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1 	Introduction
In RAN1 ##90 meeting, the following agreement was made on rate matching [1]. 
Agreements: 
· Confirm the Working Assumption that the punctured systematic bits are not entered into the circular buffer
· Filler bits are entered into the circular buffer.
· The starting position of each RV is an integer multiple of Z.
· The starting positions of RVs for limited buffer should be approximately scaled from the full buffer positions, while remaining integer multiples of Z.

Next steps:
· Investigate until NR AH#3 whether non-uniform fixed starting positions for the RVs within the circular buffer can be found giving improved performance
· FFS until NR AH#3 whether a single reordering function (e.g. as shown in Fig 5 in R1-1713462) should be supported for RVs greater than zero before the bit collection step, considering both performance and complexity. 
· FFS: RV order for special cases where RV index is not explicitly signalled.

In this contribution, we share our views on non-uniform fixed RVs within the circular buffer.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK13][bookmark: OLE_LINK14]2 	Fixed locations for RVs
The sequential transmission with LDPC has been discussed in Ran1 NR AH#2 when discussing the number of RVs.  However, it is understood that there can be ambiguous situations at the receiver on the starting position of the retransmission if the sequential transmission is used. 

It is agreed that the RVs are at fixed locations in the circular buffer. When designing these fixed locations of RVs, it is important to see the performance and decoding complexity for all code rates that may appear in the MCS table.  As sequential transmission provides good performance gain and lower decoding complexity, it is preferred if the fixed location of RVs can produce a similar effect as the sequential transmission.

When considering sequential transmissions, RV1 can be derived per code rate for BG #1 as in Table 1. For BG1, retransmission of code rate 1/3 generally supported with the repetition, which means RV0 will always be used, thus, not included in the Table. For BG2, similarly, rate 1/5 is not included in the Table.

Table 1. Stating position of the retransmission with sequential transmission. (a) with BG1 (b) with BG2

(a) 
	Code rate
	Starting position of 1st retransmission

	r89
	24.75*z

	r56
	26.4*z

	r34
	29.33*z

	r23
	33*z

	r12
	44*z

	r25
	55*z



(b) 
	Code rate
	Starting position of 1st retransmission

	r23
	15*z

	r12
	20*z

	r25
	25*z

	r13
	30*z




The second transmission (1st retransmission) has the higher significance when determining the system performance, while repetition with 100% or a significant percentage of encoded bits is utilized for later retransmission. Thus, we suggest RV positions such a way that they provide a similar effect as the sequential transmission for the second transmission. In particular, we propose the following, 
· BG1: 30*z, 33*z and 44*z in circular buffer
· BG2: 15*z, 20*z and 25*z in circular buffer

Table 2 shows the RV selection with good performance for the second transmission with different code rate, by selecting the RV closer to sequential transmission and less repetition. Moreover, Figure 1 illustrates the performance variation compared to the uniform-spaced RV positions.

Table 2: RV selection for the second transmission. (a) BG #1 (b) BG #2

(a)
	Code rate
	Uniform spaced RVs
	Proposed RVs

	R89
	RV2 (33*z)
	RV1 (30*z)

	R56
	RV2 (33*z)
	RV1 (30*z)

	R34
	RV2 (33*z)
	RV1 (30*z)

	R23
	RV2 (33*z)
	RV2 (33*z)

	R12
	RV3 (50*z)
	RV3 (44*z)

	R25
	RV3 (50*z)
	RV3 (44*z)



(b)
	Code rate
	Uniform spaced RVs
	Proposed RVs

	R23
	RV2 (25*z)
	RV1 (15*z)

	R12
	RV2 (25*z)
	RV2 (20*z)

	R25
	RV2 (25*z)
	RV3 (25*z)

	R13
	RV2 (25*z)
	RV3 (25*z)
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Figure 1: performance comparison of uniformly spaced RVs vs proposed RVs for 2nd transmission. (a) BG1, K=3008. (b) BG1, K=4032. (c) BG2, K=1024. (d) BG2, K=2112

From Figure 1, we can see that 
· For BG1, the proposed RVs provide better performance at rate 1/2, 5/6 and 8/9, while same or similar performance for other code rates. Especially, at rate 1/2, the proposed RV can provide a gain as about 0.15dB over uniformly spaced RV.
· For BG2, the proposed RVs provide better performance at rate 2/3, while same or similar performance for other code rates. Especially, at rate 2/3, the proposed RV can provide a gain larger than 0.2dB over uniformly spaced RV.

Based on the RV selection in Table 1, the proposed RVs can also reduce the decoding complexity at higher code rate. For code rates 8/9, 5/6, and 3/4 of BG1, the decoding can be based on a smaller PCM for the proposed RVs, while for code rate lower than 3/4, PCM for rate 1/3 would always be used in decoding for both uniformly-spaced RVs and proposed RVs after retransmission with IR HARQ. A similar observation can be seen for BG2. So, the proposed RVs can reduce the complexity of decoding, with less decoding latency and power consumption.
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Observation 1: The proposed RVs can provide better performance and reduce the complexity of decoding.

Based on the above study, the following is proposed:

Proposal 1: For NR LDPC Base graph #1, 30*z, 33*z and 44*z can be considered as RV1, RV2 and RV3, respectively. For NR LDPC Base graph #2, 15*z, 20*z and 25*z can be considered as RV1, RV2 and RV3, respectively.


3 	Conclusions
In this contribution, we discuss the definition for fixed RVs and we have following observation and proposals, 
Observation 1: The proposed RVs can provide better performance and reduce the complexity of decoding.

Proposal 1: For NR LDPC Base graph #1, 30*z, 33*z and 44*z can be considered as RV1, RV2 and RV3, respectively. For NR LDPC Base graph #2, 15*z, 20*z and 25*z can be considered as RV1, RV2 and RV3, respectively.
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