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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]On the last RAN2 meeting, regarding to the HARQ process, the following agreements were reached:
Agreements on SL HARQ: 
1: 	Like Tx UE in LTE-V2X, only one NR sidelink HARQ entity maintained for each sidelink carrier for transmission, and shared by all cast-types.
2:	Like Tx UE in LTE-V2X, the NR sidelink HARQ entity maintains a number of parallel sidelink processes, and shared by all unicast connections, groups and broadcast services. The maximum number of transmitting sidelink processes associated with each NR sidelink HARQ entity is pending on RAN1.
3:	Like Rx UE in LTE-V2X, only one NR sidelink HARQ entity maintained for each sidelink carrier for reception, and shared by all cast-types.
4:	Like Rx UE in LTE-V2X, the NR sidelink HARQ entity maintains a number of parallel sidelink processes, and shared by all unicast connections, groups and broadcast services. FFS for the maximum number of receiving sidelink processes associated with each NR sidelink HARQ entity.
5:	From a SCI, the Rx UE can select the HARQ process to handle the corresponding transmission from unoccupied HARQ process.
6:	For unicast/groupcast communication, each corresponding TB at the Tx UE should be associated with cast-type, Source ID, Destination ID and HARQ process id.
7:	For unicast/groupcast communication, the Tx UE’s MAC is able to receive the sidelink HARQ feedback indication (e.g. ACK or NACK) from SL PHY layer.
8:	For unicast/groupcast, the network shall configure the HARQ enable/disable to Tx-UE:
	- For RRC_CONNECTED UEs: the gNB configure via RRC message.
	- For RRC_Idle/RRC_Inactive UEs: the gNB configure via SIB.
	- For OOC UEs: via pre-configure.
9:	RAN2 to support SL HARQ feedback enable/disable configures in SLRB level:
	- For both mode1&mode2 UEs: SLRB level in RRC message.
	- For Idle/Inactive/OOC UEs: SLRB level in SIB/pre-configuration message.

But there are still some remaining issues which need to be further studied, listed below:
From Rx UE perspective, 
· Issue 1: For unicast/groupcast communication, how to identify each TB ?
· Issue 2: What is the maximum number of HARQ process?
From Tx UE perspective,
· Issue 1: How to handle the HARQ process ID collision issue between mode-1 and mode-2 if Tx UE supports both mode-1 and mode-2 transmission simultaneously.
Discussion
TB identification at Rx UE side for unicast/groupcast 
According to the last meeting discussion, from Tx UE side, it was agreed that each corresponding TB should be associated with cast-type, Source ID, Destination ID and HARQ process id.
For Rx UE side, a UE may receive multiple TBs from different Tx UEs associated with different cast types. For example, UE1 receives a corresponding TB in a unicast link and the HARQ process ID is indicated as 1; and UE1 receives another corresponding TB in a groupcast manner and the HARQ process ID is also indicated as 1. From UE1’s perspective, two different HARQ processes should be used to handle these two different TBs and potential retransmissions. To differentiate these two different HARQ processes, Source IDs and Destination IDs carried by SCI should be associated with each corresponding TB. Moreover, different cast-type may share the same Source and Destination ID pair. SA2 spec doesn’t preclude this case. Thus, cast-type should also be associated with each corresponding TB.
[bookmark: _Ref23792509]Proposal 1: For unicast/groupcast communication, each corresponding TB at the Rx UE should be associated with cast-type, Source ID, Destination ID and HARQ process ID.
[bookmark: _Ref23792514]Proposal 2: Send LS to RAN1 to inform RAN1 that cast-type needs to be carried by SCI, unless RAN1 find other critical issues.

Maximum number of HARQ processes supported by Rx UE
In the last meeting, it was agreed that from Rx UE perspective, only one NR sidelink HARQ entity maintained for each sidelink carrier for reception, and shared by all cast-types. The NR sidelink HARQ entity maintains a number of parallel sidelink processes and shared by all unicast connections, groups and broadcast services. The maximum number of receiving sidelink processes associated with each NR sidelink HARQ entity needs be further studied.
An Rx UE may receive multiple TBs from different Tx UEs associated with different cast-types. Thus, the maximum number of receiving HARQ processes may be larger than the maximum number of transmission HARQ processes, so that the Rx UE can receive maintains a number of parallel receiving HARQ processes. The detail maximum number of receiving HARQ processes also depends on the UE capability. Since the maximum number of transmission HARQ processes depends on RAN1, we suggest sending LS to RAN1 to check what the maximum number of HARQ processes is supported by Rx UE.
[bookmark: _Ref23792518]Proposal 3: Send LS to RAN1 to check what the maximum number of HARQ processes is supported by Rx UE.

When Rx UE receives the SCI, the Rx UE can select the HARQ process to handle the corresponding transmission from unoccupied HARQ process. Since one Rx UE can communicate with more than one Tx UE simultaneously in sidelink, hence it is possible that the receiving HARQ processes are exhausted due to the restriction on the maximum number of HARQ processes. It will result the Rx UE cannot treat the newly received TB(s) which need new HARQ process. For example, according to the UE capability, the maximum number of receiving HARQ processes is 24. The maximum number of transmission HARQ processes is 8. The Rx UE maintains the SL communication links with four different Tx UEs. Each Tx UE uses 8 parallel HARQ processes to transmit corresponding TBs to the Rx UE. When the receiving HARQ processes reached 24, the available HARQ processes will be exhausted, and there will be no available receiving HARQ process if another new TB requiring new HARQ process is received. 
Observation 1: From Rx UE perspective, the receiving HARQ processes can be exhausted due to multiple TBs receiving from different Tx UEs associated with different cast-types.
To handle this receiving HARQ process exhausted issue, there are two alternatives as follows.
· Alt 1: The Rx UE can selectively receive the TBs transmitted from Tx UEs based on the state of receiving HARQ process;
· Alt 2: The Tx UEs can selectively transmit the TBs to the Rx UE based on the state of receiving HARQ process informed by the Rx UE.
For Alt 1, a threshold can be (pre-)configured to the Rx UE. If the number of occupied HARQ processes is above the threshold, the Rx UE selectively receives the TBs transmitted from Tx UEs. For example, the Rx UE can selectively receive the TBs based on the priority which indicated by SCI. Then the unoccupied HARQ processes can be used to receive higher priority traffics and the receiving HARQ process exhausted issue can be alleviated.
For Alt2, a threshold can also be (pre-)configured to the Rx UE. If the number of occupied HARQ processes is above the threshold, the Rx UE can indicate the Tx UEs, so that the Tx UEs can selectively transmit the TBs to the Rx UE. For example, the Tx UE can selectively transmit the TBs to the Rx UE based on the highest priority LCH associated within the TB. Then the Rx UE can use the left unoccupied HARQ processes to receive higher priority traffics and the receiving HARQ process exhausted issue can be alleviated.
[bookmark: _Ref23792521]Proposal 4: Suggest RAN2 to discuss the receiving HARQ process exhausted issue and down-select the two alternatives as following:
· Alt 1: The Rx UE can selectively receive the TBs transmitted from Tx UEs based on the state of receiving HARQ process;
· Alt 2: The Tx UEs can selectively transmit the TBs to the Rx UE based on the state of receiving HARQ process informed by the Rx UE.

HARQ process ID collision for Tx UE using mode-1 and mode-2 simultaneously.
In the RAN2#104 meeting, RAN2 has agreed to support the case that a UE is configured to perform both mode-1 and mode-2 at the same time:
	Agreements

4:	RAN2 will support the case a UE can be configured to perform both mode-1 and mode-2 at the same time assuming RAN1 does not have concern on it. FFS on the scenario which it is applicable.


To simultaneously support both mode-1 and mode-2 is also one of the objectives in the NR V2X WID.
For mode-1, gNB schedules sidelink grant for new transmission or retransmission associated with specific HARQ process IDs. Similar as NR UL, UE can receive the HARQ process ID indicated in DCI for dynamic scheduling, or calculate the HARQ process ID by the defined formula for configured grant. However, for mode-2, HARQ process associated with HARQ process ID is selected by the Tx UE itself.
In NR-V2X, when a UE is configured to perform both mode-1 and mode-2 simultaneously, since the HARQ process ID associated with the mode-1 is allocated by the network and the HARQ process ID associated with the mode-2 is selected by the Tx UE itself and they shares the same HARQ entity and the same HARQ process IDs, there is the possibility that the HARQ process ID selected by gNB for mode-1 collides with the HARQ process ID selected by UE itself for mode-2.
Observation 2: For UE simultaneously supporting both mode-1 and mode-2, there may be a collision between the HARQ process ID associated with the mode-1 and the HARQ process ID associated with the mode-2.
To solve the above issue, there are 3 options as follows.
· Option 1: Fix the avaliable HARQ process IDs associated with each communication mode;
· Option 2: Using communication mode to differentiate each corresponding HARQ process;
· Option 3: Tx UE determines the HARQ process ID carried in the SCI by itself.
For Option 1, different communication modes can use different HARQ process IDs. For example, the HARQ process ID associated with the mode-1 can be from 0 to 3; and the HARQ process ID associated with the mode-2 can be from 4 to 7. Therefore, for option1, there will be no collision issue between the HARQ process ID associated with the mode-1 and the HARQ process ID associated with the mode-2.
For Option 2, each corresponding TB at the Tx UE should be associated with cast-type, Source ID, Destination ID, HARQ process ID and communication mode. For Rx UE side, communication mode should also be associated with each corresponding TB. The Tx UE should inform the communication mode to the Rx UE. Therefore, even if the HARQ process IDs have collision, the Tx UE and Rx UE can also use communication mode to differetiate each corresponding HARQ process.
For Option 3, for a new SL transmission in mode-1, the Tx UE can determine the HARQ process ID carried in the SCI by itself, i.e., the HARQ process ID carried in SCI may be different from that allocated by the network in DCI. Tx UE can select HARQ process ID from unoccupied HARQ process ID, so that the HARQ process ID associated with the mode-1 carried in SCI will not be in conflict with the HARQ process ID associated with the mode-2. Rx UE can differentiate each corresponding HARQ process. For this option, Tx UE needs to store the corresponding relation between the HARQ process ID allocated by the network carried in DCI and HARQ process ID selected by itself carried in SCI.
[bookmark: _Ref23792525]Proposal 5: Suggest RAN2 to discuss the HARQ process ID collision issue and down-select the three options as following:
· Option 1: Specified the HARQ process ID of each communication mode;
· Option 2: Using communication mode to differetiate each corresponding HARQ process;
· Option 3: Tx UE determines the HARQ process ID carried in the SCI by itself.

Conclusion
According to the above discussion, the proposals for remaining issues on SL HARQ are as follows:
Proposal 1: For unicast/groupcast communication, each corresponding TB at the Rx UE should be associated with cast-type, Source ID, Destination ID and HARQ process ID.
Proposal 2: Send LS to RAN1 to inform RAN1 that cast-type needs to be carried by SCI, unless RAN1 find other critical issues.
Proposal 3: Send LS to RAN1 to check what the maximum number of HARQ processes is supported by Rx UE.
Proposal 4: Suggest RAN2 to discuss the receiving HARQ process exhausted issue and down-select the two alternatives as following:
· [bookmark: _GoBack]Alt 1: The Rx UE can selectively receive the TBs transmitted from Tx UEs based on the state of receiving HARQ process;
· Alt 2: The Tx UEs can selectively transmit the TBs to the Rx UE based on the state of receiving HARQ process reported by the Rx UE.
Proposal 5: Suggest RAN2 to discuss the HARQ process ID collision issue and down-select the three options as following:
· Option 1: Specified the HARQ process ID of each communication mode;
· Option 2: Using communication mode to differetiate each corresponding HARQ process;
· Option 3: Tx UE determines the HARQ process ID carried in the SCI by itself.
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