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Introduction
In subclauses 6.9.6 and 6.9.7 of [1], the TG1 receiver sensitivity and adjacent channel rejection are specified.  The text for those subclauses is included below for convenience:

6.9.6 Receiver sensitivity

Under the conditions specified in 6.1.4, 1% PER static channel sensitivity for MSF 1 shall be no worse than -107 dBm. The 1% PER static channel sensitivity for both MSF 2 and MSF 3 shall be no worse than -100 dBm. This difference in sensitivities is due to the addition of a half-rate convolutional code to MSF1.

6.9.7 Adjacent channel rejection

The receiver sensitivity shall be -97 dBm in the presence of a -36 dBm continuous wave (CW) interferer

located 500 kHz above the lower edge of the TV channel.
There were a total of 7 comments recorded in Letter Ballot 1 that addressed these two subclauses [2].  These are summarized in Table I.
Table I. Summary of relevant comments.
	Comment No.
	Summary

	214
	Requested elaboration on noise bandwidths

	39, 408
	Questioned the definition of adjacent channel

	208
	Questioned whether the sensitivity was for other TG1 receivers or for WRAN devices

	70, 171
	Identical comments – questioned the motivation for the adjacent channel rejection specification

	354
	Pointed out the discrepancy between the adjacent channel frequency offset and the closest microphone operating frequency suggested in Annex B


The following discussion gives the background on the proposed values along with the (to be debated) assumptions that led to the calculation of the values.

Definitions
Comment 214

The noise bandwidth of the TG1 receiver is assumed to be that of the chip matched filter, which is the bandwidth of the spread spectrum signal, 9609.1 kHz · 8x spreading = 76.8728 kHz, usually rounded to 77 kHz for calculations.  For a nominal TG1 receiver noise figure around 10 dB, the receiver noise would be


-174 dBm/Hz + 10 dBNF + 10 log (77 kHz) = -115.1 dBm.
(1)
Comments 39 and 408

In the context of the TG1 receiver, the adjacent channel is a frequency relative to the TG1 center frequency, which is 309.4406 kHz from the lower edge of the TV channel (See Table 1, subclause 6.1.1, in [1]).  The adjacent channel was reasoned to fall at 500 kHz from the lower edge of the TV channel assuming that the first 200 kHz-wide microphone subchannel was at 100 kHz from the lower edge and that the subchannel spacings would be in 200 kHz intervals.  With the beacon signal falling at approximately the center frequency of the 2nd subchannel (300 kHz), the next available subchannel that would maximize spectrum utilization would be at 500 kHz from the lower channel edge.  It is noted that this is inside the TV channel and hence co-channel to a TV signal that would be operating on the channel, but it is adjacent channel to the beacon signal.  See Figure 1.
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Graphic definition of TG1 adjacent channel, which falls co-channel to the would-be TV signal.
Analysis

Comment 208 & 70/171
According to [3], the required Ec/No value for 1% FER in a Gaussian channel is around 4.5 dB (corresponds to a symbol Es/No of 13.5 dB) without forward error correction.  This would put the 1% FER sensitivity in a Gaussian channel at about -110 dBm for -115 dBm receiver noise.  A TG1 receiver with this noise bandwidth and perfect implementation would be expected to demonstrate this sensitivity.  Allowing 3 dB of implementation loss due to limited oversampling, frequency offsets, imperfect matched filtering, and the like, the sensitivity could be on the order of -107 dBm.  This is the capability of the receiver.  A separate question, as pointed out in Comment 208, is what is the required sensitivity need?
The following analysis considers an example link for determination of both the required sensitivity and the adjacent channel rejection.  There are two links to consider in this analysis.  See Figure 2.
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Scenario for link analysis.

Link 1 is the desired link between two beacon devices (ENG trucks).  This is taken to be 1.5 km maximum.  Link 2 is the interference link between the nearby wireless microphone transmitter and the beacon receiver.
Link 1 Rx Signal
A two-ray model is used for the propagation on Link 1.  The assumptions are:

Table II. Link 1 assumptions.

	hTx
	3.5 m

	hRx
	3.5 m

	PTx
	0.25 W

	Gant
	7 dBi


The equation used for the two-ray E-field is
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(2)
The E-field at 1.5 km for 692 MHz and the assumed parameters is 
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Additional path loss assumptions are: 

Table III. Additional path losses.

	Shadowing
	20 dB

	Fading (additional rays) 

	12.5 dB


This would put the minimum signal at the receiver for 1.5 km range at -99.8 dBm, which is rounded to -100 dBm.  This is the sensitivity level (without FEC) quoted in subclause 6.9.6 of [1].  Simulations of the rate-1/2 convolutional code seemed to indicate about 7 dB of gain, which results in the difference between sensitivity levels specified for MSF1 and MSF2 and 3 in [1].  This addresses Comment 208.
At the other end of the UHF band (470 MHz), the E-field in Link 1 is actually smaller (656 μV/m vs. 964 μV/m) due to the two-ray model, but this is exactly compensated by the effective aperture of the antenna, putting the nominal (non-faded or shadowed as in Table III) received power at the same level of -67.3 dBm.  

For a much shorter 200 m Link 1 range, the same assumptions lead to a signal strength of -33.5 dBm due to the two-ray model, and ‑66 dBm with additional shadowing and fading.  This interoperation range assumption would relax the TG1 receiver sensitivity by some 34 dB and greatly simplify adjacent channel selectivity design.
Microphone Interfering Signal
Comments 70 and 171 address the adjacent channel rejection of the interfering signal, presumed to be a wireless microphone in the next available subchannel.  The assumptions for interference link (Link 2) are shown in Table IV.
Table IV. Microphone parameters.

	EIRP
	+10 dBm

	hTx
	1.5 m

	Emissions
	ETSI [4]

	Elevation pattern loss
	0.25 dB per


	Polarization loss
	3 dB


The interference signal level due to the microphone at the beacon receiver at 692 MHz is


+10 dBm – 20 log (0.433 m / 4π ·10.2 m) + 7 dBi – 0.25 dB – 0.25 dB – 3 dBi = -35.9 dBm.
(4)

This microphone signal is assumed to be located 500 kHz above the lower edge of the TV channel as shown in Figure 1.  With the beacon centered at 309.44 kHz, the microphone signal is about 190 kHz above the beacon receiver center frequency.  The power due to the microphone is 3.4 dB larger than Eq. (4) at -32.5 dBm at 470 MHz using the simple square law model.  However, this was reasoned to remain at -36 dBm since the efficiency of the microphone antenna would presumably be poorer at the longer wavelength at the low end of the UHF band.  This results in the same adjacent channel rejection numbers for the low and high ends of the band.  

In the presence of a large test interferer, convention allows 3 dB of sensitivity degradation due to receiver impairments.  With a nominal sensitivity of -100 dBm, this puts the sensitivity in the presence of the -36 dBm interfering signal at -97 dBm.  This addresses Comments 70 and 171.
Note that the out-of-band emissions of the microphone should also be considered.  While the sensitivity test would ordinarily use a CW signal, in practice the emissions could be according to the mask in [4].  The emissions of the microphone should be -80 dBr/kHz peak/hold around 200 kHz offset according to this reference.  With the microphone signal at -36 dBm at the beacon receiver, the out-of-band emissions are at most 

-36 dBm – 80 dBr/kHz + 10 log 77  = -97 dBm 
(5)

at the beacon receiver assuming discrete line spectrum, or more like ‑107 dBm average if noise-like spectrum is present at this offset, due to the peak/hold nature of the specification and assuming approximately 10 dB peak/average per 1 kHz bin.  Thus the out-of-band emissions alone could result in a noise floor at the beacon receiver of ‑97 dBm, which will be further degraded by the selectivity of the beacon receiver in response to the microphone signal.  The 1% FER sensitivity will nominally be about 4 - 5 dB above the combined out-of-band emissions from the microphone that fall co-channel to the beacon receiver plus the sensitivity degradation due to finite selectivity in the beacon receiver [3]. 
Comment 354

The specification of adjacent channel rejection stated in subclause 6.9.7 was developed prior to the availability of Annex B, which suggests that the first adjacent channel where an interfering signal would be expected from a microphone signal is 1.075 MHz – 309.4406 kHz = 765.5 kHz offset for the same channel, and 309.44 kHz + 450 kHz =  759.4 kHz for a microphone in the lower adjacent TV channel.  The Annex developed these offsets based on the reverse link2 interference, from the beacon transmitter into the wireless microphone receiver.  If these offset buffer frequencies are agreed by the group, that addresses Comment 354.  Comment 354 initially pointed out that the frequency offset should be specified as “at least 500 kHz” to deter receiver designers from focusing specifically at 500 kHz and neglecting interferers that could be at higher frequency offsets.
Conclusion
This document has attempted to address Letter Ballot No. 1 comments 39, 70, 171, 208, 214, 354, and 408.  The main focus of these comments regarded TG1 receiver sensitivity and degradation due to interfering signals.  A path loss due to a separation of 1.5 km was used for the baseline analysis.
Note that beacons separated by this path loss may not necessarily need to or desire to aggregate.  Nonetheless, an initializing beacon at this path loss would be able to detect a neighboring PPD beacon and determine its proximity (from geolocation information) to that beacon.  Based on that proximity information, the SPD could determine whether it should aggregate with the PPD or establish itself as a PPD.  As an example, an excessive path loss between the PPD and SPD may be due to unusual propagation conditions such as extreme shadowing and not due to physical separation, and the two beacons may actually be in closer proximity to each other than indicated by the received signal strength.
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Abstract


The first draft for IEEE 802.22 TG1 � REF _Ref176009735 \r \h ��[1]� specified a sensitivity of -100 dBm without FEC and adjacent channel rejection of �36 dBm at 500 kHz offset from the lower channel edge for a sensitivity of �97 dBm.  This document details the assumptions that led to the proposed value to facilitate discussion, and also addresses comments related to sensitivity and the definition of the adjacent channel in this context.











� See e.g. � REF _Ref176018049 \r \h ��[3]�, which shows about 12.5 dB difference in 1% FER Ec/No for Gaussian and WRAN B channels.


� Assumes � EMBED Equation.3  ��� elevation patterns.
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