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RF Mask for the 802.22 WRAN Standard

1.
RF Mask deduced from the Functional Requirement Document

The Functional Requirement Document developed by the 802.22 WG (22-05-0007-47-0000_RAN_Requirements.doc) specifies what follows in its section 15.1.7:

“15.1.7
Out-of-band emission mask for WRAN systems 

According to the model of 15.1.6, it is tentatively concluded that in order to protect DTV receivers and to protect wireless microphones, 4 W EIRP WRAN CPEs and base stations SHALL meet the limits specified in Table 15.1.7.  

	
	If WRAN operates

	
	First adjacent channel to  wireless microphone
	Second adjacent channel and beyond to TV or wireless microphone

	WRAN first adjacent channel limit
	4.8 uV/m
	200 uV/m 

	WRAN second adjacent channel and beyond limit
	4.8 uV/m 
	4.8 uV/m*


Table 15.1.7:  Emission levels (measured at 3 m in 120 kHz bandwidth)

* This number is derived from a 20 dBuV/m field strength at 10m, measured in 6 MHz. and assumes no polarization discrimination.   If a proposer suggests a relaxation based on the use of polarization discrimination or some other approach, they SHALL provide supportive documentation to justify such a relaxation.”
Supposing that the worst case of interference from a CPE into a DTV receiver is when they are located line-of-sight at 10 m from each other, a 4 Watt EIRP transmission from the CPE will produce a field of:

10*log(4)-10*log(4π*10*10) + 10*log(120π) = 0.8 dB(V/m)

or 120.8 dB(uV/m) in 6 MHz
(Re: 22-04-0002-15-0000_WRAN_Reference_Model.xls)

This corresponds to a field of:

10*log(4)-10*log(4π*3*3) + 10*log(120π) + 10*log(0.12/6) = -5.7 dB(V/m)

or 114.3 dB(uV/m) at 3 m in 120 kHz bandwidth if the power is spread evenly within the 6 MHz bandwidth.

The 4.8 uV/m level stated in the table corresponds to 13.4 dB(uV/m) at 3 m in 120 kHz.  This corresponds to a 1 dB desensitization of the DTV receiver located at the edge of the protected contour (i.e., DTV receive level is 41 dBuV/m) with no antenna cross-polar discrimination.  The 200 uV/m corresponds to 46 dB(uV/m).  This value corresponds to the out-of-band emission level allowed from Part 15-209a devices.

The following RF mask can thus be developed based on the above values from the Functional Requirement Document.  This RF mask is for a CPE transmitting at 4 Watt EIRP.  Note that if vertical polarization is used at the CPE, a relaxation of the RF mask which corresponds to the typical polarization discrimination between the receive antenna maximum gain and the cross-polar gain toward any azimuth (typically 14 dB, i.e., -2 dBi cross-polar discrimination toward any azimuth which corresponds to the antenna backlobe level) can be assumed.
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Figure 1:
802.22 WRAN RF Mask proposed in the Functional Requirement Document (red curve) and its relaxed version assuming 14 dB X-pol DTV antenna discrimination for vertically polarized WRAN signals

2.
RF Mask specified in the 802.16 WMAN Standard

The following section 8.5.2 was extracted from a recent revision of the 802.16 standard.

[image: image2.png]8.5.2 Tx spectral mask

The transmitted spectral density of the transmitted signal shall fall within the spectral mask as shown
Figure 336 and Table 580. The measurements shall be made using 100 kHz resolution bandwidth and a
30 kHz video bandwidth. The 0 dBr level is the maximum power allowed by the relevant regulatory body.
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Figure 336—Tx spectral mask (see Table 580)

Table 580—Tx spectral mask parameters

Channelization
(MHz)

20 9.5 10.9 19.5 295

10 4.75 5.45 9.75 14.75





3.
RF Mask used in Canada for the Remote Rural Broadband Systems

Canada has decided to allow applications for licensed use of four TV channels (25, 34, 35 and 43) in the Northern and rural areas of Canada.  The technical guidelines for such applications are contained in reference [3]:

Section 4 of these guidelines specifies what follows:

“4. Emission Limits

An out-of-band emission mask will be developed and included in an appropriate Radio Standard Specification (RSS). Until such time, RRBS stations (including base and subscriber stations) shall meet the Digital TV (DTV) mask (i.e. the Canadian Relaxed Mask) as described in Appendix 3 of Broadcasting Procedures and Rules 7, Application Procedures and Rules for Digital Television (DTV) Undertakings (BPR-7).”

The DTV RF Mask is contained in Appendix 3 of the Canadian BPR-7 and appears below. 

BPR-7 also indicates that: "The relaxed mask can also be used for low-power DTV stations."  It is expected that this relaxed mask (dotted line) will therefore apply to the low-power Remote Rural Broadband Systems.
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Appendix 3
Emission Masks

Figure 1: DTV Emission Masks
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4.
Comparison of the various RF Masks

The following Figure depicts the RF Masks described above scaled to the same channel bandwidth and normalized to the same in-band power density to illustrate the relative filter rejection at the edge of the channel.  As can be seen, the RF Mask proposed in the FRD is much more demanding than all the other RF Masks used for DTV and 802.16.  It is questionable whether such a tight mask will be realistic for low-cost frequency agile transmission devices such as WRAN CPEs.
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5.
Proposed relaxation of the RF Mask contained in the FRD and its impact

It is proposed to relax the RF Mask proposed in the FRD to the level of the FCC DTV Mask beyond the channel edge, that is -33 dB relative to the in-band power density for the first 500 kHz beyond the edge of the channel, and to follow the same slope as the FCC DTV MASK down to the out-of-band emission plateau.

The proposed mask relaxation will have minimum impact on the use of the TV channels by WRAN systems since adjacent channel operation is already precluded inside the protected contours.  There will only be a slight increase of the keep-out area for adjacent channel operation beyond the TV protected contours (a few km).

With respect to protecting wireless microphone operation, the mask relaxation will have the effect of increasing the area around a wireless microphone operation (a few 100 m) where WRAN transmission devices on adjacent channel will have to change frequency or reduce their transmit power.

With respect to sensing, the mask relaxation will have the effect of increasing the potential leakage of WRAN transmissions operating on channels adjacent to the channel being sensed for wireless microphone sensing.  Since adjacent channel sensing (N+/-1) will be conducted as part of the basic sensing process, this means that identification of WRAN operation on N+/-2 will also be needed and sensing on N+/-1 channels will need to be done during the quiet intervals of the WRAN systems operating on N+/-2.

5.
Conclusions

The RF mask proposed in the Functional Requirement Document for the future 802.22 WRAN systems is much more demanding than the RF masks specified for the 802.16 WMAN systems and the DTV RF masks used in the US and in Canada. There is a need to come up with a realistic mask that will protect the Broadcast incumbents as well as allow 802.22 WRAN systems to operate with reasonable output amplifier and filter complexity given that the base station and CPE RF transmission chains are to be frequency agile over a large number of TV channels and that the CPEs have to be amenable to low cost solutions.

It is proposed to relax the 802.22 WRAN RF Mask currently proposed in the Functional Requirement Document and align it to the FCC RF Mask beyond the edge of the TV channel

The fact that the transmit WRAN antenna and the receive DTV antenna will very unlikely be looking at each other in the case of operation on adjacent channels since the base station and the CPEs have to be located outside the protected contour should allow some more relaxation of the RF mask to cover this condition.  Furthermore, the use of vertical polarization for WRAN transmission should also allow for such further relaxation of the RF mask for all channel separations since it is unlikely that the cross-polar discrimination in any direction will be less than the front-to-back ratio of the DTV receive antenna.

On this basis, it is proposed to relax the 802.22 WRAN RF Mask beyond the edge of channels N+/-1 to –87 dB rejection relative to the in-band power density, i.e., 14 dB less than the rejection indicated in the FRD which corresponds to the CPE antenna front-to-back rejection.  Following is the representation of the proposed RF Mask.
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Abstract


This contribution summarizes the information relevant to the discussion on the RF Mask to be specified for WRAN out-of-band emission in the 802.22 WRAN standard.
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