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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]NR V2X WID was approved and HARQ procedure should be studied in both RAN1 and RAN2.
	· Sidelink physical layer procedures as per the study outcome
· HARQ procedures [RAN1, RAN2]



RAN1 reached some conclusion about HARQ procedure in RAN1#96.
	Agreements:
· In mode 1 for unicast and groupcast, it is supported for the transmitter UE via Uu link to report an indication to gNB to indicate the need for retransmission of a TB transmitted by the transmitter UE. 
· FFS the format of the indication, e.g., in the form of HARQ ACK/NACK, or in the form of SR/BSR, etc.
· RAN1 continues discussion on whether to support report from the receiver UE 
· No inter-BS communication will be considered.
To discuss aspects related to 1st sub-bullet & 2nd bullet during this week -revisit later

Agreements:
· Sidelink HARQ ACK/NACK report from UE to gNB is not supported in Rel-16.

Agreements:
· Blind retransmissions of a TB are supported for SL by NR-V2X
· Details are for the WI phase



Based on above conclusions, there are two types of HARQ retransmission mechanism in WI stage: 1) gNB scheduling HARQ retransmissions in SL according to HARQ retransmission indication via R/BSR; 2) HARQ retransmission in pre-allocated resources in SL. This contribution will discuss HARQ retransmission and the impacts on RAN2.
Discussion
In V2X, both scheduled retransmission and blind retransmission are supported. In SR/BSR based mechanism, gNB should allocate SL resource for HARQ retransmission of a TB when received a HARQ retransmission indication. It is a typical scheduled retransmission. Pre-allocated retransmission resource mechanism can be blind retransmission or scheduled transmission depends on how the retransmission resources are allocated.
This section discusses how to perform HARQ retransmission in each mechanism.
1) SR/BSR based SL HARQ retransmission
To get the retransmission resource allocation from gNB, UE should inform some information in the SL HARQ retransmission indication. The possible information include: 1) destination ID, 2) SL HARQ process ID (if multiple HARQ processes is supported), and 3) TB size (if multiple TBs belong to the same destination ID are transmitted).
Depends on the size of SL HARQ retransmission indication, SR based or BSR based solution could be considered.
- Solution 1: SR based SL HARQ retransmission
In NR V2X TR, RAN2 agreed “Multiple SR resources and configurations for different SL logical channels” [1]. For SL HARQ retransmission, additional usage of SR resource should be considered.
The gNB needs to allocate same resource amount for HARQ retransmission as initial transmission to accommodate the same TB. Hence the gNB should get enough information such as destination ID, HARQ process ID (if supported) to identify parallel TBs sent by the Tx-UE. If the allowed maximum number of parallel TBs transmitted from the Tx-UE is small and there are enough SR resources in Uu link, it is possible for UE to use SR as SL HARQ retransmission indication directly.
The procedure of SR based SL HARQ retransmission is shown in Figure-1. Because Tx-UE can get HARQ retransmission resource quickly, this solution should be preferred if it is feasible.


[bookmark: _Ref4168384]Figure-1: The procedure of SR based SL HARQ retransmission

[bookmark: _Toc4176402][bookmark: _Toc4176490][bookmark: _Ref4571516]Proposal 1: Send an LS to ask RAN1 if it is feasible to use SR(s) as HARQ retransmission indication which can identify parallel TBs sent by a Tx-UE. If yes, SR based SL HARQ retransmission is preferred.

- Solution 2: BSR based SL HARQ retransmission
If the PUCCH resources in Uu is not enough to accommodate the maximum number of SRs for HARQ retransmission indication, BSR based solution should be used. The procedure of BSR based SL HARQ retransmission is shown in Figure-2.


[bookmark: _Ref4168853]Figure-2: The procedure of BSR based SL HARQ retransmission

An example of BSR MAC CE is shown in Figure 3. UE can report multiple retransmission indications for multiple TBs in one BSR MAC CE. Because the data amount is associated to an assembled TB, the size of buffer size filed should not be very large. We can reuse 5 bit buffer size field in NR Uu and 5-bit BSR table is enough to indicate TB size. In this case, extra information such as destination ID is not needed because gNB can allocate accurate resource amount for retransmission of each TB(s) based on BSR from UE and Tx-UE can use it without ambiguity.
In the BSR based solution, SR should be triggered by the SL HARQ retransmission indication BSR. And the BSR MAC CE can be multiplexed with other UL transmission. The size of SL HARQ retransmission indication BSR is variable.




[bookmark: _Ref4570637]Figure 3: An example of BSR MAC CE as HARQ retransmission indication
- Retx TB num: 3bit, the number of TBs which need SL resource for HARQ retransmission;
- Buffer Size: 5bit, 5bit BSR table in NR Uu can be reused. The number of Buffer Size fields equals to Retx TB num;
- R: Reserved bit.

[bookmark: _Toc4176403][bookmark: _Toc4176491][bookmark: _Ref4571521]Proposal 2: If BSR based solution is adopted, the design of SL HARQ retransmission indication BSR include:
· The BSR MAC CE can include retransmission indications for multiple TBs;
· It should trigger an SR;
· The BSR MAC CE can be multiplexed in UL transmission and a separate LCID should be used to indicate the SL retransmission indication BSR MAC CE.

2) Retransmission in pre-allocated SL resource
The pre-allocated SL resource could be acquired by two ways: gNB pre-allocated and using Mode 2 resources.
· GNB pre-allocated: in this solution, gNB should allocate SL resources for HARQ retransmission when the initial transmission resource is allocated (via either dynamic grant or configured grant). This solution can get high reliability and low latency because dedicated resources should be allocated for HARQ retransmissions but has the cost of resource inefficiency. This solution is a kind of blind retransmission. Of course, some optimization of resource efficiency can be considered.
· Using Mode 2 resources for HARQ retransmission: in this solution, gNB only allocates initial transmission resource to UE. UE should apply Mode 2 procedure for HARQ retransmission. In this solution, UE must support both Mode 1 and Mode 2 transmission. Because of the collision probability and the LBT procedure, it is possible to impact the reliability and latency of data transmission. The advantages of this solution are 1) improving the SL resource efficiency, and 2) decreasing Uu overhead.
The 2 solutions need to be discussed considering the ongoing details in RAN1 and RAN2. It is too early to down-select one.
[bookmark: _Toc4176404][bookmark: _Toc4176492][bookmark: _Ref4571524]Proposal 3: RAN2 discuss below two solutions for SL HARQ retransmission:
· GNB pre-allocates SL retransmission resources;
· UE uses Mode 2 resource for HARQ retransmission.
Conclusion
This contribution discusses the HARQ retransmission in Mode 1 and provides below proposals.
Proposal 1: Send an LS to ask RAN1 if it is feasible to use SR(s) as HARQ retransmission indication which can identify parallel TBs sent by a Tx-UE. If yes, SR based SL HARQ retransmission is preferred.
Proposal 2: If BSR based solution is adopted, the design of SL HARQ retransmission indication BSR include:
· The BSR MAC CE can include retransmission indications for multiple TBs;
· It should trigger an SR;
· The BSR MAC CE can be multiplexed in UL transmission and a separate LCID should be used to indicate the SL retransmission indication BSR MAC CE.

Proposal 3: RAN2 discuss below two solutions for SL HARQ retransmission:
· GNB pre-allocates SL retransmission resources;
· UE uses Mode 2 resource for HARQ retransmission.
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