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In 802.22/Draft Version 2.0, OFDM FFT size is fixed to 2048 for 3 potential channel Bandwidths, i.e. 6 MHz, 7 MHz and 8 MHz (refer to page 327 ~ 330). The following 4 tables summarize all the related OFDM parameters. We will copy and paste each original table then propose a new table to replace it. 

Table 224 --- Subcarrier spacing and FFT/IFFT period values for different bandwidth options based on sampling frequency equivalent to 8/7 channel bandwidth.

	
	6 MHz based channels
	7 MHz based channels
	8 MHz based channels

	Basic sampling frequency (MHz)
	6*8/7= 6.857143
	7*8/7= 8
	8*8/7= 9.144857

	Inter-carrier spacing, 

F (Hz)
	(6x106*8/7)/2048
 ≈ 3348.214
	(7x106*8/7)/2048
= 3906. 25
	(8x106*8/7)/2048
≈ 4464.286

	FFT/IFFT period, 

TFFT  (s)=1/F
	≈ 298.666…
	= 256.000
	= 224.000

	Time Unit (ns) TU=TFFT/2048
	1000/(6x106*8/7)= 145.833…
	1000/(7x106*8/7)= 125
	1000/(8x106*8/7)= 109.375


Proposed New Table-224
Table-224 — Subcarrier spacing and FFT/IFFT period values for different bandwidth are fixed basing on 8 MHz sampling frequency

	
	6 MHz based channels
	7 MHz based channels
	8 MHz based channels

	Basic sampling frequency (MHz)
	8

	Inter-carrier spacing, 

F (Hz)
	(8x106)/2048 = 3906. 25

	FFT/IFFT period, 

TFFT  (s)=1/F
	 256

	Time Unit (ns) TU=TFFT/2048
	1000/(8x106)= 125


The new table-224 uses 7 MHz bandwidth as the basis and keeps the fundamental OFDM parameters the same for the 6 MHz and 8 MHz. In this way, the OFDM parameters get unified for all three bandwidth options. 

Table 225 — Symbol duration for different cyclic prefixes and bandwidth options 

	
	CP = TFFT/32
	CP = TFFT/16
	CP = TFFT/8
	CP = TFFT/4

	TSYM 

= TFFT + TCP

(s)
	6 MHz
	308.000
	317.333
	336.000
	373.333

	
	7 MHz
	264.000
	272.000
	288.000
	320.000

	
	8 MHz
	231.000
	238.000
	252.000
	280.000


As a consequence of the unification, symbol durations are unified as well for the 6 MHz, 7MHz and 8 MHz. The proposed new Table-225
Table 225 — Symbol duration for different cyclic prefixes and bandwidth options 

	
	CP = TFFT/32
	CP = TFFT/16
	CP = TFFT/8
	CP = TFFT/4

	TSYM 

= TFFT + TCP

(s)
	6 MHz
	264


	272


	288


	320



	
	7 MHz
	
	
	
	

	
	8 MHz
	
	
	
	


In order to deal with the spectrum mask requirements for different bandwidths, different guard bands will be applied to different bandwidth. 7 MHz will keep the original parameters while 6 MHz and 8 MHz need to be adjusted accordingly. 

                        Table-226— OFDM parameters for the 3 bandwidths of 2K FFT mandatory mode

	TV channel bandwidth (MHz)
	6
	7
	8

	Total no. of sub-carriers, 

NFFT
	2048

	No. of guard sub-carriers, 

NG (L, DC, R)
	368 (184, 1, 183)

	No. of used sub-carriers, 

NT = ND+ NP
	1680

	No. of data sub-carriers, 

ND
	1440

	No. of pilot sub-carriers, NP
	240

	Signal bandwidth (MHz)
	5.625
	6.566
	7.504


For 6 MHz case, the transition bands at the edges of the channel to reach 55 dB rejections as requested in the FCC R&O 08-260 are 184.152026 kHz on each side.  This requires a 256-tap FIR filter before DAC (refer: 22-09-0023-02-0000-technical-complexity-related-to-meeting-the-rf-mask.ppt). In order to relax the frontend design, around 200 kHz guard band would seem to be necessary. 

For 8 MHz situation, using 7 MHz parameters will waste 1 MHz spectrum therefore guard band can be reduced to allow more useful subcarriers. 

The proposed new Table-226
Table 226 — OFDM parameters for the 3 bandwidths of 2K FFT mandatory mode

	TV channel bandwidth (MHz)
	6
	7
	8

	Total no. of sub-carriers, 

NFFT
	2048
	2048
	2048

	No. of guard sub-carriers, 

NG (L, DC, R)
	648

(324,1,323)
	368 (184,1,183)
	144

(72, 1, 71)

	No. of used sub-carriers, 

NT = ND+ NP
	1400

(= 50 sub ch)
	1680

(= 60 sub ch)
	1904 

(= 68 sub ch)

	No. of data sub-carriers, 

ND
	1200
	1440
	1636

	No. of pilot sub-carriers, NP
	200
	240
	272

	Signal bandwidth (MHz)
	5.46875
	6.5625
	7.4375


There maybe other options to increase one or two subchannels for 6 MHz and 8 MHz by reducing the guard bands. Here is the analysis. 

                                  Guard band width at edges of channels as a function of number of  subchannels

	Number of sub-channels
	6 MHz

Guard band
	7 MHz

Guard band
	8 MHz

Guard band

	50
	261.72
	
	

	51
	207.03
	
	

	52
	152.34
	
	

	
	
	
	

	60
	
	214.84
	

	61
	
	160.16
	

	
	
	
	

	68
	
	
	277.34

	69
	
	
	222.66

	70
	
	
	167.97


Therefore, alternative choices for table-226 are 51 and 69 subchannels, respectively, for 6 MHz and 8 MHz TV channels.  However, the 69 sub-channels in the 8 MHz case may need to modify the mapping of the data packets in the MAC section since only 6 bits were used for the subchannl mapping.  An additional bit maybe needed.

Table 228 — WRAN frame parameters

	Cyclic Prefix
	Number of symbols
per frame 1
	Transmit-receive turnaround gap 2 (TTG)
	Receive-transmit turnaround gap 3 (RTG)

	BW
	6 MHz  7 MHz   8 MHz
	6 MHz  7 MHz   8 MHz
	6 MHz  7 MHz   8 MHz

	1/4
	26

30

34
	210 μs
	83.33 μs

190 μs

270 μs

	1/8
	28

33

38
	210 μs
	307 μs

174 μs

158 μs

	1/16
	30

35

40
	210 μs
	158 μs

174 μs

186 μs

	1/32
	31

36

41
	210 μs
	111 μs

174 μs

221 μs


The proposed new Table-228
Table 228 — WRAN frame parameters

	Cyclic Prefix
	Number of symbols
per frame (i.e. 10 ms)
	Transmit-receive turnaround gap 2 (TTG)
	Receive-transmit turnaround gap 3 (RTG)

	BW
	6 MHz  7 MHz   8 MHz
	6 MHz  7 MHz   8 MHz
	6 MHz  7 MHz   8 MHz

	1/4
	30

(Tsym = 320 s)

	210 μs
	190 μs



	1/8
	33

(Tsym = 288 s)

	210 μs
	222  μs



	1/16
	35

(Tsym = 272 s)

	210 μs
	174 μs



	1/32
	36

(Tsym = 264 s)

	210 μs
	174 μs




Note:  A TTG of 210 μs is set aside for all values of CP to allow the PHY layer to absorb the propagation time on the forward and return paths for up to 30 km distances between the BS and its CPEs, assuming a 10 μs turn-around time at the CPE.  The resulting RTG’s are amply sufficient for the turn-around time at the BS.] 

The unification of the sampling rate will result in different numbers of data carriers and pilot carriers depending on the channel bandwidth.  Also, the corresponding subcarrier interleaving scheme parameters, preamble parameters and CBP parameters may need to be modified accordingly. Fortunately, the numbers of sub-channels are still integers therefore the changes should be minimal but the benefit for the system performance and implementation simplification would be significant. Particularly this unification will ease the implementation and worldwide deployment.  
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Abstract


This contribution is to propose a unification of sampling rates for 6 MHz, 7 MHz and 8 MHz. We propose to use the parameters of 7 MHz as the base and to adjust the guard bands for 6 MHz and 8 MHz. 7 MHz has the merit that its base sampling rate is 8 MHz which results in rational parameters in both timing and frequencies. This unified sampling rate can simplify the radio frontend design for 3 bandwidths (one ADC/DAC for 3 bands); relax the phase noise/frequency offset limitation for 6 MHz radio; and simplify the hardware and software implementation. 
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