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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



In this contribution, we discuss the remaining details of PHY procedure including HARQ procedures, CSI feedback, and zone configuration.
HARQ procedures
The details of implicit PSFCH candidate resource determination were discussed in RAN1 #99 and a down selection is agreed between the two options below regarding the association between the PSFCH candidate resource PRBs and the corresponding PSSCH:
· For a PSSCH, the candidate PSFCH resource is the set of PRBs associated with 
· Option 1: the starting sub-channel and slot used for that PSSCH.
· Option 2: the sub-channel(s) and slot used for that PSSCH
According to the related agreement, within the set of PRBs (pre)configured for the actual PSFCH resources, the first Z PRBs are associated with the 1st PSSCH sub-channel in the 1st slot associated with the PSFCH slot, the second Z PRBs are associated with the 1st sub-channel used for the PSSCH in the 2nd slot associated with the PSFCH, and so on. It is thus clear that each PSSCH sub-channel is associated with Z PRBs for the actual PSFCH resources.  
The association Option 1 limits the candidate PSFCH resource to the set of PRBs associated with one sub-channel (the starting sub-channel), which includes a total of Z PRBs.  Accordingly, PSSCH transmissions having the same starting sub-channel (regardless how many sub-channels used in total) in the same slot will be associated with the same set of Z PRBs.  The value of Z depends on the total PRBs (pre)configured for PSFCH in a resource pool and a small Z may increase the collision of corresponding PSFCHs.  On the other hand, for Option 2, the candidate PSFCH resource comprises of a set of X*Z PRBs, where X is the number of sub-channels used for the PSSCH transmission.  The increased frequency resources for PSFCH transmission can enable randomization e.g. by selecting a PRB from a larger PRB set based on UE ID. Therefore, Option 2 is preferred.  
Proposal 1: For a PSSCH, the candidate PSFCH resource is the set of PRBs associated with the sub-channel(s) and slot used for that PSSCH. 
For groupcast transmission, the SCI-2 format for HARQ feedback option 1 and option 2 has been discussed in RAN1 #99 and the working assumption includes a down-selection between two options below:
· 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.

In Option 1, the same 2nd stage SCI format is used for both groupcast HARQ feedback option 1 and option 2. A 1-bit groupcast HARQ option indicator can e.g. be applied.  However, to support HARQ feedback option 1, the zone ID and minimum communication range (MCR) are carried in 2nd stage SCI for a RX UE to compute a TX-RX distance and compare it with the MCR.  The zone ID and MCR bit field can e.g. be 12-bits and 5-bits, respectively. As these bit fields are not applicable to HARQ feedback option 2, all these unused SCI bits will result in reduced efficiency considering the power and resources used for the transmission.    
The advantage of Option 2 is that the 2nd stage SCI format for HARQ feedback option 2 can have a small size without unnecessary bit fields.  Moreover, it is already agreed that the 1st stage SCI includes an indication of 2nd stage SCI format, e.g. information on the size of 2nd stage SCI [9]. This 1st stage SCI indication can therefore be readily used to indicate the groupcast feedback HARQ option, e.g. by including an additional code point to differentiate between the HARQ feedback option 1 and option 2. In our opinion, Option 2, i.e. 1st stage SCI indication of groupcast HARQ feedback option shall be supported.
Proposal 2: Different 2nd stage SCI formats are used in groupcast HARQ feedback option 1 and option 2, and 1st stage SCI indicates which format is used (Option-2).
Since the groupcast HARQ feedback option is indicated in SCI transmission, e.g. in the 1st stage SCI, a TX UE is to determine which option to apply for a groupcast transmissions. One important factor for the determination is a trade-off between the amount of the PSFCH resources (pre)configured for a resource pool and the maximum supported group size. To use HARQ feedback option 2 for large group size, a large amount of (pre)configured PSFCH resources are required, which will increase the overhead of a resource pool.  It is thus more efficient to allow TX UE to select HARQ feedback option 2 only when the group size is smaller than the total amount of (pre)configured PSFCH resources.     
Proposal 3: UE support only groupcast HARQ feedback option 1 when the group size is larger than the total (pre)configured PSFCH resources in a resource pool and HARQ is enabled.  
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. However, the details of Tx UE behavior when the HARQ feedback is enabled or disabled dynamically are not defined yet. From our perspective, a channel congestion condition and data QoS requirements can be used to determine HARQ enabling/disabling at the Tx UE. For example, the sidelink HARQ feedback can be dynamically disabled if 
· HARQ based retransmission does not meet the data latency requirements; 
· HARQ feedback is unnecessary due to the low data reliability requirements; 
· HARQ feedback may worse the system performance in highly congested scenario. 
[bookmark: _Hlk534989389]Proposal 4: A Tx UE is not allowed to enable HARQ feedback when data QoS is lower than a threshold and/or 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 5: 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 PSFCH transmission and reception.  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 6: 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. In this case, the UE may need to transmit multiple PSFCH to multiple UEs. It has been agreed that up to N PSFCH can be transmitted simultaneously and the value N is FFS and the N PSFCHs to be sent is determined based on the priority indication at least. When the priority is the same for more than N PSFCHs, 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 the other.
Proposal 7: When more than N PSFCHs have the same priority, additional parameters (e.g., HARQ status, cast type, 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 determined based on the Tx-Rx distance. The Tx-Rx distance can be calculated at the Rx UE if both Tx and Rx locations are known. However, there may be a case that Tx and/or Rx UE may not have its geographical information (e.g., Rx UE and/or Tx UE is under location where GPS signal is not available or before location information is provided). In that case, Rx UE can keep sending HARQ feedback in groupcast as a default UE behavior.
Proposal 8: if Tx and/or 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 9: 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 10: 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 11: 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 12: 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 13: Transmission schemes should be specified for rank-1 and rank-2 for CQI/RI calculation. 
Power control
The accurate sidelink pathloss estimation between transmitter UE and receiver UEs may be beneficial for reliable transmission and interference reduction in NR V2X sidelink groupcast. It may also be beneficial for power saving for pedestrian UE. Therefore, open-loop power control based on sidelink pathloss between the transmitter UE and receiver UEs for sidelink groupcast should be supported. 
In sidelink groupcast, there is a sidelink between a transmitter UE and each receiver UE. The sidelink pathloss used for open-loop power control can be based on the sidelink between transmitter UE and a configured reference UE, where the configured reference UE can be the one with the largest, the smallest, or the medium sidelink pathloss in the group. The sidelink pathloss used for open-loop power control can also be based on the sidelinks between transmitter UE and multiple receiver UEs, where post-processing of multiple sidelink pathlosses is needed. 
[bookmark: _Hlk534989513]It was agreed [3] to support the open-loop power control based on the pathloss between transmitter UE and receiver UE for sidelink unicast, and (pre)configuration should be able to enable/disable this power control. This similar (pre)configuration-based enabling/disabling of the open-loop power control based on the sidelink pathloss for sidelink groupcast can be applied.
Proposal 14: Open-loop power control based on sidelink pathloss should be supported for NR V2X groupcast. This functionality can be enabled/disabled by (pre-)configuration. 
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 15: A maximum Tx power for a groupcast transmission is determined based on the minimum required communication range.
It has been discussed whether PSD boosting of PSCCH over PSSCH is supported or not in NR V2X. Note that PSD boosting of PSCCH has been used in LTE V2X where PSCCH and PSSCH multiplexing is based on FDM.
In NR V2X, option 3 has been agreed as PSCCH and PSSCH multiplexing, where PSCCH and PSSCH are multiplexed in the same subchannel and there are a subset of OFDM symbols contains both PSCCH and PSSCH, and the rest of OFDM symbols contains PSSCH only. Therefore, PSD boosting of PSCCH may increase complexity as an offset between EPRE of a PSSCH in the OFDM symbol containing PSCCH and EPRE of a PSSCH in the OFDM symbol without PSCCH should be known at the Rx UE to decode PSSCH especially for higher modulation order case.
PSCCH in LTE V2X has a fixed number of RBs which may require PSD boosting for better coverage. However, the PSCCH coverage in NR V2X can be handled by the number of CCEs with the same EPRE with PSSCH within a slot. Otherwise, additional FDM option (i.e., option 2) is supported and the PSD boosting is only allowed when option 2 multiplexing scheme is used. Note that using additional multiplexing option will increase blind decoding complexity of SCI for sensing and the benefit seems not justify the increased complexity.
Proposal 16: No PSD boosting of PSCCH is supported in Rel-16 and the PSCCH coverage is handled by CCE aggregation level.
Zone configuration for Tx-Rx distance
In LTE V2X, 3bit Zone-ID has been used as it was just used for resource pool selection, therefore no accurate location information was needed. However, for Tx-Rx distance determination, finer granularity of Zone configuration is needed as minimum communication range (MCR) requirements include as small as 50 meters. The Zone size should be smaller than or equal to 50 meters to identify whether Tx-Rx distance is less than 50 meters or not. On the other hand, smaller Zone size requires larger signaling overhead in the SCI and not appropriate when MCR is as large as 500 meters. Therefore, there is a trade-off between location accuracy and SCI overhead. 
The trade-off has been widely discussed in RAN1 email discussion and one solution is to adopt a square zone configuration with a fixed size of 20 meters and accordingly a fixed 12-bit Zone ID field in the 2nd stage SCI format.  A 20-meter zone size can ensure location accuracy for all MCR requirements range from 50 meters to 1000 meters.  The zone wrap-up distance, i.e. the distance between two zones with identical zone ID, is 1280 meters.  One potential issue is such a distance may not completely prevent the ambiguity scenarios below:
1. An RX UE receives transmissions from two TX UE of identical zone ID, but one is inside the MCR and the other is outside.
2. Two RX UEs having identical zone ID receive a transmission from the same TX UE, but one RX UE is inside the MCR and the other is outside. 
The scenarios can become possible e.g. in a LOS condition, in which the 2nd stage SCI can be received at a distance of more than 1 km.  In order to minimize such ambiguity while keeping a fixed 20-meter zone size, the zone ID field can be increased to 14 bits.  
Alternatively, instead of increasing the zone ID bit field size, a coarse linkage between zone configuration and MCR can be introduced.  A very fine zone size is unnecessary anyhow for large MCR requirement.  Also, the MCR requirements are configured by higher layer specific to services supported by individual UE and as a result the zone configuration should be specific to UE and not fixed to a resource pool.  For example, two zone sizes of 20 meter and 50 meter can be (pre)configured and a UE may select one of the zone sizes based on the MCR requirement.  The zone wrap-up distance using 50-meter zone size is sufficiently large so the abovementioned ambiguity scenario may not occur. 
Therefore, by adopting a coarse linkage between zone size configuration and MCR requirement, the ambiguity due to the zone ID repetition can be minimized.  
Proposal 17: Zone parameters (e.g., zone size) are associated with minimum communication requirements.
Conclusion
In this contribution, we examine remaining issues of NR V2X sidelink physical layer procedures. Our proposals are as follows:
HARQ procedure
Proposal 1: For a PSSCH, the candidate PSFCH resource is the set of PRBs associated with the sub-channel(s) and slot used for that PSSCH.
Proposal 2: Different 2nd stage SCI formats are used in groupcast HARQ feedback option 1 and option 2, and 1st stage SCI indicates which format is used (Option-2).
Proposal 3: UE support only groupcast HARQ feedback option 1 when the group size is larger than the total (pre)configured PSFCH resources in a resource pool and HARQ is enabled. 
Proposal 4: A Tx UE is not allowed to enable HARQ feedback when data QoS is lower than a threshold and/or CBR is higher than a threshold.
Proposal 5: 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 6: 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 7: When more than N PSFCHs have the same priority, additional parameters (e.g., HARQ status, cast type, and HARQ feedback option) is used to further down-select the PSFCHs to be sent.
Proposal 8: if Tx and/or Rx UE location is unknown, the Rx UE always send HARQ feedback in groupcast.

CSI Acquisition
Proposal 9: Support UE determination of CSI reporting latency bound value based on UE speed, e.g. the absolute speed.
Proposal 10: Support multiplexing of more than one CSI feedback triggers.
Proposal 11: Each CSI feedback trigger and/or reporting should include an associated index.
Proposal 12: More than 1-bit is used to indicate CSI trigger/reporting index in the associated SCI. 
Proposal 13: Transmission schemes should be specified for rank-1 and rank-2 for CQI/RI calculation. 

Power Control
Proposal 14: Open-loop power control based on sidelink pathloss should be supported for NR V2X groupcast. This functionality can be enabled/disabled by (pre-)configuration. 
Proposal 15: A maximum Tx power for a groupcast transmission is determined based on the minimum required communication range.
Proposal 16: No PSD boosting of PSCCH is supported in Rel-16 and the PSCCH coverage is handled by CCE aggregation level.

Zone Configuration for Tx-Rx distance
Proposal 17: Zone parameters (e.g., zone size) are associated with minimum communication requirements.
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