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Introduction
The study of the unicast and groupcast sidelink V2X communications is included in the WID [1]. In general, the design of HARQ procedures 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 procedures, with focus on design of HARQ procedures over SL, for both mode 1 and mode 2 operations. Further, also some open questions on how to configure PSFCH resources for option 1 and option 2 HARQ feedback are addressed. Relevant agreements regarding HARQ for unicast and groupcast sidelink can be found in the Annex section.
[bookmark: _Ref490149211]Discussion
Support of HARQ procedure over sidelink
RAN1 agreed that SL HARQ feedback is enabled/disabled by (pre-)configuration, leaving the possibility of having additional conditions for disabling it. In our view, the use of SL HARQ feedback should mostly depend on QoS and, for Mode-2 UEs, on congestion control. For Mode-1 UEs, congestion control should be considered by the gNB when allocating resources and, consequently, the UE should not apply congestion control to Mode-1 grants. Note that the gNB can determine the congestion level via UE reports such as CBR reports.
[bookmark: _Toc534810000][bookmark: _Toc534810025][bookmark: _Toc534992867][bookmark: _Toc1039767][bookmark: _Toc1120553][bookmark: _Toc5119259][bookmark: _Toc7391373][bookmark: _Toc7684128][bookmark: _Toc7728940][bookmark: _Toc14105319][bookmark: _Toc23949557]The use of SL HARQ feedback should mostly depend on QoS. In addition, for Mode-2 UE, it should depend on congestion control.
In addition, given that HARQ feedback resources at PHY (i.e., PSFCH) are configured per pool, it is straightforward that some pools will (not) support HARQ feedback. This is only relevant for Mode 2, where the UE may be configured with multiple TX pools at the same time. We discuss issues related to pools, resource allocation, and HARQ in Section 2.2.
[bookmark: _Toc23949558]PHY HARQ feedback resources are configured per pool.
[bookmark: _Toc7684123]To operate SL HARQ feedback properly, the transmitter UE must include a field in SCI indicating whether HARQ feedback is requested or not. Although in principle the receiver UE can obtain this information from the LCH configuration, there are multiple reasons why this indication needs to be conveyed by lower-layer signalling:
· The receiver UE does not know the LCH(s) until it has decoded the TB and, consequently, it would not know whether to transmit a NACK message or not if it could not decode the TB.
· The LCH configuration only indicates whether SL HARQ feedback is enabled or not. However, additional restrictions may apply, for example, for Mode-2 UEs in congested scenarios. Conveying a HARQ NACK when the transmitter has not possibility to retransmit the TB (e.g., due to congestion control) would just create unnecessary interference in the PSFCH resource.
[bookmark: _Toc20750420][bookmark: _Toc20750756][bookmark: _Toc21005078][bookmark: _Toc21006207][bookmark: _Toc23949265][bookmark: _Toc23949572]SCI carries a field indicating the request of HARQ feedback i.e. ACK/NACK.

Mode 1
In NR, multiple simultaneous HARQ processes may be used between UE and gNB for UL transmission. Each grant is associated with a HARQ process ID. Together with the NDI flag, the HARQ process ID allows the gNB to know which TB is transmitted in each granted resource. This is useful for the gNB, not only because it is the receiver of the transmission, but also for managing the resources (e.g., knowing how many times each TB has been transmitted, etc.).
Now consider the following situation for Mode-1 sidelink (see Figure 2):
1. The UE gets data in the buffer corresponding to LCH1 and it triggers the corresponding SR procedure.
2. [bookmark: _Ref20491962]The UE sends the corresponding BSR to the gNB.
· The BSR only contains information about the data in LCH1.
3. [bookmark: _Ref20492209]The UE gets a grant from the gNB for transmission
· The UE builds TB1, which carries only data from LCH1 
4. The UE transmits TB1 on the granted resource.
· Sidelink transmission fails (e.g., NACK is received).
5. The UE forwards the NACK to the gNB.
6. The UE gets new data in the buffer corresponding to LCH2 and it triggers the corresponding SR procedure.
· LCH2 has higher priority than LCH1.
7. [bookmark: _Ref20493331]The UE gets a new grant from the gNB for transmission.
[image: ]
[bookmark: _Ref20927942]Figure 2. Signaling between TX UE and gNB and RX UE.
At this point, the UE has data to transmit from two LCHs. When it receives the grant, it needs to know which data to transmit (i.e., TB1 carrying data from LCH1 or a newly built TB2 carrying data from LCH2). Similarly, the gNB also needs to know which data is transmitted in the resource provided by the grant in Step 7. Otherwise, it cannot know how to dimension future allocations, how many times a TB has been transmitted, etc. 
[bookmark: _Toc20829737][bookmark: _Toc23949559]UE and gNB must have common understanding of which TB is transmitted in each grant.
Note that a simple binary flag indicating ‘new transmission’ or ‘retransmission’ is necessary but not sufficient unless Mode 1 is restricted to using a single grant at the time. In our view, the most reasonable thing is to reuse HARQ process ID and NDI fields for this purpose.
Note also that this requirement is for both dynamic and configured grants, as additional gNB scheduled retransmissions will always use dynamic grants. That is, a dynamic grant must be able to identify the configured grant for which it is providing an additional retransmission resource.
[bookmark: _Ref20494824][bookmark: _Toc20863432][bookmark: _Toc21005083][bookmark: _Toc21006212][bookmark: _Toc23949268][bookmark: _Toc23949573]Dynamic and configured grants are associated with a HARQ process ID. 
[bookmark: _Ref20494831][bookmark: _Toc20863433][bookmark: _Toc21005084][bookmark: _Toc21006213][bookmark: _Toc23949269][bookmark: _Toc23949574]DCI for a dynamic grant carries an NDI flag. 

HARQ feedback in groupcast sidelink
[bookmark: _Toc7391388][bookmark: _Toc7682475]Since it has been agreed to let each receiver UE use a separate PSFCH for HARQ ACK/NACK for option 2, we need to further study how to distinguish each RX UE in a group. In the meanwhile, we notice that it has been agreed that RX UE will use implicit mechanism to determine frequency and/or code domain resource of PSFCH. This implies explicit interaction or PSFCH resource allocation is not necessary. More details on the implicit allocation of PSFCH resources can be found in the RAN 1 contribution on HARQ procedures [3]. Besides, with limited PSFCH resource but possibly unlimited number of RX UEs, it is impossible to guarantee zero collision and it will introduce extra signalling for UE ID exchange and PSFCH resource assigning. In our view, the benefit of letting TX UE know RX UE ID is not clear. RAN2 will rely on RAN1’s decision on the UE id awareness question put forth in the previous RAN2 response [2] to RAN1 LS.  

[bookmark: _Toc16773207][bookmark: _Toc23949560]RX UE can adopt algorithm selecting PSFCH resource implicitly taking into account its RX UE ID to avoid collision via randomness. 
[bookmark: _Toc16773208][bookmark: _Toc23949561]For groupcast HARQ, the benefit of letting TX UE know RX UE ID(s) is not clear.

Considering RX UE itself can select PSFCH resources using its ID as input to avoid collision per randomness, letting a subset of RX UEs share a PSFCH as described in Proposal 11 and Proposal 12 can further reduce collisions.
From RAN1#96bis, there are some FFS points on how groupcast receivers share PSFCH for both option 1 and option 2. We think it can be beneficial that a subset of UEs share one PSFCH resource for ACK/NACK. Selection of the subset depends on their locations, i.e., their respective Tx-Rx distances. For example, in Figure 2, the UEs belonging to Range d1 send NACK on PSFCH resource 1; the UEs belong to Range d2 send NACK on PSFCH resource 2; the UEs belong to Range d3 send NACK on PSFCH resource 3. This functionality can be particularly useful for outer-loop link adaptation of SL groupcast.
[bookmark: _Toc7391389][bookmark: _Toc7682476][image: ]
Figure 4. A subset of Rx UEs share one PSFCH resource, where the subset selection depends on Rx UEs’ locations
[bookmark: _Toc7391374][bookmark: _Toc7682447][bookmark: _Toc7724848][bookmark: _Toc16773209][bookmark: _Toc23949562]For some scenarios, it can be beneficial to divide groupcast Rx UEs into subsets depending on their distances to the Tx UE. The different subsets use different PSFCH resources for sending HARQ feedbacks.
As analysed above, it is useful to support a subset of receiver UEs share a PSFCH for both option 1. It can be that, either only the subset of UEs send HARQ feedback, or more than one subset of UEs transmit HARQ feedback on different PSFCH resources.

[bookmark: _Toc21005086][bookmark: _Toc21006215][bookmark: _Toc23949270][bookmark: _Toc23949575]For groupcast option 1, support that a subset of the receiver UEs share a PSFCH. 
 In case of groupcast HARQ feedback option 2, it may happen that the available PSFCH resources are not enough to accommodate feedback from all the Rx UEs. Therefore, to support the combination of FDM and CDM as agreed by RAN1, we believe that the information on communication range and UEs’ position in SCI can be utilized. For instance, Rx UEs are grouped with respect to their positions and the PSFCH transmission from different groups are FDM’ed while feedback from UEs within the same group is CDM’ed. 
[bookmark: _Toc21005087][bookmark: _Toc21006216][bookmark: _Toc23949271][bookmark: _Toc23949576]For large groups, RX UEs are grouped with respect to the distance from TX UEs and PSFCH transmissions from different groups are FDM’ed while PSFCH transmissions from UEs within the same group are CDM’ed. 
In addtion, since both option 1 and option 2 are supported for groupcast HARQ, there must be a way to inidate physical layer which option to be used for the current transmission.  In our understanding, groupcast option 2 can only work if group informtion, such as group size and group member ID, is given by upper layers. Since such group information is bounded with a specific group destination ID, L2 (e.g. MAC layer) can therefore decides whether to use groupcast option 1 or option 2 and indicate to physical layer. 
[bookmark: _Toc23949272][bookmark: _Toc23949577]L2 (e.g. MAC layer) determines and indicates to physical layer whether option1 or option 2 is used for groupcast HARQ.

[bookmark: _Ref528871418]Conclusions
In section 2 we made the following observations:
Observation 1	The use of SL HARQ feedback should mostly depend on QoS. In addition, for Mode-2 UE, it should depend on congestion control.
Observation 2	PHY HARQ feedback resources are configured per pool.
Observation 3	UE and gNB must have common understanding of which TB is transmitted in each grant.
Observation 4	RX UE can adopt algorithm selecting PSFCH resource implicitly taking into account its RX UE ID to avoid collision via randomness.
Observation 5	For groupcast HARQ, the benefit of letting TX UE know RX UE ID(s) is not clear.
Observation 6	For some scenarios, it can be beneficial to divide groupcast Rx UEs into subsets depending on their distances to the Tx UE. The different subsets use different PSFCH resources for sending HARQ feedbacks.

Based on the discussion in section 2 we propose the following:
Proposal 1	SCI carries a field indicating the request of HARQ feedback i.e. ACK/NACK.
Proposal 2	Dynamic and configured grants are associated with a HARQ process ID.
Proposal 3	DCI for a dynamic grant carries an NDI flag.
Proposal 4	For groupcast option 1, support that a subset of the receiver UEs share a PSFCH.
Proposal 5	For large groups, RX UEs are grouped with respect to the distance from TX UEs and PSFCH transmissions from different groups are FDM’ed while PSFCH transmissions from UEs within the same group are CDM’ed.
Proposal 6	L2 (e.g. MAC layer) determines and indicates to physical layer whether option1 or option 2 is used for groupcast HARQ.
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Annex
It has been agreed that HARQ feedback will be supported for SL unicast and groupcast. Besides, in RAN1 the following agreements related to HARQ procedure for both mode 1 and mode 2 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. 
Agreements:
· A dynamic grant provides resources for one or multiple sidelink transmissions of a single TB.
· A configured grant (type-1, type-2) provides a set of resources in a periodic manner for multiple sidelink transmissions.
· UE decides which TB to transmit in each of the occasions indicated by a given configured grant.
· FFS: whether different transmissions of a TB can take place across multiple configured grants.
· Other restrictions on what can be transmitted in a given configured grant (e.g., based on QoS, destination UE, etc.) are up to RAN2.
Agreements:
· Sidelink HARQ ACK/NACK report from transmitter UE to gNB is supported with details FFS.
· Note: this reverts the following agreement from RAN1#96:
· Sidelink HARQ ACK/NACK report from UE to gNB is not supported in Rel-16.
· SR/BSR report to gNB for the purpose of requesting resources for HARQ retransmission is not supported.

Agreements:
· NR sidelink does not support performing different transmissions of a TB using different configured grants.

Agreements:
· For mode 1:
· A dynamic grant by the gNB provides resources for transmission of PSCCH and PSSCH.
Agreements:
· At least for the case when the PSFCH in a slot is in response to a single PSSCH:
· Implicit mechanism is used to determine at least frequency and/or code domain resource of PSFCH, within a configured resource pool. At least the following parameters are used in the implicit mechanism:
· Slot index (FFS details) associated with PSCCH/PSSCH/PSFCH
· Sub-channel(s) (FFS details) associated with PSCCH/PSSCH
· Identifier (FFS details) to distinguish each RX UE in a group for Option 2 groupcast HARQ feedback
· FFS detailed applicability of the above parameters 
· FFS: Other parameters (e.g. SL-RSRP/SINR, Layer-1 source ID, location information, etc.)

Agreements:
· NR V2X Mode-2 supports resource reservation for feedback-based PSSCH retransmissions by signaling associated with a prior transmission of the same TB
· FFS impact on subsequent sensing and resource selection procedures
· At least from the transmitter perspective of this TB, usage of HARQ feedback for release of unused resource(s) is supported
· No additional signaling is defined for the purpose of release of unused resources by the transmitting UE
· FFS the behavior of the receiver UE(s) of this TB and other UEs



Besides, in RAN1#96bis the following agreements related to groupcast HARQ feedback were made. 
	Agreements:
· Confirm the following working assumption:
· Working assumption:
· When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK
· Note: RAN1 has not concluded the respective applicability of option 1 vs. option 2 yet

Agreements: 
· In HARQ feedback for groupcast,
· When Option 1 is used for a groupcast transmission, it is supported 
· all the receiver UEs share a PSFCH
· FFS: a subset of the receiver UEs share a PSFCH
· FFS: all or a subset of receiver UEs share a pool of PSFCH.
· When Option 2 is used for a groupcast transmission, it is supported 
· each receiver UE uses a separate PSFCH for HARQ ACK/NACK.
· FFS: all or a subset of receiver UEs share a PSFCH for ACK transmission and another PSFCH for NACK transmission
· FFS on which entity and how to allocate PSFCH resource to the receiver UE(s)
· FFS whether or not to additionally support a mixture of option 1 and option 2 for a groupcast transmission 




In RAN1#97, the following regarding PSFCH allocation has been further agreed.
	Agreements:
· At least for the case when the PSFCH in a slot is in response to a single PSSCH:
· Implicit mechanism is used to determine at least frequency and/or code domain resource of PSFCH, within a configured resource pool. At least the following parameters are used in the implicit mechanism:
· Slot index (FFS details) associated with PSCCH/PSSCH/PSFCH
· Sub-channel(s) (FFS details) associated with PSCCH/PSSCH
· Identifier (FFS details) to distinguish each RX UE in a group for Option 2 groupcast HARQ feedback
· FFS detailed applicability of the above parameters 
· FFS: Other parameters (e.g. SL-RSRP/SINR, Layer-1 source ID, location information, etc.)



In RAN2 #106 the following was agreed:

	
In order to support Option1, no additional AS layer co-ordination or signalling for HARQ feedback resource allocation within the group is required. 
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