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	WSD EIRP Limits: New Reference Scenarios and suitable parameters for calculating relevant WSD EIRP limits


Summary:
Doc SE43(11) 32 proposes 2 new reference scenarios, Scenarios 6 and 7, to be used to calculate fixed WSD EIRP limits. In doing so, established parameters were arbitrarily changed, new parameters were arbitrarily introduced, and other parameters were incorrectly utilised.

The annexed document reconsiders the question of the new proposed reference scenarios, based on correct, agreed parameters, and where new parameters are proposed, justified grounds are given for their selection.

In the Appendix to the Annex, a detailed list of the errors contained in doc SE43(11)32 is presented, with a ‘tutorial’ on the correct usage of those parameters. It is shown that the EIRP limits proposed in doc SE43(11)12 were, in fact, correct, contrary to the assertions made in doc SE43(11)32.

Proposal:
If new WSD scenarios are required on the basis of 30 m base station transmit antenna height, then new determinations of the relevant separation distances, maximum EIRPs, relevant transmit and receive antenna patterns, both horizontal and vertical etc, must be made in a correct manner and should be restricted to rural environment, as shown in the present contribution. 
Background: 
SE43 has been tasked by WGSE to continue the work on definition of technical and operational requirements for the operation of White Space Devices in the band 470-790 MHz taking into account Chapter 11 of ECC Report 159. Among others, WG SE requested to address the possibility to set up fixed maximum permitted EIRP limits for WSDs. It may be necessary to introduce new reference interference scenarios to this end.
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NEW SCENARIOS FOR WSD INTERFERENCE

1. INTRODUCTION

Doc SE43(11) 32 was presented to the July meeting of SE 43. One of the topics treated concerned ‘two new scenarios’.

These new scenarios were proposed in order to extend the protection considerations to non-‘worst case’ situations, and more importantly to increase the maximum fixed WSD EIRP limits. It is considered that many of the premises, assumptions, and conclusions made in doc SE43(11) 32 are incorrect: the present contribution only considers a few of those errors. (In particular, the maximum fixed WSD EIRP limits as calculated in doc SE43(11) 12 were ‘corrected’. This ‘correction’ was itself incorrect, as is demonstrated in the Appendix).
If new WSD scenarios are required on the basis of 30 m base station transmit antenna height, then new determinations of the relevant separation distances, maximum EIRPs, etc, must be made in a correct manner, as shown in the present contribution.
It should be noted that the calculation made in doc SE43(11)32 and in this contribution relates only to the protection of DTTB in adjacent channels. The protection of DTTB co-channel requires that the base station be located at a minimum separation distance from the nearest DTTB coverage area. The use of higher base station transmit antenna results in larger separation distances to the DTTB co-channel coverage areas, leading to lesser white space availability.
2. ANTENNA PATTERNS
In order to determine maximum EIRP levels for new (‘hight tower’) WSD scenarios it is necessary to have suitable reference vertical antenna patterns for the WSD transmit antenna and for the DTTB receive antenna.
2.1 DTTB receive antenna

ITU-R Rec. 419 has been used hitherto in SE43 studies to define the reference DTTB receive antenna pattern (see Figure 1). Presumably, the words “angle relative to direction of main response°” refers to the discrimination angle in any plane, and could be used for the vertical plane also. 
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Figure 1: ITU-R Rec. 419
Doc SE43(11) 32 used a different vertical DTTB antenna pattern for its study. It was claimed that a “typical Yagi antenna” was taken as reference, without giving any details.
However, since the antenna discrimination value used in doc SE43(11) 32 for 45°, 15.61 dB, seemed rather large, antenna patterns for a range of Yagi antennas (2 element to 15 element) was reviewed to find one with a horizontal pattern similar to that of Rec. 419. The closest match, a 6 element Yagi, is shown in Figure 2a, with horizontal discrimination ranging from 0 dB to 1 dB between 0° to 20°, and from 1 dB to 17 dB between 20° to 60° and around 15 ( 2 dB beyond 60°. Thereafter, Rec 419 has a cut-off at 16 dB. For this reason, the vertical pattern for the same 6 element Yagi, Figure 2b, was deemed appropriate for use in the present study, with a 25 dB cut-off at 70°. It is approximated as in the following Table 1:

	Elev. Angle°
	0
	10
	20
	30
	40
	50
	60
	70
	80
	90

	Discrimination dB
	0
	1
	2
	5
	8.5
	15
	25
	25
	25
	25

	Table 1: Vertical DTTB receive antenna pattern
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  Figure 2a: 6 element Yagi, Horizontal 
    Figure 2b: 6 element Yagi, Vertical
2.2 WSD transmit antenna

Doc SE43(11) 32 also uses a vertical antenna pattern for the WSD transmit antenna. Again no explicit details were given, other than two values for discrimination, 25.12 dB at 45°, and 39.06 dB at 55°. Again, these values seemed to be rather large and more information was sought. In another SE43 contribution, doc SE43(11) 25, a study was carried out concerning interference from WSD transmitters with a 30 m height. The base station WSD antenna vertical and horizontal patterns were derived from ITU-R F.1336-2
, and the vertical pattern is shown in Figure 3. It is seen that the values for 45° and 55° are much less than those used in doc SE43(11) 32. (In fact, the largest attenuation for any vertical angle is 22.5 dB.)
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Figure 3: Vertical WSD base station antenna pattern (taken from doc SE45(11) 25)
3. DETERMINATION OF RELEVANT WSD DTTB SEPARATION DISTANCES
In doc SE43(11) 32 two new protection scenarios (6 & 7) were proposed: fixed WSD at 30 m to fixed DTTB reception at 10 m and fixed WSD at 30 m to mobile DTTB reception at 1.5 m, respectively. The assumed protected horizontal separation distance between WSD at 30 m height and DTTB reception at either 10 m (fixed) or 1.5 m (mobile) height was taken to be 20 m. Assumed values of the vertical antenna discriminations were then used to determine the losses due to propagation and antenna discrimination/attenuation. Calculations were carried out on this basis to determine the losses between WSD interferer and DTTB receiver, and from this, the maximum EIRPs that would be allowed in the new scenarios. To quote the conclusion in doc SE43(11) 32: “Therefore, the WSD EIRP limits in Scenarios 6 and 7 for fixed outdoor WSD transmission at 30 m agl exceed the ones determined for fixed outdoor WSD transmission at 10 m agl in Scenarios 4 and 5 respectively by 40.75 dB and 39.06 dB”. 
Of course the error here is that the most sensitive DTTB reception distances are not necessarily located at 20 m separation. This is due to the antenna discriminations involved, which are a function of the separation distance between the WSD antenna and the DTTB receive antenna. A calculation must be done to determine what the most sensitive separation distance is in each case.
3.1 Propagation calculations

Doc SE43(11) 32, section 3.4, questions the path loss model used at short distances: “In the simulation model in SE43(11)12, the loss between WSD transmitter and DTT receiver is the most conservative one (free space loss). Besides this assumption, the interference signal is modeled as a Gaussian random variable with standard deviation [image: image8.png].5 dB




. Path loss model at short distances between WSD and DTT receiver, as well as the modeling of interference are aspects that deserve further discussion. A lower standard deviation [image: image10.png]


 is considered in the following simulations.”
The free space path model used in doc SE43(11) 12 is that described by the SEAMCAT Hata model for horizontal separation distances up to 40 m. It is also the model proposed by JTG 5-6 for conducting similar compatibility studies
. It is also used by the SEAMCAT Hata model in some cases where, e.g. the transmit antenna height is larger (say 30 m) and the receive antenna height is smaller (say 10 m or 1.5 m), at larger separation distances, up to 100 m or more. The standard deviation of the loss up to 40 m is given by the SEAMCAT Hata model as 3.5 dB, and up to more than 10 dB for distances up to 100 m horizontal separation distance. The SEAMCAT Hata model is frequently used for carrying out studies with respect to mobile interference. It is also the model that has been agreed by SE43 for its compatibility studies.
It is not clear why doc SE43(11) 32 is proposing now to consider using a different path loss model and a different (lower) standard deviation.
As was done in doc SE43(11) 32, the propagation calculations in the present contribution will be done using the Hata model which includes free space loss.
3.2 The Calculations
The calculations will be done on the basis of the minimum median field strength at 650 MHz as specified in ECC Report 159: 56.21 dBµV/m for fixed DTTB reception at 10 m height and 61.21 dBµV/m for mobile portable outdoor DTTB reception at 1.5 m height.

It should be noted that these values include 9.15 dB and 2.15 dB receive antenna gain (including feeder loss) for fixed and mobile reception, respectively. A misunderstanding of this point has led to other errors in doc SE43(11) 32 (see the Appendix for full details of the errors and the correct approach).
The calculations are carried out with the more suitable reference antenna diagrams described in section 2.
The total loss in each scenario was calculated as:


LOSS = LossFS + discVBS + discVDTT
where

LossFS is the free space loss between antennas,

discVBS is the WSD vertical antenna attenuation,
discVDTT is the DTTB vertical antenna discrimination.

Because LOSS is a function of distance/geometry, the maximum allowed WSD EIRP, Pt, will be determined by the minimum LOSS. (Otherwise there will be points where the interfering power will be too large and DTTB reception will be interfered with). The minimum LOSS was determined by iteration along the horizontal separation distance.
3.3 The Results
The geometry, the intermediate results, and the final results are shown in Figures 4 and 5 and summarised in Table 2. In particular the total loss in the scenario 6 case is 79.42 dB; and in the scenario 7 case, the total loss is 78.69 dB.
	
	Horizontal distance (m)
	Propagation loss (dB)
	WSD antenna attenuation (dB)
	DTT antenna discrimination (dB)
	Total loss (dB)

	Scenario 6
	47
	62.87
	13.55
	3.0
	79.42

	Scenario 7
	27
	60.59
	18.1
	0
	78.69

	Table 2: summary of losses


The results in doc SE43(11) 32 (for a 20 m horizontal separation) read in part: “...the total loss between them in Scenario 6 is 98.47 – 57.72 = 40.75 dB higher than in Scenario 4. In Scenario 7, the total loss is 98.60 – 65.45 = 33.15 dB higher than in Scenario 5. Therefore, the WSD EIRP limits in Scenarios 6 and 7 for fixed outdoor WSD transmission at 30 m agl. exceed the ones determined for fixed outdoor WSD transmission at 10 m agl. in Scenarios 4 and 5 respectively by 40.75 dB and 39.06 dB.”
We would correct those values as follows:

The total loss in scenario 6 is 79.42 – 57.72 = 21.7 dB higher than in scenario 4; in scenario 7 the loss is 78.69 – 65.45 = 13.24 dB higher than in scenario 5. Therefore, the WSD EIRP limits in Scenarios 6 and 7 for fixed outdoor WSD transmission at 30 m are higher than the ones determined for fixed outdoor WSD transmission at 10 m in Scenarios 4 and 5 by 21.7 dB and 13.24 dB, respectively. 

[image: image11]
Figure 4: Scenario 6

[image: image12]
Figure 5: Scenario 7

4. CONCLUSIONS
1. It is proposed that the reference vertical patterns for DTTB receive antennas (Figure 2 b) and for WSD transmit antennas (Figure 3) be used in WSD-DTTB compatibility studies.

2. If new scenarios 6 and 7 are introduced to include WSD transmissions at 30 m height, the EIRP levels indicated in doc SE43(11) 12 could be increased by 21.7 dB to protect fixed DTT reception at 47 m distance, and by 13.2 dB to protect portable outdoor reception at 27 m  distance. Care must be taken that the WSD transmit antennas used at 30 m have, as the least stringent, the vertical discrimination characteristics shown in Figure 3.
It should be noted that the results calculated in the main text were for an assumed WSD antenna tilt of 0°. If a larger tilt is envisaged, e.g. 5°, the minimum LOSS would be decreased by 1 or 2 dB, which would lead to a corresponding smaller maximum WSD EIRP (likewise by 1 or 2 dB).

3. A reconsideration of the short range path loss model, including a revised standard deviation, as proposed in doc SE43(11) 32 is unjustified.

4. It is shown in Annex 2 that the maximum EIRP values for scenarios 4 and 5 as calculated in doc SE43(11) 12 are correct and can continue to be included in the SE43 Report.
5. A major restriction concerning Scenarios #6 an #7 is the following: If 30 m BS transmit antennas are foreseen, this type of usage should be restricted to rural areas. In urban environments, fixed DTTB receive antenna installations might also be foreseen at 30 m. In this case the WSD EIRP restrictions mentioned above for Scenario #6 (protection of fixed DTTB reception) would be the same as that calculated for Scenario #4. Also in urban envireonments, when Portable Outdoor DTTB reception is to be protected in scenario #7, because of the portability of the mobile DTTB apparatus, such equipment can also be located at higher than 1.5 m (e.g. at 10 m or 20 m at the window of a high rise). Therefore, scenarios #6 an #7 are not relevant for urban environment.
6. It should be noted that the use of higher base station transmit antenna results in larger separation distances to the DTTB co-channel coverage areas, leading to lesser white space availability.

APPENDIX
INDICATION AND RECTIFICATION OF PARTICULAR ERRORS IN DOC SE43(11) 32

This Appendix rectifies some of the erroneous calculations and statements made in SE43(11) 32:
“Results shown in Table 2 do not agree with those presented in SE43(11)12 contribution for portable outdoor DTT reception, [image: image14.png].1%



, and 1 WSD interferer (SE43(11)12 – Table 4). There exists a discrepancy of about [image: image16.png]7dB



 between our numbers and the ones of SE43(11)12 for the maximum permitted interference median field strength at the DTT receive antenna input. This value corresponds to the difference between the antenna gains for a fixed DTT receiver, [image: image18.png]9.15 dBi



, and a portable DTT receiver, [image: image20.png]2.15 dBi



. Using the antenna gain for fixed DTT receiver in the place of the one for portable DTT receiver is the probable source of disagreement between both sets of results. 

Considering the described procedure to obtain the maximum interference median field strength at the DTT receive antenna input and the values shown in Table 2, the values of maximum interference field strength (and consequently the maximum WSD EIRPs) presented in SE43(11)12 contribution for portable outdoor DTT reception are underestimated in [image: image22.png]7dB



.” 

It is asserted here, in the present Appendix, that the discrepancies noted in doc SE43(11) 32 are due to errors in doc SE43(11) 32 itself. These errors are noted below.
E.1 The first relevant error occurs in section 2.3.1 of doc SE43(11) 32:
“2.3.1 Understanding the calculation of the maximum interference median field strength [image: image24.png]


 at the DTT receiver input for a given [image: image26.png]ALP



 

By definition, the location probability at the DTT service coverage edge is [image: image28.png]


. From ECC Report 159, the minimum median field strength for fixed outdoor DTT reception is [image: image30.png]Evmed_rer = 56.21 dBUV/m



. 

The median field strength of the wanted signal at the DTT receiver input [image: image32.png]Evrmsa



 for [image: image34.png]


 is illustrated in Figure 7. It is thus determined as follows.  
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Figure 3 - Median field strength of the wanted signal for LP=95%.

[image: image37.png]0.95 = Pr{E,ypmeq > 5621} = Q(M) = Eyymea = 65.26 dBuV/m




.

The median field strength at the coverage edge for LP = 95%, [image: image39.png]Evrmsa = 65.26 dBuV/m



, corresponds to -68.20 dBm, value coherent with the target mean received signal level for LP = 95% in ECC Report 159 – Table 1.”
Unfortunately, the “Understanding” that is discussed in the above text is an egregious ‘MISunderstanding’. In effect, the minimum median field strengths, Emed, 56.21 dBµV/m and 61.21 dBµV/m (which already include the location probability statistics, 9.05 dB for 95% location probability) have been treated in doc SE43(119 32 as if they were minimum field strength values. That is, an additional 9.05 dB has been added to the minimum median fields to arrive at the values used for Ewmed in the SE43(11) 32 calculations. More explicitly, 65.26 dBµV/m and 70.26 dBµV/m are used instead of the correct values 56.21 dBµV/m and 61.21 dBµV/m. This leads to a 9.05 dB discrepancy, in particular a 9.05 dB increase in the ‘reference’ wanted field strength which leads to a 9.05 dB increase in the allowed interfering field strength.
We call this 9.05 dB error the “statistics error”.
E.2 The second relevant error occurs later in the same section of doc SE43(11) 32 when dealing with fixed DTTB reception:

“[image: image41.png]E'imea



 is the maximum permitted interference field strength at the DTT receive antenna input, i.e.,   
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,

where [image: image45.png]PR(0)



 is the co-channel protection ratio and [image: image47.png]


 is the DTT receive antenna gain (including feeder losses). For fixed DTT reception, [image: image49.png]PR(0)

'1dB



 and [image: image51.png]G, = 9.15 dBi



 (ECC Report 159 and SE43(11)12 contribution)”;
and, again, a bit further when dealing with mobile portable outdoor DTTB reception:
“The same procedure described above can be used to obtain the maximum permitted interference field strength for portable outdoor DTT reception. According to ECC Report 159, the minimum median field strength of the wanted signal at the DTT receiver input in this case is [image: image53.png]Evmed_rer = 61.21 dBUV/m



. Furthermore, the co-channel protection ratio and the DTT receive antenna gain assume the following values: [image: image55.png]PR(0)

9dB



 and [image: image57.png]G, = 2.15 dBi



. Table 2 shows the obtained values of [image: image59.png]LP



 and maximum interference field strength for [image: image61.png].1%



 for different wanted median field strengths [image: image63.png]Evrmsa



.”
The error here is that the respective receive antenna gains have already been taken into account when calculating Emed. That is, Emed is the value of the wanted median field at the entrance of the receive antenna. For determining whether the interfering signal will be acceptable or not, a comparison is made between the wanted and interfering signals, both situated at the entrance to the receive antenna. The gain (with feeder losses, etc) is not relevant here
, because both signals are subject to the same ‘gains, losses’ when entering the antenna: i.e. the equation

E´imed = Eimed – PR(0) – Ga
is incorrect: it should not contain the “Ga” term, which is 9.15 dB for fixed reception and 2.15 dB for mobile reception. This leads to a 9.15 dB, 2.15 dB discrepancy, and, in particular, a 9.15 dB, 2.15 dB decrease in the allowed interfering field strength.

We call this 9.15 dB, 2.15 dB error the “gain error”

E.3 These two errors combine to give the following “overall error” (note that the ‘statistics error’ increases the Eimed, and the ‘gain error’ decreases the Eimed):

Fixed reception: “overall error” = “statistics error” – “gain error” = 9.05 – 9.15 = -0.1 dB

Mobile reception: “overall error” = “statistics error” – “gain error” = 9.05 – 2.15 = 6.9 dB

This explains the incorrect statements in section 3 of doc SE43(11) 32:
“Results shown in Table 1 agree with those presented in SE43(11)12 contribution for fixed outdoor DTT reception, [image: image65.png].1%



, and 1 WSD interferer (SE43(11)12 – Table 2).
Results shown in Table 2 do not agree with those presented in SE43(11)12 contribution for portable outdoor DTT reception, [image: image67.png].1%



, and 1 WSD interferer (SE43(11)12 – Table 4). There exists a discrepancy of about [image: image69.png]7dB



 between our numbers and the ones of SE43(11)12 for the maximum permitted interference median field strength at the DTT receive antenna input. This value corresponds to the difference between the antenna gains for a fixed DTT receiver, [image: image71.png]9.15 dBi



, and a portable DTT receiver, [image: image73.png]2.15 dBi



. Using the antenna gain for fixed DTT receiver in the place of the one for portable DTT receiver is the probable source of disagreement between both sets of results.” 

E.3.1 The reason that the “results shown in Table 1 agree with those presented in SE43(11)12 contribution for fixed outdoor DTT reception” is that the 2 errors made in doc SE43(11) 32 effectively cancel each other: 9.05 – 9.15 = -0.1 dB, so that the doc SE43(11) 32 results coincidently were the same as the correct ones in doc SE43(11) 12.

E.3.2 The reason that the “results shown in Table 2 do not agree with those presented in SE43(11)12 contribution for portable outdoor DTT reception, [image: image75.png].1%



, and 1 WSD interferer (SE43(11)12 – Table 4)” is that the 2 errors made in doc SE43(11) 32 do not cancel each other: 9.05 – 2.15 = 6.9 dB, which explains why “there exists a discrepancy of about [image: image77.png]7dB



 between our numbers”.

CONCLUSION: The results concerning maximum EIRP values, as given in doc SE43(11) 12, are correct.
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� Note that the antenna patterns given by Rec. 1336 are intended to be used for coordination studies and for interference assessment.


� Note that WP 3K, when asked by JTG 5-6, indicated no objection to using this model at short distances. Furthermore, WP 3K also proposed that the same location probability standard deviation of 5.5 dB should be used for all distances, when calculating location statistics (e.g. interference to broadcast), i.e. a standard deviation = 3.5 dB at distances below 40 m is less than ‘worst case’. 


� Only the antenna discrimination, not the maximum gain, is of interest.


� Interestingly, the results for the fixed DTTB reception case are not precisely the same in the two studies. In fact, the doc SE43(11) 12 results are consistently between about 0.0 dB  and 0.2 dB higher than those of doc SE43(11) 32, which fits in nicely with the -0.1 dB ‘overall error’ difference indicated above for the fixed reception case.


� Interestingly, the difference in results for the mobile DTTB reception case are not precisely 7 dB in the two studies. In fact, the doc SE43(11) 12 results are, on average, about 6.8 dB higher than those of doc SE43(11) 32, which is closer to the 6.9 dB ‘overall error’ indicated above for the mobile reception case, than it is to the 7 dB difference between the respective antenna gains as indicated in doc SE43(11) 32.
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