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Major public events such as the Olympic Games and the Eurovision Song Contest 

make extensive use of PMSE devices such as radio microphones (RMs) and in-

ear monitors. As licensed users of the spectrum, it is important to protect these 

services, as it is to protect DTT services.

Spectrum sensing and other cognitive techniques have been considered by the 

CEPT SE 43 work and are not considered practical partly due to risk that the device 

carrying out the sensing is somehow shielded from the potentially vulnerable 

transmissions (referred to as the hidden node issue). The preferred method of PMSE 

protection is to use a database which the WSD accesses and based on the location 

of the WSD and other factors, it is advised which RF channels are free to use and 

the maximum power level for operation.

Policy makers (including Ofcom) are looking to understand what limitations need 

to be applied to WSDs when used near PMSE applications to prevent harmful 

interference to wireless microphone links. In this trial, CSR measured the practical 

margins required to prevent harmful interference and to get a sense of what 

margins PMSE users are working with in practice.

This work was completed in several phases:

1.  Bench tests (performed by the BBC): Bench measurements carried out using 

recorded transmission signatures of the WSDs coupled into sample PMSE devices;

2.  Further bench testing and characterisation of equipment using actual WS 

equipment in conducted measurements;

3.  On-location tests: Measurements in a co-operating theatre (CSR used the ADC 

theatre in Cambridge). Wireless microphones and WSDs were set to channels 

available within the trial non-operational licence to allow co-channel and adjacent 

channel protection margins to be assessed.

6.4.2 Results

With the assistance and cooperation of several PMSE vendors, measurements have 

been conducted in a theatre in Cambridge to check co-existence of TVWS with 

analogue and digital microphones and in-ear monitors (all of which are widely used 

on live stage performances). The results of these tests, using up to four pre-standard 

Weightless White-Space devices, from Neul, simultaneously operating at 400mW 

EIRP and conforming to the FCC mask, have been encouraging. 

Figure 24: Radio Microphone Bench Test Configuration

Measurements have shown in the lab and at the ADC theatre in Cambridge, that 

for typical PMSE equipment, a co-channel protection zone would be in the order of 

200 m for WSD with EIRP’s of 26 dBm and it is predicted that for devices of 4 Watts, 

the protection zone would be 400 m radius. This is consistent with a 20 dB building 

attenuation and third-order propagation loss. For a different building density, or for 

outdoor events, the limits imposed by the FCC of 400 m for +20 dBm and 1 km for 

+30 dBm seem appropriate.
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With White-Space systems using TDD (such as the Weightless pre-standard), it is 

not possible for more than one White Space device to be transmitting at the same 

time, thus cumulative effects can be ignored. However, further consideration to the 

minimum distance should be given if multiple white-space systems were deployed 

in the same location.

Adjacent channel protection for the PMSE Rx depends upon the WSD transmit 

spectral purity. With the Neul WSDs, the protection zone around the PMSE Rx of 

more than 5 m should be used for 1st adjacent channels and greater than 0.5 m for 

2nd and subsequent adjacent channels.

A limited series of tests was conducted on two separate multi-channel PMSE 

systems (comprising 12 channels), as are commonly found in larger theatres and 

other venues requiring large numbers of radio microphones and in-ear monitors. 

Figures 25 and 26: The ADC auditorium and a Neul WSD, in situ
Photos: Les Smith

As these systems use a number of carriers, the possible effects of intermodulation 

are considered and the power levels and frequencies are selected accordingly. 

The initial findings of tests of a 12 channel PMSE system in the presence of a TVWS 

device indicate that very close proximity of a WSD to a radio microphone operating 

on an adjacent channel does have the potential to cause interference. 

If there is a possibility that a WSD can be very close to a radio microphone, then 

operating a WSD in the adjacent channel can be avoided. In fact, the adjacent 

channels of a multi-channel radio microphone system usually contain intermodulation 

products from the radio microphones themselves which have the potential to cause 

interference to the WSD, thus deploying the WSD no closer that the 2nd or further 

adjacent channel would be prudent for both WSD and PMSE systems.

[For	further	information,	please	contact	Les	Smith	–	les.smith@csr.com]
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7 Summary of findings  
 and recommendations

7.1 Review and analysis of the key findings 

7.1.1 Headlines

The headline message from the coverage and performance testing is that TVWS 

technology can and will work to deliver services that are attractive to consumers, 

beneficial to UK plc and will help to meet government objectives in reducing the 

digital divide. 

Furthermore, through detailed bench and field work, the trial has demonstrated 

the successful coexistence of TVWS with the incumbent services, in a number of 

defined scenarios, within constraints on transmission power that arose largely 

from the capabilities of the available TVWS radios and installation requirements 

(long feeder cables were needed). However, the studies conducted within these 

constrained circumstances have helped to define and in some cases propose new 

frameworks which should ensure that TVWS applications can be deployed more 

generally in a broader range of scenarios and with potentially higher transmission 

power, where this can be achieved without impairing the incumbent services.

7.1.2 TVWS applications

Looking	first	at	the	spectrum	availability	and	performance	aspects	of	TVWS	as	

tested in the Cambridge area, CRFS’s survey has shown that whilst background 

noise and interference levels vary somewhat, there are no significant, unforeseen 

impediments to the use by TVWS of UHF spectrum not reserved for DTT or PMSE.

Using the BBC’s postcode TVWS channel estimator and other available data,  

we learnt that between 15 and 21 UHF channels may be available for TVWS  

use at different power levels, which is enough for a very significant level and  

variety of services. 

Arqiva’s coverage measurements indicate that propagation of TVWS signals 

approximates to the Hata model and is therefore predictable for the conditions 

encountered in the trial; it is likely that broadcast network planning tools based on 

that used for the UKPM could be adapted to assess and plan TVWS coverage.

In terms of practical applications, TTP’s rural broadband application demonstrated 

the non-line of sight reach and added capacity that TVWS can provide. The 

capability to put white space to work in the surrounding area by both incumbents 

and new entrants alike would allow businesses and residents access to more 

broadband. Adaptrum, Arqiva and BBC built on this success by showing that a 

practical, large “hot spot” city application could support the use of planned and/or 

temporary broadband popup Wi-Fi hotspots. Ultimately mobile devices with native 

TVWS support could be enabled in both rural and urban areas where there is usable 

white space.

7.1.3 Coexistence of TVWS with DTT and PMSE

Within the trial a number of bench and field tests have been carried out to 

investigate some of the essential elements of a co-existence regime for TVWS 

and incumbent services. The studies have helped to refine and in some cases 

propose new frameworks which Ofcom and other regulators developing TVWS 

regulations are encouraged to note and take into account, to ensure that TVWS can 

operate without causing impairment to the incumbents’ services. The results are 

summarised in the remainder of this section.
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The BBC’s bench test work on DTT and PMSE products has produced a significant 

volume of information about the protection ratio performance of these products 

in the presence of a range of TVWS signals from equipment supplied by several 

vendors. This will be invaluable in constructing the UK’s geolocation database.

Further investigation and analysis into the volumes of the different types of 

DTT receiver in the market would help to ensure that unrepresentatively poorly 

performing products are not being afforded undue protection at the expense of 

the value that could be created by TVWS applications and services. Additionally, it 

is recommended that the DTG20, undertakes further investigation and work with 

the aim of achieving further improvements to coexistence between DTT and TVWS 

through updates to the DTT specification and recommendations to TVWS vendors.

Arqiva’s work to validate two of the reference geometries submitted to CEPT SE 

43 and under consideration by Ofcom has found that they are in general, fit for 

purpose as architected. These geometries are the basis for determining the coupling 

factors that apply between a WSD and a TV antenna with respect to different 

TVWS use cases. A minor amendment is recommended for reference model #1 

(TVWS mobile device at 1.5 m to DTT antenna at 10 m). With regard to reference 

model #2, it was observed that the separation between rooftop DTT and TVWS 

antennas in the Cambridge Trial deployment was closer to 10 m. The application 

of a reduced distance to all locations with dwellings would result in severe power 

restrictions on TVWS base stations of this type so it is recommended that further 

consideration is given to the creation of an additional reference model (or models). 

It may also be possible to avoid such blanket restrictions implied by a change to 

this reference model by, for example, requiring certain rooftop installations in 

some areas to be carried out by professional, skilled installers, who will make the 

necessary checks.

The work carried out by the Consortium on a statistical approach to calculating the 

impact of TVWS systems on DTT networks reminds us that coupling factors and 

protection ratios have a spread of values which depend on the following:

•	 TVWS modulation scheme. 

•	 The wanted DTT signal. 

•	 The DTT receiver performance. 

•	 The frequency spacing between the TVWS signal and the DTT signal. 

•	 The physical location of TVWS device with respect to the DTT receiver system. 

Using reference geometries with a minimum fixed protection ratio constrains the 

TVWS to low EIRPs. These constraints will only be appropriate to a relatively small 

proportion of locations. The question still to be investigated is what proportion of 

locations? A reduction in the percentage locations served in a 100 m × 100 m pixel 

of 1 % due to the presence of TVWS devices is under consideration. 

More work is now required on how the database will allocate TVWS EIRPs based on 

the median value of the wanted DTT signals in the pixel plus allocating values to the 

list of variables above. The Consortium members wish to ensure that the impact on 

DTT reception, in terms of locations served in a pixel, is not reduced by more than 1 % 

while at the same time enabling the WS networks to use the highest EIRPs possible.

CSR’s work on PMSE services both in the lab and in a local theatre under realistic 

conditions demonstrated a level of immunity in radio links of the professional 

PMSE equipment tested from TVWS signals that pleasantly surprised other trial 

members. It is clear that this immunity is dependent on a) the adjacency of the 

20  One of the trial consortium members and the 
body responsible for specifying and testing the 
UK’s profile of DVB (and other) standards for DTT.
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frequencies being used by the WSD and the PMSE equipment, b) the quality of the 

PMSE equipment, c) the sharpness of channel filtering and power level of the TVWS 

devices and d) the proximity of the WSD to both the PMSE receiver and transmitter. 

These considerations will need to be taken into account by regulators. 

Further tests were conducted, with a multi-channel PMSE system, to investigate 

the possibility of signal artefacts (intermodulation products) being generated or 

exacerbated by interaction between TVWS devices operating in close proximity to 

a PMSE transmitter causing audible impairment on one or more channels. It was 

confirmed by operating a TVWS device within 0.5 m of a radio microphone that 

this interaction is possible. Some further work is needed to establish the minimum 

protection range between a WSD to a PMSE device; from the promising results so 

far, this is believed to be a few metres. Furthermore, it was determined that two or 

more WSD’s coming into close proximity with each other could generate further 

intermodulation products, and the regulator should investigate how it can be 

ensured that these products will not fall in the licensed PMSE band.

7.1.4 Developments outside the trial – standards and other trials

The Cambridge White Spaces Consortium is aware of work recently instigated at 

ETSI to standardise the interface between white space devices and geolocation 

databases. Several trial consortium members who are also ETSI members pledged 

support to the creation and ultimate success of this work stream. Similarly, there 

is work under way in the IETF, under the PAWS21 working group, which is working 

towards a global standard for device/database communication. It is expected that 

ETSI and IETF will align basic standardisation of the device-to-database protocol.

The consortium is also aware of the interest in the trial of administrations 

and committees based outside the UK. The membership recommends these 

administrations and committees allow more than one database and service 

provider, authorised purely on the basis of a provider’s ability to meet the 

technical requirements.

7.2 Recommendations arising from the technical work carried out in  

 the Cambridge trial

•	 	Members of the consortium have successfully demonstrated the value that 

TVWS can contribute to a number of key applications within the Trial, including 

rural broadband provision, city broadband coverage enhancement, machine to 

machine applications and location-based services. Administrations and regulators 

should recognise the economic and social value which TV white spaces and 

database-enabled spectrum access could facilitate, though improving efficiency 

of spectrum use.

•	 	 The Trial has successfully tested several of the important concepts and techniques 

that are required for TV white space devices to co-exist with the licensed services 

– namely digital television and PMSE. Given the use of a database to enable 

TV white space spectrum access, any changes arising from the evolution of 

market requirements and technology advances can easily be accommodated. 

Administrations should expeditiously develop and implement regulations that 

enable consumers to benefit from the new applications of TVWS, whilst ensuring 

that co-existence with incumbent services is adequately catered for.

•	 	Administrations should take note of the adjustment to the reference geometry 

for DTT protection from TVWS mobile devices recommended out of Arqiva’s field 

tests. They should also take note of Arqiva’s recommendation to further consider 

how uncertainty in the separation between a roof top TVWS antenna and a DTT 

antenna can be managed such that impairment of DTT reception is avoided. 

21  Protocol for Accessing White Spaces
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•	 	Administrations should ensure that protection ratios and coupling factors used 

in the geolocation database are up to date and representative of equipment in 

the field. Each new candidate WSD technology will require a comprehensive 

programme of testing to evaluate the appropriate protection ratios for the 

database. These protection ratios will also depend on the emissions masks chosen 

by industry and ETSI. Tighter masks would enable an improved power/spectrum 

availability trade-off.

•	 	Administrations should encourage the continuous development of WSDs, DTT 

and PMSE equipment to ensure that technology opportunities for increasing the 

efficiency of spectrum use are exploited. Industry must also play its part.

•	 	Administrations should allow multiple TV white spaces device profiles for use 

by the database, including support for roof-top, mobile, and indoor fixed 

deployments, and require the minimum necessary power to be used. The 

permitted WSD emission power will be a function of the WSD technology, 

ACLR	mask	and	interference	characteristics	established	through	protection	ratio	

measurements. If administrations decide to protect indoor antenna reception 

as well as fixed reception, studies show that some spectrum is still likely to be 

available for TVWS applications but higher power WS devices would need to be 

kept clear of populated areas.

•	 	Administrations should investigate and where possible, test the benefits of 

statistically modelling the assumptions and variables used in the geolocation 

database. Where appropriate, factors should be incorporated into the 

geolocation database to ensure that interference mitigation is proportionate 

and not wholly based on a combination of worst case reference geometries, 

coupling factors and protection ratios. A successful balance would provide 

sufficient protection for incumbents and at the same time, enable higher power 

WSD applications. Administrations should ensure that PMSE users have adequate 

protection from harmful interference. In particular, the geolocation database 

should be used to prevent co-channel frequency allocations to TVWS devices 

within the specific site of a PMSE allocation. Consideration of intermodulation 

distortion and WSD IMD performance may also be required, in determining 

available channels and WSD emission limits in the vicinity of PMSE venues.

•	 	Administrations should encourage the use of PMSE conforming to professional 

standards22 by limiting protection to the level required by products that meet  

those standards.

•	 	Guidelines should be produced for PMSE users such that interference from 

WSDs operating on adjacent channels can be prevented by ensuring minimum 

separation safeguards between WSD and PMSE transmit and receive equipment 

similar to those found in the trial. In the case of multi-channel PMSE systems, 

it seems likely that a separation of a few metres will be required between a 

WSD and any radio microphone that is part of that system. The trial consortium 

understands that further tests are being undertaken23 to validate and elaborate 

on these findings as WSD technology develops. 

•	 	Spectrum monitoring can have a role to play in establishing the efficient use 

of spectrum by increasing the transparency of its use – both authorized and 

unauthorized. Real-time networks of low-cost monitoring nodes could help white 

space applications to optimize the selection and use of channels indicated as 

available by a geolocation database. Administrations should recognise the value 

of spectrum monitoring and consider promoting its use as part of a progressive 

approach to managing spectrum more efficiently.

22  Such as ETSI EN 300 422, with recommendations 
ETSI TR 102 546 and ETSI TR 103 058

23  Ofcom was given full access to the tests and test 
data produced within the trial and is reported to be 
carrying out further tests at Baldock.
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8 Appendix

8.1  Glossary of acronyms

ACLR	 Adjacent	Channel	Leakage	Ratio

Agl Above ground level

DTT Digital Terrestrial Television

PMSE Programme Making and Special Events

TVWS Television white spaces (UHF)

UKPM UK Planning model (for DTT)

WSD White Space Device

8.2 A message of acknowledgement to the members of the test and 

 measurement work strand

The	editor	of	this	document,	Martyn	Lee	at	Sky,	would	like	to	record	his	very	

grateful thanks and appreciation to the group of professionals who performed the 

test and measurement programme summarised in this document.

Specifically, I would like to thank Phil Kesby, Steve Cherry and Simon Mason at 

Arqiva; Haiyun Tang and Darrin Mylet at Adaptrum; Mark Waddell and Chris 

Nokes	at	the	BBC;	Dan	Timson	at	CRFS;	Les	Smith	at	CSR;	William	Webb	at	Neul;	

and Andrew Fell at TTP for their hands-on contribution to the work. I would also 

like to thank Pekka Talmola at Nokia and Chris Cheeseman at BT for bringing 

their experience and expertise to the regular conference calls and the drafting 

of this document. The assistance of the PMSE vendors, via Brian Copsey is also 

appreciated. Finally, I would like to thank Andrew Stirling, Adriana Mattei and 

Amer Hassan working for Microsoft, the excellent contributions from whom have 

improved this and other trial documents beyond all recognition.

8.3 An overview of standards activities relating to TVWS

A number of Standards groups have been developing standards for operation in the 

TV white spaces. These include the following working groups:

•	  IEEE 802.11 TGaf. This is the primary group within IEEE 802.11 that defines a 

specification to meet the legal requirements for TVWS access for low power 

devices. The Standard is under development and expected to ratify Q4 2013. 

However, a stable draft of the Specification is possible by September 2012. The 

TGaf community assumes geolocation is the approach to use of TVWS channels. 

The PHY and MAC enhancements will refer to 802.11ac, which is the high 

speed (Gbit) 802.11 Standard in the 5 GHz. This is done by down clocking to 

TV channels bandwidth (normally 6 MHz or 8 MHz worldwide) Use of 802.11ac 

enables channel aggregation of non-contiguous channels. The Wi-Fi Alliance 

formed a Marketing Task Group to develop a Marketing Requirements Document 

as bases for future certification of TVWS devices

•	 	IEEE 802.22 Working Group developed and ratified a specification for wide area 

networks fixed broadband access. This is thought to be suitable for rural coverage 

and possibly urban applications

•	 	IEEE 802.15 TG4m is a new Study Group to evaluate and develop specifications 

for low rate (40 kbps – 2 Mbps), long range WPAN in TVWS bands.

•	 	Cognea is a consortium that developed a TVWS Standard (later ratified by 

ECMA-392) focused on home network applications, such as distribution of HD 

content and broadband access
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•	 	Weightless is a Standard under development by a recently launched special 

interest group. It’s primary focus is machine-to-machine (M2M) application, 

providing low data rates at extended range (> 3 km), and ultralow power battery 

consumption (~ ten years in certain cases). The Weightless standard is expected to 

be complete towards the end of 2012

•	 	IETF PAWS (Protocol to Access White Space database). This is an effort to 

develop a standard for devices to geolocation database communication. Such a 

standard is one of three required to launch a TVWS product: the other two being 

PHY/MAC and the standard for communication between geolocation databases. 

It is possible that a stable PAWS draft will be available by the end of 2012.

Other related standards groups include the following:

•	 	IEEE 802.11ah, called the sub-1 GHz Task Group. This group will develop a 

Standard for use in SmartGrid and other vertical applications using the ISM bands 

in < 1 GHz

•	 	IEEE 802.18 Working Group to address regulatory issues affecting IEEE 802 

technologies 

•	 	IEEE 802.19 has the objective to develop Standards or best practices for 

coexistence amongst IEEE 802 technologies. An effort was launched to address 

coexistence of different technologies in the TVWS bands

•	 	SCC 41 defines layers above the MAC and PHY for dynamic spectrum  

access networks

•	 	IEEE 1900

– 1900.7 is the relevant group under SCC 41 and

– 1900.6 specifying Spectrum sensing techniques.

8.4 References

•	 	List	of	associated,	more	detailed	technical	reports	carried	out	by	members

http://www.arqiva.com/corporate/documentation/whitepapers/

http://www.bbc.co.uk/rd/publications/whitepapers.shtml 

http://media.crfs.com/uploads/files/1/crfs-cambridge-white-space-report-a04.pdf

•	Other useful source of information

The CEPT SE 43 documents are located at: http://cept.org/meeting-documents. 

By selecting the group SE 43, all of the relevant SE 43 working group documents 

can be accessed and downloaded.
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