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Padding / De-padding method for 16m CTC
Kenichi KURI*,  Isamu YOSHI*, Lei Huang**
* Panasonic Corporation , ** Panasonic Singapore Laboratories
1. Introduction
The current 802.16m AWD [1] has defined 149 kinds of FEC block size. If the input PHY burst size to CTC encoder doesn't fit multiple FEC blocks, padding bits shall be added at the end of the input PHY burst. However the receiver of legacy system can't distinguish between padding bits and coded bits before decoding. The spectral efficiency is degraded by the number of padding bit. Therefore Channel Coding & HARQ DG has discussed minimizing the number of padding bit in order to improve the spectral efficiency. On the other hand, we recommend removing padding bits and related parity bits at rate-matching part for the purpose of improving spectral efficiency. This contribution proposes the partial de-padding method. 
2. De-padding method
There are four alternatives of de-padding method corresponding to Fig.1,2,3 and 4 (Full de-padding method, Partial de-padding method-1(A, B, Y1, W1), Partial de-padding method-2(A, B), No de-padding method).
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Figure 1 Full de-padding method
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Figure 2 Partial de-padding method-1 (A, B, Y1, W1)
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Figure 3 Partial de-padding method-2 (A, B)
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Figure 4 No de-padding method
Figure 5 shows an example of trellis diagram based on CTC tail-biting. This example assumes 4 information bits and 4 padding bits inserted to the front of information sequence. The parity bits related to padding bits are unknown because of tail-biting. Therefore full de-padding method and partial de-padding method-1 may be degraded by de-padding parity bits related to padding bits compared to partial de-padding method-2 and no de-padding method. The performance comparison among four de-padding methods is indicated in the next section. 
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Figure 5 example of trellis diagram based on CTC tail-biting 
3. Simulation results
Table 1 provides a list of simulation parameters. Figure 6 shows coded bits and the puncturing condition of each de-padding method. All de-padding methods read out 3840 bits from circular buffer, these selection bits are different according to each de-padding method.

Table 1 Simulation parameters

	Parameter
	Value

	Number of information bits for packet
	1920 [bit]

	Number of padding bit
	64 [bit]

	coding rate (# of transmission bits)
	R=1/2 (3840bit)

	modulation
	QPSK

	Channel model
	AWGN
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Figure 6 puncturing condition of each de-padding method

Figure 7 shows the block error rate (BLER) vs. SNR performance comparison among four de-padding methods. The performance of full de-padding method and partial de-padding method-1 are almost same and better than partial de-padding method-2 and no de-padding method. We found that removing parity bits related to padding bits doesn’t affect error rate performance from this simulation result. Considering the complexity of de-padding parity bits(Y2, W2), the partial de-padding method-1 is simpler than full de-padding method. Therefore we propose that the partial de-padding method-1 are applied to rate-matching block for 16m CTC.
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Figure 7 Block error rate vs. Eb/N0 performance comparison among four de-padding methods
4. Conclusion

In this contribution padding insertion and de-padding method for rate-matching block are presented. We confirmed that the partial de-padding method-1 is the best compared to other methods in terms of error rate performance and processing complexity. 

---------------------------- Begin Proposed Text -------------------------------------------------------------------------- 
15.x. Channel coding and HARQ

  15.x.1 Channel coding

Channel coding procedures for downlink and uplink data channel are shown in Figure 15.x.1-1.
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Figure 15.x.1-1 Channel coding procedure
15.x.1.1 Padding insertion

If the input PHY burst size to CTC encoder doesn't fit multiple FEC blocks, padding bits shall be added at the end of the input PHY burst.

15.x.1.2 Burst CRC encoding

15.x.1.3 Randomization

15.x.1.4 Burst partition

15.x.1.5 FEC block CRC encoding

15.x.1.6 FEC encoding

15.x.1.6.1 Convolutional turbo codes (CTCs)
15.x.1.6.1.1 CTC encoder

15.x.1.6.1.2 CTC interleaver

15.x.1.6.1.3 Determination of CTC circulation sates

15.x.1.6.1.4 Bit separation

15.x.1.6.1.5 Subblock interleaving

15.x.1.6.1.6 Bit grouping

15.x.1.6.1.7 Resource segmentation

15.x.1.6.1.8 Bet selection and repetition

If the FEC block includes some padding bits, the padding bits (A, B) and related parity bits (Y1, W1) are skipped from circular buffer in selection of coded bits.
---------------------------End of Text Proposal ---------------------------------------------------------------------------
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