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Introduction
In the last meeting RAN1 NR#3, the structure for bit-interleaver was agreed as follows [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



In addition, the working group had conclusions about reversal constellation mapping for high order modulation at retransmission. 

	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 effect of the reversal constellation mapping and propose to adopt the reversal mapping at the first retransmission in NR HARQ systems. 

Bit Interleaver with Natural and Reversal Mappings
According to the agreement in the last meeting RAN1 NR#3, the bit interleaver can be considered to consist of a block interleaver and a constellation mapper, as shown in Figure 1. Furthermore, the block interleaver and constellation mapper can be simply depicted as Figures 2 and 3, respectively. 


Figure 1. Structure of bit interleaver
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Figure 2. Block interleaver

[image: ]         [image: ]
(a)                                    (b)  
Figure 3. Example of constellation mappers (256 QAM): (a) Natural Ordered, (b) Reversal Ordered

In Figure 2, the number of rows in the block interleaver is the same to the modulation order m. Here, the modulation order m is 2, 4, 6, 8 for QPSK, 16QAM, 64QAM, 256QAM, respectively. Clearly, the number of columns in each block interleaver is E/m where E is the length of circular buffer output. Furthermore, the block interleaver writes the systematic bits first and the parity bits later. 
In Figure 3, we define two simple constellation mapping rule as follows:
Natural Ordering: (i1, i2, i3, …, im)  (o1, o2, o3, …, om),
Revers Ordering: (i1, i2, i3, …, im)  (om, om-1, …, o1).
It can be checked that if we choose the natural order mapper in Figure 3(a) for the block interleaver in Figure 2, the systematic bit priority ordering is easily achieved. 
In order to analyse the effect of reversal constellation mapping at retransmission, we conduct simulation for the retransmission (i.e., HARQ performance) based on the agreed bit interleaver structure. In the simulation, the natural ordered mapping is adopted for the initial transmission, however, the reversal ordered mapping is applied for the retransmission cases with RV index 0 which can be indicated by New Data Indicator (NDI) and RV index (RVI) fields in control information. Note that the retransmission cases with RV index 0 means that the receiver can carry out the decoding based on chase combining (CC) of the received signals. 
Figures 6, 7 and 8 present the performance gain for retransmission with RV0 with reversal mapping. As shown in Figures 6, 7 and 8, the reversal mapping can provide a few dB gain at the first retransmission with RV0. 

Observation 1: For the retransmission with RV0, the reversal mapping provides a significant SNR gain based on a chase combining. (At the first retransmission, there is up to 7 dB gain for 256QAM)
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Figure 4. Performance of bit reversal mapping (BG1, 16QAM, K=1000, RV order=[0 0 0 0])
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Figure 5. Performance of bit reversal mapping (BG1, 64QAM, K=1000, RV order=[0 0 0 0])
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Figure 6. Performance of bit reversal mapping (BG1, 256QAM, K=1000, RV order=[0 0 0 0])

Chase Combining (CC) and Incremental Redundancy (IR) in NR
[bookmark: _GoBack]Unlike turbo codes, the decoder throughput (T-put) of LDPC decoder can be changed according to the code rates. In fact, the decoder T-put for NR LDPC codes increases as the code rate increases. Furthermore, if an NR system must support a full IR scheme with the peak system T-put (e.g., 20/10 Gbps for DL/UL), the LDPC decoder must also support the decoding T-put corresponding to the peak system T-put at the lowest code rate (e.g., 1/3 for BG1 or 1/5 for BG2). On the other hand, if an NR system adopts a CC scheme to support the peak system T-put, the LDPC decoder is sufficient to support the decoding T-put corresponding to the peak T-put at a fixed code rate (e.g., much higher than 1/3 or 1/5). 
In general, the requirement for the decoder T-put affects directly the size of LDPC decoder. Therefore, if all NR systems do not need to support a full IR scheme with the peak system T-put, then the chase combining should be applied to at least NR systems in a user category where the decoder size or cost is critical. Moreover, in the meeting RAN1#86, the following agreement was made [2]: 

	Agreement:
· Channel coding technique(s) designed for data channels of NR support both Incremental Redundancy (IR) (or similar) and Chase Combining (CC) HARQ




Consequently, NR should consider supporting CC-HARQ, and especially, the peak data rate based on the CC. Furthermore, since the reversal mapping for CC provides a significant coding gain with negligible cost, it should be adopted for NR systems.  

Proposal 1: Adopt the reversal constellation mapping for NR retransmission with RV0. Especially, CC-HARQ should adopt the reversal constellation mapping for at least the first retransmission with RV0. 

Observation and Proposal
In this contribution, we present the following observation and proposal:

Observation 1: For the retransmission with RV0, the reversal mapping provides a significant SNR gain based on a chase combining. (At the first retransmission, there is up to 7 dB gain for 256QAM)

Proposal 1: Adopt the reversal constellation mapping for NR retransmission with RV0. Especially, CC-HARQ should adopt the reversal constellation mapping for at least the first retransmission with RV0
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