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[bookmark: _Hlk521259925]In this contribution, we further discuss the remain issues on physical layer procedures for sidelink, and give our preference on three critical issues left from RAN1 #100b-e meeting, i.e., indication of groupcast HARQ feedback options, multiple PSFCH TXs and PSD of each PSFCH, as well as SL/UL prioritization.

 Discussion on indication of groupcast HARQ feedback
It has been agreed in previous RAN1 meetings that two options of HARQ feedback for groupcast are supported, with the following detailed description need to be down-select [1]: 
Agreements:
· 2nd stage SCI format for groupcast HARQ feedback option 1 and option 2. To down-select during the week:
· Option 1: The same 2nd stage SCI format is used for groupcast HARQ feedback option 1 and option 2.
· 	SCI indicator to indicate between groupcast Option 1 and groupcast Option 2 is in the 2nd-stage SCI.
· Option 2: Different 2nd stage SCI formats are used in groupcast HARQ feedback option 1 and option 2.
· 1st stage SCI indicates which format is used.
After RAN1 #100b-e meeting, it has been agreed that two different 2nd stage SCI formats are used in groupcast HARQ feedback indication, however, there are some remaining issues as follows [2],
Agreements: One SCI format (referred to as 2nd SCI format A) is defined as follows:
· This format includes Zone ID and Communication range requirement.
· This format is used when the following HARQ operations are in use
· HARQ-ACK information includes only NACK
· FFS: No HARQ feedback
Agreements: One SCI format (referred to as 2nd SCI format B) is defined as follows:
· This format does not include Zone ID or Communication range requirement.
· This format is used when the following HARQ operations are in use 
· No HARQ feedback
· HARQ-ACK information includes ACK or NACK
· FFS: how to determine M_ID in the equation for the PSFCH resource index 
· Option 1: Based on L1 ID(s)
· Option 2: An explicit indication in SCI
· FFS: HARQ-ACK information includes only NACK
Agreements: Down-select one out of the following for the indication of HARQ feedback enable/disable:
· Option 1: This indication is conveyed in the 1st SCI.
· Option 2: This indication is conveyed in the 2nd SCI.
· Option 2-1: This indication is present both in 2nd SCI format A and B.
· Option 2-2: This indication is present in 2nd SCI format B but not in 2nd SCI format A.
Agreements: Send an LS to RAN2 regarding HARQ operations
· RAN1 informs RAN2 that RAN1 discussed whether to support mixing blind and feedback-based HARQ  retransmissions of a TB and RAN1 agreed that this is an issue RAN2 needs to make decision.

Since two fields Zone ID and Communication range requirement have been defined for the 2nd SCI format A, and not included in the SCI format B, these two different SCI formats can be used to distinguish different types of groupcast options. For the 2nd SCI format A, it can be used for the groupcast HARQ feedback option 1, i.e., HARQ-ACK information includes only NACK. Whereas, we don’t see the use case of 2nd SCI format A if groupcast HARQ feedback is disabled because there is no need for the TX UE to indicate Zone ID and Communication range requirement when groupcast HARQ feedback is disabled. Therefore, the case of groupcast HARQ feedback option 1 can be considered as one case of HARQ feedback enabled, and the case of no HARQ feedback is suggested to be indicated in format B since it has less SCI overhead due to no zone ID and communication range. 
Proposal 1: One SCI format (referred to as 2nd SCI format A) is defined as follows:
·  This format includes Zone ID and Communication range requirement.
·  This format is used when the following HARQ operations are in use
· HARQ-ACK information includes only NACK
In RAN1 #100e meeting, it has been discussed whether to support groupcast HARQ option 1 without distance based operation in 2nd SCI format B. Many companies mentioned that it’s useful for groupcast (e.g., platooning) when the PSFCH resource is not sufficient, and if this is not supported, when the group size is relatively large, groupcast HARQ option 2 is not possible. However, the group size is determined by high layer, and it can depend on high layer implementation to select a group size not greater than the number of candidate PSFCH resources associated with the selected PSSCH resource. Moreover, the requirement of maximum group size of platooning is only up to 20 according to TS 22.186 [3] and it seems that PSFCH resource could be sufficient for groupcast HARQ feedback option 2 by appropriate configuration of PSFCH resource, e.g., more sub-channels for a PSSCH transmission are allocated and the set of PRBs for the candidate PSFCH resource is determined by the sub-channel(s) and slot used for that PSSCH. Therefore, it’s not necessary to introduce HARQ-ACK information includes only NACK in the 2nd SCI format B for the corner case of groupcast HARQ option 1 without distance. 
Regarding to determine M_ID in the equation for the PSFCH resource index for 2nd SCI format B, it has been defined in TS38.213 [4] that the M_ID is the identity of the UE receiving the PSSCH as indicated by higher layers, so the receiving UE can obtain the M_ID from its high layer and no necessity to introduce a new indication in SCI to calculate the PSFCH resources. 
Proposal 2: One SCI format (referred to as 2nd SCI format B) is defined as follows:
· This format does not include Zone ID or Communication range requirement.
· This format is used when the following HARQ operations are in use 
· No HARQ feedback
· HARQ-ACK information includes ACK or NACK
Regarding the indication of HARQ feedback enable/disable, it seems that the 2nd SCI format A should be used for groupcast HARQ option 1 which is regarded as one case of HARQ feedback enabled, while no HARQ feedback only needs to be included in the 2nd SCI format B. Based on the proposal 1 and Proposal 2, there is no necessity to indicate HARQ feedback enable/disable in SCI-1 or in 2nd SCI format A, and thus the case of no HARQ feedback should be indicated in 2nd SCI format B with less SCI overhead with no zone ID and communication range.
Proposal 3:The indication of HARQ feedback enable/disable is conveyed in the 2nd SCI, and this indication is only present in 2nd SCI format B but not in 2nd SCI format A.
 Discussion on multiple PSFCH TXs and PSD of each PSFCH
Some agreements about the multiple PSFCH TXs and PSD of each PSFCH have been achieved in RAN1 #100b-e meeting as follows [2],
Agreements:
When the UE supports up to Nmax,psfch simultaneous PSFCH transmissions in a PSFCH TX occasion and UE have Nreq PSFCHs to be transmitted in a given PSFCH TX occasion, the UE selects N PSFCHs for actual transmission with ascending order of the priority in a PSFCH TX occasion as follows: 
· Case 1: When Nreq<=Nmax,psfch and  is (pre-)configured,
· Case 1-1: N=Nreq if the sum of  for the Nreq PSFCHs is smaller than or equal to  determined for the Nreq PSFCH transmissions.
· Case 1-2: Otherwise, N is up to UE implementation under N >= X >= 1.
· Case 2: When Nreq>Nmax,psfch and  is (pre-)configured, the UE firstly selects Nmax,psfch PSFCHs with ascending order of the priority.
· Case 2-1: N=Nmax,psfch if the sum of  for the Nmax,psfch PSFCHs is smaller than or equal to  determined for the Nmax,psfch PSFCH transmissions.
· Case 2-2: Otherwise, N is up to UE implementation under N >= X >= 1.
· Down select X in RAN1#101-e
· Alt 1: X = max {1, the largest value which doesn’t lead to the power limited case}
· Alt 2: X = 1
· Other alternatives are not precluded.
Considering down selection of two alternatives of X, we present comparison of advantages and disadvantages of alternatives in the following table. 
	Alts
	Advantages 
	Disadvantages 

	Alt 1
	UE has a certain flexibility to select proper number of PSFCH transmissions based on implementation with the limitation that the number should be no smaller than the largest value which will not lead to power limitation.
	UE has less flexibility than in Alt 2. 

	Alt 2
	Leave more flexibility to UE implementation for the selection of PSFCH transmission. Any N >= 1 can be selected by UE, either as Alt1, or less PSFCHs without power limitation.
	If UE has requirement to transmit more PSFCHs while its implementation is to select N smaller than the largest value which will not lead to power limitation, it will waste the PSFCH resource and cause unnecessary performance degradation. 



Based on above analysis, we support Alt 1 in order to transmit as much as PSFCHs when UE is implemented to select multiple PSFCH transmission, and UE implementation can also avoid power limited case by selecting N = X.  

Proposal 4: Support Alt 1, i.e., X = max {1, the largest value which doesn’t lead to the power limited case}, for the UE implementation of selection N PSFCH transmission in Case 1-2 and Case 2-2 within the UE capability.

 Discussion on SL/UL prioritization
In RAN#100bis-E meeting, regarding SL/UL prioritization, the following agreements were achieved [2]. 
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)
·  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: For prioritization between S-SSB and UL TX,
· The priority of S-SSB is equal to the (pre-)configured priority introduced for in-device coexistence.
· 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)
·  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
 Agreements:
· (Working assumption) For handling the case where more than one SL and UL transmissions overlap, adopt the following principle
·  For more than one SL transmissions overlapping with a UL transmission, the highest priority of SL transmissions is used for the prioritization.
·  For more than one UL transmissions overlapping with a SL transmission, the highest priority of UL transmissions is used for the prioritization.
· FFS details
However, there are still some remaining issues, e.g., how to handle the case when PUCCH carrying SL HARQ overlaps with PUCCH or PUSCH, how to handle the case when PSFCH overlaps with PUSCH carrying SL HARQ, etc.
4.1 Prioritization between PUCCH carrying SL HARQ and PUCCH carrying Uu UCI
This issue was discussed in Q3-2 of email thread [100b-e-NR-5G_V2X_NRSL-PHY-Procedure-02] in last RAN1 meeting, but no agreement were achieved for this. If we take the priority of PUCCH carrying SL HARQ reporting as the highest priority of the associated PSFCH, based on the prioritization between PSFCH and UL Tx other than PUCCH carrying SL HARQ reporting agreed in last RAN1 meeting, the similar rule could be used for this case, i.e., 
· when PUCCH carrying Uu 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 Uu UCI is down-prioritized if the priority value of PUCCH carrying SL HARQ is smaller than SL-threshold, otherwise prioritized)
·  Otherwise, PUCCH carrying Uu UCI is prioritized
· Otherwise, LTE rule is used with another SL-threshold configured for non-URLLC case
Proposal 5: For prioritization between PUCCH carrying SL HARQ and PUCCH carrying Uu UCI, 
· when PUCCH carrying Uu 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 Uu UCI is down-prioritized if the priority value of PUCCH carrying SL HARQ is smaller than SL-threshold, otherwise prioritized)
·  Otherwise, PUCCH carrying Uu 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

4.2 Prioritization/multiplexing between PUCCH carrying SL HARQ 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 re-utilized. 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:
·  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;
·  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 6: 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 7: 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.
4.3 Prioritization between PSFCH and PUSCH carrying SL HARQ
When PSFCH overlaps with PUSCH carrying SL HARQ, we think, in this late stage of R16, either it could be up to UE implementation to handle this case or a simple prioritization rule could be defined to determine which is prioritized. For the latter case, we can separately determine the prioritization between PSFCH and SL HARQ part of PUSCH (based on directly compare the priority of the associated PSFCH) and the prioritization between PSFCH and non-SL HARQ part of PUSCH (based on the prioritization rule agreed in last RAN1 meeting for prioritization between PSFCH and UL TX other than PUCCH carrying SL HARQ reporting), once the PSFCH is de-prioritized during the comparison with SL HARQ part or non-SL HARQ part of PUSCH, PSFCH is dropped and whole PUSCH is prioritized. Otherwise, PSFCH is prioritized and PUSCH is dropped.
Proposal 8: For prioritization between PSFCH and PUSCH carrying SL HARQ, it is up to UE implementation to handle this case or based on the following prioritization rule.
·  Determine the prioritization between PSFCH and SL HARQ part of PUSCH by directly comparing the priority of the associated PSFCH, and determine the prioritization between PSFCH and non-SL HARQ part of PUSCH by reusing prioritization between PSFCH and UL TX other than PUCCH carrying SL HARQ reporting agreed in last RAN1 meeting
·  If PSFCH is deprioritized during the above prioritization determination compared with SL HARQ part or non-SL HARQ part of PUSCH, PSFCH is dropped and whole PUSCH is prioritized. Otherwise, PSFCH is prioritized and whole PUSCH is dropped.
5  Conclusions
In this contribution, we share our views on remaining issues on physical layer procedures for sidelink, related to indication of groupcast HARQ feedback options, multiple PSFCH TXs and PSD of each PSFCH, as well as SL/UL prioritization. The proposals are summarized as follows:

Proposal 1: One SCI format (referred to as 2nd SCI format A) is defined as follows:
·  This format includes Zone ID and Communication range requirement.
·  This format is used when the following HARQ operations are in use
· HARQ-ACK information includes only NACK

Proposal 2: One SCI format (referred to as 2nd SCI format B) is defined as follows:
· This format does not include Zone ID or Communication range requirement.
· This format is used when the following HARQ operations are in use 
· No HARQ feedback
· HARQ-ACK information includes ACK or NACK

Proposal 3:The indication of HARQ feedback enable/disable is conveyed in the 2nd SCI, and this indication is only present in 2nd SCI format B but not in 2nd SCI format A.

[bookmark: _GoBack]Proposal 4: Support Alt 1, i.e., X = max {1, the largest value which doesn’t lead to the power limited case}, for the UE implementation of selection N PSFCH transmission in Case 1-2 and Case 2-2 within the UE capability.

Proposal 5: For prioritization between PUCCH carrying SL HARQ and PUCCH carrying Uu UCI, 
·  when PUCCH carrying Uu 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 Uu UCI is down-prioritized if the priority value of PUCCH carrying SL HARQ is smaller than SL-threshold, otherwise prioritized)
·  Otherwise, PUCCH carrying Uu 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 6: 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 7: 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 8: For prioritization between PSFCH and PUSCH carrying SL HARQ, it is up to UE implementation to handle this case or based on the following prioritization rule.
·  Determine the prioritization between PSFCH and SL HARQ part of PUSCH by directly comparing the priority of the associated PSFCH, and determine the prioritization between PSFCH and non-SL HARQ part of PUSCH by reusing prioritization between PSFCH and UL TX other than PUCCH carrying SL HARQ reporting agreed in last RAN1 meeting
·  If PSFCH is deprioritized during the above prioritization determination compared with SL HARQ part or non-SL HARQ part of PUSCH, PSFCH is dropped and whole PUSCH is prioritized. Otherwise, PSFCH is prioritized and whole PUSCH is dropped.
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