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1     Introduction
In RAN1 NR AH#3 meeting, the following agreement was made on interleaving and mapping order for modulation symbols in retransmission [1]. 
Agreement: 
For the per-codeblock bit-interleaver for LDPC: 
· Row-column interleaver with number of rows equal to the modulation order is adopted, with row-wise write and column-wise read. 
· Note that this achieves Systematic Bit Priority Ordering for RV0
· The number of coded bits in a code block is an integer multiple of the modulation order
Working Assumption: 
· The interleaver is located after the whole rate matching functionality including repetition 
· To be confirmed at RAN1#90bis. 
Conclusions: 
FFS until RAN1#90bis, and take decisions then: 
· Whether mapping order of bits to modulation symbols is reversed in retransmissions, subject to defining how to avoid ambiguity, e.g. by using the natural order for the first transmission of RV0, and the reverse order for retransmissions of RV0 (as indicated by NDI)
· Suggested cases when this may be beneficial:
· When Chase combining with RV0 is used?
· With HOM and repetition?
· With HOM and low code rate?
· In fading channels?
· …
In this contribution, we discuss the mapping order of bits to modulation symbols in retransmissions. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK13][bookmark: OLE_LINK14]2     Evaluation on reverse order for retransmission 
For higher-order modulation, the reliability of each bit is different according to its position in the bit labeling. When Gray labeling is used for M-ary QAM, there is  levels of reliability for mapping bits. That means 256/64/16-QAM have 4/3/2 levels of reliability for each I and Q component. For HARQ, one simple scheme is using natural mapping order for initial transmission and retransmission. To achieve diversity gain for multiple transmission, another enhanced scheme is proposed [2-3], in which different mapping order is used for initial transmission and retransmission. In detail, the reverse order is used for retransmission, where the MSBs/LSBs in initial transmission are mapped to LSBs/MSBs in retransmission for each I/Q component, respectively. In this contribution, performance comparison is made for these two schemes based on the simulation assumption listed in Table 1. The performance results are shown in the Fig.1-2. Based on these results, the several observation and proposals are made.



Table 1: Simulation assumptions
	Channel
	AWGN

	Modulation
	64QAM

	Codeword length
	960

	Code rate
	1/3, 2/3

	Decoding algorithm
	Sum product, Max iteration = 50

	Interleaver
	Enabled 
(Row-column interleaver with number of rows equal to the modulation order and with row-wise write and column-wise read)

	Mapping order for modulation bits
	Scheme 1: Natural mapping is used for both initial transmission and retransmission
Scheme 2: Natural/reverse mapping is used for initial transmission and retransmission, respectively

	HARQ
	For CC case, RV0 is used for both initial transmission and retransmission; For IR case, RV0 and RV3 is used for initial transmission and retransmission, respectively. The location of RV0 and RV3 is 0*Z and 43*Z, which is based on the agreement in NR #3 meeting.
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Fig.1: BLER performance comparison for different mapping order in the retransmission of CC HARQ 
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Fig.2: BLER performance comparison for different mapping order in the retransmission of IR HARQ
Observation 1: For 64QAM and information size 960, almost 0.7 and 0.8 dB gain are achieved with reverse order used for CC HARQ retransmission in case of rate 2/3 and 1/3, respectively.
Observation 2: For 64QAM and information size 960, almost 1.1 and 1 dB gain are achieved with reverse order used for IR HARQ retransmission in case of rate 2/3 and 1/3, respectively.
Proposal 1: Reverse mapping for modulation symbols should be used for retransmission in NR LDPC codes.
3 	Ambiguity issue for retransmission
Although there is performance benefit by using the retransmissions with the reverse order, there may be ambiguity for determining the mapping order. For example, UE does not know which retransmission now is happening in the case that the first control message(s) is lost. Thus, it is important to have a good solution for resolving this ambiguity issue to guarantee correct behaviour for HARQ with multiple mapping order. As a simple solution, additional dynamic signalling, i.e. 1 additional bit for each codeword, can be used to indicate the mapping order. But, this will increase the control overhead. Some optimized solutions, including implicit/explicit signalling schemes, can be further discussed to achieve a good trade-off between achieving at least good gain from reverse mapping for retransmission in typical scenarios while having lower signalling overhead.
4     Conclusions
Based on above discussion. We make the following observations and proposals:
Observation 1: For 64QAM and information size 960, almost 0.7 and 0.8 dB gain are achieved with reverse order used for CC HARQ retransmission in case of rate 2/3 and 1/3, respectively.
Observation 2: For 64QAM and information size 960, almost 1.1 and 1 dB gain are achieved with reverse order used for IR HARQ retransmission in case of rate 2/3 and 1/3, respectively.
Proposal 1: Reverse mapping for modulation symbols should be used for retransmission in NR LDPC codes.
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