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Introduction
In RAN1#99 [1], the following agreements have been achieved for NR Uu to control NR sidelink:
	[100e-NR-5G_V2X_NRSL-RA_Mode1-01]
Agreements(Q1):
· Confirm the working assumption from RAN1#99 with the following update to the formula: 
Agreements (Q4):
· The working assumption from RAN1#99 is confirmed.
· To derive the time of SL HARQ-ACK to the gNB the timing of Uu is used (i.e., assuming that the SL and the Uu timing are the same).

[100e-NR-5G_V2X_NRSL-RA_Mode1-02]
Agreements (Q1):
· The mapping between the values of HPN signaled in DCI and HPN signaled in SCI is fixed for a TB, and is up to UE implementation.
· For dynamic grant, the toggling of NDI in DCI is used as the toggling of NDI in SCI for the first SL transmission scheduled by the DCI. The SCI for the remaining transmissions scheduled by the DCI, if any, have the NDI untoggled with respect to the first SL transmission.
· FFS NDI in SCI for PUCCH ACK-NACK error cases
Agreements (Q2):
· The HARQ process ID for each transmission in a resource corresponding to a SL configured grant is determined based on the formula used for UL configured grants. 
· The mapping with the values of HPN in SCI is fixed for a TB, and is up to UE implementation.
Note: This corresponds to the HARQ process ID for the interaction between gNB and UE, if any distinction is made.
Note: if the principle itself is agreeable, we can then discuss any need for modifications, possibly as part of the TP drafting phase.
Agreements (Q3):
· Only one new TB can be transmitted in one period of the configured grant.
· FFS any issue with retransmission spanning multiple periods
· The DCI scheduling the retransmissions uses the first HARQ process ID corresponding to the first transmission of the TB, as agreed for Q2.
Agreements (Q4):
The specification supports having multiple HARQ ID processes for a given SL configured grant.
Note: this is issue is tightly coupled with Q2, so all configuration and specification details can be discussed together.

[100e-NR-5G_V2X_NRSL-RA_Mode1-03]
Agreements (Q1):
· The TX UE reports NACK to the gNB in the following cases:
· When it does not transmit the corresponding PSCCH/PSSCH due to intra-UE prioritization.
· When it does not receive the corresponding PSFCH due to intra-UE prioritization.
Agreements (Q2):
· For groupcast option 2 in the case where there are multiple PSFCHs corresponding to multiple PSCCH/PSSCH transmissions of a single TB, the TX UE reports ACK to the gNB if it has received ACK at least once from each RX UE. Otherwise, it reports NACK to the gNB.
Agreements (Q3):
· For groupcast option 2, the TX UE reports NACK to the gNB when it does not detect some expected PSFCH.
Agreements (Q4):
· For configured grant, the TX UE reports ACK to the gNB in case no PSCCH/PSSCH is transmitted in a set of resources.
NOTE: The rule in Q1 has precedence over this rule.
Working assumption (Q5):
In case of reaching the maximum number of HARQ re-transmissions for a TB, the UE sends one bit on the UL resources for SL HARQ-ACK reporting. The specification will specify the UE behavior (what the behavior is: FFS), and specify the contents of the report (what the content is: FFS).
Working assumption (Q6):
If the SL transmission does not use SL HARQ feedback (if supported by RAN2), the UE sends one bit on the UL resources for SL HARQ-ACK reporting. The specification will specify the UE behavior (what the behavior is: FFS), and specify the contents of the report (what the content is FFS).



This contribution discusses NR sidelink mode 1 resource allocation mechanism controlled by NR Uu.
Discussion
Timing for Configured Grant Type 1
In configured grant Type-1, a series of resources from the corresponding sidelink resource pool are configured to UE for potential transmission on sidelink. After receiving the configured grant, UE determines the configured resources and its periodicity. Whenever UE has data to be transmitted, UE uses allocated resources for transmission. The first sidelink transmission should be within the configured resources, but not necessarily be the first configured resource. The first sidelink transmission is determined by UE itself when it has data to be transmitted, but not triggered by the configured grant. From the perspective of configuration, Toffset indicates the first configured sidelink resource which may (not) be the first sidelink transmission.
Proposal 1: The first slot of the sidelink resources configured by CG Type-1 within the corresponding sidelink resource pool is not earlier than Toffset = SFN0 + timeDomainOffset – TTA/2 + N0×periodicity, where
· SFN0 is the time of the most recent instance of SFN=0;
· timeDomainOffset is offset of a resource with respect to SFN=0 in time domain, which is calculated in SL logical slots.
· N0 is the smallest integer satisfying that Toffset is not earlier than the timing of configured grant Type-1.
· Periodicity is the configured periodicity of the configured grant Type-1.
· NOTE: all terms in the sum are expressed in the same time units.

SL HARQ procedure over Uu
2.2.1 Slot of UL transmission for SL HARQ-ACK report
Issue: Asynchronization between SL and Uu
When UE is synchronized to gNB, the exact sidelink timing is known by gNB. gNB can accordingly configure or indicate the offset between last slot of PSFCH reception and slot of PUCCH transmission (i.e. sl-ACKToUL-ACK or PSFCH-to-HARQ feedback timing indicator). When UE is synchronized to GNSS and gNB does not have the GNSS timing information, gNB does not know the exact sidelink timing (i.e. offsetDFN). The SL HARQ-ACK reporting to gNB will have problem due to the timing misalignment between Uu and sidelink, which is shown in Figure 1.
· In sync. case, there is no issue when UE reports SL HARQ-ACK to gNB through PUCCH.
· In async. case 1, the offset between Uu and sidelink is less than one slot. UE will apply the PUCCH slot after the supposed one. If the slot boundary is aligned between Uu and sidelink, UE can apply the supposed PUCCH slot for reporting.
· In async. case 2 and case 3, the offset between Uu and sidelink is larger than one slot. The PSFCH reception can be is overlapped with the supposed PUCCH transmission. Even the slot boundary is aligned between Uu and sidelink, the overlap cannot be avoided. If UE receives PSFCH and transmits PUCCH within one slot, it requires UE to have extremely short processing time and TX-RX switching time.
· Furthermore, even larger offset may cause that PSFCH reception is after PUCCH slot. In this situation, gNB has DTX on the PUCCH slot, since UE has not received all of the PSFCH.
To solve the issue in async case 1, a restriction is needed that the offset between Uu and sidelink should be no larger than one slot. However, this restriction is not realistic in deployment. Another method is by assuming the slot/frame boundaries are aligned between Uu and sidelink.
 For the issue in async case 2 and 3, gNB should know the exact timing offset between Uu and sidelink. Even the boundaries between Uu and sidelink are assumed to be aligned, gNB still do not know the exact slotS for sidelink transmission and PSFCH reception.
For SL HARQ-ACK reporting on PUCCH, gNB should know the timing offset between Uu and sidelink transmission. If the timing offset is unknown by gNB, the bitmapping of the resource indication cannot be aligned with gNB’s interpretation of sidelink resources. It is impossible for gNB to schedule the sidelink resources without knowing timing offset between Uu and sidelink. 
There are several ways for gNB having this information as follows, 
1) gNB is connected to GNSS with its timing information; 
2) Asynchronized UE reports its timing offset to gNB; 
3) gNB configures the timing offset to UE.
Observation 1: When the slot offset between sidelink and Uu is not known by gNB, the slot ambiguous issue can lead to different SL HARQ-ACK reporting time on different PUCCH slots.
Proposal 2: gNB should have the timing offset information between Uu and sidelink transmission, i.e. offsetDFN.

Figure 1. Asynchronization issue between Uu and sidelink for SL HARQ-ACK report

2.2.2 SL HARQ-ACKs reporting in PUCCH
	RAN1#98bis
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.

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.
· 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.

RAN1#99
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




It was agreed that NR supports multiplexing of multiple SL HARQ-ACKs in a single PUCCH resource, but no support of multiplexing of SL HARQ and Uu UCI on PUCCH or PUSCH in Rel-16. The SL HARQ-ACK(s) multiplexing in a PUCCH transmission cases can be:
· Case 1: 1 bit of DG or CG SL HARQ-ACK reporting
· Case 2: Multiple DG SL HARQ-ACKs reporting
· Case 2: m-bit DG SL HARQ-ACK(s) + 1 bit of CG SL HARQ-ACK reporting, where m  1.
The Rel-15 procedures for multiplexing DL HARQ-ACKs are reutilized, and both Type-1 and Type-2 codebook are supported for SL HARQ-ACK reporting.
· Type-1 SL HARQ-ACK codebook
In NR sidelink, SL HARQ-ACK reporting information on PUCCH is generated based on the received corresponding PSFCH occasions within a time duration. The slot offset between PSFCH and PUCCH is included as part of time domain resource allocation (K1-like value) indicated in DCI (PSFCH-to-HARQ feedback timing ) or RRC (sl-ACKToUL-ACK). By reutilizing Rel-15 procedures for multiplexing DL HARQ-ACKs, the following steps can be applied to construct Type-1 SL HARQ-ACK codebook:
· Step 1: Determining the SL HARQ-ACK reporting window - slot offset values between the PUCCH and the corresponding PSFCHs.
· Step 2: Slots exclusion – DL slots, UL/X slots and sidelink slots without PSFCH are excluded from the reporting window.
· Step 3: Generate SL HARQ-ACK information based on received PSFCHs.
Proposal 3: For Type-1 SL HARQ-ACK codebook construction, the following steps can be applied:
· Step 1: Determining the SL HARQ-ACK reporting window - slot offset values between the PUCCH and the corresponding PSFCHs.
· Step 2: Slots exclusion – DL slots, UL/X slots and sidelink slots without PSFCH are excluded from the reporting window.
· Step 3: Generate SL HARQ-ACK information based on received PSFCHs.

· Type-2 SL HARQ-ACK codebook
In NR sidelink, sidelink assignment index (SAI) field can be included in DCI format 3_0 for scheduling sidelink transmission. NR Uu supports TB and CBG transmission while Rel-16 sidelink supports TB based transmission. By constructing the Type-2 SL HARQ-ACK codebook, SL HARQ-ACK bit for a configured grant is concatenated by SL HARQ-ACK bits for dynamic grants.
Proposal 4: If Type-2 SL HARQ-ACK codebook is configured, SAI field can be included in DCI format 3_0 for sidelink scheduling indication.
Proposal 5: In Type-2 SL HARQ-ACK codebook construction, 1 bit of SL CG HARQ-ACK is concatenated by the bit(s) of SL DG HARQ-ACK.

2.2.3 PUCCH collision between SL HARQ report and Uu HARQ report
Based on the agreements, it is not support multiplex of SL HARQ-ACK and Uu UCI on PUCCH or PUSCH in Rel-16. It implies that SL HARQ-ACK and Uu HARQ-ACK have to be reported to gNB on separate PUCCH resources. The PUCCH resources for SL HARQ-ACK can be configured and indicated by higher layer configuration and DCI indication. Since gNB controls the resource allocation on Uu link and sidelink, PUCCH resources used for HARQ reporting can be allocated without collision by gNB implementation.  For mode 1 resource allocation by configured grant, the gNB allocates configured periodic resource for sidelink transmission with exact resources used for SL transmission determined by the Tx UE. The SL HARQ-ACK report timing is indicated by slot offset (e.g. sl-ACKToUL-ACK) between corresponding PSFCH occasions and the PUCCH used for reporting, gNB cannot know which PUCCH will be exactly used. Under this situation, the PUCCH collision happens.
Prioritization rules can be used to solve collision issue between SL HARQ reporting on PUCCH and PDSCH HARQ on PUCCH. RAN2 has achieved the agreements for prioritization between UL and SL transmission, which provides a solution on how to process the collision between UL-TX (PDSCH HARQ) and SL-TX (PSFCH). Based on the RAN2’s agreements, it is better to reuse the mechanism in RAN1. The following rules can be used as reference [2].
· PUCCH used for ACK/NACK feedback for PDSCH, the priority can be configured.
· PUCCH used for PSFCH forwarding, the priority of SL can correlated with the priority of PSFCH.
· PSFCH priority is supposed to be correlated with the associated PSSCH priority, which is similar as that in in-device coexistence.
Proposal 6: The UL-SL prioritization mechanism defined in RAN2 can be reused in RAN1 as the rules to solve the collision issue between PDSCH HARQ and PSFCH forwarding.
Proposal 7: The priority for physical channels can be defined as:
· PUCCH used for ACK/NACK feedback for PDSCH, the priority can be configured.
· PUCCH used for PSFCH forwarding, the priority of SL can correlated with the priority of PSFCH.
· PSFCH priority is supposed to be correlated with the associated PSSCH priority, which is similar as that in in-device coexistence.

DG scheduling multiple SL re-transmission
When SL UE report NACK on PUCCH to gNB and the maximum number of re-transmission is not reached yet, gNB will use dynamic grant to schedule sidelink resource(s) for re-transmission. One DG can schedule one re-transmission or more than one re-transmission on sidelink. Each re-transmission on sidelink with HARQ-ACK reporting on PUCCH back to gNB would consume double the UL control resource..
· Case 1: One DG schedules one SL re-transmission. After the re-transmission scheduled by DG, Tx UE reports SL HARQ-ACK to gNB based on the received PSFCH. This case requires more signaling interaction on Uu link and delay on sidelink transmission, but the reliability is high.
· Case 2: One DG schedules multiple SL re-transmissions.
· 2-1: Only one SL HARQ-ACK reporting to gNB after the last scheduled re-transmission on sidelink. If re-transmission is successful and ACK is received by Tx UE on PSFCH, but there are still some re-transmission resources unused. The re-transmission will stop and the rest of the unused resources will be wasted or released to be used by Mode 2 resource allocation, since Tx UE will report the ACK after the last re-transmitted resource.
· 2-2: Each re-transmission on sidelink has SL HARQ-ACK reporting to gNB. Tx UE reports ACK/NACK after each re-transmission on sidelink. Whenever Tx UE receives ACK on PSFCH, it can report ACK to gNB. If there are still some re-transmission resources left, they can be released. The released resources can be allocated for other TB transmission.
Proposal 8: DG can schedule multiple re-transmissions on SL with each re-transmission having PSFCH and SL HARQ-ACK reporting to gNB.

Mode 1 configured grant transmission
In configured grant Type-1 and Type-2, sidelink resources are configured by gNB for potential periodic transmission. In each configured resources period, only one new TB is transmitted, and the potential re-transmissions (not DG scheduled) are also supposed to use the sidelink resources within the same period. In the end of each period, 1 bit of SL HARQ-ACK is derived from the PSFCH receptions in this period, and it will be reported to gNB through PUCCH indicated by a slot offset. Since there is only one bit on the PSFCH forward to gNB, it is better to have only one TB transmission and re-transmission in one configured grant period. If the re-transmission of a TB spans multiple period, the PSFCH forwarding to gNB will have collision with other TBs’ (re-)transmission. Each configure grant period should only have one TB’s initial transmission and re-transmissions (not DG).
Proposal 9: Each configure grant period should only have one TB’s initial transmission and re-transmissions (not DG)
For the last transmission of a TB, if the UE received a NACK on PSFCH, and it is reported to gNB, a DG is used to schedule extra resources for re-transmission(s) of this TB. In NR Uu configured grant, the DG re-transmission will allocate DG resources by avoiding overlap with CG resources. When the DG re-transmission(s) occupy CG resources due to short latency limitation, the potential CG transmission on the overlapped resources will be dropped or delayed. In sidelink configured grant, the same mechanism can be applied. DG scheduled sidelink re-transmission(s) is not supposed to use the CG resources for other TBs’ transmission. When DG scheduled re-transmission(s) and CG transmission(s) have collision on sidelink, NR Uu mechanism is reused for resource occupation process.
Proposal 10: DG scheduled sidelink re-transmission(s) is not supposed to use the CG resources for other TBs’ transmission.
Proposal 11: When DG scheduled re-transmission(s) and CG transmission(s) have collision on sidelink, NR Uu mechanism is reused for resource occupation process.

DCI design
2.5.1 DCI size alignment
A new DCI format 3_0 is defined in Rel-16 V2X for gNB control and schedule sidelink UE through Uu. The new DCI has many specific fields for sidelink, which lead to the fact that it has different size with that of existing DCI formats in NR Uu. If the new DCI format 3_0 has its own size and over the DCI size budget, it will increase the UE complexity and capability in the number of blind decoding. In order to reduce the UE complexity of blind decoding, the size of DCI format 3_0 should align with the existing DCI format in NR Uu.
In LTE V2X, DCI format 5A is padded with zero until its size aligned with DCI format 0 which is used for scheduling PUSCH in one UL cell. In NR V2X, DCI format used for scheduling PUSCH can also be selected to do size alignment. The size of DCI format 3_0 can be aligned with DCI format 0_1 in NR Uu. In NR Uu, DCI format 0_0 and 0_1 are used for scheduling PUSCH. By calculating the payload size of DCI format 0_0 and 0_1, the maximum payload size can be 37 bits and 87 bits, respectively. For NR V2X DCI format 3_0, the payload size can be more than 40 bits. Even some information fields in DCI format 3_0 have not been decided with exact size, the approximate calculation can reflect that DCI format 0_1 can be the size alignment target.
Proposal 12: The size of DCI format 3_0 can be aligned with DCI format 0_1 in NR Uu.

2.5.2 CG Type-2 activation/release indication
For configured grant Type-2, the configuration is activated by DCI. 1 bit of indication field can be included in DCI format 3_0 to activate or de-activate sidelink CG Type-2.
[bookmark: _GoBack]Proposal 13: DCI format 3_0 includes 1 bit of indication field to activate/release configured grant Type-2 on sidelink.
Conclusion
In this contribution, the NR Uu to control NR sidelink mode 1 transmission is discussed. We have the following proposals:
Proposal 1: The first slot of the sidelink resources configured by CG Type-1 within the corresponding sidelink resource pool is not earlier than Toffset = SFN0 + timeDomainOffset – TTA/2 + N0×periodicity, where
· SFN0 is the time of the most recent instance of SFN=0;
· timeDomainOffset is offset of a resource with respect to SFN=0 in time domain, which is calculated in SL logical slots.
· N0 is the smallest integer satisfying that Toffset is not earlier than the timing of configured grant Type-1.
· Periodicity is the configured periodicity of the configured grant Type-1.
· NOTE: all terms in the sum are expressed in the same time units.
Observation 1: When the slot offset between sidelink and Uu is not known by gNB, the slot ambiguous issue can lead to different SL HARQ-ACK reporting time on different PUCCH slots.
Proposal 2: gNB should have the timing offset information between Uu and sidelink transmission, i.e. offsetDFN.
Proposal 3: For Type-1 SL HARQ-ACK codebook construction, the following steps can be applied:
· Step 1: Determining the SL HARQ-ACK reporting window - slot offset values between the PUCCH and the corresponding PSFCHs.
· Step 2: Slots exclusion – DL slots, UL/X slots and sidelink slots without PSFCH are excluded from the reporting window.
· Step 3: Generate SL HARQ-ACK information based on received PSFCHs.
Proposal 4: If Type-2 SL HARQ-ACK codebook is configured, SAI field can be included in DCI format 3_0 for sidelink scheduling indication.
Proposal 5: In Type-2 SL HARQ-ACK codebook construction, 1 bit of SL CG HARQ-ACK is concatenated by the bit(s) of SL DG HARQ-ACK.
Proposal 6: The UL-SL prioritization mechanism defined in RAN2 can be reused in RAN1 as the rules to solve the collision issue between PDSCH HARQ and PSFCH forwarding.
Proposal 7: The priority for physical channels can be defined as:
· PUCCH used for ACK/NACK feedback for PDSCH, the priority can be configured.
· PUCCH used for PSFCH forwarding, the priority of SL can correlated with the priority of PSFCH.
· PSFCH priority is supposed to be correlated with the associated PSSCH priority, which is similar as that in in-device coexistence.
Proposal 8: DG can schedule multiple re-transmissions on SL with each re-transmission having PSFCH and SL HARQ-ACK reporting to gNB.
Proposal 9: Each configure grant period should only have one TB’s initial transmission and re-transmissions (not DG)
Proposal 10: DG scheduled sidelink re-transmission(s) is not supposed to use the CG resources for other TBs’ transmission.
Proposal 11: When DG scheduled re-transmission(s) and CG transmission(s) have collision on sidelink, NR Uu mechanism is reused for resource occupation process.
Proposal 12: The size of DCI format 3_0 can be aligned with DCI format 0_1 in NR Uu.
Proposal 13: DCI format 3_0 includes 1 bit of indication field to activate/release configured grant Type-2 on sidelink.
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