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Proposed TBCC Code for DL Control Channels in the IEEE 802.16m AWD
Introduction
In the current 16m DL control design, many DL control channels have short IE block length, e.g., SFH, assignment AMAP, and non-user specific AMAP. Tail-biting convolutional code (TBCC) has good performance when the code block length is short and is therefore a natural choice for DL control channels. 
To further improve the reliability and coverage of DL control channels, we propose a ¼ rate TBCC which is based on the ½ rate TBCC used in 16e. Like the ½ TBCC, the ¼ TBCC also has a constraint length of 7 so there is no significant increase of coding complexity. Two of the four generator polynomials of the ¼ TBCC are the same as generator polynomials of the ½ TBCC code.
We evaluate the performance of ¼ TBCC vs. ½ TBCC over different block sizes and scenarios and find that using the proposed ¼ TBCC yields performance improvements that ranges from 0.4 dB to 1 dB [1]. Therefore we propose to use this ¼ TBCC for appropriate DL control channels.
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Text proposal for inclusion in 802.16m amendment
------------------------------------------- Start of Proposed Amendment Text -----------------------------------------------

15.3.6.3.1.1 Primary Superframe Header
The resulting sequence of bits shall be encoded by the TBCC convolutional encoder described in 15.3.6.3.3. <<reference to 15.3.x channel coding section>>. A coding rate of 1/2 is used.
15.3.6.3.1.2 Secondary Superframe Header
The resulting sequence of bits shall be encoded by the TBCC described in 15.3.6.3.3. channel encoder. The channel encoder for S-SFH is described in <<15.3.x channel coding section>>. A code rate of 1/2 or 1/3 is used.
15.3.6.3.2.2 Assignment A-MAP
The resulting sequence of bits shall be encoded by a the TBCC described in 15.3.6.3.3. channel encoder.
15.3.6.3.3 Tail-biting convolutional code for DL control channels

Figure DL-1 shows a block diagram of the rate 1/4 tail-biting convolutional codes for DL control channels. 1/4 TBCC encoded codewords are separated to four subblock and go through subblock interleaver. The length of coded block size is chosen according to the needed coding rate. 
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Figure DL-1 Block diagram of the tail-biting convolutional code for DL control channels
15.3.6.3.3.1 TBCC encoder with rate of 1/4
The binary TBCC shall have native rate of 1/4, a constraint length equal to K=7, and shall use the following generator polynomials codes to derive its five coded bits:
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The generator is depicted in Figure DL-2.

15.3.6.3.3.2 Bit Seperation
All of the encoded bits shall be demultiplexed into four subblocks denoted A, B, C, and D. Suppose L information bits are input to the encoder. The encoder output bits shall be sequentially distributed into four subblocks with the first L encoder output bits going to the A subblock, the second L encoder output going to the B subblock, the third L to the C subblock, the fourth L to the D subblock.

15.3.6.3.3.3 Subblock interleaver

First, the table for interleaving index with length of 128 entries was generated as follows. 

x = 1 : 128

index = (15x+32x2)mod 128 + 1.

when the number of information bits is less than 128, the corresponding index table can be generated by removing the entries whose values are larger than the number of information bits.
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Figure DL-2 TBCC encoder of rate ¼
15.3.6.3.3.4 Bit grouping

The channel interleaver output sequence shall consist of the interleaved A and B subblock sequences, followed by interleaved C, and D subblock sequences

15.3.6.3.3.5 Bit selection

Suppose L information bits are input to the encoder. The output sequence of bit group consists of 4L bits denoted as 
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 is used to indicate the size of buffer using for repetition. Its value is not larger than 4L. If the output bits are M, the output sequence can be expressed as 
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--------------------------------------------- End of Proposed Amendment Text ----------------------------------------------
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