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1 Introduction
[bookmark: _Hlk505938201][bookmark: _Hlk36571275]It has been agreed in RAN1 #97 meeting that sidelink HARQ ACK/NACK report from transmitter UE to gNB is supported which would help gNB to scheduling retransmissions. Design details were discussed in the following meetings and big progress was made. However, due to the time limitation and workload, there are still some remaining issues are left. Therefore, in this section, we discuss the remaining issues on SL HARQ-ACK feedback to gNB including the HARQ-ACK codebook design, collisions with UCI and Details for transmission of HARQ-ACK reports on PUSCH.
2 [bookmark: _Hlk31963651]HARQ codebook design
[bookmark: _Hlk36582219]In RAN1 #99 meeting, it was concluded that multiplexing of SL HARQ and Uu UCI on PUCCH or PUSCH is not supported in Rel-16 due to the workload and limited time, but reporting of multiple SL HARQ-ACKs in a single PUCCH resource is supported:
Email approval in [98b-NR-13]:
Agreements:
· 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.
Conclusion:
· No support of multiplexing of SL HARQ and Uu UCI on PUCCH or PUSCH in Rel-16
· Note: this reverts the agreements made during RAN1#98b email discussion
Generally, the Rel-15 procedures for multiplexing DL HARQ-ACKs can be reutilized and both type-1 and type-2 HARQ-ACK codebook should be supported. 
[bookmark: _Hlk32258532][bookmark: _Hlk36573932][bookmark: _Hlk36574004]Accoring to TS 38.213, Rel-15 type-1 HARQ-ACK codebook is determined based on a set of slot timings K1 which indicate the PDSCH-to-HARQ-ACK timings and the configured TDRA table. Similarly, the type-1 HARQ-ACK codebook for sidelink can be generated based on the candidate PSFCH receptions which can be generated according to the PSFCH-to-PUCCH timing. In addition, when determining the candidate PDSCH receptions, the invalid SLIV entries, which include UL symbol(s) configured by tdd-UL-DL-Configuration are precluded to reduce feedback redundancy. Similar mechanism can be applied for sidelink HARQ-ACK codebook. Considering that PSFCH-to-PUCCH timing is in terms of physical slots, the slots that are not indicated as avaliable SL slots or SL slots without PSFCH resources should be precluded. Moreover, the PDSCH scheduling cannot overlap in time domain which seems a little different from sidelink. For sidelink operation, there exits scenario that multiple PSFCH receptions are overlapped in time domain and hence introducing of PRB index for candidate PSFCH slots is needed. For each PSFCH candidate, one HARQ-ACK bit is supported, i.e. if ACK is detected in the corresponding candidate PSFCH resource, ACK is generated for HARQ codebook, otherwise, NACK is generated.
Proposal 1: Type-1 HARQ-ACK codebook for sidelink can be generated based on the candidate PSFCH receptions which can be generated according to the PSFCH-to-PUCCH timing. PRB index for candidate PSFCH slots is supported.
[bookmark: _GoBack]Proposal 2: For each PSFCH candidate, one HARQ-ACK bit is supported. ACK is generated for HARQ codebook if ACK is detected in the corresponding candidate PSFCH resource, otherwise, NACK is generated.
Rel-15 type-2 HARQ-ACK codebook is constructed based on the monitoring occasions for PDCCH with DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or SPS PDSCH release, for determination of the candidate PDCCH monitoring occasions, slot offset K0 and PDSCH-to-HARQ-ACK timing K1 are used. Moreover, DAI is used for reducing the impact of PDCCH miss detection. Similarly, type-2 HARQ-ACK codebook for sidelink can be constructed based on the monitor occasions for PDCCH with the corresponding SL dynamic grant or PDCCH releasing SL configured grant type-2, therefore, the timing of PDCCH-to-PSSCH, PSSCH-to-PSFCH and PSFCH-to-PUCCH would be used. Counter-SAI should be introduced to SL grant to reduce the probability of PDCCH miss detection and further improve the reliability of SL HARQ-ACK codebook. However, considering that only one serving cell is supported for V2X in Rel-16, total-SAI needn’t to be contained in SCI.
Proposal 3: Type-2 HARQ-ACK codebook for sidelink can be constructed based on the monitor occasions for PDCCH with the corresponding SL dynamic grant or PDCCH releasing SL configured grant type-2 according to the timing of PDCCH-to-PSSCH, PSSCH-to-PSFCH and PSFCH-to-PUCCH.  
Proposal 4: Counter-SAI is contained in SCI.
3 [bookmark: _Hlk36585695]Collision between SL HARQ-ACK and UCI
As mentioned above, multiplexing of SL HARQ and Uu UCI on PUCCH or PUSCH is not supported in Rel-16. However, UE behavior in case of collision between a PUCCH carrying SL HARQ-ACK and another PUCCH carrying Uu UCI is unclear in current specification. Some alternatives can be considered to cope with this issue:
Alt 1: Treat it as error case
Alt 2: UE implementation with no additional spec impact
[bookmark: _Hlk36585709]Alt 3: drop UCI or SL HARQ-ACK by their priority
Alt 4: later scheduling grant override earlier scheduling grant, i.e. UCI or SL HARQ-ACK with earlier scheduling grant is dropped
Some company consider that the collision between SL HARQ-ACK and UCI can be avoided by gNB and treat it as error case from UE perspective. However, with semi-static configured PUCCH transmissions, it is impossible to avoid collision cases completely. Even with dynamic scheduled PUCCH transmissions, i.e. PUCCH with DL HARQ-ACK associated to DG-PDSCH and SL HARQ-ACK associated to DG-PSSCH, collision may still happen due to limited resources and time gap between data and HARQ-ACK. Therefore, Alt 1 would impose additional scheduling and configuration restrictions for gNB. If we go with Alt 2, some high priority traffic may be dropped and performance will be uncontrollable. Therefore, drop either UCI or SL HARQ-ACK, i.e. Alt 3 and Alt 4, is more preferred from perspective of better scheduling flexibility and controllable performance. However, considering that some PUCCH transmissions are semi-static configured without dynamic scheduling grant, i.e. PUCCH transmission for SR, P-CSI, SP-CSI, Alt 4 does not always work. So Alt 3 is preferred to achieve a unified solution for both dynamically scheduled and semi-static configured PUCCH transmissions, where the more detailed design is discussed in the following.
[bookmark: _Hlk36585639]In Rel-16 V2X WI, totally eight L1 priorities are defined and 3 bit priority indicatior is included in SCI to indicate the priority of PSSCH. In addition, it was agreed that the priority of a PSFCH is same as the priority of a corresponding PSSCH. So it is natural that the priority of SL HARQ-ACK on PUCCH is the same as that of the corresponding PSFCH. Note that multiple SL HARQ-ACKs in a single PUCCH resource is supported, the priority of PUCCH with SL HARQ-ACK can be the same as the highest priority (the smallest priority values) among the corresponding PSFCH(s).
Proposal 5: The priority of PUCCH with SL HARQ-ACK is the same as the highest priority (the smallest priority values) among the corresponding PSFCH(s).
Moreover, in Rel-16 URLLC WI, two PHY priorities, i.e. high priority and low priority, are defined for PUCCH transmissions with SR, HARQ-ACK and CSI, and it is straightforward that the dropping pinciple should be different in case collision with high priority PUCCH with UCI and low priority PUCCH with UCI. On the other hand, considering that PUCCH and SL-HARQ ACK with different priorities require different reliability and there are 8 L1 priorities of PSSCH, it is not resonable to simply prioritize or deprioritize all PSFCH with different priorities. Therefore, we propose to use two higher layer parameters, i.e. sl-PriorityThreshold-URLLC, sl-PriorityThreshold-eMBB for determining dropping rule corresponding to high priority PUCCH with UCI and low priority PUCCH with UCI respectively, that is,
· [bookmark: _Hlk36585876]If SL HARQ-ACK collides with high priority PUCCH transmission with UCI, URLLC PUCCH, sl-PriorityThreshold-URLLC is used. When the priority value of SL HARQ-ACK is smaller than sl-PriorityThreshold-URLLC, SL HARQ-ACK will be transmitted and UCI will be dropped, otherwise, UCI will be transmitted and SL HARQ-ACK is dropped.
· If SL HARQ-ACK collides with low priority PUCCH transmission with UCI, eMBB PUCCH, sl-PriorityThreshold-eMBB is used. When the priority value of SL HARQ-ACK is smaller than sl-PriorityThreshold-eMBB, SL HARQ-ACK will be transmitted and UCI will be dropped, otherwise, UCI will be transmitted and SL HARQ-ACK is dropped.
Proposal 6: In case collision between SL HARQ-ACK and UCI, UE drop UCI or SL HARQ-ACK by their priority. Two higher layer parameters sl-PriorityThreshold-URLLC and sl-PriorityThreshold-eMBB are configured and
· If SL HARQ-ACK collides with high priority PUCCH transmission with UCI
· when the priority value of SL HARQ-ACK is smaller than sl-PriorityThreshold-URLLC, SL HARQ-ACK will be transmitted and UCI will be dropped, otherwise, UCI will be transmitted and SL HARQ-ACK is dropped.
· If SL HARQ-ACK collides with low priority PUCCH transmission with UCI
· when the priority value of SL HARQ-ACK is smaller than sl-PriorityThreshold-eMBB, SL HARQ-ACK will be transmitted and UCI will be dropped, otherwise, UCI will be transmitted and SL HARQ-ACK is dropped.
4 SL HARQ-ACK reports on PUSCH
It has been agreed that SL HARQ-ACK is reported in PUSCH when reporting in PUCCH overlaps with a PUSCH transmission and Rel-15 procedures and signaling for multiplexing DL HARQ-ACKs in PUSCH are reutilized. In Rel-15, beta offset is defined for a UE to determine a number of resources for multiplexing UCI in a PUSCH. Both semi-static beta offset and dynamic beta offset are supported and the offset values are signalled to a UE either by higher layers or by a DCI format scheduling the PUSCH transmission. Therefore, considering that there are different PUSCH priorities and SL HARQ-ACK priorities, which require different reliability, dynamic beta offset should be supported for NR V2X and similarly, 2-bit beta offset indicator is included in DCI format 3_0.
Proposal 7: Dynamic beta offset is supported for NR V2X and 2-bit beta_offset indicator is included in DCI format 3_0.
5 Conclusion
In this contribution, we further discussed the remaining issues on SL HARQ report to gNB, and the following proposals are made:
Proposal 1: Type-1 HARQ-ACK codebook for sidelink can be generated based on the candidate PSFCH receptions which can be generated according to the PSFCH-to-PUCCH timing. PRB index for candidate PSFCH slots is supported.
Proposal 2: For each PSFCH candidate, one HARQ-ACK bit is supported. ACK is generated for HARQ codebook if ACK is detected in the corresponding candidate PSFCH resource, otherwise, NACK is generated.
Proposal 3: Type-2 HARQ-ACK codebook for sidelink can be constructed based on the monitor occasions for PDCCH with the corresponding SL dynamic grant or PDCCH releasing SL configured grant type-2 according to the timing of PDCCH-to-PSSCH, PSSCH-to-PSFCH and PSFCH-to-PUCCH.  
Proposal 4: Counter-SAI is contained in SCI.
Proposal 5: The priority of PUCCH with SL HARQ-ACK is the same as the highest priority (the smallest priority values) among the corresponding PSFCH(s).
Proposal 6: In case collision between SL HARQ-ACK and UCI, UE drop UCI or SL HARQ-ACK by their priority. Two higher layer parameters sl-PriorityThreshold-URLLC and sl-PriorityThreshold-eMBB are configured and
· If SL HARQ-ACK collides with high priority PUCCH transmission with UCI
· when the priority value of SL HARQ-ACK is smaller than sl-PriorityThreshold-URLLC, SL HARQ-ACK will be transmitted and UCI will be dropped, otherwise, UCI will be transmitted and SL HARQ-ACK is dropped.
· If SL HARQ-ACK collides with low priority PUCCH transmission with UCI
· when the priority value of SL HARQ-ACK is smaller than sl-PriorityThreshold-eMBB, SL HARQ-ACK will be transmitted and UCI will be dropped, otherwise, UCI will be transmitted and SL HARQ-ACK is dropped.
Proposal 7: Dynamic beta offset is supported for NR V2X and 2-bit beta_offset indicator is included in DCI format 3_0.
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