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Ultra Wide Band (UWB) is being actively promoted by industry as the future ‘Wireless usB®,
with the main applications being in home and Personal Area Networking (PAN) e.g. High
Definition TV video senders, wireless PC monitors and wireless video cameras. This will
mean extensive indoor proliferation of UWB devices especially within households and office
environments. The Broadband Fixed Wireless Access (BFWA) community which has
acquired licences through an auction process has expressed concerns to the DTI regarding
levels of transmission permitted for UWB applications and its potential for interference with
BFWA indoor modems. There is also concern for the potential for interference too
Programme Making and Special Events (PMSE) services in the frequency bands around
3GHz.

The DTI has commissioned this short study with the specific aim of ascertaining the
magnitude of all potential problems in UWB use. The study has examined the levels of
regulation applied to indoor and outdoor transmissions by authorities worldwide with a more
detailed view of activities in Europe. Whilst Ofcom has responsibility for spectrum regulation,
the DTl has commissioned this short study to provide an independent overview for their
discussions with Ofcom and industry. This study has been done in cooperation with Ofcom.

The study has been extensively based on the available reports and papers from Ofcom,
ITU R?%, ECC TG3UWB?® and discussions with licence holders of BFWA and PMSE
spectrum.

Specific conclusions drawn from the study are as follows:

We are awaiting decisions on the specification of LDC*, DAA® and Application Layer
Management to quantify the effects on ‘other’ radiocommunications services.

Field testing of UWB equipment against victim receivers will be completed soon,
which should provide more of a feel for the impact of UWB on different services.

The BFWA community accept the proposed draft ECC decision 85dBm/MHz UWB
emission limit at 3.4 - 3.8GHz, but would prefer -100dBm/MHz. Higher levels are
claimed to have a detrimental effect on BFWA services.

The main mitigation effect for interference between UWB and BFWA modems will be
the consumer, in the choice of technology of the consumer and where the UWB and
BFWA devices are deployed (e.g. ensuring devices are separated).

! Universal Serial Bus (USB) wired interface is usually between PCs and peripherals, with a data rate of 480Mbps

2 International Telecommunications Union — Radiocommunication sector (ITU-R) - The mission of the ITU Radiocommunication
Sector is, inter alia, to ensure rational, equitable, efficient and economical use of the radio-frequency spectrum by all
radiocommunication services, including those using satellite orbits, and to carry out studies and adopt recommendations on
radiocommunication matters.

3 Electronics Communications Committee Task Group 3 UWB (ECC TG3) — terms of reference at www.ero.dk
4 Low Duty Cycle (LDC), whereby the transmitter/device is not transmitting/inactive for the majority of a period of time

s Detect and Avoid (DAA), whereby the device prior to transmitting checks that the ‘radio channel’ is free from other signals and
if signals are present refrains from transmitting and/or looks at other channels.
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Technology advances could see the proliferation of UWB devices reduced from
projected forecasts, thus reducing the probability of interference from UWB. The
most recent technology is IEE 802.11.n, which is an extension of the WiFi standard,
providing increase throughput (minimum 100MBps).

3 — 5GHz is a candidate frequency range for 4G services. Additionally a draft ECC
decision will harmonise spectrum within the band for BWA services. These make
the spectrum between 3 - 5GHz particularly valuable in the medium term for the
delivery of wireless broadband.

The 3G expansion band spectrum was recommended to have a level of
85dBm/MHz, which the ECC duly recommends.

PMSE services within the 3.5GHz band appear not to have been considered in any
compatibility studies with UWB.

Recommendations:

The UK Regulatory Authority supports the 85dBm/MHz emission limit for 3.4
- 3.8GHz to protect the BFWA licence holders and the possible future viability
of the spectrum for BWA/4G;

The UK Regulatory Authority keeps a watching brief on the compatibility tests
between BFWA and UWB, and the mitigation techniques, to validate the
support of the 85dBm/MHz emission limit;

The UK Regulatory Authority continues to review the effects of the UWB
Spectral Mask on PMSE devices.
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2 What is UWB?

Ultra Wide Band (UWB) is a low power and high date rate wireless technology which is
primarily seen as short range machine-to-machine communication or Personal Area
Networks (PAN). The data throughput is in the region of 400Mbps at distances of less than
10m. To achieve this data throughput the transmit power is spread over a very wide
bandwidth (several GHz) and is classed as an underlay technologye, transmitting at very low
average powers.

The applications for UWB in the frequency range 3.1 — 10.6 GHz are numerous, but the main
applications are listed below:

Imaging Systems (Ground Penetrating Radar, Wall Imaging Systems, Through Wall
Imaging Systems and Medical Systems);

Surveillance Systems;
Communications and Measurement Systems (e.g. PANs);
Home networking (e.g. HDTV video senders).

It is envisaged that the main application will be PANs, particularly for hand held devices
(Mobile Phones/Personal Digital Assistants (PDAs)/Cameras) and for home networking.
Figure 1 below, shows a technology comparison, likening the UWB technology to the
equivalent of wireless USB2.0.

Figure 1: Good User Experience Requires 500Mbps

Transfer
picture

WLAN 108 Mbit/s | : 23 5.0 Mpix
jpeg - 4 MB

UWB 480 Mbit/s Needs to happen in the

background or over night

3G Cellular 2 Mbit/s

Bluetooth 2.2 Mbit/s

USB2.0 480 Mbit/s

Time is not shown to scale

1 min - 2 hours

Source: Intel Corporation: UWB EMEA update 31% August 2005

6 . . .
Low average power technology that can operate under the spectral masks of other technology thus allowing multiple services
to operate simultaneously.
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3 What is the problem?

UWB devices are currently not authorised for use in Europe as the introduction of UWB
devices has the potential to cause harmful interference to existing radiocommunication
services. The possibility of interference and the expected proliferation of devices for
numerous wireless data applications, particularly as the UWB devices are being proposed as
licence exempt, means that once they are in the ‘market’ they will be almost impossible to
remove if they are found to cause harmful interference.

Although the UWB devices are low power, it is the proximity of the UWB devices when
transmitting to other sensitive receivers, which are also receiving low power signals, which is
the basis of the problem. The closer a transmitting UWB device is to another radio
communications device operating within the UWB spectrum band then the greater the
potential for interference to that device; which effectively means that it is either more difficult
to receive the wanted signal or it is not received. The debate between Regulators and
Industry is around two main issues; firstly how much power (e.i.r.p7) should the device
transmit, and secondly how close could a victim receiver typically be to a transmitting UWB
device, whilst ensuring the victim receiver can still receive the wanted signal. Due to the
UWB transmitting over a wide band, a spectral mask (Power vs Frequency) depicts the
emissions allowed for the particular frequency bands. The spectral mask is therefore the
main area of debate, which will be particular to the particular regions (US/Europe/Far East)
as the different regions have different services and technology already occupying the
spectrum proposed for UWB.

An Electronics Communications Committee (ECC) decision (covering EC member states) is
expected later this year on the regulations surrounding the introduction of UWB technology,
where the main issue is the setting of the spectral mask, which defines the transmit power on
particular frequencies. This will be followed by an EC decision.

3.1 Brief History

The US Federal Communications Commission (FCC) defined the spectral mask for UWB in
2002, where indoor and outdoor masks were mandated for any future UWB technology. The
FCC, being first to define a Spectral Mask for UWB, chose a level of -41dBm/MHz (e.i.r.p.
mean spectral density) within the frequency range 3.1 to 10.6 GHz (7.5 GHz of contiguous
spectrum). The industry began developing UWB technology to operate with these
parameters. However, in order to ensure that the devices were able to be exported and
used around the globe a campaign began to harmonise the spectrum for UWB, in particular
the Spectral Mask.

The European Union (EU) tasked the ECC with developing a harmonised spectrum decision
for UWB. However, the European Conference of Postal and Telecommunications
Administrations (CEPT) have different uses for the spectrum, which are again different to the
FCC. Therefore, the ECC and the industry are keen to develop a Spectral Mask that will

! Effective isotropically-radiated power (EIRP) is the amount of power that would have to be emitted by an isotropic antenna
(that evenly distributes power in all directions) to produce the peak power density observed in the direction of maximum antenna
gain. EIRP takes into account the losses in transmission line and connectors and the gain of the antenna.
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3.2

best fit the FCC Spectral Mask. In addition, the UWB Industries need to ensure that the
technology is not too compromised by a constraining Spectral Mask and the National
Administrations are to ensure that licensed or protected services within EU member states
do not receive un-due interference. However, this is a complex process involving the CEPT
administrations agreeing on a Spectral Mask, where spectrum within different
administrations is often used for different services requiring different levels of protection.
This decision on the Spectral Mask, whilst protecting existing services from harmful
interference must also balance the economic benefit of UWB, both in the manufacturing and
development industry within the member states and the benefit to the citizen/consumer. To
aid this decision, many reports have been written by the ECC, ITU-R, Administrations and
the industry, which have provided various protection levels and scenarios, which often differ.
The various studies and protection levels are discussed in the following chapters.

DTI Concerns and focus of this Report

One of the main areas of concern for the UK regarding the introduction of UWB is the
possibility of harmful interference to the licensed Broadband Fixed Wireless Access (BFWA)
operators’ equipment at 3.4GHz, which were licensed through an auction process in 2003.

The BFWA technology has evolved since 2003, from basic Point-to-Multipoint technology
using outdoor antenna systems. Current systems use wired or wireless (e.g. Wifi) technology
to distribute the signal to other terminal equipment within the end-user-premises. The
indoor modem protection from interference is of concern for the current BFWA operators,
particularly where UWB equipment will be located within the home, probably on the same
terminal equipment. The UWB (unlicensed) devices may interfere and cause loss of service
to the licensed BFWA operators/customers. The interference from UWB devices to BFWA
modems will manifest itself as a reduction or loss of service to the users/operators and to
mitigate this, the operators would need to install significantly more infrastructure to achieve
the same amount of coverage/level of service than currently exists. Furthermore, PCMCIA
Broadband Wireless Access (BWA)8 modems, are currently under development, which will
change the business model from ‘Fixed’ to nomadic, with Laptop use, with UWB devices and
BWA devices within the packaging of a laptop, reducing the separation distance between
UWB and BWA devices significantly (<30cm).

The technology for BWA is looked upon as a maturing technology, with WiMax technology
now seen as an alternative to TD-CDMA?®. The forecast uptake, particularly with embedded
BWA technology in Laptops and handheld devices due later this year (2006) the technology
looks to be able to deliver to the mass market through integration into laptops. With UWB
communication devices due for delivery in the 2" quarter of 2006, the wireless data market
may well see a technological revolution, particularly in home networking and nomadic
wireless data. The BWA industry is also predicting that technology will be widely available
for Mobile use in 2008, whereby the evolution of the IEEE standards, with technology such
as WiBro™ or the further development of 3G technology will be the basis of the next
generation of Mobile Technology (4G).

8 Broadband Wireless Access (BWA) — Fixed (F) removed as no longer fixed but nomadic/mobile.
° Time Division — Code Division Multiple Access (often referred to as TDD) a 3G technology
10 WiBro — based on the IEEE 802.16e standard, a BWA mobile technology under development.
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3.3

Therefore the introduction of UWB with the possible reduction in capability of BWA to deliver
its potential, coupled with the need in the UK for competition and access to broadband,
particularly in rural areas, is a regulatory issue. An understanding of the limiting factors of
introducing UWB would have on BWA, balanced against the economic benefits needs to be
determined. This information will enable the DTI to form a view on how the draft decision on
UWB needs supporting or not at the later stages of the ECC decision making process.

Aim

This report aims to describe the general technical and regulatory challenges facing the UK in
the introduction of Ultra Wide Band (UWB). This applies to applications at spectrum around
3GHz where spectrum is currently licensed and operated by other services. The spectrum
and services that this report focuses on are:

25GHz -2.69 GHz 3G Expansion Band
3.4GHz-3.6 GHz  Programme Making & Special Events (PMSE) - Video links
3.4 GHz -4 GHz Broadband Fixed Wireless Access (BFWA)

This report explores the work done to date (Feb 2006) surrounding the issues of UWB and
3GHz spectrum and addresses the following:

The State of Play of BWA and UWB in Europe and the UK
Provides suggested limits for UWB around 3GHz
Quantifies the effects of the suggested limits

This report will provide the DTI with the recommendations based on the evidence provided
so far on how to approach the further challenges ahead for the introduction of UWB and the
protection of existing services around 3GHz.

10
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4 Ultra Wide Band Spectrum

The three major regulatory geographical regions as far as global standards are concerned;
the FCC, the EU and Japan are at a critical stage in determining the compatibility of UWB
technology with other services. Although it is unlikely that worldwide harmonisation will be
achieved, interoperability will enable the widespread adoption of UWB technology and
products. The main reason for a lack of harmonisation is that many countries already have
services within the bands identified for UWB that may require protection, so that no harmful
interference is caused by UWB to existing services.

The main spectrum for UWB or ‘in band emissions’ is 3.1 — 10.6 GHz, as originally defined
by the FCC; the spectrum outside of this band is termed ‘out of band emissions’. It is
generally accepted that the ‘in band emissions’ shall be at a transmit level of -41.3dBm/MHz
(mean). However, the in band emissions frequency band, particularly in Europe, may well
be reduced in bandwidth to 6 — 10.6 GHz, with the possibility of extending the in band
emissions down to 3.1GHz if a technology called Detect and Avoid (DAA) can be developed
to ensure that the UWB technology does not transmit when it detects ‘other’ emissions.

The UK BFWA Operators are concerned with the spectrum between 3.4 — 4.2MHz, which is
almost globally recognised as the BWA band to some degree or the possible future band for
4G services.

This section looks at the global decisions being made on the Spectral Mask (generic) for
UWB technology (indoor) and focuses on Europe, where studies have been carried out to
determine the ECC Spectral Mask.

4.1 Spectrum Decisions for UWB

The FCC has authorised the use of UWB within specific Spectral Masks, for particular
applications. The ECC is in the process (Feb 2006) of drafting a decision to harmonise the
use of UWB throughout the EU, which is anticipated to be completed by March/April 2006.
The starting point for the ECC in developing the Spectral Mask was the FCC mask, which
due to specific spectral uses with the EU was soon found to conflict with EU interests. The
ECC commissioned a report looking at the protection requirements for radiocommunication
services from UWB services, which formed the basis of the spectral Mask for an EC
Decision.

The main difficulty facing Europe concerning UWB is the possibility of a grey market, where
devices compliant to the FCC Spectral Mask are used within the EU. The UWB device
manufacturers, particularly for Personal Area Networking devices, are keen to ensure that
the devices are delivered to the market soon and are not compromised by any reduction in
capability afforded by an ECC Spectral Mask. Therefore the FCC Spectral Mask has been
used as the starting point for the ECC, with the particular cases of spectrum use within the
Mask for other services looked as a possibility for mitigation or reduction in e.i.r.p level.

The main focus for this report is the spectral mask between 3.1 - 3.8GHz, which for the FCC
is 41dBm/MHz, whereas the ECC current draft decision has a level of 85dBm/MHz. This
difference (44dbm/MHz) is mainly attributed to the different allocations and assignments of

11
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radiocommunication services between the FCC and the CEPT administrations.  This
coupled with UWB being allocated spectrum on a non-protection, non-interference basis
means that any incumbent services should not receive interference. Although not covered in
this report, the spectrum around 3GHz also has services such as Radar and Radio
Astronomy, Fixed Services, Fixed Satellite services and Earth Exploration Satellite Services
which also require protection at similar levels to BFWA services.

4.1.1 FCC Decision on UWB

The FCC announced the authorisation for UWB technology in early 2002™, which set out the
limits for indoor and out door UWB use. The Spectral Masks are shown below at Figure 2
and Figure 3 for indoor and outdoor handheld applications.

Figure 2: FCC Indoor UWB Spectral Mask

31 10.6
19

GPS
Band

0.9 16

Figure 3: FCC Outdoor UWB Spectral Mask

31 10.6
19

GPS
Band

0.9 16

Source: FCC

1 http://www.fcc.gov/Bureaus/Engineering_Technology/News Releases/2002/nret0203.html
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4.1.2

There is a debate on whether realistically indoor and outdoor spectral masks will actually be
enforceable by regulatory authorities where most devices are expected to be mobile or
nomadic. The FCC rather than use mitigation techniques such as DAA and LDC chose
different spectral masks for indoor and outdoor devices.

Draft Harmonised UWB ECC Decision

The ECC is in the process of developing a draft decision™? (Feb 06) in response to an EC
mandate to CEPT to identify the conditions relating to the harmonised introduction in the
European Union of radio applications based on Ultra Wide Band (UWB) technology. It is
anticipated that the draft decision will be adopted at the next ECC meeting at the end of
March 2006. The forum for development of the draft decision is ECC TG3. Part of the remit
of TG3 is to take into account technical studies, measurement campaigns and mitigation
techniques including those used in ECC Report 64. In addition, complementary regulatory
measures required for the protection of radiocommunication services from harmful
interference are to be identified and developed. TG3 also coordinates European positions in
preparation for ITU-R TG1/8 on Ultra Wide-band issues and consults with ETSI (TG31a).
Figure 4, looks at the EC UWB Decision process, where to date (Feb 2006) the Draft ECC
Decision 06AA, which will be presented to the ECC in March 2006.

Figure 4: EC UWB Decision Process

OUTPUT DOCUMENTS

EU BODIES European (in chronological order)
Commission

(also has its own
consultaton | ______ » Final (Binding)
processes) Commission Decision

Mandate @ ~----------= N

|

X Draft
| Commission
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RSC RSC Opinion
Opinion

: and Final
\ Report A 4
Radio Spectrum
Committee (RSC)

| Draft Commission Decision
2006 O3

s o

A - Final Report to Commission
Electromf: . in response to Mandate

Communications 2006 02
Committee (ECC) ECC Decision

braft Decision 200601 Draft ECC Decision 06AA

A 4
Technical
Working

Group3  p--* CEPT BODIES
(TG3)

e

Figure 5, shows the proposed draft decision for the emission ‘Spectral Mask’, for UWB
technology (indoor). The proposed Spectral Mask, has now been negotiated into a position
of 85dBm/MHz for the 3.4 — 3.8MHz (BFWA spectrum), with the possibility in the future of

12 braft EC

C Decision of [dd] [mm] 2006 on the harmonised conditions for devices using UWB technology in the bands below

10.6GHz. Available from: http://www.ofcom.org.uk/consult/condocs/uwb/ecc/ecc.pdf
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DAA technology being adopted to allow UWB emissions of -41.3dBm/MHz, when no other
signal is detected. However, there are reservations from the German Regulator (Feb 06)
70dBm/MHz would have been sufficient and that the new limit may make DAA
technology more difficult to design or even uneconomic.

that

Figure 5: UWB Maximum e.i.r.p Limits (Draft ECC)
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Frequency GHz

Proposed ECC Maximum mean e.i.r.p limits

Proposed changes to the maximum mean e.i.r.p with mitigation techniques such as
Detect and Avoid (DAA) and Low Duty Cycle (LDC). With DAA, the maximum mean
e.i.r.p will be set at -41.3dBm/MHz. On-going investigation, estimated to be ready for

inclusion into the decision in 2007.

Proposed changes to the maximum mean e.i.r.p following a cut-off date of 30 June
2010.

Although a draft decision was produced from the 13" ECC TG3 meeting (13 - 17 February
2006), the UWB Industry proponents produced a paper (TG13_34R0), which raises
concerns that some major issues from the Industry on the UWB consultation were not
considered during the review process. Apart from Radars (outside the scope of this report),
the concern of co-existence between UWB and WiMax was that both of the particular
devices would be typically co-located in the same PC (<30cm separation scenario) and
could therefore be monitored and controlled by the application layer (new software). Thus
the scenario that should be taken account of is the 1m scenario, which puts the level at

70dBm/MHz for 3.4 - 3.8GHz, instead of the now proposed 85dBm/MHz based on the
30cm separation distance scenario.
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4.1.3 Japan Decision on UWB

The Japanese regulator is consulting (2nd February 2006) on the proposed technical
requirements for UWB systemsls. The Japanese administration has proposed an indoor
spectral mask for UWB, with 3.4 - 4.8GHz set at 41.3dBM/MHz, with DAA mitigation level
set at -70dBm/MHz to protect broadcast and future cellular services.

4.2 Review of UWB (3GHz) work by ECC and ITU-R

The ECC produced Report 64, which was a theoretical analysis of the protection
requirements of radiocommunications systems below 10.6 GHz from generic UWB
applications. In general the report concluded that the Power Spectral Density (PSD) limits
are to be more stringent than the values in the FCC mask and that an average power and
peak power limit should be set. Figure 6, shows the consolidated UWB average PSD limit
as a result of the report, where it can be seen that for Fixed Wireless Access (FWA) systems
a limit of 71dBm/MHz is deemed an appropriate level. However, the analysis did not look
at any interference mitigation techniques. The FWA system protection distance was set at
1m, assuming an indoor desktop modem.

Figure 6: Resulting consolidated Generic UWB PSD limit and its comparison with FCC
UWB Spectral Mask, from ECC Report 64

-71dBM/MHz (for FWA)

Source: ECC Report 64

In ITU-R TG 1/8, the task group within the ITU set to look at UWB, the FWA victim was again
set at 1m separation distance, without any mitigation techniques where an appropriate level
was determined to be 76.5dBm/MHz for the protection of FWA services against UWB.

13 Press release http://www.soumu.go.jp/joho_tsusin/eng/Releases/Telecommunications/news060202 _1.html

14 (Report 64) The Protection Requirements of Radiocommunications Systems below 10.6GHz from Generic UWB
Applications, Helsinki, February 2005. Available from:
http://www.ero.dk/documentation/docs/doc98/official/pdffECCREP064.PDF
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4.3

UWB the technology and Interference Modelling

UWB is fundamentally different from most other radio frequency communications as it
achieves wireless communications without using an RF carrier. Instead it uses modulated
high frequency low energy pulses of less than one nanosecond in duration.

Two UWB technologies have emerged MB-OFDM®®, which hops a 500+ MHz wide channel
from one channel to another, and gated Direct Sequence ultra-wideband (DS-UWB), which
occupies a much wider switch of spectrum but switches on and off while in operation.

A Common Signalling Mode (CSM) exists that enables multiple UWB technologies to co-
exist in a pico-net environment. This CSM has become more prevalent since the
announcement that the IEEE is no longer supporting the development of a UWB standard.

The technologies have different mitigation characteristics, whereby pulse shaping in DS-
UWB or channels turned on/off in MB-OFDM can arbitrarily shape the spectral mask to
dynamically comply with regulations. Therefore both systems can adapt but at different
costs both in implementation and to user data rates.

The interference characteristics of both technologies are difficult to model, in-fact most
interference modelling has been purely based on the average PSD levels, with no account of
the effects that a rapid pulsed signal may have on the victim receiver. Again most
interference calculations have been modelled using monte-carlo simulation to determine the
number of devices active at a particular instant and free space path loss, with a minimum
coupling loss of 12dB. Mitigation effects have not yet been modelled, to determine their
potential effect. The foremost element of all the modelling is the proximity of the victim and
interferer to each other, whether it is 1m or <30cm. Proximity of the devices has the greatest
effect and is probably most subjective, which can be controlled in most instances by
installation/deployment in a controlled environment (e.g. ensure that a UWB video sender is
located at least 1m away from a BFWA modem) .

15 Multi Band — Orthogonal Frequency Division Multiplexing
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5 UK Position on UWB (3GHz)

51

This chapter reviews the licensed services within the 3GHz band, the work in this area
conducted by Ofcom and any relevant reports written on the topic.

UK Licensed BFWA

The UK (Great Britain and Northern Ireland) has two licensed BFWA operators at around
3.6GHz, which are detailed in Table 1 below:

Table 1: UK BFWA Operators at 3.6GHz™

Transmit Frequency Receive Frequency boundaries
boundaries (MHz) (MHz)
Pipex Communications 3605 -3641 3925 — 3961
Business Solutions Ltd
3641 — 3689 3961 — 4009
Poundradio Ltd 3480 — 3500 3580 — 3600

(UKbroadband)

Source: Ofcom, Wireless Telegraphy Register

The Radiocommunications Agency (RA) auctioned the Public BFWA licences in 2003, where
the licence has a 5 year term, with options to extend. As part of the documentation for the
auction of 3.5GHz, UWB was mentioned as a possibility for introduction in the 3.4 GHz band.
Below is an extract on UWB from the Information Memorandum®’:

‘At present, UWB systems are also being looked at for other commercial purposes, and
various compatibility studies are being undertaken. Given the work being progressed on
UWB both in the UK and internationally, the Agency’s current position is therefore not to
allow the commercial deployment of UWB devices (other than ground probing radar) for
general use within the UK, and to limit experimentation to strictly controlled Test and
Development licences until all necessary studies into potential interference to other users
have been carried out and the outcome of the current work on UWB is known.

Following the completion of the compatibility studies, the Agency’s position will be reviewed
and further decisions taken on whether commercial deployment of UWB will be allowed in
the UK. Currently there is a possibility that commercial UWB will be introduced and this may
impact on 3.4 GHz services. However the Agency will make every reasonable effort to
minimise this.’

16 Other BFWA operators exist, but are based in the Channel Islands

17 FIXED WIRELESS ACCESS AUCTION OF 3.4 GHZ INFORMATION MEMORANDUM Volume I: Available from

http://www.ofcom.org.uk/static/archive/ra/rahome.htm
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Ofcom have made reasonable efforts to minimise the impact of UWB on BFWA by
supporting UK Broadbands position and negotiating a level of 85dBm/MHz average PSD.

The actual License for the Public Fixed Wireless Access Operators, does not suggest
anywhere in the licence that Terminal Stations (TS) should be fixed, or indeed that it can be
indoors or nomadic. The only point to relating to fixed TS, is, ‘....providing wireless
telegraphy connection between end user premises and/or between telecommunication
networks’. Therefore from the licence, the use of indoor modems is not precluded, nor is the
use of PCMCIA cards (nomadic). However, the end user premises statement essentially
precludes mobile use with the existing licence, which could be the subject of a licence
variation in the near future as the BWA technology converges and becomes mobile, possibly
4G mobile services.

The consumer has a choice when determining which technology would provide Broadband,
be it wired or wireless, be it a Wide or Metropolitan Access Network (W/MAN). When the
broadband enters the end-user-premises, either Wireless or Wired Local Area Network
(W/LAN) is used to distribute too many devices. Further to these choices the consumer also
has Personal Area Networking (PAN) for connecting devices together at short range. In
addition to the networking devices mentioned, microwave ovens, although not a
communications device uses radio-waves, which use the same radio spectrum as some
wireless LAN and PAN technology. Microwave ovens cause interference to these devices,
but interference is avoided by physically separating the devices. However, WLAN and
WPAN technology is mainly licence-exempt, which is not protected from interference, so
communications are not guaranteed, more a best efforts. The WMAN and WAN technology
in the main is licensed, usually to an operator (e.g. BFWA, UK broadband). Therefore a
consumer would pay for a service, where any devices the consumer had that would possibly
interfere with the service due to proximity (i.e. microwave oven scenario), the consumer
could move either device to ensure the level of service.

The crux of the matter is that WMAN spectrum (e.g. BFWA & 3G) is licensed and should be
protected from harmful interference. UWB would be licence exempt and if brought close to a
WMAN receiver would cause harmful interference. The deciding factor in all this is the
consumer, who has the choice whether to use a certain technologies for a particular service
and how close the services are deployed from each other.

Noise and Interference

The Radiocommunications Agency carried out Spectrum surveys for the 3.4 GHz bands,
which produced the results (normalised to 1MHz) at Table 2. The terminal station was taken
at 6m a.g.l. and is the worst case measurement.
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Table 2: 3.4 GHz terminal stations (TS), P.S.D, 1IMHz Bandwidth

Noisefloor (dBm) | InterferenceH InterferenceV

(dBm) (dBm)

Lower | Upper

Band Band Band Band Band Band
Belfast -106 -106 -106 -106 -106 -106
Birmingham -109 -109 -110 -93 -108 -109
Cardiff -107 -107 -107 -107 -100 -97
Cardiff -107 -107 -107 -107 -107 -107
Glasgow -115 -115 -113 -114 -115 -112
London -110 -110 -110 -110 -110 -110
Manchester -117 -117 -117 -117 -117 -117
Newcastle -121 -121 -98 -121 -110 -110
Southampton | -108 -108 -108 -108 -108 -108

Source: Radiocommunictaions Agency

Although the table provides an indication of the noise floor, the measurements were taken

outside at roof top level (Outdoor BFWA Antenna height) indoor noise is more indicative of

the current scenario (indoor modem). However, it is worthy of note that the interference can

be as high as 19dB (Thermal Noise 114dBm/MHz, Maximum Interference from Table 2,
93dBm/MHz) above the thermal noise floor.

Indoor noise measurements (Laptop PC) conducted by UKBroadband, indicated that the
noise spikes at peak interference level at 3.5GHz was 95dBm, measured at a distance d, of
Ocm and 105dBm at d= 10cm, . Therefore the noise floor environment indoors is unlikely to
be prohibitive regarding the reception of BFWA wanted signals.

UKbroadband Position on UWB

UKbroadband has been the foremost operator in lobbying Ofcom and the DTI and has been
present at the ECC TG3 meeting. The reduction in the UWB emission Spectral Mask to

85dBm/MHz at 3.4 — 3.8MHz, meets UKbroadbands’ initial requirements for indoor desktop
modems, but not the PCMCIA (PC/laptop) variant.

UKbroadband, would in the absence of proven DAA mechanisms prefer the spectral mask to
be -100dBm/MHz within the FWA spectrum, but supports the UK position of 85dBm/MHz in
the interests of obtaining a European consensus.

UKbroadband has had its own independent reports on UWB and BWA compatibility, which
have also concluded a minimum of 85dBm/MHz for devices within 1m, giving the required
average probability of error 1x10°.

UKbroadband is sceptical that software would be available to sufficiently manage
transmissions when UWB devices and non-UWB/BWA integrated BWA devices are co-
located on the same device e.g. Laptop with integrated UWB device and an UKbroadband
PCMCIA BWA device.
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Text from the TG3 Meeting report:

‘Evidence was presented by UK Broadband in their comments to the consultation to show
that BWA operators are capable providing a service direct to laptops which can be operated
indoor using a PCMIA card. As a result of this some administrations considered that the
separation distances used previously in report 64 for these services were not adequate to
provide protection and proposed to use the same levels -85dB/MHz previously agreed for
the 3G bands. TG3 are recommending ECC adopt the -85dBm/MHz level and agree to study
this level during the further work being undertaken on DAA.’

Review of UWB (3GHz) work by Ofcom

The RA and now Ofcom have been following the progress of UWB and have conducted
numerous studies. Ofcom consulted®, received responses and formed a UK position for
UWB?®, which has been taken forward in CEPT. The proposed UK Spectral Mask is shown
below at Figure 7, which shows the Draft ECC Spectral Mask (Blue, Solid Line), against the
proposed UK Spectral Mask (Green, solid line). The areas of contention are 2.7 — 4.2GHz,
which takes account of radars and BFWA systems in the UK. The spectrum between 3.1
and 4.2GHz is proposed at 85dBm/MHz without DAA. Once DAA is proven and accepted
we believe the UK would accept 41.3dBm/MHz when no signal detected with a reduction in
level to 85dBm/MHz when signals are detected. This level was determined by an
independent report commissioned by Ofcom, which is reviewed at paragraph 5.5.

18 Ultra Wideband - This document consults on a position to adopt in Europe on ultra wideband devices in 3.1-10.6GHz, 13th
January 2005 http://www.ofcom.org.uk/consult/condocs/uwb/uwb2/uwb.pdf
19 An input document for discussion at the ECC TG3#11 preparation group and gives the views of the UK on a way forward for

a harmonised generic UWB solution for CEPT/EU, 15th September 2005
http://www.ofcom.org.uk/consult/condocs/uwb/uwb _statement/uwbstatement.pdf
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Figure 7: UWB Maximum e.i.r.p Limits (Draft ECC vs UK)
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Ofcom have proposed a value of 85dBm/MHz for 3G spectrum (2.5 — 2.69GHz) following the
recommendations of Report 64, and the report from Mason Communciations®
commissioned by the Radiocommunications Agency. The Spectral Mask for 3G services has
been proposed by both the ECC and Ofcom at 85dBm/MHz, which is generally accepted by
Industry as a satisfactory level. The UMTS Forum stated, “the (preliminary) acceptable power
limit, from Systems Beyond IMT-2000 point of view, is -81.6 dBm/MHz at 3.1 GHz and -75.8
dBm/MHz at 6 GHz. Provided UWB is only operating above 6 GHz unwanted emissions below
5GHz may be sufficiently low. If however part of the band below 5GHz is used the draft limit of
—70dBm/MHz may not be tight enough”.21 Therefore the level of —-85dBm/MHz should be
acceptable to the 3G operators, but depending on the outcome of the World Radio
Conference 2007 (WRC2007), the 70dBm/MHz level from 3.8GHz may not be acceptable for
the future of IMT-2000%, see paragraph 6.1.

The interference scenario of UWB with other devices is predicated on the forecast of many
UWB devices being used. The forecast numbers of UWB devices is based upon the cost of
UWB devices and that UWB is the technology capable of delivering very high data rates.
However, recently IEEE 802.11.n was announced, which operates as a Wireless LAN in the
same spectrum, but will offer a large increase in the throughput (minimum 2100Mbps).
Although UWB has a greater throughput, 802.11.n, is currently being sold (existing 802.11

20 Study into the Effects of Ultra Wide Band Technology on Third Generation Telecommunications, October 2003:

http://www.ofcom.org.uk/static/archive/ra/topics/research/topics/uwb/3dfinalreport-oct2003. pdf

21 Forum view on the draft ECC Decision on UWB, UMTS Forum 17.10.05 http://www.umts-

forum.org/servlet/dycon/ztumts/umts/Live/en/umts/MultiMedia_Consultations UMTSF-on-ECC-dec-on-UWB-171005.pdf
IMT-2000 (International Mobile Telecommunications-2000) is the global standard for third generation (3G) wireless

communications as defined by the International Telecommunication Union.
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device software upgrade) and has the potential to take a large portion of the market share and
if DAA technology proves costly, UWB may not have the price advantage originally thought.

The 802.11.n standard uses Multiple In Multiple Out (MIMO) technology, which effectively
employs multiple antennas in a multiplexing effect, increasing the data rate. However, MIMO
technology can also be used to beam-form (change the antenna reception pattern dynamically
and electronically to increase gain and directivity), which can increase gain, directivity and
effectively null interference from other devices that are not in the radio path of the wanted
signal.

5.3 Programme Making and Special Events

Joint Frequency Management Group (JFMG) responded to the Ofcom consultation® but
they have had no response to their suggestion of the video links scenario has not been
studied or considered.

The prevention of harmful interference to Video links is of concern to JFMG, mainly for
Wireless Video Cameras that operate in 3.4 - 3.6GHz. Currently in the UK the Wireless
Video cameras are analogue FM, but it is envisaged that new digital cameras based on
DVB-T (8MHz) will be common place in the band. Table 3, below shows the spectrum,
effective radiated Power (ERP) and applications for assignment by JFMG. The forced
migration of services from the 3G expansion band is seen as the point (by JFMG) in which
Digital Video links/Wireless Cameras will be more common place, which is current scheduled
for the end of 2006, which may extend.

Table 3: PMSE Applications 3.4 - 3.6GHz

Lower | Upper Maximum Maximum Typical Applications
band | Band ERP Bandwidth
edge @ edge
(GHz) (GHz)
3.4 3.42 13dBW 20MHz Digital Video Links & Analogue FM
3.42 3.44 30dBW 10MHz Digital Video Links
3.5 3.58 40dBW 20MHz Temporary video links, Wireless
Cameras and Mobile and Portable video
links

Source: JFMG

There does not appear to have been any studies relating to Digital Video Broadcast —
Terrestrial (DVB-T) and UWB compatibility at 3.4GHz, to validate whether the digital video
links/Wireless cameras would receive harmful interference. It is likely that the use of video
links indoor, where it is expected a higher concentration and/or proximity of UWB devices will
be the worst case for an interference scenario. It is therefore recommended that further

23 JFMG Response to Ofcom Consultation Ultra Wideband : http://www.ofcom.org.uk/consult/condocs/uwb/responses/jfmg.pdf

22
URN 06/1097



54

55

551

work regarding the possibility of interference to these bands and devices is carried out in the
near term.

Value of UWB PAN Services to the United Kingdom, November 2004

Mason and DotEcon produced a report for Ofcom titled, ‘Value of UWB Personal Area
Network Services to the United Kingdom24, November 2004.

This report focused on the Economic case for UWB against other services. Although a
compelling case is put forward for UWB, a few serious points have been raised by industry
and accepted by the authors. The report recommends that for the 3.4GHz frequency band
the spectral mask is the same as the FCC ( 41.3dBm/MHz), but recognises the concerns of
the FWA operators and suggests that ‘detrimental interference’ (re: harmful) may be present,
but still argues the economic case for UWB with the emission limit described above.

The report also recommends that Ofcom consider the potential future utilisation of the 3 -
5GHz when setting the UWB regulatory framework.

As a point of note, at Appendix H of the Mason Report, the analysis concluded that at 1m
separation distance, an emission limit of 85dBm/MHz was required for the BFWA spectrum
to meet its design criteria of probability of error 1x10°.

Technical Evaluation of the Effect of UWB on Broadband Fixed Wireless Access in the
3.4GHz Band, August 2005

Indepen and Quotient produced a report for Ofcom titled, ‘A technical Evaluation of the Effect
of UWB on Broadband Fixed Wireless Access in the 3.4GHz Band'?®, August 2005.

This report based its UWB interference scenario on the same UWB deployment as the

Mason/DotEcon report, with the BFWA antenna connected by a lead 1.5m to the main

computer/modem and UWB distributed in clusters up to 15m away (at least 1.5m distance

from the BFWA antenna). It was determined that the peak Interference from UWB would be
78dBm/MHz (peak frequency of occurrence), reducing in occurrence to a maximum level of
60dBm/MHz.

It was concluded that a BFWA system with external roof mounted directional antenna, would
have sufficient isolation from UWB ( 41.3dBm/MHz) as a signal of 124dBm/MHz (15dB
below the WiMax system noise floor) would be presented at the antenna. This assumed
10dB Ceiling Attenuation, 53dB Free Space path loss and 20dB Antenna Isolation.

Mitigation Techniques
The report reviewed the various options for mitigation, detailed below:

Power Control - UWB power control has a small impact on the frequency of
occurrence of interference of 40%2°

24 Available
25 .
Available

from http://www.ofcom.org.uk/research/technology/archive/cet/uwb/uwbpans/uwmpans.pdf

from http://www.ofcom.org.uk/research/technology/archive/cet/uwb/background uwb_rpt/summary_uwb
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Managed Switch off — By the Personal Computer managing the connections
between UWB and BFWA, the devices in communication with the PC can be
switched off (managed). The analysis showed a reduction of occurrences and
interference present at 20dB above the noise floor ( 89dBm/MHz).

Low Duty Cycle (LDC) — The impact on UWB data rates would be significant for 5%,
reducing the throughput significantly (MB-OFDM 10Mbps). Although packet
interference instances are reduced, the transmissions are spread out over a longer
time to transfer the required data volume, leaving little change in the number of
interference instances.

Detect and Avoid (DAA) - Detect and Avoid was discussed, with a 40dB attenuation
to the Spectral Mask having a residual impact of around 4% of sites cost for the high
BFWA and 1% for the moderate BFWA forecast. However a number of issues
surround DAA such as; that it can not be guaranteed that a UWB device within close
proximity to a BFWA indoor device would not transmit when a BFWA signal is being
received.

Indepen and Quotient Report Conclusions

40dB attenuation ( 81.3dBm/MHz) of the Spectral Mask will have a residual impact of
around 4% of sites cost for the high BFWA and 1% for the moderate BFWA forecast.
However 50dB attenuation ( 91.3dBm/MHz) appears to remove all effects of UWB
interference.

26 Estimated from Figure 3.1 at peak occurrence -78dBm/MHz
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6 Spectrum activities at 3GHz

Other spectrum activities are also running in parallel with the UWB decision, such as the
future development of IMT-2000, which may recommend the 3.4 — 4.2GHz spectrum for 4G.
In addition the ECC is developing a draft decision for the harmonisation of BWA spectrum
bands.

6.1 Future Development of IMT2000

The International Telecommunications Union (ITU) Radiocommunication Sector Working
Party (WP) 8F IMT 2000 and systems beyond IMT2000%" is currently developing a document
looking at the possible Frequency bands for 4G?®, The 3.4 — 4.2GHz band is one of the
strong candidates for recommendation from the group, which has the following regional
restrictions:

3.4 — 3.8 GHz Planned for Nomadic and FWA in the U.S and in CEPT;
3.4 — 3.6 GHz Under consideration in Japan for commercial Mobile service;

3.6 — 4.2 GHz Currently FS and FSS in Japan, but to be allocated to Mobile after
2010.

As a general note the Fixed Satellite Service operators use this band with over 160
geostationary satellites (without considering feeder links or telemetry operations).

The eventual recommended spectrum band is likely to be used in 2012 in Japan, and 2015-
2020 the rest of the world.

6.2 ECC Joint Project Team Broadband Wireless Access (JPTBWA)

The ECC JPTBWA has developed a draft ECC decision?® concerning the designation of the
frequency bands 3.4 - 3.6 GHz (3.5 GHz band) and 3.6 - 3.8 GHz (3.7 GHz band) for the
implementation of BWA systems.

The ECC/CEPT studies identify the 3.5 GHz band as the popular choice for current and
future BWA deployment within CEPT. In addition the 3.7GHz band has been identified as a
possible alternative or additional band.

The spectrum authorisations for BWA in these bands are to allow for the following
applications3°:

Fixed Wireless Access (FWA)

27 Scope of work of ITU-R WP 8F available from http://wwuw.itu.int/ITU-R/study-groups/index.asp?link=rwp8f&lang=en

28 SWG Spectrum Bands. Working Document on Candidate Frequency Bands. Possible Frequency Bands for the future
Development of IMT-2000 and Systems beyond IMT-2000. Rev 1 to Doc 8F/TEMP/340-E. 1% February 2006

29 ECC Decision of [dd] [mm] 2006 on the harmonised use of the 3.5GHz and 3.7GHz frequency bands for the implementation
of Broadband Wireless Access systems (BWA)

% The full definitions are available in rec. ITU-R F1399-1.
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Nomadic Wireless Access (NWA)
Mobile Wireless Access (MWA)

The draft decision recognises the draft ECC UWB decision® and also recognises that other
compatibility studies are still required particularly with MWA. The decision ensures

technology neutrality, providing suitable frame conditions for both Frequency Division Duplex
(FDD) and Time Division Duplex (TDD) systems.
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7 Conclusion

The Draft ECC Decision on the harmonised conditions for devices using UWB technology in
the bands below 10.6GHz is expected to be ratified Q3 2006. However, there are a number
of unresolved issues that may have an impact on the proposed Spectral Mask, namely:

Low Duty Cycle — ECC TGS still to decide on a level following further investigation,
which will have a major impact on UWB devices and a minor impact on services.

Detect And Avoid — A question mark hangs over the viability of DAA, as the levels of
signals that may need to be detected would be very low so the level of detection and
the probability may not be acceptable to licensed services. To implement a solution
may not be economically viable for UWB vendors.

Real life testing — There are different variants of UWB technology, which in the main
have only been simulated, mainly as Added White Gaussian Noise, which although
likely to be close to the emission, it does not take account of a pulsing effect.
Therefore, more accurate results will be available later in the year following field
testing, which will provide greater understanding of the effects particularly on BFWA
receivers. UK Broadband is involved in testing as part of an EC sponsored project,
with results expected Q2 2006.

Application Layer Management — It is suggested that the technology could be
managed when integrated into a laptop, so that BWA and UWB technology would
not interfere with each other. This may work when the technology is integrated into
a laptop e.g. WiMax and UWB from a single silicon vendor, with the software drivers
to manage the two technologies. The question remains though, would a PMCIA
card be part of the managed solution? And, anything outside, of the direct control of
the laptop (desktop BFWA modem, with a Wifi connection) would be difficult to
manage.

There may be other issues that need resolving, but the bullet points above are the main
guestions, which even when answered will probably not have much bearing on the Spectral
Mask and protection issues.

The draft ECC Decision as it stands, which is supported by Ofcom and other Administrations
(Germany has a reservation at 3.4GHz) meets the emission criteria for BFWA desktop
modems and is supported by UK Broadband 3.4 — 3.8GHz, 85dBm/MHz. An increase in
the emission level to say 70dBm/MHz would have a detrimental effect to indoor BFWA
modems at the mid—to-edge of coverage if UWB devices were emitting within a 1m radius.
This distance is a likely scenario, considering the number of UWB devices that may
potentially be within the home environment.

There is a mitigating scenario for the BFWA desk top modem, which is that the modem could
be located away from UWB technology (loft/bedroom), providing the broadband connection,
with broadband then being distributed throughout the end user premises using WiFi.
Additionally, technology, in the near-future, with the development of MIMO (beam forming
variant), could provide the antenna steering capability to effectively null the UWB emissions
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from the end user premises, dependent on the location of the BFWA desktop modem and
Base Station.

The 3G expansion band spectrum was recommended to have a level of 85dBm/MHz,
which the ECC duly recommends.

PMSE digital systems (using DVB-T) at 3.4GHz do not seem to have been considered when
looking at compatibility with UWB. Report 64, does look at the DVB-T but at lower broadcast
frequencies, which would have a different scenario to wireless cameras and nomadic fixed
links. This lack of information is considered to be a risk, since the pending closure of the 3G
expansion (end 2006) band will probably result in new digital PMSE equipment being
procured and operated at 3.4GHz.

The impact to UWB depends on the UWB technology, with one technology the impact will be
effective loss of channels, with no major loss of throughput, whereas another technology the
impact would have an impact on the throughput. The additional filtering required for the ECC
spectral mask over and above the FCC Spectral mask may make UWB economically un-
viable for certain technologies. The additional filtering and the loss of throughput, faced with
other technologies such as IEEE 802.11n, may result in UWB not being as successful as is
being projected.

The future use of the spectrum from 3 - 5GHz is being closely looked at for 4G technology
and is one of the candidate bands, which may be put forward at WRC2007. This, coupled
with the ECC draft decision for harmonising the 3.5GHz frequency band for BWA spectrum,
means that attention is being focused on the band for future use of technology. The
technology could be BWA or 4G and in the converged communications world, these are
considered to be the same. Therefore in the mid-long term future (beyond 2010) the 3.5GHz
spectrum could be valuable in terms of economic benefit to the UK, through the use of
advanced BWA and or 4G services.
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8 Recommendations

Mott MacDonald having considered the reports listed in this document and consulted with
industry representatives the DTI and Ofcom, recommend the following:

The UK Regulatory Authority supports the 85dBm/MHz emission limit for 3.4
- 3.8GHz to protect the BFWA licence holders and the possible future viability
of the spectrum for BWA/4G;

The UK Regulatory Authority keeps a watching brief on the compatibility tests
between BFWA and UWB, and the mitigation techniques, to validate the
support of the 85dBm/MHz emission limit;

The UK Regulatory Authority continues to review the effects of the UWB
Spectral Mask on PMSE devices.
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