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1 Introduction
In the RAN2 #107bis meeting [1], the following agreements have been made:
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.
In this contribution, we will discuss considerations on HARQ process management for the Tx UE and the Rx UE respectively in order to support HARQ for NR V2X from RAN2 perspective.
2 Discussion

In LTE-V2X [2], for the Tx UE, a sidelink HARQ process is associated with a grant (e.g. both initial and retransmission resources), technically the Tx UE can release the HARQ process (or deem the HARQ process as unused) when the associated grant/resources have been used/transmitted, although it is not captured in LTE specification.
Observation 1: In LTE-V2X, Tx UE will release the HARQ process when the corresponding HARQ process associated grants are used or transmitted, which is not captured in LTE-V2X and seen as implementation for Tx UE.
For NR-V2X, the situation is different since SL HARQ process may be selected by UE itself and HARQ based retransmission is supported for unicast and groupcast. Consequently, once obtaining the HARQ process ID indicated in SCI by a mode-2 Tx UE, the Rx UE would select an available HARQ process for receiving the corresponding TB as well as following SL transmissions for the same TB, thus the HARQ process or the related HARQ process ID selected at Rx side should be regarded as bundled with the HARQ process ID informed by the Tx UE in SCI. 

However, on one hand, the Rx UE cannot know how long the SL transmission for a TB will last, thus it is unable to determine when the bundled HARQ process can be released. To be specific, assuming that the Rx UE fails to decode a certain TB and sends an NACK to the Tx UE, it is likely that the Tx UE does not intend to retransmit that TB due to the incapability of re-reserving SL resource resulting from resource congestion, or reaching the maximum transmission times. On the other hand, even if the target Rx UE remains unchanged, when the Tx UE attends to transmit a new TB, it may assign a different HARQ process ID to be included in SCI later for other new TBs, instead of reusing the same HARQ process ID previously. Consequently, from the Rx UE’s perspective, it cannot recognize whether the Tx UE would retransmit the old TB or not and supposing retransmission will still happen, thus keeps the bundled HARQ process being occupied and remains the associated buffer for the possible transmissions of the old TB. Therefore, this HARQ process has to be locked for an unpredictable time and cannot be used for receiving other TBs probably from other Tx UEs, which may lead to the waste of HARQ process for reception while the total number of HARQ process is limited. 

Observation 2: The Rx UE does not know how long the SL transmission for a TB will last, resulting in the case that the HARQ process for receiving this TB has to be locked for an unpredictable time and cannot be used for receiving other TBs.
To settle the issue, a timer for each HARQ process at Rx side can be introduced to determine whether/how long to keep old data in the HARQ buffer. Before expiry of the timer, the Rx UE receives possible retransmission for a TB and tries to combine it with stored data. Upon the timer expires, the Rx UE holds the view that the Tx UE will not transmit the TB related to the current HARQ process, thus releases the HARQ process and replaces or flushes the corresponding HARQ buffer in order to re-assign it to handle other data. 
In order to achieve the alignment between Tx UE and Rx UEs, timer configuration should be carried in each SCI, and the exact value of duration can depend on the latency requirement for this TB. This is to prevent the occurrence of case where the timer would not start properly owing to the missed detection of SCI containing timer configuration by Rx UE, if the configuration is only included in a certain SCI.

Proposal 1: For NR-V2X unicast/groupcast, a timer is introduced for the Rx UE to release the HARQ process. The duration of timer is indicated by the Tx UE via SCI and starts at the first time received the SCI.
For Rx UE, other events can also be employed to decide whether a HARQ process is allowed to be utilised for receiving a new TB. To elaborate, when the Rx UE is going to send an ACK to the Tx UE, this HARQ process should be released. Besides, if new transmission is received for the same HARQ process ID, i.e. NDI is toggled in SCI, then it is reasonable for the receiver to consider transmissions for the old TB has finished thus releases this HARQ process.
Proposal 2: The Rx UE can flush the buffer of the HARQ process and consider it as available when at least one of following events happens:

· The timer expires;
· A TB is decoded successfully;

· A new transmission SCI is received for this HARQ process;
· The maximum number of (re)transmission is reached.
Since the expiry of timer is regarded as the end of transmission for a TB by the Rx UE, it should be ensured that Tx UE holds the same comprehension and would not retransmit the old TB for the sake of avoiding meaningless transmissions. To achieve the alignment of implementation between Tx UE and Rx UEs about how long the transmission for a TB will last, a similar timer should be also defined for each HARQ process for the Tx UE. When the timer expires, the related HARQ process is released and no more retransmission will take place for the old TB.
Given that the Tx UE may be scheduled by network, i.e. in mode 1, duration for (re-)transmitting a certain TB not only should be known by both Tx UE and Rx UE, it also needs to be aligned between the Tx UE and the network, to enable the network to have the same understanding about when a HARQ process can be considered as available. For instance, within the given period, the TX UE can request mode-1 retransmission SL sources for buffered TB, inform the network of feedback and wait for assignment for retransmission. Once the timer expires, mode-1 Tx UE considers the network will not schedule retransmission grant for the corresponding HARQ process any more, and the corresponding HARQ process is regarded as available. Hence, timer for each HARQ process should be set by the network.
Proposal 3: For NR-V2X unicast/groupcast, a timer is defined for the Tx UE to release the HARQ process. The duration of timer is configured by the network. FFS on the details. 
As for when the Tx UE can consider a HARQ process as available, the timer-based solution mentioned above can function well regardless of cast types and HARQ enable/disable. In addition, other factors can also be taken into consideration. For instance, the Tx UE should release the HARQ process related to a TB when it receives the ACK, or when it does not receive NACK for groupcast, in which case the Tx UE determines that there is no need to transmit the TB of this HARQ process. For mode 2 UE, as per RAN1 agreement, the maximum number of HARQ (re)transmission of a TB can be (pre)configured, once the maximum number of transmission is reached, the Tx UE can release this HARQ process. On the other hand, a HARQ process should also be unlocked and the buffer of it can be flushed or allowed to be replaced if it is scheduled by the network for new transmission.
Proposal 4: The Tx UE can flush the buffer of the HARQ process and consider it as available when at least one of following events happens:

· The timer expires;
· ACK is received, or NACK is not received (for groupcast);

· A new transmission is scheduled by the network using this HARQ process;

· The maximum number of (re)transmission is reached.
3 Conclusion

In this paper, we have discussed some issues about HARQ process management in NR V2X, and have the following observations and proposals:

Observation 1: In LTE-V2X, Tx UE will release the HARQ process when the corresponding HARQ process associated grants are used or transmitted, which is not captured in LTE-V2X and seen as implementation for Tx UE.
Observation 2: The Rx UE does not know how long the SL transmission for a TB will last, resulting in the case that the HARQ process for receiving this TB has to be locked for an unpredictable times and cannot be used for receiving other TBs.
Proposal 1: For NR-V2X unicast/groupcast, a timer is introduced for the Rx UE to release the HARQ process. The duration of timer is indicated by the Tx UE via SCI and starts at the first time received the SCI.
Proposal 2: The Rx UE can flush the buffer of the HARQ process and consider it as available when at least one of following events happens:

· The timer expires;
· A TB is decoded successfully;

· A new transmission SCI is received for this HARQ process;

· The maximum number of (re)transmission is reached.
Proposal 3: For NR-V2X unicast/groupcast, a timer is defined for the Tx UE to release the HARQ process. The duration of timer is configured by the network. FFS on the details.
Proposal 4: The Tx UE can flush the buffer of the HARQ process and consider it as available when at least one of following events happens:

· The timer expires;
· ACK is received, or NACK is not received (for groupcast);

· A new transmission is scheduled by the network using this HARQ process;

· The maximum number of (re)transmission is reached.
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