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Consideration on out-of-band rejection requirements
for 802.22 WRAN CPE transmission

1-
Introduction

While preparing the comments to the FCC NPRM 04-186 on use of License-Exempt devices in TV broadcast bands, the question of the requirements for the out-of-band emission from the license-exempt equipment to avoid interference to TV broadcast and wireless microphone operation was debated.  A supportive document was prepared to help the discussion: 18-05-0003-00-0000_OOB_Emission_Template for WRAN.doc

However, there were different views expressed in the discussions and no final conclusion could be achieved. This document is a further attempt at clarifying the requirement for WRAN out-of-band emission in the context of the “Functional Requirements” document.

2-
Maximum interfering signal field strength to limit DTV receiver desensitization

The minimum field strength required to provide service to a DTV receiver is 41 dB(uV/m) (Grade B contour).  Above this level, the DTV receiver is assumed to be ‘covered’ by the DTV service and therefore it can claim protection against interference.

The S/N threshold of the ATSC 8-VSB DTV system is 15 dB.  An additional 5 dB is needed to keep the contribution of interference to 24% of the noise budget at the DTV receiver (receiver desensitization, ref. Charlie Rhodes’TV Tech, 10/20/04).  The required C/I is therefore 15+5= 20 dB.  This results in a maximum field strength of 41-20 = 21 dB(uV/m) for any interfering signal being generated in a 6 MHz TV channel in the worst case of DTV reception, i.e. on Grade B contour.  The presence of such interfering signal would reduce the DTV receiver sensitivity by 10*log(100/76) = 1.2 dB.

It is interesting to compare this field strength level with the level of radiated emission allowed in the FCC Part 15.209(a) which states that the radiation limit outside a transmission channel should be limited to 200 uV/m at 3 m in a bandwidth of 120 kHz.  If this is scaled to a 6 MHz channel, it corresponds to:

20*log(200)+ 10*log(6000/120) = 63 dB(uV/m)

The FCC Part 15.209(a) would miss the level for limiting the DTV receiver desensitization to 1.2 dB by 42 dB if the interfering device was located at 3 m from the DTV receive antenna.

3-
Maximum field strength before bringing a DTV receiver into overload

In the ATSC A-74 report, section 4.2 (Multi-Signal Overload), it is stated that:  “For purposes of this guideline it should be assumed that multiple signals, each approaching –8 dBm, will exist at the input of the receiver.”  This results in the following table:

	ATSC A-74 Para. 4.2
	- 8
	dBm

	DTV RX Antenna
	10
	dBi

	DTV RX Cable loss
	4
	dB

	Omni Antenna Aperture (TV channel 26)
	0.02
	m^2

	Max allowed power flux density at DTV RX
	-27.8
	dBW/m^2

	Max allowed field strength at DTV RX
	118
	dB(uV/m)


In order to protect DTV operation, a WRAN CPE should not be allowed to generate more than –8 dBm in the RF front-end of a DTV receiver in any 6 MHz TV channel in the VHF and UHF bands.  This means that the maximum field strength that can be produced by the CPE at the DTV receiving antenna is 118 dB(uV/m).

4-
Maximum out-of-band emission from a CPE at the limit of overload of the DTV receiver

In this worst case situation, the CPE should not generate more than 21 dB(uV/m) in any other TV channel that can be tuned by the DTV receiver to limit its desensitization to 1.2 dB in the case of marginal reception corresponding to the Grade B contour received field strength.

The maximum out-of-band emission that the WRAN CPE is allowed to generate in the worst-case situation described above (CPE bringing the nearby DTV receiver at the limit of overload while the latter is trying to receive a DTV signal on another channel at its stated weakest signal level) is therefore:

117.1- 21 = 96.1 dB relative to its transmitted signal.

5-
Conditions attached to this required out-of-band emission level

The WRAN CPE’s would have to meet this 96.1 dB relative out-of-band emission level in all the TV channels outside the 6 MHz used for the transmission if these CPE’s were allowed to operate at the full power that would result in the –8 dBm level at the input of the nearby DTV receiver, which characterizes the start of overload of this DTV receiver.  In such case, the WRAN system would only need to check the presence of DTV operation on the channel that it intends to use.  If there is none, then it could use it.

The assumption made in this case is that the channel filtering performance in the DTV receivers is perfect and the only possible problem is either front-end overload caused by a high level signal outside its selected channel or desensitization in the selected channel due to out-of-band emission from the high power source.  Unfortunately, the situation is not that simple and the DTV channel filtering is not perfect as illustrated by the adjacent channel D/U ratios reported in section 4.4 of the ATSC A-74 report.

6-
A more pragmatic approach to the out-of-band emission requirement for WRAN CPE’s

In practice, because of the limited filtering capability of the DTV receivers, as indicated by the D/U ratios to be met for the N±1 up to N±15 adjacent channels in the ATSC A-74 report, the WRAN systems will have to sense the presence DTV operation of these adjacent channels in the area and apply the required power reduction (thus reduction of the reach of the system), and even disallow operation on specific channels because of the potential adjacent channel interference to DTV receivers.  (In fact, the out-of-band emission from the high power DTV transmitters may actually de-sensitize the WRAN receivers and therefore not allow the use of the channels adjacent to the one used by the DTV station, but this is likely to be less severe than the potential interference to a DTV receiver from a close-by WRAN CPE transmission on an adjacent channel.)

If the CPE’s have to reduce their maximum power by x dB because of the presence of DTV operation in an adjacent channel in the area, the out-of-band emission requirement (i.e., 96.1 dB) should, in all logic, be allowed to be reduced by the same x dB to keep the absolute level of interference constant.  Furthermore, due to the tight requirement on the interference to the DTV receivers (e.g., first adjacent channel requires –33 dB D/U), the WRAN system may have to disallow operation in an area where an adjacent channel DTV station operates.  In such case, the out-of-band emission level requirement for this specific adjacent channel would be irrelevant since this interference situation would not occur.

This is the basis on which document 18-05-0003-00-0000_OOB_Emission_Template for WRAN.doc was developed in order to take advantage of the fact that WRAN systems will be able to sense the presence of DTV operation in the area and allow the CPE’s to operate within specific constraints to avoid co-channel and adjacent channel interference to DTV receivers.  In so doing, the requirements for out-of-band emission from the CPE’s can be relaxed since those modes of operation would be precluded for the WRAN operation dictated by the base stations.

7-
Conclusion

An excessively stringent RF mask for out-of-band emission for WRAN operation would impact on the complexity of equipment and also on the capacity of the WRAN systems because of the fact that large guard bands would be required at both ends of the 6 MHz channel, therefore reducing the actual channel bandwidth and, hence, the potential system throughput.  For these reasons, it is very important that unnecessary constraints be identified and removed from the determination of the WRAN device RF mask.  The 802.22 WRAN standard promises to use cognitive radio to avoid interference to incumbent services in the TV broadcast bands.  It has the effect of reducing the transmit power and even changing the frequency of operation to avoid such potential interference.

This also has the side effect of eliminating some of the difficult cases of desensitization of DTV receivers due to WRAN operation in adjacent channels since such operation in would not occur.  The out-of-band emission requirements for the WRAN equipment should therefore be relaxed accordingly.  It is proposed to consider the RF mask developed in document 18-05-0003-00-0000_OOB_Emission_Template for WRAN.doc as a basis for the establishment of out-of-band emission requirements in the “Functional Requirement” document.
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Abstract


While preparing the comments to the FCC NPRM 04-186 on use of License-Exempt devices in TV broadcast bands, the question of the requirements for the out-of-band emission from the license-exempt equipment to avoid interference to TV broadcast and wireless microphone operation was debated without finalizing the conclusions.  This document is a further attempt at clarifying the topic for defining such out-of-band requirements in the context of the “Functional Requirements” document.
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