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Introduction
The following progress related to SL mode-1 resource allocation has been made in previous RAN1 meetings [1][2]:
Agreements( RAN1#98bis):
· To signal the gap between DCI reception and the first sidelink transmission scheduled by DCI:
· A table of values is configured by RRC.
· DCI determines which of the configured values is used.
· FFS how to determine the slot for the first sidelink transmission (e.g., based on the indicated value, potential async between Uu & SL, different numerologies, etc.)
· FFS if the gap is in physical or logical slots.
Agreements (RAN1#98bis):
For reporting SL HARQ-ACK to the gNB: 
· For dynamic grant and configured grant type-2 in SL, the Rel-15 procedure and signalling for DL HARQ-ACK are reused for the purpose of selecting PUCCH offset/resource and format in UL. 
· The configuration for SL is separate from Uu link for a UE
· FFS how to indicate timing of transmission in PUCCH, including whether physical or logical slots are used
· For configured grant type-1 in SL, RRC is used to configure PUCCH offset/resource and format in UL (if supported)
Working assumption (RAN1#98bis):
· Each transmission in a resource provided by a configured grant contains PSCCH and PSSCH.
[bookmark: _Hlk24113499]Agreements (RAN1#98bis):
· For a configured grant in Mode 1 when using SL HARQ feedback:
· There is only one HARQ-ACK bit for the configured grant
· There is one PUCCH transmission occasion after the last resource in the set of resources provided by a configured grant.
Agreements approved by email discussion [98-NR-10]:
· In Rel-16, at least for sequence-based PSFCH format with one symbol (not including AGC training period), it is not supported to do FDM between PSSCH/PSCCH and PSFCH.
For SL mode-1 transmission, SL HARQ-ACK bits are agreed to be reported to gNB by UL resource. Figure 1 illustrates a model for mode-1 based SL groupcast transmission with ACK/NACK-based feedback. There, a DCI_SL schedules the transmission of PSCCH and PSSCH for a TB for a TX UE. RX UEs transmit their HARQ-ACK information by using individual PSFCH resources implicitly determined at least based on resources used for associated PSCCH/PSSCH transmission. TX UE consolidates the received SL HARQ-ACK information and interprets the information to SL HARQ-ACK bits for reporting via UL resources indicated via the scheduling DCI_SL. Significant progress has been made on the details of mode-1 SL HARQ-ACK bit feedback over Uu interface during email discussion after RAN1#98bis, with some FFS points remain unsolved. In this contribution, we address the remaining issues on UE behavior for generating SL HARQ-ACK bits over Uu, multiplexing of SL HARQ-ACK bits and UCI, and signaling aspects of SL HARQ codebook types.
[image: ]
[bookmark: _Ref21187263]Figure 1: SL mode-1 transmission with ACK/NACK-based groupcast.
SL HARQ-ACK bits Generation
Agreement [98b-NR-12]
· For unicast: 
· TX UE reports contents received in PSFCH (i.e., ACK/NACK) to gNB. 
· TX UE reports NACK if PSFCH is not detected 
· when generating the HARQ-ACK report for the transmissions corresponding to a grant, the TX UE uses the most recent PSFCH occasion (as working assumption) associated with the transmissions.
· For groupcast option 1: 
· TX UE reports ACK to the gNB if no PSFCH is detected. 
· TX UE reports NACK to the gNB if at least one PSFCH (i.e., NACK) is detected. 
· when generating the HARQ-ACK report for the transmissions corresponding to a grant, the TX UE uses the most recent PSFCH occasion (as a working assumption) associated with the transmissions. 
· FFS the cases when TX UE does not transmit/receive due to prioritization. 
· For groupcast option 2: 
· TX UE reports ACK if all expected PSFCH resources are received and carry ACK. 
· TX UE reports NACK if at least one received PSFCH resource carries NACK or if no PSFCH is not detected. 
· FFS the case with PSFCHs corresponding to multiple PSCCH/PSSCH transmissions before generating the HARQ-ACK report. 
· FFS behavior when TX UE does not detect some expected PSFCH.
· FFS if no PSCCH/PSSCH is transmitted in a set of resources for configured grant. 
· FFS whether/how to deal with the case of reaching the maximum number of HARQ re-transmissions for a TB.

To large extent, the UE behavior on determining SL ACK/NACK bits over Uu interface has been agreed. In principle, the logic here is to consider such ACK/NACK as a way of informing gNB whether more SL resources are needed. From this perspective, when no PSCCH/PSSCH is transmitted by a TX UE for configured grant, there seems no need to ask for more resources and a NACK should be sent. 
[bookmark: _Ref24116250]Proposal 1: if no PSCCH/PSSCH is transmitted in a set of resources for configured grant, NACK is sent for the set of resources.
Another raised issue is related to UE behaviour when TX UE chooses not to seek feedback from RX UEs. Following the logic that SL ACK/NACK over Uu is a means of informing gNB the need for additional SL resources, UE behavior can be straightforwardly derived. For configured grant, a HARQ-ACK bit is generated for a set of resources. Thus, ACK/NACK should be determined based on the transmissions that a TX UE would expect PSFCH feedback. There seems no additional spec impact here. For dynamic grant, individual grants would correspond to individual sets of SL transmissions. If the grant is used for feedback-less operation, NACK should be reported. If the grant is used for feedback-based operation, the agreement reached during email discussion is applied.
[bookmark: _Ref24116252]Proposal 2: For dynamic grant, TX UE report NACK to the gNB if SL transmissions associated with the dynamic grant is feedback-less.
Multiplexing of UCI and SL HARQ-ACK bits
Agreement [98bis-NR-13]
· NR supports reporting of multiple SL HARQ-ACKs in a single PUCCH resource. 
· The Rel-15 procedures for multiplexing DL HARQ-ACKs are reutilized.
· Reports carry SL HARQ-ACKs for dynamic grants and/or configured grants. 
· A UE does not expected to be indicated to transmit SL HARQ-ACK information for more than one SL configured grant in a same PUCCH.
· Note: A UE can be provided with multiple SL CGs with different (non-overlapping) slots for the corresponding PUCCH transmissions for SL HARQ-ACK reporting.
· NR supports multiplexing of SL HARQ-ACK(s) and DL HARQ-ACK(s) in a single PUCCH resource. 
· A UE does not expected to be indicated to transmit HARQ-ACK information for SPS PDSCH receptions and SL configured grants in a same PUCCH.
· Note: A UE can be provided with multiple SL CGs/DL SPSs with different (non-overlapping) slots for the corresponding PUCCH transmissions for SL/DL HARQ-ACK reporting.
· The PUCCH resource used for reporting the multiplexed HARQ-ACKs is determined by the last DCI among all DCIs associated with the reported HARQ-ACKs (e.g., carrying a SL grant, scheduling a PDSCH, etc.).
· FFS whether the DL HARQ-ACK PUCCH resource set(s) or the SL HARQ-ACK PUCCH resource set(s) is used.
· For SL HARQ-ACK reporting, both Type-1 and Type-2 codebook are supported: 
· The same codebook type is used for SL HARQ-ACK and DL HARQ-ACK reporting.
· SL HARQ-ACK bits are generated using the Rel-15 procedures and concatenated to the DL HARQ-ACK bits, which are independently generated using the corresponding procedures. 
· FFS changes or restrictions to the Rel-15 procedures for generating the SL HARQ-ACK bits.
· FFS other details on how the codebook(s) are constructed
· SL HARQ-ACK is reported in PUSCH when reporting in PUCCH overlaps with a PUSCH transmission. 
· The Rel-15 procedures and signaling for multiplexing DL HARQ-ACKs in PUSCH are reutilized.

[bookmark: _Ref21359509]One exceptional case for DL/SL HARQ-ACK bits concatenation is when both Uu and SL interfaces are indicated to use PUCCH-0/1 for feedback but the overall payload size is >2 bits. In this case, dropping rule is needed so that HARQ-ACK bits from one interface is not transmitted. 
[bookmark: _Ref21359511]Proposal 3: If PUCCH-0/1 is supported for SL HARQ-ACK feedback, RAN1 to discuss on dropping issue when both DL and SL are indicated to perform HARQ-ACK feedback on respective PUCCH-0/1.
On the other hand, such restriction can be alleviated by, for example, providing PUCCH-2/3/4 resource for SL HARQ-ACK feedback. Payload size to be supported for standalone SL HARQ-ACK bits feedback depends on the number of SL TBs whose HARQ-ACK information is to be reported. For multiplexed DL/SL HARQ-ACK bits, the aggregated bit number can be easily larger than 2, and thus, PUCCH-2/3/4 is needed. If PUCCH-2/3/4 is supported for DL/SL HARQ-ACK bit multiplexing, multiplexing of generic UCI with SL HARQ-ACK bits should also be supported for flexibility. This way, avoiding e.g., CSI report and SL HARQ feedback in a same UL slot is not required. It is noted that conditioned on DL/SL HARQ-ACK bit is agreed to be multiplexed by HARQ-ACK codebook concatenation, there is limited, if any, spec impact on supporting multiplexed generic UCI and SL HARQ-ACK bits.
[bookmark: _Ref24116255]Proposal 4: PUCCH formats with >2 payload size is supported for SL HARQ-ACK feedback. 
[bookmark: _Ref24116256]Proposal 5: Support multiplexing of generic UCI and SL HARQ-ACK in a PUCCH resource.
It is noted that in eURLLC, HARQ feedback related to a high priority service may be defined. In this case, high priority HARQ should always be prioritized. It is preferred for the NW to guarantee non-overlapping resource for high priority HARQ feedback with other feedback resources. However, if this is not always doable, it is desirable not to multiplex high priority DL HARQ-ACK bits with SL HARQ-ACK because of the reliability requirement issue. 
[bookmark: _Ref21359513][bookmark: _GoBack]Proposal 6: DL/SL HARQ-ACK bit multiplexing is not applicable to DL HARQ-ACK associated with high priority service. When PUCCH resources indicated for DL high priority HARQ and SL HARQ feedback overlap, SL HARQ feedback is dropped.
DCI size alignment for different SL HARQ codebooks
It is agreed that the same codebook type is used for SL HARQ-ACK and DL HARQ-ACK reporting, and the PUCCH resource used for reporting the multiplexed HARQ-ACKs is determined by the last DCI among all DCIs associated with the reported HARQ-ACKs (e.g., carrying a SL grant, scheduling a PDSCH, etc.). In Rel-15 NR Uu interface, HARQ codebook type is determined per cell group, so HARQ feedback among all PUCCHs are constructed by the same HARQ codebook type. However, in Rel-16 NR Uu, HARQ codebook type can be different between PUCCH resources of a cell, and thus UE cannot determine how to construct HARQ codebook until UE is indicated by DCI a PUCCH resource for HARQ feedback. However, PUCCH resource for HARQ feedback is indicated in DCI for SL in tandem with DAI field, which means UE has to monitor different DCI sizes when UE supports both type I (with less or zero DAI bit-width) and type II (with larger DAI bit-width) HARQ codebook. Since the maximum number of DCI sizes UE can monitor is limited, we propose to have a uniform DCI size for type I and type II HARQ codebook in case that we decide to support dynamic indication of type I and type II HARQ codebook for SL. To finish design of DCI size alignment of different SL HARQ codebooks within limited time, we think an alternative way is to (pre-)configure SL HARQ codebook type in a serving cell. For example, all resource pools in a serving cell can be (pre-)configured with a SL HARQ codebook type (either type I or type II), and there will be only one DCI size for SL mode 1.  
[bookmark: _Ref24116244]Observation 1: Supporting both type I and type II HARQ codebook simultaneously increases the number of DCI size that UE has to monitor.
[bookmark: _Ref24116259]Proposal 7: Support a single DCI size for SL mode 1 for sake of DCI size budget.
[bookmark: _Ref24116260]Proposal 8: Single HARQ codebook type is (pre-)configured for all resource pools in a serving cell.

Conclusion
Based on the discussion and analysis in this contribution, we have the following observations and proposals.
Observation 1: Supporting both type I and type II HARQ codebook simultaneously increases the number of DCI size that UE has to monitor.
Proposal 1: if no PSCCH/PSSCH is transmitted in a set of resources for configured grant, NACK is sent for the set of resources.
Proposal 2: For dynamic grant, TX UE report NACK to the gNB if SL transmissions associated with the dynamic grant is feedback-less.
Proposal 3: If PUCCH-0/1 is supported for SL HARQ-ACK feedback, RAN1 to discuss on dropping issue when both DL and SL are indicated to perform HARQ-ACK feedback on respective PUCCH-0/1.
Proposal 4: PUCCH formats with >2 payload size is supported for SL HARQ-ACK feedback.
Proposal 5: Support multiplexing of generic UCI and SL HARQ-ACK in a PUCCH resource.
Proposal 6: DL/SL HARQ-ACK bit multiplexing is not applicable to DL HARQ-ACK associated with high priority service. When PUCCH resources indicated for DL high priority HARQ and SL HARQ feedback overlap, SL HARQ feedback is dropped.
Proposal 7: Support a single DCI size for SL mode 1 for sake of DCI size budget.
Proposal 8: Single HARQ codebook type is (pre-)configured for all resource pools in a serving cell.
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