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1 Introduction
[bookmark: _Hlk505938201]In previous RAN1 meetings, the following agreements were achieved towards CG timing, SL HARQ-ACK report on Uu:
Agreements:
· The slots for sidelink transmission for CG type-1 are determined using the UL formula in 38.321 with the following changes: 
· [bookmark: _Hlk40087423]Using slot-level granularity instead of symbol-level granularity (i.e., remove numberOfSymbolsPerSlot, “symbol number in the slot”, S in the formula)
· periodicity is in number of slots
· [bookmark: _Hlk40087459]timeDomainOffset is expressed in number of slots
· FFS: frame indexing (e.g., SFN, or virtual frame number)
· FFS: whether logical or physical slots are used
Agreements:
· 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.
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
Agreements: For prioritization between PSFCH and UL TX,
· The priority of PSFCH TX is the highest priority of the associated PSCCH/PSSCH
· When the overlapping UL TX other than PUCCH carrying SL HARQ reporting,
· when UL TX is associated with a DCI indicating “high” in “priority field” or configured with “high priority” by higher layers (i.e., URLLC case)
· If SL-threshold for URLLC case is configured, LTE rule is used (i.e., UL TX is down-prioritized if the priority value of SL-TX is smaller than SL-threshold, otherwise prioritized)
· [bookmark: _GoBack]Otherwise, UL TX is prioritized
· Otherwise, LTE rule is used with another SL-threshold configured for non-URLLC case
· Additionally, PRACH and PUSCH scheduled by RAR UL grant are always prioritized.
Agreements:
· When PUCCH carrying SL HARQ reporting overlaps with SL TX,
· The one with a higher priority is transmitted.
· The priority of PUCCH carrying SL HARQ reporting is the highest priority of the associated PSFCH
In this contribution, we discuss the remaining issues on the details of mode-1 scheduling and give our preference on CG timing, DCI contents and collision between SL HARQ-ACL and UL transmissions.
2 [bookmark: _Hlk36585695]CG Timing
The issue of CG timing has been widely discussed in previous RAN1 meetings and the general aspects have been agreed that the slots for sidelink transmission for CG type-1 are determined using the UL formula in 38.321 with some changes, i.e. slot-level granularity instead of symbol-level granularity, periodicity and timeDomainOffset is in number of slots. However, whether logical or physical slots are used as well as frame indexing are still to be further studied. It has already been agreed that the reservation period in mode-2 is defined as physical time, which means that resource reserved by a SCI recurs in a set of periodical physical slots, regardless it is indicated/configured to be SL slot or not. In addition, defining the periodicity in physical slots would accommodate the latency requirement of the packet better. It should also be noted that the only transition from physical time to logical time may be defined and included in the spec, not the transition from logical time to physical time. Therefore, it is preferred to define the CG periodicity in physical slot to achieve common design for both mode-1 and mode-2. And naturally, SFN is used for frame indexing.
Proposal 1: The periodicity and timeDomainOffset are defined in physical slots and SFN is used for frame indexing.
After a sidelink configured grant type 1 is configured by the higher layer parameters SL-configuredGrantConfig, the resource recurs as follows:
(SFN× numberOfSlotsPerFrame + slot number in the frame) =
 (timeReferenceSFN × numberOfSlotsPerFrame +timeDomainOffset + N × periodicity) modulo (1024 × numberOfSlotsPerFrame)
Similar to DG and CG type-2,  should be compensated, that is, the SL slots of the configured grant is the first SL slot of the resource pool that starts not earlier than , where is the corresponding Uu slot index in the Nth periodicity.
Proposal 2: The SL slots of SL CG is the first SL slot of the corresponding resource pool that starts no earlier than , where is the corresponding Uu slot index in the Nth periodicity.
3 Prioritization/multiplexing between SL HARQ-ACK and UL transmission
In last RAN1 meeting, the prioritization between PSFCH/S-SSB and UL TX was discussed under procedure sub-agenda and it has been agreed that when PSFCH/SSB overlaps with UL transmission other than PUCCH carrying SL HARQ reporting, one or two SL-threshold (one SL-threshold for URLLC case and one SL-threshold for eMBB case) can be configured and LTE rule is used (UL TX is down-prioritized if the priority value of SL-TX is smaller than SL-threshold, otherwise prioritized). In addition, when PUCCH carrying SL HARQ reporting overlaps with SL TX, the one with a higher priority is transmitted with the priority of PUCCH carrying SL HARQ reporting to be the highest priority of associated PSFCH. Moreover, it has been agreed in RAN1 #99 meeting that multiplexing of SL HARQ and Uu UCI on PUCCH or PUSCH is not supported in Rel-16, so UE behavior in case of collision between a PUCCH carrying SL HARQ-ACK and another PUCCH carrying Uu UCI as well as PUSCH needs to be considered and/or specified. 
3.1 Prioritization between PUCCH carrying SL HARQ report and UCI
For overlapping between PUCCH carrying SL HARQ report and PUCCH carrying UCI, 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 companies 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.
For detailed design of Alt 3, since it has been agreed in last RAN1 meeting that the priority of PUCCH carrying SL HARQ reporting is the highest priority of the associated PSFCH, we think it is simple and natural that the agreed rule of PSFCH/SSB and UL Tx prioritization to be applied on the collision between PUCCH carrying SL HARQ reporting and PUCCH carrying UCI. That is, 
When UCI is associated with a DCI indicating “high” in “priority field” or configured with “high priority” by higher layers (i.e., URLLC case):
· If SL-threshold for URLLC case is configured, LTE rule is used (i.e., PUCCH carrying UCI is down-prioritized if the priority value of PUCCH carrying HARQ reporting is smaller than SL-threshold, otherwise prioritized)
· Otherwise, PUCCH carrying UCI is prioritized
Otherwise, LTE rule is used with another SL-threshold configured for non-URLLC case
The priority of PUCCH carrying SL HARQ reporting is the highest priority of the associated PSFCH
Proposal 3: When PUCCH carrying SL HARQ reporting overlaps with PUCCH carrying UCI,
· When UCI is associated with a DCI indicating “high” in “priority field” or configured with “high priority” by higher layers (i.e., URLLC case):
· If SL-threshold for URLLC case is configured, LTE rule is used (i.e., PUCCH carrying UCI is down-prioritized if the priority value of PUCCH carrying HARQ reporting is smaller than SL-threshold, otherwise prioritized)
· Otherwise, PUCCH carrying UCI is prioritized
· Otherwise, LTE rule is used with another SL-threshold configured for non-URLLC case
· The priority of PUCCH carrying SL HARQ reporting is the highest priority of the associated PSFCH
[bookmark: _Hlk40103344]3.2 Prioritization/multiplexing between PUCCH carrying SL HARQ report and 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 signaled to a UE either by higher layers or by a DCI format scheduling the PUSCH transmission. 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. Moreover, it should be noted that the current beta offset values for UCI multiplexing on PUSCH are all larger than 1 which results in the coding rate of UCI/SL HARQ-ACK is always lower than that of PUSCH, this seems not so reasonable considering different priorities of PUSCH and SL HARQ-ACK. Generally, two alternatives can be considered to cope with this issue:
1) Multiplexing of SL HARQ-ACK on PUSCH is always supported and introduce new beta offset values for SL HARQ-ACK which is smaller than 1;
2) [bookmark: _Hlk40103488]Introduce additional rules for multiplexing SL HARQ reporting on PUSCH, i.e. similar rule with prioritization between PUCCH carrying SL HARQ reporting and UCI, that is, two SL-threshold can be configured for URLLC case and non-URLLC case, if the conditions for prioritizing SL HARQ reporting is satisfied, SL HARQ-ACK can be multiplexed on PUSCH, otherwise, drop SL HARQ-ACK
Proposal 4: Dynamic beta offset is supported for multiplexing SL HARQ-ACK on PUSCH and 2-bit beta_offset indicator is included in DCI format 3_0.
Proposal 5: For Prioritization/multiplexing between PUCCH carrying SL HARQ report and PUSCH, two alternatives can be considered:
· [bookmark: _Hlk40103453]Alt 1: Multiplexing of SL HARQ-ACK on PUSCH is always supported with introducing new beta offset values smaller than 1;
· Alt 2: Multiplexing of SL HARQ-ACK on PUSCH is supported only if the conditions for prioritizing SL HARQ reporting in case of overlapping of SL HARQ-ACK and UCI is satisfied, otherwise, SL HARQ-ACK is dropped.
Moreover, in order to guarantee enough allocated resources for PUSCH, the following restriction for multiplexing DL HARQ-ACK on PUSCH is captured in TS 38.213 and similar considerations and restrictions should apply for multiplexing SL HARQ-ACK on PUSCH.
[bookmark: _Hlk40104157]A UE does not expect to detect a DCI format scheduling a PDSCH reception or a SPS PDSCH release and indicating a resource for a PUCCH transmission with corresponding HARQ-ACK information in a slot if the UE previously detects a DCI format scheduling a PUSCH transmission in the slot and if the UE multiplexes HARQ-ACK information in the PUSCH transmission. 
Proposal 6: A UE does not expect to detect a DCI format scheduling a PSSCH reception and indicating a resource for a PUCCH transmission with corresponding HARQ-ACK information in a slot if the UE previously detects a DCI format scheduling a PUSCH transmission in the slot and if the UE multiplexes HARQ-ACK information in the PUSCH transmission.
4 DCI contents
For sidelink resource allocation mode-1, the slot for the first sidelink transmission scheduled by the DCI is the first SL slot of the corresponding resource pool that starts not earlier than  where  is starting time of the downlink slot carrying the corresponding DCI. However, “the corresponding resource pool” is not clear now since that the transmitter has no idea which resource pool the gNB is intended to schedule. Moreover, different resource pools share diverse subchannel numbers and Nmax, so the bitwidth of TDRA and FDRA in DCI would be different. Therefore, resource pool indicator should be included in DCI format 3_0 to align the understanding between gNB and UE. In addition, as discussed in section 3.2, DCI format 3_0 should include 2-bit beta offset indicator.
Proposal 7: DCI format 3_0 should include resource pool indicator and beta offset indicator.
5 Conclusion
In this contribution, we further discussed the remaining issues on mode-1 scheduling, and the following proposals are made:
Proposal 1: The periodicity and timeDomainOffset are defined in physical slots and SFN is used for frame indexing.
Proposal 2: The SL slots of SL CG is the first SL slot of the corresponding resource pool that starts no earlier than , where is the corresponding Uu slot index in the Nth periodicity.
Proposal 3: When PUCCH carrying SL HARQ reporting overlaps with PUCCH carrying UCI,
· When UCI is associated with a DCI indicating “high” in “priority field” or configured with “high priority” by higher layers (i.e., URLLC case):
· If SL-threshold for URLLC case is configured, LTE rule is used (i.e., PUCCH carrying UCI is down-prioritized if the priority value of PUCCH carrying HARQ reporting is smaller than SL-threshold, otherwise prioritized)
· Otherwise, PUCCH carrying UCI is prioritized
· Otherwise, LTE rule is used with another SL-threshold configured for non-URLLC case
· The priority of PUCCH carrying SL HARQ reporting is the highest priority of the associated PSFCH
Proposal 4: Dynamic beta offset is supported for multiplexing SL HARQ-ACK on PUSCH and 2-bit beta_offset indicator is included in DCI format 3_0.
Proposal 5: For Prioritization/multiplexing between PUCCH carrying SL HARQ report and PUSCH, two alternatives can be considered:
· Alt 1: Multiplexing of SL HARQ-ACK on PUSCH is always supported with introducing new beta offset values smaller than 1;
· Alt 2: Multiplexing of SL HARQ-ACK on PUSCH is supported only if the conditions for prioritizing SL HARQ reporting in case of overlapping of SL HARQ-ACK and UCI is satisfied, otherwise, SL HARQ-ACK is dropped.
Proposal 6: A UE does not expect to detect a DCI format scheduling a PSSCH reception and indicating a resource for a PUCCH transmission with corresponding HARQ-ACK information in a slot if the UE previously detects a DCI format scheduling a PUSCH transmission in the slot and if the UE multiplexes HARQ-ACK information in the PUSCH transmission.
Proposal 7: DCI format 3_0 should include resource pool indicator and beta offset indicator.
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