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Proposed text for Section 6.14.5 of the 802.22 standard:
6.14.5 Control of Maximum Transmit EIRP at CPEs and BS for the Protection of TV Incumbents

WRAN CPEs and BSs shall not allowed to operate on the same channel or on the first adjacent channels of a TV operation within the TV protected contour.  However they may operate on co-channels or adjacent channels outside this protected contour as long as they are located at sufficient ‘keep-out’ distances beyond this protected contour.  WRAN CPEs or BSs located outside of the TV protected contour but within the range of the ‘keep-out’ distance must reduce their maximum EIRP accordingly to protect TV operation.

WRAN CPEs and BSs operating on alternate channels (i.e., N±2, ±3, …) may be located inside the TV protected contour as long as they meet the maximum transmit EIRP limits defined by the ‘EIRP profile’.  This ‘EIRP profile’ defines the maximum EIRP limit that a WRAN CPE or BS, orthogonally polarized with respect to a nearby TV receive antenna, shall not exceed at a reference minimum distance of 10 m from a TV receiver, as a function of the channel separation between the TV operation and the WRAN operation, in order to avoid causing harmful interference.  
Consequently, if there is a TV operation on channel N, a WRAN CPE located within the TV protected contour of that TV station:

· Shall not transmit on channel N-1

· Shall not transmit on channel N

· Shall not transmit on channel N+1

· Shall meet a maximum transmitted EIRP constraint on alternate channels (N±2 and beyond), as defined by the ‘EIRP profile’ which shall be stored at the base station and accessible from higher layers of the protocol stack to protect TV receivers.

Furthermore, if there is a TV operation on channel N, a WRAN CPE outside of the TV protection contour of that TV station:

· Shall not transmit on channel N within a distance of d[0] (km) of the TV protection polygon with a transmitted EIRP of 4W. 

· May transmit on channel N within a distance of d[0] (km) of the TV protection polygon as long as the transmitted EIRP is reduced below 4 W by a rule that models the directivity of the CPE transmit antenna toward the protection contour and the reduced loss in propagation based on an agreed upon propagation model so that the proper co-channel D/U ratio is not exceeded at the TV protection polygon. A minimum distance (d_min) to the protection polygon within which no transmission would be allowed is specified to cover for the limited precision of the geolocation scheme (typically 100 m).

· Shall not transmit within a distance of d[-1] (km) of the TV protection polygon on channel N-1 with a transmitted EIRP of 4W. The distance d[-1] (km) being typically in the range of the geolocation precision, it is not allowed to use a reduction of the TPC range to transmit within this distance. 

· Shall not transmit within a distance of d[+1] (km) of the TV protection polygon on channel N+1 with a transmitted EIRP of 4W. The distance d[+1] (km) being typically in the range of the geolocation precision, it is not allowed to use a reduction of the TPC range to transmit within this distance.

The ‘EIRP profile’ shall be entered at the base station.  The profile, including the values of d[0], d[+1], and d[-1], may be established by the local regulatory body or, alternatively, may be develop using the WRAN reference model and required D/U ratios at the TV protected contour.  The 802.22 WRAN Recommended Practice provides a methodology for developing the ‘EIRP profile’.

Proposed text for the 802.22 Recommended Practice
EIRP Profiles at BS and CPE for the Protection of TV Incumbents
The following sections provide methodologies for the development of ‘EIRP profiles’ intended to provide protection to TV incumbents from interference from individual CPEs and BSs.
1. Control of Maximum Transmit EIRP at Individual CPEs for the Protection of TV Incumbents

This section presents the method to determine the maximum allowed transmitted EIRP for a single CPE transmitting in a single TV channel.  If the CPE is located outside of nearby TV protected contours, the maximum transmitted EIRP limit is determined according to the known distance from the location of the CPE to the TV protected contours.  Whereas the maximum transmitted EIRP limit is determined according to the ‘EIRP profile’ if the CPE is inside the protected contour. The method is to be applied at the base station using the collective knowledge of channel sensing, the CPE location, the TV operation database information, etc. Other constraints can be added on top of this maximum allowed transmitted EIRP to further restrict the maximum level of EIRP, but in no case should the actual transmitted EIRP exceed the maximum allowed transmitted EIRP determined by this method.

The TV contours to be protected from WRAN interference are stored in a database of polygon points defined by latitude, longitude and altitude coordinates maintained at the WRAN base station (see the 802.22 WRAN Recommended Practice). These polygons are established from other databases such as those defining the true geographical limits of the protected contours of TV broadcast stations operating in the vicinity of the WRAN.  In the USA, the TV protected contour is the ‘Grade B protected contour’ for NTSC channels, and the ‘noise-limited protected contour’ for ATSC channels, and equivalent definitions may prevail in other parts of the world for other TV standards.  The actual polygons are to be based on these protected contours as well as considerations for the Designated Market Area (DMA) of the TV stations as agreed by the TV broadcasters, the WRAN operators and likely the local regulators.

· 
· 
· 
· 

· 
· 
· 
· 
For reference, in [22-04-0002-14-0000_WRAN_Reference_Model], calculations showed that a CPE transmitting at 4W EIRP, which meets the D/U ratios at the TV protected contour as defined in Section 15.1.1.7 of the FRD, when there is a TV operation on channel N should be:

· At least d[0] = 3.1 km away from the noise-limited protected contour for co-channel operation with ATSC

· At least d[-1] = 115 m away from the noise-limited protected contour on channel N-1 relative to ATSC operation

· At least d[+1] = 134 m away from the noise-limited protected contour on channel N+1 relative to ATSC operation

· At least d[0] = 1.5 km away from the Grade B contour for co-channel operation with NTSC

· At least d[-1] = 44 m away from the Grade B contour on channel N-1 relative to NTSC operation

· At least d[+1] = 31 m away from the Grade B contour on channel N+1 relative to NTSC operation

In particular, this means that no co-channel and first adjacent channel operation is allowed within the TV protected contour by any WRAN CPE or base station. But operation outside the TV protected contour is allowed with a constraint on the minimum distance between the CPE and the contour when a CPE is transmitting at 4 W EIRP. The maximum transmitted EIRP is determined by the two following steps:

· Determine the maximum transmitted EIRP for each CPE on each TV channel from the constraint of TV operations in each channel: fill in Table 236 per TV channel column by column, using the flowchart of Figure 33.

· Fill in Table 237 using the most contraining values in each row of Table 236.

Table 236 shows an example of how the maximum transmitted EIRP for a single CPE is computed at the WRAN base station from the knowledge of TV operations. Each column is filled in turn. Given a TV operation on TV channel N-2, and given that the CPE on channel N is located within that TV protected contour, it is determined that the CPE transmissions on TV channels N-3, N-2 and N-1 are not allowed. The maximum transmitted EIRP of that individual CPE (conditioned on the assumption that it would be the only CPE transmitting in a given TV channel) is determined by the EIRP profile at +2 to +6 on TV channels N to N+4. It is assumed that the out-of-band emission mask meets the constraints on adjacent TV channels emissions when a CPE is transmitting in a given TV channel, so that this functional requirement does not have to be addressed in this table [insert Reference to Section 6.15.1.7 of FRD, or relevant section in the 802.22 standard or recommended practice]. The values in bold font in Table 236 illustrate the method to compute the maximum transmitted EIRP for a single CPE from constraints on all TV channels, by taking the minimum of all constraints on each row.  Although the example presented in Table 236 illustrates the process for a range of 7 TV channels (N-3 to N+4), the actual process needs to encompass the complete range covered by the EIRP profile (e.g., ±15 TV channels).

The flowchart of the decisions made to fill-in one column of Table 236 is shown in Figure 33 [The flowchart does not include intermod considerations]. It should be repeated for each CPE and for each TV channel. For a given CPE and for a given TV channel N, the process described in Figure 33 should be repeated for each distinct TV operation identified in channel N. This situation may occur when a CPE is located near the edge of coverage of two non-overlapping TV operations on the same channel, particularly in the case of low power TV transmitters. The most constraining power limits from all distinct TV operations is reported in the column corresponding to channel N in Table 236. The parts of the flowchart represented with solid lines should be implemented by the WRAN base station. The parts represented with dashed lines are optional. “d” is the known distance from the location of the CPE to the protection polygon of the TV operating on channel N.

The EIRP profile is neither numerically specified in the WRAN functional requirements nor in the standard specifications, since it is a regulatory issue and is to be available at the base station from higher layers of the protocol stack. The EIRP profile is defined as f(n) in dB units. It represents the relative power reduction required below 36 dBm (4W) to meet the maximum transmitted EIRP constraint on channel N, where N is the channel number used by the TV station, and M=N-n is the TV channel number used by the WRAN. Hence, the maximum allowed transmitted EIRP on channel N-n is 36+f(N-M) = 36+f(n), expressed in dBm, inside the TV protected contour when there is a TV operation on channel N. In this example, disallowed operation on channel N-n would be represented by 36+f(n) = -100 dBm. Hence, it is required that f(n) < 0 and f(0) = f(-1) = f(1) = -136 dBm.
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Figure 33 Flowchart of the decision tree for determining the maximum transmitted EIRP limit on every TV channel for a single CPE at a given location to protect TV operations on channel N

Table 236 — Individual CPE maximum transmitted EIRP from each individual TV operation

	TV channel number
	N-3
	N-2
	N-1
	N
	N+1
	N+2
	N+3
	N+4

	TV operation
	No TV station
	One TV station
	No TV station
	One TV station
	No TV station

(a known TV station is off)
	No TV station
	One TV station
	No TV station

	CPE location 
	Outside TV protected contour
	Inside TV protected contour
	Outside TV protected contour
	Outside TV protected contour

(with d > d[0])
	Inside TV protected contour
	Outside TV protected contour
	Inside TV protected contour
	Outside TV protected contour

	CPE operation on TV channel N-3 
	36 dBm
	Not allowed 
(adjacent band)
	36 dBm
	36 dBm
	36 dBm
	36 dBm
	36 + f(-6) dBm
	36 dBm

	
	
	
	
	
	
	
	
	

	CPE operation on TV channel N-2 
	36 dBm
	Not allowed 
	36 dBm
	36 dBm
	36 dBm
	36 dBm
	36 + f(-5) dBm
	36 dBm

	CPE operation on TV channel N-1
	36 dBm
	Not allowed 
(adjacent band)
	36 dBm
	36 dBm


	36 dBm
	36 dBm
	36 + f(-4) dBm
	36 dBm

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	CPE operation on TV channel N
	36 dBm
	36 + f(2) dBm
	36 dBm
	36 dBm


	36 dBm
	36 dBm
	36 + f(-3) dBm
	36 dBm

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	CPE operation on TV channel N+1
	36 dBm
	36 + f(3) dBm
	36 dBm
	36 dBm


	36 dBm
	36 dBm
	36 + f(-2) dBm
	36 dBm

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	CPE operation on TV channel N+2
	36 dBm
	36 + f(4) dBm
	36 dBm
	36 dBm
	36 dBm
	36 dBm
	Not allowed 
(adjacent band)
	36 dBm

	
	
	
	
	
	
	
	
	

	CPE operation on TV channel N+3
	36 dBm
	36 + f(5) dBm
	36 dBm
	36 dBm
	36 dBm
	36 dBm
	Not allowed 
	36 dBm

	CPE operation on TV channel N+4
	36 dBm
	36 + f(6) dBm
	36 dBm
	36 dBm
	36 dBm
	36 dBm
	Not allowed 
(adjacent band)
	36 dBm


Once Table 236 has been completely filled for one CPE, the next step is to determine the most constraining power limit per row. Each row corresponds to a hypothesis of transmission from the CPE in a given TV channel. In the example of Table 236, the most constraining power limits are highlighted in bold font. It was assumed that d is larger than d[0], d[-1] and d[+1], and that f(-2)<f(-3) and f(2)<f(3). The final values are reported in Table 237.

Table 237 — Individual CPE maximum transmitted EIRP from all TV operations

	CPE operation on TV channel
	Maximum transmit EIRP

	N-3
	-100 dBm

	N-2
	-100 dBm

	N-1
	-100 dBm

	N
	36 + f(+2) dBm

	N+1
	36 + f(-2) dBm

	N+2
	-100 dBm

	N+3
	-100 dBm

	N+4
	-100 dBm


2. Control of Maximum Transmit EIRP for Individual BS for the Protection of TV Incumbent

The same process as described above needs to be done for the base station.  Since they are based on the propagation loss from the higher elevation base station transmit antenna and possibly higher EIRP, the minimum separation distances for d(0), d(-1) and d(+1) for the base station needs to be greater than that for the CPE.  The second difference comes from the fact that the EIRP profile to be used in the case of operation on alternate TV channels within the protected contour can be increased by a factor corresponding to ‘20 log’ the ratio of the minimum distance between the base station transmit antenna and the closest TV receive antenna as compared to the reference 10 m.
For reference, in [22-04-0002-14-0000_WRAN_Reference_Model], calculations showed that a base station transmitting at 4W EIRP, which meets the D/U ratios at the TV protected contour as defined in Section 15.1.1.7 of the FRD, when there is a TV operation on channel N should be:

· At least d[0] = 16.1 km away from the noise-limited protected contour for co-channel operation with ATSC

· At least d[-1] = 485 m away from the noise-limited protected contour on channel N-1 relative to ATSC operation

· At least d[+1] = 566 m away from the noise-limited protected contour on channel N+1 relative to ATSC operation

· At least d[0] = 8.4 km away from the Grade B contour for co-channel operation with NTSC

· At least d[-1] = 243 m away from the Grade B contour on channel N-1 relative to NTSC operation

· At least d[+1] = 189 m away from the Grade B contour on channel N+1 relative to NTSC operation

For reference, in [22-04-0002-14-0000_WRAN_Reference_Model], calculations showed that a base station transmitting at 100W EIRP, which meets the D/U ratios at the TV protected contour as defined in Section 15.1.1.7 of the FRD, when there is a TV operation on channel N should be:

· At least d[0] = 31.2 km away from the noise-limited protected contour for co-channel operation with ATSC

· At least d[-1] = 1.4 km away from the noise-limited protected contour on channel N-1 relative to ATSC operation

· At least d[+1] = 1.6 km away from the noise-limited protected contour on channel N+1 relative to ATSC operation

· At least d[0] = 17.8 km away from the Grade B contour for co-channel operation with NTSC

· At least d[-1] = 707 m away from the Grade B contour on channel N-1 relative to NTSC operation

· At least d[+1] = 561 m away from the Grade B contour on channel N+1 relative to NTSC operation

Finally, the scaling of the maximum EIRP when the base station is within the minimum distance is related to the agreed upon propagation model applied to the higher transmit antenna height (e.g., 75 m).  The rest of the scheme should be the same as for an individual CPE.
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Abstract


The following proposed text addresses comment #283 relative to separating normative and informative text for inclusion in the IEEE P802.22 draft standard and the IEEE P802.22 recommended practice, respectively.  The proposed text is based upon document 802.22_DRAFTv1.0.doc with all changes accepted in order to illustrate the proposed changes made herein.
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