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A new bit re-arrangement scheme for channel coding
Xianwei Gong, Bo Sun
ZTE Corporation
Instructions
In IEEE 802.16m SDD, Incremental Redundancy (IR) is a mandatory operation for Hybrid ARQ (HARQ) while Chase-Combing (CC) is a special case of IR HARQ. Bit-Rearrangement (BitRe) which contains a bit-level interleaver and an inverter is supported in 16m. For each transmitted burst, the BitRe-version is selected by the transmission number of this burst. The specific bit-level interleaver and inverter mechanism is FFS.
In known BitRe solutions, for each transmitted burst, the BitRe version is selected by the transmission number as defined in SDD r6 or CoRe-version is selected for each bit in the single HARQ re-transmission [1]. The method in [1] averages out the bit reliability over various transmissions by using different CoRe version in the overlapping QAM symbols. However, if the MAP is missing, the MS can’t know the CoRe-version for each transmitted bit. In IR and adaptive HARQ operation, this problem is critical. For each transmitted bit, the CoRe-version may be indicated, but the overhead is large [2]
This document proposes a new BitRe solution which employs two CoRe-version in each transmission. The first half of the subpacket uses the different CoRe-version with the second half. Since the overlapping section is generally located at the front or the rear part of the transmitted subpacket. This proposed solution can average out unequal bit reliabilities without depending on transmission numbers for IR HARQ.A good balance between complexity and performance can be achieved. 
Proposed scheme
In this scheme, each sub-packet after rate matching has 2 CoRe-versions. For IR HARQ, in each sub-packet, the first half part of the subpacket uses CoRe-version 1(for example, uses the constellation in [3],), and the second half of the subpacket uses CoRe-version 2(for example, swapping the MSB and LSB within each QAM symbol). Figure 1 shows the bit rearrangement within a sing transmission (Here is the example for 16QAM.).
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Figure 1 bit rearrangement within a sing transmission for IR HARQ
Figure 2 interprets the proposed scheme within re-transmissions for IR HARQ. For IR combining, the transmission number is not necessary to inferring the CoRe-version because every transmission uses the same bit reordering method. The miss-detection of one map would not screw up the whole session.
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Figure 2 Transmissions in IR mode for proposed bit re-arrangement scheme
As for Chase combining, the CoRe version should be inverted between 2 continual transmissions. for example, in the odd transmissions, the first half part of the subpacket uses CoRe-version 1, and the second half of the subpacket uses CoRe-version 2; while in the even transmissions, the first half part of the subpacket uses CoRe-version 2, and the second half of the subpacket uses CoRe-version 1. Figure 3 gives an explanation for Chase mode.
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Figure 3 Transmissions in Chase mode for proposed bit re-arrangement scheme

The bit re-arrangement pattern is changed between continual transmissions in Chase mode. It counts on successful reception of MAP information, and the situation might be serious in case of miss-detection for one map. However, this is a common problem for CoRe used in Chase mode. The protection mechanism should be FFS.
The mapping of bits to the constellation points depends on the CoRe-version used for HARQ re-transmission. Figure 4 (a) and Figure 5 (a) give the constellation used for CoRe-version 1, which is the same as in [3]; Figure 4 (b) and Figure 5 (b) give the constellation used for CoRe-version 2, the location of MSB and LSB has been exchanged for each mapping point (QAM symbol).
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(a) Constellation before BitRe            (b) Constellation after BitRe
Figure 4 Constellations before and after BitRe for 16QAM
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(a) Constellation before BitRe
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(b) Constellation after BitRe
Figure 5 Constellations before and after BitRe for 64QAM

Feature

The best performance at the first re-transmission.


Performance improvement at the second/third re-transmission.


Almost no extra complexity in transmitter and receiver.


No extra signaling expense.


No extra testing cost.


Widely available.
Simulation results
This part evaluates the error rate performance for No Bit-Rearrangement scheme, the proposed scheme and the scheme in reference [1]. Fixed HARQ is evaluated here. The simulations assume 
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=384 is considered. The simulation environment is AWGN channel, Max-Log-MAP algorithm with maximum 8 iterations with early stopping. 
[image: image10.png]10

K=384, 64QAM, CR=2/3

107

BLER
3
T

PEbtoobtodbt

No BitRe-NO HARQ

No BitRe-HARQ TxNo=2
No BitRe-HARQ TxNo=3
No BitRe-HARQ TxNo=4
ZTE BitRe-NO HARQ

ZTE BitRe-HARQ TxNo=2
ZTE BitRe-HARQ TxNo=3
ZTE BitRe-HARQ TxNo=4
Ref[1] BitRe-NO HARQ
Ref[1] BitRe-HARQ TxNo=2
Ref[1] BitRe-HARQ TxNo=3
Ref[1] BitRe-HARQ TxNo=4

T

16




[image: image11.png]BLER

K=384, 64QAM, CR=3/4

PEbtoo ottt

No BitRe-NO HARQ
No BitRe-HARQ TxNo=2
No BitRe-HARQ TxNo=3
No BitRe-HARQ TxNo=4
ZTE BitRe-NO HARQ

ZTE BitRe-HARQ TxNo=2
ZTE BitRe-HARQ TxNo=3
ZTE BitRe-HARQ TxNo=4
Ref[1] BitRe-NO HARQ
Ref[1] BitRe-HARQ TxNo=2
Ref[1] BitRe-HARQ TxNo=3

10°

Ref[1] BitRe-HARQ TxNo=4
1 I

SNR

12 14

16

18




[image: image12.png]BLER

10

10

10°

10°

10°

K=384, 64QAM, CR=5/6

PEbtoobtodbt

No BitRe-NO HARQ
No BitRe-HARQ TxNo=2
No BitRe-HARQ TxNo=3
No BitRe-HARQ TxNo=4
ZTE BitRe-NO HARQ

ZTE BitRe-HARQ TxNo=2
ZTE BitRe-HARQ TxNo=3
ZTE BitRe-HARQ TxNo=4
Ref[1] BitRe-NO HARQ
Ref[1] BitRe-HARQ TxNo=2
Ref[1] BitRe-HARQ TxNo=3
Ref[1] BitRe-HARQ TxNo=4

SN

a

2 14 16

18

20




Conclusion
In the scenario of 
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N

=384, code rate= 2/3, 3/4, 5/6 and modulation mode= 64QAM, No Bit-Rearrangement scheme, the proposed scheme and the scheme in reference [1] are compared. Simulation results show that the performance of the proposed scheme is closed to the method in [1] for 1st and 2nd transmissions. Since the first two transmissions is much more important for HARQ performance than the third and forth transmissions, and considering the None extra signaling expense for IR HARQ, we suggest this proposed Bit Rearrangement scheme be considered for 16m HARQ.
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------------------------------------Start text proposal------------------------------------
15.3.x   Channel Encoding and HARQ

15.3.x.x  HARQ
15.3.x.x .x Bit Re-arrangement

Bit Re-arrangement changes the bit mapping in transmission for 16-QAM and 64-QAM. There are two BitRe versions in a single subpacket. 

Assuming:
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In case of IR combining, the bit level interleaver is performed as:
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In case of Chase Combining, the bit level interleaver is performed as:
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