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TV white spaces – DTT coexistence tests 

About this document 
 
This document contains the data from Ofcom’s tests to examine to what extent a new class 
of devices - white space devices (WSDs) - could cause interference resulting in video and 
audio quality degradation of Digital Terrestrial Television (DTT). 

All wireless equipment transmits signals using radio waves, making use of electromagnetic 
spectrum. We are currently piloting a new method of spectrum access called dynamic 
spectrum access. Use of dynamic spectrum access potentially allows WSDs to use the 
same spectrum that is currently used for Digital Terrestrial Television and Programme 
Making and Special Events (PMSE). Different locations, frequencies or times can be 
selected such that those DTT or PMSE services will not be adversely affected by WSDs.  

In this way, WSDs can use valuable spectrum that would otherwise lie fallow, and provide 
useful new wireless services, while ensuring a low probability of harmful interference into 
other services. The tests described in this report are one component of our dynamic 
spectrum access pilot, which also includes: 

• similar tests in relation to the potential of interference from WSDs into PMSE;  

• tests of processes, software and databases required to make the technology 
work, and 

• trials of services using WSDs. 

We will use the information in this report, along with any other relevant evidence from the 
pilot, responses to our previous consultations and any other relevant stakeholder input or 
further evidence to inform our approach to co-existence and our decisions on the rules for 
authorising WSD operation, which we intend to set out in a forthcoming statement. We 
currently anticipate that this statement will be published in early 2015.   
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Section 1 

1 Executive summary 
1.1 On 4th September 2013, we published a consultation1 on our proposed approach for 

managing coexistence for TV White Spaces (TVWS). In that consultation, we said 
that we would test our proposals through real world technical coexistence tests as 
part of the TVWS pilots that were planned for 2014.  

1.2 For practical reasons, we subsequently proposed that it would be necessary to 
undertake a wider range of technical coexistence tests separate from the TVWS 
pilots. This technical research report describes the work that we have undertaken for 
these technical coexistence tests with Digital Terrestrial Television (DTT) and details 
the findings. 

1.3 This report describes the work that we undertook through; 

1.3.1 A series of in-home TVWS-DTT coexistence tests over short range i.e. with 
separation distances of the order of metres between the White Space 
Device and the DTT rooftop aerial. 

1.3.2 A series of TVWS-DTT coexistence tests over long range i.e. with 
separation distances of the order of km between the White Space Device 
and the DTT aerial. 

1.3.3 Laboratory measurements of: 

a) The coexistence susceptibility of different DTT receivers from different White 
Space Devices. These tests were undertaken both to assist in interpretation of 
the findings of the short range, in-home coexistence tests and to inform our 
forthcoming TVWS coexistence statement. 

b) The out of band performances of different White Space Devices to enable their 
characterisation and to determine the WSD power limits that would apply in the 
proposed coexistence framework. 

1.4 There was broad agreement between the field strengths at the rooftop aerial and 
those predicted by the UK Planning Model (UKPM) within the known limits of 
measurement accuracy and the known prediction error of UKPM. UKPM’s prediction 
errors are, on average, typical of the best in class terrain based prediction models for 
UHF frequency planning.  However, for two of the transmitters in two of the 
geographical areas, the planning model over-predicted the mean DTT field strengths. 
Because the mean field strengths were lower than predicted in these areas, the WSD 
powers at which degradation to DTT video and audio quality was observed were 
lower than indicated by the TVWS model.  

1.5 Observed protection ratios were broadly in line with those measured in the 
laboratory. Different DTT receivers have very different adjacent channel protection 
ratios from signals from different WSDs.  In particular, some DTT receivers have 
significantly worse performances than others when presented with bursty waveforms. 

1 http://stakeholders.ofcom.org.uk/binaries/consultations/white-space-coexistence/summary/white-
spaces.pdf 
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1.6 In the geographical areas that we investigated, in a proportion of cases, the output 
from the UK planning model (UKPM) did not correctly identify the DTT transmitter in 
use.  In these cases, there was still some protection provided by the database but the 
protection was not as high as if the DTT transmitter being used by the household had 
been one of those identified by the output of the UK planning model. 

1.7 There was a broad spread of observed margins (-25dB to +65dB for adjacent 
channel and -35dB to +20dB for co-channel). The findings of these in-home 
measurements suggest that some adjustments will need to be made to the 
parameters used in the model as assumed in the TVWS consultation. This is 
necessary to provide the level of protection intended to be provided for DTT by the 
framework set out in the consultation document.  

1.8 This completes our programme of testing for TVWS-DTT coexistence to inform our 
forthcoming statement. We have met our high level objectives and that we have 
undertaken all the work that we set out in our work plan. There were no reports of 
DTT video or audio degradation to any properties neighbouring those under test 
during our test programme, either through Ofcom, BBC or Digital UK call centres or 
to our teams undertaking the technical work. 

1.9 In parallel, Ofcom has been undertaking work on TVWS-PMSE coexistence and this 
is detailed in a companion report2. 

1.1 BBC and Arqiva have also been undertaking TVWS-DTT coexistence testing at the 
Building Research Establishment (BRE) and they reported the findings of their 
studies at the TVWS-DTT Technical Working Group meetings.  

1.10 We will use the information in this report, along with any other relevant evidence from 
the pilot and responses to our 4th September 2013 coexistence consultation, to 
inform our approach to co-existence and our decisions on the rules for authorising 
WSD operation. We intend to set out our decisions on the rules in a forthcoming 
statement.  

1.11 Feedback from stakeholders on this technical report would be welcome and will 
contribute to the work being done to inform the policy decisions which we anticipate 
will be published in the coming months. If you wish to provide feedback please do so 
by email to TV.WhiteSpaces@ofcom.org.uk.  

2 http://stakeholders.ofcom.org.uk/binaries/research/technology-research/2014/TVWS-
PMSE_Coexistence_Technical_Report.pdf 
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Section 2 

2 High level objectives 
2.1 In what follows and throughout this report, we use the following definitions: 

• Interference - Man-made radio frequency power present at a receiver, for which 
the transmission was not intended or wanted (for example, power generated by a 
WSD transmitter into a DTT receiver). Interference will always be present to 
some degree, because there is always a degree of leakage from every 
transmitter into other frequencies and, while physical separation and frequency 
separation will reduce the power of any transmission, that power does not 
completely disappear. The level of interference is important: it may be 
infinitesimally small and undetectable by instruments, or it may be detectable with 
the help of instruments (such as a spectrum analyser) but not cause any 
disturbance to the receiver that is perceptible on video or audio, or it may be 
sufficiently high that its effects are perceptible on video or audio.  

• Video and audio degradation or video and audio quality reduction refers to 
unwanted video and audio effects which are potentially perceptible to humans, 
whether caused by interference or by other reasons and that act so as to reduce 
the subjective quality of the video and audio that would otherwise be obtained. 
The threshold of degradation is typically determined by watching the DTT video 
for 30 seconds. If picture break-up (into ‘blocks’) is not observed in this period, 
the service is considered not to be degraded. 

2.2 This section outlines the high level objectives that were agreed at the TV White 
Spaces Technical Working Group for DTT (TVWS-DTT TWG) prior to commencing 
the DTT coexistence tests. It also outlines how those objectives were informed by the 
interference scenarios investigated, and how the geographical areas were selected 
for the tests. The geographical areas were selected to be representative of the range 
of different DTT reception environments across the UK. The high-level objectives of 
the coexistence tests as previously declared were three-fold: 

a) To establish appropriate WSD emission limits that would result in a low 
probability of harmful interference. 

b) To quantify the margin (if any) implied by Ofcom’s proposed consultation 
emission limits; i.e., how far those proposals are from causing video/audio 
degradation. 

c) To establish (to the extent possible) whether the proposed technical modelling 
parameters used in deriving the WSD power emission limits are appropriate in 
achieving a low probability of harmful interference. Examples of such parameters 
include DTT signal strengths, propagation loss, and DTT receiver susceptibility to 
WSD signals (protection ratios). 

2.3 Note that the objective was not necessarily to identify through exhaustive 
measurements the appropriate values for each individual modelling parameter. Apart 
from being resource intensive, such campaigns are often inconclusive because some 
parameter values can vary widely from one household installation to another. The 
objective here was instead to establish the extent to which the combination of the 
assumed parameter values − and the resulting emission limits − provide 
appropriately low probabilities of harmful interference. 
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2.4 Based on these high-level objectives, and in relation to our proposals as set out in 
our consultation of September 2013, we identified a number of priority objectives for 
the coexistence tests. We agreed these objectives with stakeholders in the TVWS-
DTT TWG in December 2013, and we have included those again in annex 1 for 
completeness. 

2.5 In defining the tests and test methodologies, our guiding principle was to ensure that 
the tests reflected real-world reception and interference cases as closely as possible. 
To this end we sought to: 

a) primarily (and so far as practicable) perform measurements at existing DTT 
installations in real households; 

b) use a range of WSD technologies (some technologies are more benign than 
others); 

c) use interferer-victim geometries that represent realistic potential WSD 
deployments. 

2.6 We will now describe a number of interference scenarios and geometries which we 
could encounter in practice, and which we sought to test in our coexistence trials. 

2.7 We classify these scenarios in terms of whether they correspond to short range or 
long range interference. We further classify these according to whether or not the 
pointing directions of consumers’ TV aerials coincide with the direction of one of the 
transmitters identified by the DTT planning model. We refer to these two cases as 
aligned or misaligned aerials. 

2.8 Finally, we explain how these scenarios map on to the test priorities which we have 
summarised in the table of objectives and priorities included in annex 1.  

Short-range interference 

2.9 By short range, we refer to scenarios where the separation between the interfering 
WSD and victim rooftop DTT aerial is of the order of metres. 

Scenario 1: Consumer aerials are aligned with protected DTT services 

2.10 In testing such scenarios we intended to stress test the coexistence framework in 
situations where consumer aerials point in the same directions as assumed by the 
White Space Database (WSDB) calculations. 

Scenario 1a: Single alignment  

2.11 Figure 1 illustrates the simplest interference scenario. Here neighbouring households 
have TV aerials which point towards a single protected TV transmitter. Also shown is 
a WSD that is located in the near proximity of − and within the bore-sight of − a 
household’s TV aerial. 
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Figure 1: Interference scenario: single alignment. Diagram illustrates N, N+1 and N+9 

channel adjacencies 
2.12 The above is a potential interference scenario, and could apply both in areas of weak 

and strong DTT coverage (with the latter more likely as DTT coverage is typically 
good across the UK). Interference may be both co-channel and adjacent channel. 
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Scenario 1b: Multiple alignments  

2.13 Figure 2 shows a different scenario, where neighbouring households have TV aerials 
which point towards two (or more) protected TV transmitters. The key point is that the 
multiple alignments are captured by the WSDB, and accounted for in the coexistence 
calculations. 

 

Figure 2: Short range interference: multiple alignments 
 
2.14 Such scenarios might arise for the following reasons: 

a) The set of DTT services protected in a given pixel are transmitted from more than 
one transmitter. This might be the case because 

• protected PSB+COM multiplexes are received from a main transmitter while 
protected PSB multiplexes are received from a relay, and some consumers 
have traditionally pointed their aerials towards the relay; or  

• near national borders, protected DTT services are received from the 
respective national transmitters.  

In the example of Figure 2, two DTT receivers receiving services from different 
transmitters would be located in the same pixel. 

b) A protected DTT service switches from one TV transmitter to another as we move 
a few metres from one pixel to an adjacent pixel. This might occur inside the 
coverage area of a TV transmitter (so-called coverage hole), or near the 
boundary between the coverage areas of two TV transmitters. In the example of 
Figure 2, two DTT receivers receiving services from different transmitters would 
be located in adjacent pixels. 

2.15 Interference may be both co-channel and adjacent channel. 
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Scenario 2: Consumer aerials are misaligned 

2.16 In testing such scenarios we intended to stress test the coexistence framework in 
situations where consumers’ aerials do not point in the same directions as assumed 
by the WSDB calculations. 

2.17 This scenario is illustrated in Figure 3 below. Here, neighbouring households receive 
DTT signals from two (or more) TV transmitters, but only transmitter-1 is protected by 
the coexistence calculations of the WSDB. This means that the coexistence 
framework accounts for the reception of DTT at households whose TV aerials point 
to transmitter-1 only.  

2.18 The reception of DTT at households whose TV aerials point to transmitters other than 
transmitter-1 are considered “misaligned” and is at greater risk of suffering picture 
break-up as a consequence of WSD emissions if there is a WSD present and 
transmitting on that frequency. This is evident from the example of Figure 3, where a 
WSD radiating in channel 45 may result in DTT video/audio degradation to a nearby 
household with a misaligned TV aerial.  

 

Figure 3: A WSD radiating in channel 45 will probably cause DTT video/audio 
degradation to the DTT receiver using DTT services on channel 45 

 
2.19 Such scenarios might arise for the following reasons: 

a) Due to local terrain or multipath effects, the protected DTT signal is not the 
strongest DTT signal received as predicted by the UK planning model. For this 
reason, an aerial installer may point the TV aerial toward a TV transmitter which 
provides a stronger signal, even though that transmitter is not protected at the 
location of the household.  

b) Multiple DTT transmitters provide equally strong coverage in a given pixel, and 
aerial installers as a matter of personal choice point the TV aerials towards 
different transmitters (some of which are not protected).  
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c) Even though the households are far from national borders, a consumer wishes to 
receive DTT service from a national transmitter that is not protected at the 
location of the household. 

Long-range interference 

2.20 By “long range”, we refer to scenarios where the separation between the interfering 
WSD and victim rooftop DTT aerial is of the order of hundreds metres and more. 

2.21 Unlike the case of short range interference, here we only examine cases where the 
consumer aerials point in the same directions as assumed by the WSDB 
calculations; i.e., they are aligned. 

2.22 We intended not to consider cases of aerial misalignment. This is because in such 
cases, interference is likely to be dominated by WSDs in the proximity of the victim 
aerial; i.e. short-range interference. 

2.23 Figure 4 shows scenarios where households in two different coverage areas have TV 
aerials which point towards two (or more) protected TV transmitters. The key point is 
that the multiple alignments are captured by the WSDB, and accounted for in the 
coexistence calculations. 

 

Figure 4: Long range interference: multiple alignments. 
 
2.24 As indicated, such scenarios might arise across the boundaries of the coverage 

areas of TV transmitters. The interference might be co-channel or adjacent channel, 
although as shown, it is very unlikely that long range adjacent channel interference 
will be an issue. For this reason, we sought to focus on co-channel interference. 
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How these geometries map on to our test priorities 

2.25 In Table 1 below we show how our coexistence test priorities (included in annex 1) 
map to the interference geometries which we have described. 

Table 1: Mapping of priorities to interference geometries 

 Description of priority Priority Geometries to examine  

 1  Verification (to the extent possible) that no WSD 
deployment which complies with the Ofcom 
emission limits has caused video/audio 
degradation to DTT roof-top reception in any 
households  

High Whichever geometry applies to 
the observed case of DTT 
video/audio degradation.  

2 Adjacent channel (short range) interference in 
areas of weak DTT reception 

High Short range 
1a/b) Single/multiple alignment 

 3  Adjacent channel (short range) interference in 
areas of strong DTT reception 

High  Short range 
1a/b) Single/multiple alignment 

4 Co-channel (short range) interference in areas of 
weak DTT coverage 

Low Short range 
1a/b) Single/multiple alignment 

5 Co-channel (short range) interference in areas of 
strong DTT coverage 

Medium Short range 
1a/b) Single/multiple alignment 

 6  Co-channel (longer range) interference near (and 
across) the boundary between coverage areas of 
two TV transmitters 

Medium  Long range 

 7  Areas where the TV transmitter actually used by 
households differs from the those identified by the 
DTT planning model 

Medium Short range 
2) Misalignments 
 

 8  Possibility of DTT video/audio degradation where 
WSDs radiate at the (location-specific) maximum 
permitted power  

High Independent of geometry 

 9  Sensitivity to different clutter environments 
 (urban/suburban/open)  

Medium Independent of geometry 

 10  Indoor WSD deployments  Low Indoor geometry 

 11  Indoor DTT reception (set top aerials)  Low  Measured by BBC/Arqiva 

 12  WSD deployments at different heights  Medium Long range3 

 13  Sensitivity to WSD technologies and protocols  Medium  Independent of geometry 

 14  Sensitivity to levels of traffic load/profile carried by 
the WSDs 

Medium Independent of geometry 

 15   Sensitivity to 1% time vs. 50% time steady state 
DTT self-interference. The TVWS model assumes 
DTT self-interference at 1% time levels.  

Medium Short range4 
1a/b) Single/multiple alignment 
2) Misalignments 

3 For short range interference, we proposed to examine worst case height (i.e., same height as TV 
aerial). 
4 Short range interference will be sufficient to capture the impact of DTT self-interference.  
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Selection of short range interference test areas 

2.26 To ensure that a sufficient number of household measurements could be made within 
the proposed timescales in sufficiently diverse DTT coverage areas, we chose to 
measure in three separate geographical areas having DTT reception conditions 
representative of those experienced across the UK.   

2.27 To achieve a sufficiently large sample size, a target was set to undertake 
measurements in 40-50 houses in each geographical area.   

2.28 It was estimated that this would require three weeks of measuring in each 
geographical area and this formed the basis of the plan developed for undertaking 
the in-home coexistence tests in the first half of 2014. 

2.29 A variety of candidate geographical test locations was considered.  The list 
comprised: Watford, Glasgow, Felixstowe/Ipswich, Isle of Wight, Orkney Isles, 
Sevenoaks, remote areas of North Scotland or North Wales, Gloucester, Ilfracombe, 
London, Cobham, Dorset, Oxford, Redhill, Cambridge and Thanet. 

2.30 The list included locations where TVWS pilots were expected to occur, and areas 
where DTT coverage was known to meet certain relevant conditions (e.g. strong DTT 
signal levels, weak DTT signal levels, DTT being prone to 1% time long-distance 
interference, overlapping DTT coverage areas, urban/suburban/rural local clutter 
environments and transmitter usage being different to that suggested by the 
prediction model). 

2.31 Each of these candidate test locations was assessed against each of the test 
objectives and priorities, taking account of the known DTT services in use in each 
area, to determine how well each candidate test location would enable each of the 
objectives and priorities to be met.  

2.32 In conclusion, it was decided that the three test areas would be Watford, Glasgow 
and Thanet.  The justification for the choice of these three areas is shown in Table 2 
below. 

Table 2: Choice of Test Areas 

 Test Area Justification 

 1  Watford  • Strong DTT signals available from Hemel Hempstead and weaker 
signals from Crystal Palace and Sandy Heath. 

• Viewers known to be receiving services from Crystal Palace when it 
is not the preferred transmitter (Hemel Hempstead) in some areas as 
suggested by the planning model. 

• Mix of suburban and rural clutter. 
• Surrounding the Building Research Establishment where the initial 

feasibility checks for the test method were undertaken. 

2 Glasgow • Strong DTT signals available from the Black Hill transmitter.  Weaker 
DTT signals available from Darvel.  Coverage overlaps with local 
relay transmitters (Kelvindale, Glasgow West Central and Rosneath 
VP). 

• Same area as the planned Glasgow TVWS pilot. 
• Mix of urban, suburban and rural clutter. 
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 Test Area Justification 

 3  Thanet 
 

• Weak DTT signals available from Dover. Coverage overlaps with 
local relays (Margate and Ramsgate). 

• Viewers known to be receiving services from Dover when it is not the 
preferred transmitter (Margate) in some areas as suggested by the 
UK Planning Model (UKPM). 

• Mix of suburban and rural clutter.  Many bungalows with lower rooftop 
aerials than assumed in the planning model. 

• Known area of 1% time long distance interference 
• Poor reception area suggested consumers would be willing to assist 

with DTT reception testing. 

 
2.33 Measurements were made in 41 households in Watford, 38 in Glasgow and 54 in 

Thanet.  Section 3 details the analysis of the in-home measurements made in these 
areas. 

2.34 The in-home testing in Thanet was undertaken alongside other work to investigate 
general reports of poor reception in the area. 

2.35 The locations of the houses where the tests were undertaken are shown in Figure 5, 
Figure 6 and Figure 7.  

 

 

Figure 5: Household locations in Watford 
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Figure 6: Household locations in Glasgow 
 
 

 
Figure 7: Household locations in Thanet 
 
Selection of long range interference test areas 

2.36 The primary purpose for the long range coexistence testing was to investigate the 
coupling loss assumptions in the coexistence framework where the separation 
between the interfering WSD and victim rooftop DTT aerial is of the order of 
hundreds metres and more.   
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2.37 Because we proposed to focus on co-channel interference and because the potential 
to interfere over a wide geographical area was significant, we determined that we 
would need to undertake the tests well away from populated areas.   

2.38 To examine the worst case interference scenario, we sought to identify locations 
where there were no terrain obstructions between the WSD and the DTT aerial, 
although there were terrain obstructions between the DTT transmitter and the DTT 
receiving aerial. 

2.39 For practical and logistical reasons, it would not have been possible to identify single 
candidate households in isolated areas that would meet the requirements of the 
tests.  Therefore, for the long range tests we decided to simulate a household’s 
reception installation using a survey measuring vehicle with:  

• A domestic DTT receiving aerial (at a height of 10m) attached to a pneumatic 
pump-up mast. 

• Domestic 75 ohm cable downlead attached to the aerial. 

• A ‘reference’5 DTT receiver of known performance in the vehicle connected to 
the domestic downlead. 

• All necessary measuring equipment installed in the measuring vehicle. 

2.40 It was proposed that the long range tests would be undertaken in the Baldock area 
because: 

• The measuring team was based at Baldock so the location helped logistically. 

• The terrain in the area enabled a number of paths to be selected where there 
were no terrain obstructions between the WSD and DTT aerial. 

• Paths could be identified well away from populated areas. 

2.41 The proposed tests were agreed with stakeholders in advance of the measurements 
taking place. 

2.42 Measurements were made over 4 paths in the Baldock area.  The paths were 
selected to give TVWS-DTT separations of the order of 1-3 km with no terrain 
obstructions in the paths. Section 4 details the analysis of the measurements made 
in this area. 

5 A ‘reference’ receiver was selected for performing consistent tests in-home, in the field and in the 
laboratory. It was chosen to be of modern design, easily portable, with good sales figures, and having 
known performance that was typical of modern silicon tuner design. 
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Section 3 

3 Short range in-home measurements  
3.1 This section gives details for short range in-home measurements of: 

3.1.1 The test methodology  

3.1.2 How the test methodology was validated  

3.1.3 How the in-home tests were undertaken  

3.1.4 Our analysis of the results of the in-home measurements. 

The test methodology 

3.2 We put significant weight on the importance of being able to measure in real homes 
with real rooftop aerials, masthead and distribution amplifiers, domestic cable down-
leads and a range of domestic DTT receivers to ensure that we captured a full range 
of real world installations that could affect coexistence. 

3.3 For the coexistence tests described in this report, we proposed to measure with real 
WSDs in normal modes of operation, rather than using recorded waveforms, to 
ensure that the WSD test signals were as representative as possible of the potential 
coexistence scenarios. 

3.4 We had access to five different makes/models of White Space Devices for our 
coexistence testing.   

3.5 Of the five White Space Devices available to Ofcom during the period of our 
coexistence testing, only three were available in time for the in-home tests.  In the 
interests of anonymity, we call these “Model 1”, “Model 2” and “Model 3”.   

3.6 It was proposed to undertake the in-home measurements using only one of these 
three models of White Space Device in each of the three geographical areas to 
ensure consistency between the results.  Also, we proposed this approach because 
in developing the test methodology, it proved a challenge practically to operate more 
than one WSD in the measuring vehicle at any one time. 

3.7 From laboratory measurements, we determined that “Model 3” was a Class 1 WSD 
and would therefore have the lowest potential to interfere with DTT reception.  We 
therefore proposed not to use it in the in-home tests. 

3.8 “Model 1” had the highest rated output level (30 dBm) which when coupled to the 
transmitting antenna enabled it to achieve a transmitted power level of 36 dBm (the 
maximum proposed consultation limit permitted for WSDs).  It also was self-declared 
as a Class 4 WSD (and it was subsequently characterised by Ofcom in the laboratory 
as a Class 4 WSD) and resulted in the highest (poorest) laboratory-measured 
adjacent channel protection ratios to a reference DTT receiver of the WSDs tested.  
“Model 1” was therefore our preferred WSD for the in-home tests and it was 
subsequently used in Watford and Glasgow. 
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3.9 However “Model 1” would not tune above UHF Channel 48 and so it was not suitable 
for use in Thanet (as the lowest DTT frequency used by the Dover transmitter in 
Thanet is Channel 48). 

3.10 “Model 2” would tune over the full frequency range from UHF Channels 21 to 60 and 
was therefore selected for subsequent use in Thanet.  However its rated output level 
was only 20 dBm which was insufficient for the in-home tests.  Therefore its output 
was boosted with a linear 25W amplifier (backed off) to give an output power of 
30dBm. The out-of-band performance of “Model 2” was principally affected in the first 
adjacent channel by the use of the amplifier which changed the WSD from class 2 to 
class 4. 

3.11 We had intended to avoid using amplification of the WSD signal where this would not 
be a realistic use case.  Nevertheless the configuration of “Model 2” with the amplifier 
was considered acceptable as the manufacturer declared that it would be producing 
an amplifier for this device although the manufacturer’s amplifier was not available in 
time for the tests. 

3.12 In developing the test methodology, each WSD pair was carefully set up to produce 
consistent results as described in annex 1. It was set in a “high-traffic” mode (with the 
“slave” fed by a continuous Jperf file download from the “master” WSD).  This mode 
of operation was considered to be representative of a normal mode of operation of a 
WSD. 

3.13 The WSDs to be used in the in-home tests could be configured in a ‘Development’ 
mode which meant that they would not be controlled by a database and the WSD 
powers could be set manually to exceed the proposed consultation limits if necessary 
(up to a maximum power of 36 dBm) to ensure that picture break-up could be 
caused. 

3.14 The results of the tests would be very much dependent on the interferer-victim 
geometries; i.e., the relative locations of the interferer WSD and victim DTT receiver. 
It was important that we tested geometries that were realistic potential deployments. 
Therefore, in planning for the tests, it was decided that reasonable locations for the 
WSDs would be selected to correspond as closely as possible to the local inter-
household separation, recognising that practicalities in where the measuring trolley 
and van could be located would mean that this condition could not always be met. 

3.15 A spreadsheet was developed to enable all measurements to be recorded as they 
were made.  This also performed calculations to determine the coupling gains, 
protection ratios, field strengths and margins to enable measurements to be checked 
for consistency as they were made. 

3.16 The test methodology that we developed is described in detail in annex 1. However, 
broadly details are: 

3.16.1 A WSD of known performance was used in a measuring vehicle connected 
via an attenuator and a calibrated feeder to a calibrated transmitting 
antenna on a pneumatic pump-up mast on a remote measuring trolley. 

3.16.2 The transmitting aerial was located in the bore-sight and at the same height 
as the domestic DTT receiving aerial on the house, at a separation as close 
as achievable to the typical inter-house separation distances in the vicinity.  
The transmitting aerial was to be pointed directly at the rooftop aerial. The 
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intention was to simulate a worst-case interference geometry for a fixed 
WSD situated on one property with DTT being received in another property. 

3.16.3 The horizontal separation between the transmitting antenna and the rooftop 
aerial was measured using a golfing rangefinder/inclinometer. 

3.16.4 Because commercially available receivers rarely have any direct way of 
measuring bit error rate or transport stream errors, DTT reception failure 
was subjectively determined based on observations of picture quality. The 
protection ratios were determined by ensuring the absence of a picture 
failure during a minimum observation time of 30 seconds. 

3.16.5 For a variety of channel relationships (n=0, n+/-1, n+/-2) between the WSD 
frequencies and the frequencies of the DTT Multiplexes, the setting on the 
attenuator connected to the output to the White Space Device was noted at 
which the DTT service under test was at the point of picture break-up. To 
determine this point, the attenuator was adjusted to the point of picture 
break-up and then the setting was increased in 1 dB steps until the picture 
just remained stable.  

3.16.6 The tests were performed on the household’s DTT receiver for a number of 
channel relationships but also a reference measurement with a single 
channel relationship was performed on a reference DTT receiver that was 
carried into each home.  This test was intended to assist in verifying 
whether any unexpected results were a consequence of the aerial system 
or the DTT receiver. The number of adjacencies that could be measured 
was limited both by the presence of other DTT multiplexes, and the overall 
time available for an individual household measurement, so a 
representative subset of the possibilities was selected for each DTT 
transmitter. 

3.16.7 The coupling gain (in the centre of all UHF channels from 21 to 60) was 
measured between the transmitting aerial to the aerial wall-plate in the 
house using a calibrated CW sine-wave source6 at the trolley and a 
calibrated spectrum analyser in the home.  

3.16.8 The wanted DTT signal levels were measured both at the aerial wall-plate 
in the home and also at the feeder to the aerial on the trolley (which was 
swung around for this test to point directly at the wanted DTT transmitter). 

Validation of the test methodology 

3.17 Before committing to the extensive campaign of in-home measurements, we 
validated the test method at the Building Research Establishment (BRE).  The BRE 
has a number of unoccupied houses of different types that can be used for 
undertaking measurements in a controlled and safe environment. 

6 Note: it was desirable to use a CW sine wave source to minimise the interference potential to DTT 
services and to ensure that significant levels could be produced to get above background signal 
levels. At the start of the measurement campaign, a number of spot check measurements indicated 
that measuring with a CW sine wave source gave close agreement with coupling gains measured 
using a wideband source.  This indicated that there were no significant ground reflections and the use 
of the CW source was appropriate. 
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3.18 We selected one house of a design typically built in the 1980’s (“the 1980’s house”). 
It is common in housing stock across the UK and enabled the aerials to be installed 
at a typical height (around 10m). 

3.19 Four domestic aerials were installed on an aerial rotator mounted on the gable end of 
the house. The rotator enabled to aerials to be directed to whichever transmitter was 
under test (signals were available from Crystal Palace, Hemel Hempstead and Sandy 
Heath. 

3.20 Two of the aerials were of a “high gain” type and two were of a “contract” type.  One 
of the “high gain” and one of the “contract” aerials was installed to receive 
horizontally polarised signals (from Crystal Place and Sandy Heath) and the other 
two aerials were installed to receive vertically polarised signals (from Hemel 
Hempstead). 

3.21 The “high gain” aerial installation was similar in performance to that assumed in the 
DTT planning model (the UKPM).  The aerial was connected to the equipment in the 
house using a “CT100 equivalent” domestic downlead cable. 

3.22 A reference DTT set top box (with separate TV screen) was used for the protection 
ratio measurements.  This set top box was the same as that subsequently used for 
single spot check measurements in each home (alongside the more extensive tests 
using the householder’s TV). 

3.23 The test methodology was the same as outlined broadly above, and in more detail in 
annex 1. A number of full sets of measurements using the test methodology were 
made for each of the transmitters (Crystal Place, Hemel Hempstead and Sandy 
Heath).  Measurements were made with both the “high gain” and “contract” aerials 
although most measurements were made with the “high gain” aerial.   

3.24 When a measurement was being made on a particular transmitter, the appropriate 
aerial was directed towards the transmitter and the aerial rotator was adjusted to give 
the maximum received DTT signal level. 

3.25 The following paragraphs detail how the measurements compared with expectations 
and the results gave us confidence that the methodology was sufficiently accurate for 
the purposes of the coexistence tests. 

3.26 The household installation gains when using the “high gain” aerial were measured to 
be in the range 8-10 dB across the full frequency range (470-790 MHz).  This 
matched with expectations from manufacturer data for the antenna and cable down-
lead.  It was also broadly consistent with subsequent calibration measurements 
undertaken by the BBC and Arqiva on the aerial and downlead and by Ofcom 
colleagues at our Baldock site. 

3.27 Table 3 shows typical field strengths measured for the Crystal Palace Transmitter at 
the measuring trolley, back-calculated to the rooftop aerial (using the measured 
coupling gains) and predicted by the UK Planning Model.  Although there are some 
variations between these values, they were repeatable (for the same trolley location) 
and the results agree within the expected location variations within an area and the 
known prediction errors in the model. 

19



TV white spaces – DTT coexistence tests 

Table 3: Comparison of Measured and Predicted Field Strengths 
DTT UHF Channel 
Number 

DTT Frequency 
(MHz) 

Calculated DTT Field 
Strength at Trolley 
(dBuV/m) 

UKPM Predicted Field 
Strength for Pixel 
(dBuV/m) 

Calculated DTT Field 
Strength at Rooftop 
Aerial (dBuV/m) 

22 482 68.1 63.7 57.4 
23 490 68.0 64.3 57.6 
25 506 66.5 - 57.3 
26 514 67.5 64.6 57.1 
28 530 67.0 63.9 56.7 
30 546 69.7 64 57.7 
33 570 63.7 - 52.4 

3.28 Table 4 shows a typical set of protection ratios measurements between the WSD and 
the reference DTT receiver.  The agreement between measured and observed 
protection ratios is within the range of expected measurement uncertainty. 

Table 4: Protection Ratios Measured in the laboratory and in the house 
DTT UHF 
Channel 
Number 

DTT 
Frequency 

(MHz) 

Channel 
Offset 

Between 
DTT & WSD  

WSD 
Channel 
Number 

WSD 
Frequency 

(MHz) 

Observed 
Protection 
Ratio (dB) 

Laboratory 
Measured 
Protection 
Ratio (dB) 

22 482 0 22 482 18 19 
22 482 -1 21 474 -42 -40 
23 490 0 23 490 16.2 16 
23 490 1 24 498 -44.8 -43 
25 506 0 25 506 19.9 19 
25 506 -1 24 498 -39.1 -40 
26 514 0 26 514 16.7 16 
26 514 1 27 522 -45.3 -43 
28 530 0 28 530 20.3 19 
28 530 -1 27 522 -38.7 -40 
30 546 0 30 546 15.3 14 
30 546 1 31 554 -42.7 -43 
33 570 0 33 570 17 14 
33 570 -1 32 562 -41 -44 
33 570 1 34 578 -40 -43 
33 570 2 35 586 -47 -47 

3.29 The teams scheduled to undertake the in-home tests all practised the full 
methodology to ensure that repeatable measurements could be achieved. 

3.30 A time-and-motion study was undertaken for each component of the test 
methodology to enable it to be fine-tuned to record the maximum number of 
measurements within a home, given a target of spending no more than 60-90 
minutes in each home.  

3.31 The agreement between expectations and measurements for household installation 
gains, DTT field strengths and protection ratios validated the test methodology and 
we therefore considered it suitable for undertaking the in-home tests. 
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The in-home tests 

3.32 A consumer research company was used to recruit suitable households in each 
geographical area. Visiting consumers’ households required significant logistic 
organisation and a limited information campaign.  

3.33 At each household test location, the following details were recorded:- 

• Date and time of making the measurements (for checks on transmitter outages or 
anomalous propagation conditions). 

• Address of the property and the building type (including photographs of the 
property and rooftop aerial). 

• Details on the transmitter in use, and the rooftop aerial orientation and 
polarisation. 

• Make, model and serial number of the DTT receiver in use in the house. 

• The type of aerial and any amplifiers in use (if visible). 

• The physical location of the household and measuring aerials (and National Grid 
Reference of the relevant 100 m pixel). 

• The height of household and measuring aerials (set to be the same) and the 
horizontal separation between the household and measuring aerials (measured 
with an electronic rangefinder/inclinometer). 

• Calibration figures for the measuring antenna and feeder. 

3.34 The appropriate WSD was configured in a measuring van at an appropriate location 
in relation to each household.  

3.35 The same test methodology as described above and tested at BRE was 
subsequently used for the in-home measurements. 

3.36 We encountered a number of additional challenges that are typical in technical field 
testing of this type: 

• Some household aerials were not pointing into the road or were found not to be 
working (cable or satellite TV in use). This was a household recruitment 
requirement but sometimes the recruiter had not observed the correct direction of 
pointing of the aerial and often the householder did not know how they receive 
their TV service. 

• There were challenges with making measurements in households in urban areas. 
Many urban areas contained communal dwellings and tenement blocks over two 
stories in height.  We could not measure in communal dwellings because of the 
potential to interfere with multiple households and we could not measure 
properties higher than two stories because the pneumatic mast would only 
extend to a maximum height of 12m. 

• There was some difficulty in scheduling sequential appointments throughout the 
day in similar areas and occasionally the households cancelled appointments late 
in the day or were not available. 
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• There were certain practicalities in getting all the equipment into the homes and 
ensuring good communication with the householders. 

• The measuring teams encountered challenges with finding safe parking locations, 
measuring in poor weather, and with keeping people and animals at a safe 
distance from the vehicle and mast trolley 

• In Glasgow, very few households were observed using the alternative transmitter 
services from Rosneath VP, Kelvindale or Glasgow West Central and none could 
be recruited. In Thanet, very few households using the alternative transmitter 
services from the Margate and Ramsgate relays were observed and none could 
be recruited. 

• The use of a number of specific UHF Channels was avoided to protect local 
PMSE assignments and individual PMSE venues in different areas.  

Analysis of results for Watford, Glasgow and Thanet 

3.37 We observed two transmitters, Crystal Palace and Hemel Hempstead, in use in the 
Watford area.  The Sandy Heath transmitter was also predicted to provide a service 
in the area although no households were observed to be receiving a service from this 
transmitter. 

3.38 In Glasgow, the Black Hill transmitter was the main one in use.  Four households in 
Glasgow had their TV receivers tuned to receive a service from the Darvel transmitter 
(although one of the rooftop aerials was aligned on the Black Hill transmitter - this 
was believed to be a consequence of the Darvel frequencies being lower than those 
from Black Hill - some TV receivers tune into the first services they encounter when 
making a frequency scan rather than choosing the strongest signals).  These 
households were particularly vulnerable to DTT video/audio degradation because of 
the low signal levels from Darvel received in this way. 

3.39 In Thanet, all households were observed to be using the Dover main transmitter 
(even though the preferred service for certain areas in the north was predicted to be 
from the Margate relay). 

3.40 The presentation of the results in the following sub-sections reflects the different 
transmitters in use in each of the areas. 

3.41 In the following sub-sections, for each area and transmitter in use, we show: 

3.41.1 The measured household installation gains. 

3.41.2 The observed margins as a function of observed protection ratio. 

3.41.3 The DTT field strength errors. 

3.41.4 The observed margins as a function of DTT field strength error. 

3.41.5 The cumulative-distribution-functions of the margins. 

Household installation gains 

3.42 The following curves show the average measured household installation gains as a 
function of frequency (UHF channel number).  The curves show the arithmetic mean 
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of the installation gains in dBi at each frequency for all of the rooftop aerials 
measured for a particular transmitter in use. The assumption in planning for DTT 
reception is that the installation gain is 9.15 dBi across all DTT frequencies in use. 

3.43 Observed household installation gains were typically in the range +10 to -10dBi. A 
small number of households had installation gains as high as +30dBi and a small 
number of other households had installation gains that fell as low as -30dBi. The 
measured gains suggested that most rooftop aerial measured were wideband 
although a proportion of those receiving services from the Crystal Palace and the 
Darvel transmitters had a ‘grouped’ frequency response.                

3.44 Even though a wide range of installation gains were observed, no strong linkage was 
observed between the installation gain and failure-point of a DTT service interfered 
with by a WSD.  The reason for this is that the installation gain affects both the 
wanted and interfering signal levels.  However it is worth noting that where 
installation gains are very high, the higher DTT levels provided to a DTT receiver can 
actually bias the receiver to a worse point on the protection ratio curves which can 
worsen performance.  Nevertheless, no specific instances were identified where 
overload of amplifiers might have affected the results. 

3.45 Despite there being no strong linkage between the installation gain and the failure 
point, the installation gains are presented here for completeness. 

  
Figure 8: Crystal Palace reception system gains 
3.46 Older aerials in use to receive signals from the Crystal Palace transmitter are only 

intended to provide good levels of gain up to UHF channel 37 and they are referred 
to as “Group A”. The average measured performance of Crystal Palace Group A 
rooftop aerials was broadly in line with expectations.  The gain in the pass-band was 
around 8 dBi and the performance falls off as expected at higher frequencies. 

3.47 Newer aerials in use to receive signals from the Crystal Palace transmitter are 
intended to operate across all UHF channels and are described as wideband. The 
average frequency response of Crystal Palace wideband rooftop aerials is broadly in 
line with expectations although the average system gain is somewhat less than 
assumed in coverage planning predictions (by around 5-6 dB).  Nevertheless, better 
performing systems did achieve the value assumed in planning. 
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Figure 9: Hemel Hempstead reception system gains 
3.48 Newer aerials in use to receive signals from the Hemel Hempstead transmitter are 

intended to operate across all UHF channels and are described as wideband. Most 
Hemel Hempstead aerials are expected to be wideband although a few may have 
been old type “Group B” aerials. The average performance of Hemel Hempstead 
rooftop aerials is broadly in line with expectations although the average gain is less 
than the 9.15dBi value assumed in DTT coverage planning (by around 5-6 dB). 
Nevertheless, better performing systems did achieve the value assumed in planning.  

 

 
Figure 10: Black Hill / Darvel reception system gains 
 
3.49 The average performance of Black Hill rooftop aerials was somewhat less than 

assumed in coverage planning predictions (by around 14 dB).  A significant 
proportion of the aerials were older and of the “contract” type. Nevertheless, better 
performing systems did achieve the value assumed in planning. 

3.50 The performances of the Darvel rooftop aerials are shown individually.  Houses 1 and 
2 had wideband aerials.  Houses 3 and 4 had Group A aerials.  In addition, the aerial 
on house 4 was aligned on the Black Hill transmitter (despite the aerial being the 
wrong group to receive Black Hill transmissions).  The TV receiver in house 4 was 
nevertheless tuned to receive signals from the Darvel transmitter.  The performances 
of the aerial systems for households using the Darvel transmitter were broadly in line 
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with expectations, noting that the system gain for House 2 was high because of the 
use of a mast-head amplifier. 

 

Figure 11: Dover reception system gains 
 
3.51 Aerials in use to receive signals from the Dover transmitter are intended to operate 

across all UHF channels and are described as wideband. The average frequency 
response of Dover wideband rooftop aerials is broadly in line with expectations and 
the average system gain is broadly in line with the value assumed in coverage 
planning predictions.   

3.52 Wideband aerials typically achieve lower gains than grouped aerials.  The 
performances of the aerial systems for Dover services were significantly better than 
aerial systems receiving services from the Crystal Palace, Hemel Hempstead or 
Black Hill transmitters.  This is because many more systems in the Thanet area used 
mast-head amplifiers (because Thanet has lower received DTT signal strengths than 
the other areas) to use the Dover transmitter (in preference to the Margate relay 
which provides stronger signals in the area). 

Observed margins as a function of observed protection ratio 

3.53 Figure 12 below shows a typical scatter plot of observed margins as a function of 
observed protection ratio.  Each point relates to an individual measurement in a 
household for a given DTT UHF channel in use and a specific channel relationship to 
the WSD.  Measurements were made where WSD channel relationships to the 
wanted DTT channel were: 

3.53.1 Second lower adjacent (N-2) – WSD channel 16 MHz below DTT 

3.53.2 First lower adjacent (N-1) – WSD channel 8 MHz below DTT 

3.53.3 Co-channel – WSD channel same as DTT channel 

3.53.4 First upper adjacent (N+1) – WSD channel 8 MHz above DTT 

3.53.5 Second upper adjacent (N+2) – WSD channel 16 MHz above DTT 

3.54 For each transmitter serving each location, a separate scatter plot was produced for 
each of these channel relationships.  The plots would be expected to have different 
appearances for each channel relationship because of the different protection ratios 
for different channel relationships. 
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3.55 The margin (y-axis) is the difference between the measured power of the White 
Space Device just before DTT picture disturbance and the proposed consultation 
limit for WSD power in the 100m x 100m pixel (calculated by the TVWS availability 
tool we have been using during the pilot). 

3.56 Negative margins indicate that DTT would not be fully protected and positive margins 
indicate that DTT would be over-protected.  The model does makes some allowance 
for location variation of the DTT service and the assumptions made would allow for a 
small proportion of households to be liable to DTT video/audio degradation in the 
worst case reference geometry between WSD and DTT aerial, were such a worst 
case scenario to occur – i.e. with a WSD radiating at full power outside that specific 
house and in the worst position outside the house. 

3.57 The observed protection ratio r (x-axis) is the logarithmic ratio of the wanted DTT 
power measured at the TV receiver in the home to the inferred power of the White 
Space Device at the DTT receiver just before DTT picture disturbance. 

3.58 For a co-channel relationship, the protection ratios are expected to be around 17 dB, 
but this figure does vary with the DVB-T transmission mode in use.  For adjacent 
channel relationships, the spread in protection ratios is expected to be much wider 
than the co-channel case, and is very much dependent on DTT receiver design. 

 
Figure 12: Typical scatter plot of observed margin vs. observed protection ratio 
3.59 Points would be expected to be scattered around a line with a -1:1 gradient as the 

proposed consultation limit for WSD power has a linear relationship with protection 
ratio.  The scatter about the line is caused by measurement uncertainty and other 
variables such as the separation distance between the WSD and DTT aerials.  

3.60 Points that are blue in colour are considered to be relevant for checking the accuracy 
of the model. Points in red indicate either that the measured DTT signal level was low 
or that the multiplex being received was predicted not to serve the pixel in question 
(below 70% locations for 99% time) and so would not have been protected by the 
model. 

26 



TV white spaces – DTT coexistence tests 

3.61 Green points indicate that the transmitter in use was not one of those identified by 
the DTT planning model (UKPM).  This means that the model would not have 
provided protection for a DTT household in the same pixel as the WSD and any 
protection would only arise from incidental reception of the wanted DTT transmitter if 
it was predicted by the DTT planning model to be in use in surrounding pixels. 

3.62 These scatter plots do not show measurements that were made where it was not 
possible to cause video/audio degradation to the DTT multiplex in use.  This is 
because the margin and protection ration would not be meaningful in these cases. 
Nevertheless these measurements were considered in the subsequent statistical 
analysis of the data. 
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Crystal Palace 

3.63 Figure 13 shows the plots of margin against observed protection ratio for the Crystal 
Palace transmitter being received in Watford.  Plots are shown for each of the 5 
channel relationships mentioned in paragraph 3.53. 

3.64 Each of these plots is for the domestic DTT receiver encountered in the house.  
There is another plot for the reference receiver which was a calibrated DTT receiver 
that was brought into each house to assist with checking and validation of the 
measurements.  In this case, a co-channel relationship was used between the DTT 
and WSD transmissions (apart from the few points around a protection ratio of -40dB 
where a first adjacent channel relationship had been used. 

3.65 The results are broadly as expected.  Where the DTT transmitter in use was one of 
those identified by the DTT planning model, the margins were largely all positive for 
the adjacent channel relationships.  Also, even when the DTT transmitter in use was 
not one of those identified by the DTT planning model, the margins were similar.  
However the margins in the co-channel case broadly ranged from -15dB to +15dB. 

 
Figure 13: Margin vs. protection ratio for Crystal Palace 
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Hemel Hempstead 

3.66 Figure 14 shows the plots of margin against observed protection ratio for the Hemel 
Hempstead transmitter being received in Watford.  There were fewer households 
measured than for the Crystal Palace transmitter so there are fewer measurement 
points. 

3.67 For the reference receiver, a co-channel relationship was used between the DTT and 
WSD transmissions (apart from the single point around a protection ratio of -40dB 
where a first adjacent channel relationship had been used. 

3.68 The results are broadly as expected.  Where the margins were negative for the 
adjacent channel relationships, these were for a single household and this was 
believed to be a result of a badly performing receiver. The other adjacent channel 
margins were largely positive.  However the margins in the co-channel case broadly 
ranged from -15dB to 0dB.  Later analysis in this section suggests this is because 
UKPM tends to over-predict the field strength of the Hemel Hempstead DTT 
transmitter in this area. 

 

Figure 14: Margin vs. protection ratio for Hemel Hempstead 
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Black Hill 

3.69 Figure 15 shows the plots of margin against observed protection ratio for the Black 
Hill transmitter being received in Glasgow.  For the reference receiver, a co-channel 
relationship was used between the DTT and WSD transmissions. 

3.70 The results are broadly as expected for the adjacent channel measurements.  In the 
few cases where the margins were negative for the adjacent channel relationships, 
these were believed to be a result of badly performing receivers. The other adjacent 
channel margins were positive, in many cases significantly so.   

3.71 For the co-channel measurements, there were some very poor observed protection 
ratios (greater than 30dB) and corresponding poor margins.  Considerable effort has 
been put into determining the cause and they are now thought to be cause by a 
measurement setup problem and so will be disregarded from further analysis. The 
other margins in the co-channel case broadly ranged from -25dB to +20dB.   

Figure 15: Margin vs. protection ratio for Black Hill 
 

30 



TV white spaces – DTT coexistence tests 

Darvel 

3.72 We do not assign much importance to the results of the measurements of reception 
of Darvel, because of the relatively small numbers of measurements, the uncertainty 
in the co-channel measurements, the fact that Darvel was not one of those identified 
by the DTT planning model at the household locations, and because one of the 
aerials in use was pointing at the Black Hill transmitter rather than Darvel. 
Nevertheless we include the results here for completeness. 

3.73 Figure 16 shows the plots of margin against observed protection ratio for the Darvel 
transmitter being received in Glasgow.  For the reference receiver, a co-channel 
relationship was used between the DTT and WSD transmissions. 

3.74 The results are broadly as expected for the adjacent channel measurements.  
Relatively few adjacent channel measurements were made (none for N-2 or N-1). In 
no cases was Darvel one of those identified by the DTT planning model at the 
household locations so any protection provided would have arisen from surrounding 
pixels.  

3.75 For the co-channel measurements, there were some very poor observed protection 
ratios (greater than 30dB) and corresponding poor margins.  Considerable effort has 
been put into determining the cause and they are now thought to be cause by a 
measurement setup problem and so will be disregarded from further analysis. The 
other margins in the co-channel case were poor because Darvel was not one of 
those identified by the DTT planning model at the household locations.   

 
Figure 16: Margin vs. protection ratio for Darvel 
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Dover 

3.76 Figure 17 shows the plots of margin against observed protection ratio for the Dover 
transmitter being received in Thanet.  For the reference receiver, an N-1 channel 
relationship was used between the DTT and WSD transmissions. 

3.77 Where the Dover transmitter was one of those identified by the DTT planning model, 
the adjacent channel margins were broadly in the range -20dB to +10dB. The 
adjacent channel margins were lower than those observed in the Watford and 
Glasgow areas, partly because the received DTT signal strengths were significantly 
lower than modelled by UKPM (see later), but also because the specific WSD 
configuration with an amplifier used in Thanet had a worse out-of-band (OOB) 
performance than that used in Watford and Glasgow. 

3.78 Where Dover was one of those identified by the DTT planning model, the co-channel 
margins were broadly in the range -25dB to 0dB. Later analysis in this section 
suggests this is because UKPM over-predicts the field strength of the Dover DTT 
transmitter in this area. 

Figure 17: Margin vs. protection ratio for Dover 
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Field strength scatter plots 

3.79 During the analysis of the variation of margin with protection ratio, it became 
apparent that the variation between the measured field strengths and those predicted 
by the planning model (UKPM) was having an effect on the observed margin.  It was 
therefore considered important to investigate further the differences between the 
measured field strengths and those predicted by the UKPM. 

3.80 The following scatter plots show, for each of the transmitters in use in each of the 
three test areas, the inferred field strength at the rooftop aerial (Es2) compared with 
either the predicted field strength (from the UK Planning Model – UKPM) or that 
measured at the location of the antenna on the pump-up mast on the trolley (Es1).   

3.81 The scatter plot of Es2 against the UKPM predicted field strength shows the 
combination of the prediction error on top of the location variation and the 
measurement uncertainty.  The scatter plot of Es2 against the field strength at the 
trolley (Es1) shows the combination of the location variation within a pixel and the 
additional measurement uncertainty in back-calculating the DTT field strength at the 
rooftop aerial. 

 

Figure 18: Crystal Palace field strength scatter plots 
 
3.82 Figure 18 above shows the field strength scatter plots for Crystal Palace. The 

agreement between Es1 and Es2 is broadly in line with expectations, when an 
allowance is made for the location variation and the measurement uncertainty.  There 
is also broad agreement between the field strength at the rooftop aerial Es2 and the 
UKPM prediction, although it appears that the model under-predicts the field 
strengths at lower field strength values in this area. 

 

Figure 19: Hemel Hempstead field strength scatter plots 
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3.83 Figure 19 above shows the field strength scatter plots for Hemel Hempstead. The 
agreement between Es1 and Es2 is broadly in line with expectations.  It appears that 
UKPM generally over-predicts the field strengths in this area. 

 

Figure 20: Black Hill field strength scatter plots 
 
3.84 Figure 20 above shows the field strength scatter plots for Black Hill. The agreement 

between Es1 and Es2 is broadly in line with expectations.  Also UKPM broadly 
correctly predicts the field strengths in this area. 

 

 

Figure 21: Darvel field strength scatter plots 
Figure 21 above shows the field strength scatter plots for Darvel. The agreement 
between Es1 and Es2 is broadly in line with expectations.  Also UKPM broadly 
correctly predicts the field strengths in this area. 

 

 

Figure 22: Dover field strength scatter plots 
 
3.85 Figure 22 above shows the field strength scatter plots for Dover. The agreement 

between Es1 and Es2 is broadly in line with expectations.  It appears that UKPM 
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generally over-predicts the field strengths in this area, and in some cases to a 
significant extent. 

Observed margins as a function of field strength error 

3.86 As the measured DTT field strengths in some geographical areas had been found to 
vary significantly from the predicted field strengths, the margins were re-plotted 
below as a function of field strength error (Es2-UKPM).  Broadly it would be expected 
that there would be a 1:1 relationship between the margin and the error (Es2-UKPM).  

3.87 Points would be expected to be scattered around a line with a 1:1 gradient as the 
proposed consultation limit for WSD power has a linear relationship with UKPM field 
strength.  The scatter about the line is caused by measurement uncertainty and other 
variables such as the separation distance between the WSD and DTT aerials.  

3.88 Co-channel measurements would be expected to show less scatter about the 1:1 line 
than adjacent channel measurements. This is because the co-channel protection 
ratio remains fixed at around 17 dB whereas the adjacent channel protection ratio 
shows more variation which adds to the scatter. 
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Crystal Palace 

3.89 Figure 23 shows the plots of margin against field strength error for the Crystal Palace 
transmitter being received in Watford.   

3.90 The results are broadly as expected.  The co-channel measurements are scattered 
about a line with a 1:1 slope and this line crosses through the origin.  Thus the model 
would have on average provided 0 dB of margin, had the measured field strengths 
aligned with those predicted by UKPM. 

3.91 The adjacent measurements are also scattered about a line with a 1:1 slope and the 
scatter is greater than in the co-channel case. This line crosses significantly above 
the origin.  Thus the model would have on average provided a positive margin of 20-
30dB, had the measured field strengths aligned with those predicted by UKPM. 

 

Figure 23: Margin vs. field strength error for Crystal Palace 
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Hemel Hempstead 

3.92 Figure 24 shows the plots of margin against field strength error for the Hemel 
Hempstead transmitter being received in Watford.   

3.93 The results are broadly as expected although there are fewer measurement points 
than in the Crystal Palace measurements and the scatter is greater than in the co-
channel case.  The co-channel measurements are scattered about a line with a 1:1 
slope and this line crosses through the origin.  Thus the model would have on 
average provided 0dB of margin, had the measured field strengths aligned with those 
predicted by UKPM. 

3.94 There are too few adjacent measurements to draw any strong conclusions. However 
the margins are all broadly positive apart from the cases where it was believed that 
there was a particularly poorly performing receiver. 

 

Figure 24: Margin vs. field strength error for Hemel Hempstead 
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Black Hill 

3.95 Figure 25 shows the plots of margin against field strength error for the Black Hill 
transmitter being received in Glasgow.  We do not show the Darvel measurements 
here for the reasons discussed previously. 

3.96 For the co-channel measurements, as previously mentioned, there were some very 
poor observed protection ratios (greater than 30dB) and corresponding poor margins.  
The co-channel results are broadly as expected when those with margins below  
-25dB are disregarded.  The co-channel measurements are scattered about a line 
with a 1:1 slope and this line crosses through the origin.  Thus the model would have 
on average provided 0dB of margin, had the measured field strengths aligned with 
those predicted by UKPM. 

3.97 The adjacent measurements are also scattered about a line with a 1:1 slope and the 
scatter is greater than in the co-channel case. This line crosses significantly above 
the origin.  Thus the model would have on average provided a positive margin of 
around 10dB, had the measured field strengths aligned with those predicted by 
UKPM.  

Figure 25: Margin vs. field strength error for Black Hill 
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Dover 

3.98 Figure 26 shows the plots of margin against field strength error for the Dover 
transmitter being received in Thanet.  Where Dover was one of those identified by 
the DTT planning model, the adjacent channel margins were broadly in the range -
20dB to +10dB. The adjacent channel margins were lower than those observed in 
the Watford and Glasgow areas, partly because the received DTT signal strengths 
were significantly lower than modelled by UKPM, but also because the specific WSD 
configuration used in Thanet had a worse out-of-band (OOB) performance than that 
used in Watford and Glasgow. 

3.99 Co-channel measurements are scattered about a line with a 1:1 slope and this line 
crosses through the origin.  Thus the model would have on average provided 0dB of 
margin, had the measured field strengths aligned with those predicted by UKPM. 

3.100 The adjacent measurements are also scattered about a line with a 1:1 slope and the 
scatter is greater than in the co-channel case. This line also crosses roughly at the 
origin.  Thus the model would have on average provided 0dB of margin, had the 
measured field strengths aligned with those predicted by UKPM. 

Figure 26: Margin vs. field strength error for Dover 
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Cumulative distribution functions of the margins 

3.101 Figure 27 below shows the cumulative distribution functions of the margins for the 
Crystal Palace, Hemel Hempstead, Black Hill and Dover transmitter measurements.  
The Darvel measurements are not presented for the reasons given previously.   

3.102 Typically the adjacent channel curves do not go up to 100% of measurements.  This 
is because an allowance has been made for cases where a measurement was made, 
but it was not possible to affect DTT reception, even when using the full 36dBm 
output of the WSD. 

3.103 As expected from the previous scatter plots, the margins are worse in the co-channel 
case than the adjacent channel case. The margins for the Hemel Hempstead and 
Dover transmitters are worse than for the Crystal Palace and Black Hill transmitters 
because UKPM tends to over-predict the DTT signal strength for Hemel Hempstead 
and Black Hill. 

3.104 The adjacent channel margins are closer to the co-channel margins for the Dover 
transmitter measurements than for the other measurements.  This is because the 
WSD used in Thanet had a worse OOB performance (when combined with the 25W 
amplifier used on the output of the WSD) than the WSD used in the Watford and 
Glasgow areas.  This was the case even though the 25W amplifier had been 
carefully selected to minimise the degradation of the OOB performance of the WSD. 

Figure 27: Cumulative distribution function plots of the margins 
 
3.105 The findings of these in-home measurements suggest that some adjustments will 

need to be made to the parameters used in the model as assumed in the TVWS 
consultation in order to provide the level of protection intended to be provided for 
DTT by the framework set out in the consultation document.  
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3.106 Evidence from these studies and those undertaken by BBC and Arqiva will inform our 
decisions in the forthcoming statement on the level of protection that will need to be 
afforded to DTT and how it could be applied in the model. 
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Section 4 

4 Long range measurements 
4.1 This section gives details of:- 

4.1.1 The test methodology used for undertaking the long range measurements. 

4.1.2 The measured results and our analysis of the implications. 

Test methodology 

4.2 The test methodology for the long range measurements was very similar to that used 
for the short range tests. In addition, for each reception location, a set of short range 
measurements was undertaken as a check of the measurement configuration, and to 
provide a cross-check of the installation gain of the receiving installation.  

4.3 The long-range measurements could not be made in households because they had 
the potential to interfere with reception of DTT at other nearby households. Therefore 
the tests were performed by using a calibrated DTT receiver in a measuring van to 
simulate the household reception environment.  Both the measuring van and the 
transmitting van were situated well away from populated areas.   

4.4 On the transmission side, the setup was the same as that used for the short range 
tests.  A WSD of known performance was used in a measuring vehicle connected via 
an attenuator and a calibrated feeder to a calibrated transmitting antenna on a 
pneumatic pump-up mast on a remote measuring trolley.  This WSD was the same 
as that used for the Watford and Glasgow in-home tests. 

4.5 The transmitting aerial was located at a separation of 1-3 km from the receiving 
aerial.  The transmitting aerial was pointed directly at the receiving aerial. The 
intention was to simulate a worst-case interference geometry for a fixed WSD 
situated on one property with DTT being received in another property. 

4.6 The horizontal separation between the transmitting aerial and the receiving aerial 
was calculated from the locations of the two aerials (measured using GPS). 

4.7 The coupling gain (in the centre of all UHF channels from 21 to 60) was measured 
between the transmitting aerial to the aerial wall-plate in the house using a calibrated 
CW sine-wave source7 at the trolley and a calibrated spectrum analyser connected to 
the receiving aerial. An amplifier of 7 dB gain was used on the output of the CW 
source to boost the levels above the received noise floor to achieve sufficient CW 
sine wave signals for measuring the coupling losses. 

4.8 A household’s reception installation was simulated using a survey measuring vehicle 
with:  

7 Note: it was desirable to use a CW sine wave source to minimise the interference potential to DTT 
services and to ensure that significant levels could be produced to get above background signal 
levels.  
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4.8.1 A domestic DTT receiving aerial (at a height of 10m) attached to a 
pneumatic pump-up mast. 

4.8.2 Domestic 75 ohm cable downlead attached to the aerial. 

4.8.3 A reference DTT receiver of known performance in the vehicle connected 
to the domestic downlead. 

4.8.4 All necessary measuring equipment installed in the measuring vehicle. 

4.9 Figure 28 below show the locations that were picked for the measurements, including 
the terrain profiles between the transmitting and receiving locations.  

   

   
Figure 28: Locations and terrain profiles for the long distance measurement tests 
 
Results and analysis  

4.10 The co-channel protection ratios were observed to be in line with expectations of the 
reference receiver, allowing for the measurement uncertainty.  This confirmed that 
the coupling gain being measured by the CW source was representative of that being 
applied to the interfering WSD signal. 

4.11 The receiving installation gain was measured with the transmitting vehicle close (10-
20m) to the receiving installation.  It was observed to be close to that expected from 
measurements of the receiving aerial made previously on the antenna range at the 
Ofcom Baldock offices. 
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4.12 Figure 29 below shows the measured path loss in relation to free space, derived from 
the measured long range coupling gain and having previously measured the 
installation gain at short range. 

 

Figure 29: Path loss in relation to free space for the long range measurements 
 
4.13 It proved quite challenging to measure the path losses over these distances because 

of limitations in the amplifier available for the tests.  Also it can be seen that the 
measured path losses are quite variable when the losses are significantly greater 
than expected from free-space propagation. 

4.14 The variability would have been expected to be less if a wideband source had been 
used for measuring the coupling gains.  However it was not possible to deliver 
sufficient power from the wideband source to get above the noise floor.  It had been 
planned to try a swept CW source for making the measurements but this proved not 
to be possible.  Therefore the above path losses should be treated with some caution 
because of the variability demonstrated with frequency. 

4.15 The path lengths for the different paths were:- 

• Path 1 : 1630m 

• Path 2 : 1530m 

• Path 3 : 2380m 

• Path 4 : 928m 

4.16 It is possible that path 4 was experiencing 2-ray propagation which would explain 
why the path loss appeared to be slightly less than that for free-space propagation.  
However the inaccuracies in the measurement method are sufficient that this cannot 
be confirmed. 

4.17 Path 1 showed a propagation loss very comparable with free-space propagation.  
Paths 2 and 3 showed greater path losses than expected for free-space propagation. 
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4.18 Figure 30 below shows the path loss comparison at 482MHz between free space 
propagation and that predicted by the Hata model for rural clutter.  It can be seen that 
paths 1, 2 and 4 would be expected to have path losses equivalent to that predicted 
for free space propagation.  Path 3 would be expected to have a path loss some 4 dB 
greater than that for free-space propagation. 

4.19  

Figure 30: Path loss comparison between free-space propagation and the Hata model 
 
4.20 The results shown in figure 29 therefore confirm that, for the limited number of tests 

undertaken (and noting the comments about the measurement uncertainty), that the 
losses over longer paths are broadly at least as high as indicated by the Hata model 
(which assumes free-space propagation over shorter distances). This applies for the 
unobstructed paths that were tested and the losses would have been expected to be 
greater over obstructed paths.  

4.21 These observations, and any other evidence presented on propagation over longer 
paths, will inform the conclusions in the statement on the appropriateness of the use 
of the Hata model for predicting path losses over longer paths. 
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Section 5 

5 Laboratory receiver protection ratio tests 
Introduction 

5.1 In order to investigate the impact of WSD emissions on the ability of DTT receivers to 
receive a TV signal, a large number of laboratory protection ratio measurements 
were made.  These measurements were performed both by Ofcom’s and by DTG 
group using the same method.  

5.2 The measurement of protection ratios within the controlled laboratory environment 
supports the analysis of the in-home testing results and allows us to test a wider 
selection of receivers under a wider range of signal conditions than would be 
possible using in-home testing alone. 

5.3 The protection ratio is the ratio of the wanted DTT signal to the interfering WSD 
power at the point of onset of picture failure. The point of onset of failure was 
determined subjectively based on observations of picture quality. A fuller description 
of the methodology used is described in annex 2 and the DTG technical report 
published alongside this technical report. 

5.4 The observed protection ratio is a function of the operating conditions, and the 
objective of the protection ratio measurements was to provide a comprehensive 
understanding of how the protection ratio varies with the following key factors: 

• The performance of the specific receiver under test. 

• Wanted DTT signal level. Protection ratios were measured over a wide range of 
wanted signal levels from -75dBm to -30dBm. 

• DVB mode. 5 DVB modes in use in the UK were tested, including three DVB-T 
and two DVB-T2 modes. 

• WSD emission type (including WSD emission class and how the signal varies 
over time). Tests on master and slave emissions from a total of 4 different WSDs 
with widely differing characteristics were performed. 

• Interference adjacency. Tests were performed with the WSD co-channel with the 
wanted DTT signal and at adjacencies ±1, ±2, ±3 and ±9. This means that tests 
were completed on 9 separate adjacencies with the WSD signal offset in range 
from -72MHz to +72MHz from the wanted DTT signal. 

5.5 The measurements undertaken by DTG were targeted at repeating measurements 
on 50 receivers to characterise the variation of receiver performance within the UK 
installed base. Of these 50 receivers, 35 were those encountered in the in-home 
testing and the remaining 15 were selected from the best-selling models in the UK. 
The inclusion of the best-selling models means that the selection of receivers tested 
covers 41% of receivers (by volume sold) within the UK installed base. Each of the 
50 receivers was tested in only one DVB-mode, but with a full range of DTT wanted 
signals over a full range of adjacencies and for two WSD waveforms. 
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5.6 DTG has produced a detailed report on these measurements which is published 
alongside this technical report. The results and conclusions in the DTG report should 
be read in conjunction with the results presented here. 

5.7 The measurements undertaken by Ofcom were targeted at repeating tests on 5 
receivers for the other DVB modes in use in the UK. A larger range of WSD 
waveforms was tested. Like the tests with 50 receivers, protection ratios were 
determined for a full range of DTT wanted signal levels and over a full range of 
adjacencies. 

5.8 The 5 receivers for the more detailed tests were carefully selected based on the 
results of tests on the larger sample of 50. Two of the five were selected from the 
better and poorer performing of the 50 receivers tested, two were selected from the 
better selling receivers and the fifth was the ‘reference receiver’. 

5.9 Measurements of protection ratios were made with wanted DTT powers in the range 
-75dBm to -30dBm as virtually all of the DTT powers observed in the in-home tests 
were in this range. 

5.10 Tests on co-channel and ±1, ±2, ±3 channel relationships were chosen because the 
protection ratios change most over this range. Beyond ±3, protection ratios typically 
do not change significantly with frequency, except for older-style ‘can’ tuners where 
the n+9 channel relationship can give a poorer protection ratio because of the IF 
frequency used in the tuner. The n-9 adjacency gives a good indication of the typical 
protection ratios at wider frequency separations than ±3 although it is often quite 
close in value to that for ±3.  Typically, protection ratios between the third and ninth 
adjacent channel relationships can be interpolated between the n-9 and ±3 values.  

Protection ratio test configuration 

5.11 The test configuration for protection ratio measurements is shown in Figure 31. The 
test configuration is more fully described in annex 2, but key aspects of this test 
configuration include: 

• The transmit power of the WSD is set to its maximum level and the interferer 
power incident on the TV receiver is then adjusted using variable attenuator RCL. 
This ensures that if WSD out of band emissions get worse as the WSD power 
level increases (as a result of any non-linearity in the output stage, for example) 
that this effect is captured by the tests. 

• A real WSD link is used, and the link attenuation can be varied using RWSD.  
Using a real link rather than a recording of a WSD waveform means that dynamic 
range limitations of recording-playback systems will not compromise the result8.  
Adjusting link loss by means of RWSD ensures that WSD systems that use 
adaptive modulation can be adjusted to higher or lower order modulation as 
required. 

• A signal generator set to the wanted channel +10 (+80MHz offset) and at a power 
7dBm higher than the wanted signal was used for all tests. This was to simulate 
the conditions seen by a DTT receiver under normal operation which receives 
signals simultaneously on more than one DTT multiplex. 

8 Adjacent channel protection ratios at large offsets cannot be measured reliably if the protection ratio 
is larger than the dynamic range of the recording-playback system. 
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Figure 31: DTT protection ratio test configuration for master WSD as interferer 
 
5.12 Initially, three WSDs were available for Ofcom’s laboratory testing. Towards the end 

of Ofcom’s measurement campaign, a fourth WSD became available. 

5.13 A full set of protection ratios was measured for each WSD for the DVB-T 64QAM, 
R2/3 mode for each of the DTT levels and each of the channel adjacencies using the 
‘reference’ receiver. Section 3 explains how the WSDs “model 1” and “model 2” were 
selected for undertaking the in-home measurements. 

5.14 Because the bulk of the in-home measurements were made with the “model 1” WSD, 
this was used for the DTG laboratory measurements and the bulk of the Ofcom 
laboratory measurements. Ofcom also undertook a more limited set of 
measurements with the “model 2” WSD and a smaller set of 5 DTT receivers to 
capture further information on typical performances of different DTT receivers with 
different types of WSD. 

5.15 A basic check was also made that the protection ratios measured in the home were 
broadly comparable with those measured at the DTG laboratory for each channel 
adjacency, for the same make and model and model of DTT receiver. The protection 
ratios were found to show a broad agreement although perfect agreement would not 
be expected as: 

5.15.1 No two receivers of the same make and model would be expected to give 
precisely the same performances, especially not if from different batches 
(although the agreement would be expected to be within a few dB). 
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5.15.2 Many of the DTG measurements were made on a receiver described by the 
manufacturer as having the same chassis and RF circuitry, but not 
necessarily being of the same model number. 

Variation of protection ratio with wanted DTT signal level 

5.16 The DTG report contains a large number of curves showing that the co-channel 
protection ratio is largely independent of DTT signal level for a given WSD waveform 
across the 50 receivers tested. Table 5 illustrates this observation. 

Table 5: Mean and standard deviation of co-channel protection ratio for 50 TV 
receivers measured over a range of DTT wanted signals using WSD model 
1 master waveform under high traffic load as the interfering signal9 

DTT wanted level 
(dBm) 

Mean co-channel 
protection ratio 

(dB)10 
Standard deviation 

(dB) 
-70 17.0 1.4 
-60 17.0 1.7 
-50 16.7 1.6 
-30 16.9 1.5 

 
5.17 Table 6 shows the protection ratio results for adjacencies -9 to +9 at a wanted signal 

level of -70-dBm. The protection ratio measured is a result of both adjacent channel 
selectivity (ACS) performance in the receiver and adjacent channel leakage (ACL) in 
the WSD waveform.  The results in Table 6 show a greater spread than those in 
Table 5, which is because the ACS varies significantly between receivers. 

5.18 The mean protection ratio for adjacency -1 is similar to +1, -2 is similar to +2 and -3 is 
similar to +3.  The exception is adjacency +9 which is on average 6dB lower than the 
-9 adjacency. The standard deviation of protection ratio for adjacency +9 is also 
larger than that for adjacency -9.  The origin of this increased standard deviation is 
that some – but not all - of the receivers tested show an increased protection ratio for 
the +9 test.  Those receivers showing an increase are generally the ones that use a 
72MHz IF frequency.  For these receivers the +9 offset is located on the IF image 
frequency and limited image rejection within the receiver results in a reduced 
protection ratio. 

Table 6: Mean and standard deviation of adjacent channel protection ratio for 50 TV 
receivers measured at a wanted DTT signal level of -70dBm using WSD 
model 1 master waveform under high traffic load as the interfering signal 

Adjacency -9 -3 -2 -1 0 1 2 3 9 
Mean protection ratio (dB) -55 -49 -47 -40 17 -42 -49 -50 -49 
Standard deviation of protection ratio (dB) 3.4 5.4 5.8 5.7 1.4 3.4 3.7 4.3 6.5 
 
5.19 For adjacent channel measurements, the protection ratio decreases as the wanted 

signal level increases. This is an expected result that arises as a result of non-linear 

9This waveform was used for in-home tests in Watford and Glasgow. 
10These results are for victim mode “DVB-T 64QAM 2/3 8k 1/32”, where DVB-T refers to the DVB-T 
standard (as opposed to DVB-T2), 64QAM refers to the modulation, 2/3 refers to the coding rate, 8k 
refers to the DFT size and 1/32 refers to the guard interval. 
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mechanisms occurring within the receiver chain and which become increasingly 
important at high signal levels.  The level of interfering signal level is particularly high 
for adjacent channel tests at high wanted DTT signal levels, and so it is under these 
conditions that the decrease in protection ratio is most marked. 

5.20 At high signal levels a large majority of the receivers tested show a ‘blocking like’ 
characteristic where the protection ratio increases dB for dB with the wanted signal. 
This indicates that, whatever the wanted signal level, the receiver can tolerate no 
higher level of interference. Table 7 shows the statistics of the interfering signal 
levels for the receivers tested for the ±2, ±3 and ±9 adjacencies11. 

Table 7: Statistics of interfering signal level12 for 50 receivers measured by DTG 
using WSD model 1 master waveform under high traffic load and -30dBm 
wanted signal level 

Adjacency -9 -3 -2 -1 0 1 2 3 9 
Mean Interfering Signal Level (dBm) -16 -16 -16 - - - -16 -19 -17 
Standard Deviation (dB) 6 6 6 - - - 6 6 6 
Maximum Interfering Signal Level (dBm) -8 -9 -8 - - - -8 -8 -7 
Minimum Interfering Signal Level (dBm) -30 -36 -32 - - - -33 -31 -31 
 
5.21 Unlike the co-channel results there is a wide range of blocking levels observed in the 

sample of 50 receivers. The mean blocking level is -16dBm13 whilst the best receiver 
has a blocking level of -8dBm and the worst receiver around -30dBm. 

Variation of protection ratio with DVB mode 

5.22 Ofcom tested a sample of 5 receivers over 5 DVB modes. Co-channel results from 
these tests were consistent with measurements in Table 5 and likewise indicated that 
the co-channel protection ratio is largely independent of DTT signal level for a given 
DVB mode. 

5.23 Table 8 and Table 9 show the mean co-channel protection ratios averaged across all 
receivers and DTT signal levels for the 5 DVB modes tested. The theoretical system 
C/N figures quoted in these tables for DVB-T are taken from the Chester 1997 
agreement14 and are applicable for fixed reception assuming a Rician channel. The 
figures for DVB-T2 are taken from the E-Book (IEC 62216) and include a 0.3 dB 
allowance for a Rician channel. The measured receiver implementation margin is the 
difference between the mean of the measured protection ratios and the 
corresponding theoretical C/N figure. 

11For clarity co-channel and ±1 results are not shown in Table 7.  For co-channel results the 
interfering signal is typically 17dB below the wanted signal and does not give rise to blocking.  For ±1 
results the protection ration obtained in this case is determined by a combination of receiver 
performance and ACLR of the WSD, and the results do not help illustrate the point being made in the 
text. 
12 Interfering signal level is calculated from the protection ratio results measured with -30dBm wanted 
DTT signal level. Interfering signal level =  (-30 + protection ratio) 
13 Not all receivers are showing ‘blocking like’ behaviour at -30dBm wanted signal under the 
conditions measured so -16dBm is a conservative estimate for the mean blocking level. 
14 The Chester 1997 multilateral co-ordination agreement relating to technical criteria, co-ordination 
principles and procedures for the introduction of terrestrial digital video broadcasting (DVB-T). 
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Table 8: Mean and standard deviation of co-channel protection ratio for 5 TV 
receivers measured over a range of DTT wanted signals using WSD model 
1 master waveform under high traffic load as the interfering signal 

 

Measured Protection Ratio 
(dB) Theoretical 

System C/N 
(dB) 

Measured 
Receiver 

Implementation 
Margin (dB)15 Mean 

Standard 
Deviation 

DVB-T 64QAM 2/3 8k 1/32 17.1 1.6 17.1 0.0 
DVB-T 64QAM 3/4 8k 1/32 19.6 1.1 18.6 1.0 
DVB-T QPSK 3/4 8k 1/32 8.5 1.1 6.8 1.7 
DVB-T2 256QAM 2/3 32k 1/128 17.0 3.1 18.4 -1.4 
DVB-T2 QPSK 2/3 32k 1/128 5.0 3.3 3.4 1.6 
 

Table 9: Mean and standard deviation of co-channel protection ratio for 5 TV 
receivers measured over a range of DTT wanted signals using WSD model 2 master 
waveform with 25W amplifier under high traffic load as the interfering signal16 

 

Measured Protection Ratio 
(dB) Theoretical 

System C/N 
(dB) 

Measured 
Receiver 

Implementation 
Margin (dB) Mean 

Standard 
Deviation 

DVB-T 64QAM 2/3 8k 1/32 17.6 0.7 17.1 0.5 
DVB-T 64QAM 3/4 8k 1/32 19.5 0.8 18.6 0.9 
DVB-T QPSK 3/4 8k 1/32 7.4 0.8 6.8 0.6 
DVB-T2 256QAM 2/3 32k 1/128 18.2 0.5 18.4 -0.2 
DVB-T2 QPSK 2/3 32k 1/128 4.3 1.6 3.4 0.9 
 
5.24 The results in Table 8 and Table 9 show that each mode has a different protection 

ratio. This is expected since the modulation order and coding rate are different. 

5.25 The measured protection ratios closely match the theoretical system C/N for each 
mode. In addition the differences between the results obtained from the two 
interfering WSD waveforms are relatively small despite the fact that WSD model 1 
and WSD model 2 have entirely different waveform designs17. 

5.26 The largest difference between WSD waveforms as interferers is observed when the 
victim is using the DVB-T2 256QAM mode. 

5.27 The largest variation between measurements of individual receivers’ performance as 
indicated by the highest standard deviation is observed for both DVB-T2 modes 
when WSD1 is the interfering source. 

15 Measured receiver implementation margin = measured protection ratio – theoretical system C/N 
16 This waveform was used for the in-home tests in Thanet. 
17 WSD2 has a higher peak to mean ratio than WSD1 and its waveform more closely resembles 
additive white Gaussian noise in the victim channel. 
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Variation of protection ratio with data rate 

5.28 The variation of protection ratio with data rate was investigated using both WSD 
model 1 and WSD model 2.  ‘High traffic’ measurements were taken using ‘Jperf’18’ 
as a data source as shown in Figure 31, and maximising the achievable throughput.  
‘Low traffic’ measurements were then taken using the same configurations but with 
Jperf turned off so that no (user) data flowed across the link. 

5.29 The results were then analysed by comparing the high-traffic results with the 
corresponding low-traffic results.  The results shown in Table 10 are the mean 
differences of the pairs of protection ratios measured with high and low traffic 
respectively.  Each cell in Table 10 is the mean difference of a number of pairs of 
protection ratio measurements taken across a range of wanted DTT signal levels.  As 
the adjacent channel protection ratios themselves vary with signal level, this analysis 
focusses on the difference between high and low traffic measurements irrespective of 
the actual protection ratio. 

Table 10: Mean difference between protection ratio measurements under high and 
low traffic conditions for the reference TV receiver measured over a range 
of DTT wanted signal levels using WSD model 1 and WSD model 2 master 
waveform for DTT victim mode DVB-T 64QAM 2/3 8k 1/32 

Channel Offset -2 -1 0 1 2 
WSD1 mean difference (dB) -1.4 -1.8 -0.2 1.5 -2.3 
WSD2 mean difference (dB) 0.0 0.0 0.7 0.6 0.7 
 
5.30 The difference between high and low traffic measurements for WSD1 is greater than 

for WSD2.  This is because the duty cycle of WSD1 master varies as the amount of 
user data varies.  WSD1 transmits nearly continuously when at maximum data 
throughput but transmits in short bursts with significant periods of inactivity when 
there is no user data to transmit.  WSD2 master transmits over the air continuously 
with a duty cycle of roughly 50% whether or not user data is present.   

5.31 Protection ratio measurements comparing high and low traffic scenarios were 
repeated for 5 DVB modes using the WSD model 1 master waveform as the 
interferer.  The results of comparing the high and low traffic measurements are 
shown in Table 11.  

Table 11: Mean difference between protection ratio measurements under high and 
low traffic conditions for the reference TV receiver measured over a range 
of DTT wanted signal levels and DVB modes using WSD model 1 master 
waveform 

Channel Offset -2 -1 0 1 2 
DVB-T 64QAM 2/3 8k 1/32 mean difference (dB) -1.4 -1.8 -0.2 1.5 -2.3 
DVB-T 64QAM 3/4 8k 1/32 mean difference (dB) -0.8 -0.8 -0.1 2.6 -2.2 
DVB-T QPSK 3/4 8k 1/32 mean difference (dB) -1.1 0.8 -1.1 1.6 -2.4 
DVB-T2 256QAM 2/3 32k 1/128 mean difference (dB) -2.3 -2.0 -10.8 -3.7 -3.3 
DVB-T2 QPSK 2/3 32k 1/128 mean difference (dB) -3.3 -3.6 -12.9 - - 
 

18 https://github.com/codefutures/jperf  
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5.32 For adjacent channel measurements the difference between protection ratio in high 
and low traffic mode is generally small (less than 3dB).  With the exception of 
channel offset +1, the DTT reference receiver offers better protection against the 
WSD waveform in low traffic mode than in high traffic mode. 

5.33 For co-channel measurements the most significant difference observed is between 
DVB-T2 modes and DVB-T modes. DVB-T2 uses interleaving to provide greater 
protection against impulsive noise. This also provides good protection against WSD 
model 1 master waveform in low traffic mode where WSD transmissions consist of 
short bursts (at maximum power) followed by longer periods of inactivity. 

5.34 Comparison of 64-QAM vs QPSK results for DVB-T and 256-QAM vs QPSK results 
for DVB-T2 shows that the increase in protection against co-channel interference in 
low traffic mode is greater when the lower order modulation is used. 

Variation of protection ratio with gating data throughput 

5.35 The results in the previous sub-section are obtained with ‘steady state’ WSD 
transmissions. By ‘steady state’ we mean that interference conditions are established 
and maintained for the duration of the individual test. Although the interfering WSD 
waveforms consist of many transitions from ‘on’ to ‘off’, these transitions occur 
relatively rapidly and repeat over durations that are generally much less than one 
second. 

5.36 A further set of tests was completed where the data throughput was alternated 
between ‘high’ and ‘low’ traffic states by running a Jperf script. For these tests the 
transition between ‘high’ and ‘low’ traffic state was deliberately set at a period in 
excess of 1 second. This test is intended to simulate a link where user data demand 
starts up after a period of inactivity. The repeat period was chosen to maximise the 
interference potential, knowing typical AGC performances of DTT receivers, to assist 
with making repeatable measurements. However it may not reflect typical use cases 
of WSDs. 

5.37 Gating tests were performed with slave WSD waveforms. In a network where one 
master device was a base-station supporting a number of slaves, the aggregate 
throughput of the master device would be expected to vary less than the throughput 
of an individual slave. 

5.38 Figure 32 shows the results of protection ratio tests on the reference TV receiver in 
DVB-T 64QAM 2/3 8k 1/32 mode using three gated WSD waveforms as the 
interferer. The series of graphs shows the difference in protection ratio between un-
gated and corresponding gated results as the gating period is shortened from 12 
seconds to 2 seconds for a wanted DTT level of -70dBm. The anonymised WSD 
designations 1, 2 and 4 match those in Annex 3. 
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Figure 32: Results of protection ratio tests on the reference TV receiver in DVB-T 
64QAM 2/3 8k 1/32 mode using four gated WSD waveforms.  The graphs show the 
difference in protection ratio between un-gated and corresponding gated results as 
the gating period is shortened. 
 
5.39 If the curves in Figure 32 lie close to 0dB for all adjacencies it means that the 

protection ratio for gated results was close to that measured with un-gated results.  
Where the curves depart upwards from the 0dB line it means that the susceptibility of 
the reference receiver to the gated interferer is greater than for to the un-gated 
interferer in high traffic mode.   

5.40 A few general trends emerge from Figure 32: 

• Gating the interfering waveform does not change the co-channel protection ratio 
in any of the tests. 

• The effect of gating depends on the WSD. Gating WSD1 shows the largest effect, 
and the protection ratio decreases by up to 25dB at channel offsets of ±2. 

• The protection ratio measured for WSD2 does not depend significantly on 
whether the waveform is gated or not. This is because WSD2 slave is like the 
master (as noted in 5.30) and transmits continuously whether or not there is user 
data to transmit. 

• For WSDs 1 and 4, which show an effect due to gating, the impact of changing 
the gating period from 12s to 2s is small. Picture degradation was observed at 
the same level of interference irrespective of the gating period, although as 
degradation was associated with the transition from ‘off’ to ‘on’ the smaller gating 
period results in a higher frequency of degradation events. 
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5.41 Figure 33 examines the effect of gating for WSD1 slave waveform as a function of 
signal level. WSD1 is the waveform which showed the largest effect due to gating of 
those measured. At high signal levels where protection ratios are increased because 
of non-linear effects in the receiver, the difference between gated and un-gated 
protection ratios reduces. At low signal levels the difference between gated and un-
gated protection ratios also reduces, despite the fact that the actual protection ratios 
are lowest at this point.  

 

 
Figure 33: Results of protection ratio tests on the reference TV receiver in DVB-T 

64QAM 2/3 8k 1/32 mode using WSD1 slave waveform gated on and off in 
12s periods. The graphs show the difference in protection ratio between 
un-gated and corresponding gated results as wanted signal level varies for 
five channel offsets measured 

 
5.42 In order to investigate the variation in TV receiver performance, gated protection ratio 

measurements were taken by DTG across all 50 receivers.  Figure 34 to Figure 37 
below show the results taken using WSD1 waveform in 2s gated mode and 
comparing it with the un-gated protection ratio.  This waveform was chosen because 
Figure 32 indicates that gating WSD1 produces the biggest increase in susceptibility 
to interference for the reference TV receiver. 

5.43 None of the 50 receivers measured shows significant degradation to co-channel 
protection ratio in the DVB-T mode used. 
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5.44 The increase in susceptibility to interference as a result of gating the WSD interfering 
waveform is generally worse for the adjacencies in the range -3 to +3 than for the ±9 
tests.  There is an extremely wide range of receiver performance, with some 
receivers showing little or no effect (or even an improvement) whilst the majority of 
receivers show a degraded performance in respect of gated WSD waveforms. 

5.45 The observations of the impact of gating the WSD waveform on the measured DTT 
protection ratio are consistent with gated WSD interference affecting the AGC loop 
within some DTT receivers.  If the on-off period of the gated interferer is longer than 
the AGC settling time of the receiver then gating the interference can cause the AGC 
loop to alternate between two gain settings and during the transition between these 
two states the picture can be subject to degradation. If the signal level is very low 
then the AGC range between the two gain settings is reduced in the absence of 
interference the gain is at its maximum setting in the absence of interference. 
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Figure 34: Results of protection ratio tests on 50 TV receivers in DVB-T 64QAM 2/3 8k 

1/32 mode using WSD1 gated waveform.  The curves show the difference in 
protection ratio between un-gated and corresponding gated results for all 
50 receivers for a DTT wanted signal level of -70dBm 
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Figure 35: Results of protection ratio tests on 50 TV receivers in DVB-T 64QAM 2/3 8k 

1/32 mode using WSD1 gated.  The curves show the difference in 
protection ratio between un-gated and corresponding gated results for all 
50 receivers for a DTT wanted signal level of -60dBm 
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Figure 36: Results of protection ratio tests on 50 TV receivers in DVB-T 64QAM 2/3 8k 

1/32 mode using WSD1 gated.  The curves show the difference in 
protection ratio between un-gated and corresponding gated results for all 
50 receivers for a DTT wanted signal level of -50dBm 
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Figure 37: Results of protection ratio tests on 50 TV receivers in DVB-T 64QAM 2/3 8k 

1/32 mode using WSD1 gated.  The curves show the difference in 
protection ratio between un-gated and corresponding gated results for all 
50 receivers for a DTT wanted signal level of -40dBm 
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Annex 1 

1 In-home measurement technique 
A1.1 In this section we describe the methodology used for coexistence tests involving 

outdoor WSDs and interference to roof top DTT reception. This applies to short-
range geometries 1a and 1b identified in Section 2. 

A1.2 The objective of the measurements was to answer the following question: 

If my neighbour installs a master or slave WSD on his rooftop,                                                        
will I then lose DTT reception via a rooftop aerial? 

A1.3 The interferer-victim geometry which we aimed to emulate represents scenarios 
where a household installs a WSD antenna on its roof, at roughly the same height 
as the neighbouring household’s TV aerial, and within the main beam of the 
neighbouring household’s TV aerial. This is illustrated in Figure 38. 

 

Figure 38: The interference scenario which we intend to emulate 
 
A1.4 Note that the interfering WSD might be a master or a slave device.   

Measured and inferred parameters 

A1.5 Figure 39 shows the test set up which emulates the above short range interference 
scenario. Also shown, are the various measured and inferred parameters, including 
DTT received powers, coupling gains, and WSD received signal powers.  

A1.6 The test set up consisted of a WSD inside a van (feeding a transmitting antenna on 
a pump-up mast on a trolley) located outside a household with roof top DTT 
reception. The polarisation of the WSD transmitter antenna was selected to match 
the polarisation of the victim DTT receiver antenna. This is a worst-case scenario, 
and matches our assumption of no polarisation discrimination in deriving the 
consultation WSD emission limits. 

A1.7 The trolley was also used with its antenna installation for measuring the received 
DTT signal power. This acted as a cross check for the DTT signal powers 
measured at the input to the household’s own DTT receivers.   

A1.8 We tested our own calibrated DTT receiver alongside the household’s DTT 
receiver. By “calibrated” we mean that the protection ratios for the DTT receiver 
were measured in the lab at Baldock. This was particularly helpful in cases where a) 
the measurements with the household’s DTT receiver could not be readily 
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explained, or b) where the protection ratios for the household’s DTT receiver were 
not known.   

 
Figure 39: Test set up with the WSD in a van outside a household 
 
A1.9 Some of the various parameters of interest are defined in the table below. 

Parameter Description 

G Measured coupling gain (dB). 

GProp Modelled propagation gain (dB). 

GIns Inferred DTT installation gain G − GProp (dB). 

PS,1 , PS,2 Measured DTT signal power at the connector of the calibrated DTT receiver 
antenna or the household’s DTT receiver antenna (dBm/(8 MHz)). 

ES,1 , ES,2 Inferred DTT signal field strength at the calibrated DTT receiver antenna or 
the household’s DTT receiver antenna (dBmv/m). 

P1 Proposed consultation limit on WSD EIRP (dBm/(8 MHz)) 

PWSD WSD EIRP (dBm/(8 MHz)). 

P*
WSD Measured (or inferred) value of PWSD at point of DTT receiver failure (dBm/(8 

MHz)). 

PX WSD signal power at the input to the DTT receiver (dBm/(8 MHz)). 

P*
X Measured (or inferred) value of PX at point of DTT receiver failure. 

PCW EIRP of continuous wave signal (dBm/(8 MHz)). 

PCW,Rx Measured power of continuous wave signal at the input to the household’s 
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DTT receiver (dBm/(8 MHz)). 

r(∆F, PS) WSD-DTT protection ratio, defined as the ratio (dB) of the DTT signal power 
over the WSD signal power both at the input to the DTT receiver and at the 
point of failure of the DTT receiver. ∆F is the channel separation between the 
WSD and DTT signals, PS is the receiver DTT signal power. 
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Coupling gains 

A1.10 In principle, one can measure coupling gains by directly comparing the radiated 
WSD signal power PWSD and the WSD signal power PX received at the input of the 
DTT receiver. In practice this can be problematic for two reasons: 

• The WSD signal will be difficult to observe when it is co-channel with a DTT 
multiplex (the former being 17-18 dB lower than the latter at the point of DTT 
receiver failure). 

• The WSD signal will be typically bursty, and its power will be difficult to 
measure with a spectrum analyser. 

A1.11 For the above reasons, we used a continuous wave narrowband signal in order to 
measure coupling gains. The overall coupling gain G is then measured by a 
comparison of the EIRP, PCW, of the continuous wave signal, and the power PCW,Rx 
of the continuous wave signal received at the input to the DTT receiver, i.e., 

CWRxCW, PPG −= . 

A1.12 We have confirmed that both narrowband and wideband (8 MHz) continuous wave 
signals resulted in similar measurements of the coupling gain; i.e., frequency 
selective fading did not seem to bias the narrowband measurements. 

A1.13 Given the short separations involved, we modelled the propagation gain GProp as 
free space path loss, i.e., 

dB,  )log(20)log(2056.147)(FSProp dfdGG −−+==  

where d is the interferer-victim separation in metres, and f is the DTT carrier 
frequency in Hz.   

A1.14 Subsequently, the household’s installation gain was inferred to be  

PropIns GGG −= . 

DTT powers and field strengths 

A1.15 The received DTT signal powers PS,1 and PS,2 were measured at the relevant points 
identified in Figure 39. The field strengths ES,1 and ES,2 can be derived from the 
powers PS,1 and PS,2 via the following conversion expression 

, 3.77)log(20)(
, 1.75)log(20)(

dBidBmv/mdB

dBddBmv/mdB

GfdPE
GfdPE

MHz

MHz

−++=

−++=

m

m

 

where fMHz is the operating frequency in MHz, and GdBi  is the DTT receiver antenna 
net gain (including cable losses) in dBi.  

A1.16 For the case of DTT measurements at the measuring trolley by the van, the 
antenna net gain is calibrated and GdBi = GRx,Cal. For the case of DTT measurements 
in households, the antenna net gain is the inferred installation gain, i.e., GdBi = GIns. 
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Margins 

A1.17 The observed (or measured) margin, M0, is defined as the difference (in dB) 
between the WSD EIRP, PWSD, for which the video quality is observed to degrade 
and the proposed consultation limit, P1. In other words, 

1
*

WSDO PPM −= . 

A1.18 There may be circumstances in the field where the WSD cannot generate sufficient 
EIRP to degrade the video/audio quality. In such cases, it was not possible to 
observe or measure the margin. The margin can then be inferred as 

1LABS

1
*

X

1
*

WSD

)(
) inferred(

) inferred(

PGrP
PP

PPM I

−−−=

−=

−=

 

where rLAB is the relevant protection ratio measured in the lab.  

A1.19 The difference between the observed and inferred margins can be interpreted as 

LAB

LAB
*

WSDS

1
*

WSD1LABSOI

))((

)(

rr
rGPP

PPPGrPMM

−=
−+−=

+−−−−=−

 

A1.20 In other words, assuming that the DTT signal power and coupling gain are 
measured accurately, the difference between observed and measured margins is 
equal to the difference between the protection ratios observed in the field and 
measured in the lab, respectively.  

A1.21 We performed lab measurements of the protection ratios for 50 of the top selling 
DTT receivers in the UK, including many of the receivers encountered in homes 
during the testing.  

A1.22 However, note that distortions caused by the DTT installation in a household (e.g., 
due to the nonlinear behaviour of an amplifier) cannot be readily quantified in 
laboratory measurements of protection ratios. For this reason, the inferred margin 
may diverge from the observed margin in DTT installations which include active 
components.  

Records of households and WSDs 

A1.23 Prior to commencing the coexistence tests, a record was made of the DTT 
installation in the household. Parameters recorded included:  

• DTT receiver make / model / serial number, 
• serving DTT transmitter (DTT multiplex used),  
• receiver antenna type, location, height, orientation, and polarisation, 
• use of amplifiers. 
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A1.24 Also, prior to commencing the tests, a record was made of the WSD deployment. 
Parameters recorded included: 

• WSD technology / protocol, 
• WSD manufacturer / make / model / serial number, 
• WSD spectrum emission class declared by the manufacturer, 
• WSD operating frequency (DTT channel) and bandwidth,  
• WSD transmitter antenna type, location, height, orientation and polarisation. 

Generating WSD signals 

A1.25 It is known that the propensity of a WSD signal to cause interference to a DTT 
receiver can significantly depend on the time-frequency structure of the in-block 
signal as well as its spectrum emission mask. For example, continuous signals tend 
to be more benign when compared to more burst signals.  

A1.26 For this reason, selecting the right WSD signals for the purposes of coexistence 
testing was very important. To make matters more complicated, modern wireless 
technologies typically use adaptive coding and modulation which continually 
accounts for the dynamic quality of the wireless link. This means that the time-
frequency structure of the radiated WSD signals can be considerably different in 
different deployment scenarios.  

A1.27 We considered three possible ways in which the interferer signal from a WSD might 
be generated: 

a) The signal may be generated and radiated by a WSD which communicates data 
over the air with another WSD at a different location. 

b) The signal may be generated and radiated by a WSD which communicates data 
via a cable with another WSD; i.e., the WSD does not radiate over-the-air. A 
fraction of the power transmitted by the WSD can be tapped off and radiated via 
an antenna. See Figure 40. 

c) The signal may be generated and radiated by a signal generator which plays 
back a recording of a WSD’s emissions during data communications with another 
WSD. 

A1.28 Option (a) emulates reality most closely, but it may be necessary to significantly 
vary the separation between the transmitting and receiving WSDs in order to 
replicate a range of WSD link budgets and signal structures. This results in logistic 
challenges and issues with repeatability. 

A1.29 Option (b) avoids the need for a WSD wireless link altogether by linking the 
transmitter and receiver WSDs with a cable, and then tapping off a portion of the 
power transmitted by the WSD under test, and feeding this to an antenna for 
subsequent radiation. The WSD link budget (path loss) can be readily altered by 
inserting a variable attenuator in series with the cable.  

A1.30 Option (c) is the simplest, but it would be necessary to ensure that the recording 
process (and any need for further amplification) did not alter the WSD-DTT 
protection ratios. In the case where the recording process causes spectral regrowth, 
additional and external filtering may be required to compensate. 
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Figure 40 - Option (b) for radiating a WSD signal. 
 

A1.31 We decided to use option (b), as this simplifies the repeatable deployment of the 
WSD without the need to filter or otherwise manipulate the WSD signal. 

A1.32 For the purposes of the coexistence tests, we examined a number of WSD 
technologies and emulated “good” and “poor” wireless links (via the variable 
attenuator of Figure 40) to identify the most and least interfering WSD signals 
across these technologies. We prioritised the coexistence tests with the most 
interfering WSD signal whilst using continuous data traffic. 

Sequence of measurements 

A1.33 Table 12 shows the sequence of measurements and calculations at each 
household. As explained earlier, there are two sets of parameters: those that are 
measured, and those that are inferred.  

A1.34 The sequence of measurements is described for a given DTT channel offset ∆F 
between the WSD carrier and a DTT carrier. We performed the tests for at least ∆F 
= 0, ±1 and ±2. The precise nature of the channel offsets tested varied on a case-
by-case basis, and depended on the channels used by the serving DTT 
transmitters. 
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Table 12: Sequence of measurements for WSDs deployed just outside a household 
with roof top DTT reception 

Set up 

1) Identify a household with a rooftop DTT installation.  

2) Park a test van with a calibrated WSD Tx and DTT Rx antenna outside the household at a 
separation of d (metres). Record the location of the WSD antenna. Make sure d corresponds to 
the local household separation. Pump up the antenna to height h (metres) corresponding to the 
household’s TV aerial height. Make sure the WSD Tx antenna is within the bore sight of the 
household’s TV aerial. Make sure the Rx antenna points to the serving TV transmitter under test. 

Measure DTT signal power 

3) Using the calibrated Rx antenna on the trolley, measure the received wanted DTT power  
PS,1 (dBm) in the DTT channel FDTT under test.  

“Infer” the received wanted DTT field strength ES,1 (dBuv/m). From PS,1 and GRx,Cal as 

ES,1 = PS,1 + 20log(fMHz) + 77.3 - GRx,Cal . 

4) At the input to the DTT receiver of the household, measure the wanted DTT power PS,2 (dBm) in 
the DTT channel FDTT under test. 

Measurements of coupling gain via a continuous wave signal 

5) Radiate a CW signal with an EIRP of PCW (dBm) from the WSD antenna in a channel FCW. 

6) At the input to the DTT receiver of the household, measure the received CW signal power PRx,CW 
(dBm). “Infer” the coupling gain G (dB) as  

G = PRx,CW − PCW. 
“Infer” the household’s installation gain GIns (dB) as  

GIns = G − GProp, 
where GProp is free-space propagation gain for separation d.  
“Infer” the received wanted DTT field strength ES,2 (dBmv/m) from PS,2 and GIns as 

ES,2 = PS,2 + 20log(fMHz) + 77.3 – GIns . 

Measurements of wanted and unwanted powers 
at the point of receiver failure 

7) Reconnect and switch on the household’s DTT receiver. Tune this to the DTT channel FDTT under 
test. 

8) Radiate a WSD signal with an EIRP of PWSD (dBm/8 MHz) from the WSD antenna in channel FWSD 
under test. Ensure that initially PWSD does not exceed the location-specific proposed consultation 
emission limit P1(FWSD, FDTT) calculated in relation to the household under test and the relevant 
serving TV transmitter.  

9) “Infer” the received WSD signal power PX (dBm) at the input to the receiver as  
PWSD − G. 

“Infer” from PX and GINST the received WSD signal field strength EX (dBuv/m). 
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10) Subjectively assess the video quality provided by the household’s DTT receiver at the DTT 
channel FDTT under test. 
 
If audio/video quality is assessed to be OK, increase the WSD EIRP PWSD until the audio/video 
quality is (only just) assessed to be not OK; then decrease PWSD to the point where DTT reception 
is assessed to be OK.  
 
Otherwise, if audio/video quality is assessed to be not OK, decrease the WSD EIRP 
PWSD until the audio/video quality is assessed to be OK. 

 

Record the final WSD EIRP, P*WSD,1 and the MER at the point in which the audio/video quality is 
assessed to be OK. 

11) Subjectively assess the audio/video quality provided by Ofcom’s calibrated DTT receiver at the 
DTT channel FDTT under test. 
 
If audio/video quality is assessed to be OK, increase the WSD EIRP PWSD until the audio/video 
quality is (only just) assessed to be not OK; then decrease PWSD to the point where DTT reception 
is assessed to be OK.  
 
Otherwise, if audio/video quality is assessed to be not OK, decrease the WSD EIRP 
PWSD until the audio/video quality is assessed to be OK. 

 

Record the final WSD EIRP, P*WSD,2 and the MER, at the point in which the audio/video quality is 
assessed to be OK. 

12) Re-connect the household’s DTT receiver and check that is operating correctly, before 
leaving the property. 

 

A1.35 Note that WSD EIRP and received power measurements refer to the average RMS 
power in an 8 MHz channel, measured during the period of a signal burst. These do 
not represent the long term average power. 

A1.36 The above measurements can be used to derive or infer the margins as outlined 
earlier in the section. 

Results of the measurements 

A1.37 The key results of the measurements are the observed or inferred margins. We 
intended to test approximately 40-50 households in each of the three geographic 
areas described in Section 2.  

A1.38 Over the many measurements across different households, we can develop a 
picture of the statistics of the margin implied by our proposed consultation WSD 
emission limits. Such statistics can then provide guidance on whether an 
adjustment to the proposed consultation emission limits is necessary, and if so, 
what the value of such an adjustment may be. This is illustrated by the example in 
the figure below. 
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Figure 41: An illustrative example of margin statistics for a channel separation of 
∆F = 1 in an area of poor DTT coverage 

 
A1.39 Clearly, it would not be possible to perform coexistence tests which cover all 

combinations of channel separations, WSD heights, and WSD emission classes. It 
was therefore necessary to extrapolate the results to cases which were not explicitly 
tested.  

Watford and Glasgow Tests 

Introduction 

A1.40 Field measurements were taken in Watford and Glasgow as they were known to 
have overlapping coverage from main and relay DTT transmitters. Measurements 
were made in 41 homes in Watford and 38 homes in Glasgow.  

Wanted DTT  Multiplexes 

A1.41 The test setup used to measure the DTT power in the household is shown below 

 

Figure 42: In-home power and interference measurement setup 
 
In Home Coupling Gain 

A1.42 The following test setup was used to determine the in-home coupling gain 

DTT 
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Spectrum 
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Figure 43: In-home coupling gain test setup 
 
A1.43 The signal generator produced a CW signal. The signal generator and calibrated 

antenna were configured to give a constant +10dBm EIRP in each DTT channel. 

Unwanted WSD Transmissions 

A1.44 The WSD model 1 master waveform transmitting in ‘fully loaded’ conditions was 
selected for the Watford and Glasgow trials. This device is self-declared as a class 
4 and under laboratory measurements it was shown to be operating as a class 4 
device. The transmit parameters of the master WSD are in Annex 3. 
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Calibrated 
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Spectrum 
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A1.45 The following test setup was used to transmit WSD at a victim household: 

 

Figure 44: Watford and Glasgow WSD Setup 
 
A1.46 The WSD was calibrated before the trial for EIRP and the level at the signal 

generator. This allowed the EIRP to be determined during the trial as the maximum 
EIRP minus the setting on the variable attenuator. The output of the WSD was 
monitored during the trial using a spectrum analyser coupled off the antenna feed 
cable. 

A1.47 The fixed attenuator controlled the link budget between the master and slave 
device. It was positioned on the side of the slave to ensure that only the waveform 
from the master device was radiated at the home19. 

A1.48 The calibrated antenna was positioned at the same height as the in home antenna. 
A measurement of the antenna height and separation was made and recorded 
using a golfing inclinometer/rangefinder. 

A1.49 A coupler was attached to the bottom of the WSD feed cable and connected to a 
spectrum analyser. This allowed the WSD transmission to be monitored at all times. 

Test Procedure 

A1.50 The following test procedure was used to characterise the DTT environment and 
test the impact of WSD transmissions on DTT: 

i) The pump-up mast was raised until its antenna was at the same height as the 
rooftop aerial and was in line with the rooftop aerial. The antenna on the pump-up 
mast was orientated towards the DTT transmitter under test. 

ii) The DTT signal level was measured at the mast and in the home using the setup 
in Figure 39. 

iii) The mast antenna was then pointed towards the household aerial. 

19 The coupler also adds an additional ~40dB isolation between slave and antenna. 
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iv) A coupling gain measurement was performed using the test setup shown in 
Figure 43. A measurement was made at the centre frequency of all UHF 
channels. 

v) The test setup shown in Figure 44 was connected to the calibrated transmit 
antenna. 

vi) The TV receiver in the home was tuned to the relevant DTT channel and the 
WSD tuned to the frequency giving the required frequency offset. 

vii) The WSD power was altered to the onset of failure and then reduced by 1dB. The 
DTT channel was then viewed to ensure no picture degradation was visible in at 
least 30 seconds. The attenuator setting was recorded. 

viii) Steps v – vii were repeated for various DTT – WSD channel configurations. 

Thanet Tests 

Introduction 

A1.51 Field measurements were taken in the Thanet area to as a weak DTT signal 
strength case. Measurements were made in 54 homes in Thanet.  

In Home coupling Gain 

A1.52 The in-home coupling gain was measured in the same way as in the Watford and 
Glasgow tests. 

Unwanted WSD Transmissions 

A1.53 Unwanted WSD transmissions were generated in the same way as in the Watford 
and Glasgow tests except WSD model 2 master waveform with 25W amplifier 
transmitting in ‘fully loaded’ conditions was used instead of WSD model 120. 
Measurements indicated that WSD model 2 master is a class 4 device when 
deployed with the 25W amplifier. 

Test Procedure 

A1.54 The same test procedure used in Watford and Glasgow was also used in Thanet. 

Long range interference measurements 

Introduction 

A1.55 In this sub-section, we describe the methodology for coexistence tests involving 
outdoor WSDs and video/audio degradation to roof top DTT reception. These apply 
to the long-range geometry identified in Section 2. As discussed, this scenario is 
likely to occur near the boundaries of the coverage areas of different TV 
transmitters, or more generally where there is an island of coverage for one TV 
transmitter inside the coverage area of another transmitter. 

20 WSD model 1 does not tune to a high enough frequency to complete all the required adjacency 
tests in Thanet.  A 25W amplifier was required as the WSD does not have enough power to complete 
all the in-home tests without the amplifier. 
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A1.56 The majority of this test methodology was similar to the short range case. The only 
major difference is that the DTT receiver was in a measuring van.  Field 
measurements were made in the Baldock/Royston area to investigate the coupling 
gains in a rural environment at long (1-3 km) ranges.  

A1.57 Long range measurements were made over four paths A coupling gain 
measurement was made between the DTT receiver location and the WSD 
transmission site. 

A1.58 A measuring vehicle was used as a proxy for a domestic household to ensure that 
measurements were made well away from any household that might be liable to 
DTT video/audio degradation. A representative “High-Gain” DTT antenna was used.   

A1.59 At each of the test locations a measurement of the DTT power level in each of the 
multiplexes under test was made. 

Wanted DTT Multiplexes 

A1.60 The Baldock/Royston area is served by two DTT transmitters: 

• Sandy Heath 

• Crystal Palace 

Measurements were made on both transmitters at all locations. 

A1.61 The test setup used to measure the DTT power in the simulated household is 
shown below and is the same as used in in-home measurements in Watford, 
Glasgow and Thanet with the exception that the simulated in-home system was 
used.  

 
Figure 45: In home power and interference measurement setup 
 
In Home Coupling Gain 

A1.62 The coupling gain was determined in the same way as for the in-home tests in 
Watford, Glasgow and Thanet with the exception that the signal generator and 
calibrated antenna were configured to give +30dBm EIRP instead of +10dBm. 
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Unwanted WSD Transmissions 

A1.63 Unwanted WSD transmissions were generated in the same way as in the Watford 
and Glasgow tests. 

Priority Objectives for the Coexistence Tests 

A1.64 We identified a number of priority objectives for the coexistence tests and we have 
included those again below for completeness, together with an assessment of 
whether our objectives were met (in the final column).  
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Table 13: Objectives and priorities for the tests 

 Description of Objective Priority 
Level 

Justification 
 

Tests for 
WSDs 
deployed by 
trialists? 

Tests for 
WSDs 
deployed by 
Ofcom? 

Measurements 
in households 
 

Measurements 
in  
a van 

Objective met? 

 1  Verification (to the extent 
possible) that no WSD 
deployment which 
complies with the Ofcom 
emission limits has caused 
video/audio degradation to 
DTT roof-top reception in 
any households  

High Accounts for actual 
DTT installations in 
households. 
 
This will be tested by 
observation of picture 
quality and 
measurements of 
margin in 
households. 
 
 

Yes. 
 
This will be 
done by: 
 
a) By visiting 
households in 
the proximity of 
WSD 
deployments. 
 
b) Investigating 
complaints 
from 
consumers. 

 Yes. 
 
This will be 
done by: 
 
a) By visiting 
households in 
the proximity of 
WSD 
deployments. 
 
b) Investigating 
complaints 
from 
consumers. 

Yes, by 
definition. 

N/A Yes. 

2 Adjacent channel (short 
range) interference in 
areas of weak DTT 
reception 

High This is likely to be the 
dominant mode of 
interference in most 
cases. 
 

Where 
possible. 
 
This depends 
on the location 
of the trialist 
deployments. 

Yes. 
 
We will deploy 
in appropriate 
locations to 
test this. 

Yes. Where needed. Yes. 

 3  Adjacent channel (short 
range) interference in 
areas of strong DTT 
reception 
 

High In our framework, we 
relax the WSD 
emission limits in 
areas of strong DTT 
coverage. Important 
to test this approach.  

Where 
possible. 
 
This depends 
on the location 
of the trialist 
deployments. 

Yes. 
  
We will deploy 
in appropriate 
locations to 
test this. 

Yes. Where needed. Yes. 
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 Description of Objective Priority 
Level 

Justification 
 

Tests for 
WSDs 
deployed by 
trialists? 

Tests for 
WSDs 
deployed by 
Ofcom? 

Measurements 
in households 
 

Measurements 
in  
a van 

Objective met? 

4 Co-channel (short range) 
interference in areas of 
weak DTT coverage 

   

Low The maximum 
permitted WSD 
powers will be 
extremely low and 
unlikely to result in 
DTT video/audio 
degradation.  

N/A N/A N/A N/A Yes. 

5 Co-channel (short range) 
interference in area of 
strong DTT coverage 

  

Medium The maximum 
permitted WSD 
powers will be low 
and unlikely to result 
in DTT video/audio 
degradation. Also, 
WSDs will receive 
interference from 
DTT and are unlikely 
to operate co-
channel with DTT in 
practice. 

Where 
possible. 
 
This depends 
on the location 
of the trialist 
deployments. 

Yes. 
 
We will deploy 
in appropriate 
locations to 
test this. 

Yes. Where needed. Yes. 

 6  Co-channel (longer range) 
interference near (and 
across) the boundary 
between coverage areas 
of two TV transmitters 

Medium This can be the 
dominant mode of 
interference in some 
cases, so useful to 
test. 
 
The locations of 
potential victims will 
need to be identified 
via the UKPM. 
 
Important test cases: 
 

Where 
possible. 
 
This depends 
on the location 
of the trialist 
deployments. 

Yes. 
 
We will deploy 
in at least one 
location to test 
this.   

No. 
 
This may be 
challenging, as 
co-channel 
interference 
may impact a 
large area.  
 
Tests will be 
performed via 
a TV in a van. 

Yes. Yes (limited 
tests 
undertaken). 
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 Description of Objective Priority 
Level 

Justification 
 

Tests for 
WSDs 
deployed by 
trialists? 

Tests for 
WSDs 
deployed by 
Ofcom? 

Measurements 
in households 
 

Measurements 
in  
a van 

Objective met? 

a)  Where the WSD 
is on a hill and co-
channel interference 
may affect distant 
households. 
 

 b) Where the UKPM-
predicted serving TV 
transmitter changes 
from pixel to pixel 
(also relevant to 
adjacent channel 
interference).  

 7  Areas where the TV 
transmitter actually used 
by households differs from 
the one which is one of 
those identified by the DTT 
planning model 
 

Medium Allows us to assess 
the impact of any 
errors in the 
modelling of the 
channels which 
households use in 
practice.  
 
 

Probably not. 
 
This depends 
on the location 
of the trialist 
deployments.  
 
 

Yes. 
 
We will 
endeavour to 
deploy in at 
least one area 
where this can 
be tested.  

Yes. Where needed. Yes. 

 8  Possibility of DTT 
video/audio degradation 
where WSDs radiate at the 
(location-specific) 
maximum permitted power  

High This is an essential 
element of stress 
testing Ofcom’s 
emission limits. 
 

Where 
possible.  
 
This will be 
limited by the 
capability of 
the trialists’ 
WSDs. 
 
Where WSDs 

Yes. 
 
This will be 
limited by the 
capability of 
the available 
WSDs. 
 
Where WSDs 
cannot radiate 

Yes. Where needed. Yes. 
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 Description of Objective Priority 
Level 

Justification 
 

Tests for 
WSDs 
deployed by 
trialists? 

Tests for 
WSDs 
deployed by 
Ofcom? 

Measurements 
in households 
 

Measurements 
in  
a van 

Objective met? 

cannot radiate 
at the 
maximum 
permitted 
power, the 
stress testing 
will be indirect 
via assessment 
of margins. 
 
 
 

at the 
maximum 
permitted 
power, the 
stress testing 
will be indirect 
via assessment 
of margins. 

 9  Sensitivity to different 
clutter environments 

 (urban/suburban/open)  

Medium We use different 
assumptions for 
deriving emission 
limits in 
urban/suburban/open 
areas. Would be 
helpful to test these.  

Yes. 
 
Trialist 
deployments 
will cover a 
range of 
environments 
in any case. 

Yes. 
 
We will 
endeavour to 
deploy in 
different clutter 
environments. 

Yes. Where needed. Yes (but 
measurements 
predominantly 
in suburban 
areas). 

 10  Indoor WSD deployments  
  
  

Low In the context of DTT 
reception via roof-top 
aerials, it is unlikely 
that indoor WSDs will 
cause DTT 
video/audio 
degradation.  
 
However, indoor 
WSDs may result in 
DTT video/audio 
degradation 

Where 
possible. 
 
This depends 
on the nature 
of the trialist 
deployments. 

Where 
possible. 
 
Can be readily 
tested in a lab 
or within 
selected 
households. 

Yes 
 

N/A No (but 
BBC/Arqiva 
contributed their 
own 
measurements). 
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 Description of Objective Priority 
Level 

Justification 
 

Tests for 
WSDs 
deployed by 
trialists? 

Tests for 
WSDs 
deployed by 
Ofcom? 

Measurements 
in households 
 

Measurements 
in  
a van 

Objective met? 

(particularly co-
channel interference) 
through poor 
shielding of the TV 
receiver. 

 11  Indoor DTT reception 
 (set top aerials)  

Low  Our policy proposal 
on set-top aerials is 
based on the 
consideration that 
DTT reception via 
indoor aerials is an 
incidental 
consequence and not 
an objective of the 
current approach to 
DTT planning and 
that our proposals for 
ensuring a low 
probability of harmful 
interference to 
reception via rooftop 
aerials will also have 
the effect of lowering 
the probability of 
harmful interference 
via indoor aerials. 

N/A N/A N/A N/A No (but 
BBC/Arqiva 
contributed their 
own 
measurements). 

80 



TV white spaces – DTT coexistence tests 

 Description of Objective Priority 
Level 

Justification 
 

Tests for 
WSDs 
deployed by 
trialists? 

Tests for 
WSDs 
deployed by 
Ofcom? 

Measurements 
in households 
 

Measurements 
in  
a van 

Objective met? 

 12  WSD deployments at 
different heights  

Medium Ofcom’s emission 
limits are specified 
for different heights. 
Helpful to test more 
than one height in the 
trials.  

Yes. 
 
Trialist 
deployments 
will be at a 
range of 
heights in any 
case. 

Partly. 
 
We propose to 
test WSDs at 
heights of 10 
metres (short 
range worst 
case) and 20 
metres.  

Yes. Where needed. Partly (the 
WSDs were 
tested at the 
height of the 
rooftop aerial, 
which did vary). 

 13  Sensitivity to WSD 
technologies and protocols  

Medium  Evidence suggests 
that different WSD 
protocols have 
different propensities 
to cause DTT 
video/audio 
degradation. So 
important to 
investigate this. 

Yes. 
 
Trialist 
deployments 
will in any case 
support 
different WSD 
technologies. 

Yes. 
 
Ofcom will 
perform lab-
tests of 
protection 
ratios for all 
WSD 
technologies 
deployed in the 
pilot. 

Where 
possible. 
 

Where needed. Yes. 

 14  Sensitivity to levels of 
traffic load/profile carried 
by the WSDs 

Medium 
 
 

Evidence suggests 
that traffic load may 
affect impact of 
interference. So 
important to 
investigate this where 
possible.   

Yes. 
 
Trialist 
deployments 
will in any case 
support 
different 
applications 
and traffics. 

Partly. 
 
Ofcom will 
perform lab-
tests of 
protection 
ratios with 
WSDs carrying 
real traffic (as 
opposed to 
WSDs in test 
mode). 

Where 
possible. 
 

Where needed. Yes. 
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 Description of Objective Priority 
Level 

Justification 
 

Tests for 
WSDs 
deployed by 
trialists? 

Tests for 
WSDs 
deployed by 
Ofcom? 

Measurements 
in households 
 

Measurements 
in  
a van 

Objective met? 

 15   Sensitivity to 1% time vs. 
50% time steady state 
DTT self-interference  

Medium Ofcom’s WSD 
emission  limits are 
based on DTT self-
interference levels - 
estimated to occur 
1% of the time (rare 
atmospheric lifts 
events).  
 
In the remaining 99% 
of time, estimated 
self-interference is 
much lower, and DTT 
quality is estimated to 
be much better.  
 
WSD interference 
might degrade DTT 
quality to that 
resembling DTT 
quality (absent 
WSDs) during the 1% 
time atmospheric 
events. 
 
We propose to test 
whether this is 
significant by testing 
WSD emission limits 
calculated based on 
1% time and 50% 
time interference at a 
given location. 

Where possible 
 
This depends 
on the location 
of the trialist 
deployments.  
 
 

Yes. 
 
We will 
endeavour to 
deploy in at 
least one area 
where this can 
be tested.  

Yes. Where needed. No (although 
we did check 
the emission 
limits at a 
number of 
locations and 
found they were 
relative 
insensitive to 
the DTT self-
interference 
levels) 
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Annex 2 

2 Laboratory measurement technique for 
DTT protection ratio measurements 
Introduction 

A2.1 This document describes the measurement setup and test procedures used during 
Ofcom DTT protection ratio measurements. Measurements of DTT protection ratios 
in the laboratory were made using a ‘conducted’ set up where the test signals are 
transmitted through coaxial cables and never radiated. 

A2.2 The protection ratio is the ratio of the wanted DTT signal to the interfering WSD 
power at the point of onset of picture failure.  The point of onset of failure was 
determined subjectively based on observations of picture quality. 

A2.3 This document gives an overview of the test parameters and equipment setups 
employed in the laboratory tests.  The results themselves are discussed in section 5 
of the main body of this report. 

A2.4 A comprehensive set of measurements was made using a standard DTT receiver 
capable of receiving both DVB-T and DVB-T2 signals. A limited set of further 
measurements was made on Ofcom’s behalf by DTG on 50 receivers. Additional 
measurements were made on 5 receivers selected from the 50 based on 
performance within the tests and popularity in terms of total UK sales figures. 

A2.5 All measurements were performed in a screened room to protect the equipment 
from the external RF environment. 

Wanted Signal 

A2.6 A number of DVB-modes were used for laboratory tests, representative of the range 
of DVB modes used in the UK. The various modes used for testing are shown in 
Table 14. 

Table 14: Wanted DTT signal parameters 

 DVB Mode 

DVB Standard DVB-T DVB-T DVB-T DVB-T2 
Modulation 64QAM QPSK 64QAM 256QAM 

FEC rate 2/3 3/4 3/4 2/3 
DFT Points 8k 8k 8k 32k 
Guard Interval 1/32 1/32 1/32 1/128 
Channel 
Bandwidth 8MHz 8MHz 8MHz 8MHz 
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Range of unwanted signals 

A2.7 White space device transmissions were generated from equipment provided by 
industry. Devices were supplied as master-slave pairs, and covered a range of 
potential WSD use cases from point-to-point links to mobile/nomadic broadband.  
Some devices were commercially available in other markets around the world, 
whilst others were the result of research projects or were prototypes designed to 
test implementations that might eventually be integrated into WSD chipsets or 
device libraries. 

A2.8 ‘High traffic’ scenarios were simulated by passing test data over the WSD links at 
the maximum rate the device could support in each configuration. ‘Low traffic’ 
scenarios were simulated by increasing the loss in the link. A third set of scenarios 
was generated by alternating (gating) between high and low traffic states with a 
variable interval of between 1 and 12 seconds.   

A2.9 WSD master and slave waveforms were selected by selecting the device from 
which to couple the output.  A large attenuator along with the reverse isolation of a 
directional coupler ensured that only one of the master or slave WSD transmissions 
was selected at any one time. 

A2.10 In situations where additional power was required from the WSD, an amplifier was 
used.  The amplifier changes the out of band emissions and is also likely to impact 
other aspects of the WSD waveform such as the peak-to-mean ratio and the RMS 
error vector for transmitted QAM symbols.  The amplified WSD waveform was 
therefore treated as a separate WSD for the purposes of analysis of measurement 
results, and the amplified WSD output re-characterised according to the 
requirements of the WSD specification EN 301 59821. 

Test Setup 

A2.11 The test setup used to measure the C/I performance in conducted measurements is 
shown in Figure 46.  This example shows a WSD master device coupling into 
variable attenuator RCL.  If a WSD slave waveform is required, the location of WSD 
master and WSD slave in Figure 46 is swapped around. 

A2.12 RCL is used to vary the level of the interfering WSD signal.  Using RCL to vary the 
level ensures that the WSD device can be kept at maximum power to maximise the 
effect of any non-linearity within the WSD that might increase the WSD adjacent 
channel leakage and ensure that any change in protection ratio observed as signal 
levels vary is not a function of variations in the WSD waveform. 

A2.13 RWSD is used to control the attenuation in the WSD link. For WSD devices that use 
link-adaptive modulation and coding, this allows the operating mode of the WSD to 
be controlled.  RWSD is not used to control the WSD power output and is not 
adjusted during a set of protection ratio measurements.  

A2.14 RDTT is used to vary the DTT signal level during the tests.  The measured protection 
ratio is a function of DTT signal level and using RDTT ensures that the relative 

21 White Space Devices (WSD); Wireless Access Systems operating in the 470 MHz to 790 MHz TV 
broadcast band; Harmonized EN covering the essential requirements  article 3.2 of the R&TTE 
Directive 
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magnitudes of the wanted DTT signal and the AWGN signal from the signal 
generator are constant. 

 

 
Figure 46: Conducted DTT protection ratio measurement test setup 
 
A2.15 The AWGN source was used to simulate the presence of 5 DTT multiplexes that 

would be present at the input to the receiver despite not being viewed. This signal 
occupied an 8 MHz channel and was positioned at a channel offset, N, of +10 
channels from the wanted DTT multiplex. The AWGN power was set 7dB higher 
than the wanted DTT signal. 

A2.16 In tests where the protection ratio was measured for WSD signals at offsets greater 
than +10 the AWGN source was moved to N = -1022. 

A2.17 In ‘gating’ tests the WSD was alternated between high traffic mode and low traffic 
mode by running a Jperf script that alternately turned the user data on and off. One 
WSD incorporated a Jperf client & server for testing purposes and for this WSD the 
internal Jperf implementation was used.  The script, whether internal or external, 
had a variable ‘on’ and ‘off’ periods of equal duration and these periods varied from 
1s to 12s. 

22 The measured protection ratio of the reference receiver did not depend on the location of the 
AWGN signal. 
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Test Procedure 

A2.18 The following test procedure was used to determine the C/I protection ratio: 

• The wanted DTT signal was set to one of the DVB modes (Table 14) at a known 
frequency and power. 

• The signal generator was used to generate an AWGN signal with a centre 
frequency 80 MHz greater than the DTT signal and at a level 7dB higher23.. 

• The TV was tuned to the correct channel. 

• The WSD was switched on and configured as required. 

• The WSD power level was reduced by setting RCL to its maximum value and the 
TV receiver viewed to ensure that there was no degradation in picture quality. 
The WSD signal power was then increased to the onset of picture failure and 
then backed off by 1dB. The WSD power was measured using a spectrum 
analyser and recorded24. 

• The C/I protection ratio was determined from the relative levels of the DTT and 
WSD signals recorded. 

23 The powers were measured on a spectrum analyser centred on the relevant signal with 15MHz 
span, 30kHz resolution bandwidth, 300kHz video bandwidth and using a sweep time of 1s.  The RMS 
detector was used. 
24 The powers were measured on a spectrum analyser centred on the relevant signal with zero span, 
10MHz resolution bandwidth, 10MHz video bandwidth and using a sweep time of 100ms.  The RMS 
detector was used. 
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Annex 3 

3 Characterisation of WSD performance 
Introduction 

A3.1 This annex repeats the WSD characterisation results that were reported in the 
TVWS-PMSE coexistence technical report. 

A3.2 A range of WSDs was obtained from manufacturers. Some of these WSDs were 
commercial equipment available in other markets and adapted for use in Europe. 
Others were low volume equipment produced either as part of research projects or 
as pre-production prototypes, for example from chipset vendors intending 
eventually to integrate WSD functionality into products for the OEM market.  

A3.3 All the WSDs were mains powered and physically fairly large compared to wireless 
consumer equipment such as mobile phones or tablets. In this sense, they were 
more similar to equipment that would be used in a base station than to portable 
equipment that may be carried by consumers. 

A3.4 WSDs characterised had a range of air interfaces which included proprietary air 
interfaces as well as those derived from standards such as 3GPP LTE and 
802.11af. All WSDs used in coexistence testing were characterised. In some 
circumstances the WSD signals were amplified as part of coexistence testing. In 
these cases, characterisation of the WSD alone was supplemented by 
characterisation of the WSD/amplifier combination used during coexistence tests. 

A3.5 The objective of the characterisation was to understand WSD performance in the 
context of both PMSE and DTT coexistence tests. The following parameters were 
characterised in accordance with the requirements in EN 301 598: 

• Maximum power output. 

• Spectrum occupancy including ETSI spectrum emission class according to 
definitions in EN 301 598 for adjacent channel leakage (ACLR). Raw data was 
collected which allowed ACLR to be calculated over a range of bandwidths and 
offsets in multiples of 10 kHz across the TV band from 470 MHz to 790 MHz. 

• Duty cycle and time domain characterisation. 

• WSD-WSD transmit intermodulation performance according to test definitions in 
EN 301 598. EN301 598 defines a parameter ‘RIM3’ which is the third order 
reverse intermodulation attenuation and which should exceed 45dB. 

A3.6 For measurements of ETSI spectrum emission class a modification to the test 
methodology specified in EN 301 598 was used to ensure that the measured 
adjacent channel leakage ratio (ACLR) was not affected by limited spectrum 
analyser dynamic range. For in-block measurements the output of the unit under 
test (UUT) was connected directly to a spectrum analyser, whilst for out of block 
measurements the UUT was connected through a broadband isolator and notch 
filter arrangement to remove the in-block signal components. This ensured that the 
spectrum analyser could more accurately measure the out of block components. 
The full spectrum was then reconstituted accounting for the measured insertion loss 
of the isolator and notch filter for the out of block measurements. 
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A3.7  

Figure 47: Test set up for measurements of in-block power and out-of-block power 
 
A3.8 For measurements of WSD-WSD transmitter intermodulation performance a 

broadband isolator was used to ensure that the interfering source was protected 
from the UUT. 

 

 
Figure 48: Test set up for characterisation of WSD-WSD intermodulation performance 
 
A3.9 WSD-WSD transmitter intermodulation performance was generally so good that no 

intermodulation products were observed measuring to the limits described in clause 
4.2.5.2 of EN 301 598. As WSD-WSD performance can be an important factor in 
determining coexistence, the level of the interferer was increased to the point where 
an intermodulation product could be seen or to the maximum interferer level, 
whichever occurred first. In many cases it was not possible to observe an 
intermodulation product and in these cases we note the degree to which the WSD 
exceeds the specified requirements. 

A3.10 ETSI emission classes are given in terms of the adjacent channel leakage ratios 
where the out of block EIRP spectral density of a WSD shall satisfy the following 
requirement 

𝑃𝑃𝑂𝑂𝑂𝑂𝑂𝑂(𝑑𝑑𝑑𝑑𝑑𝑑 𝑖𝑖𝑖𝑖 100𝑘𝑘𝑘𝑘𝑘𝑘) < 𝑑𝑑𝑚𝑚𝑚𝑚{𝑃𝑃𝐼𝐼𝑂𝑂(𝑑𝑑𝑑𝑑𝑑𝑑 𝑖𝑖𝑖𝑖 8𝑀𝑀𝑘𝑘𝑘𝑘) −  𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴(𝑑𝑑𝑑𝑑),−84} 
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where PIB is the in-block EIRP spectral density over 8MHz and ACLR is the adjacent 
channel frequency leakage ratio shown in Table 15. 

 

Table 151: ACLR for different device emission classes (from ETSI EN 301 598) 

Where POOB falls within the 
nth adjacent DTT channel 

(based on 8MHz wide 
channels) 

ACLR (dB) 

Class 1 Class 2 Class 3 Class 4 Class 5 
n = ±1  74 74 64 54 43 
n = ±2 79 74 74 64 53 
n ≥ +3 or n ≤ -3  84 74 84 74 64 

 
A3.11 In practice the ACLR of a WSD will not exactly match the spectrum emission class 

definitions for each value of n. The ACLR for the device over one ‘bad’ 100 kHz 
frequency range determines the emission class for the device. When measuring 
each device we noted in which ‘n’ this 100 kHz range was located. By definition for 
any other 100 kHz range and any other value of n there will in general be a margin 
between the ACLR given in Table 15 and the actual performance achieved by that 
WSD. This margin can be significant in some cases. 

A3.12 When evaluating agreement between laboratory measurement and observations in 
homes we used the measured power class of the WSD rather than its actual 
spectrum emission masks. In practice for a DTT adjacent channel protection 
measurement that is dominated by adjacent channel leakage of the WSD waveform 
rather than by adjacent channel selectivity of the TV receiver, it is the leakage 
power measured in the full 8MHz TV channel that is more critical rather than the 
leakage power in the worst 100kHz segment. 

A3.13 The following sub-sections show performance evaluation results for each WSD 
tested. The WSDs are anonymised and referred to by number.  

A3.14 Table 16 shows which WSD was used in which set of tests. The ‘terminal’ column in 
Table  16 indicates whether the test antenna (or input to attenuator RCL in the case 
of laboratory measurements) was coupled to the WSD master or slave. The ‘data 
rate’ refers to the amount of data transferred between FTP client and server.  

Table 16: Mapping of WSD to DTT coexistence test 
Coexistence Trial WSD Terminal Data Rate 

In-Home Tests (Watford, 
Glasgow) WSD1 Master High 

In-Home Tests (Thanet) WSD2 with amplifier Master High 
Long range tests WSD1 Master High 

DTG tests WSD1 Master or Slave High 

Ofcom Laboratory Tests WSD1 – 5 Master or Slave 
High, low and 

alternating between 
High and low 
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Spectrum analyser settings for characterisation of WSDs to ETSI 
EN 301 598 specifications 

A3.15 The spectrum analyser settings shown in Table 17 were used to characterise the 
WSD performance against the ETSI WSD class.  The reference level on the 
spectrum analyser was chosen to maximise the dynamic range of the measurement 
whilst avoiding RF or IF overload. 

Table 17: Spectrum analyser settings for characterisation of WSDs to  
ETSI EN 301 598 specifications 

Parameter ETSI 301 598 Definition Setting on Analyser 
Start Frequency 470 + RBW / 2 MHz 470.005 MHz 
Stop Frequency 790 – RBW / 2 MHz 789.995 MHz 
Resolution BW 10 kHz 10 kHz 
Video BW 30 kHz 30 kHz 
Sweep Points Frequency Span / RBW 32,000 
Detector RMS RMS 
Trace Mode Max Hold Max Hold 
Sweep time 1mS / sample 32 seconds 
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WSD1 – Characterisation results 

A3.16 Table 18 summarises the performance of WSD1. 

Table 18: WSD1 performance summary25 

Maximum power output (dBm) 31 
ETSI emission class (Master / Slave) 3 (limited by performance at |n| = 1) 
Duty Cycle (Min – Max) (%) 15% - 75% 
WSD – WSD transmit intermodulation performance RIM3 = 94dB 
 

 
Figure 49: WSD1 master - frequency domain 
 

25 In this table and those that follow all parameters have their meaning as defined in EN 301 598 
unless otherwise specified.  Duty cycle is not specified in EN 301 598 and is the sum of ‘on’ periods 
expressed as a percentage of total measurement time averaged over a duration at least 100x that of 
the longest burst emitted by the WSD. 
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Figure 50: WSD1 slave - frequency domain 
 

 
Figure 51: WSD1 master - time domain (high traffic mode) 
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Figure 52: WSD1 slave - time domain (high traffic mode) 
 
WSD2 – Characterisation results 

A3.17 Table 19 summarises the performance of WSD2. 

Table 19: WSD2 performance summary 

Maximum Power Output (dBm) 20 
ETSI Power Class (Master / Slave) 2 (limited by performance at |n| ≥3) 
Duty Cycle (typ) (%) 50% 
WSD – WSD Transmit Intermodulation Performance RIM3 > 84dB 
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Figure 53: WSD2 master - frequency domain 
 

 
Figure 54: WSD2 master - time domain (high or low traffic mode) 
 
WSD2 with amplifier – Characterisation results 

A3.18 Table 20 summarises the performance of WSD2 with a power amplifier. This 
configuration was used in DTT testing in Thanet to achieve the higher maximum 
power output required. 
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Table 20: WSD2 with amplifier performance summary 

Maximum Power Output (dBm) 32 
ETSI Power Class (Master / Slave) 4 (limited by performance at |n| = 1) 
Duty Cycle (Min – Max) (%) 50% 
 

 
Figure 55: WSD2 master - frequency domain 
 
A3.19 The operation of the amplifier does not change the time domain response. 

WSD3 – Characterisation results 

A3.20 Table 211 summarises the performance of WSD3. 

Table 21: WSD3 performance summary 

Maximum Power Output (dBm) 35 
ETSI Power Class (Master / Slave) 1 (with worst ACLR performance at |n| = 1) 
Duty Cycle (typical) (%) 40% in high traffic mode 
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Figure 56: WSD3 master - frequency domain 
 

 
Figure 57: WSD3 master - time domain 
 
WSD4 – Characterisation results 

A3.21 Table 22 summarises the performance of WSD4. 
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Table 22: WSD4 performance summary 

Maximum Power Output (dBm) 8 
ETSI Power Class (Master / Slave) 4 (limited by performance at |n| ≥3)) 
Duty Cycle (Max, High Traffic) (%) 94% 
WSD – WSD Transmit Intermodulation Performance RIM3 > 65dB 
 

 
Figure 58: WSD4 master - frequency domain 
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Figure 59: WSD4 master - time domain 

 

 
WSD5 – Characterisation results 

A3.22 Table 23 summarises the performance of WSD5. 

Table 23: WSD5 performance summary 

Maximum Power Output (dBm) 18 
ETSI Power Class (Master / Slave) 5 (limited by performance at |n| = 1) 
Duty Cycle (Max, High Traffic) (%) 93% 
WSD – WSD Transmit Intermodulation Performance RIM3 > 65dB 
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Figure 60: WSD5 master - frequency domain 
 

 
Figure 61: WSD5 master - time domain 
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