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Summary

Thebit-levd interleaving outperforms the symboal-level interleaving and the decoder complexity can further
decrease. This contribution recommends adopting the bit-leve interleaver for CTC encoder.

Proposed Text

Begin Proposed Text

XXX CTC interleaver

A bit-levd inne-interleaver will be consdered.

End of Text Proposal

1. Introduction

This contribution evaluates the error rate performance and decoder complexity for the bit-leved and symbollevd

interleaver of CTC encoder in IEEE 802.16e The hit-leved interleaver reduces the decoder complexity in memory

storage of the extringc part by 33% comparing to the symbol-leve interleaver. The bit-leve interleaver ouperformsthe
symbol interleaver by at most 0.2dB at frame error rate (FER)=10". Since the decoder architecture is gtill the same, the
backward comptibility is achieved. Therefore the bit-leve interleavier should be included in the IEEE 802.16 m system.
This contribution proposes adopt the text.

2. Double binary turbo code encoder and decoder

Fig. 1 plots the double binary turbo code[1]. The constituent code is the double binary convolutional code and the
input symbol is composed of two bits. Since there are two input bits, the CTC interleaver defined in IEEE DRAFT
P802.16 [1] isthe symbol-levd interleaver which composed of two steps: intra-symbol permutation and inter-symbol
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permutation.

The symbol-levd interleaver maintains the information generated by the symbol-based MAP decoding dgorithm [2]
when the turbo decoder performs interleaving Fig. 2 plots the turbo decoder in which APP decoder 1 and APP
decoder 2 apply the symbol-based MAP decoding agorithm to generate the extrindgc information L, (S;) for the

other APP decoder the a priori information L, (S;). CTC interleaver and de-interleaver perform intra-symbol

permutation and inter-symbol permutation on the generated extringc information. The intra-symbol permutation switches
the alternate odd couples of the input sequences, eg. (0,0)? (0,0), (0,1)? (1,0), (1,0)? (0,1) and (1,1)? (1,1). This
permutation remaps these symbols and the decoder remaps the generated extringc information to the associated couple.
The inter-symbol permutation repermutes these repermuted couples and the decoder reorders the remapped couples.
Since both permutations perform the remapping and reordering of the symbal, there is no information lass coming from

the symbol-based interleaving and the generated information can be permuted to the other APP decoder without
informetion loss.
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Fig. 1: Double binary turbo code.
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Fig. 2: Turbo decoder

3. Bit-level interleaving and the modification on the decoding algorithm

Bit-leve interleaving saves the storage of the extringc information and the apriori information. The CTC interleaver
can be replaced by the bit-levd interleaver which permutes bits instead of symbols or couples. Since the bits are
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permuted, the generated extringc information is dso on the bit-level and each symbol only necesstates two log
oy . P(b, =0 o .
likelihood ratios L, (b,) = log ﬁto represent the extringc informationof a symbol. However the storage of a

symbol associated with the symbol-based interleaver necesstates three  loglikelihood  ratios

L.(S)=log % S =1,2,3. Reference [3] on page 1240, column 2, paragraph 3 and also indicates that 50%
more storage necessitating for the storage of the extringc information and a priori information Therefore the bit-leve
interleaving saves the storage of the extringc information and the a priori information.

Bit-levd interleaving induces information loss when the decoder performs interleaving, but the decoder
performance does not degrade due to the compensation coming from the bit-leve interleaving In order to acquire the
P =0 _,,PE=0+P(S =1
P =) "~ P(S=2+P(S=3

bit-level information, the margindization has to be performed as L (b,) =log

P, =0 _,,PE=0+P(S =2)
Pb =1) P(S =D +P(§ =3
loss especialy when decoding the IEEE 802.16 CTC. However, the bit-leve interleaving makes one symbol can collect
the a priori information from far away parts and the APP decoder can acquire more uncorreated information
corresponding to these two bits. Therefore the bit-levd interleaving can compensate the information loss resulted form
the margindization and the resulting error rate performance even outperforms that of the IEEE 802.16 CTC.

and L, (b)=log . In generd the margindization induces the performance

4. Simulation results

This part evduates the error rate performance for both symbol and bit-leve interleaving. The symbol-levd
interleaving is the same as the CTC interleaving defined in IEEE 802.16 [1]. The bit-leve interleaving applies the inter-
block permutation interleaver with the block interleaver defined in IEEE 802.16 [1]. Our smulaion environment is
AWGN channdl. We compare code rate=1/2 CTC with Log-MAP decoding dgorithm and 8 iterations are performed.
Packet size 960, 1920, 2880, 3840 and 4800 bits are compared.

InFigs. 3-7, Thebit-leve interleaving outperforms the symboklevd interleaving, and the largest performance gain
is 0.25 dB at FER=107. If the CTC with symbol-leve interleaver applying the margindized extrinsic information, the
performance further degrades 0.2-0.5 dB at FER=10"
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Fig. 3: Frame error rate performance with packet size 960 hits.

Packet Size=1920, R=1/2, 8 decoding iterations
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Fig. 4: Frame error rate performance with packet size 1920 hits.

5

|EEE C802.16x-07/293



Packet Size=2880, R=1/2, 8 decoding iterations
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Fig. 5: Frame error rate performance with packet size 2880 hits.

Packet Size=3840, R=1/2, 8 decoding iterations
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Fig. 6: Frame error rate performance with packet size 3840 hits.
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Packet Size=4800, E=1/2, 8 decoding iterations
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Fig. 3: Frame error rate performance with packet size 4800 hits.

5. Conclusions

Thebit-levd interleaving outperforms the symbol-level interleaving and the decoder complexity can further
decrease. Recommended to adopt the hbit-level interleaver for CTC encoder.
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