -7 -12 -17 -21 -22 -19 -4 29 88 180 308 475 678 918 1,191 1,493 1,822 1,822 

Table 6.2:  NPV of UWB discounted at 3.5% (£mn) 
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6.2.2 Draft ETSI mask (-65dB/MHz) 

 

Usage case: 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL 

High -157 -292 -452 -571 -658 -652 -496 -138 456 1,294 2,363 3,659 5,162 6,856 8,727 10,770 12,974 12,974 

Central -19 -33 -48 -58 -62 -43 21 158 390 733 1,192 1,769 2,456 3,249 4,140 5,123 6,191 6,191 

Low -1 -2 -3 -3 -2 5 27 73 157 290 480 734 1,056 1,447 1,907 2,434 3,028 3,028 

Table 6.3:  Cumulative value of UWB (£mn) 
 

Usage case: 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL 

High -157 -278 -422 -525 -599 -594 -471 -199 236 830 1,563 2,420 3,381 4,427 5,545 6,723 7,951 7,951 

Central -19 -32 -45 -54 -57 -42 9 112 283 526 841 1,222 1,662 2,152 2,683 3,250 3,845 3,845 

Low -1 -2 -3 -3 -2 4 21 56 118 212 342 510 716 957 1,232 1,536 1,867 1,867 

Table 6.4:  NPV of UWB discounted at 3.5% (£mn) 
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6.2.3 Revised draft ETSI mask (-85dB/MHz) 

 

Usage case: 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL 

High -2 -4 -6 -4 22 122 368 816 1,501 2,431 3,600 4,991 6,589 8,378 10,345 12,483 14,782 14,782 

Central 0 -1 -1 0 7 34 107 252 493 845 1,313 1,899 2,595 3,397 4,297 5,289 6,366 6,366 

Low 0 0 0 0 2 10 32 79 164 297 488 742 1,065 1,456 1,917 2,445 3,039 3,039 

Table 6.5:  Cumulative value of UWB (£mn) 
 

Usage case: 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL 

High -2 -4 -6 -4 18 99 292 633 1,136 1,795 2,595 3,516 4,538 5,643 6,817 8,050 9,331 9,331 

Central 0 -1 -1 0 5 28 85 195 372 621 942 1,330 1,775 2,271 2,808 3,379 3,980 3,980 

Low 0 0 0 0 2 8 26 61 123 218 348 517 723 965 1,240 1,544 1,875 1,875 

Table 6.6:  NPV of UWB discounted at 3.5% (£mn) 
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6.2.4 Lower band 

 

Usage case: 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL 

High -157 -292 -452 -571 -658 -652 -496 -247 186 810 1,617 2,606 3,761 5,069 6,522 8,112 9,834 9,834 

Central -19 -33 -48 -58 -62 -43 21 123 299 561 916 1,363 1,899 2,519 3,218 3,990 4,832 4,832 

Low -1 -2 -3 -3 -2 5 27 62 126 228 376 574 825 1,132 1,493 1,909 2,378 2,378 

Table 6.7:  Cumulative value of UWB (£mn) 
 

Usage case: 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL 

High -157 -278 -422 -525 -599 -594 -471 -282 35 478 1,031 1,685 2,423 3,232 4,099 5,016 5,975 5,975 

Central -19 -32 -45 -54 -57 -42 9 86 215 401 644 940 1,283 1,666 2,083 2,528 2,998 2,998 

Low -1 -2 -3 -3 -2 4 21 48 95 167 268 399 560 749 965 1,205 1,466 1,466 

Table 6.8:  NPV of UWB discounted at 3.5% (£mn) 
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6.2.5 Upper band 

 

Usage case: 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL 

High 0 0 0 0 0 0 0 1 16 90 315 787 1,570 2,686 4,126 5,862 7,863 7,863 

Central 0 0 0 0 0 0 0 0 4 21 77 207 447 821 1,342 2,010 2,820 2,820 

Low 0 0 0 0 0 0 0 0 1 6 23 63 141 274 472 745 1,098 1,098 

Table 6.9:  Cumulative value of UWB (£mn) 
 

Usage case: 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 TOTAL 

High 0 0 0 0 0 0 0 1 11 65 218 530 1,031 1,721 2,580 3,581 4,696 4,696 

Central 0 0 0 0 0 0 0 0 3 15 53 140 293 524 835 1,220 1,671 1,671 

Low 0 0 0 0 0 0 0 0 1 4 16 42 93 174 292 450 647 647 

Table 6.10:  NPV of UWB discounted at 3.5% (£mn) 
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6.3 Sensitivities 

Our estimates of the value of UWB are sensitive to take-up and usage assumptions.  
This is reflected in the large ranges of estimates for total value of UWB to the United 
Kingdom.  It is a result of both changes in benefits from more (or less) consumers of 
UWB, and also the sensitivity of UMTS interference costs to UWB and UMTS take-
up and usage assumptions.  Under the FCC scenario (where external costs are highest) 
it is interesting to observe that the worst outcome is actually the central case.  With 
the high case, large benefits outweigh additional external costs, whereas with the low 
case, the loss of benefits is more than offset by lower external costs. 
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7. CONCLUSIONS AND RECOMMENDATIONS 

In this section, we present our conclusions and recommendations, and comment on 
the limitations of this study. 

7.1 Conclusions 

The objective of our study has been to quantify the potential value of UWB PAN 
applications to the United Kingdom, based on assessment of net benefits versus 
potential interference costs to existing radio users.   Our conclusion is that UWB PAN 
applications have the potential to make a very valuable contribution to the UK 
economy, generating billions of pounds in value over the next 15 years (cost 
calculations relate only to UMTS interference, which, as discussed in this report, is 
expected to account for the vast majority of all external costs). 

For the period to 2020, net private benefits exceed external costs under all the 
regulatory scenarios considered by the year 2020 (however, in the case of the FCC 
mask, a positive net value is not achieved until 2020 and significant external costs are 
present in the period preceding this).  There are large variations in value between the 
alternative scenarios, as illustrated in Figure 7.1.  The value to the United Kingdom is 
likely to be maximised if chipsets deployed meet the draft ETSI standard or a 
modified version of this. 
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Figure 7.1:  NPV of UWB Under Different Regulatory Scenarios, Central Case 
Undiscounted (£mn)46 

                                                 
46 NPV under different regulatory scenarios for high and low UWB uptake cases is presented in Section 6 
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In developing our methodology for this study, we have deliberately sought to model 
worst-case assumptions for estimation of external costs and to provide a lower bound 
for net private benefits.  Thus, notwithstanding the necessarily tentative nature of any 
exercise involving long-term forecasts for a new technology, we believe that the 
general conclusion that UWB could contribute significant net value to the United 
Kingdom is robust. 

Our specific conclusions in relation to the regulatory scenarios considered are as 
follows: 

Scenario 1:  The FCC Indoor Communications Mask defines UWB power and 
frequency for UWB PAN Applications 

In this scenario, we have demonstrated that the cost of interference caused by UWB to 
other spectrum users could exceed societal benefits for the majority of the forecast 
period.  As illustrated in Figure 7.2, eventual benefits from deploying UWB under this 
scenario could be very large.  However, these are largely offset by very large external 
costs faced by UMTS networks.  In net present value terms, the value of UWB under 
this scenario is negative for the entire forecast period, which reflects the fact that 
benefits are linked to take-up (and therefore back-loaded) whereas we assume that 
costs are borne as UMTS networks are rolled out. 

It should be appreciated that this is probably not a realistic scenario.  Our 
understanding from manufacturers is that existing UWB chipsets already meet the 
tighter draft ETSI standard, so UMTS networks would presumably not need to plan 
for such high levels of interference.  Nonetheless, it is clear that the adoption of an 
FCC mask standard would be a significant source of uncertainty for UMTS operators, 
given the possibility that future generations of chipsets may use less restrictive masks 
than at present. 
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Figure 7.2:  Cumulative Cost and Benefits from Use of UWB – FCC Mask Regulatory 
Scenario 

 

Scenario 2a:  Draft ETSI UWB Mask defines UWB power and frequency for UWB 
PAN Applications 

Under this scenario, we have demonstrated that benefits from UWB will significantly 
exceed costs over the medium-long term, generating very large value gains for the 
United Kingdom.  As illustrated in Figure 7.3, under our central take-up case, we 
estimate a cumulative value of over £6bn by 2020 (£3.8bn in NPV terms).  
Nevertheless, there are still substantial external costs on UMTS operators, albeit of a 
much smaller magnitude than under the FCC mask.  Taking into consideration other 
sources of external costs that we have not quantified in this study, such as the impact 
on wireless broadband deployment at 3.5GHz, it should be noted that it would be 
more than five years from now before benefits surpassed costs. 
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Figure 7.3:  Cumulative Cost and Benefits From Use of UWB – Draft ETSI  
(-65dBm/MHz) Regulatory Scenario 

 

Scenario 2b:  ETSI UWB mask with increased out of band slope (-85 dBm/MHz at 2.1 
GHz) for UWB PAN Applications 

We have also modelled the impact of deploying the draft ETSI standard with an 
increased out of band slope.  Our discussions with industry during the course of this 
project have highlighted the scope for a possible consensus between the mobile and 
UWB industries on a UWB PSD value of –85 dBm/MHz at 2 GHz (20dB lower that 
the PSD implied by the draft ETSI mask).  At this PSD level, the interference impact 
on UMTS is negligible. 

Representatives of the two rival UWB standards have indicated to us that their 
chipsets can be made compatible with this tighter standard without any significant 
cost implications or impact on service quality.  Moreover, they envisage that they will 
deploy the same chipset models in Europe and the United States.  This implies that 
mandating this tighter power restriction would have no impact on benefits.  If this is 
correct and assuming such restrictions would not unduly foreclose future innovation 
in UWB, then this regulatory scenario is unambiguously better than the current draft 
ETSI standard. 

Scenario 3:  UWB PAN Applications limited to lower band 

The initial benefits, costs and overall value generated under this scenario are similar 
to that of the ETSI mask scenarios, assuming that the same power restrictions are 
imposed.  This is because initial chipsets deployed in the market will only operate in 
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the lower bandwidth; so foreclosing use of the upper band will not affect either 
deployment or quality benefits.  This may not, however, be true in the medium-long 
run.  UWB vendors have indicated to us that they hope to make use of the upper band 
(in addition to the lower band) to enhance the functionality of future generations of 
UWB chipsets.  In this case, under this scenario, some future benefits may be lost.  
Given that external costs are almost exclusively associated with the lower band, such 
a restriction would most likely do more harm than good. 

Scenario 4:  UWB PAN Applications limited to upper band 

Imposing this restriction would mean that existing chipsets could not be deployed in 
the United Kingdom, and manufacturers would have to develop entirely new chipsets 
for the UK market.  Supposing that such chipsets could be developed (which is not yet 
certain), they would likely be higher cost and offer lower benefits than existing ones, 
owing to the limited market and less attractive propagation characteristics of the upper 
band spectrum.  There is, however, one significant benefit:  external costs would 
largely be eliminated (as these are almost exclusively associated with the lower band). 

We have modelled benefits under this scenario by assuming a five-year delay in take-
up of UWB and only a modest quality reduction.  Under these possibly optimistic 
assumptions and assuming no external costs, the overall value generated is estimated 
at no more than one-third of that under the ETSI scenarios. 

7.2 Limitations of the Study  

In considering these conclusions, a number of limitations of this study should be taken 
into account: 

1. This study focuses on the benefits, costs and value of UWB PAN applications for 
the United Kingdom as a whole.  It does not consider the impact of any 
distributional issues in relation to costs and benefits, and the fairness or otherwise 
of such impacts.  Where there are substantial external costs, it is possible that 
these may be passed on by operators to consumers (e.g. in the form of higher 
mobile telephony prices) and this may have a negative impact on take-up of other 
services.  We do not consider this possible loss in value.  For the services where 
we estimated the cost impact, the external costs are small relative to net private 
benefits under all scenarios except the FCC mask.  Further study is needed to 
assess whether this is true for all services. 

We also do not consider whether imposing costs on operators may be in breach of 
assurances given earlier to operators in the context of the assignment of spectrum 
usage rights. 

2. Our estimates of benefits are subject to a very large variation, which reflects – in 
particular – uncertainty over the deployment, take-up and usage of this new 
technology.  Our analysis of the willingness to pay of consumers for attributes 
associated with UWB suggests that there is significant latent demand for a UWB-
type technology, which is likely to grow as demand for higher data rates increases 
with new applications.  However, this does not necessarily mean that UWB will 
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be the technology that fills this market niche.  A worst-case outcome would be if 
UMTS operators designed their networks on the basis of high forecasts for UWB 
take-up, whereas actual take-up was low and anticipated benefits did not appear.  
Fortunately, this only appears to be a serious concern under the FCC mask 
scenario, as external costs are relative modest even with high take-up under the 
ETSI scenarios. 

3. To estimate costs, we model the concentration of UWB activity in homes and 
offices, based on a number of assumptions about the distribution of total UWB 
usage figures across UK homes and offices.  As the interference probability 
increases with increasing density of UWB activity, our estimates of external costs 
are sensitive to these assumptions.  As we have sought to model an upper bound 
for costs, we have assumed relatively high density of usage.  In practice, if UWB 
uptake is focused on a limited number of applications, density of usage in a given 
area may not necessarily increase much with higher take-up (more consumers 
may purchase the same applications with activity distributed across different 
locations rather than confined to hot spots of high activity). 

4. In our quantitative estimates of the value of UWB to the United Kingdom, we 
only include external costs in relation to interference to UMTS.  The cost on other 
services is not included, either because our modelling suggests that there is no 
measurable loss in error probability in the system from UWB, or that insufficient 
data is available to model an annual impact (however, we do analyse data that is 
available and discuss the impact for such services in Section 5).  Further study 
will be required to confirm any additional costs for other services not quantified 
in this study relevant to the net value. 

5. We have modelled the interference impact of UWB on emerging broadband 
wireless services operating in the 3.4 GHz band in the UK.  We have noted that 
further work is needed to fully understand the impact of UWB to users of those 
networks, owing to uncertainty regarding key assumptions.  We consider that the 
error margin in such a calculation would be high without further work to verify 
key parameters.  While there may be costs to the UK from UWB impact to 
broadband wireless services, these are not reflected in our cost-benefit and net 
value assessment.  Given the relative scale of operations of BFWA compared to 
3G operations our initial assessment is that the costs of UWB imposed on 
wireless broadband would be most unlikely to change the overall conclusions of 
this report but further study is needed to confirm this. 

6. In the context of our modelling of external costs on UMTS, we identified a 
number of uncertainties.  Further research could be undertaken to address the 
following issues: 

• Research in this study has been focussed on understanding UWB take up.  
However, there is scope for further research into the temporal aspects of usage 
of UWB (usage values and activity factors for UWB devices are currently 
based on ITU estimates), as this has a significant impact on interference 
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• An important assumption in the model is that the total population of UWB 
devices from our UK wide forecasts would be distributed to particular 
proportions of homes and offices.  Thus, in the ‘enabled’ offices, the density is 
higher than the national average.  A market-based study, looking at uptake 
prerogatives of other technologies, would inform on the likely concentration 
of UWB devices as take up evolves.  Similarly, there may be greater effects 
from having UWB in, for example, 2 offices with 20 devices than in 5 offices 
with 8 devices, even though the total UWB count is the same.  Further 
understanding of the probability distribution of device concentrations would 
allow more accurate modelling 

• The final costs from our UMTS model were based on a very sensitive 
relationship between QoS and cell range, and various assumptions had to be 
made in order to reach the final cost values.  Additional time could be 
focussed on further understanding the sensitivities of this approach, which 
would result in a series of curves when different models are used for costing 

• It is noted that, due to the methodology used to estimate costs for UMTS, the 
potential impact of loss of service on revenues is not considered.  We consider 
that the modelling approach used in this study could be supplemented with an 
alternate view of costs, through the reduction in QoS being associated with 
revenue loss.  This approach would require that the UMTS traffic be 
considered through a 24-hour period and the simultaneous usage of UWB 
should also be considered.  This requires further understanding of temporal 
(usage) parameters.  Our view is that this would provide a powerful parallel 
study to the QoS based approach, which features various critical assumptions 
and uncertainties 

• There are a number of UMTS developments that would benefit from further 
study, all potentially meriting further model development, parameter 
assessment and simulation.  In particular: 

♦ Effects of downlink packet access 
♦ Effects of UMTS traffic levels and asymmetry 
♦ Effects of the ability of UMTS networks to combat UWB through 

antenna tilt, use of second carriers and radio resource algorithms 
♦ Effects of joint inter-system interference on UMTS from UWB and 

other low power noise sources such as WLAN, accounting for realistic 
user distributions 

♦ Effects within UMTS picocells. 
 

7. Further analysis may be beneficial in relation to wireless broadband, in particular 
focusing on whether the –43 dBm/MHz limit at 3.4 GHz is the appropriate 
emission level for this band.  UK Broadband is developing a wireless broadband 
service using licensed spectrum at 3.4 GHz, and is currently in the earliest stages 
of commercial rollout.  Our modelling suggests that a UK Broadband wireless 
modem will suffer potentially harmful interference if located close to a UWB 
device (since the level of errors occurring in the link will be high).  However, in 
the absence of detailed information about rollout plans for the UK Broadband 
service, detailed planning assumptions, and general market data on demand for 
wireless broadband services, it has not been possible for us to produce a reliable 
estimate of the cost of this interference. 
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8. There may also be merit in further assessment of the impact of UWB on sensitive 
radio applications such as aeronautical radar.  We have not had access to 
sufficient data to adequately determine potential interference scenarios on which 
to undertake a proper assessment. 

9. Finally, we only consider the impact of UWB on existing uses of radio spectrum 
above 2GHz.  We do not consider the possible impact on future uses of spectrum 
in these bands or the impact on investment in emerging technologies or network 
enhancements such as High Speed Downlink Packet Access in UMTS.  There are 
a number of market developments suggesting that mobile systems will expand 
into other frequency bands in the 2 to 5 GHz range (such as the 2.5 GHz band 
that is identified in ECC/DEC/(02)06 for expansion of 3G/IMT-2000).  It is 
possible that the presence of UWB could constrain or distort the scope for trading 
and liberalisation of spectrum in affected bands.  For example, a company 
deploying a new technology using licensed spectrum in these bands would need 
to take account of the possibility of interference from UWB, and this might affect 
their costs.  The relative value of different spectrum may also be distorted to the 
extent that different frequencies are more or less ‘vulnerable’ to interference from 
UWB signals. 

7.3 Recommendations 

Based on these conclusions and taking into account the limitations of this study 
including the fact that the costs associated with some services have not been 
quantified, we offer the following recommendations: 

1. Ofcom pursues a policy within Europe of promoting the draft ETSI UWB mask 
for UWB PAN applications, possibly subject to modifications of the roll-off 
below 3GHz (see point 2 below).  This recommendation is based on our 
understanding from manufacturers that UWB chipsets can meet the tighter limits 
applying at the edge of the mask relative to the FCC mask. 

2. There appears to be scope for tightening the roll off of the ETSI mask below 3 
GHz to introduce additional 10- 20dB attenuation in the 2 GHz band without 
eroding UWB benefits.  At a PSD level of -85 dBm/MHz, we have calculated that 
costs to UMTS operators will be minimal.  Therefore, there does not appear to be 
any compelling reason for applying power restrictions below this level.  The case 
for imposing a limit between -65 and -85 dBm/MHz rests on the assumption that 
UWB chipsets under development can meet any tighter restrictions, which is 
subject to further verification with manufacturers.  Any constraint that required 
new chipsets to be developed for the European market and thus significantly 
delayed the launch of UWB would have a detrimental impact on value. 
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3. Both the upper and lower bands should be made available for UWB47.  Restricting 
UWB to the lower band would potentially constrain future value for no obvious 
benefits.  Restricting UWB to the upper band only would be value destructive. 

4. There is scope for further investigations into the interference effects of UWB on 
various services, including wireless broadband, UMTS and aeronautical radar.  
This might lead to additional insights in relation to the detailed regulation of 
UWB emissions for UWB PAN and other envisaged applications of UWB.  
Further work could be conducted to quantify the interference costs to Fixed 
Wireless Access in the 3.4 GHz band when addressing the distributional concerns 
of UK FWA operators, as our analysis suggests potential detrimental interference 
occurring to those systems.  However, we think it unlikely that this will impact the 
principle conclusion of this study, which is that Ofcom’s policy should be based 
on the draft ETSI UWB mask, because the level of UWB benefits occurring by 
2010 in this scenario are predicted to significantly outweigh costs (the differential 
being over £60 million at 2010).  As highlighted by the scope of work, this study 
does not address the potential impact of UWB on future technology investment.  It 
is noted that within some industries considered in this study, notably 3G, there are 
ongoing developments in technology implying significant future investment in 
systems using the 3 to 5 GHz portion of the spectrum, including introduction of 
High Speed Downlink Packet Access (HSDPA) and potential expansion of mobile 
services into other frequency bands48.  We note that Ofcom may wish to consider 
potential future utilisation of the 3 to 5 GHz portion of the radio spectrum in its 
setting of the UWB regulatory framework. 

5. This study focuses on UWB deployment in wireless PAN devices, which by their 
nature are generally used indoors.  It is noted that this limits the potential for 
interference compared to UWB outdoor use.  It is also noted that the nature of 
wireless PAN devices is that users might ‘roam’ outside of their normal operating 
environment (e.g. a laptop user takes the laptop outdoors).  We note that the FCC 
has imposed specific regulation on UWB outdoor use to limit interference to other 
radio systems (such as prohibition on use of external antennas).  We recommend 
that Ofcom consider the adoption of similar rules governing outdoor use in its 
overall policy determination on UWB. 

                                                 
47 This recommendation is based on consideration of existing uses of this spectrum; it is outside of the scope of 
this study to consider whether there are any future uses of spectrum in either the upper or lower bands that might 
be constrained by UWB deployment. 
48 For instance, ERC/DEC/(02) 06 designates the frequency band 2500 – 2690 MHz as an extension band for 
3G/IMT-2000 systems, following the decision taken at the World Radio Conference in 2000. 
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A1. COMPARISON OF UWB TECHNIQUES 

A1.1 Direct Sequence UWB 

Direct Sequence UWB has its origins in the early DS UWB techniques. The basic 
construct is a short pulse, typically a Gaussian monocycle (see Figure A.1), or second 
order derivatives, known as Gaussian doublets.  
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Figure A.1:  Gaussian Monocycle 

Typically several poly-cycles are embedded in a Gaussian envelope.  The relationship 
between the duration of the envelope and the duration and number of the poly-cycles, 
along with the shape of the poly-cycle (monocycle, doublet etc) is used to create the 
requisite power spectral density, an example of which is shown in Figure A.2a and 
A.2b.  Here we can see many monocycles, in this case 500, embedded in a Gaussian 
envelope, creating the typical UWB PSD seen in Figure A.2b. Such signals may be 
generated by impulse or step excited antennas and filter combinations. 
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Figure A.2: (a) 500 Monocycles Embedded in Gaussian Envelope (b) 
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Several modulation schemes have been proposed for UWB systems. They are: 

• On-off keying 
• Pulse Amplitude Modulation 
• Binary Phase Shift Keying 
• Quadrature Phase Shift Keying 
• Pulse Position Modulation. 

 
With the exception of Pulse Position Modulation, or PPM, these modulation schemes 
have their usual implementation.  Pulse Position Modulation requires that a single 
time slot be reserved for each pulse. The delay within the slot is determined by the 
data to be encoded, i.e. binary 1 or 0. The scheme is designed to ensure that adjacent 
pulses remain within their own time slot, taking up one of two delays as determined 
by the information data. 

In addition multiple access is achieved by either time division or spread spectrum. 
Time dithering is used in order to avoid discrete spectral components. 

The most common form of impulse radio UWB (IR-UWB) is the Dual Band variant 
from Motorola and Extreme Spectrum (so called Direct Sequence UWB – DS-UWB).  
First generation UWB chipsets from Extreme Spectrum are already available, with 
suggestions that commercial products will be available by the end of 2004.  We 
understand from industry discussions held so far for this study that the initial chipsets 
offer a data rate of 110 Mbps (with plans for increasing rates of 220, 480 and 1 Gbps 
in future generation products).   

The frequency occupancy of the DS-UWB is as follows: 

• Low band occupies 3.1-4.9 GHz 
• High band (for future use) will use 6-10.6 GHz 
• 5-6 GHz avoided, due to concerns over interference from 802.11a WLAN.   

 
A benefit of this approach is that it achieves a more even distribution of energy across 
the occupied band, compared to the MB-OFDM approach.  Due to peaks and troughs 
of power across the band, the MB-OFDM approach creates higher peak to average 
power ratios.   

The DS-UWB system will support a total of six simultaneous piconets within the 3.1 
to 4.9 GHz band, each having 110 Mbps capacity.  We understand from industry 
discussion that the technology may make use of the upper band in future, as silicon 
technology advances.   

Multiple access is achieved using code division, and coding gain, as a feature of the 
spread spectrum radio design.  Coding gain is achieved through 24 chips per symbol, 
where a symbol can be BPSK or QPSK.  The DS-UWB is generally acknowledged to 
have better multipath rejection than MB-OFDM giving greater precision to location-
finding applications.  However, such a system does require complex Rake receivers.  
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It is also less flexible than the MB-OFDM technique in its ability to deal with 
interference or to limit its own interference effect upon other radio systems.  

A1.2 Multiband Orthogonal Frequency Division Multiplexed Ultra Wideband 

The FCC rules, in part, define a UWB signal as one where the bandwidth is greater 
than 500MHz.  This rule has provided the framework for the multi-band OFDM UWB 
variant that is supported by Intel, Texas Instruments and over 80 consumer electronics 
companies, including Sony, Philips, Samsung, Toshiba and Nokia. The first physical 
layer chipsets are now available from Wisair.   Industry estimates provided to Mason 
for this study suggest that MB-OFDM UWB products will market in 2005/2006, 
providing the full data rate of 480 Mbps.  

The proposal from the Intel led alliance group, MBOA, suggests that the available 
bandwidth will be divided into 13 bands each of 528 MHz, see Figure A.3.  The three 
lower bands (Group A, 3.1-4.9GHz) are mandatory and are intended for first 
generation use. Group B (4.9-6.0GHz) is reserved for future use and includes a null 
band to protect WLAN operation. Group C (6.0-8.1GHz) is intended for devices with 
improved performance (support of additional piconets) and Group D (8.1-10.6GHz) is 
reserved for future use.  Each band is divided into 100 tones, but as will be seen all 
100 tones are used simultaneously to achieve the FCC regulatory minimum 
bandwidth of 500MHz.  First generation products using the lower three bands will 
achieve the full data rate of 480 Mbps; the addition of extra bands increases the 
capability of simultaneously supporting further piconets rather than increasing the 
user data rate.   

Figure A.3:  UWB OFDM Approach 

The greatest strength of the MB-OFDM approach is the ability to ‘null’ (avoid 
transmission in) bands that exhibit or experience interference.  It is therefore readily 
able to conform to alternative frequency allocations and/or regulatory requirements in 
different countries.  Multiband OFDM is able to support up to four piconets.  Multiple 
access is achieved by time-frequency interleaving of the transmission symbols.  Each 
symbol may be BPSK or more popularly QPSK.  The symbol period is 312.5ns, 
which includes a guard interval of 9.5ns, to allow for switching between bands and a 
60.6ns inter-symbol interference interval.  The remaining 242.4ns is reserved for 
information, typically encoded as QPSK (see Figure A.4).  
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Figure A.4:  OFDM Symbol Period 

MB-OFDM is able to support up to 4 piconets using Time and Frequency Interleaving 
to achieve multiple access. This is shown in Figure A.5. 

Figure A.5:  OFDM Use of Multiple Bands 

As can be seen, channel 1 to 3 are transmitted upon independent bands and hop to a 
different band at the end of each symbol duration. The hop sequence/time slot 
arrangement differentiates between pico cells, or channels. 

The manner in which MB-OFDM will mitigate against multipath interference is 
worthy of some discussion.  The symbol period includes an ISI interval of 60.6nano 
seconds (ns).  Since the maximum delay of a multipath component indoor is 25ns, 
60.6ns gives sufficient time for all multipath components to arrive before the next 
symbol is transmitted.  The vector sum of these multipath components for a single 
tone can be significantly faded.  But, the pulse does not suffer mutilation, as the in-
phase and quadrature components largely remain equally faded.  This same 
phenomenon may be viewed in the frequency domain.  Given that the bandwidth of 
each tone is less than the coherence bandwidth of the multipath faded channel, each 
tone is independently and largely flat-faded.  

However, whether viewed in the time or frequency domain, flat-fading results in a 
dynamic range of received signals which is much greater than IR-UWB, with an 
attendant drain upon battery power. 
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B1. PRICE SURVEYS & WILLINGNESS TO PAY ESTIMATES FOR UWB 

In this Appendix, we provide additional information about the price surveys that we 
undertook and our approach to estimating the willingness to pay of consumers for 
UWB from the survey data.  For an explanation of how the surveys were used in our 
estimation of net private benefits, please refer to Section 4.1. 

B1.1 The Price Surveys 

In July and August 2004, we conducted surveys of available products in the UK 
market for our 22 applications.  We collected data on the price and characteristics of 
these products. 

1.  Mobile telephony 

In August 2004, we conducted a survey of prices and attributes of mobile phones 
available to the UK market.  In order to avoid distortions in prices owing to the use of 
handset subsidies when phones are bundled with network access and call plans, we 
only considered mobile handsets sold without network sim cards. 

We surveyed a total of ten on-line retailers of mobile phones.  These were:  Carphone 
Warehouse; The Link; Mobile Mayhem; mobiles.co.uk; mobile shop; themobs.com; 
Phones2U; Phones4U; SonyEricsson.com; and UKsimfree. 

From these retailers, we obtained 266 price observations for 73 models of mobile 
phone from seven manufacturers: Motorola, Nokia, Panasonic, Samsung, Sharp, 
Siemens and SonyEricsson.  A complete list of the phone models included in the 
survey is provided in Table B1. 

For a limited number of the surveyed mobile phones, we observed very large 
differences in the sim-free price from different retailers.  This suggests that these 
phones may be subject to unusually large mark-ups over cost, which would distort our 
analysis of the value of attributes.  We have therefore excluded very high price 
observations (which we defined as observations where the price was more than two-
thirds higher than the lowest price for the same phone).  We also excluded phones 
where we only had one price observation, owing to risk that these may also feature 
very large mark-ups.  This reduced the total sample size to 232 observations across 50 
different phones. 

We identified a list of 35 possible attributes (plus three derivative attributes), which 
could determine the relative value of mobile phones.  For each of the 50 phones 
models, we collected information about these attributes using information from the 
websites of leading retailers, network providers and manufacturers.  A full list of 
attributes surveyed is provided in Table B2. 
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Phones included in the final sample: 
Nokia 1100 Nokia 6600 Sony Ericsson P900 Samsung E700 
Nokia 3100 Nokia 6800 Sony Ericsson K700i Samsung E800 
Nokia 3200 Nokia 6820 Sony Ericsson Z200 Samsung P510 
Nokia 3310 Nokia 7200 Sony Ericsson Z600 Samsung V200 
Nokia 3510i Nokia 7210 Motorola E365 Samsung X450 
Nokia 3660 Nokia 7250i Motorola MPX200 Samsung X600 
Nokia 5100 Nokia 7610 Motorola V80 Siemens CX65 
Nokia 5140 Nokia 8910i Motorola V220 Siemens MC60 
Nokia 6100 Nokia N-Gage QD Motorola V600 Siemens SL55 
Nokia 6220 Sony Ericsson T230 Samsung A800 Siemens SX1 
Nokia 6230 Sony Ericsson T610 Samsung C100 Panasonic X70 
Nokia 6310i Sony Ericsson T630 Samsung D410  
Nokia 6610i Sony Ericsson P800 Samsung E600  
Phones excluded from the sample owing to deficient price data: 
Nokia 3410 Motorola T280i Samsung P400 Siemens M65 
Nokia 6210 Motorola V500 Samsung X100 Siemens S65 
Motorola C350 Motorola V525 Siemens A50 Panasonic GD87 
Motorola C550 Mitsubishi Trium Siemens A55 Sharp GX30 
Motorola C651 Samsung A300 Siemens C62 Sharp GX10i 
Motorola T192 Samsung E710 Siemens CL50  

Table B.1:  Mobile phone models surveyed 
 

Standard features Entertainment Connectivity Other features 
Height (mm) Changeable fascia Bluetooth Voice dialing 
Width (mm) Camera Infra Red Voice recorder 
Depth (mm) Video Built-in data modem Speakerphone 
Volume (mm3)* Music player GPRS Date/clock/alarm 
Weight (g) FM radio WAP Calendar 
Density (g/mm3)* Polyphonic ringtones Dual band Calculator 
Standby time (hours) Downloadable ringtones Tri-band Car kit available 
Talktime (minutes) Built-in games Quad-band  
Colour screen Downloadable games Works in America*  
Phonebook memory    
Active flip    
Predictive text    
Vibrate alert    

*Derivative attribute: Volume = Height x Width x Depth; Density = Weight/Volume; Tri-band and Quad-band 
phones work in America. 

Table B.2:  List of mobile phone attributes surveyed 
 
2.  PDAs 

In August 2004, we conducted a survey of prices and attributes of PDAs available in 
the UK market.  We surveyed a total of six on-line retailers of PDAs.  These were:  
Amazon.com; Argos; Comet; Dell; Insight; and PC World. 

From these retailers, we obtained 80 price observations for 37 models of PDA from 
ten manufacturers:  Acer; Dell; Enlight Corp; Fujitsu Siemens; HP; Mitac, PalmOne, 
Sony, Symbol; and Toshiba.  A complete list of the PDAs included in the survey is 
provided in Table B.3. 

We identified a list of 16 possible attributes, which could determine the relative value 
of PDAs.  For each of the 37 phone models, we collected information about these 
attributes using information from the websites of leading retailers and manufacturers.  
A full list of the attributes surveyed is provided in Table B.4. 
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Brand Model Brand Model Brand Model 

Acer N10 
S60 Sony 

Clie PEG-TJ25 
Clie PEG-TJ27 
Clie PEG-TJ35 
Clie PEG-TJ37 

HP 

iPAQ h1930 
iPAQ h1940 
iPAQ h2210 
iPAQ h4150 
iPAQ h5550 

Dell 

Axim X30 
Axim X3i 
Axim X3 
perform. 
Axim X3 std 
Axim X3 
navigator 

Enlight Corp GARMIN iQue 
3600 

Fujitsu Siemens 

Pocket LOOX 
420 
Pocket LOOX 
610 

PalmOne 

Tungsten C 
Tungsten E 
Tungsten T2 
Tungsten T3 
Zire 21 
Zire 31 
Zire 71 
Zire 72 

Toshiba 

E330 
E400 
E740 BT 
E750 BT 
E750 WiFi 
E800 
E800 BT 
E800 WiFi 

Table B.3:  PDA models surveyed 
 

Standard features Other features Connectivity 
Brand Camera Bluetooth 
Processor type MP3 player Infra Red 
Processor speed (MHz) GPS WiFi 802.11a/b/g 
Memory:  RAM (MB)   
Memory:  ROM (MB)   
Colour screen   
Screen size (inches)   
Weight (g)   
Average run time (hours)   
Operating system (type)   
Warrantee   

Table B.4:  List of PDA attributes surveyed 
 
3.  Network Cards 

In August 2004, we conducted a survey of prices and attributes of network cards for 
home and office IT.  We surveyed products available from the on-line retailer Insight 
that cost less than £200.  By restricting the sample to a single retailer we remove the 
possibility of picking up merchant dependent mark-ups.  The sample was further 
restricted to products costing less than £200 because Insight supply commercial IT 
products for high-end servers and other office machinery that would not be a 
reasonable proxy of the willingness to pay for network cards in applications where 
UWB may be used.  The sample consisted of 261 products from several different 
brands, covering both wire and wireless network connectivity.  For each of the 
network cards in our sample we collected data on its features as detailed in Table B.5.  
Network cards have relatively few attributes as they only provide one function.   

Standard features Machine Connectivity Network Connectivity 
Maximum connection speed PCMCIA/CardBus Wire 
Warrantee PCIS WiFi 802.11a 
 USB WiFi 802.11b 
  WiFi 802.11g 
  Bluetooth 

Table B.5:  List of network card attributes surveyed 
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4.  Desktop PCs 

During July and August 2004 we conducted a survey of the prices and attributes of 
desktop PCs from the online retailer Insight.  We excluded both Thin Clients and 
Servers, which may in certain circumstances be used as a desktop PC. 

Our sample consisted of 357 desktops from five brands; Acer, Apple, Fujitsu, 
HP/Compact and IBM.  We identified a list of attributes that define the differences 
between desktop PCs; these are set out in Table B.6. 

Standard features Connectivity Network Connectivity 
Processor speed USB WiFi 802.11a 
Processor type USB2 WiFi 802.11b 
Data bus speed FireWire WiFi 802.11g 
Installed RAM FireWire 800 10 Base 
Hard-drive size Bluetooth 100 Base 
Optical drive type (cd/cd-r/dvd/dvd-r)  1000 Base 
Operating system   
Warrantee   
Screen size   

Table B.6:  Desktop PC attributes surveyed 
 
5.  Laptop PCs 

During July and August 2004 we conducted a survey of the prices and attributes of 
laptop PCs from the online retailer Insight.  We included notebooks, tablet PCs and 
Convertible PCs in our survey. 

Our sample consisted of 314 laptops from nine brands; Acer, Apple, Fujitsu, 
HP/Compact, IBM, Panasonic, Samsung, Sony and Toshiba.  We identified a list of 
attributes that define the differences between laptop PCs; these are set out in Table 
B.7. 

Standard features Connectivity Network Connectivity 
Processor speed USB WiFi 802.11a 
Processor type USB2 WiFi 802.11b 
Data bus speed FireWire WiFi 802.11g 
Installed RAM FireWire 800 10 Base 
Hard-drive size Bluetooth 100 Base 
Optical drive type (cd/cd-r/dvd/dvd-r)  1000 Base 
Operating system   
Warrantee   
Screen size   
Weight   
Dimensions   
Laptop type (Notebook, tablet, 
convertible) 

  

Average battery life   
Table B.7:  Laptop PC attributes surveyed 

 
6.  Other devices 

In addition to the devices above, we also surveyed several Internet-based retailers’ for 
other devices.  Specifically, we conducted a survey of the attributes and prices of:  
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keyboards, mice and other computer input peripherals; and of video sending devices, 
between PCs and between televisions, DVD players and video recorders.  In the 
course of collecting these data we concluded that UWB would not provide any 
additional distinguishable benefits, other than a cost advantage.  

Further, we surveyed digital still and moving cameras available both in the UK and 
the United States through Internet merchants.  We could not find any that connected 
wirelessly.  Therefore we were unable to proceed with estimating an additional 
willingness to pay based on data collected about these items. 

B1.2 Willingness to Pay Estimates 

Data from the surveys outlined above were used to estimate the additional willingness 
to pay of a marginal consumer in Step III of our estimation of net private benefits, as 
described in Section 4.1.  This used a two-stage approach: 

• First an hedonic price regression of the price of a product on its attributes is 
performed to estimate the part-worth of each attribute 

• Second, the estimates of the part-worths of the attributes that define the 
different methods of connectivity are combined to calculate the willingness to 
pay for each wireless connection method (Bluetooth and WiFi a/b/g) compared 
to UWB. 

 
Below we present results for network cards and PDAs.  For the remaining products 
which where surveyed we have not presented results: 

• For mobile phones, we are unable to separate out the additional willingness to 
pay for wireless connectivity in mobile phones, because of the lack of 
variation in wireless connections currently available.  Mobile phones that are 
currently on sale in the UK either connect by Bluetooth, or Infra Red.  Infra 
Red, unlike Bluetooth, requires line of sight, while infra-red also has a greater 
data transfer rate.  Although mobile equipped with Bluetooth are generally 
valued more, it is not possible to ascertain the distinction between the value for 
data rate and for line of sight 

• For desktop PCs, we could not identify any wireless enabled PCs 
• For laptop PCs, we found that wireless connection is highly collinear with 

other attributes, for example processor type, weight and size.  It is likely that 
this is due to wireless technology being embedded into the processor chips in 
the lightest and most portable (and often the most expensive) laptops.  As a 
result, we cannot rely on estimates drawn from the data. 

 
PDAs 

The value of a PDA depends on many attributes: for example, some individuals may 
want a small and light PDA and will be willing to sacrifice some functionality in 
order to have achieve this; others may want a PDA with a broad spectrum of software 
that can replace much of the functionality of a laptop PC.  The diversity in the use of 
PDAs, which in turn is reflected in the diversity of products available in the market 
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potentially makes it difficult to estimate the value placed on specific attributes of 
PDAs.  Nevertheless, when one examines connectivity, it is apparent that the function 
is universally valued.  Table B.8 presents the results of a regression of the price on the 
most important attributes (data rate, no line of sight connection, RAM and GPS) along 
with the appropriate t-test probability49.  We also considered alternative regressions 
including other potentially significant attributes, such as screen size, colour screen, 
brand, average run time and processor speed.  None of these were found to have a 
significant impact on the value consumers place on PDAs. 

We also examined the impact of battery life on willingness to pay; however the results 
where inconclusive.  We suspect that this is a result of the combination of poor 
indicators of battery life and colinearity of battery life with a number of other 
attributes.  To the extent that consumers value superior battery life associated with 
UWB, the exclusion of this from our estimates suggests that our results may be 
underestimating benefits. 

The results indicate that consumers prefer higher performance PDAs, for which the 
log of RAM installed, is a proxy.  Some consumers also place a high value on GPS 
functionality within their PDA.  In terms of connectivity, consumers value higher data 
rate, but as the data rate increases, the value of an additional Mb/s falls.  We also 
observe that consumers value not having to place their PDA directly in front of the 
device (line of sight) that they wish to connect to. 

 Coefficient P value 

Log(maximum data rate) 34.5 0.001 

No line of sight required 80.6 0.000 

Log(RAM installed) 59.0 0.000 

GPS 195.9 0.022 

Constant -91.5 0.113 
Table B.8:  Regression results for value of PDA attributes 

 
The estimates from the hedonic pricing regression are used to calculate the additional 
willingness to pay of a consumer for UWB over alternative technologies.  This is 
calculated using the lowest data rate that UWB will be produced at, 100 Mb/s, and, as 
such, it should be considered a lower bound.  We present our central estimate, plus 
estimates for the upper and lower 95% confidence intervals in Table B.9.  For the 
purposes of our estimates of consumer willingness to pay, we use the minimum 
difference between UWB and an alternative technology, so our results may be 
considered a lower bound. 

                                                 
49 T-test probabilities presented are from White adjusted t-tests. 
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 Bluetooth IR 802.11 b 802.11 g Minimum 

Lower 95% CI 71.94 178.55 31.85 8.89 8.89 
Central 172.05 314.84 76.17 21.26 21.26 
Upper 95% CI 272.21 451.20 120.52 33.64 33.64 

Table B.9:  Willingness to pay for UWB relative to other technologies (PDA 
results) 

 
Network Cards 

Network cards fulfil a single objective, connecting one device with one, or several, 
other deceives.  This makes it easier to estimate the value placed on the attributes of 
network cards as there is no distortion due to co-linearity with other attributes.  The 
estimates presented in Table B.10, along with the associated p-values50, show that 
although wireless connection is valued, as is range, there is a significant variation in 
their valuation.  Data rate is a highly valued attribute of all network cards, although as 
the data rate increases, the value of an additional Mb/s falls. 

 Coefficient P value 

Wireless connection 3.19 0.929 

Log (wireless range) 3.54 0.648 

Log(data rate) 5.18 0.042 

Fits in server 24.2 0.015 

Constant 41.3 0.001 
Table B.10:  Regression results for value of network card attributes 

 
As for the PDAs, the estimates above are used to calculate the additional willingness 
to pay for UWB, the results are presented in Table B.11.  Again, we use the minimum 
difference between UWB and an alternative technology, so our results may be 
considered a lower bound. 

 Bluetooth IR 802.11 b 802.11 g Minimum

Lower 95% CI 0.90 1.22 0.40 0.11 0.11 

Central 25.83 35.16 11.43 3.19 3.19 

Upper 95% CI 50.70 69.03 22.45 6.27 6.27 
Table B.11:  Willingness to pay for UWB relative to other technologies (Network 

card results) 

                                                 
50 T-test probabilities presented are from White adjusted t-tests. 
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C1. COST FORECASTS FOR UWB CHIPSETS 

In this Appendix, we illustrate our forecasts for the costs of UWB chipsets and 
alternative technologies.  For a discussion of how these forecasts were used in our 
estimation of net private benefits from UWB, please refer to Section 4.1. 

Figure C.1 presents our forecasts for the high, central and low cases for the cost of 
UWB chipsets, and compares them to the projected price of Bluetooth.  The UWB 
prices are based on data from West Technology and ABI Research, which have been 
extrapolated by DotEcon from 2010 onwards.  The Bluetooth data for 2005-09 is from 
Intel; thereafter we assume that the cost of chipsets remains constant over time.  We 
also collected data on the cost of WiFi chipsets. 
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2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

West Technology ABI Research Low case (higher costs*)
High case (lower costs*) Central case* Bluetooth  

*Low case is extrapolated from West Technology forecasts; high case is extrapolated from ABI; 
Central case is an average of the high and low forecasts. 

Figure C.1:  Cost Forecasts for UWB and Bluetooth Chipsets 
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D1. TAKE UP AND USAGE FORECASTS FOR UWB-ENABLED DEVICES 

In this Appendix, we illustrate our forecasts for take-up and usage of UWB-enabled 
devices for our 22 applications, and present the key assumptions underpinning these: 

• Table D.1 presents our assumptions for take-up of electronic devices that 
could use UWB.  These draw on industry data from various sources, 
extrapolated to 2020 using an S-shaped adoption curve 

• Table D.2 presents the key assumptions behind our forecasts of take-up of 
UWB-enabled devices as a proportion of all devices for each application.  
These are used to model an S-shaped adoption curve for our central, high and 
low cases 

• Table D.3 presents the key assumptions behind our forecasts of individuals 
using UWB for each application as a proportion of all individuals who have 
UWB enabled devices.  These are used to model an S-shaped adoption curve 
for our central, high and low cases 

• Figures D.1, D.2 and D.3 illustrate our forecasts for the proportion of the UK 
population taking up and using UWB devices by application, under our central 
case, high case and low case respectively. 
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 Penetration (as proportion of UK population) 
 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 
Portable MP3 players and file 
storage devices 0% 0% 0% 1% 1% 2% 2% 3% 4% 5% 7% 8% 10% 12% 14% 16% 
PDAs 1% 1% 2% 2% 3% 3% 4% 5% 5% 6% 7% 7% 8% 9% 9% 10% 
Mobile phones 95% 97% 99% 101% 102% 103% 104% 105% 106% 107% 107% 108% 108% 108% 109% 109% 
Desktop PC 15% 15% 16% 16% 17% 17% 18% 18% 19% 19% 19% 20% 20% 21% 21% 22% 
Monitors 15% 15% 16% 16% 17% 17% 18% 18% 19% 19% 19% 20% 20% 21% 21% 22% 
Keyboard/mouse 15% 15% 16% 16% 17% 17% 18% 18% 19% 19% 19% 20% 20% 21% 21% 22% 
PC speakers 3% 3% 3% 3% 3% 3% 4% 4% 4% 4% 4% 4% 4% 4% 4% 4% 
PC microphones 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 
Laptop PC 9% 9% 9% 9% 10% 10% 10% 11% 11% 11% 11% 12% 12% 12% 12% 13% 
Projectors/meeting room screens 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 
Wireless hub 2% 3% 4% 5% 7% 9% 10% 12% 15% 17% 19% 20% 22% 24% 26% 27% 
Printers 17% 17% 18% 18% 19% 19% 20% 20% 21% 21% 22% 22% 23% 23% 24% 24% 
Scanners 5% 5% 5% 5% 5% 5% 6% 6% 6% 6% 6% 6% 6% 7% 7% 7% 
External data storage devices 1% 1% 1% 1% 1% 1% 1% 1% 1% 2% 2% 2% 2% 2% 2% 2% 
Digital cameras  24% 32% 40% 47% 53% 58% 62% 66% 69% 71% 73% 75% 76% 77% 78% 78% 
Camcorders 7% 9% 12% 14% 16% 18% 20% 22% 24% 26% 28% 29% 30% 32% 33% 34% 
Audio players / recorders / amps/ 
receivers 88% 88% 88% 88% 89% 89% 89% 89% 89% 89% 90% 90% 90% 90% 90% 90% 
Hi-fi speakers 44% 44% 44% 44% 44% 44% 44% 45% 45% 45% 45% 45% 45% 45% 45% 45% 
DVD 21% 24% 27% 30% 33% 36% 39% 42% 44% 47% 50% 52% 54% 56% 58% 60% 
HD media players/recorders 1% 1% 2% 3% 4% 5% 7% 8% 11% 13% 16% 18% 21% 24% 28% 31% 
Set top boxes 55% 59% 63% 65% 67% 71% 89% 89% 89% 89% 90% 90% 90% 90% 90% 90% 
TV/projector 88% 88% 88% 88% 89% 89% 89% 89% 89% 89% 90% 90% 90% 90% 90% 90% 
Game consoles 7% 10% 13% 17% 20% 23% 26% 29% 31% 33% 34% 35% 36% 37% 38% 38% 

Sources:  Analysys, DotEcon, EITO, Mason, Ofcom, ONS 

Table D.1:  Key Assumptions Behind Take-up Forecasts:  Adoption of Electronic Devices That Could Use UWB 
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   Central case High take-up case Low take-up case 

  
Year 

introduced 
Full 

penetration† 
Penetration 

by 2010† 
Full 

penetration† 
Penetration 

by 2010† 
Full 

penetration† 
Penetration 

by 2010† 

PCs and keyboards / mice 2005 80% 20% 100% 40% 60% 10% 

PCs and speakers 2005 80% 20% 100% 40% 60% 10% 

PCs and microphones 2005 80% 35% 100% 50% 60% 20% 

PCs and wireless monitor (with compression) 2005 80% 20% 100% 40% 60% 10% 

PCs and other PCs / servers / access points (LANs) 2007 20% 2% 100% 10% 0% 0% 

PCs and printers 2005 20% 2% 100% 20% 0% 0% 

PCs and PDAs 2005 20% 2% 100% 20% 0% 0% 

Mobile and PCs, other mobiles or PDAs 2005 20% 2% 100% 20% 0% 0% 

PCs and other PCs (wireless fire sharing) 2005 80% 35% 100% 50% 80% 20% 

PCs and digital cameras / camcorders 2007 50% 5% 100% 10% 0% 0% 

PCs / DVD players and digital video cameras 2005 15% 5% 20% 15% 0% 0% 

PCs and external storage devices 2005 50% 10% 100% 20% 40% 5% 

PCs (or digital video players) and wireless projector 2005 50% 10% 100% 20% 40% 5% 

PCs and scanners 2005 80% 35% 100% 50% 80% 20% 

C
o
m

p
u

te
r 

PCs and MP3 players 2005 80% 20% 100% 40% 80% 10% 

HiFis / CD players and speakers 2005 80% 20% 100% 40% 80% 10% 

DVD players and TVs / projectors 2005 20% 2% 50% 10% 0% 0% 

PCs and TVs / projectors (for home theatre) 2005 20% 2% 50% 10% 0% 0% 

Digital set top boxes and TVs 2007 20% 2% 100% 20% 0% 0% 

Games console and TVs / projectors 2007 20% 2% 100% 20% 0% 0% 

DVD players / recorders and PCs 2007 20% 2% 100% 20% 0% 0% 

H
o

m
e
 

e
n

te
rt

a
in

m
e
n

t 

PCs and HiFis 2007 20% 2% 100% 20% 0% 0% 

†Penetration defined as UWB-enabled devices as proportion of all devices 

Table D.2:  Key assumptions behind take-up forecasts:  Adoption of UWB-enabled devices by application 
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   Central case High take-up case Low take-up case 

  
Year 

introduced 
Full 

penetration† 
Penetration 

by 2010† 
Full 

penetration† 
Penetration 

by 2010† 
Full 

penetration† 
Penetration 

by 2010† 

PCs and keyboards / mice 2005 80% 75% 100% 99% 0% 0% 

PCs and speakers 2005 80% 75% 100% 99% 0% 0% 

PCs and microphones 2005 80% 75% 100% 99% 0% 0% 

PCs and wireless monitor (with compression) 2007 80% 75% 100% 99% 0% 0% 

PCs and other PCs / servers / access points (LANs) 2005 80% 50% 100% 99% 0% 0% 

PCs and printers 2005 80% 50% 80% 50% 80% 20% 

PCs and PDAs 2005 80% 50% 100% 80% 80% 20% 

Mobile and PCs, other mobiles or PDAs 2005 30% 15% 80% 50% 20% 10% 

PCs and other PCs (wireless fire sharing) 2005 30% 15% 80% 50% 0% 0% 

PCs and digital cameras / camcorders 2005 70% 35% 80% 50% 50% 20% 

PCs / DVD players and digital video cameras 2005 70% 35% 80% 50% 50% 20% 

PCs and external storage devices 2005 80% 50% 100% 99% 80% 20% 

PCs (or digital video players) and wireless projector 2007 80% 75% 100% 99% 0% 0% 

PCs and scanners 2005 80% 50% 80% 50% 80% 20% 

C
o
m

p
u

te
r 

PCs and MP3 players 2005 80% 50% 100% 99% 80% 20% 

HiFis / CD players and speakers 2005 80% 50% 100% 99% 0% 0% 

DVD players and TVs / projectors 2007 80% 75% 100% 99% 0% 0% 

PCs and TVs / projectors (for home theatre) 2007 80% 75% 100% 99% 0% 0% 

Digital set top boxes and TVs 2007 80% 75% 100% 99% 0% 0% 

Games console and TVs / projectors 2007 80% 75% 100% 99% 0% 0% 

DVD players / recorders and PCs 2007 80% 75% 100% 99% 0% 0% 

H
o

m
e
 

e
n

te
rt

a
in

m
e
n

t 

PCs and HiFis 2007 80% 75% 100% 99% 0% 0% 

†Penetration defined as individuals using UWB for the application as a proportion of all individuals who have UWB enabled 
devices 

Table D.3:  Key Assumptions Behind Take-up Forecasts:  Usage of UWB-Enabled Devices by Application 
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UWB PAN application take-up - central case
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Figure D.1:  Proportion of UK Population Taking Up and Using UWB Devices by Application, Central Case 
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UWB PAN application take-up - high take-up case
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Figure D.2:  Proportion of UK Population Taking Up and Using UWB Devices by Application, High Case 
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UWB PAN application take-up - low take-up case
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Figure D.3:  Proportion of UK Population Taking up and Using UWB Devices by Application, Low Case 
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E.1 ESTIMATES OF PRIVATE NET BENEFITS FROM UWB 

In this Appendix, we present a breakdown of our estimates of net private benefits 
from UWB by application.  Note that these are net private benefits from using UWB 
over and above those that might accrue from using alternative technologies.  Results 
are presented for each regulatory scenario and for our central, high and low cases.  
The figures shown are cumulative benefits without application of any discount factor. 

In all cases, in line with our central cost assumptions, we have assumed that there are 
similar or lower cost technologies available.  Therefore, benefits only accrue in the 
case of differentiated applications (i.e. those where UWB offers potential qualitative 
advantages relative to alternative technologies).  Figure E.1 illustrates the growth in 
net private benefits for seven categories of differentiated application for our central 
case under the FCC or ETSI regulatory scenarios. 

The additional willingness to pay calculated on the basis of the data collected on 
network cards was used as a proxy for the willingness to pay for devices likely to use 
relatively low data rates, or infrequently.  Specifically, these included connections 
between: 

• PCs and printers 
• PCs / DVD and digital video cameras 
• PCs and scanners. 
 

For small handheld devices, that are often used frequently we have used the additional 
willingness to pay as calculated from the estimates for PDAs.  Specifically, these 
included connections between: 

• PCs and PDAs 
• PCs and digital cameras 
• PCs and MP3 players. 

 
Further, the additional willingness to pay for connections between mobile and PCs, 
other mobiles and PDAs, was proxied by assuming a linear scale beginning at zero in 
2004 and rising to the value of PDS by 2020.  We consider this a conservative 
approach.  We expect mobile telephones to take on ever more functionality in the 
future and as such the value of wireless connectivity to rise.  However, it is also likely 
that many consumers would value highly the improved wireless of UWB connectivity 
today. 
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Figure E.1:  Cumulative net private benefits for differentiated applications, FCC and 
ETSI scenarios, central case 
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FCC / ETSI Regulatory Scenarios 

 Application 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

PCs and keyboards / mice 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and speakers 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and microphones 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and wireless monitor 
(with compression) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and other PCs / servers 
/ access points (LANs) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and printers 0 0 0 0 0 0.11 0.61 1.71 3.68 6.76 11 17 24 33 43 54 66

PCs and PDAs 0 0 0.01 0.07 0.48 1.97 5.76 13 26 46 73 107 151 203 263 331 407
Mobile and PCs, other 
mobiles or PDAs 0 0 0 0 1.08 7.17 26 66 133 234 370 541 746 984 1,253 1,553 1,883
PCs and other PCs (wireless 
fire sharing) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and digital cameras / 
camcorders 0 0 0.09 1.03 6.49 26 73 163 308 515 782 1,107 1,483 1,902 2,358 2,845 3,356
PCs / DVD players and 
digital video cameras 0 0 0 0 0 0.12 0.79 2.45 5.72 11 19 30 45 62 82 105 131
PCs and external storage 
devices 0 0 0 0 0 0.03 0.15 0.41 0.82 1.41 2.17 3.10 4.20 5.44 6.82 8.33 9.96
PCs (or digital video players) 
and wireless projector 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and scanners 0 0 0 0 0 0.03 0.17 0.49 1.05 1.93 3.18 4.81 6.86 9.30 12 15 19

C
o
m

p
u
te

r 

PCs and MP3 players 0 0 0 0.02 0.16 0.79 2.72 7.27 16 32 56 91 140 203 283 381 498
HiFis / CD players and 
speakers 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DVD players and TVs / 
projectors 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and TVs / projectors (for 
home theatre) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Digital set top boxes and 
TVs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Games console and TVs / 
projectors 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DVD players / recorders and 
PCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

H
o
m

e 
en

te
rt

a
in

m
en

t 

PCs and HiFis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table E.1:  Cumulative Net Private Benefits from UWB by PAN Applications (£mn) – FCC / ETSI scenarios, Central Case 
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 Application 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

PCs and keyboards / mice 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and speakers 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and microphones 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and wireless monitor 
(with compression) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and other PCs / servers 
/ access points (LANs) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and printers 0 0 0 0 0 0.21 1.21 3.41 7.36 14 22 34 48 65 85 108 133

PCs and PDAs 0 0 0.02 0.30 2.01 7.45 20 41 73 117 174 243 324 417 523 639 767
Mobile and PCs, other 
mobiles or PDAs 0 0 0 0 5.93 37 127 302 582 976 1,485 2,105 2,833 3,662 4,589 5,612 6,728
PCs and other PCs (wireless 
fire sharing) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and digital cameras / 
camcorders 0 0 0.22 3.26 22 82 216 448 784 1,221 1,744 2,340 2,994 3,694 4,430 5,194 5,980
PCs / DVD players and 
digital video cameras 0 0 0 0 0 0.38 2.29 6.56 14 26 42 62 87 116 148 185 224
PCs and external storage 
devices 0 0 0 0 0 0.11 0.46 1.05 1.88 2.98 4.32 5.90 7.70 9.72 12 14 17
PCs (or digital video players) 
and wireless projector 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and scanners 0 0 0 0 0 0.06 0.35 0.98 2.10 3.87 6.35 9.63 14 19 24 31 38

C
o
m

p
u
te

r 

PCs and MP3 players 0 0 0.01 0.25 1.40 4.80 12 27 51 87 139 209 300 415 555 723 919
HiFis / CD players and 
speakers 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DVD players and TVs / 
projectors 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and TVs / projectors (for 
home theatre) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Digital set top boxes and 
TVs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Games console and TVs / 
projectors 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DVD players / recorders and 
PCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

H
o
m

e 
en

te
rt

a
in

m
en

t 

PCs and HiFis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table E.2:  Cumulative Net Private Benefits from UWB by PAN Applications (£mn) – FCC / ETSI Scenarios, High Case 
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 Application 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

PCs and keyboards / mice 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and speakers 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and microphones 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and wireless monitor 
(with compression) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and other PCs / servers 
/ access points (LANs) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and printers 0 0 0 0 0 0.02 0.12 0.38 0.93 1.93 3.55 5.97 9.32 14 19 26 34

PCs and PDAs 0 0 0 0.01 0.08 0.34 1.09 2.90 6.53 13 23 38 59 86 119 159 206
Mobile and PCs, other 
mobiles or PDAs 0 0 0 0 0.39 2.63 9.78 26 54 97 157 234 329 441 570 715 875
PCs and other PCs (wireless 
fire sharing) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and digital cameras / 
camcorders 0 0 0.04 0.33 1.85 7.07 21 48 97 172 277 416 588 793 1,028 1,292 1,580
PCs / DVD players and 
digital video cameras 0 0 0 0 0 0.03 0.22 0.73 1.82 3.81 7.03 12 18 27 37 50 64
PCs and external storage 
devices 0 0 0 0 0 0.01 0.03 0.11 0.25 0.50 0.89 1.43 2.14 3.02 4.07 5.30 6.69
PCs (or digital video players) 
and wireless projector 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and scanners 0 0 0 0 0 0.01 0.03 0.11 0.26 0.55 1.01 1.71 2.66 3.91 5.48 7.38 9.61

C
o
m

p
u
te

r 

PCs and MP3 players 0 0 0 0 0.03 0.14 0.52 1.60 4.13 9.25 18 34 57 89 134 192 264
HiFis / CD players and 
speakers 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DVD players and TVs / 
projectors 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and TVs / projectors (for 
home theatre) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Digital set top boxes and 
TVs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Games console and TVs / 
projectors 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DVD players / recorders and 
PCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

H
o
m

e 
en

te
rt

a
in

m
en

t 

PCs and HiFis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table E.3:  Cumulative Net Private Benefits from UWB by PAN Applications (£mn) – FCC / ETSI Scenarios, Low Case 
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Lower Band Only Regulatory Scenarios 

 Application 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

PCs and keyboards / mice 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and speakers 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and microphones 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and wireless monitor 
(with compression) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and other PCs / servers 
/ access points (LANs) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and printers 0 0 0 0 0 0.11 0.61 1.06 2.06 3.81 6.49 10 15 21 28 36 45

PCs and PDAs 0 0 0.01 0.07 0.48 1.97 5.76 12 22 37 58 85 120 160 208 262 322
Mobile and PCs, other 
mobiles or PDAs 0 0 0 0 1.08 7.17 26 55 107 184 289 422 582 770 982 1,219 1,480
PCs and other PCs (wireless 
fire sharing) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and digital cameras / 
camcorders 0 0 0.09 1.03 6.49 26 73 143 256 418 628 883 1,179 1,510 1,870 2,255 2,660
PCs / DVD players and 
digital video cameras 0 0 0 0 0 0.12 0.79 1.48 3.13 6.25 11 18 28 40 54 71 90
PCs and external storage 
devices 0 0 0 0 0 0.03 0.15 0.26 0.47 0.80 1.27 1.87 2.61 3.47 4.45 5.54 6.73
PCs (or digital video players) 
and wireless projector 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and scanners 0 0 0 0 0 0.03 0.17 0.30 0.59 1.09 1.85 2.91 4.28 5.98 7.99 10 13

C
o
m

p
u
te

r 

PCs and MP3 players 0 0 0 0.02 0.16 0.79 2.72 6.26 13 25 44 72 110 160 223 301 394
HiFis / CD players and 
speakers 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DVD players and TVs / 
projectors 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and TVs / projectors (for 
home theatre) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Digital set top boxes and 
TVs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Games console and TVs / 
projectors 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DVD players / recorders and 
PCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

H
o
m

e 
en

te
rt

a
in

m
en

t 

PCs and HiFis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table E.4:  Cumulative Net Private Benefits from UWB by PAN Applications (£mn) – Lower Band Scenarios, Central Case 
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 Application 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

PCs and keyboards / mice 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and speakers 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and microphones 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and wireless monitor 
(with compression) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and other PCs / servers 
/ access points (LANs) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and printers 0 0 0 0 0 0.21 1.21 2.12 4.12 7.63 13 20 30 42 56 72 91

PCs and PDAs 0 0 0.02 0.30 2.01 7.45 20 36 61 96 140 194 258 332 415 507 608
Mobile and PCs, other 
mobiles or PDAs 0 0 0 0 5.93 37 127 256 468 770 1,164 1,648 2,217 2,869 3,600 4,409 5,294
PCs and other PCs (wireless 
fire sharing) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and digital cameras / 
camcorders 0 0 0.22 3.26 22 82 216 396 659 1,000 1,411 1,880 2,395 2,947 3,528 4,133 4,755
PCs / DVD players and 
digital video cameras 0 0 0 0 0 0.38 2.29 4.05 7.89 14 24 37 54 74 97 123 152
PCs and external storage 
devices 0 0 0 0 0 0.11 0.46 0.70 1.13 1.75 2.57 3.59 4.81 6.20 7.76 9.50 11
PCs (or digital video players) 
and wireless projector 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and scanners 0 0 0 0 0 0.06 0.35 0.61 1.18 2.18 3.71 5.82 8.57 12 16 21 26

C
o
m

p
u
te

r 

PCs and MP3 players 0 0 0.01 0.25 1.40 4.80 12 24 42 71 111 167 238 329 440 572 727
HiFis / CD players and 
speakers 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DVD players and TVs / 
projectors 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and TVs / projectors (for 
home theatre) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Digital set top boxes and 
TVs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Games console and TVs / 
projectors 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DVD players / recorders and 
PCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

H
o
m

e 
en

te
rt

a
in

m
en
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PCs and HiFis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table E.5:  Cumulative Net Private Benefits from UWB by PAN Applications (£mn) – Lower Band Scenarios, High Case 
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 Application 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

PCs and keyboards / mice 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and speakers 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and microphones 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and wireless monitor 
(with compression) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and other PCs / servers 
/ access points (LANs) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and printers 0 0 0 0 0 0.02 0.12 0.23 0.50 1.07 2.07 3.63 5.88 8.92 13 18 23

PCs and PDAs 0 0 0 0.01 0.08 0.34 1.09 2.50 5.33 10 18 30 46 68 94 126 163
Mobile and PCs, other 
mobiles or PDAs 0 0 0 0 0.39 2.63 9.78 21 43 76 122 182 257 345 446 561 688
PCs and other PCs (wireless 
fire sharing) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and digital cameras / 
camcorders 0 0 0.04 0.33 1.85 7.07 21 42 80 138 221 330 466 628 814 1,022 1,251
PCs / DVD players and 
digital video cameras 0 0 0 0 0 0.03 0.22 0.43 0.99 2.12 4.09 7.16 12 17 25 34 44
PCs and external storage 
devices 0 0 0 0 0 0.01 0.03 0.06 0.14 0.28 0.52 0.86 1.34 1.95 2.70 3.59 4.60
PCs (or digital video players) 
and wireless projector 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and scanners 0 0 0 0 0 0.01 0.03 0.06 0.14 0.31 0.59 1.04 1.68 2.55 3.66 5.03 6.66

C
o
m

p
u
te

r 

PCs and MP3 players 0 0 0 0 0.03 0.14 0.52 1.36 3.33 7.34 15 27 45 71 106 151 208
HiFis / CD players and 
speakers 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DVD players and TVs / 
projectors 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and TVs / projectors (for 
home theatre) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Digital set top boxes and 
TVs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Games console and TVs / 
projectors 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DVD players / recorders and 
PCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

H
o
m

e 
en

te
rt

a
in

m
en

t 

PCs and HiFis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table E.6:  Cumulative Net Private Benefits from UWB by PAN Applications (£mn) – Lower Band Scenarios, Low Case 
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Upper Band Only Regulatory Scenarios 

 Application 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

PCs and keyboards / mice 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and speakers 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and microphones 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and wireless monitor 
(with compression) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and other PCs / servers 
/ access points (LANs) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and printers 0 0 0 0 0 0 0 0 0.03 0.19 0.71 1.92 4.18 7.82 13 20 29

PCs and PDAs 0 0 0 0 0 0 0 0.02 0.22 1.28 4.76 13 28 52 87 132 188
Mobile and PCs, other 
mobiles or PDAs 0 0 0 0 0 0 0 0.08 1.09 6.94 27 73 158 289 469 697 971
PCs and other PCs (wireless 
fire sharing) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and digital cameras / 
camcorders 0 0 0 0 0 0 0.01 0.20 2.03 11 39 103 217 394 636 942 1,304
PCs / DVD players and 
digital video cameras 0 0 0 0 0 0 0 0 0.04 0.28 1.14 3.31 7.65 15 26 40 58
PCs and external storage 
devices 0 0 0 0 0 0 0 0 0.01 0.05 0.19 0.49 1.01 1.77 2.76 3.98 5.39
PCs (or digital video players) 
and wireless projector 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and scanners 0 0 0 0 0 0 0 0 0.01 0.06 0.20 0.55 1.20 2.23 3.72 5.70 8.17

C
o
m

p
u
te

r 

PCs and MP3 players 0 0 0 0 0 0 0 0.01 0.15 1 4.14 12 29 59 105 170 256
HiFis / CD players and 
speakers 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DVD players and TVs / 
projectors 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and TVs / projectors (for 
home theatre) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Digital set top boxes and 
TVs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Games console and TVs / 
projectors 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DVD players / recorders and 
PCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

H
o
m

e 
en

te
rt

a
in

m
en

t 

PCs and HiFis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table E.7:  Cumulative Net Private Benefits from UWB by PAN Applications (£mn) – Upper Band Scenarios, Central Case 



 

Y85A004A APPENDIX E REV A 
 Page 11 of 12 
  

 

 Application 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

PCs and keyboards / mice 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and speakers 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and microphones 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and wireless monitor 
(with compression) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and other PCs / servers 
/ access points (LANs) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and printers 0 0 0 0 0 0 0 0.01 0.07 0.39 1.42 3.84 8.37 16 26 40 57

PCs and PDAs 0 0 0 0 0 0 0 0.06 0.91 5.31 18 44 87 147 226 321 432
Mobile and PCs, other 
mobiles or PDAs 0 0 0 0 0 0 0.01 0.39 6.01 38 140 361 736 1,276 1,979 2,835 3,830
PCs and other PCs (wireless 
fire sharing) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and digital cameras / 
camcorders 0 0 0 0 0 0 0.01 0.51 6.42 36 125 306 601 1,010 1,522 2,120 2,785
PCs / DVD players and 
digital video cameras 0 0 0 0 0 0 0 0.01 0.14 0.94 3.63 9.83 21 38 61 89 122
PCs and external storage 
devices 0 0 0 0 0 0 0 0.01 0.07 0.32 0.84 1.70 2.90 4.44 6.29 8.43 11
PCs (or digital video players) 
and wireless projector 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and scanners 0 0 0 0 0 0 0 0 0.02 0.11 0.41 1.10 2.39 4.47 7.45 11 16

C
o
m

p
u
te

r 

PCs and MP3 players 0 0 0 0 0 0 0 0.14 1.86 8.74 26 58 112 190 298 437 609
HiFis / CD players and 
speakers 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DVD players and TVs / 
projectors 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and TVs / projectors (for 
home theatre) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Digital set top boxes and 
TVs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Games console and TVs / 
projectors 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DVD players / recorders and 
PCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

H
o
m

e 
en

te
rt

a
in

m
en

t 

PCs and HiFis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table E.8:  Cumulative Net Private Benefits from UWB by PAN Applications (£mn) – Upper Band Scenarios, High Case 
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 Application 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

PCs and keyboards / mice 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and speakers 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and microphones 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and wireless monitor 
(with compression) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and other PCs / servers 
/ access points (LANs) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and printers 0 0 0 0 0 0 0 0 0.01 0.03 0.12 0.37 0.90 1.91 3.60 6.18 9.82

PCs and PDAs 0 0 0 0 0 0 0 0.01 0.04 0.21 0.82 2.44 6.05 13 24 42 66
Mobile and PCs, other 
mobiles or PDAs 0 0 0 0 0 0 0 0.03 0.40 2.52 9.79 27 61 115 192 293 417
PCs and other PCs (wireless 
fire sharing) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and digital cameras / 
camcorders 0 0 0 0 0 0 0.01 0.09 0.66 3.15 11 29 64 123 211 332 486
PCs / DVD players and 
digital video cameras 0 0 0 0 0 0 0 0 0.01 0.08 0.31 0.94 2.27 4.69 8.60 14 22
PCs and external storage 
devices 0 0 0 0 0 0 0 0 0 0.01 0.03 0.10 0.25 0.52 0.94 1.55 2.37
PCs (or digital video players) 
and wireless projector 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PCs and scanners 0 0 0 0 0 0 0 0 0 0.01 0.04 0.10 0.26 0.54 1.03 1.77 2.81

C
o
m

p
u
te

r 

PCs and MP3 players 0 0 0 0 0 0 0 0 0.03 0.17 0.71 2.35 6.38 15 30 55 92
HiFis / CD players and 
speakers 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DVD players and TVs / 
projectors 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
PCs and TVs / projectors (for 
home theatre) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Digital set top boxes and 
TVs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Games console and TVs / 
projectors 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
DVD players / recorders and 
PCs 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

H
o
m

e 
en

te
rt

a
in

m
en
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PCs and HiFis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table E9:  Cumulative Net Private Benefits from UWB by PAN Applications (£mn) – Upper Band Scenarios, Low Case 
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F1. UMTS MODEL OVERVIEW 

The model developed for our UMTS cost assessment for Ofcom obtains a network-
wide measure of interference cost from UWB to UMTS, and has three main 
components:   

• Co-Existence Parameter Calculation 
• Network QoS Simulation 
• Cost Derivation.  

 
F1.1 Co-existence Parameter Calculations 

The first stage of the model determines the statistics pertaining to the spatial and 
temporal co-existence of the two technologies (given that the effects of interference 
will effectively vary with year, area type (urban, suburban, rural), environment type 
(workplace, home) and time of day).  The spatial characteristics are used to generate 
the relative densities of UMTS handsets and UWB devices in particular environments, 
and the temporal characteristics are used to determine the ultimate probability that a 
given number of UMTS and UWB coexistent devices are simultaneously active.  The 
sources of the data used to derive these parameters are a combination of market 
research and analysis carried out for this study (used to develop UWB take up 
forecasts for the UK as a whole), with further high level market analysis carried out 
by Mason to estimate the distribution of devices in different local environments.  

In the spatial domain, the calculations need to create the assumed penetration profiles 
(where penetration is defined as the number of UMTS or UWB devices per head of 
population) in sufficient detail to produce accurate results.  A model that assumes 
evenly distributed mobile and UWB devices can quickly be seen to be greatly 
inaccurate.  In such a model, both UMTS and UWB densities could be high, but the 
probability of co-existing over the types of range where significant interference would 
occur (e.g. < 10m) would still be low, and therefore not represent the likely usage of 
both technologies.  By contrast, if all of these devices were exclusively clustered in 
offices and homes (closer to the envisaged vision of UWB as a personal area network 
(PAN) technology), the local density would be much higher.  Coexistence probability, 
and thus any interference effects on the UMTS network, would be critically affected 
as a result.  

To obtain the sufficient granularity in the calculations, both mobile UMTS and UWB 
devices were characterised by belonging to a ‘geographic’ and ‘environment’ type.  
The geography types are distinguished by population density, whereas the 
environment types describe the different locations of devices. Six geography 
categories were used.  Nominally, these are termed as ‘dense urban’, ‘urban’, ‘semi-
urban’, ‘suburban’, ‘semi-rural’ and ‘rural’.  There are four principal environment 
types (indoor place of work, indoor home, outdoor vehicle, outdoor pedestrian).  

UMTS penetration profiles were calculated as a function of year for the UMTS 
mobile devices.  The penetration profiles were taken from market analysis carried out 
by Analysys Consulting.  We note the UMTS Forum have also developed uptake 
curves for 3G for the EU countries.  However, the Analysys estimates were felt to be 
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representative of the UK, where the mobile penetration is higher than the European 
average.   

Once overall penetration was calculated, service profiles are generated, in turn, for a 
number of 3G services.  Services and their relative take-up were assumed to follow 
the same trends as those described in previous UMTS Forum Reports51.  Services 
envisaged by the UMTS Forum were mapped onto traffic profiles, with services 
characterised by being either circuit/packet switched, of a particular uplink and 
downlink data-rate and with an associated uplink and downlink activity factor.  Packet 
switched services were assumed to become more prevalent as time evolves through 
the lifecycle of the network. 

For UWB, the market research conducted for this study generates penetration curves 
for twenty-two applications across the UK (as described in Section 4).  However, 
these devices exist across the UK and give no indication of clustering within homes 
and offices.   Therefore, further assumptions were necessary to distribute these into 
the UMTS user landscape to realistically capture co-existence effects.  Firstly, each of 
the 22 applications, for which penetration curves were given, were classified as either 
‘workplace’, ‘home’ or ‘mobile’ devices.  100% of workplace devices were assumed 
to exist in workplaces, 100% of home devices were assumed to coexist while mobile 
devices were assumed to exist between place of work and home with a ratio of 60:40. 
The latter ratio was chosen to reflect a typical split of time spent between working 
hours and the home. 

To account for the temporal probability of co-existence, it was felt necessary to 
distinguish between two clearly different times of day with respect to traffic 
characteristics, i.e. working hours and evenings.  Therefore, the population and usage 
characteristics were deduced separately for two representative, one-hour intervals for 
each of these time periods.  For UMTS, usage profiles were calculated in terms of the 
number of sessions per day per user and session duration.  For UWB, usage was 
similarly calculated by session per day and session duration to create the overall 
activity factors.  To work out the number of UMTS and UWB devices in each 
geographic and environmental category, analysis was carried out of detailed census 
figures.  Both evening and daytime data census data was analysed to show the 
numbers of population in the geographic and environmental regions at these two 
distinct times.  Both times were also distinguished by different usage characteristics 
for UMTS services and UWB devices. 

F1.2 UMTS Network QoS Calculations 

Our methodology for calculating the effect of interference on UMTS devices is 
through a modified version of the Monte Carlo network simulator used in past work 
for the RA52.  The approach used is to drop UMTS users across a landscape in which 
there are a number of UMTS sites.  The number of users dropped reflects the active 
density of users per carrier; in urbanised areas there were assumed to be two UMTS 
carriers, whereas there was one carrier in rural areas where this was suggested as 

                                                 
51 UMTS Forum Report 17, "UMTS Third Generation Market Study Update", August 2001 
52 Study into the Effects of UWB Technology on Third Generation Telecommunications, September 2003 
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sufficient to provide QoS.  In this modelling, the default choice for the UMTS site 
configuration is tri-sectored, reflected by the choice of antenna pattern used at the site. 
The exception was for the dense urban sites were there was assumed to exist micro 
cells that were configured as single sectored sites with omni-directional antennas.  For 
each configuration, the users are randomly located in position and are characterised 
by a stochastically selected service, reflecting the market data, and which determines 
the uplink and downlink service parameters i.e. data-rates, Eb/No values, processing 
gains and activity factors.  

Once the users are allocated locations and services, the power levels are calculated 
throughout the network, including the received pilot power signal levels, which 
determines the serving base station cell to which each mobile belongs.  If a signal 
from a second base station cell falls within the soft-handover window of the best 
server, then the mobile is assumed to be in soft or softer handover.  The implications 
of soft-handover are that links benefit from a soft-handover gain, but there is a 
downlink penalty with two base stations allocating power to serve the same mobile. 
When power levels exceed the maximum levels, allowed over either a particular link 
or to or from a given base station, then the throughput of the network is reduced and 
the power levels are re-calculated.  The decision on whether to reduce throughput, by 
(i) dropping a random user (ii) dropping a particular user, by virtue of their power 
resource requirements, or (iii) reducing the data rates, is made through an assumed 
radio resource algorithm.  In this case, users are dropped if their pilot powers do not 
meet the required Ec/Io values, but random calls are then dropped from the network if 
maximum power or load levels are exceeded on the traffic channels.  Once throughput 
has been reduced in the model, the model calculates new power levels, re-checks 
convergence and reduces throughput further if required.  This iteration continues until 
there are no power violations on the uplink or downlink.  The number of remaining 
calls, as a fraction of the total number of offered calls, gives the quality of service 
(QoS) for the particular simulation. 

Once this convergence has occurred for the UMTS network of users, UWB devices 
are introduced through an increased receiver sensitivity requirement at a given 
percentage of UMTS handsets.  The increases in receiver sensitivity, and the number 
of UMTS handsets where such an increase is seen, are both variables that reflect 
particular take up scenarios of both UMTS and UWB technologies.   

In previous Mason studies, the effect of a UWB device close to the UMTS handset 
was found to cause white noise like behaviour in the UMTS handset, evidenced by an 
increased receiver sensitivity that varied practically only on the coupling loss between 
the UWB device and UMTS handset.  Only one exception to this rule, for a UWB 
enabled monitor transmitting into a handset running a 384kbps packet switched 
service, was found amongst a wide variety of scenarios considered.  Therefore, the 
model also assumes that the increase in interference at the mobile receiver is simply 
the transmit power of the UWB device at the UMTS frequency, minus the coupling 
loss between the UWB device and the mobile handset, minus body losses, plus the 
mobile antenna gain.  Once UWB is introduced in the model, the UMTS power levels 
are re-calculated and throughput is again reduced in any cases that maximum system 
power levels are violated.  The iterative cycle of calculating power levels, throughput, 
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power levels and other variables continues until there are no violations of power 
levels using the same radio resource assumptions as for the UMTS calculation 
described previously.  This determines the new quality-of-service for UMTS in the 
presence of UWB. 

The power levels, throughput and QoS values for the network before and after the 
introduction of UWB can then collated and compared.  The difference between the 
two sets of statistics reflects the effect of introducing UWB on the UMTS network.  A 
sufficient number of simulations (i.e. patterns of stochastically positioned users with 
stochastically allocated services and in stochastically allocated environment types) are 
carried out to gain a representative picture of the quality of service for each assumed 
set of network parameters.  Typically, this number is of the order of 1,000-5,000 
(generally increasing when there are fewer instances of UWB interference so as to 
obtain the QoS changes to greater accuracy).  Calculations are also carried out to 
estimate the confidence interval of the final values, and are described later in this 
section. 

This leads to the implementation of the following algorithm in the Monte Carlo 
model, illustrated in Figure F.1 (the algorithm is effectively an iterative loop, whereby 
power levels are calculated, throughput is adjusted and convergence represents the 
point at which there are no further power violations).  

Set UMTS users x,y,service

Calculate pilot coverage

Set servers

Calculate UL TX/RX powers

Calculate DL TX/RX powers

Link violations?

Remove mobile

Yes

No

Determine UMTS-UWB cases

Calculate EbNo change/ms

Calculate UL TX/RX

Calculate DL TX/RX

Link violations?
No

Remove mobile

Log results Log results

Yes

Set UMTS users x,y,service

Calculate pilot coverage

Set servers

Calculate UL TX/RX powers

Calculate DL TX/RX powers

Link violations?

Remove mobile

Yes

No

Determine UMTS-UWB cases

Calculate EbNo change/ms

Calculate UL TX/RX

Calculate DL TX/RX

Link violations?
No

Remove mobile

Log results Log results

Yes

 

Figure F.1: High-level Algorithm for the Calculation of UWB Effects 

 
 

F1.3 Cost Calculations 

To calculate interference costs, the method agreed between Mason and Ofcom was to 
associate any changes in QoS for a particular area type with a loss in effective 
coverage area, and then determine the extra site requirement to restore the original 
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QoS.  This required the construction of link budgets for each of the area types to give 
the maximum path loss.  An ‘area coverage probability’ calculation was then carried 
out to determine the cell radius for different values of QoS.  This meant that any 
degradation in QoS by UWB could be correlated with a reduction in cell radius, as 
shown in Figure F.3.  

Conversely, this reduction in QoS can be correlated with a reduction in the coverage 
produced by a site and therefore the fractional extra number of sites required to 
restore the coverage performance.  For this purpose, the cell radius, r, was assumed to 
be related to the cell area, A, via the equation A = 2.6r2, reflecting hexagonal cells or 
circular cells with an approximately 20% overlap in area. 
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Figure F.3: Mapping Between Changes in QoS and Changes In Cell Radius 

Once the extra number of required sites is known for each area type, then this 
requirement can be given a cost.  A unit CAPEX and yearly OPEX cost are calculated 
per site.  

The costs were effectively distributed across the lifecycle of the model by working 
out the yearly and cumulative costs for a roll-out of sites across the UK; firstly, when 
there is no UWB present and, secondly, when UWB is present.  In the latter case, the 
cell radii are generally smaller and more sites are required each year, by a fraction that 
reflects the difference in the cell area resulting from the presence of UWB.  The cost 
profiles of UWB interference are then worked out by subtracting the costs of the 
former cost profile for sites, where there is no UWB, from the latter, where UWB is 
present.  
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F1.4 Assumptions in the Model 

F1.4.1 Population 

The population of the UK was taken at 60m at ‘Year 1’ in the model and 
assumed to rise by 0.5% per year, in light with typical changes of recent years 
(i.e. the ITU yearbook shows changes of 0.5% for 2000-2001). 

F1.4.2 Population Distribution 

The assumed population distribution amongst different environment types was 
taken from census data, which breaks the UK population into areas with 
different population densities.  To obtain information about the relative 
number of mobile users in different environments during the daytime, the 
daytime census data for 2001 was used, which shows the variation in the 
people in the workplace during day hours relative to the evening.  In Figure 
F.4, this data is plotted as a function of the population density of the post-
sector that they occupy.  The figure shows the population density as being split 
into six bands, with approximately the same number of UK citizens in each.  
This exercise was used to gain insight into the breakdown of population in 
different area types (dense urban, urban, suburban etc.), although it was 
recognised that in highly densely populated areas, there could be higher 
population densities on a local basis.  
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Figure F.4: Variation in Percentage of People in a Workplace in Daytime 
Hours with the Population Density of their Post-Sector Of Occupancy 

The graph shows the very wide spread in population density across the UK, 
evinced by the use of a logarithmic scale on the right hand axis of this figure. 
By contrast, the percentage of people in places of work varied slowly with the 
changing population density, from 40% in rural regions to around 65% in the 
most densely populated areas. 



 

Y85A004A APPENDIX F REV A 
 Page 8 of 40 

It was also noted from a comparison between daytime and evening census data 
that the relative fraction of people in areas with particular population densities 
was very similar, as shown in Figure F.5.  It was therefore felt to be a 
reasonable assumption that there are the same fraction of people in the areas of 
a given population density in the daytime and evening.  The only notable 
difference is that there are not so many people in very highly dense population 
areas in evenings.  Although there are assumed to be the same population 
densities in the six categories of area types by day and evening, it is 
acknowledged that these area types are not necessarily the same post-sectors 
or, indeed, physical locations. 
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Figure F.5: Variation in Percentage of People in Areas of Different 
Population Densities in the Daytime and Evening 

Both the daytime and evening census data makes no distinction between the 
relative occupancy of people in other regions i.e. the home, pedestrian 
environments or in vehicles.  Therefore, a nominal split had to be assumed.  It 
was assumed that 5% of people were in vehicles, approximately based on the 
national statistic that people spend approximately one hour per day in their 
cars.  Also, 10% of pedestrians were assumed, to cover the fraction of time 
people spend out of doors.  A detailed treatment of these statistics could not be 
done in the timescales of this project, but modifying the fraction of pedestrian 
and vehicle users would not greatly change the results, and the most important 
statistic remains the fraction of people in workplaces. 

Similarly, there were few statistics available for the whereabouts of the 
population during the evening.  Therefore, it was assumed that practically all 
people were at home (97%) with a nominal 1% of people in work 
environments, vehicles and pedestrian environments.  Ultimately, the 
assumptions in Table F.1 were made on the relative locations of mobile users 
in the daytime (evening); these figures were assumed to hold for each year of 
the model. 
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Area type Pop Density Place of Work Home Vehicle Pedestrian 

Dense Urban 125,450 60% (1%) 25% (97%) 5% (1%) 10% (1%) 

Urban 18,000 55% (1%) 30% (97%) 5% (1%) 10% (1%) 

Semi Urban 4,000 50% (1%) 35% (97%) 5% (1%) 10% (1%) 

Suburban 369 45% (1%) 40% (97%) 5% (1%) 10% (1%) 

Semi Rural 80 42% (1%) 43% (97%) 5% (1%) 10% (1%) 

Rural 7 40% (1%) 45% (97%) 5% (1%) 10% (1%) 

Table F.1: Percentages of People in Different Environments 

F1.4.3 UMTS Penetration 

UMTS penetration for the UK was based on the market analysis provided by 
Analysys Consulting.  These give UK forecasts for 3G take up, which are 
generally higher than the Europe-wide forecasts of the UMTS Forum.  We 
considered these higher figures to be more appropriate given the anticipated 
uptake of 3G services relative to other European countries.  The penetration 
profile was varied for each different area type until agreement was reached 
with the Analysys figures, which were calculated to 2009.  The figures also 
reflected a generally faster take up of services occurring in more urban areas. 

Figure F.6 shows the overall assumed penetration figures for the UK and the 
fit of the model to the results of Analysys to 2009.  Beyond 2009, it was 
assumed that the UMTS penetration increased less quickly than it had in 
preceding years and as overall penetration slowly tends to 100%. 
(International data in the ITU shows mobile penetration slows as the number 
of subscribers approaches the population.).  By 2010, the UK 3G mobile 
penetration is 70% and by 2015 it is 83%.  

Also plotted in Figure F.6 is the corresponding UK penetration from the 
UMTS Forum figures.  As discussed, we assume that the UK penetration is 
expected to rise more quickly than the EU average. 
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Figure F.6: Assumed UK UMTS Subscriber Numbers 

Figure F.7 shows the assumed penetration profiles in the different regions, and 
therefore indicates that the rise in the more urbanised areas is assumed to be 
faster than in more rural areas. 
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Figure F.7: Assumed UK Penetration of Subscribers Per Area Type 

F1.4.4 UMTS Usage 

To calculate service usage, the data was taken from the UMTS Forum Reports, 
particularly Report 13, which described the subscriber uptake of a series of 
services, namely: Voice, Customised Infotainment, Mobile Intranet/Extranet, 
Consumer Multimedia Messaging Services (MMS), Business MMS and 
Mobile Internet Access.  Unfortunately, no usage figures were described with 
this data and so these had to be assumed by considering the potential use of 
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the underlying application.  However, a detailed calculation of usage profiles 
was beyond the scope of this project. 

It was also necessary to map services on ‘technical’ services (i.e. circuit or 
packet switched data services of a particular uplink and downlink rate).  For 
this latter exercise, it was generally assumed that there would be an increase in 
packet switched traffic for the non real time services as the network evolves.  
It was also assumed that there will be a general upgrade in speed of the circuit 
switched services (from UL:DL rates of 32:64kbps to 64:128kbps) as network 
optimisation increases capacity and performance as roll-out progresses. 

It was necessary to account for the fact that a fraction of traffic is generated by 
sources other than the mobile users (i.e. incoming calls).  Traffic was thus 
multiplied by a further factor to account for this fraction; for voice and 
messaging services, 50% of traffic was assumed to be generated by the mobile 
users, for internet access, infotainment and Intranet usage, either 90% or 100% 
of traffic was generated by the mobile users themselves. 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

2004 2005 2006 2007 2008 2009 2010

%
 P

ro
ba

bi
lit

y 
of

 'M
od

el
' S

er
vi

ce
 b

y 
a 

M
ob

ile
 U

se
r

64/128 PSD
64/128 CSD
32/64 CSD
Voice

 

Figure F.8: Assumed Split In The Relative Fraction of Users 

There was no distinction made in the modelling between the usage in different 
area types.  This follows from the observation in the market study of Ofcom 
Consumers’ Use of Mobile Telephony, Q9 May 2002 in which the ARPU was 
practically the same for urban and rural users at £18 and £17 per month 
respectively. 
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F1.4.5 UMTS RF Parameters 

UMTS technical parameters were required in the Monte Carlo simulation of 
QoS and also in the RF link budgets used in the dimensioning of cell sizes in 
the spreadsheet calculation of the subsequent effects of UWB on UMTS. 

To obtain such figures, there are a wide range of UMTS parameters available 
in published literature, including sources from the ITU, ETSI, vendor/operator 
publications and academia. 

For this study, the UK mobile 3G operators were consulted for input; and their 
input provided valuable contribution to the study.  A number of publicly 
available sources on UMTS were also consulted in order to validate RF 
parameters: 

♦ ETSI 3GPP reports:  
o 3GPP ETSI TR 25.942 V5.1.0 3rd Generation Partnership 

Project; Technical Specification Group Radio Access 
Networks; RF System Scenarios 

o 3GPP ETSI TR 125 942 V5.2.0 Universal Mobile 
Telecommunciations System (UMTS); RF System Scenarios 

♦ Radio Network Planning and Optimisation for UMTS, J Lahio, A. 
Wacker, T. Novosad, Wiley Press, 2002 (Nokia publication) 

♦ UMTS Radio Interface Roll Out Aspects, H. Santos Pinto, IEEE VTS 
Journal News, Vol. 48, No. 3, Aug 2001 (European 3G Mobile 
Operator) 

♦ Other general sources referring to the combined parameters used by 
3GPP, ITU and the ECC. 

 
The subsequent mobile station related variables are as follows: 
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Parameter Value Notes 

Maximum TX 
Power  

21dBm General consensus for all sources is that Max powers 
are 20dBm or, more usually, 21dBm 

Antenna Gain 0dBi Represents value used in greatest majority of cases, 
e.g. 3GPP, ITU, ECC 

Body Losses 3dB Included in 3GPP and ECC but not ITU calculations, 
with 3GPP being 1dB and ECC being 3dB. Also 
used in Lahio et al (pp286) where value is 3dB 

Noise Figure  9dB All of 3GPP, ITU-R and ECC assume 9dB. Lahio 
assumes 8dB, Pinto assumes 9dB 

Table F.2: Mobile related RF parameters 

The subsequent base station related variables are as follows: 

Parameter Value Notes 

Maximum TX 
Power  

40dBm Represents the maximum power to one carrier. 
Intermediate in value between the values described 
by ITU etc (43dBm) and Pinto (28dBm). 

Maximum TX 
Power/TCH 

28dBm Falls with typical values 

TX C-PICH Power 28dBm Falls with typical values 

Noise Figure  5dB Falls with typical values 

Cable and 
Connector Losses 

2dB Falls with typical values 

Antenna Gain 18dBi Patterns were taken from a well known antenna 
manufacturer for tri-sectored UMTS antennas with 
18dBi maximum gain 

Table F.3: Mobile related RF parameters 
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Other general parameters are as follows: 

Parameter Value Notes 

Soft Handover 
Window  

3dB Falls within typical values 

Soft handover Gain 2dB Falls within typical values 

Orthogonality 50% Falls within typical values 

Other Cell 
Interference  

1dB This was a simulation specific variable, to account 
for the fact that simulation time was reduced by 
modelling a small number of interacting sites (5) and 
selecting results from a central ring in which users 
were subject to interference power from several 
sectors. While these captured the behaviour of the 
UMTS network, it did not arguably capture the full 
extent of intersystem interference. Therefore, the 
link budget was degraded by this factor 

Table F.4: Miscellaneous Other Parameters 

F1.4.6 UMTS Propagation Models 

The usual approach for calculating propagation models is to assume the 
appropriate propagation model e.g. Cost231 as the fixed start-point of 
simulations or link budget calculations.  However, such calculations do not 
usually have such a stringent requirement on the offered traffic to the site, with 
values taken at near-capacity levels to show effects.  Examples of such studies 
are included in 3GPP 25.942 and Lahio et al.  However, the priority of this 
study was represent a national picture of the UMTS network across cells of 
different sizes, and thus it was considered importance that the offered UMTS 
traffic should be representative of the subscriber density of the area type of the 
cell, and that the number of cells of this area type are weighted with sufficient 
accuracy against the number of other area types.  This required a reasonable 
correlation to be made between cell sizes and population relationship and that 
the overall cell count is representative. 

With this consideration, adopting the conventional approach (starting with cell 
sizes deduced from propagation formulae) would have meant that a complex 
and very lengthy ‘fitting’ exercise would be required to adjust user densities 
across cell types in the different areas, to produce a consistent set of 
parameters for each area type.  The cell areas and subscriber densities would 
have to be adjusted until they were consistent between individual and 
collective area types, given UK population statistics, and it would also have to 
be ensured that the trends between areas were representative (i.e. subscriber 
numbers per site increase as cell sizes reduce).  It would also have been 
necessary to produce a representative national picture, so the adjusted 
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population densities and cell areas would have needed to add to reproduce the 
population density and coverage area of the UK. 

Therefore, an alternative approach was taken, which was to split the land area 
of the UK into the six area types and the user density in each area type.  The 
cell radius in each area was then adjusted to give a representative site count 
across the UK (10,000 macro sites by 2015) while also producing expected 
national coverage statistics i.e. around 90% area and 95% population.  The 
technique also ensured that the population densities of the six areas combine to 
reproduce the national population figures.  While this method produced the 
desired representative, national picture, it produced some uncertainty about the 
path loss equations that should be used in each of the six area types (for 
example, there is no clear evidence that the ‘urban’ environment described by 
Cost 231 should match the ‘urban’ areas in the model). 

With it being recognised that there is no established parameters that link the 
Cost 231 path loss formulae and the user densities for these areas, the 
propagation formulae for the start point were therefore taken from published 
literature, but small modifications to these formulae were made to produce 
what were felt to be the most representative, overall statistics.  This meant, for 
example, that the parameters were adjusted slightly, so that the QoS was 
around 95% at peak times for 2015 traffic in macro sites.  The results were 
that the path loss parameters still reflected the Cost 231 data, but there were 
slight differences e.g. the path loss was given by L=128+37log10(d) in both 
our model and the ITU 25.942 simulation for urban sites53.   

Penetration losses were also used of 10dB for in building and 5dB for 
vehicular users, added to the path loss of these parameters.  The path loss 
between users and base stations was also subject to a random element, which 
had a mean of zeros but a standard deviation of 8dB, serving to account for the 
effect of random fading.  Parameters for the path loss, expressed as 
PL=A=Blog10(d) are shown in Table F.5. 

 

Area 
classification 

Area type Cell radius A (dB) B (dB) 

#1 Dense urban 0.12 138 35 

#2 Urban 0.42 128 37 

                                                 
53 However, there were some differences between the expressions for micro sites because a 
pragmatic approach mean adjusting a formula of the form PL=A=Blog10(d), whereas the 
established micro cellular parameters have break points and while indoor parameters have 
floor and ceiling loss elements that increase complexity. 
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#3 Semi urban 0.8 123 37 

#4 Suburban 2 120 37 

#5 Semi rural 3 115 37 

#6 Rural 5 110 37 

Table F.5: Assumed Path Loss Parameters 

F1.4.7 UMTS Service Parameters 

The same sources used for the RF parameters were also consulted to obtain the 
service parameters i.e. Eb/No values and activity factors. 

Effectively, the trends were that the downlink Eb/No factors were generally 
higher than the uplink factors.  Also, the Eb/No values for packet switched 
services tended to be lower than for circuit switched, due to the lower 
requirement for bit-error rates.  The final values chosen for uplink and 
downlink rates represent a hybrid set from the above sources, with the activity 
factors taken from Lahio et al, which, in turn, was taken from an IEEE study. 

Service UL: Eb/No DL: Eb/No UL Activity DL Activity 

Voice 
(12.2kbps) 

4dB 6dB 0.6 0.5 

UL:DL 32/64 
kbps CSD 

2.5dB 5.5dB 1 1 

UL:DL 64/128 
kbps CSD 

2dB 5dB 1 1 

UL:DL 64/128 
kbps PS 

0dB -0.5dB 0.1 1 

Table F.6: Assumed Eb/No Values and Activity Factors Per Service 

F1.4.8 UMTS Radio Resource Assumptions 

A critical part of the calculation surrounds the radio resource algorithm used to 
reduce the throughput when power levels are violated.  There are two main 
ways that the radio resource algorithm can work.  Firstly, throughput per user 
can be reduced.  Secondly, calls can be dropped from the network.  Whereas a 
combination of both methods is probably a truer reflection of what would 
happen in a real UMTS network, the results from such an implementation in 
this study might lead to results that are difficult to interpret.  Therefore, we use 
the latter method of dropping users and interpret the final percentage of calls 
that are connected as a coverage percentage for the offered traffic.  
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There are also different ways that one can drop calls.  An ‘un-intelligent’ 
network would simply remove a random user from the system when the power 
levels over a link violates maximum values of the system.  An alternative, 
more intelligent, method will diagnose the links that demand significant power 
resources, and remove these so that the overall quality of service can be 
optimised. 

For the majority of our calculations, it was assumed that any UMTS devices 
where the pilot Ec/Io levels were violated were dropped.  The rationale for this 
is that these mobiles could not communicate with the base station to ascertain 
any power level requirements, and therefore no link is set up.  However, where 
there is a link that violates power levels on the traffic channels, then a random 
user is removed from the cell where the violation occurs.  

Therefore, the system is capable of some intelligence and represents an 
intermediate radio resource algorithm between the purely random method of 
dropping users, when there is a violated power level, and the intelligent 
method of optimising throughput by selecting mobiles that are demanding 
disproportionate levels of power resource and thereby reducing overall 
throughput.  Regarding the former model of radio resource allocation, it is 
believed that networks with a purely ‘un-intelligent’ method of dropping calls 
would lead to unrealistic results.  Such a network would suffer intolerably low 
QoS levels, since one user, which requires abnormally high power levels, 
could cause very many other users to drop to compensate for its power 
requirements.  With there being no area to bound the effect of such a user, 
then the effects could ripple through any contiguous area of cells; i.e. in 
theory, the whole network.  However, we believe that intelligent methods are 
not yet implemented and so an intermediate method represents a more realistic 
scenario. 

Corroboration for assuming some intelligence in this calculation was further 
given in an article by Sprint (ITU Document 1-8/5-E, Oct 03) where it was 
described: 

For a CDMA system if a call is close to a UWB device, that call may or 
may not be affected depending on the received signal strength from the 
Base Station.  If the call is close to a Base Station and the received signal is 
strong the handset will compensate for the UWB interference by requesting 
more power from the BS.  This may or may not drop the call depending on 
whether the maximum power has been allocated. In either case as more 
power is allocated, more in-cell interference occurs with a cascading effect 
of more handsets calling for more power to compensate.  Those calls 
requiring more power that are already close to the maximum power limit 
will be dropped.  Thus the fact that a call is close to a UWB device may not 
necessarily cause that call to be dropped but may cause other calls to be 
dropped.  The approach then is to look at the blocking probability of the 
whole cell area assuming a uniform distribution of callers. 
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F1.4.9 UWB Penetration 

UWB Penetration was taken from the central, low and high case estimates 
produced for this study (described in Section 4), which accounted for 22 
separate applications.  For the purposes of calculating the effect of the 
different profiles on the UMTS network, it was necessary to make further 
assumptions regarding how these devices are distributed within different 
environment types.  For this task, devices were classified as either belonging 
to an office (e.g. wireless file sharing between machines), belonging to a home 
(e.g. entertainment portal) or being portable (e.g. laptop applications).  In the 
first two cases, 100% of UWB applications were distributed in the place of 
work and home environments respectively.  In the case of ‘portable’ devices, 
then the devices were split between place of work and home with a ratio of 
57% to 43% respectively, reflecting an 8-hour to 6 hour split in waking time 
that a person typically spends in each environment during an average 
weekday. 

The breakdown of each application between place of work and home was 
therefore assumed as in Figure F.9: 
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Figure F.9: Assumed Environment Location of UWB Applications 

F1.4.10 UWB Density 

To deduce the probability of co-existence of UWB and UMTS devices, it was 
necessary to know the density of UWB devices in different environment types. 
In theory, there are several ways that this could be calculated, including 
analysis based on floor surface area of homes and offices.  However, such an 
approach was considered impractical and potentially inaccurate given the lack 
of information about floor areas; there was subsequent latitude for gross error. 
Therefore, a heuristic approach was taken by linking the UWB density to the 
density of people in different environments.  A density of people in an 
instance of each of the environment type was thus assumed, since this can be 
readily pictured and confirmed as realistic.  By also dividing the number of 
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overall UWB devices by the number of people in each year of the market 
penetration profile, then the relative densities of UWB devices and people is 
given.  Therefore, the densities of UWB devices can be obtained.  The figures 
for this calculation are shown in Table F.7. 

Environment Assumed area of 
environment 

People 
occupying 
environment 
in day 
(evening) 

Assumed people 
density (i.e. 
people/m2) in 
environment in 
day (evening) 

Place of Work 40m x 40m 50 (0.9) 3.1x10-3 (6x10-3) 

Home 10m x 10m 0.6 (1.8) 5.9x10-4 (1.8x10-2) 

Pedestrian/Vehicle UWB devices were not assumed to exist in these 
environments. 

Table F.7: Relative Densities of People Per Environment Type from 
which UWB Densities were Calculated 

The figures were both consistent with the day/evening populations in the 
model and corroborated by other indicators i.e. they were consistent with the 
number of people per household in the UK and the relative densities of people 
at work in day and evening.  The daytime density in places of work was also 
corroborated by ITU assumptions for PC density, which stands at 2.7x10-2/m2 
and closely resembles the 3.1x10-2/m2 in the table above. 

Another important assumption necessary to deduce co-existence, but not 
predicted in the market analysis, is that it was necessary to deduce the 
distribution of the population of UWB devices in different households and 
offices.  For example, one million devices could either be allocated such that 
there are 10 devices in each of 100,000 homes or 1 device in a million homes.  
Clearly, this will affect the final results because it will affect the probability 
that UWB devices and UMTS handsets are found in sufficient proximity to 
cause interference in the handset.  

To prevent single or even fractional numbers of UWB devices being presumed 
to exist in different environments, a further ‘probability of presence’ 
parameter, p, was introduced.  The parameter p serves to remove the 
possibility of artificially low UWB densities in the following way: if the 
average number of UWB devices per home from the market analysis is found 
to be 0.33, then by assuming p=10%, the 0.33 figure is interpreted as meaning 
there is average of 3.3 devices in 10% of homes and 0 devices in 90% of 
homes, which is realistic.  As UWB prevalence increases, so does p to reflect 
mass-market uptake.  In Table F.8, the number of devices stated as being in 
the place of work and home refer to that number in enabled environments. 
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Year UWB 
Uptake 
Model 

p(%) for 
Places of 
Work 

#Devices/ 
Place of 
Work 

p(%) for 
Homes 

#Devices/ 
‘Enabled’ 
Home 

2010 High 70% 59 50% 2.6 

2015 High 80% 188 80% 6.7 

2010 Medium  30% 26.5 5% 4.4 

2015 Medium 50% 75.7 25% 5.8 

2010 Low 20% 11.1 1% 3.1 

2015 Low 50% 25.3 10% 3.2 

Table F.8: Allocation of UWB Devices to Percentages of Environments, p. 
The Amount of People In Environments With No UWB Presence is 

100%-p. 

F1.4.11UWB Usage 

To calculate the interference to UMTS handsets requires the probability that a 
UWB device is not only present but also active.  Therefore, assumptions are 
necessary for the usage of the UWB devices in terms of the percentage of time 
the device is on.  Values for activity for the 22 applications considered in our 
UWB uptake forecasts were taken from a combination of ITU study on UWB 
interference (ITU 1-8/162E, pp15) and extrapolating the assumptions used by 
the ITU to the devices modelled in our study, where possible.  For remaining 
devices, further heuristic assumptions were required.  These parameters were 
expressed as the average number of sessions per day and session duration. 
Different values are defined for daytime and evenings.  Despite these 
assumptions, it proves that there are only a relatively small number of these 
applications that prove likely to cause interference in terms of their activity. 
Therefore, the key assumptions surround just these devices. 

The following Tables F.9 (a) and (b) represent the activity factors assumed for 
each of the 22 applications in daytime and evening respectively.  
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In-POW In-Home
PC to keyboard+mouse 100.00% 10.00%
PC to speakers 0.00% 0.00%
PC to microphones 1.25% 0.06%
PC to wireless monitor (with compression) 100.00% 10.00%
PC to LAN 100.00% 0.00%
PC to printers 0.42% 0.00%
PC to PDAs for file downloads (plus calendar/email synchronisation) 0.42% 0.00%
PC to mobile phone / mobile to mobile / mobile to PDA 0.42% 0.00%
PC to PC wireless file sharing between machines 0.42% 0.00%
PC to digital camera downloads 0.00% 0.04%
PC or DVD Recorder to digital video camera for download (e.g. ‘FirewireTM, IEEE 1394 replacement) 0.00% 0.04%
Universal Serial Bus (USB) in general for high rate applications. 12.50% 0.00%
PC or Digital Video Player (DVP) to wireless video projection 50.00% 0.00%
PC to scanner 0.78% 0.01%
PC to MP3 players (flash based) for file downloads 0.42% 0.02%
Hi-Fi/CD player to speakers (surround sound with seven channels) streaming 0.00% 2.50%
DVD player to wireless TV/video projector for home theatre streaming 0.00% 1.25%
PC to wireless video projector for home theatre streaming 0.00% 1.25%
Set-top digital TV box to TVs streaming (multi-channel) 0.00% 1.25%
Games console to TV screen streaming 0.00% 0.63%
PC or DVD player to personal video player/recorder movie downloads 0.00% 2.50%
PC to Hi-Fi music downloads 0.00% 1.25%  

Table F.9 (a): Daytime UWB Activity Factors in Place of Work (POW) 
and Home 

In-POW In-Home
PC to keyboard+mouse 2.00% 8.33%
PC to speakers 0.00% 8.33%
PC to microphones 0.00% 8.33%
PC to wireless monitor (with compression) 2.00% 8.33%
PC to LAN 1.00% 0.00%
PC to printers 0.01% 0.00%
PC to PDAs for file downloads (plus calendar/email synchronisation) 0.01% 0.00%
PC to mobile phone / mobile to mobile / mobile to PDA 0.01% 0.00%
PC to PC wireless file sharing between machines 0.00% 0.00%
PC to digital camera downloads 0.00% 0.06%
PC or DVD Recorder to digital video camera for download (e.g. ‘FirewireTM, IEEE 1394 replacement) 0.00% 0.06%
Universal Serial Bus (USB) in general for high rate applications. 0.33% 0.00%
PC or Digital Video Player (DVP) to wireless video projection 0.00% 0.00%
PC to scanner 0.01% 0.00%
PC to MP3 players (flash based) for file downloads 0.01% 0.03%
Hi-Fi/CD player to speakers (surround sound with seven channels) streaming 0.00% 8.33%
DVD player to wireless TV/video projector for home theatre streaming 0.00% 8.33%
PC to wireless video projector for home theatre streaming 0.00% 8.33%
Set-top digital TV box to TVs streaming (multi-channel) 0.00% 8.33%
Games console to TV screen streaming 0.00% 8.33%
PC or DVD player to personal video player/recorder movie downloads 0.00% 6.67%
PC to Hi-Fi music downloads 0.00% 8.33%  

Table F.9 (b): Evening UWB Activity Factors in Place of Work (POW) 
and Home 

The rationale and assumptions necessary for these calculations are described 
in Table F.10 for daytime activity factors. 

Following this table, the rationale and assumptions necessary for these 
calculations are described in Table F.11 for evening activity factors. 
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UWB Application Rationale 

PC to keyboard + 
mouse 

For POW, the assumption uses the precedent from the ITU study that PC based 
daytime/office applications run for 1x 8hour session per day.  Therefore, this is 
assumed as an always on device.  For home, the assumption is used that sessions 
per day = 0.1 representing some nominal use by home workers or non-workers. 

PC to speakers Nominal usage assumed 

PC to microphone Assumed to be used at the same rate as 2x3 minutes telephone calls per day. 

PC to wireless 
monitor 

Given by ITU 1-8/162E 

PC to LAN Assumed as an ‘always on’ application where present in the POW, and not used 
in homes 

PC to printer Given by ITU 1-8/162E 

PC to PDAs Given by ITU 1-8/162E 

PC to mobile 
phone 

Assumed to be the same as for PC to PDA’s, given by the ITU 

PC to PC Given by ITU 1-8/162E 

PC to digital 
camera downloads 

Not used in POW. Very small, nominal use in the home in daytime. 

PC to DVD Not used in POW. Very small, nominal use in the home in daytime. 

USB Assumed as operating for a percentage of time (12%) where conventional cable 
is not convenient. Not used in the home. 

PC to Video 
projector 

Given by ITU 1-8/162E 

PC to scanner Given by ITU 1-8/162E 

PC to MP3 Assumed the same as PDA usage, given by ITU 1-8/162E 

HiFi/CD to 
speakers 

Limited use in the home – once every 10-20 days in daytime 

DVD to wireless 
TV 

Limited use in the home – once every 10-20 days in daytime 

PC to video 
projector 

Limited use in the home – once every 10-20 days in daytime 

Set top box (TV 
streaming) 

Limited use in the home – once every 10-20 days in daytime 
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Games console to 
TV 

Limited use in the home – once every 10-20 days in daytime 

PV to DVD (movie 
download) 

Limited use in the home – once every 10-20 days in daytime 

PC to HiFi (music 
download) 

Limited use in the home – once every 10-20 days in daytime 

Table F.10: Rationale for Daytime Activity Factor Assumptions for the 
Considered UWB Applications  

UWB Application Rationale 

PC to keyboard+mouse For PC/Internet related applications, assume 1 x 30minute 
session per evening, in line with typical figures for Internet 
use.  For POW devices, scale the daytime figures with the 
ratio of people in work in daytime and evenings. 

PC to speakers For PC/Internet related applications, assume 1 x 30minute 
session per evening, in line with typical figures for Internet 
use.  For POW devices, scale the daytime figures with the 
ratio of people in work in daytime and evenings. 

PC to microphone For PC/Internet related applications, assume 1 x 30minute 
session per evening, in line with typical figures for Internet 
use. For POW devices, scale the daytime figures with the 
ratio of people in work in daytime and evenings. 

PC to wireless monitor For PC/Internet related applications, assume 1 x 30minute 
session per evening, in line with typical figures for Internet 
use.  For POW devices, scale the daytime figures with the 
ratio of people in work in daytime and evenings. 

PC to LAN No home use. For POW devices, scale the daytime figures 
with the ratio of people in work in daytime and evenings. 

PC to printer For home use, assumption is made for 1 session per week, 
with the same session duration as a POW session as defined 
by the ITU.  For POW devices, scale the daytime figures 
with the ratio of people in work in daytime and evenings. 

PC to PDAs No home use.  For POW devices, scale the daytime figures 
with the ratio of people in work in daytime and evenings. 

PC to mobile phone No home use.  For POW devices, scale the daytime figures 
with the ratio of people in work in daytime and evenings. 

PC to PC No home use.  For POW devices, scale the daytime figures 
with the ratio of people in work in daytime and evenings. 

PC to digital camera Identified as a device used periodically for entertainment. 
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downloads Therefore, assumed that there is 1 session every 10 
evenings.  Session duration uses ITU data that a 70Mb A4 
download=4s - therefore 30 photos at the same rate = 120s -  
i.e. 2 minutes.  No POW devices assumed. 

PC to DVD Assumed with usage as above. 

USB For POW devices, scale the daytime figures with the ratio 
of people in work in daytime and evenings. 

PC to Video projector Assume no use in evenings. 

PC to scanner Given by ITU 1-8/162E.  Assume same usage per 
device in home and POW. 

PC to MP3 Assume figures from ITU PDA usage. 

HiFi/CD to speakers Assume high use home device – 1x1 hour session every 2 
evenings. No POW devices. 

DVD to wireless TV Assume high use home device – 1x1 hour session every 2 
evenings. No POW devices. 

PC to video projector Assume high use home device – 1x1 hour session every 2 
evenings. No POW devices. 

Set top box (TV streaming) Assume high use home device – 1x1 hour session every 2 
evenings. No POW devices. 

Games console to TV Assume high use home device – 1x1 hour session every 2 
evenings. No POW devices. 

PV to DVD (movie 
download) 

Assume as a relatively high use home device – 1x1 hour 
session every 5 evenings based on 1 film watched per week. 
No POW devices. 

PC to HiFi (music 
download) 

Assume high use home device – 1x1 hour session every 2 
evenings. No POW devices. 

Table F.11: Rationale for Evening Activity Factor Assumptions for the 
Considered UWB Applications  

Activity factors were assumed to remain the same throughout the time scales 
of the model. 

There are very many assumptions made in the Tables above, all being 
necessary in an attempt to simulate the co-existence situation that may occur 
in the UK over the next few years.  However, it proves that only some of these 
assumptions are likely to have a significant effect, namely the ones relating to 
the usage figures of UWB devices that are likely to be most active.  
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To illustrate these devices, the activity factors are plotted for daytime and 
evening use in Figures F.10 (a) and (b) respectively. For the daytime, it is seen 
that critical devices are: PC-to-mouse, PC-to-monitor and PC-to-LAN.  For 
evening use, there are no devices that are always on but a number with 
significant activity factors, including the PC-related devices and entertainment 
devices connected to, for example, HiFi’s. 
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Figure F.10 (a): Assumed Daytime Activity Factors for UWB Devices 
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Figure F.10 (b): Assumed Evening Activity Factors for UWB Devices 
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F1.4.12 UWB RF Parameters 

The technical parameters of the UWB devices included the power levels in the 
UMTS band. 

Three power levels were investigated at –51.33dBm, -65dBm and –85dBm, 
corresponding to the FCC mask limit, draft ETSI mask and the value of UWB 
emission desired by the mobile operator community and discussed in previous 
Mason studies for the RA, respectively.  

In relation to the effect that UWB interference has on the UMTS handset.  In 
previous literature, UWB interference has been assumed as additive white 
Gaussian noise into the UMTS receiver; justifications for this assumption are 
discussed in the first Mason study.  In the follow-up Mason study conducted 
for the RA (now forming part of CEPT and ITU inputs), this view was largely 
corroborated when a link level simulator, accounting for the UWB pulse shape 
and its subsequently modification through the UMTS front-end receiver, was 
shown to effectively degrade the link budget of the UMTS mobile handset by 
an amount that depended principally on the coupling loss between the handset 
and UWB device.  Therefore, a 30dB reduction in coupling loss led to 30dB 
degradation in link budget.  Therefore, it appeared that the most significant 
variable was simply the distance between UMTS handset and UWB device.  
The only exception to this rule within a wide range of scenarios was for a 
UWB monitor interfering with a handset running a 384kbps packet service, 
where the degradation was very much less. 

Therefore, assuming that the AWGN assumption is both the ‘usual’ and ‘worst 
case’, this was retained for these calculations.  While there are acknowledged 
exceptions, these are relatively rare, and do not occur for voice, circuit 
switched services, packet switched services up to 144kbps.  Given that there 
are 22 UWB applications and four UMTS services to consider, it was 
requested that previous results be used, and so effort was concentrated on the 
more important contributory factors that drive the interference costs in this 
study.  Such variables include the effect of the UWB power in the UMTS 
band, the effect of localised UWB densities and the area types.   
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F.1.4.13 UWB Propagation Models 

In all cases, the UWB density was assumed as free space path loss within the 
confines of the environment type.  This was justified by examining the likely 
levels of interference from devices at different distances away from the mobile 
and compared to the UMTS receiver sensitivity.  It was felt that the extra 
sophistication from introducing more complex indoor path-loss models would 
have offered little extra accuracy given the uncertainty that would have 
resulted from assuming arbitrary configurations of walls, floors etc. 
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F2. UMTS COST RESULTS:  SENSITIVITY ANALYSIS 

To investigate the sensitivity of the interference cost results presented in the main 
body of this report to key modelling assumptions and variables, we have conducted a 
sensitivity analysis, where the key variables under test have effectively been (i) area 
type (ii) UWB power (iii) UWB take up profile and (iv) year.  

F2.1 Variations Between Daytime and Evening Interference Effects 

To understand the effects of whether daytime or evening traffic profiles are likely to 
represent the worst case in terms of co-existence, and therefore set the ultimate 
reduction in QoS, simulations were carried out using daytime and evening UMTS and 
UWB parameters; when the UWB emission level was at –65dBm in the UMTS band.   

The results were that in the daytime activity scenario, the QoS for the UMTS network 
with no UWB present was calculated to be in the region of 95.3%-95.6% (the small 
range being down to the convergence criteria in the Monte Carlo model).  However, 
when UWB was introduced the degradation was markedly greater in the daytime case.  
In fact, in the daytime the degradation was 0.15% compared to no noticeable changes 
in the evening case.  This meant that the simulation tool had predicted several 
hundred users out of many thousands of simulated users were dropped in the daytime 
calculations, but very few for the evening.  

The QoS changes were reflected by the changes in base station power required to 
serve the mobiles on the downlink.  In the daytime, the base stations were typically 
using around 2.7Watts of power, which increased to 2.8W with UWB present.  This 
meant that the QoS change was measurable at a few percent.  By contrast, in the 
evenings, the base stations were emitting just less than 1W and the changes were 
measured in just a few mW i.e. << 1%.  Clearly, the extra presence of UWB caused 
more significant effects in the daytime.  The results are summarised in Table F.12 
below, where the activity factor of UWB devices in places of work, compared to the 
lower density and activity factors in homes in the evening, are included as the key 
factor in these trends: 

 Daytime Evening 

UMTS Subs per m2 75 50 

% UMTS Subs (POW) 55% 1% 

% UMTS Subs (Home) 40% 97% 

UWB Device Density in POW 2.6x10-2 per m2 (59 per 40mx40m office) 

UWB Device Density in Home 1.3x10-2 per m2 (2.6 per 10x10m home) 

Avg UWB POW Activity 0.182 0.002 

Avg UWB Home Activity  0.014 0.062 
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UMTS QoS (no UWB) 95.25% 99.65% 

UMTS QoS (with UWB) 95.10% 99.65% 

Table F.12: Results of a Comparison of QoS Changes from UWB in 
Urban Area in 2010 

As a result of this finding, the cost figures in the cost-benefit analysis in the main 
body of this report represent the result of simulation investigations concentrated on 
the daytime parameters.  It is clearly in the daytime scenario, where people are largely 
in places of work with UWB presence, that the UMTS coverage is most affected by 
UWB. 

F2.2 The Effect of Reference Year: 2010 and 2015 

Network operators build their networks well in advance of requirements, and so the 
site requirement at a future date, to which their network is planned, will start to incur 
costs from the present time through the build-out of a denser footprint.  Therefore, to 
show the extra costs incurred by a UMTS network, it was necessary to choose a 
future, reference year as the basis for the comparison of the UMTS site requirement 
with and without UWB.  

The original remit for this project suggested producing costs over a 5-year plan. 
However, the market analysis and predictions of Dot-Econ produced results which 
suggested that the mass uptake of UWB devices could well be happening after 2010. 
Therefore, a comparison was made of the network requirement using 2010 and 2015 
as the foundation points. 

This comparison involved comparing the results of changes in QoS in urban, 
suburban and rural area for UMTS an UWB figures pertaining to 2010 and 2015.  The 
comparison was made assuming a high uptake of UWB devices, with emission levels 
at –65dBm.  

The results showed marked differences, with the QoS typically reduced by UWB by 
small fractions in the range of 0.05% - 0.2% in 2010, despite the –65dBm emission, 
but significantly higher fractions of 0.5% - 2% in 2015.  This simply reflects the 
sudden uptake of UWB devices in the period 2010-2015 predicted by the UWB 
uptake forecasts developed for this study, whilst extra traffic, thus load, on the UMTS 
network serves to heighten the effect further.  These results were converted to changes 
in cell radius, area and then costs, which are shown in Figure F.11 in terms of the 
additional yearly costs up to 2015. 
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Figure F.11: Comparison of Costs of QoS degradation in 2010 and 2015 
for a High Uptake of UWB Devices Emitting at –65dBm in the UMTS 

Band 

For this scenario, which represents the high uptake of UWB devices and the 
intermediate emission limit, the results suggest that each operator could be paying up 
to £20m-£30m per year more based on the UWB reference year of 2015 than had 
UWB not been introduced.  The figure is considerably lower if the reference year is 
2010, at around £2.5-£3m.  The slight variations from year to year in this plot are 
down to the assumption of the staggered roll-out in different area types. 

When the cumulative costs are plotted, the full costs of potential UWB interference 
are seen in Figure F.12. 
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Figure F.12: Comparison of Cumulative Costs of QoS degradation in 2010 
and 2015 for a High Uptake of UWB Devices Emitting at –65dBm in the 

UMTS Band 
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The costs profiles are clearly very different when the UWB levels of 2010 and 2015 
are used.  This is because, from 2010 to 2015, the market analysis predicts that there 
is a significant increase in UWB device densities from 2.6x10-2/m2 in places of work 
to 9.4x10-2/m2 for the high-uptake assumption.  The average activity factor of devices 
was also predicted to increase from 0.18 to 0.23, by virtue of the application types that 
are introduced during this timeframe.  This approximately four-fold increase in UWB 
density is therefore responsible for a tenfold increase in costs, with cumulative costs 
predicted at £300m over 11 years (i.e. about £30m per year).  Although, there was 
only, at most, a 2% percent change in QoS by introducing UWB, this caused several 
percent changes in cell range and 5%-10% in cell area.  Consequently, there was an 
extra site requirement of some 1,300 sites in the final count for the 2015 reference 
year.  The build of these extra sites is then assumed to occur throughout the lifetime 
of the model, leading to considerable extra cumulative OPEX costs.  

To illustrate the origin of this cost, the extra 1,300 sites represent an extra CAPEX of 
around 1,300x£100k=£130m plus £20k OPEX per year per site for, on average, 6-7 
years representing half of the duration of the business model.  This leads to a total 
OPEX of 1,300 x 6.5 x £20k = £170m.  The £130m CAPEX and £170m OPEX 
account for the £300m total.  The costs, therefore, can be tracked to the highly 
sensitive nature of the UMTS cell radius to small changes in QoS, and the fact that 
cell areas vary as cell range squared. 

The main implication of this result is that, although the UMTS network may have 
reached saturation by 2015 in terms of traffic, subscriber numbers and site counts, it is 
the UWB population that requires careful consideration.  Ultimately, the UWB effect 
should even arguably be considered for years beyond 2015 in determining the cost to 
UMTS networks. 

F2.3 The Effect of UWB Uptake Curves 

It is clear that the UWB density had a significant effect on the UMTS network.  It is 
also apparent that the UMTS costs increased with UWB density according to a power 
law, such that relatively small changes in UWB density could have a significant effect 
on costs.  

Therefore, this section describes comparisons made between the effect of assuming 
the low, medium and high UWB uptake curves predicted for this study.  

The results were obtained by comparing national costs of UWB to UMTS, using 2015 
as the reference year that served to indicate the fractional increase in site count that 
was required to maintain QoS.  The UWB power levels were –65dBm in the UWB 
band.    The results for year-on-year changes in network costs are shown in Figure 
F.13 for the three UWB penetration profiles.  
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Figure F.13:  Variations in Costs to UMTS from Assuming Different 
UWB Uptake Curves 

In many ways, this result reflects an intuitive conclusion; that the changes in UWB 
density and, to a lesser extent, activity factor, serve to increase the costs to UMTS 
significantly such that costs increase by a greater rate than UWB density.  In this 
investigation, the costs for the low uptake profile were relatively small at £100k-
£200k per year.  For the medium uptake case, the costs are around £1m-£2m per year. 
For the high uptake case, the costs are £20m per year. 

The cumulative costs are now plotted in Figure F.14: 
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Figure F.14:  Cumulative Costs for Different UWB Uptake Curves 
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This demonstrates that, by 2015, the cumulative costs of UWB to UMTS lies in a 
wide potential range, depending on the uptake.  These final cumulative costs at 2015 
are summarised in Table F.13.  

 Cumulative Cost/ op  Cumulative Cost/ UK 

Low £1.7 million £8.6 million 

Medium £26 million £134 million 

High £314 million £1,571 million 

Table F.13: Cumulative Costs in 2015, from UWB, to the Individual and 
Combined UMTS Operators 

F2.4 The Effect of UWB Power Levels 

Another key factor in the results is the emission levels with which UWB devices are 
allowed to operate.  To investigate this variable, the results of average QoS changes 
are plotted for different power in Figure F.15: 
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Figure F.15: Change in QoS With Different Power Levels 

The result is clear – that the power levels cause (i) very significant QoS degradation 
in the order of 4% when the emission levels are at –51dBm, (ii) measurable though 
relatively small QoS degradation of around 0.1% - 0.2% when the emission levels are 
at –65dBm and, finally, (iii) negligible degradation to UMTS QoS when the power 
levels were at –85dBm. 

For the –51dBm emissions, increasing the cell area to compensate a 4% change in cell 
radius represents changing the cell radius by a significant fraction. As indicators, 
changing the QoS in a suburban site from 90% to 86% represents changing the cell 
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range from 2.0km to 2.2km i.e. from an area of 10km to 13km.  Changing the QoS in 
an urban cell from 90% to 86% represents changing the cell range from 0.42km to 
0.47km i.e. from an area of 0.47km2 to 0.57km2.  Therefore, in both cases, the 
coverage area is effectively changed by about 25% by UWB.  Therefore, the extra 
network costs runs at a factor of about 1.25 higher. 

Year on year costs for this scenario are shown in Figure F.16. 
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Figure F.16: Year on Year Changes in Costs for Medium UWB Uptake 
and 51dBm Emissions 

Cumulative costs are shown in Figure F.17. 
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Figure F.17: Effect of –51dBm Power Levels on UMTS Network Costs for 
One Operator 
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In the case where UWB emissions are –65dBm and they degrade the UMTS 
performance by parts of a percent, the costs are obviously many orders lower.  The 
results for a single operator are shown in Figure F.18 below. 
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Figure F.18: Effect of –65dBm Power Levels on UMTS Network Costs for 
One Operator 

In the simulation studies, investigations were carried out for the suburban, urban and 
dense urban areas using emission limits of –85dBm.  However, it is indicative that 
there were barely perceptible changes in the QoS; either there were no dropped call 
events or the dropped call events were less than 0.01% during these simulations. 
Therefore, this represented very rare events; although the rareness of the events means 
that there is a relatively wide potential confidence interval around this 0.01% figure 
because of the few events that were detected, the fact was that around 150,000 
suburban users, 353,000 urban users and 200,000 dense urban users were simulated, 
giving a total of around 700,000 opportunities for the simulator to produce dropped 
calls.  The costs, in this case, were somewhat nominal at around £40k-£50k per year 
per operator. 

In this latter –85dBm case, the statistical nature of the modelling approach in this 
study probably reaches its limitation in terms of extracting QoS changes and related 
costs.  There may be cases where UWB and UMTS devices co-exist very closely, but 
in ways that are not represented by the model, which assumes random device 
distributions over environment floor areas.  One might imagine devices located on 
desks in very close proximity to people, and therefore not obeying the assumption of 
uniform, randomly distributed devices.  The result might be that UWB causes 
problems in a similar way to domestic microwaves ovens i.e. rare, isolated 
occurrences of interferences in specific, highly localised settings.  To try and further 
model these effects would require further research into a range of office environments 
to gain a detailed understanding of desk sizes, furniture and application usage at desks 
and around offices throughout the UK.  We do re-visit these considerations in the 
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following sub-section on ‘Very Localised’ interference effects to gain some insight 
into the nature and order of magnitude one might expect this effect to take.  

The summary from this section is that the emission levels have a significant effect on 
UMTS costs.  For levels of –51dBm, the cumulative costs to 2015 of restoring QoS 
run at over a £700million per operator given a medium take-up of UWB.  For the 
emission level of –65dBm, the costs are a relatively small fraction of this at 
£27million per operator.  For –85dBm, the costs are nominal with very few instances 
of interference being measured. 

F2.5 Effects of Increasing the DL Interference From Other System Interference 

One of the debates surrounding UWB following the industry workshop we held, as 
part of this study in July 2004 was whether any interference seen by UMTS would be 
relatively insignificant compared to that received from other sources, including other 
technologies.  Therefore, Ofcom requested that a scenario be investigated where there 
is a further degradation to the UMTS link budget due to noise from other technologies 
and, in particular, 2.4 GHz WLAN systems.  

In this investigation, we make comparisons representing a UMTS urban, daytime 
scenario in 2015 where the UWB uptake is ‘medium’ and the emission level is –
65dBm. 

The difference between the two scenarios is that, in the presence of the additional 
noise, there is additional interference degradation to the downlink budget.  This was 
arbitrarily set at 3dB above the background noise, kTB, of the handset to nominally 
represent the effect of WLAN interference.  

In this scenario, the effect of the extra downlink budget degradation was certainly 
considerable. Table F.14 summarises the result and indicates the degradation in QoS 
due to UWB, compared to UWB with other noise sources, was increased by the 
additional ‘WLAN’ interference by a factor of over four. 

 No Link Budget 
Degradation 

+3dB Link Budget 
Degradation 

QoS Before UWB 94.49% 94.57% 

QoS After UWB 94.33% 93.68% 

Change in QoS 0.16% 0.89% 

Table F.14: QoS Changes Due to the Combined Effect of UWB and a 
Further Inter-system Interference Source Such as WLAN 

This result serves to scale the effect of UWB with a reference noise rise level.  
However, it is difficult to gauge the implications of this particular result further 
without studying the scenario of combined UWB and other-system interference in 
more detail.  To fully understand the relative effects of UWB and WLAN technology 
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on UMTS requires a more detailed simulation study by, for example, incorporating 
wireless transmitters at random locations throughout the UMTS environment. 
Moreover, these transmitters should be in locations that reflect the environments of 
the mobile users and their transmission powers should reflect likely traffic levels. 
Only then would we be certain that the UMTS mobile receivers were subject to 
representative interference levels and costs were representative. 

F2.6 The Effectiveness of Increasing Site Numbers to Overcome QoS Degradation 

A simple test was carried out to understand whether introducing extra sites into the 
UMTS environment would restore the QoS to planned levels.  Rather than modelling 
the impact of adding 15 cells, a further 3 cells via a tri-sectored base station, was 
introduced at an intermediate point between two of the other sites.  Given the mode of 
simulation is to introduce users around the cell area, the user density per site was then 
reduced by a fraction of 5/6 to reflect that the same UMTS subscriber density is 
served by 6/5 more cells (i.e. to maintain the same number of users over an higher 
number of sites).  The QoS was measured for ‘before UWB’ and after ‘UWB’ cases 
and then compared with the QoS change for the case when there were less sites.  
Simulations were compared for the most severe scenarios of UWB interference i.e. 
high UWB uptake and –51dBm emissions, representing the highest possible effect of 
UWB.  As expected, in the simulation studied, introducing the extra site had little 
effect on the degraded QoS, raising it from 67% to 70%.  This demonstrates that the 
concept of restoring QoS by adding additional sites will not, in practice, overcome the 
effect of UWB distortion to UMTS mobile reception, since the impact primarily 
depends on there being a UWB device transmitting close to a UMTS mobile.  
Irrespective of the number of sites, the impact of this will be for the mobile to require 
additional downlink power to overcome the UWB noise, thus impacting both the user 
cell plus neighbouring cells.  

Whilst this is an intuitive observation, it nevertheless corroborates the concerns 
expressed by the UK UMTS operators to Ofcom that introducing extra sites does not 
necessarily restore capacity.  This may merit further investigation when understanding 
the implications of the costs derived using QoS arguments. 

F2.7 Effects of Assuming Different Unit Site Costs 

A calculation was carried out to understand the sensitivity of changing the unit cost of 
sites and their breakdown.  The simulation results were used for the  –65dBm 
emission cases, with a medium uptake of UWB. 

Overall national network costs vary, of course, if the unit CAPEX and OPEX costs 
vary.  To set the possible interval of these costs, we suggest that both CAPEX and 
OPEX costs could be ± 20% of the assumed values.  This variation comes from both 
the uncertainty in unit costs and the uncertainty in the breakdown of potential site 
types i.e. the percentage of sites that are own-build versus shared sites.  This leads to 
the range of possible cumulative costs by 2015 shown in Table F.15. 
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UWB emission 
level 

Medium Uptake 
case 

+ 20% costs - 20% costs 

-51dBm £712m £854 £569m 

-65dBm £27m £32m £21m 

-85dBm £0.64m £0.73m £0.52 

Table F.15: Effect of Variations in Unit Costs on Cumulative Costs Per 
Operator to 2015 

F2.8 Very Localised Effects 

An observation raised during the course of this study has been that, in context with the 
–85dBm results, the Monte Carlo modelling approach may not fully account for all 
elements of co-existence; namely the cases of highly localised clustering of devices 
on desks within an office.  Since the Monte Carlo model distributes devices around 
offices and homes on a random basis, it potentially underestimates the co-existence 
effect from devices used within the immediate local vicinity of people i.e. on their 
desks or kept on their person. 

To understand the possible consequences of this effect, the UWB applications were 
re-visited and those that represented ‘on person’ or ‘on desk’ applications were noted 
as being ‘very localised devices’.  Such applications included PC to mouse and PC to 
monitor (the probability of temporal coexistence of UWB transmissions and UMTS 
calls is then simply the multiplied activity factor of UWB and the percentage of time-
on of the UMTS handset).  

The calculation therefore calculated the probability of co-existence, P, for one 
environment type as: 

).().().(
,1

iiAiDAP
ni

UMTS δ∑
=

=  

where D(i) is the UWB devices per person in a place of work, A(i) is the activity 
factor of that device, δ(i) is either a ‘0’ or a ‘1’to say whether the UWB device is co-
located. P therefore refers to the probability of co-existence between a phone call and 
active UWB device.  For all workplace applications, a judgement was made as to 
whether the device was in the vicinity of a person and on this basis δ(i) = 1 for all 
devices except for printers and video-projectors.  Finally, AUMTS is the activity factor 
(percentage time on of a UMTS handset during a peak daytime hour) and was found 
to be about 5% in 2015 assuming 12% of daily traffic in this hour. 

This calculation led to a place of work value for P of 0.5% for a medium UWB 
uptake, rising to 3% for the high UWB uptake.  For home use in the daytime, the 
value was found to be 0.1% (medium uptake) and 0.5% (high uptake).  The weighted 
value, considering the relative locations of people, was then just below the average of 
place of work and home (given there are also pedestrians and vehicle users amongst 
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the mobile population) at around 0.3% for the medium uptake and 1.7% for the high 
uptake.  

The calculation also served to provide information on a possible lower bound on the 
‘low uptake’ case, where P was 0.01% at a place of work and 0.001% for the home in 
daytime, such that the average is about 0.005% across the combined landscape. 

It could be argued that this serves as the very worst-case baseline to the QoS 
calculations carried out using the Monte Carlo simulator.  Of course, the above values 
of P would not all translate into dropped calls, because attenuation of UWB occurs 
over the metre-type distance that still separates UWB devices and handset.  Moreover, 
only the mobile users in the tail of the probability distribution of downlink 
power/TCH would most probably be affected.  Assuming that the mobile-UWB 
separation distance is 0.5metres in these highly localised instances, giving rise to a 
received in-band power of      –85dBm for –65dBm UWB emissions, it would only be 
users with downlink traffic channel powers in the range of 20dBm and upwards that 
could be considered as ‘in jeopardy’.  Of course, the number of these devices 
represents various fractions of the total mobile population in different scenarios but, 
as an indicator, Figure F.19 plots this distribution for a highly loaded network.  The 
data suggests such a fraction is typically less than 10%.  Therefore, it is suggested that 
the QoS degradation from highly localised users represents (as an approximation) 
around 10% of P i.e. 0.05% QoS changes for medium UWB uptake and 0.3% changes 
for high uptake.  This calculation also serves to suggest a lower limit in the order of 
0.0005% on the low uptake case.   

It should also be noted that only a fraction of people occupy their workspaces, so for 
most practical purposes, δ(i) < 1 in the previous equation.  Moreover, QoS changes 
drop as AUMTS reduces in non-busy hour times plus the probability distribution 
function of BTS TCH powers shifts to the left in lightly or medium loaded cells, gives 
lower percentages in the tail. 

Therefore, a range of factors that might modify the assumptions.  It should be noted 
that the lower bound of 0.005% for the low uptake case is used in our results in the 
main body of the report for the –85dBm case, where the Monte Carlo simulation tool 
is impractical for probing such rare events (run times would be inordinately long to 
sample such rare occurrences plus the model does not, anyhow, capture the ‘very 
localised’ events).   
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Figure F.19:  Probability Distribution Function of Downlink Base Station 
TCH Power Requirements For (top) No UWB Case (centre) UWB present 

(bottom) The Difference From A Typical Simulation Investigation in A 
Highly Loaded UMTS Network 
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G.1 PROBABILITY OF ERROR MODEL 

G1.1  Introduction 

This appendix describes the methodology used to evaluate the interference effect of 
UWB on other radio systems based on the calculation of the Probability of Error at 
affected receivers.  The Probability of Error is generated from the external UWB 
noise at the receiver antenna.  A Monte Carlo algorithm is used to run the simulations.  

The key assumptions used to define different interference scenarios and for which the 
results of our study are most sensitive are described, in particular concerning UWB 
emissions, affected receiver characteristics, UWB distribution within different 
environments, propagation models and activities of UWB applications.  The key 
features of the Monte Carlo algorithm used to simulate the UWB interference effect 
are also described. 

G1.2 Model Methodology 

To simulate the effect that UWB devices have on Fixed Wireless Access systems, 
Microwave Fixed Links systems and Fixed Satellite Service systems, we have 
developed a computer based Monte Carlo Co-Existence Model. The interference 
effect is measured in terms of Probability of Error at affected receivers, as this is a 
key consideration when evaluating the performance of wireless systems54.  

To evaluate the interference level at UWB affected receivers, we estimate the noise 
introduced through the affected receive antenna from UWB devices, and accordingly 
we calculate the Probability of Error at affected receivers55.   

The following are the key factors used to calculate the error probability at affected 
systems: 

• The operating noise power ( inN ) generated from the usual external 
environment – with no UWB devices, and from the components of the 
affected receiver 

• The interfering power ( UWBP ) picked up by a affected receiver from active 
UWB devices appearing as a background noise, and will depend on the 
following: 

♦ The Power Signal Density (UWB_PSD) of UWB systems 
♦ The affected receiver’s bandwidth (Victim_Bandwidth) 
♦ The propagation path loss ( losspathvictimtoUWB ____ ) within the 

building hosting UWB devices and affected systems 
• The modulation scheme used by affected systems (each modulation scheme 

corresponds to a particular function of Probability of Error ( schemeulationBER _mod ) 

                                                 
54 According to H. Harada and R. Prasad (2002) 
55 Annexe 1, Affected Link Budget 
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versus the measured signal to noise ratio (Eb/No) at the input level of the 
receiver56) 

• The ratio of Energy per Bit to the Spectral Noise Density (Eb/No), determined 
from the Probability of Error tolerated by the affected receiver (as shown in 
Figure G.1 below) 

• The antenna gain of the affected receiver. 

Figure G.1:  Probability of Error for Different Modulation Schemes Versus the Eb/No 

 
The Probability of Error at affected receivers (Pe) is calculated as follows57: 
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56 H. Harada and R. Prasad (2002) defined the Probability of Error function for each digital modulation scheme. 
57 Annexe 1 gives a mathematical demonstration of the formula. 

0 2 4 6 8 10 12 14 16 18 20
10-10

10-8

10-6

10-4

10-2

100

64 QAM 

16 QAM 

QPSK 

Tolerated Eb/No for a particular value of the

Pr
ob

ab
ili

ty
 o

f E
rr

or
 

For 610−  as a tolerated 
Probability of Error and for
QPSK modulation the 
Eb/No is 10.8  



 

Y85A004A APPENDIX G REV A 
 Page 4 of 9 

The calculation of the new Probability of Error at an affected receiver taking account 
of the noise generated from UWB devices is the generic part of the model.  Monte 
Carlo simulations are based upon the formula above, the algorithm for which is 
explained in the following section. 

G1.3 G1.4 Monte Carlo Algorithm  

Monte Carlo simulations that the model performs are based on calculating the 
Probability of Error at affected receivers according to UWB devices’ random activity 
timeslots within an eight-hour interval and to their random position to the affected 
receiver.  The program will run sufficient iterations for the mean value of the 
Probability of Error at the affected receiver to converge to a stable value.  

The model utilises sequences of random numbers to perform the simulation.  These 
numbers represent random positions of all UWB devices within a building and 
random slots of activity of each UWB device within a 28800 long interval of seconds 
representing a day or an evening.  The simulation calculates the sum of active UWB 
powers received by the affected antenna as a function of every random distance of a 
UWB device to the affected receiver and of the random slots of activity of the same 
device during the eight hours interval.  The Probability of Error is then calculated 
according to the sum of active UWB powers at the affected receiver.  

The simulation will continue to run iterations until the mean of the different values of 
Probability of Error converges.  The program calculates the evolution of the mean 
value of the Probability of Error after each cumulative 1000 samples.  Once 2858 of 
these mean values start having nearly the same value for a particular degree of 
precision specified according to the accuracy chosen by the user, then Monte Carlo 
algorithm stops the trials.  The reason behind giving the user the possibility to 
determine the degree of accuracy is to allow him/her to have a certain control over the 
running time. 

If the user chooses to run a predefined number of iterations, then the program will 
check whether this number is enough for the mean of Probability of Error to converge 
based on the algorithm described above.  The model also allows the user to check the 
accuracy of the results by displaying the evolution of the mean values of the 
Probability of Error and their standard deviation for every cumulative 1000 samples. 

To describe this, the following scenario can be used as an example: a house with 
wireless broadband access and a wireless Hi-Fi/CD to speakers in the same room.  

This UWB application’s session lasts for 7200 seconds and on average runs once 
during an evening59.  Accordingly, the model considers an interval of 28800 seconds 
representing an evening, and randomly marks one 7200 consecutive seconds of this 
interval as active.  One iteration corresponds to one second of this interval.  If the 
second is marked as active, then the model calculates the new Probability of Error at 

                                                 
58 We assume that 28*1000=28000 iterations with nearly the same value are enough to call to an end of Monte 
Carlo trials. 
59 This assumption is referenced in the next section 
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this sample.  Otherwise, the model assumes that no errors are generated from the 
UWB device at this particular second and accordingly the Probability of Error at 
affected receiver will be nil60.  

As the Probability of Error at the affected receiver is a function of the path loss, the 
model will consider a random distance separating the UWB activity (Hi/Fi/CD) from 
the affected receiver (in this case, the PC with broadband wireless access).  The 
distance will be any value within the interval from zero up to the diameter of the 
room.  

Accordingly, every iteration is either nil (in the case it corresponds to a non-active 
second) or - if it coincides with an active second - is a value representing the 
Probability of Error at the affected receiver for a random distance of the affected to 
the UWB interferer. 

The following figure shows the results of Monte Carlo Simulation for our scenario 
example.  In this case, the simulation runs 1.5 million samples before the mean value 
of the Probability of Error converges to 0.053.  

 

 

Figure G.7:  Example Monte Carlo Simulation Results 

G1.5 G1.6 Assumptions in Microwave Link and FSS Assessments 

Our sensitivity analysis suggested that the results of the Probability of Error model are 
most sensitive to the following parameters:  

• Characteristics of the affected receiver  
• Co-existence scenario between the affected receiver and the UWB device 

(separation, losses etc.) 
                                                 
60 The Probability of Error should be equal to 610− , but the model assumes that it is nil for simplification.  
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• PSD of UWB emission 
• Activity of UWB applications  
• Propagation path. 

  
G1.6.1 Characteristics of Affected Receiver 

The Probability of Error generated by the model depends, among other factors, 
on the following affected receiver characteristics: 

♦ Receive antenna gain  
♦ Noise figure 
♦ Receive antenna temperature 
♦ Bandwidth 
♦ Modulation scheme 
♦ Tolerated Probability of Error. 
  

The table below shows the typical values of those characteristics for 
Microwave systems61, Fixed Satellite Systems (FSS)62 and Fixed Wireless 
Access systems (FWA) used in our modelling63. 

Affected Receiver Microwave FSS FWA 

Receive Antenna 
i i d i

0 -10 5 
Noise figure in dB 4 1 5 
Receive antenna 

i
290 100 290 

Bandwidth in MHz 15 and 30 72 7.684 
Tolerated Probability 

f
610− 610− 610−  

Modulation scheme 16 QAM & 64 
QA

16 QAM & 64 QAM QPSK & 16QAM 
Table G.1:  Microwave, FSS and FWA Receiver Characteristics 

G1.6.2 Co-existence Scenarios 

To simulate the interference generated from worst-case scenarios, we assume 
that Microwave fixed links antennas and Fixed Satellite Service systems 
antennas are situated on top of an office environment crowded with UWB 
devices.  

Scenarios modelled in the UK Broadband case are described in Appendix H.  

In terms of the UWB activity in the model, we modelled typical activity taking 
place within an office.  Consideration of ongoing ITU studies referenced in [2] 
defines typical UWB applications for office environments as follows: 

♦ PC to laser printers 
♦ PC to PDAs for file downloads (plus calendar/email synchronisation) 

                                                 
61 Source: RA document referenced in [6] 
62 Source:  ITU recommendations referenced in [4] and [5]. 
63 Source:  UK Broadband. 
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♦ PC to wireless monitor (with compression) 
♦ PC to scanner 
♦ PC to external hard drive for drive backups 
♦ PC to wireless video projection. 

 
Typically, the ITU work suggests a 120m x 60m x 10-stories office building 
that contains the following numbers of UWB devices: 

UWB Application Average number of 
selected devices 

PC to Laser Printer 794 
PC to Scanner 383 
PC to External HDD 268 
PC to PDA 181 
PC to Projector 40 
PC to Wireless Monitor 432 
PC to Mobile/Mobile to Mobile or Mobile to PDA 500 

Table G.2:  Number of Devices in Office Building 

Since mobile applications predictions were not available within the ITU 
studies, and since these applications are included in the forecasted take up of 
UWB covered in Section 4 of this study, we assumed, as a worst case, that the 
relative number of mobiles applications in the scenario is close to the number 
of wireless monitors.  

The model will randomly distribute these devices across an office64 and then 
run Monte Carlo simulations accordingly, to simulate the impact of these 
devices on the receive antenna of the affected system.  

G1.6.3 UWB Emissions 

The UWB emission level that the majority of the scenarios used was the in-
band FCC/draft ETSI level of –41.3 dBm/MHz, since all of the affected 
systems for which we conducted a Probability of Error co-existence 
assessment use licensed spectrum in the 3.1 to 10.6 GHz band occupied by 
UWB.  In the case of UK Broadband, as described in Appendix H, because of 
the potential impact that the model predicted at a UWB emission level of –
41.3 dBm/MHz, we ran a number of additional simulations to show the effect 
assuming a lower PSD.  

                                                 
64 We assume that an office is 30m wide instead of 60m, which corresponds to a worse scenario as the 
concentration of UWB devices will be higher in a 30m wide office than in a 60m wide one. 
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G.1.6.4 Activity of UWB Applications 

ITU defines typical activities of UWB applications based upon ‘Power User’ 
and an ‘Average User’.  The following table highlights possible usage models 
of UWB applications for home and office environments according to the ITU 
estimates.  

Note - The activity of mobile applications is a Mason assumption. 

Table G.3:  UWB Temporal Activity Models for the Calculation of 
Aggregated Power of UWB Communications in Office and Home 

Environments (Source:  ITU) 

G1.6.5 Propagation Models 

Since we assume that all UWB PAN activity will be within a building (either 
an office or a residential environment), the model accounts for indoor path 
losses to determine the UWB power received at the affected antenna.   

Simon R. Saunders (1999) suggests the following propagation models - based 
upon ITU recommendations, for residential office and commercial 
environments respectively: 

 

Environment  UWB Devices "On Air" Session Duration   
(Time) 

Frequency of Session 
Duration 

 

PC to Printer 4s 30 

PC to Scanner 8s 15 

PC to Projector 4s 60 

PC to External HDD 60s 1 

PC to PDA 60s 1 

Office 

PC to Wireless monitor 8 Hours 1 

Set Top Box to TV 21600s 2 

PC to Digital cameras 60s 1 

DVD player to TV 7200s 1 

DVC to DVD Recorder 5s 1 

Game console to TV 3600s 1 

HiFi/CDs to Stereo Speakers 7200s 1 

Home 

MP3 Players 30s 1 

Home 
 and Office 

PC to Mobile/Mobile to Mobile
 or Mobile to PDA 605s 1 
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nrLogy 18)(2050 10 ++=  , 

28)1(415)(30)(20 1010 −−+++= nrLogfmLogy , 

28)1(36)(22)(20 1010 −−+++= nrLogfmLogy , 

Where: 

♦ y is the path loss in dB 
♦ fm is the mean of the UWB frequency band in kHz 
♦  r is the propagation distance – the distance between a UWB device and 

the affected receiver, n is the number of floors separating the affected 
receiver and the interferer.  
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SCENARIOS, ASSUMPTIONS AND DETAILED RESULTS FOR UK BROADBAND 
ASSESSMENT 
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H1. UK BROADBAND ASSESSMENT 

H1.1 Modelling Assumptions 

The parameters of both the affected receiver and the interferer as used in the UK 
Broadband assessment, along with the main simulation parameters are shown in 
Tables H.1 to H.3 below.  

Affected Receiver Characteristics: Broadband Fixed Wireless Access Receiver65 

Receive Antenna Gain 5dBi 

Receiver Noise Figure 5dB 

Probability of Error Target 1EXP-6 

Antenna Temperature 290K 

Modulation 16QAM 

Table H.1: Affected Receiver Characteristics: Broadband Fixed Wireless 
Access Receiver 

 

UWB Characteristics66 

UWB PSD -43dBm.MHz 

Wireless Monitor 100% activity 

Wireless Printer 30x4s bursts during an 8 hour period 
randomly, uniformly distributed  

Table H.2: UWB Characteristics 

 

System Parameters67 

Environment Residential 

Maximum separation between Affected 
Receiver and UWB 

1m or 3x5m 

Simulation period 8 hours 

Table H.3: System Parameters 
                                                 
65 Parameters provided to Mason by UK Broadband Ltd 
66 Sourced from ITU Literature 
67 Defined by Mason for this study 
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H1.2 Results 

The detailed results of our simulations of the four scenarios modelled to assess the 
effect of UWB emissions on broadband wireless services to be offered to UK 
consumers by UK Broadband are discussed below. 

H1.2.1 Single UWB Interferer 

a) Scenario 1: UWB Printer Interferer with Range less than 1m to 
Broadband Wireless Modem 
 

Figure H.1:  Single Printer Within One Metre of Broadband 
Wireless Modem 

Here we can see the effect of a low activity device operating at –
43dBm/MHz PSD within one metre of the affected receiver.  The mean 
probability of error is typically 228.5x10-6.  The effect of this 
interference can be reduced significantly by reducing the maximum 
UWB PSD.  A number of decreasing values of PSD were modelled, in 
particular –51.3dBm/MHz, -65dBm/MHz and -85dBm/MHz.  For the 
purpose of illustration the results of -65dBm/MHz UWB PSD are 
shown in Figure H.2 below, where the mean probability of error is now 
typically 12x10-6: 
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Figure H.2:  Single Printer within One Metre of Broadband 
Wireless Modem (-65dBm/MHz) 

We discovered that the error could be reduced to almost insignificant 
levels, 1.09x10-6, by reducing the UWB PSD to –85dBm/MHz, for 
example, see Figure H.3 below.  The mean probability of error of 
1.09x10-6, compared with an error free designed probability of error of 
1x10-6, may be considered to be insignificant. 

Figure H.3:  Single Printer within One Metre of Broadband 
Wireless Modem (-85dBm/MHz) 
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b) Scenario 2:  Monitor Interferer with Range less than 1m to Broadband 
Wireless Modem 

 
Figure H.4 shows the effect of a high activity device operating at –
43dBm/MHz PSD within one metre of the affected receiver (the 
difference in shape of the curve, compared with the single printer case, 
is due to the different activity factors). 

Figure H.4:  Single Monitor within One metre of Broadband 
Wireless Modem (-43dBm/MHz) 

The mean probability of error is again, as with the printer case, 
typically a very high value of 120,000x10-6, i.e. 120,000 errors in one 
million bits of information.  As with the low activity factor, printer 
case, the effect of this interference can be reduced significantly by 
reducing the maximum UWB PSD, for example to –85dBm/MHz.  
This is shown in Figure H.5, as follows. 
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Figure H.5:  Single Monitor within One Metre of Broadband 
Wireless Modem (UWB PSD = -85dBm/MHz) 

In this case the mean error rate was reduced to 1.34x10-6, 
commensurate with the design probability of error. 

c) Scenario 3:  Printer Interferer and Broadband Wireless Modem within 
a 3x5m Area 

 
In scenarios 3 and 4, the effect of range upon interference was 
investigated.  Here, both the affected receiver and interferer were 
randomly positioned in a notional 3x5m space to represent both the 
broadband wireless receiver and the interferer in the same room.  In the 
first of these range scenarios the effect upon the probability of error of 
increased isolation due to separation distance was investigated using a 
low activity device, namely printer with a UWB PSD of –
41.3dBm/MHz, and the broadband wireless receiver used in earlier 
simulations.  As shown in Figure H.6 below, the level of interference, 
whilst less than the case where the victim and interferer are confined to 
a one metre square, is still very significant 109.3x10-6, approximately 
100 errors in a million. 
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Figure H.6: Printer Interferer and Broadband Wireless Modem 
Within a 3x5m Area (UWB PSD = -43dBm/MHz) 

As with earlier examples, this effect can be reduced to insignificant 
levels of interference by reducing the UWB PSD.  In this case it was 
found that an error rate of 1.1x10-6, commensurate with the design 
error rate, could be achieved by reducing the PSD to –65dBm/MHz. 
The results are illustrated in Figure H.7 below: 
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Figure H.7: Printer Interferer and Broadband Wireless Modem 
Within a 3x5m Area (UWB PSD = -65dBm/MHz) 

d) Scenario 4, Monitor Interferer and Broadband Wireless Modem Within 
a 3x5m Area. 

 
In this scenario the effect of a high activity device, namely a wireless 
monitor, operating within a 3x5m area of the affected receiver was 
determined.  In the first case the UWB PSD was set at –43dBm/MHz.  
The results of which are shown in Figure H.8 below.  
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Figure H.8: Monitor Interferer and Broadband Wireless Modem 
Within a 3x5m Area (UWB PSD = -43dBm/MHz) 

Once again the difference in the shape of the curve, compared with the 
low activity printer case, is due to the higher activity factor of the 
interfering device.   

The average error rate was found to be 103,320x10-6, over 100,000 
errors in a million bits of information or greater than 10% errors.  
Whilst this is slightly less than the close proximity case, as one would 
expect, it still represents an unacceptable level of error.  The error rate 
was investigated further for reducing levels of UWB PSD and was 
found to be insignificant at -85dBm/MHz, unlike the –65dBm/MHz of 
the printer case.  The average value of this error was 1.1x10-6, 
compared with the 1x10-6 design error probability.  The results are 
shown in Figure H.9 below. 
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Figure H.9: Monitor Interferer and Broadband Wireless Affected 
Receiver within a 3x5m Area (UWB PSD = -85dBm/MHz) 

H1.2.2 Aggregated Interference Effect 

Much has been discussed about the effect of aggregated interference. 
Elsewhere in this work and in earlier studies conducted by Mason for the RA, 
we have discussed the fact that the interferer local to the affected receiver 
dominates all other interferers.  However, in some scenarios, we believe that 
there is an aggregated interference effect of sorts.  As an example, if there are 
a large number of UWB interferers within a single room, then the likelihood of 
any single interferer being close to the affected receiver is increased.  Also 
when several UWB devices are in close proximity to one another and/or to the 
affected receiver, the effect of path-loss is not significant enough to allow only 
one single device to dominate.  In other words, the devices are seen to cluster, 
and possibly to cluster around the affected receiver too.  There is also an 
aggregated activity factor effect, that is to say that if there is a device with a 
high activity, say a wireless monitor, then this most active device will likely 
determine the probability of error.  To investigate the effect of this on UK 
Broadband services, we simulated this by placing a wireless monitor and 
wireless printer in a 3x5m area.  We observed that the aggregated probability 
of error closely reflected that caused by the wireless monitor alone, i.e. in the 
order of 10% errors.  However, if there are a number of similar devices, then 
spatial distribution must be considered.  

There is another more subtle point with the broadband wireless case and that is 
that the UWB devices are likely to communicate with a hub PC and that this 
communication will take place via a composite UWB card within the PC. 
Composite in this case means that the UWB card will support all the required 
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UWB applications.  So the interferer will have an aggregated activity that 
reflects the number of devices it is serving.  For example the UWB card may 
service a completely wireless PC installation incorporating for example 
wireless printer, monitor, external hard disc drive, scanner digital camera and 
MP3 player.  Thus it is that at all times the affected receiver modem 
effectively will be within one metre of several UWB interferers by virtue of 
the aggregated activity factor effect.  This is possibly the worst-case scenario.  
We have modelled this scenario using the model parameters as shown in Table 
H.4 below.  Note the large number and range of UWB devices and the fact 
that these are limited to a one-square metre area, reflecting the fact that these 
services will be supported on a single UWB card within one metre of the 
affected broadband wireless modem. 

Parameter Value 

Broadband Wireless Characteristics:  

Receive antenna gain (dBi) 5 

Noise Figure 5 

Bandwidth (MHz) 7.684 

Probability of Error Target 1e-6 

Antenna Temperature (K) 290 

Modulation 16QAM 

UWB Characteristics:  

Number of Devices 7 

Type of Devices 1 printer, 1 scanner, 1 HDD, 1 PDA, 1 
wireless monitor, 1 digital camera, 1 MP3 
player 

Emission level (dBm/MHz) -41.3 

Table H.4:  Simulation Parameters, Modelling a Large Number of 
UWB Services Supported upon a Single PC Card 

The results show that, if the PSD is set at –41.3dBm/MHz, then the average 
probability of error is 0.20204x10-6: a substantial error of over 20%.  

We can see the errors as witnessed in the Monte Carlo simulation as shown in 
Figure H.10 below: 
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Figure H.10: Probability of Error Simulation Results, Modelling a 
Large Number of UWB Services Supported upon a Single PC 

Card with the UWB PSD –41.3dBm/MHz 

The CDF of the probability of error simulation results shown in Figure H.11 
illustrates that 50% of all simulation samples showed an error between 
200,000 and 220,000 errors in a million transmitted bits, and that all samples 
showed an error of greater than 190,000 errors in a million transmitted bits.  



 

Y85A004A APPENDIX H REV A 
 Page 13 of 14 

Figure H.11: CDF of Simulation Results, Modelling a Large Number of 
UWB Services Supported upon a Single PC Card with the UWB PSD set 

to –41.3dBm/MHz 

In our opinion, this represents a significant probability of error.  It was 
demonstrated earlier that limiting the PSD of the UWB transmission mitigates 
this effect.  In this worst-case scenario, we found that a PSD of –85dBm/MHz 
was sufficient to return the probability of error to 1.45x10-6, which is in the 
order of the design value of 1x10-6.  The simulation results for this are shown 
in Figure H.12 and the attendant CDF in Figure H.13.  However, this gives an 
average probability of error value.  Given that the home subscriber will use 
broadband wireless to download large files from the Internet with attendant 
lengthy session durations, our view is that it is important to consider the peak 
values.  The CDF shows that 15% of the errors sampled were between 2.5x10-

6 and all samples were less than 3x10-6. 
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Figure H.12:  Probability of Error Simulation Results, Modelling a Large 
Number of UWB Services Supported upon a Single PC Card with the 

UWB PSD set to –85dBm/MHz 

 

 

 

 

 

 

 

 

 

 

 

Figure H.13:  CDF of Simulation Results, Modelling a Large Number of 
UWB Services Supported upon a Single PC Card with the UWB PSD set 

to –85Bm/MHz 
 

 


