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Turbo code buffer comparison on interleaver perspective
Zheng Yan-Xiu, Yu-Chuan Fang, Chang-Lan Tsai, Chung-Lien Ho, Ren-Jr Chen, Richard Li
ITRI
1 Introduction
This contribution recommends adopting bit level interleaver for convolutional turbo code (CTC) or binary turbo code for 16m to render better performance with less buffer size. Contribution [1] highlights that 16e CTC requires extra 33% buffer for extrinsic information in turbo decoder comparing with CTC applying bit level interleaver. Recently published paper [2] also shows extra 20% buffer reduction by replacing symbol level interleaver to bit level interleaver. This contribution will provide a formula to calculate necessary buffer and gives relative performance results to prove lower complexity and better performance can be achieved by choosing binary turbo code or applying bit level interleaver for CTC.
2 Buffer size evaluation
This section evaluates the required buffer size for binary turbo code, CTC with bit level interleaver and CTC with symbol level interleaver. We evaluate the worst case memory requirement because the worst case must be supported in the baseband. Assume data length is N and code rate is R. 
Binary turbo code encoder permutes information by bits. Decoder temporarily stores two extrinsic information sequences with length N and each extrinsic information is stored by bit. Therefore decoder stores 2N(extrinsic information)+N/R(received samples) soft bits. If R=1/3 and N=4800 bits which are the lowest code rate, the required memory is 24000 soft bits.

CTC encoder is a non-binary turbo code. If bit level interleaver is applied, the decoder still stores extrinsic information by bit and therefore the associated storage is the same as binary turbo code.
If symbol level interleaver is applied for CTC, the decoder will store extrinsic information in terms of symbol. Since there are four possibilities for each symbol, at least three values have to be stored to represent log-likelihood ratio of each symbol. The fact has been highlight in reference [4]. The required buffer size is 2×N/2×1/R(received samples)+3×N/2×2(extrinsic information)=2*2400*3+3*2400*2=28800 soft bits. The decoder costs at least 20% more memory space comparing to binary turbo code. The comparison is summarized in Table 1.
Table 1: Buffer calculation for N=4800 bits and R=1/3.
	
	Binary turbo code
	CTC with bit level interleaver
	CTC with symbol level interleaver

	Formulae
	2N+N/R
	2N+N/R
	3N+N/R

	Buffer Size
	24000
	24000
	28800

	Extra Memory Percentage to Binary Turbo Code
	0%
	0%
	20%


3 Performance comparison for CTC applying bit level interleaver and 3GPP turbo code
This part evaluates the error rate performance for both symbol- and bit-level interleaving. The symbol-level interleaving is the same as the CTC interleaving defined in IEEE 802.16 [3]. The bit-level interleaving applies the inter-block permutation interleaver [1] with the block interleaver defined in IEEE 802.16 [3]. Our simulation environment is AWGN channel. We design bufferfly network-oriented IBP interleaver [5] for 3GPP turbo code and tail-biting encoding is applied. We compare the performance under code rate=1/2 with Linear Log-MAP decoding algorithm and 8 iterations are performed. Packet size 960, 1920, 2880, 3840 and 4800 bits are compared.

Figs. 1-5 illustrates simulation results, the bit-level interleaving outperforms the symbol-level interleaving about 0.3dB at FER=10-4 except for the case information length=960bits. Turbo code with bufferly network-oriented interleaver also can render about 0.2dB at FER=10-4 except for the case information length=960bits. If CTC with symbol-level interleaver applying the marginalized extrinsic information to reduce the buffer size, the performance further degrades 1.0 dB at FER=10-4.
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Fig. 1: Frame error rate performance with packet size 960 bits.
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Fig. 2: Frame error rate performance with packet size 1920 bits.
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Fig. 3: Frame error rate performance with packet size 2880 bits.
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Fig. 4: Frame error rate performance with packet size 3840 bits.

[image: image5.png]FER

107

107

10

-4

Nep=4800bits, QPSK, R=1/2 (AWGN)
Linear-Log-MAP, 8 decoding iterations

—&—16e CTC, bit level
—e—16e CTC, symbol level
—2—|BPDTC, bit level
——Turbo Code

R R N N\ L NG
0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3
Eb/No (dB)





Fig. 5: Frame error rate performance with packet size 4800 bits.

4 Conclusion

CTC can apply bit level interleaver to improve error rate performance while reduce necessary storage. We also can apply binary turbo code to reduce necessary storage without extra overhead. In 16e, only maximum 60 bytes turbo code is applied and we still can choose bit level interleaver or binary turbo code for 16m to save 4320 soft bits or 34.56K bits. Therefore, we recommend adopting binary turbo code or applying bit level interleaver to CTC to render better error correction capability with less storage. 
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===============================   TEXT Proposal   ===============================

11.13.1.3 FEC encoding

IEEE 802.16m uses the CTC (convolutional turbo code) of code rate 1/3 defined in the IEEE 802.16e standard where the CTC inner interleaver parameters for additional FEC block sizes larger than 60 bytes are FFS while maintaining IEEE 802.16e CTC interleaver. The code rate of the “FEC Encoder” block in Figure 53 is termed mother code rate (RMC). The use of other coding schemes like turbo code, CC and LDPC are FFS. The CTC scheme is extended to support additional FEC block sizes. FEC block sizes larger than the legacy ones are supported. The FEC block sizes are FFS and they are independent of the transmission format, including code rate, modulation order, and resource allocation. Further, the FEC block sizes are regularly increased with pre-determined block size resolutions. The FEC block sizes which are multiple of 7 shall be removed for the tail-biting encoding structure.  The encoder block depicted in Figure 53 includes the sub-block interleavers. The interleaving details




















































































































































































































































































































































  


