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1. Introduction
In RAN1 AH #3, some observations and agreement were made with respect to the rate-matching, as attached in the Annex. In this contribution, we discuss RV order for special cases where RV index is not explicitly signaled:
· RV ordering for BG1, and self-decodability of RVs
· RV ordering for BG2, and self-decodability of RVs

2. RV ordering for BG1
Figure 1 compares performance of 4 RV sequences: [0231], [0213], [0123], and [0321], for different rates. Simulations are based on QPSK, 25 iterations of LBP to allow full convergence in the decoder.
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Fig 1. Throughput vs SNR (dB) for different RV orders, up to 4 transmissions, for QPSK, BG1.

Based on these evaluations, the RV orders [0231] and [0213] show performance gains up to ~1.8dB in the 2nd transmission SNR regime for BG1, and is more preferable. 

Self-decodability of RV3 with BG1 
Figure 2 shows the throughput and BLER versus SNR for BG1, RV3. Based on these results, RV3 is self-decodable for the simulated rates less than 0.935 for BG1, and starting from that rate, it is not self-decodable anymore. See [1] for more results regarding self-decodability of different RVs for BG1. 
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Fig 2. Throughput vs SNR (dB) and BLER vs SNR (dB) for RV3, 1 transmissions, for QPSK, BG1.
Observation 1: Based on the evaluated block size, for BG1,
· RV0 is self-decodable for at least rates 0.95 and lower.
· RV3 is self-decodable for rates lower than 0.935 and at least not self-decodable for rates 0.935 and higher.
· RV2 is self-decodable for rates lower than 0.5 and at least not self-decodable for rates 0.667 and higher.

Observation 2: For BG1, HARQ evaluations indicate RV sequences [0231] and [0213] outperform RV sequences [0321] and [0123]. 
3. RV ordering for BG2
Figures 3 shows results for different RV sequences with BG2. RV sequences [0231] and [0213] show up to ~1dB performance gain for medium rates in the 2nd transmission regime, compared to other two sequences, for BG2 as well. For simplicity, RV sequence [0231] can be chosen for the special cases where the RV sequence is not explicitly signaled. 
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Fig 3. Throughput vs SNR (dB) for different RV orders, up to 4 transmissions, for QPSK, BG2.
Self-decodability of RV2 and RV3 with BG2 
Figure 4 and 5 show BLER results for RV0, RV2 and RV3 for BG2. Based on these results, RV0 is self-decodable at least for all rates<=0.935 for BG2. RV3 is self-decodable, for rates <=0.7, and not self-decodable at least for rates >=0.75. RV2 is also self-decodable, for rates <=1/3 and at least not self-decodable for rates>=0.5. 
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Fig 4. BLER vs SNR (dB) for RV2 and RV3, 1 transmissions, for QPSK, BG2.
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Fig 5. BLER vs SNR (dB) for RV0 with higher rates, 1 transmissions, for QPSK, BG2.

Observation 3: For BG2, HARQ evaluations indicate RV sequences [0231] and [0213] outperform RV sequences [0321] and [0123]. 
Observation 4: Based on the evaluated block size, for BG2, 
· RV0 is self-decodable for at least rates <= 0.935. 
· RV3 is self-decodable for at least rates <= 0.7.
· RV2 is self-decodable for at least rates<=1/3.

Proposal 1: Adopt RV order [0231] for BG1 and BG2 for any special cases where RV index is not explicitly signaled and RV sequence is not explicitly indicated.
4. Related aspects of RV indication 
In certain cases (e.g. UL grant free transmission), the RV sequence for packet transmissions and retransmissions may need to be predefined or configured by the higher layers. In particular, in RAN1 #90, it was agreed that the RV determination for K repetitions including the initial transmission is FFS and possible options include being fixed to a single value or an RV pattern, or being RRC configured to a single value or an RV pattern. For cases such as UL grant-free where higher layers indicated all parameters (e.g. MCS, RA, etc), the RV sequence could also be explicitly indicated by higher layers (with default RV sequence order of 0 2 3 1). 
Benefits of using RV0 for 1st transmission
Generally, RV0 is still the best choice for the first transmission (though at lower rates, all RVs may have similar performance)– so RV0 can be used (or fixed) for transmitting data such as paging, system information transmission, that are either used for 1-shot transmission or generally coded down to lower code rates. For SI transmission requiring soft-combining an implicit RV cycling could be applied. In such cases, implicit RV indicator (or RV sequence indicator) allows for reduced DCI overhead and improved PDCCH performance – this can be helpful for e.g. messages transmitted in common search space. If an explicit RV indicator (RV sequence indicator) is present in the DCI, then the gNB scheduler can indicate the RV in corresponding DCI. 
Proposal 2: If a single fixed value for RV is needed for any special cases where RV index is not explicitly signaled, adopt RV 0 for BG1 and BG2.
As discussed in the previous sections, HARQ retransmission performance when using the RV sequence [0231], shows up to ~1.8dB (depending on the code-rate) gain compared to RV sequence [0321], for BG1, and up to ~1dB gain for BG2. Also, as discussed in previous sections, RV3 attains self-decodability for a wider range of code-rates (relative to RV2). Consequently, there may still be cases where RV sequence [0321] achieves better performance and we think such RV sequence could be handled via higher layer signaling. 
5. Summary
This document presented our views on RV order for special cases where RV index is not explicitly signaled, and also self-decodability of different RVs with BG1 and BG2.
Observation 1: Based on the evaluated block size, for BG1,
· RV0 is self-decodable for at least rates 0.95 and lower.
· RV3 is self-decodable for rates lower than 0.935 and at least not self-decodable for rates 0.935 and higher.
· RV2 is self-decodable for rates lower than 0.5 and at least not self-decodable for rates 0.667 and higher.

Observation 2: For BG1, HARQ evaluations indicate RV sequences [0231] and [0213] outperform RV sequences [0321] and [0123]. 
Observation 3: For BG2, HARQ evaluations indicate RV sequences [0231] and [0213] outperform RV sequences [0321] and [0123]. 
Observation 4: Based on the evaluated block size, for BG2, 
· RV0 is self-decodable for at least rates <= 0.935. 
· RV3 is self-decodable for at least rates <= 0.7.
· RV2 is self-decodable for at least rates<=1/3.

Proposal 1: Adopt RV order [0231] for BG1 and BG2 for any special cases where RV index is not explicitly signaled and RV sequence is not explicitly indicated.
Proposal 2: If a single fixed value for RV is needed for any special cases where RV index is not explicitly signaled, adopt RV 0 for BG1 and BG2.
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7. Annex
In RAN1 AH #3, the following observations and agreement were made with respect to the rate-matching. 
Observations:
· Some small gains are seen in some cases for non-uniform starting positions
· But many companies propose uniform starting positions as a “safe choice”
· Some advantages have been mentioned for having another self-decodable RV available at all code rates
· Bit reordering proposal has additional complexity associated with it

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. 

FFS for cases where there may be ambiguity, if any such cases exist – discuss offline until RAN1#90bis. 
Note that order of RVs should be discussed in the channel coding session, e.g. if it is decided elsewhere to support RV cycling. 
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