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Introduction
Previous submissions (see e.g. [2], [3]) have considered the TG1 interference scenario as being dependent on two links: the WRAN-to-microphone-receiver interference link and the TG1-transmitter-to-WRAN-receiver beacon link.  These links were considered to have the same large scale properties (such as average path loss), but would experience different frequency selective fading because 1) they are relatively narrowband waveforms
 on different frequencies (albeit within the same TV channel) and 2) the microphone receiver and beacon transmitter are in slightly different locations, giving slightly different relative phase shifts on each ray.  The analysis is framed on the premise that the beacon packet need not be successfully detected if the WRAN interference into the microphone receiver is below some maximum value.  
The conservative assumptions in the previously cited work had the average gain of the microphone interference upfaded by 6 dB while the required Es/No for the beacon link, assuming Rayleigh faded rays, needed to be on the order of 20 – 30 dB, depending on the desired PER.  The present analysis examines the statistics of the maximum microphone interference channel across a 6 MHz TV channel
 in tandem with the required Ec/No values for beacon detection.  No FEC is assumed at this time since the objective is to determine the resulting link margin and the corresponding FEC needs.
Simulation Model

The functional block diagram of the simulation is shown in Figure 1.  The simulator assembles the sync word and index bursts into a sync frame for the I-channel and uses a random Q-channel.  A frame structure based on the 3-octet multiple is assumed, giving an overall length of 21 octets (168 bits).  These octets are differentially encoded and DQPSK modulated, spread by the spreading sequence of [1-j -1-j 1+j 1-j 1-j 1-j -1+j -1-j], and square root raised cosine filtered for transmission through the channel.  The receiver applies a matched filter and despreader prior to DQPSK detection and differential decoding.  Timing is based on block processing and the best despreader correlation.  A packet error is only accounted if there is an error in the Q channel (beacon header).  The frequency offset is assumed to be zero in this model.
The microphone interference per subchannel is calculated analytically (see Eq. 3 in [4]), and the maximum of all the 200 kHz subchannels (starting with the one centered 500 kHz above the lower channel edge to avoid operating over the beacon) is found over 10K Monte Carlo trials.
Channel Model

Four channel models are considered in this submission: an AWGN channel and three multipath channels as described in [1] with the exception of zero Doppler spread.  The ray magnitudes are normalized to give average power gain of 1 for both the beacon communication channel and the microphone interference channel.  
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Figure 1.  Functional block diagram for simulation.
Results
Table I shows the statistics for the maximum microphone interference over the same channel models with 200 kHz bandwidth.  Channel B is the worst channel in this direction as well, with the highest mean and 90% confidence interference gain.  

	Channel Model
	Mean (dB)
	90% (dB)
	Standard Deviation (dB)

	A
	4.41
	4.57
	0.122

	B
	5.34
	5.63
	0.257

	C
	4.67
	4.76
	0.063


Table I.  Maximum microphone interference gain statistics.

Figure 2 shows the packet error rate results for all four channels.  Recall that in this work an error is accounted only when there is an error in the Q channel.  The results are shown in terms of Ec/No.  With a spreading factor of 8x, the Es/No is 9 dB higher.  According to this chart, an Ec/No of about 17 dB (Es/No = 26 dB) is required for channel B and 1% PER, while an Es/No of about 8.5 dB (about 17.5 dB Es/No) would suffice for 10% PER in channel B.
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Figure 2.
Simulated packet error rates vs. chip Ec/No for 168-bit packets.  Only errors in the Q-channel are accounted as packet errors for the beacon header reception.

Rayleigh-Faded Rays

With the same delay-spread profile but Rayleigh fading of each ray, the statistics for the microphone receiver interference will change.  Table II below shows the mean, standard deviation, and 90% confidence levels for the three channel profiles.
	Channel Model
	Mean (dB)
	90% (dB)
	Standard Deviation (dB)

	A
	2.91
	7.19
	3.48

	B
	4.03
	7.74
	2.99

	C
	3.16
	7.38
	3.44


Table II.  Maximum microphone interference gain statistics with Rayleigh faded rays.

The packet error rates for the Rayleigh faded rays are shown in Figure 3.  They all achieve 1% PER at around 17 dB Ec/No, resulting in an Es/No of about 26 dB.
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Figure 3.
Simulated packet error rates vs. chip Ec/No for 168-bit packets with Rayleigh fading on the individual multipath rays.  Only errors in the Q-channel are accounted as packet errors for the beacon header reception.

The combined fixed-ray and Rayleigh-faded ray simulation results are shown in Figure 4.  
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Figure 4.
PERs for AWGN, fixed, and Rayleigh-faded rays.
Conclusion

For channel model B and 1% PER, the previous assumptions in [2] and [3] were that an approximately 31 dB Es/No (based on channel model B with Rayleigh faded rays) would be required along with a 6 dB upfade margin F↑ as a conservative guess.  The results presented here for static ray magnitudes indicate that an Es/No of about 26 dB would be adequate,  but that the worst-case upfade margin for channel B is close enough to the original assumption of 6 dB that it is not worth changing (an empirical CDF shows the 90% confidence level is about 5.5 dB).  The link margin would thus improve on the order of 5 dB.  For channel models A and C, which have a single large ray (-7 or -9 dB, respectively) followed by multiple weaker rays (below about -15 dB), the link margin improvement for non-faded rays is even better, requiring only about 17 dB Es/No for 1% PER and about 5 dB maximum microphone interference, picking up about 14 dB of link margin compared to previous assumptions (channel C has slightly better Es/No than channel A but slightly worse peak microphone interference upfade, so the total link margin improvement is about the same for both).
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Abstract


Successful coexistence between a Part 74 deployment and a WRAN network is dependent on two physical links: the WRAN-to-microphone-receiver interference link, which results in reduced sensitivity for wireless microphone reception, and the beacon-to-WRAN-receiver detection link, which carries the parameters of the microphone deployment required for protection.  The required link margin in the detection link will depend on the margin in the interference link.  The difference between the two links depends on two parameters: the expected upfade of the microphone interference and the expected downfade of the beacon signal, expressed as a required signal to noise ratio (as Ec/No or Es/No) for the beacon link, both using an assumed channel model.  This set of results assumes the channel models described in [1], using normalized static ray magnitudes, random phase draws for each ray for each packet, but zero Doppler shifts.  Subsequent results will compare the performance for Rayleigh faded rays for both links.  The actual physical channel will likely be bounded by the fixed rays and the Rayleigh faded rays.
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� Note the WRAN interference is in general not narrowband but as far as the 200 kHz bandwidth microphone receiver is concerned, it is a 200 kHz-wide emission.


� The maximum interference channel is considered here since in a multi-microphone deployment there could be many 200 kHz subchannels occupied within a 6 MHz channel.  An interference condition exists if any one of those channels is experiencing interference.  The maximum is a conservative estimate.
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