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Introduction
Rel-16 NR V2X was endorsed in 3GPP TSG RAN1#99. This contribution discusses the remaining issues on Mode 1 resource allocation, including the following topics:
· Details of SL DCI format size alignment with existing NR Uu DCI
· Details on DCI contents for dynamic grant and Type-2 configured grant
· Multiplexing multiple SL HARQ-ACKs in a PUCCH resource
· Remaining details of UE behaviour in reporting SL HARQ-ACK
· HARQ process ID determination for configured grants
· Timing determination for configured grant type 1 in cross RAT scheduling and same RAT scheduling
Remaining details of reporting SL HARQ-ACK on uplink
1.1 Indication of SL HARQ in dynamic grant
In RAN1#99 meeting [1] and RAN2#107bis meeting [2], the following agreements regarding enabling/disabling SL HARQ feedback via SL grant was made:
	RAN1#99
Agreements: (including Thursday down-selection)
· Use a separate PDCCH monitoring configuration (as configured in Rel-15) for DCI scheduling SL
· The per-CC and across-CC blind decoding budget and the maximum number of non-overlapped CCEs for channel estimation are not increased.
· The per-CC and across-CC maximum number of search spaces is not increased.
· The per-CC and across-CC maximum number of CORESETs is not increased
· To down-select:
· Alt 1: (Working assumption) the UE is not expected to be configured such that there is both PDCCH monitoring for Uu and PDCCH monitoring for SL in the same slot
· Alt 2: (Working assumption) When in the same slot, there is both PDCCH monitoring for Uu and PDCCH monitoring for SL for the same CC, the search space(s) for SL is configured to be the same or a subset of those for Uu for the same CC or vice versa
· A UE does not expect to receive in the same PDCCH monitoring occasion and the same scheduling cell PDCCH carrying a DL grant and PDCCH carrying a SL DG.
· FFS SL grant is limited to having SL HARQ FB enabled or not.  
· FFS for CG type-2 activation/deactivation
Agreements:
· From RAN1 perspective, a configured grant for SL can carry a TB for which SL HARQ FB is enabled or disabled. 
· For any CG, if there is a possibility to carry a TB with SL HARQ FB being enabled, there is always a corresponding PSFCH configuration 
· A TB with SL HARQ FB is enabled can be carried by a CG only if there is a corresponding PSFCH configuration for the CG
· For a TB with SL HARQ FB is disabled, up to RAN2 how to utilize a CG for the transmission

RAN2#107bis
· Agreements on LCP: 
· UE in MAC may select the destination and cast type associated with the highest SL LCH priority for a new transmission. Then only the data of the SL LCHs belonging to the selected destination and cast type can be multiplexed into the MAC PDU to be transmitted.
· LCP will take HARQ A/N enabled/disabled into account, e.g. packet with HARQ enabled will be multiplexed only with packets with HARQ enabled.
· For Sidelink unicast, data of different destinations is not multiplexed into the same MAC PDU.


For a configured grant, it was agreed that no indication of enabling/disabling SL HARQ feedback is introduced, and SL transmission with HARQ feedback either enabled or disabled can be transmitted on SL resources allocated in a CG. However, there was no consensus on whether enabling/disabling of SL HARQ feedback is indicated in dynamic grant. 
In last RAN1 meeting, the main concern of indicating the enabling/disabling of SL HARQ feedback in DG is that SL packets with HARQ feedback enabled and with HARQ feedback disabled cannot be multiplexed into same TB allocated in one DG. However, according to the RAN2#107bis agreement above, multiplexing of HARQ A/N enabled packet and disabled packet are not supported by RAN2. 
It is beneficial to allow gNB control UE behaviour on sidelink to increase the resource efficiency. For example, if gNB schedules SL resource in DG with SL HARQ feedback disabled, it is unnecessary to schedule corresponding PUCCH resource for reporting SL HARQ-ACK to gNB, thus the UL overhead can be reduced as much as possible. In addition, reporting SL HARQ-ACK on PUCCH will impact both monitoring of SL resource at same slot due to half duplex and also simultaneous SL transmission, therefore avoid PUCCH resource allocation for UE with SL HARQ feedback disabled in DG could also improve SL system performance. Therefore, an indication of enabling/disabling of SL HARQ feedback in DG should be supported.
Proposal 1: Enabling/disabling of SL HARQ feedback is indicated in dynamic grant.
1.2 PUCCH occasion for dynamic grant
In RAN1#99 meeting [1], the following proposal regarding reporting SL HARQ-ACK on uplink was discussed but not finalized:
	Proposals:
· The timing of the PUCCH used for conveying SL HARQ is indicated in DCI in terms of PDCCH-to-PUCCH UL (physical) slots.
· FFS the case of multiple PUCCH resources (if supported)


It was agreed that one DG can allocate SL resources corresponding to multiple transmissions of one TB. For HARQ based sidelink transmission, after each SL transmission on the resources scheduled in a DG, transmitter UE may detect ACK feedback before all scheduled resources are used for sidelink transmission. Therefore, for the utilization of multiple SL resources scheduled in one DG, the following three solutions can be considered:
· Option 1: One DG can provide resources for multiple SL TBs. If Tx UE successfully transmits a SL TB on one resource scheduled in the DG, it transmits other SL TBs on the remaining resources, if any. One PUCCH transmission occasion is provided per DG regardless of the number of SL resources scheduled in the DG, and the PUCCH transmission occasion is after the last SL resource scheduled in the DG.
· Option 2: One DG can provide resources for multiple transmissions of one SL TB, and SL resource release mechanism is supported. Tx UE reports sidelink HARQ-ACK to gNB as indication of resource release. Correspondingly, after each SL resource scheduled in a dynamic grant, there is one PUCCH transmission occasion. 
· Option 3: One DG can provide resources for multiple transmissions of one SL TB, and no resource release mechanism is introduced. If Tx UE successfully transmits a SL TB on one resource scheduled in the DG, it transmits nothing on the remaining resources, if any. Similarly as option 1, one PUCCH transmission occasion per DG is provided.
Option 3 has the lowest complexity but will significantly impact the resource utilization efficiency on sidelink. In order to avoid potential impact on higher layer, it seems option 2 is more appropriate to balance the complexity of system design and the performance of SL resource efficiency.
Proposal 2: For mode 1 dynamic grant, when SL HARQ feedback is enabled, there is one PUCCH transmission occasion after every SL resource scheduled in the DG.
1.3 Content of SL HARQ-ACK on PUCCH
In the email discussion after RAN1#98bis, the following agreement regarding content of SL HARQ-ACK reported on uplink was discussed, but the FFS bullets were not finalized in RAN1#99 meeting [1]:
	Email discussion agreements:
· 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.


The FFS bullets regarding content of HARQ-ACK report from transmitter UE to gNB under some special cases needs further discussion.
For groupcast option 1: if Tx UE does not transmit PSSCH due to prioritization, it is straightforward to trigger a retransmission, correspondingly NACK should be reported to gNB. If Tx UE does not receive PSFCH due to prioritization, the potential NACK might be missed. Therefore, a retransmission should be triggered and Tx UE reports HARQ based on PSFCH corresponding to the new retransmission. The receiver UEs which already decode the sidelink transmission successfully is unnecessary to decode the retransmission and sends no HARQ-ACK feedback, which reuses the legacy behavior of DL reception in NR Uu system.
For groupcast option 2: since there is one PUCCH transmission occasion for a configured grant, the scenario of HARQ-ACK report generated after receiving multiple PSFCHs corresponding to different PSCCH/PSSCHs happens when the configured grant schedules multiple sidelink resources. 
If the different PSCCH/PSSCHs are corresponding to same TB, for a receiver UE, once the TB is successfully received, the receiver UE send ACK feedback for the succeed reception, and if there are subsequent retransmissions, the receiver UE does not need to decode PSSCH and sends ACK feedback, which is similar as legacy NR Uu behavior as well. In addition, at transmitter UE side, in case of missing HARQ-ACK feedbacks, the transmitter UE needs to maintain status of each receiver. For example, if a receiver UE sends ACK for a given sidelink TB, in the subsequent retransmissions of the same sidelink TB, the transmitter always assume ACK from the receiver UE regardless of the existence and content of PSFCH from the receiver UE.
When Tx UE does not detect some expected PSFCH, and if receiver corresponding to at least one expected PSFCH sent no ACK for previous (re-)transmission of the same TB, Tx UE should report NACK to gNB. Otherwise ACK can be reported.
Maximum number of HARQ retransmission is reached: According to RAN1#99 agreement, for DG, the number of retransmissions of a TB is up to gNB. For CG, the maximum number of times that a TB can be retransmitted using the resources provided by the configured grant is configured per priority per configured grant. Therefore, the understanding of maximum number of HARQ retransmission at UE and gNB sides are aligned and UE can handle the case as in a general way.
Proposal 3: 
· For groupcast option 1, Tx UE reports NACK when Tx UE does not transmit/receive due to prioritization.
· For groupcast option 2, when Tx UE does not detect some expected PSFCH:
· NACK is reported to gNB if at least one UE corresponding to the missed PSFCH(s) sent no ACK for previous (re-)transmission of the same TB.
· Otherwise ACK is reported to gNB.
· No need to deal with the case of reaching maximum number maximum number of HARQ re-transmissions for a TB. 
1.4 Handling of collision between SL HARQ-ACK report on PUCCH and other UL transmission
In RAN1#99 meeting [1], the following conclusion regarding multiplexing SL HARQ-ACK on uplink was made:
	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


Therefore, when SL HARQ and Uu UCI on PUCCH needs to be transmitted simultaneously, either SL HARQ or Uu UCI need to be dropped. It is straightforward to decide which transmission to drop by their importance. If the Uu UCI is corresponding to URLLC, e.g. URLLC HARQ-ACK codebook, SL HARQ on PUCCH should be dropped to protect the performance of URLLC traffics. If the Uu UCI is corresponding to eMBB, one possible solution is to decide which transmission should be prioritized depending on QoS. Similarly as the rule discussed in SL/UL collision, when the priority of SL HARQ-ACK codebook is higher than given threshold, e.g. QoS < threshold, Uu UCI corresponding to eMBB is dropped. Otherwise if the priority of SL HARQ-ACK codebook is lower, e.g. QoS > threshold, SL HARQ-ACK report is dropped.
Considering there may be multiple SL HARQ-ACKs multiplexed on same PUCCH, the QoS of one SL HARQ-ACK codebook can be determined based on the associated PSSCH with highest priority, i.e. smallest QoS value. 
Proposal 4: For the collision between SL HARQ-ACK report and URLLC UCI on PUCCH, SL HARQ-ACK report is dropped. For the collision between SL HARQ-ACK report and eMBB UCI on PUCCH, the prioritization of collided UCIs is based on QoS.
Proposal 5: QoS of SL HARQ-ACK codebook is the same as QoS of PSSCH with the highest priority from all PSSCHs associated with the SL HARQ-ACK codebook.
Multiplexing of SL HARQ-ACKs on PUCCH
In the email discussion after RAN1#98bis, the following agreement regarding multiplexing of multiple SL HARQ-ACKs on PUCCH was made, and further details and FFS bullets was not discussed in RAN1#99 meeting [1]:
	· Agreements on multiplexing of multiple HARQ-ACKs (resource allocation mode 1)
· 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.


1.5 Type-1 SL HARQ-ACK codebook
In legacy NR Uu system, type-1 DL HARQ-ACK codebook is semi-static codebook, generated based on PDSCH reception occasions and a PDSCH-to-HARQ_feedback timing indicator in DL grant. For each PDSCH reception occasion one HARQ-ACK information bit is generated in Type-1 DL HARQ-ACK codebook. UE reports HARQ-ACK information corresponding to actual PDSCH reception in the type-1 HARQ-ACK codebook if the codebook is transmitted in a slot indicated by the PDSCH-to-HARQ_feedback timing indicator, and generates other HARQ-ACK information bits in the type-1 HARQ-ACK codebook as NACK.
For type-1 SL HARQ-ACK codebook, the legacy procedure of generating Type-1 codebook can be reused. Type-1 SL HARQ-ACK codebook is corresponding to a set of all potential PSSCH transmission occasions, and the location of each potential PSSCH transmission occasion is determined based on PSFCH-to-PUCCH gap. The definition of PSSCH transmission occasion can be simplified compared with the definition of PDSCH reception occasion in NR Uu. For example, single PSSCH transmission occasion per slot can be supported in a resource pool, since UE should not transmit multiple PSSCHs simultaneously in one slot. Therefore, if there are in total of N PSFCH-to-PUCCH gap values, a type-1 SL HARQ-ACK codebook has N HARQ-ACK information bits. The mapping relationship between PSSCH transmission occasions and HARQ-ACK information bits can be pre-defined, e.g. by time ascending order. 
In a type-1 SL HARQ-ACK codebook transmitted on PUCCH resource, UE should report HARQ-ACK information corresponding to actual PSSCH transmission status, if the PSSCH transmission is provided with the same PUCCH resource, on the corresponding HARQ-ACK information bit derived by PSFCH-to-PUCCH gap similarly as in NR Uu. NACK is generated for the HARQ-ACK information bits without actual PSSCH transmission. 
For the HARQ-ACK information bits of DG and CG, since both DG and CG have same definition of PSSCH transmission occasion and use same rule to determine HARQ-ACK information bits by PSFCH-to-PUCCH gap, there is no need to distinguish HARQ-ACK information for DG and for CG. 
Proposal 6: Type-1 SL HARQ-ACK codebook is generated based on PSSCH transmission occasions derived by PSFCH-to-PUCCH gap values. One PSSCH transmission occasion per slot is defined in a resource pool.
Proposal 7: DG-based and CG-based SL transmission use same rule to report HARQ-ACK information in type-1 SL HARQ-ACK codebook.
1.6 Type-2 SL HARQ-ACK codebook
In legacy NR Uu system, type-1 DL HARQ-ACK codebook is dynamic codebook, generated based DAI indicator in DL grant. The DAI indicator includes Counter-DAI and Total-DAI, C-DAI is used to determine the position of HARQ-ACK information bit of corresponding PDSCH reception in type-2 codebook, and T-DAI is used to determine the total length of type-2 codebook. UE reports HARQ-ACK information corresponding to actual PDSCH reception at the Nth bit in type-2 codebook if the C-DAI value indicated corresponding DL grant is N, and generates other HARQ-ACK information bits in type-2 HARQ-ACK codebook as NACK.
For type-2 codebook in SL, the {C-DAI, T-DAI} values should be indicated in SL grant to generate type-2 codebook. Since type-1 CG have no DCI, and type-2 CG have only one activation DCI, the DAI-based solution can only be utilized to generate HARQ-ACK information bits corresponding to DG. The HARQ-ACK information bits corresponding to CG can be appended at the end of SL type-2 codebook. As agreed in email discussion, a UE does not expect to be indicated to transmit HARQ-ACK information for multiple CGs in a same PUCCH, therefore up to 1 HARQ-ACK information bits will be appended. This solution is similar as generating HARQ-ACK information bit for SPS PDSCH in NR Uu. 
If UE is configured with multiple resource pools, the DAI values of SL grant scheduling resource in different pools can be calculated in combination, similarly as calculating DAI values corresponding to different cells. The calculation can be depending on a certain order of resource pools, e.g. by introducing a resource pool index.
Proposal 8: Type-2 SL HARQ-ACK codebook is generated based on {C-DAI, T-DAI} indicated in dynamic grant. One HARQ-ACK information bit for configured grant may be appended at the end of type-2 SL codebook.
Proposal 9: DAI values corresponding to different SL resource pools are counted in combination.
DCI format size alignment
In RAN1#99 meeting [1], the following agreements regarding DCI format size alignment was made:
	Agreements:
· Existing DCI size budget is maintained when the UE is configured with SL 
· (working assumption): The size of the new DCI format and the size of one of the existing NR DCI formats are aligned.


The existing DCI size budget restricts that the maximum number of different sizes of DCI format monitored by UE should not exceed 4, and that the maximum number of different sizes of DCI format with C-RNTI monitored by UE should not exceed 3. According to the agreement above, if the maximum number of different sizes of DCI format exceeds existing budget due to the introduction of SL DCI formats, then the size of SL DCI formats should be aligned with one of the existing NR DCI. 
SL DCI size alignment can be similar as DCI size alignment procedure in NR Uu. One existing NR DCI format, e.g. DCI format 0_1, should be determined as a reference for SL DCI formats. If the size of reference NR DCI format and of SL DCI formats are unequal, zero padding is appended to the DCI format with smaller size, until their sizes are equal.
When the UE is configured with SL, if the actual number of different sizes of DCI formats monitored by the UE does not exceed existing DCI size budget, it is unnecessary to perform SL DCI size alignment procedure. SL DCI formats can have different size compared with NR Uu, and no introduction of zero padding is beneficial to reduce the overhead of control signal and improve decoding performance.
Proposal 10: For SL DCI size alignment, reuse DCI size alignment procedure in NR Uu.
Proposal 11: When UE is configured with SL, if the number of monitored DCI sizes does not exceed existing DCI size budget, SL DCI size alignment is not applied.
Conclusions
In this contribution, the remaining issues on resource allocation in NR V2X Mode 1 are discussed with the following proposals:
Proposal 1: Enabling/disabling of SL HARQ feedback is indicated in dynamic grant.
Proposal 2: For mode 1 dynamic grant, when SL HARQ feedback is enabled, there is one PUCCH transmission occasion after every SL resource scheduled in the DG.
Proposal 3: 
· For groupcast option 1, Tx UE reports NACK when Tx UE does not transmit/receive due to prioritization.
· For groupcast option 2, when Tx UE does not detect some expected PSFCH:
· NACK is reported to gNB if at least one UE corresponding to the missed PSFCH(s) sent no ACK for previous (re-)transmission of the same TB.
· Otherwise ACK is reported to gNB.
· [bookmark: _GoBack]No need to deal with the case of reaching maximum number maximum number of HARQ re-transmissions for a TB. 
Proposal 4: For the collision between SL HARQ-ACK report and URLLC UCI on PUCCH, SL HARQ-ACK report is dropped. For the collision between SL HARQ-ACK report and eMBB UCI on PUCCH, the prioritization of collided UCIs is based on QoS.
Proposal 5: QoS of SL HARQ-ACK codebook is the same as QoS of PSSCH with the highest priority from all PSSCHs associated with the SL HARQ-ACK codebook.
Proposal 6: Type-1 SL HARQ-ACK codebook is generated based on PSSCH transmission occasions derived by PSFCH-to-PUCCH gap values. One PSSCH transmission occasion per slot is defined in a resource pool.
Proposal 7: DG-based and CG-based SL transmission use same rule to report HARQ-ACK information in type-1 SL HARQ-ACK codebook.
Proposal 8: Type-2 SL HARQ-ACK codebook is generated based on {C-DAI, T-DAI} indicated in dynamic grant. One HARQ-ACK information bit for configured grant may be appended at the end of type-2 SL codebook.
Proposal 9: DAI values corresponding to different SL resource pools are counted in combination.
Proposal 10: For SL DCI size alignment, reuse DCI size alignment procedure in NR Uu.
Proposal 11: When UE is configured with SL, if the number of monitored DCI sizes does not exceed existing DCI size budget, SL DCI size alignment is not applied.
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