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[bookmark: _Ref466049030]Introduction
[bookmark: _Ref458784108][bookmark: _Ref458381469]The study of the unicast and groupcast sidelink V2X communications is included in the WID [1]. It has been agreed that HARQ feedback will be supported for SL unicast and groupcast. Besides, in RAN1 the following agreements related to HARQ feedback were made. 
	Agreements:
· (Pre-)configuration indicates whether SL HARQ feedback is enabled or disabled in unicast and/or groupcast.
· When (pre-)configuration enables SL HARQ feedback, FFS whether SL HARQ feedback is always used or there is additional condition of actually using SL HARQ feedback. 
Agreements: 
· (Pre-)configuration indicates the time gap between PSFCH and the associated PSSCH for Mode 1 and Mode 2. 


In general, the design of HARQ feedbacks affects the physical layer design, but also the L2 protocols. In this paper, we further discuss some of the technical aspects related to SL HARQ feedbacks, with focus on design of HARQ feedbacks transmitted over SL. 
[bookmark: _Ref489281230]Discussion
When it comes to enabling/disabling HARQ feedback, it was agreed to enable or disable HARQ feedback based on (pre-)configuration. Furthermore, we believe that the HARQ enabling/disabling should also take congestion control and QoS or V2X service requirements in account based on the pre-defined rules. From signaling perspective, the following two mechanisms are sufficient:
· For Mode 1 UEs, the use of HARQ feedback is decided by the gNB (e.g., considering QoS, congestion reports, etc.).
· For Mode 2 UEs, the UE transmitting the TB/CBG decides whether to request feedback or not based on congestion control and QoS.
[bookmark: _Toc4541717][bookmark: _Toc534810000][bookmark: _Toc534810025][bookmark: _Toc534992867][bookmark: _Toc1039767][bookmark: _Toc1120553][bookmark: _Toc5119259][bookmark: _Toc7391373][bookmark: _Toc7684128][bookmark: _Toc7728940]For Mode 1 UEs the use of HARQ feedback is configured by the network. For Mode 2 UEs, the transmitter of a TB/CBG decides whether to request feedback.
[bookmark: _Toc5119263][bookmark: _Toc7391380][bookmark: _Toc7684121][bookmark: _Toc7728949]Congestion and QoS requirements are to be considered to enable or disable HARQ.
On the other hand, it is unclear that the HARQ configuration, e.g. enabled/disabled feedback, should be provided for the specific UE or SLRB/LCH. In our understanding, the motivation to have such enabled/disabled feedback flexibility is to provide different configurations in case of different service requirements. For instance, for services that request high reliability and can tolerate high latency, enabled HARQ feedback is the most proper configuration. On the contrary, for services of low reliability and low latency requirements, the HARQ feedback can be disabled. However, configuring HARQ at per SLRB/LCH level also increase the configuration complexity. Therefore we suggests RAN2 to discuss this issue. 
[bookmark: _Toc7684122][bookmark: _Toc7728950][bookmark: _Toc7684123][bookmark: _Toc524990162][bookmark: _Toc525034667][bookmark: _Toc525034692][bookmark: _Toc525036406]RAN2 discusses the provisioning of HARQ configuration, i.e. whether the HARQ configuration is SLRB/LCH specific.  
[bookmark: _Toc967365][bookmark: _Toc967388][bookmark: _Toc967442][bookmark: _Toc967460][bookmark: _Toc967498][bookmark: _Toc967658][bookmark: _Toc3987394][bookmark: _Toc4059763][bookmark: _Toc4668850][bookmark: _Toc4673534][bookmark: _Toc4675962][bookmark: _Toc4685616][bookmark: _Toc6998815]Furthermore, an indication to receiver UE needs to be included in SCI if HARQ feedback is requested or not. For instance, a flag indicating the need of HARQ feedback if turned on. Such indication will also allow other UEs to know the presence of PSFCH in the slot and rate-match/puncture their own transmissions in case of sensing-based resource allocation (i.e. Mode 2).
[bookmark: _Toc5119264][bookmark: _Toc7391381][bookmark: _Toc7684124][bookmark: _Toc7728951]SCI carries a field indicating the presence of corresponding HARQ feedback i.e. ACK/NACK.
In LTE V2X, when selecting a SL resource for the initial transmission, UE selects a SL grant which also contains resources for the HARQ re-transmission. The resources for initial transmission and associated retransmission are then indicated in the SCI, as well as the resource for the next periodic transmission.
The above approach works fine when only blind HARQ retransmissions are supported with no HARQ feedbacks, since the UE can book in advance all the resources for retransmission. However, when HARQ feedbacks are supported, that approach is prone to higher resource consumption since HARQ retransmissions are selected blindly a priori irrespective of any possible HARQ feedback. In fact, whenever an ACK is received, all the HARQ retransmission occasions previously booked are wasted, unless some mechanism to unbook those resources are introduced, which however requires some signaling resources.
[bookmark: _Toc967653][bookmark: _Toc3987403][bookmark: _Toc4059755][bookmark: _Toc4668854][bookmark: _Toc4673538][bookmark: _Toc4685621][bookmark: _Toc6998808][bookmark: _Toc7684129][bookmark: _Toc7728941]If HARQ feedbacks are configured, the LTE approach in which the transmitting UE selects a SL grant reserving resources for both initial transmission and retransmission is prone to high resource consumption, since HARQ retransmissions are selected blindly a priori, irrespective of any possible HARQ feedback.
Therefore, it seems a more reasonable approach if resources for further retransmissions are booked one by one and indicated in the previous (re)transmission SCI. In this way, by using resource booking, the re-transmission can minimize the potential collisions with other UEs, thus improve the transmission reliability, and also limit resource wastage. 
[bookmark: _Toc967366][bookmark: _Toc967389][bookmark: _Toc967443][bookmark: _Toc967461][bookmark: _Toc967499][bookmark: _Toc967659][bookmark: _Toc3987395][bookmark: _Toc4059764][bookmark: _Toc4668851][bookmark: _Toc4673535][bookmark: _Toc4675963][bookmark: _Toc4685617][bookmark: _Toc6998816][bookmark: _Toc7684125][bookmark: _Toc7728952][bookmark: _Toc790584]If HARQ feedbacks are configured, when selecting a SL resource for the initial transmission, UE reserves resource for one HARQ re-transmission. 
[bookmark: _Toc967367][bookmark: _Toc967390][bookmark: _Toc967444][bookmark: _Toc967462][bookmark: _Toc967500][bookmark: _Toc967660][bookmark: _Toc3987396][bookmark: _Toc4059765][bookmark: _Toc4668852][bookmark: _Toc4673536][bookmark: _Toc4675964][bookmark: _Toc4685618][bookmark: _Toc6998817][bookmark: _Toc7684126][bookmark: _Toc7728953]Upon NACK, resources for further retransmissions are reserved one by one and indicated in the SCI of previous retransmission.

On the other hand, upon ACK, the UE will simply not use for retransmissions the previously booked resource.
[bookmark: _Toc967368][bookmark: _Toc967391][bookmark: _Toc967445][bookmark: _Toc967463][bookmark: _Toc967501][bookmark: _Toc967661][bookmark: _Toc3987397][bookmark: _Toc4059766][bookmark: _Toc4668853][bookmark: _Toc4673537][bookmark: _Toc4675965][bookmark: _Toc4685619][bookmark: _Toc6998818][bookmark: _Toc7684127][bookmark: _Toc7728954]Upon ACK, the UE does not transmit the same TB even if it has previously booked resources for retransmission.

[bookmark: _Toc458380516][bookmark: _Toc458380524]Conclusion
[bookmark: _In-sequence_SDU_delivery]In section 2 we made the following observations:
Observation 1	For Mode 1 UEs the use of HARQ feedback is configured by the network. For Mode 2 UEs, the transmitter of a TB/CBG decides whether to request feedback.
Observation 2	If HARQ feedbacks are configured, the LTE approach in which the transmitting UE selects a SL grant reserving resources for both initial transmission and retransmission is prone to high resource consumption, since HARQ retransmissions are selected blindly a priori, irrespective of any possible HARQ feedback.
 
Based on the discussion in section 2 we propose the following: 
Proposal 1	Congestion and QoS requirements are to be considered to enable or disable HARQ.
Proposal 2	RAN2 discusses the provisioning of HARQ configuration, i.e. whether the HARQ configuration is SLRB/LCH specific.
Proposal 3	SCI carries a field indicating the presence of corresponding HARQ feedback i.e. ACK/NACK.
Proposal 4	If HARQ feedbacks are configured, when selecting a SL resource for the initial transmission, UE reserves resource for one HARQ re-transmission.
Proposal 5	Upon NACK, resources for further retransmissions are reserved one by one and indicated in the SCI of previous retransmission.
Proposal 6	Upon ACK, the UE does not transmit the same TB even if it has previously booked resources for retransmission.
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