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1. Introduction
In this contribution, we provide text proposals for NR specification to capture the agreements on physical layer procedure for NR sidelink made in Rel-16 NR V2X WI. Furthermore, we continue to discuss remaining issues on physical layer procedure as follows: 
· Issue 1: Remaining UL/SL prioritization rule. 
· Tie-break of the same priority
· PSFCH TX and PSFCH RX
· For prioritization between PUCCH carrying SL HARQ reporting and SL-TX with the same priority
· For prioritization between PSCCH/PSSCH and PUCCH/PUSCH without UL-SCH/SRS
· For prioritization between SL RX and UL-TX
· Issue 2: Remaining issue on power control for NR sidelink
· Power adjustment for simultaneous SL and UL transmissions when the processing time budget is not sufficient. 

2. Discussion
2.1. UL/SL Prioritization Rule 
For the collision handling between PSFCH TX and PSFCH RX, the UE will compare the corresponding priority first to decide whether the UE perform PSFCH TX or PSFCH RX. Meanwhile, depending on the traffic characteristics and service types, the collision between PSFCH TX and PSFCH RX with the same priority could occur frequently. In this case, it would be useful to define explicit rule for tie-break. 
When PSFCH RX is deprioritized, since the UE will determines NACK for all the skipped PSFCH receptions, it would increase the probability of ACK to NACK error. It will cause unnecessary retransmission(s). When PSFCH TX is deprioritized, it would increase the probability of ACK to NACK/DTX error if ACK is supposed to be transmitted. In addition, since the target UE can determine PSFCH is successfully received even though the UE transmits no PSFCH, it can also increase the probability of PSFCH DTX to ACK error if NACK is supposed to be transmitted. The first case will cause unnecessary retransmission(s) while the second case will cause excessively large latency since this error case could be found in higher layers. In general, among the performance requirement for HARQ feedback detection, NACK-to-ACK error is more important compared to ACK-to-NACK error. In those points of views, for simplicity, it can be considered that PSFCH TX is prioritized over PSFCH RX for tie-breaking. Alternatively, for best effort, NACK transmission on PSFCH could be prioritized over PSFCH RX for tie-breaking for all the cast types. 
To decide whether or how to define priority rule for tie-breaking, it also needs to consider the case when two UEs transmit PSCCH/PSSCH each other in slot window associated with the same PSFCH occasion. In this case, these two UE will decide whether PSFCH TX or PSFCH RX is prioritized in the same PSFCH occasion. If both UE prioritize PSFCH TX, no one receives these transmitted PSFCHs. If both UE prioritize PSFCH RX, these UE may receive nothing. It would be preferred that one UE prioritize PSFCH TX while another UE prioritizes PSFCH RX. In this case, defining the explicit priority rule based on HARQ state would not be useful. Instead, at this moment, it can be considered that UE randomly selects whether PSFCH TX or PSFCH RX is prioritized for this tie-breaking. 
Proposal 1: It is up to UE implementation whether PSFCH TX or PSFCH RX is prioritized when they are associated with the same priority. 
Next, it is necessary to define how to handle the case when PUCCH carrying SL HARQ reporting and SL transmission(s) have the same priority. The impact on the system due to the dropping would be different depending on the SL HARQ feedback to be reported via PUCCH or PSFCH, or the remaining PDB. In this point of view, it would be better that it is up to UE implementation to decide whether PUCCH carrying SL HARQ reporting or SL transmission(s) is prioritized when they have the same priority. 
Proposal 2: It is up to UE implementation whether PUCCH carrying SL HARQ reporting or SL transmission(s) is prioritized when they are associated with the same priority. 
Since SL HARQ reporting and other UCI will not be multiplexed in the same channel, PUSCH carrying SL HARQ reporting without UL-SCH never happen. In other words, a UE will select either SL HARQ-ACK reporting on PUCCH or aperiodic CSI reporting on PUSCH without UL-SCH. Instead, SL HARQ-ACK reporting could be transmitted on PUSCH with UL-SCH. In this case, this PUSCH can have both the priority of SL HARQ-ACK reporting and the priority index of UL transmission. In this stage, it would be difficult to define priority rule with a consideration of the priority of SL HARQ-ACK reporting, the priority index of PUSCH carrying SL HARQ-ACK reporting, the priority index of other UL transmission, and the priority of SL transmission. Instead, it can be considered to ignore the priority of SL HARQ-ACK reporting on PUSCH and to reuse UL/SL prioritization rule for PUSCH carrying SL HARQ-ACK reporting and SL transmission, and to reuse UL/UL prioritization rule for PUSCH carrying SL HARQ-ACK reporting and other UL transmission. In this case, according to the latest version of CR for TS 38.213, since prioritization rule between PUSCH and SL transmission already covers the case when the PUSCH contains SL HARQ-ACK reporting, additional specification work would not be needed to handle those cases. 
Alternatively, it can be considered that SL transmission(s) is prioritized if the SL transmission(s) is prioritized over PUSCH and if the SL transmission(s) is prioritized over SL HARQ reporting. Otherwise, PUSCH carrying SL HARQ reporting is prioritized over the SL transmission(s). 
Alternatively, it can be considered that PUCCH carrying SL HARQ-ACK reporting is transmitted if PUSCH without UCI or SL HARQ reporting is deprioritized over SL transmission and if SL HARQ-ACK reporting on PUCCH is prioritized over SL transmission. 
Proposal 3: For PUSCH carrying SL HARQ reporting, reuse UL/SL prioritization rule for PUSCH without SL HARQ reporting. 
Since RAN2 does not define prioritization rule between PSCCH/PSSCH and PUCCH/PUSCH without UL-SCH/SRS, it may need to be defined as well. For simplicity, it can be considered to reuse UL/SL prioritization rule between PSFCH and UL TX for those cases. 
Proposal 4: For prioritization between PSCCH/PSSCH and PUCCH without SL HARQ-ACK reports/PUSCH without UL-SCH/SRS
· 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
Next, for a UE, SL transmission(s) and SL reception(s) could be overlapped in the same timing. In case of PSCCH/PSSCH, the UE cannot know its priority before the PSCCH decoding completion. On the other hand, the priority of PSFCH would be known to the UE before the PSFCH transmission occasion. Furthermore, in case of S-SSB, its priority would be given by higher layer parameter. In this case, at least for prioritization between PSFCH or S-SSB reception and UL transmission, it would be possible to use prioritization rule for the collision between PSFCH or S-SSB transmission and UL transmission. However, for other SL receptions, the prioritization rule based on SL priority could not be used. For simplicity, it can be considered that UE decide whether sidelink reception is prioritized over UL transmission or not. 
Proposal 5: For prioritization between PSFCH or S-SSB reception(s) and UL transmission(s), reuse the prioritization rule for the collision between PSFCH or S-SSB transmission(s) and UL transmission(s). 
Proposal 6: For prioritization between SL reception(s) other than PSFCH/S-SSB and UL transmission(s), if priority of SL reception is known to the UE, reuse the prioritization rule for the collision between PSFCH and UL transmission(s). Otherwise, it is up to UE implementation. 
For dual-connectivity, when NR SL transmission is overlapped with LTE-UL transmission, it can be considered that power is allocated to LTE-UL transmission first to minimize impact on the LTE system. In a similar manner, when NR UL transmission is overlapped with LTE-SL transmission, it can be considered that power is allocated to LTE-SL transmission first considering that LTE-SL transmission can be used to conveying BSM. Furthermore, considering that a UE can transmit both SL and UL in the same CG, it would be complicated to allocate power according to the priority of SL transmission. In this case, it would be possible to reuse the current wording for power control for uplink with dual connectivity. On the other hand, whether or how to support NR-DC for NR sidelink needs to have further investigation especially on the condition for the dynamic power sharing. Considering time budget, it can be considered that only NR-DC with Semi-static-mode1 or Semi-sttatic-mode2 is supported for NR sidelink in Rel-16. 
Proposal 7: Reuse power control for NE-DC and EN-DC for simultaneous transmission of SL transmission and UL transmission on different carriers with different RAT. 
Proposal 8: In Rel-16 NR sidelink. NR-DC with Semi-static-mode1 or Semi-static-mode2 is supported for NR sidelink.
Proposal 9: Adopt following TP for TS38.213. 
	[bookmark: _Toc45699241]16.2.4.3.1	Prioritizations for sidelink and uplink transmissions 
A UE performs prioritization between SL transmissions and UL transmissions after performing the procedures described in Clause 9.2.5 and in Clause 6.1 of [6, TS 38.214]. 
PSFCH transmissions in a slot have a same priority value as the smallest priority value among PSSCH receptions with corresponding HARQ-ACK information provided by the PSFCH transmissions in the slot.
A priority of S-SS/PSBCH block transmission is provided by sl-SSB-PriorityNR.
For prioritization between PSFCH/S-SS/PSBCH block SL transmission/PSFCH or S-SS/PSBCH block reception and UL transmission other than a PRACH, or a PUSCH scheduled by an UL grant in a RAR, or a PUCCH with sidelink HARQ-ACK information report 
-	if the UL transmission is for a PUSCH or for a PUCCH with priority index 1, 
-	if sl-PriorityThresholdULURLLC is provided
-	the SL transmission has higher priority than the UL transmission if a smallest priority value of the SL transmission(s) is smaller than sl-PriorityThresholdULURLLC; otherwise, the UL transmission has higher priority than the SL transmission
-	else
-	the UL transmission has higher priority than the SL transmission
-	else
-	the SL transmission has higher priority than the UL transmission if the smallest priority value of the SL transmission(s) is smaller than sl-PriorityThreshold; otherwise, the UL transmission has higher priority than the SL transmission
A PRACH transmission, or a PUSCH scheduled by an UL grant in a RAR, has higher priority than a PSFCH or a S-SS/PSBCH block transmission/reception.
<Unchanged part is omitted.>




2.2. Power adjustment for simultaneous SL and UL transmissions
In RAN1#98bis meeting [1], following is agreed for simultaneous sidelink and uplink transmissions across different carriers:
	Working assumption:
· For the power limited case in supporting simultaneous sidelink and uplink transmissions (SL carrier is different from UL carrier),
· If sidelink transmission is prioritized over uplink transmission, the UE shall adjust the uplink transmission power before the start of the transmission such that its total transmission power does not exceed [image: ] on any overlapped portion. In this case, calculation of the adjustment to the uplink transmission power is not specified.
· If uplink transmission is prioritized over sidelink transmission, the UE shall adjust the sidelink transmission power before the start of the transmission such that its total transmission power does not exceed [image: ] on any overlapped portion. In this case, calculation of the adjustment to the sidelink transmission power is not specified.
· Total sidelink transmit power is the same in the symbols used for actual PSCCH/PSSCH transmissions in a slot in case of simultaneous transmission of sidelink and uplink
· PSCCH/PSSCH transmissions can be dropped in some symbols when there are uplink transmissions with higher priority and the UE cannot keep the same sidelink transmission power in the symbols.
· Selection of the dropped symbols is up to UE implementation where the dropped symbols should include the overlapping symbols.
· If the simultaneous transmission of sidelink and uplink is beyond the UE capability, the one not prioritized can be dropped.
· FFS: when to prioritize which transmission
· FFS: how to address UE processing time
· FFS: whether there is a case of dropping some symbols of uplink transmissions
· Whether/how to address RF transient period is up to RAN4.


According to the agreement made in RAN1#101-e meeting [2], when more than one SL transmission is overlapped with more than one UL transmissions, look-ahead operation to decide which link is prioritized is performed in a best effort manner. 
	Agreements made in RAN1#101-e:
· When one or more SL transmissions overlaps with multiple UL transmissions not overlapping with each other in time, the UE should transmit SL transmissions if at least one SL transmission is prioritized over all the UL transmissions subject to UE processing timeline w.r.t. the first SL/UL transmission.
· When one or more UL transmissions overlaps with multiple SL transmissions not overlapping with each other in time, the UE should transmit UL transmissions if at least one UL transmission is prioritized over all the SL transmissions subject to UE processing timeline w.r.t. the first SL/UL transmission.


In this case, when the processing time budget is sufficient, a UE can decide whether SL or UL transmission is prioritized considering all the UL transmissions overlapping with the SL transmission. For instance, a UE can decide UL transmissions are prioritized over the SL transmission before the start of the SL transmission. In this case, the UE can adjust the transmit power of SL transmission so that the total transmission power does not exceed  on any overlapped portion as shown in Figure 1-(a). On the other hand, when the processing time budget is not sufficient, it is possible that the transmit power of SL transmission is determined without a consideration of some portion of overlapping UL transmission(s). To maintain the total sdielink transmit power as per agreement, it can be considered that the UE drops some portion of SL transmission overlapping with UL transmission with higher priority as shown in Figure 1-(b). Alternatively, it can be considered that the UE adjust the transmit power of UL transmission overlapping with the SL transmission even though the UL transmission is prioritized over the SL transmission as shown in Figure 1-(c). However, when UE determines the transmit power of UL transmission#2, it is not preferable to reduce the transmit power of the UL transmission#2 especially when the UL transmission#2 is prioritized over the SL transmission. 
[image: ]
Figure 1: Example of power control for simultaneous UL and SL transmissions. 
According to the latest version of TS38.213, it is unclear whether the UE can drop some portion of symbols of PSCCH/PSSCH or not as shown in Figure 1-(b). Moreover, it is not specified that the total sidelink power should be kept in the symbols used for actual PSCCH/PSSCH transmissions. In other words, the TX UE may not keep the same sidelink transmission power for a given PSSCH symbol duration as shown in Figure 1-(d), and this kind of UE implementation needs to be prohibited as per the working assumption. 
Proposal 10: Capture following working assumption in TS38.213:
· Working assumption made in RAN1#98bis:
· Total sidelink transmit power is the same in the symbols used for actual PSCCH/PSSCH transmissions in a slot in case of simultaneous transmission of sidelink and uplink
· PSCCH/PSSCH transmissions can be dropped in some symbols when there are uplink transmissions with higher priority and the UE cannot keep the same sidelink transmission power in the symbols.
· Selection of the dropped symbols is up to UE implementation where the dropped symbols should include the overlapping symbols.

Proposal 11: Adopt following TP for TS38.213. 
	16.2.4.3	Simultaneous SL and UL transmissions
If a UE 
-	would simultaneously transmit on the UL and on the SL of a serving cell, and
-	the UE is not capable of simultaneous transmissions on the UL and on the SL of the serving cell
the UE transmits only on the link, UL or SL, with the higher priority.
If a UE 
-  	is capable of simultaneous transmissions on the UL and on the SL of two respective carriers of a serving cell, or of two respective serving cells,
-	would transmit on the UL and on the SL of the two respective carriers of the serving cell, or of the two respective serving cells, 
-	the transmission on the UL would overlap with the transmission on the SL over a time period, and
-	the total UE transmission power over the time period would exceed 
the UE 
-	reduces the power for the UL transmission prior to the start of the UL transmission, if the SL transmission has higher priority than the UL transmission as determined in Clause 16.2.4.3.1, so that the total UE transmission power would not exceed 
-	reduces the power for the SL transmission prior to the start of the SL transmission, if the UL transmission has higher priority than the SL transmission as determined in Clause 16.2.4.3.1, so that the total UE transmission power would not exceed 
-	does not transmit SL transmissions at least in the time period when the transmission on the UL overlaps with the transmission on the SL, so that the UE transmission power for SL transmission is kept constant. 




3. Conclusions
In this contribution, we discussed remaining issues on physical layer procedure for NR V2X. Based on the above discussion, our observations and proposals are given as follows:
Proposal 1: It is up to UE implementation whether PSFCH TX or PSFCH RX is prioritized when they are associated with the same priority. 
Proposal 2: It is up to UE implementation whether PUCCH carrying SL HARQ reporting or SL transmission(s) is prioritized when they are associated with the same priority. 
Proposal 3: For PUSCH carrying SL HARQ reporting, reuse UL/SL prioritization rule for PUSCH without SL HARQ reporting. 
Proposal 4: For prioritization between PSCCH/PSSCH and PUCCH without SL HARQ-ACK reports/PUSCH without UL-SCH/SRS
· 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
Proposal 5: For prioritization between PSFCH or S-SSB reception(s) and UL transmission(s), reuse the prioritization rule for the collision between PSFCH or S-SSB transmission(s) and UL transmission(s). 
Proposal 6: For prioritization between SL reception(s) other than PSFCH/S-SSB and UL transmission(s), if priority of SL reception is known to the UE, reuse the prioritization rule for the collision between PSFCH and UL transmission(s). Otherwise, it is up to UE implementation. 
Proposal 7: Reuse power control for NE-DC and EN-DC for simultaneous transmission of SL transmission and UL transmission on different carriers with different RAT. 
Proposal 8: In Rel-16 NR sidelink. NR-DC with Semi-static-mode1 or Semi-static-mode2 is supported for NR sidelink.
Proposal 9: Adopt following TP for TS38.213. 
	16.2.4.3.1	Prioritizations for sidelink and uplink transmissions 
A UE performs prioritization between SL transmissions and UL transmissions after performing the procedures described in Clause 9.2.5 and in Clause 6.1 of [6, TS 38.214]. 
PSFCH transmissions in a slot have a same priority value as the smallest priority value among PSSCH receptions with corresponding HARQ-ACK information provided by the PSFCH transmissions in the slot.
A priority of S-SS/PSBCH block transmission is provided by sl-SSB-PriorityNR.
For prioritization between PSFCH/S-SS/PSBCH block SL transmission/PSFCH or S-SS/PSBCH block reception and UL transmission other than a PRACH, or a PUSCH scheduled by an UL grant in a RAR, or a PUCCH with sidelink HARQ-ACK information report 
-	if the UL transmission is for a PUSCH or for a PUCCH with priority index 1, 
-	if sl-PriorityThresholdULURLLC is provided
-	the SL transmission has higher priority than the UL transmission if a smallest priority value of the SL transmission(s) is smaller than sl-PriorityThresholdULURLLC; otherwise, the UL transmission has higher priority than the SL transmission
-	else
-	the UL transmission has higher priority than the SL transmission
-	else
-	the SL transmission has higher priority than the UL transmission if the smallest priority value of the SL transmission(s) is smaller than sl-PriorityThreshold; otherwise, the UL transmission has higher priority than the SL transmission
A PRACH transmission, or a PUSCH scheduled by an UL grant in a RAR, has higher priority than a PSFCH or a S-SS/PSBCH block transmission/reception.
<Unchanged part is omitted.>


Proposal 10: Capture following working assumption in TS38.213:
· Working assumption made in RAN1#98bis:
· Total sidelink transmit power is the same in the symbols used for actual PSCCH/PSSCH transmissions in a slot in case of simultaneous transmission of sidelink and uplink
· PSCCH/PSSCH transmissions can be dropped in some symbols when there are uplink transmissions with higher priority and the UE cannot keep the same sidelink transmission power in the symbols.
· Selection of the dropped symbols is up to UE implementation where the dropped symbols should include the overlapping symbols.
Proposal 11: Adopt following TP for TS38.213. 
	16.2.4.3	Simultaneous SL and UL transmissions
If a UE 
-	would simultaneously transmit on the UL and on the SL of a serving cell, and
-	the UE is not capable of simultaneous transmissions on the UL and on the SL of the serving cell
the UE transmits only on the link, UL or SL, with the higher priority.
If a UE 
-  	is capable of simultaneous transmissions on the UL and on the SL of two respective carriers of a serving cell, or of two respective serving cells,
-	would transmit on the UL and on the SL of the two respective carriers of the serving cell, or of the two respective serving cells, 
-	the transmission on the UL would overlap with the transmission on the SL over a time period, and
-	the total UE transmission power over the time period would exceed 
the UE 
-	reduces the power for the UL transmission prior to the start of the UL transmission, if the SL transmission has higher priority than the UL transmission as determined in Clause 16.2.4.3.1, so that the total UE transmission power would not exceed 
-	reduces the power for the SL transmission prior to the start of the SL transmission, if the UL transmission has higher priority than the SL transmission as determined in Clause 16.2.4.3.1, so that the total UE transmission power would not exceed 
-	does not transmit SL transmissions at least in the time period when the transmission on the UL overlaps with the transmission on the SL, so that the UE transmission power for SL transmission is kept constant. 
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