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1.  Sub-channel concatenation rule 

The encoding block size shall depend on the number of subchannels allocated and the modulation specified for the current transmission. Concatenation of a number of subchannels shall be performed in order to make larger blocks of coding where it is possible, with the limitation of not passing the largest block under the same coding rate. Table 2 specifies the concatenation of subchannels for different allocations and modulations. The parameters in Table 1 and 2 shall apply to the BTC encoding scheme. 

For any modulation and FEC rate, given an allocation of n subchannels, the following parameters are defined:

-j: parameter dependent on the modulation and FEC rates

-n: number of allocated subchannels

-k: floor (n/j)

-m: n modulo j

The rules used for subchannel concatenation are showed in Table 1.

Table 1- Subchannel concatenation rule

	Number of suchannels
	Subchannel concatenated

	n <= j
	One block of n subchannels

	n > j
	m = 0
	k blocks of  j subchannels

	
	m ≠ 0
	(k-l) blocks of j subchannels

One block of ceil ((m+j)/2 ) subchannels

One block of floor ((m+j)/2) subchannels


Table 2- Encoding subchannel concatenation for different allocations and modulations

	Modulation and rate
	J

	QPSK ½
	12

	QPSK ¾
	6

	16-QAM  1/2
	6

	16-QAM  3/4
	6

	64-QAM  1/2
	4

	64-QAM  2/3
	4

	64-QAM 3/4
	2

	64-QAM 5/6
	4


2.  Coded block size for one or multiple sub-channel

The BTC is based on the product of two simple component codes, which are Hamming codes including extended Hamming codes or parity check codes from the set depicted in table 4. Table 3 gives the block sizes of BTC for the possible modulation and coding schemes.  Table 4 gives the code parameters of BTC for different data payload and coded block sizes.

Table 3—Useful data payload for one or multiple sub-channel

	Modulation scheme
	QPSK
	16QAM
	64QAM
	Coded Bytes

	Encoding rate
	1/2
	3/4
	1/2
	3/4
	1/2
	2/3
	3/4
	5/6
	

	Allowed Data (Bytes)
	3
	–
	–
	–
	–
	–
	–
	–
	6

	
	6
	9
	6
	9
	–
	–
	–
	–
	12

	
	9
	–
	–
	–
	9
	12
	–
	15
	18

	
	12
	18
	12
	18
	–
	–
	–
	–
	24

	
	15
	–
	–
	–
	–
	–
	–
	–
	30

	
	18
	27
	18
	27
	18
	24
	27
	30
	36

	
	21
	–
	–
	–
	–
	–
	–
	–
	42

	
	24
	36
	24
	36
	–
	–
	–
	–
	48

	
	27
	–
	–
	–
	27
	36
	–
	45
	54

	
	30
	45
	30
	45
	–
	–
	–
	–
	60

	
	33
	–
	–
	–
	–
	–
	–
	–
	66

	
	36
	54
	36
	54
	36
	48
	54
	60
	72

	
	For coded block size large than 72 bytes, code construction will be based on concatenation rule


Table 4 Code parameters for different data payload coded block sizes
	Data Bytes
	Coded Bytes
	Constituent
	Code parameters

	
	
	
	Ix
	Iy
	D

	3
	6
	(15,11)(8,7)
	3
	4
	0

	6
	12
	 (16,11) (8,7)
	4
	0
	1

	9
	12
	(16,15) (16,15)
	10
	0
	3

	9
	18
	(16,11) (16,15)
	4
	4
	5

	12
	18
	(8,7) (64,63)
	4
	28
	9

	15
	18
	(16,15) (16,15)
	7
	0
	0

	12
	24
	(16,11) (16,15)
	4
	0
	9

	18
	24
	(8,7) (32,31)
	2
	0
	11

	15
	30
	(15,11) (31,26)
	3
	11
	0

	18
	36
	(15,11) (31,26)
	3
	7
	8

	24
	36
	(16,15) (32,26)
	4
	8
	6

	27
	36
	(8,7) (64,63)
	2
	16
	19

	30
	36
	(16,15) (32,31)
	7
	0
	8

	21
	42
	(7,4) (63,57)
	0
	15
	0

	24
	48
	(16,11) (32,26)
	0
	8
	6

	36
	48
	(16,15) (63,57)
	8
	15
	6

	27
	54
	(32,26) (32,26)
	14
	8
	0

	36
	54
	(32,31) (31,26)
	8
	13
	11

	45
	54
	(8,7) (64,63)
	0
	10
	11

	30
	60
	(32,26) (32,26)
	2
	16
	0

	45
	60
	(16,15) (32,26)
	0
	2
	0

	33
	66
	(32,26) (32,26)
	8
	10
	24

	36
	72
	(32,26) (32,26)
	14
	0
	24

	48
	72
	(16,11) (64,63)
	0
	28
	1

	54
	72
	(16,15) (64,57)
	0
	28
	3

	60
	72
	(16,15) (64,63)
	7
	0
	24


3.  Complexity
As illustrated on Figure 1, in the receiver chain, the demodulated symbols are de-mapped, de-scrambled and de-interleaved to form soft bits of SBTC block (a SBTC packet) and are stored in a frame buffer for SBTC decoding. The module “SBTC block de-pack” chops frame data into SBTC blocks, and writes a block into SISO buffer for SBTC decoding with recovered shortening.
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Figure 1: SBTC decoder function diagram

The SISO buffer (SISO input) and extrinsic buffers (SISO output) are consisting of 4 pages of dual-port RAM to cater for:

· 4 parallel operation of SISO process engines 

· Reading of block data without row/column transpose during row/column decoding iterations.

A duplicated SISO buffer would be planed as ping-pong buffer for simultaneously writing and reading SBTC block data to achieve maximum data throughput.

The output of SISO engine is written to extrinsic buffer for decoding iterations. After iterations of SBTC decoding, the decoded data byte are outputted to MAC module. The SBTC SISO engine and SISO buffer are controlled by a state machine (FSM). The buffer write/read points are generated by the Point Generator module. 

The SBTC block size is configurable to cater for different SBTC decoding block size. The extension of SBTC block is configurable too.
The maximum complexity is about 16k slices, i.e. 45% Vrtex4 LX80 resource (Xilinx), according to FPGA implementation. 












Abstract


This document describes the concatenation rule and structure of component codes for shortened block turbo codes for IEEE 802.22 WRAN system. 
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