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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 RAN1 meeting #100-e [3]. 

In this contribution, we discuss the details on some of the identified remaining tasks, including sidelink power control, details of HARQ feedback, handling of sidelink and uplink transmissions, and sidelink CSI reporting. 
Discussion
Sidelink Power Control
It was agreed [3] that simultaneous PSFCH transmissions in a PSFCH Tx occasion is supported from RAN1 specification perspective. It is open how to determine the number of simultaneous PSFCH transmissions, especially in the power-limited region and under the upper bound of maximum number of PSFCH transmissions by UE capability or specification. 

There are four alternatives on the table [4]. The first alternative is that the number of simultaneous PSFCH transmissions is UE implementation in the power-limited region. The third alternative is that the number of simultaneous PSFCH transmissions is UE implementation in either power-limited region or non-power-limited region. However, the number of simultaneous PSFCH transmissions depending on UE implementation will degrade system performance. For example, some UE, for power saving purpose, decides to make no PSFCH transmission in the power-limited region, leading to unreliable sidelink transmissions. This should be avoided.

The fourth alternative keeps the maximum possible number of PSFCH transmissions, while sacrificing the transmit power of each PSFCH transmission. This is not desirable due to the resulting unreliable PSFCH transmissions. The second alternative tries to balance the number of PSFCH transmissions and the transmit power of each PSFCH transmission, by configuring a lower bound of each PSFCH transmit power. It seems that this lower bound has to be configured per resource pool. The system wide lower bound does not fit for each sidelink session. 

In our view, UE should remain the desired transmit power for each PSFCH transmission to make reliable PSFCH transmissions. The dropping of some PSFCH transmissions is possible in case of power limitation. 

Suppose  is the maximum number of PSFCH transmissions by UE capability or by specification,  is the requested number of PSFCH transmissions in a PSFCH occasion,  is the PSFCH transmit power (for a single PSFCH transmission) calculated using the existing formula in [5], and  is the maximum UE transmit power. Note that  can be larger than  and  is upper bounded by . The number  of simultaneous PSFCH transmissions is obtained by the following procedure: 

1. If  , then . This case is shown in Figure 1.
2. Else (i.e., ), then . This case is shown in Figure 2. Here,  is less than or equal to  by definition, implying dropping some PSFCH transmissions. 
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[bookmark: _Ref35550780][bookmark: _Ref35550777]Figure 1: Illustration of Case 2.a (non-power-limited region)
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[bookmark: _Ref35550821]Figure 2: Illustration of Case 2.b (power-limited region)
The above procedure applies to the case of , the case of  or the case of .

If the number  obtained in the above procedure is less than , then the PSFCH transmissions with the lowest priority level values in the corresponding SCI are selected. If more than  PSFCH transmissions have the same priority, then the selection of  PSFCH transmissions among them is UE implementation. 

Proposal 1: Remain the desired transmit power for each PSFCH transmission calculated from the existing formula based on downlink pathloss and drop additional PSFCH transmissions if the total PSFCH transmit power exceeds the UE transmit power limit. Specifically, the number  of simultaneous PSFCH transmissions is obtained by the following procedure: If , , else N , where is the transmit power for each PSFCH transmission calculated from the existing formula based on downlink pathloss, is the maximum UE transmit power,  is the requested number of PSFCH transmissions in a PSFCH occasion, and  is the maximum number of PSFCH transmissions. 

Details on HARQ Feedback 
The details of PSFCH resources have been extensively discussed [4]. One remaining open issue is how to indicate groupcast HARQ feedback options to receiver UE. The essence of this issue is companies have different views on 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 the support of non-distance-based groupcast HARQ feedback option 1 is 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 2: Whether or not supporting non-distance-based groupcast HARQ feedback option 1 is based on resource pool (pre)configuration. If the (pre)configured communication range requirement includes an infinite value, then the non-distance-based groupcast HARQ feedback option 1 is applied when the communication range requirement in SCI is set to infinite. 

With the above compromised approach of supporting non-distance-based groupcast feedback option 1 by resource pool (pre)configuration, the sidelink groupcast HARQ feedback options can be distinguished by different second stage SCI formats. In other words, one second stage SCI format is used for groupcast HARQ feedback option 1, and another second stage SCI format is used for groupcast HARQ feedback option 2 as well as broadcast and unicast (cf. [6]). 

Proposal 3: Different second stage SCI formats are used for groupcast HARQ feedback option 1 and groupcast HARQ feedback option 2.

Another remaining open issue is how to indicate whether HARQ feedback is enabled or disabled to receiver UE. Since one second stage SCI format is used for groupcast HARQ feedback option 1, it does not include another flag to indicate whether HARQ feedback is enabled or disabled. For another second stage SCI format for broadcast, unicast and groupcast HARQ feedback option 2, a flag is used to indicate whether HARQ feedback is enabled or not. 

Proposal 4: In the second stage SCI format for broadcast, unicast and groupcast option 2, a flag is used to indicate whether HARQ feedback is enabled or not.

Handling of Sidelink and Uplink Transmissions
It was agreed [8] that in supporting simultaneous sidelink and uplink transmissions in power limited region, the transmit power of sidelink or uplink transmissions depends on the prioritization between sidelink and uplink. It is open on the prioritization between sidelink and uplink. In our view, the LTE V2X prioritization scheme between sidelink and uplink should be reused as much as possible. Additional specifications are needed for the following two cases.

NR Uu introduces a “priority indicator” field in DCI to indicate URLLC traffic. We think that any uplink transmissions related to NR URLLC should be prioritized over sidelink transmission. These include downlink HARQ feedback, SR, CSI reporting, uplink data. 

NR V2X supports that transmit UE sends sidelink HARQ report to gNB over PUCCH or PUSCH, where the multiplexing of Uu UCI and sidelink HARQ is not supported. It was agreed in RAN2 that the prioritization between sidelink transmission and sidelink SR (over uplink channel) is based on direct comparison between their associated logical channel priorities. The similar direct priority comparison approach can be used for sidelink HARQ report to gNB as well. 

Specifically, if uplink transmission (either PUCCH or PUSCH) contains sidelink HARQ, where the corresponding “priority” value of sidelink HARQ is lower than that in SCI for sidelink transmission, then uplink transmission is prioritized. If uplink transmission (either PUCCH or PUSCH) contains only sidelink HARQ, where the corresponding “priority” value of sidelink HARQ is higher than that in SCI for sidelink transmission, then sidelink transmission is prioritized. 

If uplink PUSCH transmission contains both uplink data and sidelink HARQ, where the corresponding “priority” value of sidelink HARQ is higher than that in SCI for sidelink transmission, then LTE V2X prioritization scheme is reused.

Proposal 5: NR V2X reuses LTE V2X prioritization scheme between uplink and sidelink, except
· Uplink transmission related to URLLC is always prioritized over sidelink transmission. 
· If uplink transmission contains sidelink HARQ, where the corresponding “priority” value of sidelink HARQ is lower than that in SCI for sidelink transmission, then uplink transmission is prioritized. 
· If uplink transmission contains only sidelink HARQ, where the corresponding “priority” value of sidelink HARQ is higher than that in SCI for sidelink transmission, then sidelink transmission is prioritized. 
· If uplink PUSCH transmission contains both uplink data and sidelink HARQ, where the corresponding “priority” value of sidelink HARQ is higher than that in SCI for sidelink transmission, then LTE V2X prioritization scheme is reused.

Sidelink CSI Reporting
To avoid outdated sidelink CSI reporting, the latency bound for sidelink CSI reporting MAC CE is configured within a range of 3-20 ms. Sidelink CSI reporting is applicable only to sidelink unicast after the PC5-RRC connection is set up. Hence, PC5-RRC signaling is used to convey the latency bound. 

Proposal 6: The latency bound for sidelink CSI reporting is indicated by PC5-RRC signaling.    

In sidelink CSI reference resource has not been defined in specification [7]. It was agreed that sidelink CSI-RS is transmitted by a UE only if the corresponding SCI triggers the sidelink CSI reporting. Hence, it is natural that CSI reference resource in time domain is the sidelink slot triggering the sidelink CSI reporting and CSI reference resource in frequency domain is the group of PRBs of PSSCH containing the sidelink CSI-RS. 

Proposal 7: The sidelink slot triggering the sidelink CSI reporting is used as CSI reference resource in time domain, and the group of physical resource blocks of PSSCH containing the sidelink CSI-RS is used as CSI reference resource in frequency domain.

In sidelink CQI/RI calculation, the number of symbols used for sidelink in a slot is configured as sl-LengthSymbols in sidelink BWP configuration. However, 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 [7] 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 [7] 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: Remain the desired transmit power for each PSFCH transmission calculated from the existing formula based on downlink pathloss and drop additional PSFCH transmissions if the total PSFCH transmit power exceeds the UE transmit power limit. Specifically, the number  of simultaneous PSFCH transmissions is obtained by the following procedure: If , , else N , where is the transmit power for each PSFCH transmission calculated from the existing formula based on downlink pathloss, is the maximum UE transmit power,  is the requested number of PSFCH transmissions in a PSFCH occasion, and  is the maximum number of PSFCH transmissions. 

Proposal 2: Whether or not supporting non-distance-based groupcast HARQ feedback option 1 is based on resource pool (pre)configuration. If the (pre)configured communication range requirement includes an infinite value, then the non-distance-based groupcast HARQ feedback option 1 is applied when the communication range requirement in SCI is set to infinite. 

Proposal 3: Different second stage SCI formats are used for groupcast HARQ feedback option 1 and groupcast HARQ feedback option 2.

Proposal 4: In the second stage SCI format for broadcast, unicast and groupcast option 2, a flag is used to indicate whether HARQ feedback is enabled or not.

Proposal 5: NR V2X reuses LTE V2X prioritization scheme between uplink and sidelink, except
· Uplink transmission related to URLLC is always prioritized over sidelink transmission. 
· If uplink transmission contains sidelink HARQ, where the corresponding “priority” value of sidelink HARQ is lower than that in SCI for sidelink transmission, then uplink transmission is prioritized. 
· If uplink transmission contains only sidelink HARQ, where the corresponding “priority” value of sidelink HARQ is higher than that in SCI for sidelink transmission, then sidelink transmission is prioritized. 
· If uplink PUSCH transmission contains both uplink data and sidelink HARQ, where the corresponding “priority” value of sidelink HARQ is higher than that in SCI for sidelink transmission, then LTE V2X prioritization scheme is reused.

Proposal 6: The latency bound for sidelink CSI reporting is indicated by PC5-RRC signaling.    

Proposal 7: The sidelink slot triggering the sidelink CSI reporting is used as CSI reference resource in time domain, and the group of physical resource blocks of PSSCH containing the sidelink CSI-RS is used as CSI reference resource in frequency domain.

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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