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Introduction
At the 3GPP TSG RAN1 NR #AH3 meeting, the following agreements and working assumptions about interleaving have been achieved [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, the evaluation results for different mapping order of bits for retransmission are provided. We also confirm that the interleaver should be located after the whole rate matching functionality including repetition with performance results.
Interleaving pattern for retransmission 
According to the agreement [1], the interleaving scheme is achieved by a row-column interleaver with number of rows equal to the modulation order, with row-wise write and column-wise read, as shown in Figure 1. For reverse order of HOM for retransmission, the data is read out with reverse order. 


Figure 1	 BPM and Rev-BPM with Block Interleaver
Three interleaving patterns for retransmission are evaluated as follows:
· BPM  interleaver (BPM, Bit priority mapping) 
For each LDPC code block, codeword bits after rate matching will be sent into BPM interleaver as in Figure 1 for retransmission.
· Bit Reverse BPM interleaver (RevBPM)
For each LDPC code block, codeword bits after rate matching will be sent into Rev-BPM interleaver as shown in Figure 1 for retransmission. The only difference of BPM block interleaver and RevBPM block interleaver is the read-out order. For BPM interleaver the order is from top to bottom, while for RevBPM interleaver the order is from bottom to top.
· None BPM interleaver (NoBPM)
For each LDPC code block, codeword bits after rate matching will not be sent into any interleaver for retransmission. BTW, according to the experience in evaluating BPM block interleaver in the fading channel, block interleaver outperform none interleaver. 
RV ordering
In order to evaluate the retransmission combination performance of RV ordering, QPSK is used to avoid the impact of different reliability of different bits. The performance comparison is shown in Figure 2. Note that as shown in our companion contribution [2], a default RV order of {0, 2, 3, 1} achieves the best performance for retransmission when there’s no ambiguity about which instance of a transmission occurred.
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Figure 2	 Performances for 1st retransmission
Observation 1:  The RV order of {0, 2} has the best retransmission combination performance for 1st retransmission.
Performance comparison for the first retransmission
In this section, performance of BPM, RevBPM and NoBPM are compared with different modulation orders and two information block sizes. Table 1 lists the simulation assumption for the comparison, and the simulation results are illustrated by Figure 3 and 4.
Table 1	Simulation assumptions
	Channel
	AWGN

	Modulation
	16QAM, 64QAM

	TBS
	1024, 4096

	Code rate
	1/3, 2/5, 1/2, 2/3, 3/4, 5/6, 8/9

	Decoding algorithm
	Flooding BP, Max iteration =50

	BG determination
	BG1: K>3840 or R>2/3
BG2: else
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Figure 3	 Performances for 1st retransmission (RV0+RV2) for 16QAM
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Figure 4	 Performances for 1st retransmission (RV0+RV2) for 64QAM
It is observed that for RV order {0, 2}, RevBPM interleaver leads to performance degradation for the first retransmission. In particular, significant performance loss of bit reversal in retransmission is observed for low to medium code rates with LDPC BG1. On the other hand, it is observed that BPM interleaver outperforms NoBPM and RevBPM, especially when code rate is lower than 0.75. 
Observation 2: For the RV order {0, 2}, bit reversal in retransmission leads to performance degradation for the first retransmission, and it also increases interleaving complexity.
Chase combining with RV0
It has been suggested that bit reversal in retransmission maybe used for Chase combining with RV0 to provide performance benefits. However, in the case when PDCCH is missed for the initial transmission, reversed bit mapping of the retransmission of RV0 may degrade the performance of RV0. As shown in Figure 5 to Figure 7, up to 0.8 dB performance loss is observed for reversed bit mapping of RV0. Note that the assumption is that PDCCH is missed for the initial transmission of RV0. Hence, the comparison is between natural order bit mapping of RV0 and reversed bit mapping of RV0 for the 1st retransmission.  
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Figure 5	Performance comparison for 256QAM between BPM and RevBPM
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Figure 6	Performance comparison for 64QAM between BPM and RevBPM
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Figure 7	Performance comparison for 16QAM between BPM and RevBPM
Observation 3: Reversed bit mapping degrades the performance of RV0’s self-decodability.
Proposal 1: Bit reversal should not be adopted for retransmission. 
Interleaver located after/before the whole rate matching functionality
In this section, we check the performance when the interleaver is located after or before the whole rate matching functionality. Table 2 lists the simulation assumption for the comparison, and the simulation results are illustrated in Figure 8. In Figure 8, ”Bef-Rep” denotes the interleaver is located after the whole rate matching functionality not including repetition, and ”Aft-Rep” denotes the interleaver is located before the whole rate matching functionality including repetition. Some slight performance loss is observed for ”Bef-Rep”. 
Table 2 Simulation assumptions
	Channel
	AWGN

	Modulation
	QPSK

	TBS
	800, 2400

	Code rate
	1/8

	Decoding algorithm
	flooding BP, Max iteration =50

	BG determination
	BG1: K>3840 or R>2/3
BG2: else


[image: ]
Figure 8	Performance for Low Code Rate between After/Before Repetition 
Observation 4: The interleaver located after the whole rate matching functionality including repetition has slight better performance compared with that of before the whole rate matching functionality. 
Proposal 2: The interleaver is located after the whole rate matching functionality including repetition.
Conclusion
In this contribution, performance of bit reversal in bit-level interleaver is presented. In summary, we have the following proposals and observations:
Observation 1:  The RV order of {0, 2} has the best retransmission combination performance for 1st retransmission.
Observation 2: For the RV order {0, 2}, bit reversal in retransmission leads to performance degradation for the first retransmission, and it also increases interleaving complexity.
Observation 3: Reversed bit mapping degrades the performance of RV0’s self-decodability.
Observation 4: The interleaver located after the whole rate matching functionality including repetition has slight better performance compared with that of before the whole rate matching functionality. 

Proposal 1: Bit reversal should not be adopted for retransmission. 
Proposal 2: The interleaver is located after the whole rate matching functionality including repetition.
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