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Introduction
In the RAN1 NR Adhoc #3 meeting, the following agreement on the rate matching for LDPC codes has been achieved [1]. 
	Agreement: (as a good compromise considering self-decodability, performance and complexity)
· When LBRM is not applied, fix RVs {0,1,2,3} at {0,17,33,56} x Z for BG1 and {0,13,25,43} x Z for BG2

Default RV order for any special cases where RV index is not explicitly signalled but there is no ambiguity about which instance of a transmission occurred:
· Evaluate at least {0,2,3,1} and {0,3,2,1} until RAN1#90bis. 
· Take final decision at RAN1#90bis. 




Also, there is a conclusion for the use of reversal mapping for retransmissions which should be considered for designing RV orders. 

	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 evaluate the HARQ performance of the NR LDPC codes with pre-defined RV orders, which means non-adaptive retransmissions for special cases where specific RV index is not explicitly signalled. 

Performance Evaluation for Retransmissions of NR LDPC
From the agreement in the RAN1 January Ad Hoc meeting, a portion of bits in the circular buffer is retransmitted so that the combined packet can be decoded in the receiver side when HARQ retransmission is requested. In the circular buffer based rate matching, redundancy version (RV) represents the starting position of the bits to be retransmitted in the circular buffer. Fig. 1 shows the virtual circular buffer employing 4 RV values {0, 1, 2, 3} which are fixed as {0,17,33,56} x Z for BG1.  
[image: ]
Fig. 1	Circular buffer for NR LDPC code (BG1) 

1.1 Retransmission with Reverse Mapping     
The use of reversal mapping is limited only to the case of retransmissions with RV0 in order to avoid ambiguity based on the conclusion in the RAN1 NR Adhoc #3 meeting. Table 1 shows the detailed parameters for the performance evaluation. In all cases, the number of retransmission bits is equal to that of the first transmission.
Table 1. Evaluation setting for retransmission with reverse mapping
	LDPC codes
	BG1, BG2 [2] 

	Number of information bits 
	2000 for BG1, 1000 for BG2

	Modulation 
	4-QAM, 16-QAM, 64-QAM, 256-QAM

	Code rate
	from 0.1 to 0.9 for BG1, from 0.1 to 0.7 for BG2

	Bit-interleaver for RV0
	natural order for the first transmission, reverse order for retransmissions

	Bit-interleaver for RV1/RV2/RV3
	natural order

	Channel
	AWGN 



1.  RV order for BG1 
In order to find a proper RV order of BG1, the performances of BG1 with different RV orders are evaluated. Since the first transmission is with RV0, in case of the second transmission, possible RV orders are given as [0, 0R], [0, 1], [0, 2], and [0, 3], where 0R represents RV0 transmission using reverse mapping. Performances of RV orders are compared based on their required SNR for achieving BLER = 0.01 with a specific modulation order. For brevity, we use the average of required SNRs, which represents the average of required SNRs with 4-QAM, 16-QAM, 64-QAM, and 256-QAM. Fig. 2 represents the performance of the second transmission with possible RV orders. In Fig. 2, we observe that RV order [0,2] is the best for the second transmission. 
 [image: ]
Fig. 2	Average of required SNRs of BG1 (second transmission)

Given a RV order [0,2] for second transmission, we compare the performance of RV orders for the third transmission. In Fig. 3, we observe that RV order [0,2,0R] gives the best performance. In a similar way, we evaluate the performance of RV orders for the fourth and fifth transmissions in Fig. 4 and Fig. 5, respectively. As a result, we observe that RV order [0,2,0R,3,1] is the best for BG1. 
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Fig. 3	Average of required SNRs of BG1 (third transmission)
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Fig. 4	Average of required SNRs of BG1 (fourth transmission)

[image: ]
Fig. 5	Average of required SNRs of BG1 (fifth transmission)

Observation 1: RV order [0,2,0,3,1] gives the best performance for BG1 when reverse mapping is permitted for retransmissions with RV0. 

1.  RV order for BG2 

In a similar way of Section 2.1.1, we compare the performance of RV orders at each retransmission. From Fig. 6 to Fig. 9, we observe that RV orders [0,2], [0,2,0R], [0,2,0R,3], and [0,2,0R,3,1] are the best for second, third, fourth, and fifth transmission, respectively. When reverse mapping is permitted in retransmission, the best RV order for BG2 is the same as that for BG1. 
  
[image: ]
Fig. 6	Average of required SNRs of BG2 (second transmission)
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Fig. 7	Average of required SNRs of BG2 (third transmission)
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Fig. 8	Average of required SNRs of BG2 (fourth transmission)
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Fig. 9	Average of required SNRs of BG2 (fifth transmission)

Observation 2: RV order [0,2,0,3,1] gives the best performance for BG2 when reverse mapping is permitted for retransmissions with RV0.

1.2 Retransmission without Reverse Mapping    
In case of not using reverse mapping for retransmissions, all transmissions use the same bit-interleaver of natural order. Table 2 shows the detailed parameters for the performance evaluation. In all cases, the number retransmission bits are equal to that of the first transmission.
Table 2. Evaluation setting for retransmission with reverse mapping
	LDPC codes
	BG1, BG2 [2] 

	Number of information bits 
	2000 for BG1, 1000 for BG2

	Modulation 
	4-QAM, 16-QAM, 64-QAM, 256-QAM

	Code rate
	from 0.1 to 0.9 for BG1, from 0.1 to 0.7 for BG2

	Bit-interleaver
	natural order for all transmissions

	Channel
	AWGN 



2.  RV order for BG1 

In a similar way of Section 2.1.1, we compare the performance of RV orders at each retransmission. From Fig. 10 to Fig. 12, we observe that RV orders [0,2], [0,2,1], and [0,2,1,3] are the best for second, third, and fourth transmission, respectively. 

[image: ]
Fig. 10	Average of required SNRs of BG1 (second transmission)


[image: ]
Fig. 11	Average of required SNRs of BG1 (third transmission)
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Fig. 12	Average of required SNRs of BG1 (fourth transmission)

Observation 3: RV order [0,2,1,3] gives the best performance for BG1 when reverse mapping is not permitted for retransmissions.

2.  RV order for BG2 

In a similar way of Section 2.1.1, we compare the performance of RV orders at each retransmission. From Fig. 13 to Fig. 15, we observe that RV orders [0,2], [0,2,3], and [0,2,3,1] are the best for second, third, and fourth transmission, respectively. 
[image: ]
Fig. 13	Average of required SNRs of BG2 (second transmission)
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Fig. 14	Average of required SNRs of BG2 (third transmission)
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Fig. 15	Average of required SNRs of BG2 (fourth transmission)

Observation 4: RV order [0,2,3,1] gives best performance for BG2 when reverse mapping is not permitted for retransmissions.
[bookmark: _GoBack]Conclusion
In this contribution, we evaluate the HARQ performance of the NR LDPC codes for special cases where specific RV index is not explicitly signaled. We have the following observations.
Observation 1: RV order [0,2,0,3,1] gives the best performance for BG1 when reverse mapping is permitted for retransmissions with RV0. 
Observation 2: RV order [0,2,0,3,1] gives the best performance for BG2 when reverse mapping is permitted for retransmissions with RV0. 
Observation 3: RV order [0,2,1,3] gives the best performance for BG1 when reverse mapping is not permitted for retransmissions.
Observation 4: RV order [0,2,3,1] gives the best performance for BG2 when reverse mapping is not permitted for retransmissions.
According to the performance evaluations, we have the following proposals.
Proposal 1: When reverse mapping is permitted for retransmissions with RV0, RV order [0,2,0,3,1] should be chosen for BG1 and BG2.  
Proposal 2: When reverse mapping is not permitted for retransmissions, RV order [0,2,1,3] and [0,2,3,1] should be chosen for BG1 and BG2, respectively. 
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