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In RAN #86, the following issues were discussed and identified as remaining open issues for physical layer procedure to be addressed [1] in RAN1 #100: 
	Category
	Remaining issue in RAN1
	RAN2 impact

	PHY 
Layer
Procedure
	B1
	Details of “when to prioritize which transmission” in case of simultaneous transmission of UL and SL across difference carriers
	Depends on the outcome of RAN1 discussion

	
	B2
	Details on PSFCH candidate resource determination
	No

	
	B3
	Whether or not to introduce restriction on the size of group in groupcast HARQ feedback option 2 
	Depends on the outcome of RAN1 discussion

	
	B4
	Details of calculating TX-RX distance for groupcast HARQ feedback option 1
	Yes

	
	B5
	Details of transmission power of PSCCH
	No

	
	B6
	How to derive reference PSSCH DMRS power for SL pathloss estimation
	No

	
	B7
	Details of sidelink CSI measurement
	No

	
	B8
	Contents of 2nd SCI format, including down-selection of the following options:
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.
	No



Subsequently, the following are agreed in RAN1 #100 regarding the remaining issues on Physical Layer Procedures for NR V2X [11]:
Agreements:
· A Tx UE transmit a PSSCH in a slot. PSCCH, SL CSI-RS, SL PT-RS, PSCCH-DMRS, and PSSCH-DMRS are all transmitted with the same PSD during a slot. 
· Equal power is used for each antenna port for 2-AP PSSCH transmission. 
· Simultaneous PSFCH transmissions in a PSFCH TX occasion is supported from RAN1 specification perspective. 
· Power control formula is applied to each transmission (i.e. fixing the PSD of PSSCH DMRS at the TX UE for a time duration is not supported). 
Agreements:
· For referenceSignalPower in the SL pathloss calculation, TX UE uses L3-filtered TX power with the coefficients configured for L3-RSRP measurement
Agreements:
· For unicast, groupcast HARQ feedback Option 2 
· mCS = 0 for NACK 
· mCS = 6 for ACK 
· For groupcast HARQ feedback Option 1 
· mCS = 0 for NACK 
· mCS is not defined for ACK 
Agreements:
· For PSFCH resource indexing, following values of m0 is sequentially used  for 
·  for 
· for 
· for 
·  is not supported
Agreements:
· Physical layer assumes that rbSetPSFCH is always form of a multiple of numSubchannel*periodPSFCHresource.
Agreements:
· RAN1 assumes that RAN2 will handle selection of appropriate groupcast HARQ feedback option. From RAN1 perspective, a TX UE can use GC HARQ feedback Option 2 only when the group size is not greater than the number of candidate PSFCH resources associated with the selected PSSCH resource. 
· Send an LS to RAN2
Agreement:
· One of the following two options is (pre-)configured per resource pool.
· Option 1: The set of PRBs for the candidate PSFCH resource is determined by the starting sub-channel and slot used for that PSSCH.
· Option 2: The set of PRBs for the candidate PSFCH resource is determined by the sub-channel(s) and slot used for that PSSCH.
Agreements:
· Zone length and zone width are always the same and configurable among {5m, 10m, 20m, 30m, 40m, 50m} per communication range requirement per resource pool. 
· Zone ID bit field size is 12.
Agreements:
· Communication range requirement bit field size is 4. 
· (Pre-)configuration selects 16 values for the communication range requirement from {20, 50, 80,100, 120,150, 180, 200, 220, 250, 270, 300, 320, 350, 370, 400, 420, 450, 480, 500, 550, 600, 700, 1000, Spare, Spare, Spare, Spare, Spare, Spare, Spare, Spare} meters. Each value is mapped to each codepoint of the communication range requirement field.
Agreement:
· For TX-RX distance calculation, RX UE uses the distance between the center location of the indicated zone nearest to the RX UE and its own location. 
Agreements:
· RAN1 assumes that RAN2 will handle selection of appropriate groupcast HARQ feedback option. From RAN1 perspective, a TX UE can use distance HARQ feedback only when the TX UE’s location is available.
Agreement:
· RAN1 assumes that RAN2 will handle the case the RX UE’s location is not available.
Agreement:
· Send an LS to RAN2 to inform the agreements related to the TX-RX distance determination. 
In this contribution, we continue discussing further remaining details of Physical Layer Procedures including HARQ and CSI feedback.
HARQ procedures
It has been agreed that the SCI explicitly indicate whether HARQ feedback is needed or not for the associated PSSCH transmission, which effectively supports dynamic on/off of the HARQ feedback. UE determination based on QoS requirement, e.g. TX UE disabling of HARQ when QoS exceeds than a threshold, has been agreed and specified in RRC standards. From our perspective, a channel congestion condition can be used in addition to determine HARQ enabling/disabling at the Tx UE. For example, the sidelink HARQ feedback can be dynamically disabled because HARQ feedback may worsen the system performance in highly congested scenarios. 
[bookmark: _Hlk534989389]Proposal 1: A Tx UE is not allowed to enable HARQ feedback when CBR is higher than a threshold.
It was agreed that L1 Destination ID, L1 Source ID, HARQ process ID, NDI and RV can be included in the 2nd stage SCI. These fields are mainly to support HARQ operations for sidelink unicast and groupcast. Hence, it is unnecessary to include all these fields in the 2nd stage SCI and use a unified SCI format irrespective of HARQ enabling/disabling status. It is thus more efficient to have different 2nd stage SCI format for transmission with HARQ enabled and with HARQ disabled.  
Proposal 2: Different 2nd stage SCI formats are used for transmission with HARQ enabled and disabled and 1st stage SCI indicates which 2nd stage SCI format is used.
In RAN1 #97, it was agreed to further study three cases of simultaneous PSFCH transmissions and receptions.  One remaining issue is whether parameters in addition to priority can be used in prioritization between PSFCH TX/RX and TX/TX overlap.  
When a UE has PSFCH Tx/Rx overlap in the same slot, the UE needs to perform either PSFCH Tx or PSFCH Rx due to the half-duplex operation; thus, the UE needs to prioritize between Tx and Rx. It has been agreed that at least the priority indication of the corresponding TB is used to prioritize between PSFCH Tx and PSFCH Rx. When the priority is the same, additional parameters can be used. For example, a cast type or HARQ feedback option could be considered to determine which one is higher priority than another.
Proposal 3: When priority is the same between Tx and Rx PSFCH in the same slot, additional parameters (e.g., HARQ status, cast type, and HARQ feedback option) is used.
There is a possibility that a UE may receive multiple PSSCHs from different UEs in the same slot or different slots corresponding to the same PSFCH slot. In this case, the UE may need to transmit multiple PSFCHs to multiple UEs. It has been agreed in RAN1 that up to N PSFCH can be transmitted simultaneously and the value N can be subject to potential limitation due to RF requirements. RAN4 has indicated in an LS [12] that RAN4 has yet not defined RF requirements to support N>1 simultaneous PSFCH transmissions. However, one consideration stated in the LS, is that under the condition of fixed UE power of 23dBm, MPR can be in a range from 1.5 dB to X(TBD) dB depending on the PRB locations of those PSFCH transmissions. From RAN1’s perspective, it is thus reasonable to allow UE to determine the number of simultaneous PSFCH transmissions based on UE implementation. The UE implementation, e.g. radio design, will ensure adequate RAN4 MPR performance given the number and the PRB locations of PSFCH transmissions requested in the same slot.  
Proposal 4: The number of simultaneous PSFCH transmissions is up to UE implementation. 
When requested number of simultaneous PSFCH transmissions exceeds the number N, the UE can prioritize and determine which PSFCHs to transmit based on at least the priority associated with each PSFCH. When the priority is the same, additional parameters can be used, for example, cast type, groupcast HARQ option and/or HARQ status. Also, the PRB location of each PSFCH can be considered, e.g. selection of N PSFCH transmissions that are adjacent or close to each other in the frequency domain, in order to reduce inter-modulation and spurious emissions.
Proposal 5: When more than N PSFCHs have the same priority, additional parameters (e.g., HARQ status, cast type, PSFCH PRB location and HARQ feedback option) is used to further down-select the PSFCHs to be sent.
[bookmark: _Hlk32389290]In the groupcast Option 1, the HARQ feedback is distance-based, i.e. whether to transmit a HARQ feedback is determined based on the TX-RX distance. The TX-RX distance is computed by the Rx UE when both TX and RX UE locations are known. However, there may be a case that TX and/or RX UE may not have its geographical information, e.g., when GPS signal is not available. It is agreed that a TX UE can use distance HARQ feedback only when the TX UE’s location is available. However, when the RX UE’s location is not available, the RX UE can keep sending HARQ feedback in groupcast as a default UE behavior.
Proposal 6: If Rx UE location is unknown, the Rx UE always send HARQ feedback in groupcast.
CSI acquisition
[bookmark: _Hlk534989440]RAN1 has agreed to support aperiodic CSI reporting for sidelink for better link adaptation. Unlike NR Uu, the reporting timing of the triggered aperiodic CSI reporting is not indicated in the associated triggering message. Therefore, a Rx UE can determine the time to report the triggered CSI and select the available sidelink resource for the reporting irrespective of whether the UE has data to send or not. In this case, there is no limit of the reporting time from the Rx UE and which may result in out-dated CSI feedback from the Rx UE especially for high mobility case. The out-dated CSI reporting could increase congestion unnecessarily without any benefit.
RAN1 has agreed to introduce a latency bound for sidelink CSI reporting MAC CE since reporting outdated CSI to a Tx UE may waste sidelink resources and increase congestion unnecessarily. The following agreement has been sent to RAN2 to inform the expected UE behaviour:
	Regarding Sidelink CSI Reporting MAC CE agreed in RAN2, in order to avoid reporting an outdated CQI/RI, RAN1 is of the opinion that CQI/RI needs to be sent within a latency bound subject to the availability of its transmission (e.g., prioritization, congestion control, etc.). RAN1 agreed that the latency bound for Sidelink CSI Reporting MAC CE is configurable within a range of 3 – 20 ms, expressed in slots, where RAN1 will decide how the value is configured in the next meeting. RAN1 assumes that any MAC CE based reporting of CQI/RI will follow the same procedure in terms of sidelink resource allocation framework defined by RAN1, i.e. it is expected to be transparent to the physical layer.


More details on MAC applying a latency bound value associated with a triggered CSI reporting transmission can be found in our RAN2 contribution [10]. For RAN1, it has been discussed that a TX UE determines this latency bound based on UE implementation and informs the RX UE via PC5 RRC signaling. It remains to further elaborate how the latency bound value is determined.  
It is already supported in LTE V2X and also agreed for R16 V2X that UE speed can be used to restrict TX parameter [8]. It is well understood that the UE speed impacts significantly how fast a wireless channel varies and thus how long a CSI reporting is valid. Therefore, the UE speed shall be applied in the determination of the CSI latency bound.  For example, a UE can be (pre)configured with a set of CSI reporting latency bound and each of the latency bound value can be associated with a UE speed threshold and/or a range. The UE will select a latency bound value from this (pre)configured set based on the real time UE speed.     
Proposal 7: Support UE determination of CSI reporting latency bound value based on UE speed, e.g. the absolute speed.
Since a Tx UE can trigger CSI feedback for the subchannels allocated for a sidelink transmission at a time, a Rx UE may receive CSI feedback trigger for mutually exclusive sets of subchannels in different time when the Tx UE allocated different sets of subchannels for each sidelink transmission. In this case, multiplexing of one or more CSI feedback triggers should be supported considering that the number of bits for CSI feedback is relatively small (e.g., less than 10 bits for wideband CQI, PMI, and RI) so that it can avoid to allocate multiple sidelink resources unnecessarily. Also, it can reduce latency of the feedback. The triggered CSI feedbacks can be multiplexed and transmitted together as long as it meets the feedback window requirement.
Proposal 8: Support multiplexing of more than one CSI feedback triggers.
Aperiodic CSI feedback can be triggered at any time and a Rx UE may miss the SCI triggering CSI feedback. When a Tx UE triggers multiple CSI feedback in different time slot, there is a possibility that the Tx UE cannot identify the reported CSI is associated with which CSI feedback trigger. Since there is no one-to-one relationship between CSI feedback trigger and CSI reporting based on the time/frequency resources, an explicit indication which can identify the reported CSI is associated which CSI feedback trigger. Therefore, each CSI feedback trigger may have an associated index and the index should be indicated when a UE report the triggered CSI feedback.
Proposal 9: Each CSI feedback trigger and/or reporting should include an associated index.
In NR Uu, the CSI request field in a UL DCI could be up to 6 bits to allow multiple configurations including aperiodic CSI-RS triggering offset, CSI-RS configurations, CSI reporting offset, reporting contents, etc., which allows multiple CSI reporting configurations and dynamic adaptation between configurations. However, CSI reporting for NR V2X unicast, it has been already agreed that the associated S-CSI-RS is confined within PSSCH resource and its associated CSI will be reported by Rx UE with the same procedure as data transmitted. Therefore, there is no need to indicate CSI-RS triggering offset as well as CSI reporting timing. In addition, a single CSI-RS resource configuration would be good enough for unicast, which also remove measurement resource indication for CSI reporting. 
Therefore, a single bit field in SCI to trigger aperiodic CSI reporting would be enough at least for the triggering. Additional X bits (e.g., 2bits) as CSI trigger identity could be added to identify the CSI trigger and reporting. 
When the aperiodic CSI is triggered with this bit field, the following should be assumed by Rx UE:
· S-CSI-RS to measure is in the same slot where the aperiodic CSI reporting is triggered
· CSI reporting timing is determined by Rx UE based on the resource availability within a time window
Proposal 10: More than 1-bit is used to indicate CSI trigger/reporting index in the associated SCI. 
In order to provide accurate CQI and RI for link adaptation, the transmission schemes assumed for Tx and Rx UEs should be the same for both rank-1 and rank-2. So far, SFBC and precoder cycling have been most popular transmission schemes for rank-1 open-loop transmit diversity and discussed in all time whenever RAN1 discussed open-loop transmission scheme for 2 or 4Tx. It is well known that SFBC provides robust performance irrespective of antenna correlation and MCS. On the other hand, precoder cycling has simpler receiver implementation, higher DM-RS power, and lower specification impacts. It showed different performance benefits based on the scenarios.
In our previous contribution, we showed the performance benefit of using transmit diversity scheme over fixed precoder, which showed significant performance gain in system level simulation especially when inter-packet arrival time is shorter.
Therefore, open-loop transmission schemes for CQI/RI calculation should be specified in Rel-16 for both rank-1 and rank-2 unless we support PMI reporting which has been removed in the WID.
Proposal 11: Transmission schemes should be specified for rank-1 and rank-2 for CQI/RI calculation. 
Power control
SA2 has agreed to support the minimum required communication range (MCR) requirement for groupcast only. To make sure the coverage of groupcast transmission is good enough for a given MCR, the transmission power or maximum transmission power for a groupcast transmission may be determined as a function of the MCR so that a Rx UE within the MCR can reliably decode the groupcast message.
Proposal 12: A maximum Tx power for a groupcast transmission is determined based on the minimum required communication range.
Conclusion
In this contribution, we examine remaining issues of NR V2X sidelink physical layer procedures. Our proposals are as follows:
HARQ procedure
Proposal 1: A Tx UE is not allowed to enable HARQ feedback when CBR is higher than a threshold.
Proposal 2: Different 2nd stage SCI formats are used for transmission with HARQ enabled and disabled and 1st stage SCI indicates which 2nd stage SCI format is used 
Proposal 3: When priority is the same between Tx and Rx PSFCH in the same slot, additional parameters (e.g., HARQ status, cast type, and HARQ feedback option) is used.
Proposal 4 The number of simultaneous PSFCH transmissions is up to UE implementation.
Proposal 5: When more than N PSFCHs have the same priority, additional parameters (e.g., HARQ status, cast type, PSFCH PRB location and HARQ feedback option) is used to further down-select the PSFCHs to be sent.
Proposal 6: If Rx UE location is unknown, the Rx UE always send HARQ feedback in groupcast.
CSI Acquisition
Proposal 7: Support UE determination of CSI reporting latency bound value based on UE speed, e.g. the absolute speed.
Proposal 8: Support multiplexing of more than one CSI feedback triggers.
Proposal 9 Each CSI feedback trigger and/or reporting should include an associated index.
Proposal 10: More than 1-bit is used to indicate CSI trigger/reporting index in the associated SCI. 
Proposal 11: Transmission schemes should be specified for rank-1 and rank-2 for CQI/RI calculation. 
Power Control
Proposal 12: A maximum Tx power for a groupcast transmission is determined based on the minimum required communication range.
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