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Search for the best fixed CDMA subcarrier pattern
for the upstream fine ranging process

The 802.22 standard uses 1680 subcarriers spread over 60 sub-channels.  This represents a bandwidth of 5.624 MHz for the system operating in a 6 MHz channel.  The carrier spacing is 3.35 kHz resulting in a 300 μs symbol period (not counting the cyclic prefix). In the downstream, the PN-sequence used for the frame preamble modulates 820 subcarriers, that is one active carrier over two.  This allows a characterization of the channel response over 150 μs (beyond which aliasing in the time domain would occur).

On the upstream, the fixed CDMA subcarrier ranging burst is limited to the use of a minimum of 2 sub-channels corresponding to 56 subcarriers.  Most multipath in the TV bands has been found to fall within 25 μs for typical TV transmit and receive installations.  Similar channel characteristics are expected for larger coverage WRAN systems in the TV bands.  As a result, if the channel impulse response can be characterized over 30 μs, that is 1/10 of a full symbol length, this should be sufficient for all practical cases.  A 30 μs time span can be quantified in a WRAN system by taking one subcarrier over 10 in the frequency domain, thus 1680/10 = 168 subcarriers.

Since the minimum fixed CDMA carrier ranging burst is limited to 56 subcarriers, the problem is therefore to find the allocation of these 56 subcarriers over 168 that would give the best time domain localization to characterize the channel impulse response while avoiding aliasing.  In other words, one needs to find the allocation of 56 subcarriers over 168 for which the IDFT would give the narrowest practical main lobe while keeping all sidelobes as low as possible.

In order to make the problem more tractable, the number of possible subcarrier permutations was reduced by half by assuming that there would be a symmetry around DC (making the resulting time-domain waveform a ‘real’ waveform rather than ‘complex’).  This allowed a reduction of the number of permutations to to correspond to 28 subcarriers over 84.  A second simplification was made by limiting the frequency span of these CDMA carriers to half of the channel bandwidth, that is +/-1.5 MHz.  This resulted of course in a broadening of the main lobe by a factor of two but it was found that the fine ranging scheme described in Annex B of the 802.22 Draft can produce a time localization of channel multipath in excess of what is needed for proper device geolocation.  This resulted in a number of permutations corresponding to 28 over 42 subcarriers which, due to the resulting lower sub-sampling in the frequency domain, could keep the sidelobes which would appear as false echoes in the time domain at a much more reasonable level.

A systematic search was originally used at CRC on a 14/21 set of permutations to keep it within reasonable computation time (the resulting pattern being repeated by two to produce a 28/42 allocation) and the results formed the 56 fixed CDMA subcarrier allocation that was included in Table 206 of the Draft 802.22 r5.0. The performance of this winning permutation can be found in Figure 1.

Since then, a ‘genetic search’ algorithm[1] has been used by CRC to search for a superior subcarrier allocation over the 28/42 permutations and a better allocation has been found for which the performance is shown in Figure 2.  As can be seem, most sidelobes can be kept below 20 dB relative to the main lobe to provide a proper time-domain localization over 30 μs even if only 2 sub-channels over a total of 60 (i.e., 1/30 sub-sampling in the frequency domain) are used.

It is propose to update the Table of static CDMA subcarriers in Clause 8 of the 802.22 Draft standard to reflect this superior subcarrier allocation.
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[14/21]: 56-carriers prototype function spread over +/-1.5 MHz
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Figure 1: Relative amplitude of the time-domain channel impulse response of the current 56-carrier upstream burst (512 samples correspond to 30 μs)
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[28/42]: 56-carriers prototype function spread over +/-1.5 MHz
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Figure 2:
Relative amplitude of the time-domain channel impulse response of the improved 56-carrier upstream burst  (512 samples correspond to 30 μs)

Modify Table 206 to include the latest more optimum subcarrier allocation for the 56 static CDMA subcarriers used for fine ranging as shown in the Table below.

Table 206 Tone sets for Ranging/BW request/UCS Notification sub-channels
(see Annex B)

	Reference Tone index #

	-420
	-10
	10
	420

	-400
	-20
	20
	400

	-390
	-30
	30
	390

	-370
	-40
	40
	370

	-340
	-50
	50
	340

	-330
	-60
	60
	330

	-300
	-70
	70
	300

	-290
	-80
	80
	290

	-270
	-90
	90
	270

	-250
	-100
	100
	250

	-230
	-110
	110
	230

	-220
	-160
	160
	220

	-210
	-170
	170
	210

	-190
	-180
	180
	190
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_________________________________
Abstract


In order to fit in 2 sub-channels, the upstream fine ranging burst needs to be limited to 56 subcarriers and, despite the resulting sub-sampling in the frequency domain, provide a time-domain function that is well localized.  Further search for optimal sub-carrier location has been conducted recently using a ‘genetic search algorithm’ and a better pattern has been found.  These results are used to update Table 206 of the 802.22 Draft.
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