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Introduction
The Release-16 NR V2X specifications were approved in Dec. 2019 [1]. The remaining tasks for NR V2X were identified in [2], where some of these tasks were discussed in last RAN1 meetings [3], [4]. 

In this contribution, we discuss the details on some of the identified remaining tasks, including sidelink power control, details on HARQ feedback indication, handling of sidelink and uplink transmissions, and sidelink CSI reference resource. 
Discussion
Sidelink Power Control
It was agreed [3] that simultaneous PSFCH transmissions in a PSFCH Tx occasion is supported from RAN1 specification perspective. The following agreements have been reached in [4]:  

	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.



The only open issue is the lower bound X on the number of simultaneous PSFCH transmissions in the power limited case. Between the two alternatives, the second one has a loose PSFCH transmission restriction where only a single PSFCH transmission is guaranteed, while the first one has a tight PSFCH transmission restriction where the number of simultaneous PSFCH transmissions can be the largest value which does not lead to the power limited case. In our view, the first alternative achieves better system performance since as many PSFCH as possible is transmitted. Hence, alternative 1 is preferred, where the largest value which doesn’t lead to the power limited case is given by . 

Proposal 1: The lower bound on the number of simultaneous PSFCH transmissions in the power limited case is equal to max {1, the largest value which doesn’t lead to the power limited case}. 

Details on HARQ Feedback Indication 
The sidelink HARQ feedback indication was discussed and the following agreements have been made [4]. 

	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.



The second stage SCI format A is used for groupcast HARQ option 1. It is open whether this SCI format is also used to indicate no HARQ feedback. In our view, the answer to this question is related to the mixed blind and feedback based HARQ retransmissions. If the mixed blind and feedback based HARQ retransmissions is supported, then the HARQ feedback is dynamically enabled or disabled across (re)transmissions of a TB. To align sidelink TBS calculation from different (re)transmissions, we prefer to use the same second stage SCI format across (re)transmissions of a TB. In this sense, second stage SCI format A should indicate HARQ feedback enable/disable. 

The payload size of second stage SCI format A is larger than that of second stage SCI format B. Hence, it is preferred not to further increase its payload size for indicating HARQ feedback enable/disable. A codepoint of communication range requirement (i.e., 0 meter) is used to indicate the HARQ feedback is disabled. This is because any Tx-Rx distance is larger than this communication range requirement, and hence HARQ feedback is not transmitted. 

Proposal 2: Second stage SCI format A indicates no HARQ feedback by a codepoint of communication range requirement (i.e., 0 meter).

The second stage SCI format B is used for broadcast, unicast, groupcast HARQ option 2. It is open whether this SCI format is also used for groupcast HARQ option 1. For simplicity, we prefer this SCI format does not indicate groupcast HARQ option 1. 

Proposal 3: Second stage SCI format B does not indicate groupcast HARQ option 1 (i.e., HARQ-ACK information includes only NACK). 

Another open issue related to second stage SCI format B is how to determine  in the equation for the PSFCH resource index. In our view, L1 ID(s) are not guaranteed to distinguish between unicast and groupcast HARQ option 2, because they are derived from L2 ID(s) and their lengths are smaller. Hence, we prefer the second stage SCI format B has an explicit indication of cast-type (i.e., unicast or groupcast) so that PSFCH resource index is determined subsequently. 

Proposal 4: Second stage SCI format B explicitly indicates cast-type (i.e., unicast or groupcast). 

Another open issue is whether non-distance-based groupcast HARQ feedback option 1 is supported. Some companies think groupcast HARQ feedback option 1 can be applied without distance restrictions. For example, it can be used if transmitter UE’s location is unknown, or it can be used for vehicle platooning application when group size is larger than configured candidate PSFCH resources size. Other companies think groupcast HARQ feedback option 1 is designed mainly for connection-less session and its reliability is not guaranteed due to DTX. If non-distance-based groupcast HARQ feedback option 1 is applied, a transmitter UE may always receive NACK from far-away receiver UEs, degrading system performance and increasing system congestion. Also, if candidate PSFCH resources size is configured to be smaller than group size for vehicle platooning, then sidelink broadcast is used instead. 

Since both sides of proponent companies have sound technical justifications, a compromise solution is that supporting non-distance-based groupcast HARQ feedback option 1 by (pre)configuration. One way is that an infinite value is (pre)configured for communication range requirement per resource pool. The non-distance-based groupcast HARQ feedback option 1 is triggered if the communication range requirement field in the corresponding second stage SCI is set as infinite. 

Proposal 5: The non-distance-based groupcast HARQ feedback option 1 is indicated by second stage SCI format A via infinite communication range requirement (if pre-configured).

Handling of Sidelink and Uplink Transmissions
The prioritization between sidelink transmission (PSFCH, S-SSB) and uplink transmission was discussed [4]. The prioritization depends on the types of uplink transmissions. Specifically, it was agreed [4]:

	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



There is one missing case for the prioritization between sidelink (PSFCH or S-SSB) and uplink transmissions. It is concluded that sidelink HARQ reporting to gNB can be carried on PUCCH or PUSCH. The above agreements cover the case of PUCCH carrying sidelink HARQ reporting, but not the case of PUSCH carrying sidelink HARQ reporting. The main difference is that PUSCH may additionally carry uplink data. 

If PUSCH carries sidelink HARQ reporting without any uplink data, then the same principle as that for prioritization between PUCCH carrying sidelink HARQ reporting and sidelink transmission is applied. Specifically, the priority of associated sidelink HARQ in PUSCH is compared with that of sidelink transmission. The one with a higher priority is prioritized.

If PUSCH carries both sidelink HARQ reporting and uplink data, then a more sophistic prioritization rule is needed. Specifically, 
1. If the priority of associated sidelink HARQ in PUSCH is higher (i.e., lower priority value) than that of sidelink transmission, then uplink transmission is prioritized.
2. If the priority of associated sidelink HARQ in PUSCH is lower (i.e., higher priority value) than that of sidelink transmission,
a. If PUSCH carries URLLC traffic (i.e., “priority indicator” field in DCI is equal to 1)
i. If parameter “sl-PriorityThresholdULURLLC” is configured, then LTE V2X prioritization rule is applied based on this parameter.
ii. Else, uplink transmission is prioritized.
b. If PUSCH does not carry URLLC traffic (i.e., “priority indicator” field in DCI is equal to 0), then LTE V2X prioritization rule is applied based on the parameter “sl-PriorityThreshold”

Proposal 6: For prioritization between sidelink transmission (i.e., PSFCH or S-SSB) and uplink transmission (i.e., PUSCH carrying sidelink HARQ reporting),
· If uplink transmission contains only sidelink HARQ (i.e., no uplink data),
· The priority of the associated sidelink HARQ in PUSCH is compared with that of sidelink transmission and the one with a higher priority is prioritized. 
· If uplink transmission contains both sidelink HARQ and uplink data, 
· The priority of the associated sidelink HARQ in PUSCH is compared with that of sidelink transmission,
· If the priority of the associated sidelink HARQ is higher (i.e., lower priority value), then uplink transmission is prioritized.
· If the priority of the associated sidelink HARQ is lower (i.e., higher priority value) and if PUSCH carries URLLC data,	
· If the parameter “sl-PriorityThresholdULURLLC” is configured, then LTE V2X prioritization rule is used based on this parameter.
· Else, uplink transmission is prioritized.
· If the priority of the associated sidelink HARQ is lower (i.e., higher priority value) and if PUSCH does not carry URLLC data, then LTE V2X prioritization rule is used. 

Another missing case for the prioritization between sidelink (PSFCH or S-SSB) and uplink transmissions is when uplink transmission is MsgA PUSCH. It was agreed that Msg1 and Msg3 in 4-step RACH is always prioritized over sidelink. Similarly, MsgA PUSCH in 2-step RACH is prioritized over sidelink transmission. 

Proposal 7: For prioritization between sidelink transmission (i.e., PSFCH or S-SSB) and uplink transmission, MsgA PUSCH is always prioritized over sidelink transmission. 

Sidelink CSI Reference Resource
The time and frequency location of sidelink CSI reference resource was agreed in [4]. The multiple CSI triggers with overlapping CSI report windows in a given unicast session is not allowed, which avoids the ambiguity of CSI reporting. The latency bound of sidelink CSI report is signaled between UEs via PC5-RRC. 

One remaining issue about sidelink CSI reporting is the definition of CSI reference resource. In sidelink CQI/RI calculation, the number of symbols used for sidelink in a slot is configured as sl-LengthSymbols in sidelink BWP configuration. The GP symbol and AGC symbol are not counted as PSSCH resources, and hence 2 symbols are deducted from sl-LengthSymbols for CSI reference source. 
The presence of PSFCH resource reduces the actual number of PSSCH symbols. Hence, the PSFCH configuration should be considered in determining the number of PSSCH symbols in the sidelink CQI/RI calculation. Specifically, the number of PSSCH symbols is equal to (sl-LengthSymbols - 5) if PSFCH resources are configured; or equal to (sl-LengthSymbols - 2) if PSFCH resources are not configured. 

Proposal 8: For sidelink CQI/RI calculation in the CSI reference resource, the number of PSSCH symbols is equal to (sl-LengthSymbols-5) if PSFCH resources are configured; equal to (sl-LengthSymbols -2) if PSFCH resources are not configured, where sl-LengthSymbols is the configured number of symbols used for sidelink in a slot.

Others
In LTE V2X, the PSCCH or PSSCH transmit power for mode 3 is not limited by an upper bound, which depends on sidelink CBR and PSSCH data priority level, while the PSCCH or PSSCH transmit power for mode 4 is limited by an upper bound , which depends on sidelink CBR and PSSCH data priority level. This is because the sidelink resources for mode 3 UEs are allocated by eNB and congestion control is also handled by eNB. 

The similar principle should apply to NR V2X as well. Since the sidelink resources for mode 1 UEs are allocated by gNB, the congestion control is also handled by gNB. Hence, the PSCCH or PSSCH transmit power for mode 1 should not be limited by an upper bound, which depends on sidelink CBR and PSSCH data priority level. However, the current power control formula for PSSCH in [5] does not distinguish between mode 1 and mode 2. In other words, the PSSCH transmit power upper bound  is applicable to both mode 1 and mode 2 in the current context. Hence, we need to clarify that this formula is only applicable to mode 2, or alternatively, the value  should be set to infinite for mode 1.

Furthermore, it is stated in [5] that the value  in the PSSCH transmit power formula is equal to 0 (dBm) if the high layer parameter maximumtransmitPower-SL is not provided. However, this 0 dBm is a pretty small transmit power, and setting =0 may result in the final PSSCH transmit power being 0. This is not desirable. Instead, we think the value  in the PSSCH transmit power formula should be equal to infinite if the high layer parameter maximumtransmitPower-SL is not provided. This implies the upper bound  does not change the desired PSSCH transmit power in this case. 

Proposal 9: The value  in the PSSCH transmit power formula is set to infinite for mode 1 or if the higher layer parameter “maximumtransmitPower-SL” is not provided.  

Conclusion
In this contribution, we discussed the remaining details on NR sidelink physical layer procedures. Our proposals are as follows:

Proposal 1: The lower bound on the number of simultaneous PSFCH transmissions in the power limited case is equal to max {1, the largest value which doesn’t lead to the power limited case}. 

Proposal 2: Second stage SCI format A indicates no HARQ feedback by a codepoint of communication range requirement (i.e., 0 meter).

Proposal 3: Second stage SCI format B does not indicate groupcast HARQ option 1 (i.e., HARQ-ACK information includes only NACK). 

Proposal 4: Second stage SCI format B explicitly indicates cast-type (i.e., unicast or groupcast). 

Proposal 5: The non-distance-based groupcast HARQ feedback option 1 is indicated by second stage SCI format A via infinite communication range requirement (if pre-configured).

Proposal 6: For prioritization between sidelink transmission (i.e., PSFCH or S-SSB) and uplink transmission (i.e., PUSCH carrying sidelink HARQ reporting),
· If uplink transmission contains only sidelink HARQ (i.e., no uplink data),
· The priority of the associated sidelink HARQ in PUSCH is compared with that of sidelink transmission and the one with a higher priority is prioritized. 
· If uplink transmission contains both sidelink HARQ and uplink data, 
· The priority of the associated sidelink HARQ in PUSCH is compared with that of sidelink transmission,
· If the priority of the associated sidelink HARQ is higher (i.e., lower priority value), then uplink transmission is prioritized.
· If the priority of the associated sidelink HARQ is lower (i.e., higher priority value) and if PUSCH carries URLLC data,	
· If the parameter “sl-PriorityThresholdULURLLC” is configured, then LTE V2X prioritization rule is used based on this parameter.
· Else, uplink transmission is prioritized.
· If the priority of the associated sidelink HARQ is lower (i.e., higher priority value) and if PUSCH does not carry URLLC data, then LTE V2X prioritization rule is used. 

Proposal 7: For prioritization between sidelink transmission (i.e., PSFCH or S-SSB) and uplink transmission, MsgA PUSCH is always prioritized over sidelink transmission. 

Proposal 8: For sidelink CQI/RI calculation in the CSI reference resource, the number of PSSCH symbols is equal to (sl-LengthSymbols-5) if PSFCH resources are configured; equal to (sl-LengthSymbols -2) if PSFCH resources are not configured, where sl-LengthSymbols is the configured number of symbols used for sidelink in a slot.

Proposal 9: The value  in the PSSCH transmit power formula is set to infinite for mode 1 or if the higher layer parameter “maximumtransmitPower-SL” is not provided.  
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