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Introduction
This contribution is to discuss physical layer procedures for sidelink in NR V2X, especially on PSFCH and power control, based on approved WID [1].
Discussion
HARQ feedback of sidelink
In offline discussion of RAN1#96 meeting, some options on how to support repetitions of sidelink channels were mentioned but not agreed, for example 1) repetitions (blind retransmissions) of PSCCH/PSSCH without PSFCH 2) single transmission of PSCCH/PSSCH with single transmission of PSFCH. There was an argument that repetitions (blind retransmission) of PSCCH/PSSCH need not to be supported if PSFCH is enabled.
However, in our view even PSFCH is enabled, repetitions of PSCCH/PSSCH or PSFCH are useful to solve half duplex issue. If no repetitions of PSCCH/PSSCH/PSFCH, they may collide with sidelink channel transmitted by other UEs. In a special case, PSCCH/PSSCH collides between Tx and Rx so that UE is not able to feedback PSFCH at all, which means enabling PSFCH will not help sidelink transmission. The half duplex issue also happens to PSFCH. 
Although repetition of sidelink channel is kind of best effort solution, the system may work well in most cases, like LTE V2X. 
Proposal 1: Repetition of PSFCH as well as PSSCH/PSCCH is supported. 

Determination of PSFCH resources 
Based on current agreement there is (pre)configured timing between PSCCH/PSSCH and PSFCH but other aspects are not concluded. Our view is the frequency resource and possible repetition of PSFCH would also have certain relation with associated PSCCH/PSSCH. One example is shown in Figure 1, where PSFCH’s resource is related with associated PSCCH/PSSCH, for example 
· The number of repetitions of PSFCH is same as that of PSCCH/PSSCH (both have two repetitions) 
· The timing gap between initial transmission of PSFCH and retransmission of PSCCH/PSSCH is fixed or (pre)configured. 
· The frequency position of initial transmission of PSFCH is fixed or (pre)configured relation with initial transmission of PSCCH/PSSCH
· The frequency/time gap between repetitions of PSFCH is same as that of PSCCH/PSSCH

Proposal 2: PSFCH resources are determined from associated PSCCH/PSSCH and (pre)configured parameters.
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Figure 1 Resource of PSFCH 

Multiplexing with PSCCH/PSSCH
There was an agreement that “at least for sidelink HARQ feedback, NR sidelink supports at least a PSFCH format which uses last symbol(s) available for sidelink in a slot” in last meeting. However, the relation between PSFCH and PSCCH/PSSCH is not concluded. Our view is shown in Figure 2, which means PSFCH and PSCCH/PSSCH are TDMed and PSFCH is located at end of a slot in the same resource pool in the frequency region where PSFCH is located. In this sense, sensing/resource selection of PSSCH/PSCCH need not consider PSFCH’s transmission. Although PSFCH is located at the end of a slot, it does not always mean self-slot scheduling, which increases the complexity of UE although it has the merit of reduced latency. When and how to transmit PSFCH is based on determined association relation from PSCCH/PSSCH as discussed above.
On the other hand, PSFCH is not required for UE who is not configured to report PSFCH. For these UEs, in the frequency region where PSFCH is not located, to send PSSCH would be desirable to improve the resource utilization. But this symbol may not be received for UEs who transmit PSFCH so that half duplex problem is increased. As discussed below, only NACK is supported for groupcast and the number of unicast/groupcast in a slot would be limited, the amount of the time frequency resource used for PSFCH would be calculated/obtained by the equation and the occupation of PSFCH resource would not be separately required as the sensing procedure. 
If aggregated energy of PSFCH is too high, because of dynamic range limitation of the receiver, UE may not receive the symbol to locate PSFCH. If UE transmits PSFCH, this symbol is also not able to be received due to half duplex issue. Therefore, if the symbol containing PSFCH is also used for PSSCH, the symbol should not carry PSCCH or DMRS.

[image: ]
Figure 2 Relation between PSFCH and PSCCH/PSSCH
Proposal 3: PSFCH is TDMed with PSCCH/PSSCH in the same resource pool. FFS whether the symbol transmitting PSFCH can be used for PSSCH.
Proposal 4: If the symbol carrying PSFCH is used, this symbol should not include PSCCH and DMRS.

Others
For unicast, CBG based feedback can improve the retransmission efficiency but on the other hand, it will increase the feedback overhead. It is not so essential optimization. For groupcast, CBG based feedback will make the retransmission very complicated as each Rx UE may have different feedback situation for transmitted CBGs due to different radio link. Therefore, we propose not to support CBG based SL HARQ feedback for unicast/groupcast to simplify and unify the design. 
In addition, for groupcast, to save the feedback overhead and simplify the resource allocation of PSFCH, we propose only NACK is sent. The Rx UEs in the same group share the same resource for HARQ-ACK feedback according to associated PSCCH/PSSCH, which can simplify the allocation. To only support NACK for HARQ feedback can also save the HARQ feedback resource due to same signal transmission from multiple Rx UEs. Otherwise it would require separate resource for PSFCH for each UE because the collision of HARQ-ACK and HARQ-NACK from different UEs on the same resource makes the receiver judgement impossible or difficult. 
Proposal 5: CBG based SL HARQ feedback is not supported for unicast/groupcast.
Proposal 6: Only NACK is supported for HARQ-ACK for groupcast.

Power control of sidelink channel
Power control of mode 1 
In LTE V2X, the power control of PSSCH has components like Pcmax, P0, alpha, PL and number of PRBs, as shown in following formula, 

 （1）
For PSCCH in LTE V2X, its power has fixed relationship with PSSCH.
For power control of sidelink channel in NR V2X, our view is to take power control formulation in LTE as starting point while pathloss between Tx UE and Rx UE should also be supported at least for unicast. To allow gNB to flexibly control the power of sidelink channel transmission due to different purposes (e.g., mitigate the inteference to gNB or UEs), it is necessary for gNB to dynamically indicate whether pathloss is based on Tx UE to gNB or Tx UE to Rx UE. For power control of PSCCH, its design relates with different options on multiplexing with PSSCH. In case of option 3, same power control of PSSCH and PSCCH is natural however for option 1B, it could be independent power control. For other components like P0 or alpha, it can be configured. 
For groupcast/ broadcast, above dynamic approach can also be applied. In case sidelink path is indicated, for groupcast,  the power control can be based on largest pathloss or distance between Tx UE and Rx UE in the same group while for broadcast, the power control can be based on certain distance required by QoS profile. 
For power control of PSFCH from Rx UE, the easier approach is PSFCH and PSSCH/PSSCH use the same principle. For example, if gNB indicates that pathloss between gNB and UE is used for power control of PSCCH/PSSCH, Tx UE will indicate Rx UE to use such pathloss for power control of PSFCH as well.

Proposal 7: Power control formulation in LTE is used as starting point for NR V2X mode 1.
Proposal 8: For power control of sidelink channel transmission in mode 1, gNB needs to dynamically indicate which pathloss is used.
Proposal 9: For power control of PSFCH, it follows same principle as PSSCH/PSCCH.

Another issue is in NR multiple beams are introduced for NR Uu. In this sense, which RS (associated with certain beam) is used for pathloss of sidelink transmission needs to consider. As gNB would indicate if Uu path or Sidelink path is used based on previous proposal, it is also possible for gNB to indicate which DL RS is used for pathloss of power control. There could be multiple RSs associated with different beams in sidelink but the selection just up to UE implementation is sufficient. 
Proposal 10: Which RS/beam in DL is used for pathloss of sidelink can be dynamically indicated by gNB.
Power control of mode 2
For power control of mode 2, the situation is much easier compared with mode 1. Just to reuse some functions defined in mode 1 is sufficient. For example, for unicast, the pathloss between Tx UE and Rx UE is used for power control while for groupcast, the pathloss between Tx UE and Rx UE with largest distance or pathloss is used for power control.
Conclusion
In this contribution we discussed HARQ feedback and power control of sidelink. Based on the discussions, we have following proposals,
Proposal 1: Repetition of PSFCH as well as PSSCH/PSCCH is supported. 
Proposal 2: PSFCH resources are determined from associated PSCCH/PSSCH and (pre)configured parameters.
Proposal 3: PSFCH is TDMed with PSCCH/PSSCH in the same resource pool. FFS whether the symbol transmitting PSFCH can be used for PSSCH.
Proposal 4: If the symbol carrying PSFCH is used, this symbol should not include PSCCH and DMRS.
Proposal 5: CBG based SL HARQ feedback is not supported for unicast/groupcast.
Proposal 6: Only NACK is supported for HARQ-ACK for groupcast.
Proposal 7: Power control formulation in LTE is used as starting point for NR V2X mode 1.
Proposal 8: For power control of sidelink channel transmission in mode 1, gNB needs to dynamically indicate which pathloss is used.
Proposal 9: For power control of PSFCH, it follows same principle as PSSCH/PSCCH.
Proposal 10: Which RS/beam in DL is used for pathloss of sidelink can be dynamically indicated by gNB.
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Appendix
Agreements in study item of NR V2X (RAN1#96)
Agreements:
· (Pre-)configuration indicates the time gap between PSFCH and the associated PSSCH for Mode 1 and Mode 2.

Agreements:
· In mode 1 for unicast and groupcast, it is supported for the transmitter UE via Uu link to report an indication to gNB to indicate the need for retransmission of a TB transmitted by the transmitter UE. 
· FFS the format of the indication, e.g., in the form of HARQ ACK/NACK, or in the form of SR/BSR, etc.
· RAN1 continues discussion on whether to support report from the receiver UE 
· No inter-BS communication will be considered.
To discuss aspects related to 1st sub-bullet & 2nd bullet during this week -revisit later

Agreements:
· Sidelink HARQ ACK/NACK report from UE to gNB is not supported in Rel-16.

Agreements:
· For unicast RX UEs, SL-RSRP is reported to TX UE 
· For sidelink open loop power control for unicast for the TX UE, TX UE derives pathloss estimation 
· Revisit during the WI phase w.r.t. whether or not there is a need regarding how to handle pathloss estimation for OLPC before SL-RSRP is available for a RX UE 

Agreements:
· TPC commands for SL PC are not supported

R1-1903597
Agreements:
· For sidelink groupcast, it is supported to use TX-RX distance and/or RSRP in deciding whether to send HARQ feedback.
· Details to be discussed during WI phase, including whether the information on TX-RX distance is explicitly signaled or implicitly derived, whether/how this operation is related to resource allocation, accuracy of distance and/or RSRP, the aspects related to “and/or”, etc.
· This feature can be disabled/enabled

Agreements on power control in study item of NR V2X (RAN1#AH 1901)
· SL open-loop power control is supported. 
· For unicast, groupcast, broadcast, it is supported that the open-loop power control is based on the pathloss between TX UE and gNB (if TX UE is in-coverage).
· This is at least to mitigate interference to UL reception at gNB.
· Rel-14 LTE sidelink open-loop power control is the baseline.
· gNB should be able to enable/disable this power control.
· At least for unicast, it is supported that the open-loop power control is also based on the pathloss between TX UE and RX UE.
· (Pre-)configuration should be able to enable/disable this power control.
· FFS whether this is applicable to groupcast
· FFS whether this requires information signaling in the sidelink.
· Further study its potential impact, e.g., on resource allocation.
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