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1. Executive Summary 

This report presents the results of a programme which was carried out by DTG Testing to measure 

protection ratios of digital TV (DTT) receivers in the presence of signals from white space device 

(WSD) technologies. Protection ratios refer to the ratio of wanted signal power to unwanted signal 

power at the input to the DTT receiver at the limit of successful reception. 

White space devices are currently being trialled in the UK and could potentially provide a method of 

making more efficient use of DTT spectrum by utilising sections of spectrum that are not used in all 

locations or at all times or both. Owing to the enhanced propagation properties of UHF frequencies, 

services such as Wi-Fi in rural communities and outdoor spaces, backhaul for remote monitoring 

services such as flood defences and broadband for shipping are some of the applications being 

tested in the trials. WSDs require use of UHF channels within the DTT frequency band (470MHz to 

790MHz) in order to operate and as part its responsibilities for the mitigation of potential 

interference to DTT services, Ofcom have produced a framework to define working limits of WSD 

powers which is currently under consultation. Ofcom have commissioned this measurement 

programme to investigate the potential effects of these services on DTT and its results will help to 

inform Ofcom, in conjunction with data from field trials, when making decisions on DTT coexistence 

limits.  

The requirement of the project was to test 50 receivers from the DTG Zoo (a collection of over 420 

receivers) against the WSD signals. A selection of 35 DTT receiver chassis was made based on 

receivers encountered by Ofcom in consumers’ homes during field trials in Glasgow, Watford and 

Margate, and the remaining 15 receivers were chosen based on sales data. Out of the 15 top selling 

receivers, a cross-sectional representation of the types available were chosen, such as those with 

silicon tuners and super-heterodyne canned tuners, set top boxes and integrated TV tuners. The 35 

selected from the field trials were either the same model as the receiver in the consumers’ home or, 

where the exact model was not available models were chosen that were made by the same 

manufacturer using the same chassis as the field trial receiver in question. 

The DTT signal used in testing was DVB-T using the same mode as used for PSB1 and PSB2 UK 

multiplexes. In order to represent the 6 multiplexes that are generally present at a TV receiver, an 

additional signal was also generated using the same DVB-T mode at a 7dB higher signal level to 

emulate the power of 5 other signals. The second signal was located 10 DTT channels lower than the 

wanted DTT channel to avoid intermodulation products between the unwanted DTT and WSD signals 

falling co-channel with the wanted DTT signal and to allow N-9 adjacencies to be measured. 

The WSD signals used in testing were from WSD equipment provided by a vendor and consisted of a 

master and slave device to allow an end to end network to be set up. The WSD network was 

operated in two different modes consisting of a continuous signal with constant throughput of data 

and a gated signal which operated on a four second loop providing bursts of data in the first two 

seconds with the signal being transmitted at full power followed by a further two seconds with no 

data and no signal being transmitted. 

Measurements made previously by the DTG and others have shown that signals with different time 

frequency structures can have widely different impacts on the performance of certain receivers. The 

objective of using both a constant and gated signal was to measure this impact and its variation 
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between perceived best and worst case scenarios for DTT coexistence. The gated signal was 

designed to emulate conditions where a user may be using their WSD sporadically such as when 

browsing a website. 

The WSDs had a maximum output capability of 30dBm which after losses in the test network 

resulted in a maximum power available at the input to the receivers of up to 17dBm. During 

protection ratio tests using stronger DTT levels, 6 out of the 50 receivers did not fail at some of the 

frequency offsets when the maximum in band power level was reached and so the protection ratio 

could not be measured. Appendix A shows the protection ratio results and a bold line is shown on 

the graphs to indicate the maximum power level of the unwanted signal that could be achieved 

during the testing. Where the protection ratio curves meet the limit line it means that the receiver 

did not fail at this level of unwanted signal.  

The testing overall produced a wide range of results with the protection ratio CDF graphs 

highlighting that for some of the more time discontinuous signals the resilience from one receiver to 

another can be quite varied.  

The results are presented as measured carrier to interference protection ratios for the 50 test 

receivers using WSD signals along with analysis highlighting any trends or common behaviour. 
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2. Key Conclusions 

 By toggling (gating) the data throughput of a WSD network between on and off, a WSD 

waveform that previously had a low impact on DTT receiver performance can become 

significantly worse. By gating the data throughput, protection ratios measured on the 

bottom 30% of 50 receivers worsened by 25dB at the 1st adjacency in some cases compared 

to when data throughput was constant (un-gated). 

 When compared to the proposed DTT protection ratios in the Ofcom TVWS coexistence 

report, the same WSD was either meeting the lowest protection ratio targets or the highest 

protection ratio targets depending on whether it was operating in gated or un-gated mode. 

 Generally a much wider spread of results for WSD gated mode tests was seen compared 

with the un-gated mode tests. The results saw an even spread between the best and worst 

performing receivers of as much as 29dB in terms of protection ratios measured during 

gated mode tests. During the un-gated tests the results were more closely grouped together 

with only a small number of outliers. This highlights the already known issue of large power 

fluctuations caused by time dis-continuous signals and the wide variety of receiver 

performance this can cause. 

 When the results were looked at by comparing the newest receivers to the oldest receivers, 

there were some improvements seen in protection ratios. For example, when testing un-

gated mode WSD, the top selling 40% of newer receivers showed an 8dB to 10dB 

improvement in protection ratios measured compared to older receivers.  

 36 of the receiver samples had information available on when they were first produced. 

When these 36 receivers were sorted by age there were only 3 canned receivers out of the 

newest 18 and 6 canned receivers out of the oldest 18. This shows firstly that canned 

receiver architecture is being phased out and replaced by silicon designs and secondly that 

the improvement in performance evidenced by the newer receivers compared with the 

older models is due to the implementation of silicon tuner designs. There was also a trend 

among the newer samples towards a higher proportion of DVB-T2 capable receivers with 

61% of these being T2 capable compared with 11% of the older models. 
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3. Background 

This test programme has been carried out in response to the OFCOM ITQ 10/2014: Lab 

measurements of WSD-DTT protection ratios. 

The aim of the work was to measure the maximum carrier to interference protection ratios 

permissible in a range of DTT receivers whilst still maintaining an acceptable level of picture quality 

in the presence of two different WSD signals. The measurement results will be used to inform 

Ofcom’s decisions relating to its TV White Space (TVWS) proposals and to indicate any further 

measurement studies required. 

The receiver chassis samples selected for testing represent receivers encountered during Ofcom 

TVWS field trials undertaken in Watford, Glasgow and Margate as well as top selling receivers 

selected from UK sales data. The final results therefore provide a comprehensive baseline of signal 

levels that can be used when planning safe operating limits. 

This report is an overview of the test methodology and results. 

4. Objectives and scope 

The objective of the test programme was to inform Ofcom on the widely differing behaviours of DTT 

receivers resulting from varying time-frequency structures of interfering signals. In order to interpret 

correctly the implications of the divergence in performance, the up to date market share of the test 

receivers needed to be understood also. 

In order to achieve the objectives, the scope of the project included: 

- providing market penetration details of DTT receivers tested; and 
- measuring protection ratios on a sample of 50 DTT receivers in the presence of WSD 

signals.  
 

The interfering signals used for testing were generated using two WSD radios making a master and 
slave pair to form an end to end network.  
 
Two WSD signals were used during testing, one was a near-continuous signal with a high data rate 
and the other was a signal that turned off and on every two seconds. The aim of the dis-continuous 
signal was to test the performance of the receiver’s automatic gain control (AGC) which for some 
receivers has been known to have difficulty dealing with large power fluctuations. More details of 
the WSD test signals can be found in the ‘WSD signals’ section of this report. 
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5. Market penetration of DTT receivers 

The DTT receivers used for testing were chosen initially based upon receivers that were encountered 

in consumers’ homes during Ofcom TVWS field trials. This accounted for 35 of the 50 test samples 

with the remaining 15 being made up of receivers chosen based on DTG sales data as between 2007 

and 2013. This was so that the results would provide a good representation of the effects of WSD on 

the most commonly found receivers. 

For the 15 receivers, in addition to purely sales data, receivers were also chosen to represent 

different receiver types, different tuner types i.e. silicon or canned, and those that support either 

DVB-T or both DVB-T and DVB-T2 transmission modes. 

Table 5.1 lists the types of receivers under test and their sales figures. 

Test 
ID 

Receiver 
type 

Product 
type 

Total chassis sales 
units 

1 DVB-T2 STB 190572 

2 DVB-T iDTV 1125901 

3 DVB-T iDTV 729580 

4 DVB-T2 iDTV 698732 

5 DVB-T2 iDTV 566642 

6 DVB-T iDTV 557322 

7 DVB-T iDTV 549012 

8 DVB-T DTR 541321 

9 DVB-T iDTV 399115 

10 DVB-T DVD-R 393551 

11 DVB-T iDTV 360387 

12 DVB-T iDTV 344346 

13 DVB-T IDTV 298194 

14 DVB-T iDTV 286074 

15 DVB-T iDTV 255296 

16 DVB-T2 iDTV 213966 

17 
DVB-S, DVB-

T 
iDTV 144989 

18 DVB-T iDTV 132227 

19 DVB-T iDTV 104310 

20 DVB-T STB 59502 

21 DVB-T STB 48386 

22 DVB-T2 iDTV 36591 

23 DVB-T2 iDTV 35085 

24 DVB-T2 iDTV 26873 

25 DVB-T iDTV 24938 

26 DVB-T2 DTR 11115 
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Test 
ID 

Receiver 
type 

Product 
type 

Total chassis sales 
units 

27 DVB-T2 DTR 0* 

28 DVB-T DTR 0* 

29 DVB-T STB 991916 

30 DVB-T iDTV 637306 

31 DVB-T2 iDTV 481352 

32 DVB-T iDTV 421543 

33 DVB-T iDTV 420611 

34 DVB-T DVD-R 380175 

35 DVB-T iDTV 375054 

36 DVB-T iDTV 360387 

37 
DVB-S, DVB-

T2 
3D-iDTV 336409 

38 DVB-T2 iDTV 333747 

39 DVB-T2 iDTV 213426 

40 DVB-T iDTV 201098 

41 DVB-T2 iDTV 160558 

42 DVB-T iDTV 159425 

43 DVB-T DVD-R 153917 

44 DVB-T iDTV 815024 

45 DVB-T2 IDTV 73974 

46 DVB-T2 DTR 59459 

47 DVB-T2 DTR 32853 

48 DVB-T2 3D-iDTV 32477 

49 DVB-T iDTV 8843 

50 DVB-T IDTV 0* 

Table 5.1 Receivers under test 

*No sales data available 
 
The sales information is based upon market data for receivers (set top boxes and TVs) since 2007 
representing sales made by retailers in the UK including online sales. The data is grouped by the 
receiver chassis, the details of which are obtained from the receiver manufacturers. This means that 
an individual model of television may have relatively low sales but if it shares the same chassis as 
other receivers then the overall sales attributable to that chassis can be much greater. Testing one 
particular model of receiver as a representative of all receivers with the same chassis therefore 
allows DTG Testing to test a significant proportion of receivers in the market. Different models of 
receiver are classed as having the same chassis if they have: 

 the same tuner and demodulator; 
 the same SI/PSI middleware software (including active format descriptor (AFD) and subtitle 

selection); 
 the same multimedia and hypermedia experts group (MHEG-5) engine; and 
 at least the same amount of memory for the MHEG-5 engine and other applications. 
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6. DTT signals 

The DTT wanted and unwanted signals were generated using a Rohde & Schwarz Broadcast Test 

System (BTC). The BTC allows for multiple test signals to be set up at individual frequencies, power 

levels, using different DVB modes with individual fading and noise profiles applied if required. The 

signal parameters were set up as in Table 6.1. Both the wanted and unwanted DTT signals used the 

same mode. 

 

Table 6.1 Wanted and unwanted DVB signal parameters 

Figure 6.1 shows a screen shot of the wanted DTT signal measured using a spectrum analyser with a 

5kHz resolution bandwidth (RBW). The out of band emission limits for DVB-T described in ETSI EN 

302 296-2 are shown in Table 6.2 and have been superimposed on Figure 6.1. 

   

Table 6.2 DVB-T out of band emission limits
1
 

 

                                                           
1
 ETSI EN 302 296-2 V1.2.1 

http://www.etsi.org/deliver/etsi_en/302200_302299/30229602/01.02.01_30/en_30229602v010201v.pdf 
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Figure 6.1 Frequency domain DVB-T signal used for testing and ETSI DVB-T out of band emission limit 
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Figure 6.2 shows the wanted DTT signal at channel 39 (618MHz) and the unwanted DTT signal at 

channel 29 (538MHz) and 7dB higher in signal level. 

 

Figure 6.2 Wanted DTT signal at 618MHz and unwanted DTT signal at 538MHz with 7dB greater signal strength 

7. WSD signals 

The WSD signals used for testing were generated using WSD radios supplied by a vendor. An end to 

end network was created using two radios forming a master and slave pair which were connected 

together. Data traffic between the two radios was created using the IP traffic loading tool JPerf 

running on laptops connected to the master and slave radios via Ethernet cable.  

The WSD signal used time division duplex (TDD) operation and single carrier modulation over an 

8MHz bandwidth. The modulation used was shaped offset QPSK (SOQPSK) which is designed to 

increase spectral efficiency through smoothing transitions between modulation symbols. 

Two test modes of the WSD signal were used during the protection ratio testing, both using an 8MHz 

channel bandwidth. For one signal the traffic between the two radios was maintained at a constant 

bit rate of around 4.1Mbps generating a signal of almost constant power from the master WSD, and 

described in this Report as ‘un-gated’ mode. For the other signal, a ‘gated’ mode was used where 

the IP loading was switched on and off every two seconds which resulted in the signal from the slave 

WSD being transmitted every two seconds, with no signal during the off periods.  
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During un-gated testing, the signal being coupled in to the receivers was taken from the master 

device. During gated testing the signal was coupled from the slave device. The reason for this was 

that during the periods of zero traffic in gated mode the slave device would transmit no signal 

whereas the master would still transmit pulses. The aim of the gated signal was to measure the 

effect of dis-continuous signal on receiver performance due to the inability of the AGC to deal with 

rapid power fluctuations. The pulses from the master device created a near continuous signal 

meaning the effect on the AGC was not actually being tested, which was why the slave signal had to 

be used instead.   

Table 7.1 details the waveform characteristics for each of the WSD test signals. As can be seen, the 

only difference between the two signals is that the gated had data transmitted for 2 out of every 4 

seconds rather than continuously. Section 7.1 gives further details of different time domain 

characteristics of the two signals. 

Waveform Channel bandwidth Modulation Data rate Duty cycle 

Un-gated 8MHz SOQPSK 4.1Mpps 80% 

Gated 8MHz SOQPSK 4.1Mbps 

80% during 2 
second on 

period  
Table 7.1 WSD waveform characteristics 

The test signal was not filtered before applying to the to the test receivers to ensure any protection 

ratios measured would reflect as close as possible those encountered in public if the equipment had 

been deployed.  

7.1 WSD un-gated and gated time domain measurements 

Time domain measurements using zero span mode on a spectrum analyser were used to record the 

power level of the WSD during the protection ratio measurements to ensure the peak value of the 

data bursts was captured. 

Screen shots of the un-gated and gated time domain measurements over a 10ms period are shown 

in Figures 7.1.1 and 7.1.2. The figures show that during the on period of the gated waveform, the 

waveforms are comparable in terms of the duty cycle with the only difference being addition of a 

short duration pulse during the un-gated signal. Figure 7.1.3 shows a time domain measurement of 

the gated signal taken over 4 seconds showing the signal being transmitted for 2 seconds then 

stopping for 2 seconds, which was the difference between the gated and un-gated signals. It was 

seen that the rising edge of the pulse after a 2 second period of no signal caused the receiver to 

suffer from interference. This would result in a short moment of picture break up followed by a 

smooth picture as the WSD signal settled into sending 2 seconds of data.  
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Figure 7.1.1 Time domain measurement of un-gated WSD test signal 
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Figure 7.1.2 Time domain measurement of gated WSD test signal 
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Figure 7.1.3 Time domain measurement of gated WSD test signal over a 4 second period 
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8. Failure criteria for testing 

The method for ascertaining the maximum level of interfering signal that can be tolerated by the 

test receivers whilst still maintaining a clear picture was based upon the D-Book description for 

picture failure shown in Table 8.1. 

This requires observing the picture during each transition of the interfering signal level and ensuring 

that there is no break in the picture. A break in the picture would consist of blocking or pixelation 

and an example is shown in Figure 8.1. 

The D-Book recommends that if a receiver suffers from picture degradation in 2 out of 3 consecutive 

ten second periods then the receiver has reached failure point i.e. 2 out of 3 periods must be good in 

order for the receiver to pass this test.  

In reality, it was observed that the receivers generally failed fairly suddenly when the interferer was 

increased in 1dB steps.  

 

 

Figure 8.1 Picture failures as used during failure criteria observations 
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Table 8.1 Comparison of degradation criteria
2 

9. Protection ratio testing 

9.1 Overview 

Conductive bench tests were carried out to ascertain the protection ratio of a range of 50 digital 

television receivers in response to interference from WSD signals. Protection ratios refer to the ratio 

of wanted signal power to unwanted signal power at the input to the DTT receiver at the limit of 

successful reception. 

Out of 50 receivers chosen as the test sample, 35 were chosen based on receivers encountered 

during TVWS field trials and the remaining on market sales data since 2007, the start of digital 

switch-over. For products selected by sales data, other factors were considered when selecting the 

models to test in order to ensure a combination of age of receiver, capability of the receiver i.e. 

whether it was only DVB-T capable or both DVB-T and DVB-T2 and the type of unit such as STB, PVR, 

and iDTV.  

The relationship between a single receiver chassis and its representative models is defined by the 

manufacturer so that, for instance, a single TV may represent a series of models with different sized 

screens and possibly cover a small group of similar model series. In this way the size of the receiver 

collection can be controlled whilst representing the UK market as a whole. 

The results indicate how receivers in the market will perform in the presence of WSD signals which 

will be crucial in determining a framework for smooth deployment of WSD technologies.  

                                                           
2
 DTG D-Book 7 Part A v4, Table 10-3  
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9.2 Measurement setup 

The testing was carried out by coupling a signal from a pair of WSDs into a maximum of 8 receivers 

which were tuned into a DVB-T signal. The level of the WSD signal reaching the DTT receivers was 

controlled using a variable attenuator which allowed the protection ratio to be measured. 

The test setup used to perform the un-gated measurements is shown in Figure 9.2.1 and for the 

gated measurements in Figure 9.2.2. 

The WSD signals were generated using two radios in a master and slave configuration. These were 

connected together using 50Ω N-Type cables via a 7dB bi-directional coupler and variable attenuator 

(shown as variable attenuator master-slave in Figures 9.2.1 and 9.2.2). The coupler allowed a portion 

of the WSD signal to be connected to the input of the receivers and the attenuator allowed different 

link conditions between the radios to be emulated to ensure neither end of the link was overloaded. 

The WSD link was loaded with traffic using the JPerf network testing tool. This was controlled using 

laptops connected via Ethernet to the both the master and slave devices (shown as controlling PCs in 

Figures 9.2.1 and 9.2.2). For the gated measurements a windows batch file was used to send IPerf 

commands from the slave device to the master every 4 seconds which created 2 second on and 2 

seconds off traffic loading.  

The DTT transport streams for the wanted and unwanted DTT signals were played out using an R&S 

BTC. 

The wanted DTT signal was located in channel 39 (618MHz) and the un-wanted signal was 10 

channels lower at 29 (538MHz). The un-wanted signal was to emulate 5 other multiplexes being 

present at the DTT receiver input and was 7dB (10xLog105) higher in signal strength than the wanted 

signal as a result. The separation of 10 channels was to allow DTT-WSD frequency separations of N-9 

to be measured and to ensure that intermodulation products did not fall co-channel with the 

wanted DTT signal. 

The DTT and unwanted signals were combined using a power combiner. The WSD and DTT signals 

were then combined using a second power combiner. 

The output of the WSD-DTT combiner was connected via quad shielded coaxial cable to an 11dB tap 

which had 8 outputs. Each output had quad shielded coaxial cable attached which was of the same 

length and was used to connect either the test receivers or a spectrum analyser. The design of the 

system is set up so that the input to each receiver will be at the same signal level. Prior to testing, a 

calibration was carried out across all of the 8 outputs for 8 points in the frequency range 470MHz to 

790MHz which showed that the maximum variation between the lowest level and highest level 

measured between the outputs was 1dB. 

The 50 test receivers were divided into 7 batches (6 batches of 7 and 1 batch of 8). For the batches 

of 7, one output of the 11dB tap was used to connect a spectrum analyser to allow the WSD and DTT 

power levels to be monitored during the testing. For the batch of 8, all outputs of the tap were 

connected to receivers meaning there was no free output for the spectrum analyser. As a result, 

before each frequency offset was tested, one receiver was temporarily disconnected to allow the 

spectrum analyser to be used to make a measurement of the highest possible WSD signal achievable 
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at the inputs to the receiver. During the measurements, the WSD power was then calculated by 

noting the level of attenuation at the measurement point and subtracting that from the maximum 

WSD level. 

The setup when using 7 or 8 DTT receivers provided maximum signal strength at the input to the test 

receivers of 6dBm for the WSD signals. If more power was required then the 11dB tap could be 

bypassed and a single receiver connected to the DTT-WSD combiner which allowed up to 17dBm at 

the receiver input.  

During protection ratio tests using stronger DTT levels 6 out of the 50 receivers did not fail at some 

of the frequency offsets even when the maximum in band power level of 17dBm was reached and so 

the protection ratio could not be measured. Appendix A shows the protection ratio results and a 

bold line is shown on the graphs to indicate the maximum power level of the unwanted signal that 

could be achieved during the testing. Where the protection ratio curves meet the limit line it means 

that the receiver did not fail at this level of unwanted signal.   

 

Figure 9.2.1 Measurement set up for un-gated WSD protection ratio testing in the DTG Receiver Zoo 
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Figure 9.2.2 Measurement set up for gated WSD protection ratio testing in the DTG Receiver Zoo 
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9.3 Test method 

The following test procedure was used to calculate the C/I ratio of the DTT receivers under test: 

1. The test receivers were initially tuned and verification of smooth video and audio was 

carried out. 

2. The total carrier power of the DTT signal was adjusted using the variable attenuator to a pre-

defined level at the input to the pre-amplifier.  

3. The link between the master and slave WSDs was then established and the traffic loading set 

up using JPerf. 

4. The maximum level of WSD signal was measured using a spectrum analyser in zero span 

mode. This was in order to verify that the WSD radios were operating as expected. The 

analyser was connected to the 8-way tap at the same point as the input to the receivers so 

that whatever was measured was the equivalent to the signal at the input to the receivers. 

5. The WSD signal was then turned back to zero for the start of the tests. 

6. The interfering signal was then gradually increased until the receiver reached the failure 

point. 

7. The level of WSD signal at the last point of successful reception was then recorded for the 

C/I calculations. 

The testing was repeated for wanted DTT power levels of: 

 -70dBm, -60dBm, -50dBm, -30dBm 

For each DTT power level the following DTT-WSD 8MHz frequency separations were tested: 

 Co-channel, N±1, N±2, N±3, and N±9 

All of the tests were carried out using the WSD signal in un-gated (constant data throughput) and 

gated (data on for 2 seconds then off for 2 seconds in a continuous loop) modes. 

This resulted in a total number of tests per receiver of: 1(DTT mode) x 4(DTT power levels) x 

9(frequency offsets) x 2(WSD signals) = 72 tests repeated on 50 receivers = 3,600. 

9.4 Results 

9.4.1 Comparison of un-gated WSD signal to gated WSD signal3 

It can be seen when comparing Figures 9.4.1.1 and 9.4.1.2 that the gated signal produces a larger 

variation in the results. Figures 9.4.1.1 and 9.4.1.2 show the protection ratios for un-gated (shown as 

WSD1) and gated (shown as WSD2) signals respectively with a DTT signal level of -60dBm. As can be 

seen, the spread of results for frequency offsets N+1 is 18dB between the worst and best protection 

ratios for un-gated compared to 29dB for gated. In addition the worst protection ratios for the same 

offset and power level are -13dB for gated and -30dB for un-gated. This highlights the effect the dis-

continuous signal has on some receivers, most likely due to the receiver AGC characteristics. It also 

                                                           
3 For reference un-gated is a continuous signal and gated is a dis-continuous signal on a 2 second on, 

2 second off loop. 
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demonstrates how a signal that suddenly comes on after a period of quiet can cause equipment to 

suffer from interference. 

Figure 9.4.1.1 Protection ratios per frequency offset for DTT at -60dBm in the presence of un-gated mode WSD signal 

(WSD1) 
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Figure 9.4.1.2 Protection ratios per frequency offset for DTT at -60dBm in the presence of gated mode WSD signal 

(WSD2) 
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A full list of the protection ratio graphs for all DTT levels tested can be seen in Appendix A of this 

report. 

9.4.2 Comparison of 30th and 70th percentiles 

As the Ofcom TVWS framework sets protection ratio limits based upon the 70th, comparisons of the 

top and bottom 30% of protection ratios measured (shown in dB) are presented in tables 9.4.2.1 and 

9.4.2.2. 

 

Table 9.4.2.1 Top and bottom 30% protection ratio values (dB) for un-gated WSD mode (WSD1) 

 

 

Table 9.4.2.2 Top and bottom 30% protection ratio values (dB) for gated WSD mode (WSD2) 

The results are taken from cumulative distribution function (CDF) graphs of the protection ratio 

results. The distribution graphs show the percentage of receivers that were not able to meet certain 

protection ratio levels for each WSD test scenario. As the lines get further to the right of the graph it 

means the protection ratios are deteriorating. The percentage was weighted according to the sales 

volume of the receiver which is detailed in Section 5. For example, 100% of receivers mean the total 

sales of all the receivers summed together. By weighting the receivers on sales volumes, it makes 

the protection ratio values representative of the impact that each test signal has on receivers in use 

in UK households. Where a receiver may have performed poorly but had limited market sales, the 

percentage contribution the receiver adds CDF graphs will be small to reflect the scale of any 

potential problem. Figures 9.4.2.1 and 9.4.2.2 show CDF graphs for WSD-DTT frequency offset N+1 

for both the un-gated (WSD1) and gated (WSD2) signals. CDF graphs for all measurements can be 

seen in Appendix C. 
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The graphs highlight the spread of results for gated mode, as described earlier, and show that the 

gated mode results are more grouped together. 

For un-gated mode it can be seen that apart from when the DTT is at a strong signal level of -30dBm 

at the input of the receiver, the results are almost identical for every other DTT power level 

tested.

Figure 9.4.2.1 Protection ratio cumulative distribution for un-gated mode WSD (WSD1) at WSD-DTT frequency offset of 

N+1

Figure 9.4.2.2 Protection ratio cumulative distribution for gated mode WSD (WSD2) at WSD-DTT frequency offset of N+1 
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9.4.3 Comparison with Ofcom TVWS framework protection ratios 

Following measurements carried out by DTG Testing in 2013, a set of WSD-DTT protection ratios 

were proposed in the Ofcom technical report on TVWS coexistence4 as part of the TVWS 

consultation. The report proposes for the future three categories of protection ratios: high, medium 

and low, with high protection ratios having the greatest potential to cause interference to DTT. 

WSDs that meet the low limits will be allowed to transmit at higher power levels than WSDs that 

only qualify for the high category. The protection ratios defined in the 2013 report by Ofcom were 

categorised as “likely to be in the low category”5 meaning that these were potentially the most 

stringent protection ratio targets WSDs would be required to meet in order to transmit at the 

highest power levels allowed by the framework. The protection ratios are proposed for each ETSI 

class of WSD whereby the lowest protection ratios are defined for class 1 WSDs and the highest 

protection ratios for class 5 WSDs. This means that emission limit calculations, based on these 

protection ratios, would allocate the highest power levels to class 1 WSDs and the lowest power 

levels to class 5 WSDs. 

Table 9.4.3.1 shows the lowest proposed protection ratio targets in the Ofcom TVWS coexistence 

report, as defined for a class 1 WSD. 

Table 9.4.3.2 shows the 70th percentile un-gated measurement results taken from this testing 

programme. 

As can be seen, the WSD when operating in un-gated mode performs better than the lowest 

protection ratio category proposed in the Ofcom consultation. 

Table 9.4.3.3 shows some of the highest proposed protection ratio targets in the Ofcom TVWS 

coexistence report, as defined for a class 4 WSD. 

Table 9.4.3.4 shows the 70th percentile-gated measurement results taken from this testing 

programme. 

As can be seen, by operating the WSD in gated mode, the same device that previously exceeded the 

lowest proposed protection ratio targets, now meets only either the highest or second highest 

protection ratio targets depending on the DTT power level. In other words, the same WSD could be 

in both the high and the low protection ratio categories depending on how it was being operated. 

Figure 9.4.3.1 illustrates the impact the different protection ratios would have in terms of the 

maximum EIRP allocated to the WSD device. The calculations illustrated are for a WSD operating in a 

suburban environment in a same-pixel or tier 1 scenario with an antenna height of 10 metres. It 

shows that in an area of -60dBm received DTT power, the same WSD would be allocated a maximum 

EIRP of 0dBm in gated mode (based upon class 4 protection ratios) compared to 20dBm in un-gated 

mode (based upon class 1 protection ratios) to avoid interfering with DTT services.   

                                                           
4
 Ofcom, TV White Spaces: Approach to coexistence, Technical analysis 

http://stakeholders.ofcom.org.uk/binaries/consultations/white-space-coexistence/annexes/technical-
report.pdf 
5
 Ofcom, TV White Spaces: Approach to coexistence, Technical analysis, section 4.105 

http://stakeholders.ofcom.org.uk/binaries/consultations/white-space-coexistence/annexes/technical-report.pdf
http://stakeholders.ofcom.org.uk/binaries/consultations/white-space-coexistence/annexes/technical-report.pdf
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The overall result of this would be that when a WSD manufacturer is presenting evidence to Ofcom 

as to the protection ratio targets that it adheres to, any measurements made are performed with 

the device operating in the intended mode of operation most likely to cause interference. 

 

Figure 9.4.3.1 Proposed protection ratios for class 1 WSDs
6
 

Figure 9.4.3.2 70
th

 percentile protection ratios measured for un-gated mode (WSD1) 

                                                           
6
 Ofcom, TV White Spaces: Approach to coexistence, Technical analysis, section 4.102, Table 4.3a 

http://stakeholders.ofcom.org.uk/binaries/consultations/white-space-coexistence/annexes/technical-
report.pdf 

http://stakeholders.ofcom.org.uk/binaries/consultations/white-space-coexistence/annexes/technical-report.pdf
http://stakeholders.ofcom.org.uk/binaries/consultations/white-space-coexistence/annexes/technical-report.pdf
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Figure 9.4.3.3 Proposed protection ratios for class 4 WSDs
7
 

Figure 9.4.3.2 70
th

 percentile protection ratios measured for gated mode (WSD2) 

 

Figure 9.4.3.1 Variation of maximum permitted WSD EIRP as a function of received DTT median signal power
8 

                                                           
7
 Ofcom, TV White Spaces: Approach to coexistence, Technical analysis, section 4.102, Table 4.3d  

8
 Ofcom, TV White Spaces: Approach to coexistence, Technical analysis, section 4.126, Figure 4.13a 

http://stakeholders.ofcom.org.uk/binaries/consultations/white-space-coexistence/annexes/technical-
report.pdf 

http://stakeholders.ofcom.org.uk/binaries/consultations/white-space-coexistence/annexes/technical-report.pdf
http://stakeholders.ofcom.org.uk/binaries/consultations/white-space-coexistence/annexes/technical-report.pdf
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9.4.4 Results by age of receiver 

As the D-Book has introduced targets for receiver tolerance to LTE signals and recommendations on 

tolerance to WSD signals, the results have been divided according to when the receivers first 

appeared on the market to see if there is a general trend towards improved receiver selectivity. 

Dates for when receivers first appeared on the market were available for 36 of the 50 receivers in 

the test sample. Splitting this in to two samples of 18 resulted in a centre date of April 2010 i.e. the 

newer receivers appeared on the market after this date and the older receivers before. The range of 

dates from the oldest to newest was August 2005 to March 2013. 

Figures 9.4.4.1 and 9.4.4.2 show CDF graphs of protection ratios for the newest and oldest receivers 

in the presence of the un-gated WSD mode (WSD1) at a DTT-WSD offset of N+1. CDF plots for both 

gated and un-gated mode for offsets N+1 and N+2 separated by age of receiver can be seen in 

Appendix D of this report 

The results show that the protection ratios remain largely unchanged for the new and old receivers 

when at DTT signal levels of -70dBm, -60dBm and -50dBm. For higher DTT signal levels of -30dBm it 

can be seen that there is a considerable improvement of protection ratio performance for the top 

40% of receivers of between 8dB and 10dB. For these receivers the results are comparable to the 

protection ratios for the lower DTT signal levels. 
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Figure 9.4.4.1 Protection ratio cumulative distribution for un-gated mode WSD (WSD1) at WSD-DTT frequency offset of 

N+1 for receivers made before April 2010 

Figure 9.4.4.2 Protection ratio cumulative distribution for un-gated mode WSD (WSD1) at WSD-DTT frequency offset of 

N+1 for receivers made after April 2010 
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Figures 9.4.4.3 and 9.4.4.4 show CDF graphs of protection ratios for the newest and oldest receivers 

in the presence of the gated WSD mode (WSD2) at a DTT-WSD offset of N+1. 

The results show that overall the range of protection ratios between the worst and best has 

remained similar for both sets of results and for each DTT signal level. However, for DTT levels -

60dBm and -50dBm, the percentage of receivers that achieved a lower i.e. better protection ratio 

was greater. Figure 9.4.4.4 for the newer receivers shows a step improvement for approximately the 

top 60% of receivers at DTT signal levels of -60dBm and -50dBm compared with the older receivers. 

This is reflected in the 70th percentile cut-off point shown in Table 9.4.4.1 where the top 30% of 

newer receivers showed an improvement in protection ratios compared to the older receivers by 

between 3dB and 8dB for DTT levels -70dBm, -60dBm and -50dBm. However for -30dBm DTT level 

the level for the top 30% reduced by 5dB for newer receivers compared to the older ones.  

The cut-off point for the bottom 30% of receivers sees a smaller range of improvement in protection 

ratios for -60dBm and -50dBm DTT of 1dB and 4dB respectively. For -30dBm DTT the bottom 30% 

level improves by 3dB for the newer receives compared to the older receivers but for -70dBm the 

level has reduced by 4dB. As the Ofcom TVWS framework proposes protection for the top 70% of 

receivers, the bottom 30% cut-off levels is what would set the framework values. 

 

Table 9.4.4.1 Top and bottom 30% protection ratio values (dB) for un-gated WSD mode (WSD1) for new and old 

receivers 
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Figure 9.4.3.3 Protection ratio cumulative distribution for gated mode WSD (WSD2) at WSD-DTT frequency offset of N+1 

for receivers made before April 2010 

Figure 9.4.3.4 Protection ratio cumulative distribution for gated mode WSD (WSD2) at WSD-DTT frequency offset of N+1 

for receivers made after April 2010 



 

34 
 

The number of DVB-T2 capable receivers out of the newer and older receivers as well as the number 

of canned tuners compared to silicon tuners is shown in Table 9.4.4.2. As can be seen the 

percentage of DVB-T2 tuners in the newer samples has increased to 61% compared to 11% in the 

older samples. Similarly the number of ‘can’ tuners has decreased from 33.33% to 16.67% from the 

older samples to the newer. 

 

Table 9.4.4.2 Number of canned tuners and number of DVB-T2 capable new and old receivers 
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10. Conclusions 

The testing overall produced a wide range of results with the protection ratio CDF graphs 

highlighting that for some of the more time discontinuous signals the resilience from one receiver to 

another can be quite varied.  Below are the key points found during the measurement programme: 

 By toggling (gating) the data throughput of a WSD network between on and off, a WSD 

waveform that previously had a low impact on DTT receiver performance can become 

significantly worse. By gating the data throughput, protection ratios measured on the 

bottom 30% of 50 receivers worsened by 25dB at the 1st adjacency in some cases compared 

to when data throughput was constant (un-gated). 

 Compared to the proposed low protection ratio category from the Ofcom TVWS coexistence 

report, the same WSD was either meeting the targets for a class 1 device or a class 4/5 

device depending on whether it was operating in gated or un-gated mode. 

 Generally a much wider spread of results for WSD gated mode tests was seen compared 

with the un-gated mode tests. The results saw an even spread between the best and worst 

performing receivers of as much as 29dB (almost 800 times) in terms of protection ratios 

measured during gated mode tests. During the un-gated tests the results were more closely 

grouped together with only a small number of outliers. This highlights the already known 

issue of large power fluctuations caused by time dis-continuous signals and the wide variety 

of receiver performance this can cause. 

 When the results were looked at by comparing the newest receivers to the oldest receivers, 

there were some improvements seen in protection ratios. For example, when testing un-

gated mode WSD, the top selling 40% of newer receivers showed an 8dB to 10dB 

improvement in protection ratios measured compared to older receivers.  

 36 of the receiver samples had information available on when they were first produced. 

When these 36 receivers were sorted by age there were only 3 canned receivers out of the 

newest 18 and 6 canned receivers out of the oldest 18. This shows firstly that canned 

receiver architecture is being phased out and replaced by silicon designs and secondly that 

the improvement in performance evidenced by the newer receivers compared with the 

older models is due to the implementation of silicon tuner designs. There was also a trend 

among the newer samples towards a higher proportion of DVB-T2 capable receivers with 

61% of these being T2 capable compared with 11% of the older models.  
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11. Glossary of terms 

 DTT: Digital terrestrial television which is made up of Freeview and Freeview HD. 

 DVB operating mode: DVB-T is European-based consortium standard for the broadcast 

transmission of digital terrestrial television. It uses MPEG-2 video compression and coded 

orthogonal frequency division multiplexing to send multiple digital streams on multiple 

carrier frequencies. DVB-T2 is the extension of DVB-T and uses improved error correction 

and video compression (MPEG-4) to provide enhanced data rates suitable for the broadcast 

of high definition TV. 

 EIRP: Effective isotropic radiated power 

 Gated WSD traffic mode (WSD2): This was designed to emulate a WSD user sporadically 

using a service such as browsing a webpage. This was done by switching the data throughput 

between the master and slave WSDs on and off every two seconds on a continuous loop. 

This created a signal at the input to the test receivers that was time-discontinuous and had 

large power fluctuations. 

 iDTV: Integrated digital TV which is a television set with an in built DTT receiver. 

 Protection ratio or C/I: The minimum ratio of wanted carrier signal (C) to the maximum 

interfering signal (I) that a DTT receiver can tolerate whilst still maintaining an acceptable 

level of picture quality. 

 PVR: Personal video recorders which contain DTT receivers as well as capabilities for 

recording digital television on to in built hard drives. They often include additional features 

such as the capability to pause live TV, integrated programme guides and series recording. 

 Receiver chassis: Chassis models are considered the same if they use: 

1. The same tuner and demodulator 

2. The same SI/PSI middleware software (including active format descriptor (AFD) 

subtitle selection) 

3. The same MHEG-5 engine 

 STB: Set top box DTT receiver 

 TVWS: TV White Space 

 Un-gated WSD traffic mode (WSD1): This was designed to emulate a situation where the 

data throughput of the WSD user was continuous. This was done by using JPerf network 

testing tool to create IP traffic between the master and slave WSDs at a constant rate. This 

was designed to test the receivers in a situation that was less harmful in terms of causing 

interference. 

 WSD: White Space Device 
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Appendix A – Carrier to interference protection ratio 

graphs 

A.1 Un-gated traffic mode  

 

Figure A1.1 Protection ratio curve for un-gated WSD traffic mode (WSD1) at-70dBm DVB-T 
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Figure A1.2 Protection ratio curve for un-gated WSD traffic mode (WSD1) at-60dBm DVB-T 



 

39 
 

Figure A1.3 Protection ratio curve for un-gated WSD traffic mode (WSD1) at-50dBm DVB-T 
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The black horizontal line at -46dB protection ratio represents the maximum limit for the interferer. 

Where the protection ratio curves level off at this point it means that the receiver did not fail when 

the maximum level had been reached 

 

Figure A1.4 Protection ratio curve for un-gated WSD traffic mode (WSD1) at-30dBm DVB-T 
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A.2 Gated traffic mode  

 

Figure A2.1 Protection ratio curve for gated WSD traffic mode (WSD2) at-70dBm DVB-T 
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Figure A2.2 Protection ratio curve for gated WSD traffic mode (WSD2) at-60dBm DVB-T 
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Figure A2.3 Protection ratio curve for gated WSD traffic mode (WSD2) at-50dBm DVB-T 
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Figure A2.4 Protection ratio curve for gated WSD traffic mode (WSD2) at-30dBm DVB-T 
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Appendix B – Protection ratio values 

B.1 Un-gated traffic mode -70dBm DTT 

RX Id -72 -24 -16 -8 Co-Channel 8 16 24 72

Rx1 -53.7 -49.7 -47.7 -39.7 17.3 -41.7 -47.7 -47.7 -50.7

Rx2 -56.7 -53.7 -43.7 -41.7 18.3 -42.7 -49.7 -53.7 -46.7

Rx3 -51.7 -41.7 -41.7 -32.7 18.3 -40.7 -49.7 -47.7 -41.7

Rx4 -56.7 -50.7 -49.7 -46.7 17.3 -45.7 -49.7 -49.7 -56.7

Rx5 -52.7 -47.7 -47.7 -42.7 16.3 -44.7 -48.7 -49.7 -52.7

Rx6 -54.7 -52.7 -41.7 -42.7 17.3 -42.7 -51.7 -50.7 -50.7

Rx7 -56.7 -52.7 -49.7 -42.7 18.3 -44.7 -50.7 -51.7 -56.7

Rx8 -56.7 -52.7 -48.7 -37.7 17.3 -36.7 -49.7 -50.7 -40.7

Rx9 -56.7 -51.7 -49.7 -40.7 15.3 -37.7 -49.7 -49.7 -52.7

Rx10 -54.7 -51.7 -45.7 -42.7 17.3 -39.7 -49.7 -53.7 -48.7

Rx11 -56.7 -43.7 -45.7 -40.7 15.3 -37.7 -50.7 -53.7 -45.7

Rx12 -55.7 -46.7 -42.7 -34.7 17.3 -39.7 -50.7 -53.7 -40.7

Rx13 -55.7 -51.7 -49.7 -40.7 15.3 -42.7 -49.7 -49.7 -51.7

Rx14 -55.7 -40.7 -33.7 -29.7 18.3 -33.7 -42.7 -40.7 -37.7

Rx15 -56.7 -39.7 -42.7 -37.7 19.3 -40.7 -45.7 -44.7 -37.7

Rx16 -56.7 -44.7 -44.7 -39.7 18.3 -41.7 -44.7 -45.7 -41.7

Rx17 -56.7 -44.7 -43.7 -31.7 18.3 -40.7 -45.7 -45.7 -43.7

Rx18 -56.7 -44.7 -42.7 -33.7 18.3 -40.7 -44.7 -45.7 -43.7

Rx19 -55.7 -36.7 -31.7 -28.7 19.3 -40.7 -42.7 -44.7 -44.7

Rx20 -52.7 -42.7 -40.7 -31.7 19.3 -32.7 -40.7 -42.7 -43.7

Rx21 -55.7 -44.7 -44.7 -40.7 20.3 -41.7 -44.7 -43.7 -41.7

Rx22 -56.7 -52.7 -49.7 -40.7 15.3 -45.7 -52.7 -54.7 -56.7

Rx23 -57.7 -53.7 -52.7 -45.7 14.3 -48.7 -53.7 -54.7 -56.7

Rx24 -57.7 -54.7 -52.7 -48.7 14.3 -46.7 -50.7 -53.7 -56.7

Rx25 -56.7 -54.7 -52.7 -40.7 15.3 -46.7 -53.7 -53.7 -47.7

Rx26 -54.7 -47.7 -46.7 -42.7 16.3 -42.7 -46.7 -50.7 -54.7

Rx27 -37.7 -37.7 -38.7 -37.7 16.3 -36.7 -41.7 -37.7 -36.7

Rx28 -46.7 -47.7 -47.7 -41.7 16.3 -38.7 -45.7 -46.7 -49.7

Rx29 -56.7 -52.7 -49.7 -40.7 15.3 -41.7 -38.7 -49.7 -46.7

Rx30 -52.7 -52.7 -49.7 -41.7 15.3 -41.7 -45.7 -46.7 -35.7

Rx31 -57.7 -52.7 -50.7 -48.7 14.3 -42.7 -47.7 -51.7 -55.7

Rx32 -57.7 -52.7 -52.7 -43.7 17.3 -38.7 -42.7 -53.7 -51.7

Rx33 -56.7 -50.7 -49.7 -38.7 17.3 -38.7 -45.7 -53.7 -48.7

Rx34 -57.7 -52.7 -51.7 -45.7 14.3 -40.7 -47.7 -54.7 -50.7

Rx35 -56.7 -51.7 -51.7 -45.7 17.3 -40.7 -47.7 -50.7 -55.7

Rx36 -57.7 -53.7 -47.7 -41.7 17.3 -44.7 -53.7 -55.7 -43.7

Rx37 -55.7 -51.7 -49.7 -42.7 17.3 -45.7 -51.7 -52.7 -55.7

Rx38 -55.7 -51.7 -50.7 -45.7 17.3 -42.7 -49.7 -50.7 -55.7

Rx39 -57.7 -53.7 -51.7 -43.7 17.3 -47.7 -54.7 -55.7 -56.7

Rx40 -53.7 -51.7 -47.7 -41.7 18.3 -41.7 -49.7 -50.7 -41.7

Rx41 -57.7 -51.7 -46.7 -35.7 17.3 -39.7 -49.7 -44.7 -45.7

Rx42 -53.7 -50.7 -36.7 -45.7 17.3 -46.7 -49.7 -50.7 -51.7

Rx43 -57.7 -53.7 -51.7 -42.7 16.3 -44.7 -52.7 -52.7 -53.7

Rx44 -56.7 -52.7 -49.7 -41.7 17.3 -44.7 -52.7 -53.7 -48.7

Rx45 -57.7 -53.7 -52.7 -43.7 16.3 -47.7 -52.7 -50.7 -55.7

Rx46 -57.7 -53.7 -50.7 -30.7 17.3 -42.7 -51.7 -54.7 -48.7

Rx47 -57.7 -43.7 -50.7 -43.7 16.3 -41.7 -43.7 -40.7 -53.7

Rx48 -56.7 -52.7 -51.7 -43.7 16.3 -43.7 -51.7 -52.7 -54.7

Rx49 -49.7 -30.7 -25.7 -18.7 18.3 -38.7 -49.7 -45.7 -35.7

Rx50 -57.7 -51.7 -49.7 -42.7 18.3 -42.7 -50.7 -51.7 -55.7

8MHz channel separation

 

Figure B1.1 Protection ratio values for un-gated WSD mode (WSD1) at -70dBm DTT 
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B.2 Un-gated traffic mode -60dBm DTT 

RX Id -72 -24 -16 -8 Co-Channel 8 16 24 72

Rx1 -56.7 -50.7 -48.7 -41.7 17.3 -42.7 -48.7 -49.7 -55.7

Rx2 -56.7 -54.7 -42.7 -42.7 18.3 -40.7 -51.7 -50.7 -48.7

Rx3 -41.7 -43.7 -42.7 -32.7 17.3 -38.7 -49.7 -42.7 -42.7

Rx4 -57.7 -53.7 -49.7 -46.7 17.3 -47.7 -51.7 -51.7 -56.7

Rx5 -55.7 -49.7 -48.7 -42.7 16.3 -40.7 -50.7 -51.7 -55.7

Rx6 -51.7 -53.7 -42.7 -44.7 18.3 -43.7 -52.7 -43.7 -51.7

Rx7 -57.7 -53.7 -50.7 -43.7 18.3 -47.7 -52.7 -52.7 -56.7

Rx8 -55.7 -52.7 -49.7 -39.7 16.3 -39.7 -47.7 -46.7 -42.7

Rx9 -56.7 -53.7 -50.7 -46.7 15.3 -42.7 -49.7 -51.7 -51.7

Rx10 -54.7 -51.7 -50.7 -44.7 15.3 -46.7 -48.7 -50.7 -48.7

Rx11 -56.7 -34.7 -46.7 -40.7 16.3 -43.7 -50.7 -48.7 -44.7

Rx12 -50.7 -47.7 -43.7 -34.7 16.3 -40.7 -48.7 -51.7 -42.7

Rx13 -55.7 -50.7 -50.7 -47.7 17.3 -44.7 -50.7 -51.7 -51.7

Rx14 -48.7 -40.7 -33.7 -34.7 22.3 -30.7 -44.7 -36.7 -37.7

Rx15 -56.7 -42.7 -47.7 -37.7 16.3 -36.7 -51.7 -43.7 -38.7

Rx16 -56.7 -52.7 -49.7 -39.7 18.3 -35.7 -42.7 -43.7 -48.7

Rx17 -54.7 -51.7 -49.7 -29.7 14.3 -36.7 -51.7 -52.7 -51.7

Rx18 -54.7 -52.7 -49.7 -32.7 14.3 -36.7 -42.7 -47.7 -51.7

Rx19 -47.7 -25.7 -21.7 -18.7 14.3 -35.7 -51.7 -47.7 -50.7

Rx20 -46.7 -44.7 -43.7 -34.7 18.3 -37.7 -49.7 -43.7 -48.7

Rx21 -54.7 -52.7 -52.7 -46.7 13.3 -38.7 -51.7 -44.7 -47.7

Rx22 -56.7 -53.7 -50.7 -42.7 16.3 -46.7 -51.7 -54.7 -56.7

Rx23 -57.7 -54.7 -52.7 -45.7 18.3 -47.7 -53.7 -55.7 -56.7

Rx24 -57.7 -54.7 -52.7 -48.7 16.3 -46.7 -50.7 -53.7 -56.7

Rx25 -57.7 -53.7 -52.7 -42.7 17.3 -46.7 -52.7 -47.7 -47.7

Rx26 -51.7 -48.7 -43.7 -42.7 17.3 -41.7 -47.7 -50.7 -51.7

Rx27 -37.7 -38.7 -41.7 -39.7 18.3 -39.7 -40.7 -38.7 -41.7

Rx28 -45.7 -43.7 -43.7 -40.7 18.3 -37.7 -43.7 -45.7 -47.7

Rx29 -56.7 -53.7 -44.7 -39.7 16.3 -40.7 -37.7 -43.7 -44.7

Rx30 -44.7 -53.7 -42.7 -39.7 17.3 -41.7 -50.7 -38.7 -36.7

Rx31 -56.7 -53.7 -45.7 -48.7 17.3 -45.7 -51.7 -51.7 -53.7

Rx32 -56.7 -52.7 -45.7 -44.7 20.3 -39.7 -43.7 -46.7 -50.7

Rx33 -55.7 -51.7 -42.7 -39.7 16.3 -37.7 -50.7 -48.7 -47.7

Rx34 -54.7 -53.7 -44.7 -43.7 19.3 -46.7 -43.7 -53.7 -50.7

Rx35 -56.7 -52.7 -44.7 -44.7 19.3 -42.7 -50.7 -50.7 -53.7

Rx36 -58.7 -53.7 -47.7 -40.7 14.3 -44.7 -52.7 -49.7 -43.7

Rx37 -56.7 -51.7 -49.7 -42.7 15.3 -46.7 -50.7 -52.7 -55.7

Rx38 -56.7 -52.7 -51.7 -46.7 15.3 -41.7 -49.7 -52.7 -55.7

Rx39 -58.7 -53.7 -51.7 -43.7 17.3 -47.7 -52.7 -55.7 -57.7

Rx40 -43.7 -51.7 -48.7 -40.7 16.3 -41.7 -49.7 -44.7 -39.7

Rx41 -57.7 -51.7 -47.7 -34.7 17.3 -39.7 -48.7 -39.7 -45.7

Rx42 -51.7 -51.7 -39.7 -43.7 17.3 -44.7 -48.7 -50.7 -50.7

Rx43 -57.7 -53.7 -50.7 -43.7 16.3 -45.7 -52.7 -46.7 -54.7

Rx44 -48.7 -53.7 -49.7 -41.7 19.3 -44.7 -53.7 -44.7 -49.7

Rx45 -57.7 -54.7 -52.7 -45.7 16.3 -48.7 -53.7 -54.7 -56.7

Rx46 -56.7 -54.7 -50.7 -31.7 16.3 -41.7 -51.7 -50.7 -50.7

Rx47 -48.7 -41.7 -51.7 -45.7 16.3 -42.7 -51.7 -41.7 -46.7

Rx48 -57.7 -54.7 -52.7 -44.7 16.3 -46.7 -52.7 -53.7 -56.7

Rx49 -39.7 -21.7 -16.7 -14.7 19.3 -38.7 -48.7 -36.7 -37.7

Rx50 -46.7 -50.7 -50.7 -42.7 19.3 -39.7 -50.7 -49.7 -54.7

8MHz channel separation

 

Figure B2.1 Protection ratio values for un-gated WSD mode (WSD1) at -60dBm DTT 
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B.3 Un-gated traffic mode -50dBm DTT 

RX Id -72 -24 -16 -8 Co-Channel 8 16 24 72

Rx1 -56.7 -50.7 -50.7 -41.7 17.3 -42.7 -50.7 -50.7 -56.7

Rx2 -51.7 -51.7 -42.7 -41.7 18.3 -43.7 -52.7 -44.7 -48.7

Rx3 -46.7 -43.7 -45.7 -34.7 18.3 -39.7 -50.7 -40.7 -42.7

Rx4 -56.7 -51.7 -53.7 -50.7 17.3 -46.7 -52.7 -52.7 -55.7

Rx5 -60.7 -49.7 -49.7 -43.7 17.3 -45.7 -51.7 -51.7 -60.7

Rx6 -44.7 -45.7 -42.7 -42.7 17.3 -41.7 -44.7 -42.7 -43.7

Rx7 -60.7 -52.7 -51.7 -43.7 18.3 -46.7 -52.7 -51.7 -64.7

Rx8 -48.7 -40.7 -50.7 -40.7 17.3 -39.7 -48.7 -38.7 -41.7

Rx9 -59.7 -54.7 -50.7 -46.7 15.3 -42.7 -49.7 -51.7 -51.7

Rx10 -46.7 -49.7 -48.7 -43.7 17.3 -44.7 -47.7 -43.7 -48.7

Rx11 -56.7 -32.7 -45.7 -41.7 17.3 -44.7 -49.7 -42.7 -44.7

Rx12 -39.7 -47.7 -43.7 -36.7 18.3 -40.7 -48.7 -45.7 -41.7

Rx13 -56.7 -53.7 -51.7 -48.7 17.3 -46.7 -51.7 -51.7 -50.7

Rx14 -46.7 -39.7 -34.7 -39.7 20.3 -40.7 -39.7 -37.7 -36.3

Rx15 -49.7 -43.7 -45.7 -38.7 14.3 -40.7 -48.7 -46.7 -40.7

Rx16 -50.7 -54.7 -51.7 -42.7 14.3 -42.7 -49.7 -38.7 -48.7

Rx17 -45.7 -50.7 -49.7 -30.7 18.3 -41.7 -49.7 -44.7 -49.7

Rx18 -45.7 -51.7 -50.7 -32.7 18.3 -41.7 -36.7 -36.7 -49.7

Rx19 -45.7 -22.7 -15.7 -14.7 13.3 -39.7 -46.7 -46.7 -47.7

Rx20 -41.7 -53.7 -54.7 -26.7 15.3 -39.7 -56.7 -56.7 -48.7

Rx21 -47.7 -51.7 -51.7 -46.7 14.3 -45.7 -51.7 -37.7 -47.7

Rx22 -57.7 -56.7 -51.7 -42.7 17.3 -45.7 -51.7 -53.7 -56.7

Rx23 -58.7 -54.7 -53.7 -47.7 15.3 -49.7 -54.7 -54.7 -56.7

Rx24 -53.7 -53.7 -53.7 -49.7 15.3 -46.7 -51.7 -53.7 -55.7

Rx25 -47.7 -52.7 -50.7 -43.7 17.3 -44.7 -45.7 -40.7 -46.7

Rx26 -41.7 -41.7 -42.7 -41.7 17.3 -41.7 -41.7 -40.7 -42.7

Rx27 -42.7 -39.7 -39.7 -38.7 16.3 -38.7 -39.7 -39.7 -38.7

Rx28 -41.7 -40.7 -38.7 -34.7 16.3 -35.7 -40.7 -40.7 -40.7

Rx29 -47.7 -49.7 -49.7 -43.7 18.3 -40.7 -43.7 -35.7 -44.7

Rx30 -44.7 -48.7 -47.7 -40.7 19.3 -41.7 -50.7 -42.7 -37.7

Rx31 -49.7 -46.7 -45.7 -43.7 17.3 -43.7 -44.7 -44.7 -49.7

Rx32 -54.7 -53.7 -51.7 -44.7 19.3 -38.7 -43.7 -48.7 -53.7

Rx33 -45.7 -46.7 -49.7 -40.7 19.3 -37.7 -49.7 -45.7 -42.7

Rx34 -44.7 -54.7 -54.7 -44.7 18.3 -45.7 -34.7 -44.7 -51.7

Rx35 -59.7 -48.7 -41.7 -39.7 17.3 -38.7 -41.7 -47.7 -49.7

Rx36 -53.7 -53.7 -48.7 -41.7 17.3 -44.7 -53.7 -43.7 -43.7

Rx37 -51.7 -50.7 -48.7 -42.7 15.3 -46.7 -50.7 -51.7 -51.7

Rx38 -55.7 -52.7 -51.7 -46.7 14.3 -41.7 -50.7 -52.7 -54.7

Rx39 -53.7 -53.7 -51.7 -43.7 16.3 -47.7 -53.7 -55.7 -56.7

Rx40 -34.7 -50.7 -48.7 -41.7 15.3 -40.7 -46.7 -35.7 -39.7

Rx41 -51.7 -51.7 -48.7 -34.7 16.3 -40.7 -49.7 -41.7 -46.7

Rx42 -51.7 -50.7 -41.7 -43.7 16.3 -44.7 -49.7 -47.7 -50.7

Rx43 -48.7 -53.7 -52.7 -41.7 14.3 -44.7 -51.7 -41.7 -53.7

Rx44 -39.7 -52.7 -49.7 -39.7 16.3 -43.7 -53.7 -37.7 -48.7

Rx45 -51.7 -49.7 -49.7 -44.7 14.3 -45.7 -50.7 -50.7 -51.7

Rx46 -45.7 -52.7 -50.7 -31.7 14.3 -40.7 -52.7 -49.7 -50.7

Rx47 -48.7 -42.7 -51.7 -47.7 16.3 -42.7 -49.7 -40.7 -44.7

Rx48 -56.7 -53.7 -51.7 -44.7 16.3 -45.7 -51.7 -44.7 -56.7

Rx49 -39.7 -20.7 -16.7 -13.7 16.3 -37.7 -41.7 -33.7 -36.7

Rx50 -40.7 -42.7 -46.7 -43.7 16.3 -39.7 -39.7 -41.7 -52.7

8MHz channel separation

 

Figure B3.1 Protection ratio values for un-gated WSD mode (WSD1) at -50dBm  
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B.4 Un-gated traffic mode -30dBm DTT 

RX Id -72 -24 -16 -8 Co-Channel 8 16 24 72

Rx1 -36.7 -36.7 -35.7 -35.7 16.3 -35.7 -35.7 -35.7 -34.7

Rx2 -36.7 -32.7 -31.7 -31.7 18.3 -30.7 -42.7 -36.7 -36.7

Rx3 -36.7 -34.7 -32.7 -31.7 16.3 -28.7 -33.7 -30.7 -36.7

Rx4 -34.7 -33.7 -33.7 -32.7 16.3 -32.7 -33.7 -33.7 -37.7

Rx5 -40.7 -41.7 -41.7 -40.7 15.3 -40.7 -41.7 -41.7 -41.7

Rx6 -22.7 -24.7 -24.7 -24.7 17.3 -23.7 -24.7 -24.7 -22.7

Rx7 -46.7 -46.7 -46.7 -43.7 17.3 -44.7 -45.7 -46.7 -46.7

Rx8 -31.7 -28.7 -34.7 -29.7 15.3 -32.7 -34.7 -28.7 -35.7

Rx9 -46.7 -46.7 -46.7 -46.7 15.3 -46.7 -46.7 -46.7 -46.7

Rx10 -32.7 -35.7 -35.7 -32.7 16.3 -32.7 -33.7 -34.7 -33.7

Rx11 -35.7 -38.7 -37.7 -34.7 14.3 -36.7 -36.7 -36.7 -35.7

Rx12 -32.7 -42.7 -32.7 -39.7 14.3 -39.7 -42.7 -30.7 -39.7

Rx13 -36.7 -33.7 -32.7 -33.7 14.3 -33.7 -33.7 -34.7 -36.7

Rx14 -31.7 -27.7 -24.7 -24.7 20.3 -26.7 -25.7 -28.7 -31.7

Rx15 -32.7 -29.7 -27.7 -29.7 18.3 -26.7 -29.7 -31.7 -31.7

Rx16 -42.7 -41.7 -40.7 -38.7 18.3 -38.7 -39.7 -39.7 -41.7

Rx17 -31.7 -31.7 -31.7 -28.7 19.3 -31.7 -31.7 -31.7 -31.7

Rx18 -32.7 -32.7 -32.7 -30.7 17.3 -29.7 -29.7 -30.7 -32.7

Rx19 -27.7 -23.7 -17.7 -24.7 18.3 -22.7 -24.7 -28.7 -28.7

Rx20 -35.7 -35.7 -35.7 -34.7 19.3 -34.7 -34.7 -34.7 -35.7

Rx21 -35.7 -37.7 -29.7 -30.7 18.3 -31.7 -32.7 -25.7 -36.7

Rx22 -46.7 -46.7 -46.7 -45.7 17.3 -45.7 -46.7 -46.7 -46.7

Rx23 -43.7 -42.7 -41.7 -36.7 15.3 -39.7 -40.7 -40.7 -42.7

Rx24 -35.7 -36.7 -36.7 -35.7 17.3 -35.7 -35.7 -35.7 -35.7

Rx25 -32.7 -33.7 -30.7 -27.7 17.3 -29.7 -34.7 -33.7 -29.7

Rx26 -22.7 -21.7 -21.7 -20.7 17.3 -20.7 -21.7 -23.7 -21.7

Rx27 -37.7 -39.7 -39.7 -38.7 15.3 -42.7 -42.7 -40.7 -39.7

Rx28 -20.7 -20.7 -21.7 -20.7 16.3 -18.7 -21.7 -21.7 -17.7

Rx29 -29.7 -31.7 -31.7 -31.7 17.3 -28.7 -28.7 -28.7 -25.7

Rx30 -38.7 -30.7 -28.7 -26.7 16.3 -29.7 -34.7 -37.7 -36.7

Rx31 -29.7 -25.7 -25.7 -25.7 16.3 -25.7 -24.7 -25.7 -29.7

Rx32 -37.7 -34.7 -33.7 -31.7 19.3 -30.7 -33.7 -36.7 -36.7

Rx33 -28.7 -29.7 -30.7 -34.7 17.3 -32.7 -30.7 -31.7 -26.7

Rx34 -41.7 -34.7 -33.7 -32.7 19.3 -31.7 -29.7 -34.7 -34.7

Rx35 -39.7 -37.7 -30.7 -39.7 16.3 -27.7 -30.7 -32.7 -42.7

Rx36 -36.7 -40.7 -38.7 -35.7 15.3 -38.7 -38.7 -37.7 -38.7

Rx37 -32.7 -32.7 -33.7 -31.7 14.3 -31.7 -31.7 -32.7 -31.7

Rx38 -46.7 -46.7 -46.7 -46.7 15.3 -44.7 -46.7 -46.7 -46.7

Rx39 -46.7 -46.7 -46.7 -46.7 15.3 -46.7 -46.7 -46.7 -46.7

Rx40 -34.7 -30.7 -31.7 -33.7 15.3 -27.7 -26.7 -26.7 -26.7

Rx41 -39.7 -36.7 -35.7 -31.7 15.3 -31.7 -31.7 -36.7 -39.7

Rx42 -33.7 -33.7 -33.7 -33.7 15.3 -33.7 -33.7 -33.7 -33.7

Rx43 -33.7 -39.7 -36.7 -34.7 17.3 -34.7 -36.7 -36.7 -36.7

Rx44 -35.7 -32.7 -30.7 -27.7 18.3 -29.7 -31.7 -33.7 -43.7

Rx45 -31.7 -30.7 -29.7 -29.7 17.3 -30.7 -28.7 -29.7 -32.7

Rx46 -38.7 -31.7 -31.7 -29.7 17.3 -31.7 -32.7 -32.7 -32.7

Rx47 -34.7 -33.7 -31.7 -31.7 17.3 -31.7 -31.7 -31.7 -32.7

Rx48 -40.7 -40.7 -39.7 -36.7 18.3 -39.7 -40.7 -39.7 -41.7

Rx49 -26.7 -19.7 -14.7 -11.7 18.3 -24.7 -28.7 -22.7 -26.7

Rx50 -37.7 -28.7 -28.7 -23.7 18.3 -23.7 -28.7 -32.7 -32.7

8MHz channel separation

 

Figure B4.1 Protection ratio values for un-gated WSD mode (WSD1) at -30dBm DTT 
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B.5 Gated traffic mode -70dBm DTT 

RX Id -72 -24 -16 -8 Co-Channel 8 16 24 72

Rx1 -44.7 -28.7 -27.7 -25.7 14.3 -23.7 -27.7 -34.7 -43.7

Rx2 -47.7 -37.7 -39.7 -24.7 14.3 -41.7 -45.7 -45.7 -46.7

Rx3 -47.7 -27.7 -28.7 -16.7 16.3 -26.7 -40.7 -45.7 -42.7

Rx4 -45.7 -29.7 -35.7 -24.7 16.3 -34.7 -35.7 -35.7 -43.7

Rx5 -48.7 -25.7 -28.7 -20.7 16.3 -26.7 -30.7 -37.7 -49.7

Rx6 -47.7 -27.7 -29.7 -16.7 15.3 -25.7 -40.7 -41.7 -48.7

Rx7 -47.7 -27.7 -23.7 -20.7 16.3 -26.7 -41.7 -45.7 -54.7

Rx8 -64.7 -50.7 -44.7 -32.7 18.3 -33.7 -46.7 -50.7 -40.7

Rx9 -47.7 -46.7 -44.7 -40.7 19.3 -39.7 -41.7 -44.7 -51.7

Rx10 -55.7 -47.7 -38.7 -29.7 19.3 -36.7 -50.7 -52.7 -48.7

Rx11 -64.7 -43.7 -38.7 -30.7 19.3 -35.7 -48.7 -52.7 -41.7

Rx12 -55.7 -42.7 -38.7 -32.7 19.3 -38.7 -50.7 -52.7 -38.7

Rx13 -44.7 -35.7 -35.7 -34.7 18.3 -33.7 -34.7 -34.7 -41.7

Rx14 -54.7 -40.7 -31.7 -21.7 18.3 -23.7 -33.7 -38.7 -37.7

Rx15 -56.7 -32.7 -24.7 -20.7 16.3 -35.7 -43.7 -45.7 -39.7

Rx16 -57.7 -53.7 -48.7 -38.7 17.3 -40.7 -45.7 -49.7 -47.7

Rx17 -56.7 -45.7 -36.7 -26.7 17.3 -35.7 -51.7 -54.7 -52.7

Rx18 -56.7 -47.7 -38.7 -28.7 20.3 -35.7 -45.7 -52.7 -48.7

Rx19 -55.7 -34.7 -29.7 -24.7 17.3 -34.7 -43.7 -52.7 -48.7

Rx20 -54.7 -48.7 -48.7 -12.7 17.3 -40.7 -48.7 -49.7 -55.7

Rx21 -57.7 -48.7 -40.7 -33.7 17.3 -34.7 -41.7 -49.7 -44.7

Rx22 -58.7 -44.7 -25.7 -17.7 16.3 -29.7 -43.7 -48.7 -58.7

Rx23 -58.7 -39.7 -29.7 -24.7 15.3 -32.7 -38.7 -44.7 -58.7

Rx24 -54.7 -42.7 -39.7 -37.7 16.3 -32.7 -36.7 -39.7 -53.7

Rx25 -58.7 -54.7 -45.7 -33.7 17.3 -38.7 -52.7 -53.7 -44.7

Rx26 -42.7 -30.7 -28.7 -26.7 18.3 -26.7 -31.7 -35.7 -45.7

Rx27 -38.7 -38.7 -38.7 -32.7 17.3 -32.7 -39.7 -38.7 -37.7

Rx28 -34.7 -29.7 -28.7 -26.7 19.3 -25.7 -25.7 -27.7 -33.7

Rx29 -54.7 -49.7 -40.7 -34.7 17.3 -31.7 -34.7 -49.7 -44.7

Rx30 -53.7 -40.7 -37.7 -34.7 17.3 -32.7 -39.7 -46.7 -35.7

Rx31 -53.7 -41.7 -37.7 -35.7 15.3 -31.7 -33.7 -34.7 -48.7

Rx32 -54.7 -49.7 -51.7 -40.7 19.3 -35.7 -39.7 -51.7 -50.7

Rx33 -54.7 -46.7 -39.7 -35.7 17.3 -30.7 -42.7 -51.7 -42.7

Rx34 -55.7 -46.7 -39.7 -35.7 17.3 -35.7 -44.7 -53.7 -48.7

Rx35 -55.7 -48.7 -46.7 -41.7 17.3 -31.7 -42.7 -46.7 -55.7

Rx36 -57.7 -45.7 -37.7 -30.7 14.3 -35.7 -51.7 -53.7 -42.7

Rx37 -52.7 -36.7 -23.7 -18.7 17.3 -27.7 -36.7 -42.7 -53.7

Rx38 -56.7 -49.7 -42.7 -27.7 18.3 -19.7 -26.7 -46.7 -56.7

Rx39 -58.7 -45.7 -24.7 -19.7 17.3 -26.7 -47.7 -53.7 -59.7

Rx40 -51.7 -44.7 -42.7 -37.7 18.3 -35.7 -48.7 -49.7 -39.7

Rx41 -56.7 -45.7 -40.7 -30.7 17.3 -34.7 -44.7 -44.7 -44.7

Rx42 -36.7 -31.7 -30.7 -28.7 18.3 -29.7 -31.7 -32.7 -37.7

Rx43 -53.7 -50.7 -48.7 -40.7 17.3 -39.7 -46.7 -49.7 -49.7

Rx44 -54.7 -47.7 -44.7 -39.7 18.3 -42.7 -47.7 -49.7 -49.7

Rx45 -51.7 -34.7 -23.7 -20.7 17.3 -29.7 -39.7 -42.7 -51.7

Rx46 -55.7 -48.7 -45.7 -30.7 17.3 -31.7 -47.7 -49.7 -49.7

Rx47 -52.7 -40.7 -48.7 -42.7 18.3 -41.7 -46.7 -41.7 -49.7

Rx48 -54.7 -41.7 -33.7 -29.7 18.3 -35.7 -41.7 -49.7 -50.7

Rx49 -49.7 -32.7 -27.7 -22.7 18.3 -25.7 -41.7 -46.7 -37.7

Rx50 -53.7 -48.7 -39.7 -35.7 17.3 -25.7 -45.7 -48.7 -51.7

8MHz channel separation

 

Figure B5.1 Protection ratio values for gated WSD mode (WSD2) at -70dBm DTT 
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B.6 Gated traffic mode -60dBm DTT 

RX Id -72 -24 -16 -8 Co-Channel 8 16 24 72

Rx1 -37.7 -27.7 -19.7 -16.7 20.3 -18.7 -22.7 -25.7 -32.7

Rx2 -56.7 -48.7 -41.7 -36.7 20.3 -41.7 -48.7 -50.7 -46.7

Rx3 -40.7 -27.7 -20.7 -17.7 21.3 -19.7 -32.7 -41.7 -41.7

Rx4 -37.7 -27.7 -28.7 -25.7 20.3 -25.7 -25.7 -27.7 -33.7

Rx5 -40.7 -29.7 -20.7 -16.7 16.3 -18.7 -22.7 -30.7 -41.7

Rx6 -45.7 -27.7 -19.7 -21.7 21.3 -19.7 -32.7 -44.7 -48.7

Rx7 -51.7 -35.7 -23.7 -17.7 20.3 -25.7 -35.7 -41.7 -49.7

Rx8 -55.7 -40.7 -34.7 -23.7 21.3 -24.7 -39.7 -46.7 -41.7

Rx9 -55.7 -42.7 -39.7 -33.7 19.3 -33.7 -36.7 -40.7 -44.7

Rx10 -53.7 -37.7 -28.7 -16.7 19.3 -12.7 -43.7 -49.7 -47.7

Rx11 -57.7 -34.7 -28.7 -23.7 21.3 -12.7 -41.7 -47.7 -42.7

Rx12 -49.7 -33.7 -28.7 -24.7 20.3 -29.7 -43.7 -40.7 -38.7

Rx13 -38.7 -29.7 -28.7 -27.7 19.3 -27.7 -27.7 -28.7 -33.7

Rx14 -48.7 -31.7 -23.7 -12.7 18.3 -14.7 -23.7 -32.7 -36.7

Rx15 -52.7 -30.7 -17.7 -13.7 17.3 -15.7 -29.7 -41.7 -38.7

Rx16 -56.7 -40.7 -39.7 -29.7 19.3 -32.7 -39.7 -43.7 -47.7

Rx17 -52.7 -32.7 -29.7 -21.7 19.3 -24.7 -41.7 -52.7 -51.7

Rx18 -53.7 -32.7 -29.7 -21.7 19.3 -24.7 -38.7 -46.7 -49.7

Rx19 -47.7 -18.7 -20.7 -14.7 18.3 -17.7 -35.7 -47.7 -49.7

Rx20 -46.7 -33.7 -39.7 -33.7 18.3 -35.7 -39.7 -40.7 -47.7

Rx21 -55.7 -36.7 -32.7 -22.7 18.3 -22.7 -33.7 -43.7 -44.7

Rx22 -48.7 -29.7 -26.7 -18.7 19.3 -26.7 -33.7 -40.7 -51.7

Rx23 -48.7 -22.7 -20.7 -15.7 18.3 -22.7 -29.7 -35.7 -50.7

Rx24 -51.7 -37.7 -40.7 -36.7 19.3 -32.7 -36.7 -39.7 -50.7

Rx25 -56.7 -37.7 -37.7 -26.7 19.3 -29.7 -45.7 -47.7 -45.7

Rx26 -32.7 -17.7 -21.7 -17.7 19.3 -19.7 -21.7 -25.7 -35.7

Rx27 -36.7 -30.7 -33.7 -26.7 18.3 -28.7 -35.7 -38.7 -38.7

Rx28 -23.7 -14.7 -18.7 -17.7 19.3 -17.7 -16.7 -18.7 -24.7

Rx29 -56.7 -41.7 -34.7 -23.7 20.3 -21.7 -32.7 -43.7 -44.7

Rx30 -43.7 -29.7 -26.7 -23.7 19.3 -21.7 -31.7 -37.7 -33.7

Rx31 -51.7 -36.7 -35.7 -34.7 18.3 -29.7 -31.7 -35.7 -47.7

Rx32 -56.7 -43.7 -42.7 -34.7 19.3 -26.7 -38.7 -47.7 -51.7

Rx33 -55.7 -38.7 -28.7 -21.7 19.3 -19.7 -35.7 -48.7 -45.7

Rx34 -54.7 -38.7 -27.7 -20.7 21.3 -28.7 -44.7 -52.7 -48.7

Rx35 -51.7 -40.7 -38.7 -35.7 20.3 -34.7 -37.7 -41.7 -51.7

Rx36 -58.7 -36.7 -30.7 -22.7 16.3 -28.7 -41.7 -50.7 -43.7

Rx37 -42.7 -29.7 -23.7 -16.7 16.3 -25.7 -32.7 -37.7 -42.7

Rx38 -50.7 -40.7 -34.7 -22.7 18.3 -19.7 -25.7 -37.7 -50.7

Rx39 -56.7 -38.7 -23.7 -19.7 16.3 -27.7 -37.7 -45.7 -54.7

Rx40 -41.7 -33.7 -32.7 -27.7 16.3 -27.7 -38.7 -42.7 -37.7

Rx41 -50.7 -37.7 -31.7 -21.7 18.3 -27.7 -40.7 -37.7 -42.7

Rx42 -28.7 -22.7 -21.7 -19.7 18.3 -20.7 -22.7 -23.7 -25.7

Rx43 -56.7 -41.7 -39.7 -29.7 17.3 -35.7 -42.7 -48.7 -56.7

Rx44 -48.7 -38.7 -34.7 -28.7 16.3 -35.7 -45.7 -46.7 -49.7

Rx45 -39.7 -26.7 -19.7 -13.7 16.3 -26.7 -35.7 -36.7 -41.7

Rx46 -56.7 -34.7 -30.7 -24.7 16.3 -29.7 -37.7 -51.7 -48.7

Rx47 -45.7 -36.7 -39.7 -30.7 19.3 -35.7 -42.7 -40.7 -46.7

Rx48 -50.7 -29.7 -22.7 -17.7 16.3 -28.7 -31.7 -41.7 -50.7

Rx49 -39.7 -19.7 -17.7 -10.7 17.3 -18.7 -29.7 -38.7 -36.7

Rx50 -45.7 -35.7 -27.7 -19.7 16.3 -15.7 -38.7 -48.7 -58.7

8MHz channel separation

 

Figure B6.1 Protection ratio values for gated WSD mode (WSD2) at -60dBm DTT 
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B.7 Gated traffic mode -50dBm DTT 

RX Id -72 -24 -16 -8 Co-Channel 8 16 24 72

Rx1 -29.7 -23.7 -15.7 -12.7 20.3 -14.7 -15.7 -18.7 -40.7

Rx2 -46.7 -42.7 -34.7 -26.7 19.3 -30.7 -43.7 -40.7 -45.7

Rx3 -36.7 -14.7 -9.7 -6.7 21.3 -9.7 -23.7 -38.7 -41.7

Rx4 -46.7 -30.7 -31.7 -29.7 20.3 -27.7 -29.7 -30.7 -43.7

Rx5 -26.7 -22.7 -15.7 -14.7 17.3 -16.7 -19.7 -22.7 -32.7

Rx6 -39.7 -23.7 -17.7 -10.7 20.3 -11.7 -26.7 -38.7 -43.7

Rx7 -40.7 -30.7 -22.7 -15.7 19.3 -24.7 -29.7 -34.7 -40.7

Rx8 -47.9 -30.7 -17.7 -13.7 19.3 -15.7 -30.7 -36.7 -40.7

Rx9 -47.9 -36.7 -29.7 -24.7 20.3 -25.7 -29.7 -31.7 -43.7

Rx10 -48 -27.7 -17.7 -9.7 19.3 -16.7 -31.7 -42.7 -45.7

Rx11 -53.1 -26.7 -18.7 -14.7 21.3 -18.7 -31.7 -41.7 -42.7

Rx12 -41.7 -26.7 -18.7 -14.7 18.3 -18.7 -31.7 -39.7 -39.7

Rx13 -47.9 -29.7 -18.7 -26.7 18.3 -26.7 -28.7 -29.7 -41.7

Rx14 -47.7 -29.7 -16.7 -9.7 18.3 -10.7 -19.7 -32.7 -34.7

Rx15 -48.7 -15.7 -13.7 -6.7 16.3 -13.7 -25.7 -43.7 -39.7

Rx16 -50.7 -28.7 -29.7 -19.7 19.3 -22.7 -33.7 -35.7 -45.7

Rx17 -45.7 -17.7 -16.7 -11.7 18.3 -14.7 -33.7 -43.7 -48.7

Rx18 -45.7 -19.7 -18.7 -11.7 17.3 -14.7 -25.7 -35.7 -48.7

Rx19 -45.7 -13.7 -16.7 -10.7 18.3 -14.7 -31.7 -43.7 -46.7

Rx20 -39.7 -29.7 -37.7 -33.7 16.3 -33.7 -38.7 -38.7 -41.7

Rx21 -45.7 -20.7 -20.7 -13.7 16.3 -13.7 -28.7 -33.7 -45.7

Rx22 -39.7 -32.7 -23.7 -14.7 18.3 -22.7 -30.7 -35.7 -39.7

Rx23 -39.7 -28.7 -17.7 -11.7 20.3 -20.7 -27.7 -33.7 -38.7

Rx24 -54.7 -42.7 -39.7 -35.7 18.3 -30.7 -33.7 -37.7 -48.7

Rx25 -48.7 -33.7 -23.7 -12.7 21.3 -20.7 -35.7 -38.7 -44.7

Rx26 -23.7 -16.7 -14.7 -12.7 19.3 -15.7 -17.7 -20.7 -27.7

Rx27 -33.7 -32.7 -29.7 -21.7 19.3 -22.7 -28.7 -32.7 -33.7

Rx28 -21.7 -16.7 -16.7 -16.7 20.3 -13.7 -14.7 -17.7 -21.7

Rx29 -49.7 -30.7 -22.7 -14.7 19.3 -13.7 -23.7 -26.7 -44.7

Rx30 -41.7 -26.7 -19.7 -18.7 20.3 -17.7 -24.7 -27.7 -33.7

Rx31 -48.7 -33.7 -32.7 -31.7 19.3 -29.7 -30.7 -25.7 -43.7

Rx32 -49.7 -37.7 -32.7 -23.7 19.3 -18.7 -29.7 -36.7 -51.7

Rx33 -45.7 -30.7 -19.7 -12.7 20.3 -12.7 -28.7 -35.7 -43.7

Rx34 -45.7 -26.7 -17.7 -10.7 21.3 -18.7 -33.7 -36.7 -47.7

Rx35 -46.7 -32.7 -30.7 -29.7 19.3 -27.7 -29.7 -25.7 -46.7

Rx36 -54.7 -29.7 -18.7 -17.7 19.3 -21.7 -33.7 -42.7 -41.7

Rx37 -33.7 -26.7 -22.7 -15.7 21.3 -23.7 -27.7 -28.7 -33.7

Rx38 -40.7 -35.7 -30.7 -22.7 21.3 -15.7 -23.7 -34.7 -40.7

Rx39 -46.7 -32.7 -23.7 -14.7 19.3 -23.7 -32.7 -38.7 -45.7

Rx40 -34.7 -29.7 -25.7 -19.7 19.3 -19.7 -32.7 -35.7 -38.7

Rx41 -45.7 -29.7 -22.7 -15.7 20.3 -17.7 -30.7 -35.7 -43.7

Rx42 -19.7 -14.7 -13.7 -13.7 21.3 -14.7 -14.7 -15.7 -18.7

Rx43 -48.7 -34.7 -25.7 -16.7 19.3 -22.7 -29.7 -38.7 -52.7

Rx44 -39.7 -27.7 -22.7 -16.7 20.3 -22.7 -34.7 -37.7 -48.7

Rx45 -30.7 -27.7 -18.7 -11.7 19.3 -21.7 -24.7 -28.7 -28.7

Rx46 -48.7 -29.7 -19.7 -13.7 19.3 -14.7 -23.7 -40.7 -48.7

Rx47 -40.7 -36.7 -38.7 -33.7 20.3 -34.7 -38.7 -36.7 -38.7

Rx48 -41.7 -27.7 -18.7 -11.7 18.3 -22.7 -26.7 -34.7 -38.7

Rx49 -38.7 -19.7 -13.7 -9.7 21.3 -11.7 -23.7 -32.7 -33.7

Rx50 -41.7 -32.7 -23.7 -11.7 18.3 -13.7 -26.7 -39.7 -59.7

8MHz channel separation

 

Figure B7.1 Protection ratio values for gated WSD mode (WSD2) at -50dBm DTT 
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B.8 Gated traffic mode -30dBm DTT 

RX Id -72 -24 -16 -8 Co-Channel 8 16 24 72

Rx1 -19.7 -17.7 -14.7 -12.7 21.3 -11.7 -13.7 -16.7 -16.7

Rx2 -32.7 -28.7 -20.7 -13.7 19.3 -16.7 -32.7 -35.7 -36.7

Rx3 -34.7 -15.7 -10.7 -6.7 20.3 -9.7 -21.7 -30.7 -37.7

Rx4 -33.7 -30.7 -31.7 -29.7 20.3 -27.7 -28.7 -30.7 -37.7

Rx5 -20.7 -17.7 -14.7 -12.7 16.3 -14.7 -15.7 -16.7 -22.7

Rx6 -23.7 -15.7 -11.7 -6.7 20.3 -8.7 -21.7 -24.7 -22.7

Rx7 -20.7 -15.7 -15.7 -13.7 20.3 -14.7 -15.7 -16.7 -19.7

Rx8 -33.7 -22.7 -16.7 -10.7 16.3 -6.7 -24.7 -21.7 -35.7

Rx9 -44.7 -33.2 -29.7 -28.7 17.3 -25.7 -28.7 -23.7 -36.7

Rx10 -37.7 -21.7 -14.7 -6.7 17.3 -12.7 -26.7 -26.7 -33.7

Rx11 -35.7 -22.7 -16.7 -14.7 17.3 -15.7 -27.7 -29.7 -36.7

Rx12 -29.7 -12.7 -7.7 -5.7 17.3 -9.7 -20.7 -22.7 -39.7

Rx13 -35.7 -30.7 -30.7 -28.7 17.3 -26.7 -27.7 -21.7 -36.7

Rx14 -29.7 -26.7 -21.7 -12.7 17.3 -13.7 -23.7 -20.7 -22.7

Rx15 -30.7 -23.7 -14.7 -6.7 16.3 -12.7 -29.7 -31.7 -33.7

Rx16 -41.7 -36.7 -27.7 -19.7 17.3 -22.7 -31.7 -36.7 -41.7

Rx17 -30.7 -27.7 -13.7 -5.7 18.3 -12.7 -29.7 -31.7 -30.7

Rx18 -31.7 -27.7 -12.7 -5.7 18.3 -11.7 -21.7 -31.7 -30.7

Rx19 -27.7 -23.7 -16.7 -10.7 18.3 -11.7 -25.7 -27.7 -26.7

Rx20 -33.7 -34.7 -34.7 -32.7 17.3 -33.7 -35.7 -35.7 -36.7

Rx21 -30.7 -29.7 -18.7 -9.7 16.3 -13.7 -19.7 -25.7 -27.7

Rx22 -20.7 -13.7 -16.7 -13.7 17.3 -14.7 -14.7 -14.7 -20.7

Rx23 -28.7 -25.7 -17.7 -10.7 15.3 -21.7 -23.7 -23.7 -25.7

Rx24 -32.7 -33.7 -33.7 -32.7 17.3 -31.7 -33.7 -33.7 -33.7

Rx25 -30.7 -27.7 -20.7 -14.7 19.3 -13.7 -30.7 -32.7 -29.7

Rx26 -18.7 -15.7 -13.7 -12.7 19.3 -16.7 -19.7 -18.7 -18.7

Rx27 -28.7 -30.7 -27.7 -23.7 15.3 -23.7 -31.7 -29.7 -29.7

Rx28 -18.7 -14.7 -14.7 -14.7 17.3 -13.7 -15.7 -15.7 -18.7

Rx29 -28.7 -30.7 -30.7 -18.7 18.3 -20.7 -29.7 -26.7 -25.7

Rx30 -39.7 -26.7 -23.7 -20.7 18.3 -17.7 -27.7 -34.7 -33.7

Rx31 -30.7 -25.7 -25.7 -24.7 16.3 -24.7 -25.7 -25.7 -29.7

Rx32 -37.7 -27.7 -27.7 -16.7 19.3 -11.7 -24.7 -33.7 -38.7

Rx33 -26.7 -27.7 -23.7 -15.7 17.3 -16.7 -31.7 -33.7 -26.7

Rx34 -38.7 -22.7 -14.7 -1.7 19.3 -17.7 -27.7 -32.7 -32.7

Rx35 -34.7 -23.7 -23.7 -23.7 17.3 -21.7 -24.7 -27.7 -33.7

Rx36 -36.7 -27.7 -22.7 -17.7 19.3 -17.7 -29.7 -35.7 -37.7

Rx37 -24.7 -18.7 -18.7 -15.7 19.3 -17.7 -18.7 -18.7 -24.7

Rx38 -24.7 -18.7 -17.7 -17.7 20.3 -15.7 -18.7 -18.7 -23.7

Rx39 -26.7 -18.7 -17.7 -15.7 19.3 -17.7 -18.7 -19.7 -25.7

Rx40 -33.7 -24.7 -25.7 -21.7 19.3 -22.7 -29.7 -29.7 -26.7

Rx41 -38.7 -27.7 -20.7 -14.7 19.3 -15.7 -28.7 -35.7 -36.7

Rx42 -18.7 -12.7 -13.7 -12.7 20.3 -13.7 -12.7 -12.7 -18.7

Rx43 -31.7 -25.7 -19.7 -18.7 17.3 -20.7 -26.7 -37.7 -37.7

Rx44 -34.7 -25.7 -22.7 -17.7 18.3 -30.7 -32.7 -33.7 -40.7

Rx45 -23.7 -21.7 -17.7 -12.7 16.3 -23.7 -21.7 -21.7 -24.7

Rx46 -38.7 -25.7 -18.7 -15.7 16.3 -10.7 -24.7 -32.7 -31.7

Rx47 -31.7 -30.7 -31.7 -14.7 17.3 -24.7 -32.7 -31.7 -31.7

Rx48 -26.7 -26.7 -18.7 -17.7 18.3 -23.7 -23.7 -27.7 -28.7

Rx49 -26.7 -18.7 -18.7 -10.7 18.3 -14.7 -23.7 -23.7 -24.7

Rx50 -35.7 -27.7 -25.7 -18.7 17.3 -12.7 -26.7 -30.7 -31.7

8MHz channel separation

 

Figure B8.1 Protection ratio values for gated WSD mode (WSD2) at -30dBm DTT 
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Appendix C – CDF graphs of protection ratios 

C.1 Un-gated traffic mode 

Figure C1.1 Protection ratio cumulative distribution for un-gated mode WSD (WSD1) at WSD-DTT frequency offset of 

N+1 

Figure C1.2 Protection ratio cumulative distribution for un-gated mode WSD (WSD1) at WSD-DTT frequency offset of N-1 
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Figure C1.3 Protection ratio cumulative distribution for un-gated mode WSD (WSD1) at WSD-DTT frequency offset of 

N+2 

Figure C1.4 Protection ratio cumulative distribution for un-gated mode WSD (WSD1) at WSD-DTT frequency offset of N-2 
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Figure C1.5 Protection ratio cumulative distribution for un-gated mode WSD (WSD1) at WSD-DTT frequency offset of 

N+3 

Figure C1.6 Protection ratio cumulative distribution for un-gated mode WSD (WSD1) at WSD-DTT frequency offset of N-3 
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Figure C1.7 Protection ratio cumulative distribution for un-gated mode WSD (WSD1) at WSD-DTT frequency offset of 

N+9 

Figure C1.8 Protection ratio cumulative distribution for un-gated mode WSD (WSD1) at WSD-DTT frequency offset of N-9 
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C.2  Gated traffic mode 

Figure C2.1 Protection ratio cumulative distribution for gated mode WSD (WSD2) at WSD-DTT frequency offset of N+1 

Figure C2.2 Protection ratio cumulative distribution for gated mode WSD (WSD2) at WSD-DTT frequency offset of N-1 
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Figure C2.3 Protection ratio cumulative distribution for gated mode WSD (WSD2) at WSD-DTT frequency offset of N+2 

Figure C2.4 Protection ratio cumulative distribution for gated mode WSD (WSD2) at WSD-DTT frequency offset of N-2 
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Figure C2.5 Protection ratio cumulative distribution for gated mode WSD (WSD2) at WSD-DTT frequency offset of N+3 

Figure C2.6 Protection ratio cumulative distribution for gated mode WSD (WSD2) at WSD-DTT frequency offset of N-3 
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Figure C2.7 Protection ratio cumulative distribution for gated mode WSD (WSD2) at WSD-DTT frequency offset of N+9 

Figure C2.8 Protection ratio cumulative distribution for gated mode WSD (WSD2) at WSD-DTT frequency offset of N-9 
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Appendix D – CDF graphs of protection ratios by age of 

receiver 

D.1 Un-gated traffic mode 

Figure D1.1 Protection ratio cumulative distribution for un-gated mode WSD (WSD1) at WSD-DTT frequency offset of 

N+1 for receivers made before April 2010 

Figure D1.2 Protection ratio cumulative distribution for un-gated mode WSD (WSD1) at WSD-DTT frequency offset of 

N+1 for receivers made after April 2010 
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Figure D1.3 Protection ratio cumulative distribution for un-gated mode WSD (WSD1) at WSD-DTT frequency offset of 

N+2 for receivers made before April 2010 

Figure D1.4 Protection ratio cumulative distribution for un-gated mode WSD (WSD1) at WSD-DTT frequency offset of 

N+2 for receivers made after April 2010 
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D.2 Gated traffic mode 

Figure D2.1 Protection ratio cumulative distribution for gated mode WSD (WSD2) at WSD-DTT frequency offset of N+1 

for receivers made before April 2010 

Figure D2.2 Protection ratio cumulative distribution for gated mode WSD (WSD2) at WSD-DTT frequency offset of N+1 

for receivers made after April 2010 
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Figure D2.3 Protection ratio cumulative distribution for gated mode WSD (WSD2) at WSD-DTT frequency offset of N+2 

for receivers made before April 2010 

Figure D2.4 Protection ratio cumulative distribution for gated mode WSD (WSD2) at WSD-DTT frequency offset of N+2 

for receivers made after April 2010 


