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1. Introduction  
In this contribution, we discuss about the HARQ procedure over Uu of Mode-1 resource allocation for NR V2X sidelink (SL) and provide our proposals and views on each of topics.
2. HARQ procedure over Uu 
2. Signalling
It was agreed on reporting SL HARQ-ACK to the gNB as following [1]:
	Agreements:
· At least for dynamic grant, the timing and resource for PUCCH used for conveying SL HARQ feedback to the gNB are based on the indication(s) in the corresponding PDCCH
· Details FFS

Agreements:
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 indicatae 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)


For the PSSCH occasions associated to a single PUCCH slot, SL to Uu HARQ timing relationship should be firstly defined. Similar with NR HARQ-ACK reporting, it is necessary to newly define the slot timing of PSSCH/PSFCH to HARQ feedback in one UL slot. Thus, a gNB provide a Tx UE with the new set of slot timing values for SL-to-Uu A/N Tx timing configurations via dedicated RRC signaling, and then one slot timing value among the SL-to-Uu A/N Tx timing values can be dynamically signaled in a SL DCI format that schedules an associated PSSCH/PSCCH.
[image: ]
[bookmark: _Ref16893743]Figure 1. An example of SL HARQ feedback timing via NR UL
In Figure 1, there is one example of SL HARQ feedback timing in a UL slot when mode 1 Tx UE is scheduled to transmit several PSSCHs across multiple SL slots. According to SL resource pool configurations in a time domain, it is assumed that both SL BWP and UL BWP in a serving cell are shared in a same carrier (i.e. licensed carrier), while a SL DCI format in PDCCH is transmitted in a DL active BWP. For mode 1 Tx UE, a gNB can basically schedule the SL resource allocation for PSSCH transmission. On top of that, as seen in this example one SL-to-Uu A/N Tx timing indication in a SL DCI format is provided within a set of SL-to-Uu A/N Tx timing values, in order to indicate the SL HARQ feedback timing in one UL slot. Thus, a set of the SL-to-Uu HARQ ACK timing values should be configured via RRC signaling to a mode 1 Tx UE to select one SL-to-Uu HARQ feedback timing in a UL slot.
[bookmark: _Hlk21337159][bookmark: _GoBack]Proposal 1:	Support that a set of SL-to-Uu HARQ A/N Tx timing values (i.e. SL-to-Uu A/N Tx window) is configured via RRC signalling, and then one SL-to-Uu HARQ-ACK timing value in the set is indicated by a PDCCH (SL DCI format) for dynamic grant or configured grant type 2 (i.e. SPS activation). For configured grant type 1, one SL-to Uu HARQ-ACK timing value can be provided
For PUCCH resource determination, if there is only SL HARQ-ACK feedback in a single PUCCH resource, a new PUCCH resource set can be introduced for only SL HARQ-ACK reporting. It seems be enough to configure only one PUCCH resource set for SL HARQ-ACK reporting over Uu because it is expected for UE to report the limited number of SL HARQ-ACK bits to the gNB, compared to that of NR DL HARQ-ACK. We think it is up to gNB’s configuration whether same PUCCH resources in the PUCCH resource set between SL and DL are configured or not. For the multiplexing of SL and DL HARQ-ACK in a single PUCCH slot, in this case, a PUCCH resource determined based on NR Uu behavior can be used for the multiplexing of SL and DL HARQ-ACK, and thus when determining the PUCCH resource the Tx UE has to consider the number of SL HARQ-ACK bits in addition to DL HARQ-ACK in a same slot. For the reference DCI format, last SL or DL DCI format among multiple DCI formats indicating same slot timing can be used to indicate the PUCCH resource index for reporting SL HARQ-ACK.
Proposal 2:	It is proposed to introduce a new PUCCH resource set configured by higher layer at least for SL HARQ-ACK reporting only
Proposal 3:	It is proposed to use a PUCCH resource determined for reporting DL HARQ-ACK in case both SL and DL HARQ-ACK is multiplexed in a same PUCCH slot

2. HARQ feedback contents over NR Uu
It was agreed on Tx UE behavior for reporting SL HARQ-ACK contents to the gNB as following:
	[bookmark: _Hlk23855710]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 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.


Regarding the working assumptions, our understanding is that depending on a single TB is transmitted across multiple PSSCH slots with the relevant PSFCH occasions, a single PUCCH resource associated with the multiple PSSCH slots to transmit the single TB can have different number of the HARQ-ACK bits. For example, as shown in following Figure 2, there are two cases that case 1 is single dynamic grant (DG) scheduling two PSSCH slots or configured grant (CG) while case 2 is two DGs scheduling two PSSCH slots, respectively. In case 1, the most recent PSFCH occasion associated with the transmissions is red PSFCH occasion (i.e. second PSFCH) among two slots, while in case 2, that corresponds to all of the two PSFCH occasions since they are associated to an independent dynamic grant per slot. When comparing to these two cases, it is clear what SL HARQ-ACK bits are actually reported on a single PUCCH resource to the gNB.


[bookmark: _Ref24028482]Figure 2. Association between most recent PSFCH occasion and a single PUCCH
Proposal 4: The working assumption on Tx UE behavior to report SL HARQ over Uu can be confirmed 
There are still some FFS in the agreement that need to be discussed in this paper and the followings are our view on the issues:
1. For groupcast option 1, the cases when TX UE does not transmit/receive due to prioritization:
· If Tx UE Rx is deprioritized, we think “NACK” can be reported to the gNB since that would be a conservative way not to impact the system performance significantly.
2. For groupcast option 2, the case with PSFCHs corresponding to multiple PSCCH/PSSCH transmissions before generating the HARQ-ACK report
· In this case, we can also apply same Tx UE behavior that the most recent PSFCH occasion is used for reporting SL HARQ-ACK since in our view, there is no issue and we can simplify the Tx UE behavior.
3. For groupcast option 2, behavior when TX UE does not detect some expected PSFCH
· It is straightward to report the NACK to gNB as agreed if there would be further constraints for groupcast option 2.
4. If no PSCCH/PSSCH is transmitted in a set of resources for configured grant
· In our view for this case, Tx UE can report ACK on PUCCH since Tx UE intentionally skip the PSCCH/PSSCH transmission due to no Tx buffer.
5. whether/how to deal with the case of reaching the maximum number of HARQ re-transmissions for a TB
· Same as above, it seems reasonable that Tx UE can report ACK on PUCCH since Tx UE does not have change to retransmit PSSCH any more due to reaching the maximum number of retransmissions for a TB.

2. SL HARQ-ACK multiplexing
During [RAN1#98bis-NR-13] RAN1 email discussion, we made the following agreement on the SL HARQ-ACK multiplexing. On top of that, there are still remaining details needed to be concluded focusing on FFS in the following agreement. 
	Agreements:
· 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.

Agreement_[98b-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.


Firstly, for SL HARQ codebook, both Type-1 (semi-static) and Type-2 (dynamic) was agreed and it will follow Rel-15 procedures for the generation of SL HARQ-ACK bits. 
For Type-1 SL HARQ codebook, it can be firstly considered to replace the PDSCH occasions with the PSSCH occasions, that is associated with one single PUCCH resource. It seems it can easily cover all the various situations of SL HARQ feedback in terms of determination of SL HARQ-ACK codebook size, when considering such as different PSSCH scheduling on multiple PSSCH slots associated to one PSFCH occasion from either dynamic grant or configured grant, PSSCH transmissions with SL HARQ-ACK enable/disable, SL HARQ feedback options for groupcast, cast types and so on. However, it may increase the SL HARQ-ACK codebook size compared to case of using PSFCH occasion. The other way is to rely on PSFCH occasion(s) associated with a single PUCCH resource (slot) for the SL HARQ feedback to a gNB. It may reduce the type-1 codebook size of SL HARQ feedback report compared to PSSCH based, while it would cause some restrictions of both scheduling and configuration. For example, if there are two PSSCH slots corresponding to a single PSFCH, the number of SL HARQ-ACK bits on the single PSFCH would be varied depending on the scheduling decision of PSSCH transmissions in the two PSSCH slots (i.e. whether single TB using two PSSCH is transmitted or two TB using two PSSCH are transmitted to different Rx UEs in case of unicast, respectively). Accordingly, it would require some scheduling restrictions if one PSFCH occasion cannot accommodate the number of SL HARQ-ACK bits same as that of PSSCH occasion assuming 1 SL HARQ-ACK bit per one PSSCH slot. Therefore, there can be a trade-off between SL HARQ codebook size and scheduling/configuration flexibility between the above two ways for type-1 codebook size determination. Considering reusing Rel-15 procedure and better scheduling flexibility and SL resource configurations between PSSCH and PSFCH, it is preferred to simply replace PDSCH occasions with PSSCH occasions corresponding to a single PUCCH based on Rel-15 procedure.
In addition to that, the TDD UL-DL configuration (i.e. TDD-UL-DL-ConfigurationCommon and TDD-UL-DL-ConfigDedicated) needs to be considered on whether DL/UL symbols in a slot are overlapped with SL symbols. If overlapped, the overlapped slot will be excluded in type-1 SL HARQ codebook. Since it was not agreed to support multiple PSSCH occasions within one SL slot, and a same subcarrier spacing is assumed between SL and UL, they don’t need to be further considered any more in type-1 SL codebook, different from that of NR Uu.
Proposal 5: For type-1 SL HARQ codebook, it is proposed to replace PDSCH occasions with PSSCH occasions in the Rel-15 type-1 HARQ codebook determination with a new set of slot timing values between PSSCH occasions and a single PUCCH slot

[image: ]           [image: ]Figure 2. SL Type-2 HARQ codebook determination with SL assignment indicator 


For type-2 SL HARQ codebook, DAI like field in SL DCI format can be defined to indicate the number of SL scheduling assignments for SL HARQ reporting to a gNB. Specifically, since it was agreed to independently generate HARQ codebook for both Uu and SL, counter DL/SL DAI field in either DL DCI or SL DCI in a PDCCH can separately count the number of scheduling assignments, respectively. There are following example on how to use counter SAI together with counter DAI when DL/SL HARQ-ACK are multiplexed into one PUCCH resource. Similar with NR DL HARQ, NR SL type-2 codebook can be based on the accumulative number of SL assignment among a set of PDCCH monitoring occasions for SL DCI format. It seems there is no significant specification efforts by fully reusing the Rel-15 procedure for NR SL.
Proposal 6:	For type-2 SL HARQ codebook determination, SAI field in SL DCI format should be defined 
Conclusion
This contribution discusses the HARQ mechanism for NR V2X and makes the following proposal: 
Proposal 1:	Support that a set of SL-to-Uu HARQ A/N Tx timing values (i.e. SL-to-Uu A/N Tx window) is configured via RRC signalling, and then one SL-to-Uu HARQ-ACK timing value in the set is indicated by a PDCCH (SL DCI format) for dynamic grant or configured grant type 2 (i.e. SPS activation). For configured grant type 1, one SL-to Uu HARQ-ACK timing value can be provided
Proposal 2:	It is proposed to introduce a new PUCCH resource set configured by higher layer at least for SL HARQ-ACK reporting only
Proposal 3:	It is proposed to use a PUCCH resource determined for reporting DL HARQ-ACK in case both SL and DL HARQ-ACK is multiplexed in a same PUCCH slot
Proposal 4: The working assumption on Tx UE behavior to report SL HARQ over Uu can be confirmed
Proposal 5: For type-1 SL HARQ codebook, it is proposed to replace PDSCH occasions with PSSCH occasions in the Rel-15 type-1 HARQ codebook determination with a new set of slot timing values between PSSCH occasions and a single PUCCH slot
Proposal 6:	For type-2 SL HARQ codebook determination, SAI field in SL DCI format should be defined
[bookmark: _Ref528418509]Reference
[1]. [bookmark: _Ref7546321]Chairman’s Note 3GPP TSG RAN WG1#98bis, Chongqing, CN, October 2019
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