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[bookmark: _Ref513464071]Introduction
[bookmark: _Hlk528762943]Several agreements on NR V2X sidelink physical layer procedures have been made in RAN1 meeting #94 [1] and RAN1 meeting #94b [2]. In RAN1 meeting #94b [2], the following agreements have been made:
Agreements:
· For unicast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.
· FFS details, including the possibility of disabling HARQ in some scenarios
· For groupcast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.
· FFS details, including the possibility of disabling HARQ in some scenarios
Agreements:
· In the context of sidelink CSI, RAN1 to study further which of the following information is useful in sidelink operation when it is available at the transmitter.
· Information representing the channel between the transmitter and receiver
· Information representing the interference at receiver
· Examples for this information are
· CQI, PMI, RI, RSRP, RSRQ, pathgain/pathloss, SRI, CRI, interference condition, vehicle motion
· FFS including
· Such information can be acquired using reciprocity or feedback
· Time scale of the information
· Which information is useful in which operation and scenario

In this contribution, we discuss the physical layer procedure details related to HARQ feedback and CSI acquisition. 
Discussion
HARQ feedback
It was agreed in RAN1 meeting #94b [2] that for sidelink unicast and/or groupcast, sidelink HARQ feedback and HARQ combining in the physical layer are supported. The details of HARQ feedback and HARQ combining are still open. These include the possibility of disabling HARQ in some scenarios.
We consider the possible scenarios where the HARQ feedback may not be needed in sidelink groupcast and/or unicast. Consider a scenario where vehicles may join or leave a group in a more frequent fashion. The frequent group member update information may not be promptly detected by all the active group members. When a vehicle groupcasts a message to a group of vehicles by using a destination group ID, it may not know all the members in in the group, which makes HARQ feedback infeasible. Hence, HARQ feedback may not be needed for sidelink groupcast when the group members frequently change. 
The NR sidelink HARQ feedback will occupy resources and increase delay of data transmissions. This situation is worsened in the case of sidelink groupcast, especially for a large group size. If every group member has HARQ feedback for a common data transmission, the occupied feedback resources and the feedback delay may be much larger than those in the unicast case. Hence, the HARQ feedback may not be needed for sidelink groupcast when the group size is large. 
Additionally, HARQ feedback may not be beneficial for sidelink groupcast and unicast due to data QoS. For example, for sidelink data with low latency requirement, the retransmissions based on HARQ feedback may already exceed the data latency requirement. For sidelink data with low reliability requirement, transmissions without HARQ may already achieve the data reliability requirement. In both cases, the retransmissions based on HARQ feedback may not be beneficial and the HARQ feedback is not needed. 
[bookmark: _Hlk528921754]HARQ feedback may be enabled or disabled to balance system load. For example, HARQ feedback may be disabled to reduce signaling overhead to relieve sidelink congestion in a highly loaded system, while HARQ feedback may be enabled to improve system performance in a lightly loaded system. Furthermore, system load balancing via enabling/disabling HARQ feedback may also consider data QoS. For example, in a moderately loaded system, HARQ feedback may be enabled for some UEs with higher QoS requirements, while it is disabled for other UEs with lower QoS requirements. 
Hence, we have the following proposal.
Proposal 1: For NR V2X sidelink groupcast and unicast, support disabling HARQ feedback in some scenarios.

Some schemes need to be designed to support the disabling of HARQ feedback. The disabling of HARQ feedback could be based on configuration. For example, we could configure the maximum group size to support HARQ feedback in sidelink groupcast. Alternatively, the disabling of HARQ feedback could be dynamically indicated. For example, the SCI associated with sidelink data unicast and groupcast may include a field to indicate whether the HARQ feedback is required or not. 
Proposal 2: RAN1 to study semi-static schemes or dynamic schemes of disabling HARQ feedback.

The HARQ process number and New Data Indicator (NDI) indicate whether or not to have sidelink HARQ combining and which bits are to be combined. The HARQ schemes include CC-HARQ and IR-HARQ, where IR-HARQ provides better BLER performance than CC-HARQ in many cases. Hence, IR-HARQ scheme should be supported in NR V2X sidelink. In the IR-HARQ scheme, the redundancy version (RV) could be different in retransmissions. Hence, HARQ process number, NDI and RV should be contained in SCI to support the HARQ combining for sidelink groupcast and unicast.  
Proposal 3: For NR V2X sidelink unicast and groupcast, support to include at least RV, HARQ process number and NDI in SCI to facilitate NR V2X sidelink HARQ combining.

The application of an HARQ scheme does not necessarily imply the exclusion of repetition without HARQ feedback in sidelink unicast and groupcast. It is still possible to support repeated transmissions without HARQ feedback, probably for data with high reliability and/or low latency requirements. 
To avoid feedback congestion in sidelink groupcast where the group size is large, we may consider using a common HARQ feedback resource among group members, as well as NACK only HARQ feedback.
Proposal 4: The benefits of retransmissions without HARQ feedback in NR V2X sidelink should be studied.

CSI acquisition
Sidelink CSI acquisition could be achieved by receiver’s measurement of sidelink reference signals. The CSI information could include CQI, RI and PMI for link adaptation and multi-antenna transmission. The CSI information may also include the sidelink path loss for power control. The reference signals need to be designed to facilitate the CSI acquisition for sidelink unicast and/or groupcast. The sidelink CSI measured at the receiver should be fed back to the transmitter.
Proposal 5: NR V2X supports sidelink CSI feedback including at least CQI, PMI, RI, path loss.

Feedback resource
[bookmark: _Hlk525572301]We examine some possible information (e.g., HARQ, CSI) to be fed back from a receiver to a transmitter. The feedback information may be carried by PSCCH or by a new channel/signal. In the former case, one or more new SCI formats may be designed for feedback information. In the latter case, the resources for feedback are needed, which may be multiplexed with the resources for PSCCH/PSSCH. The time and frequency granularity of feedback resources may be optimized for the feedback contents.
In the case of NR V2X sidelink data transmissions for unicast or groupcast, a receiver may send data together with feedback, then the feedback information may be piggyback on the PSSCH, or it may be contained in the SCI associated with its data transmissions. 
Proposal 6: The resources for feedback should be studied for NR V2X sidelink unicast and groupcast. 
In NR V2X sidelink groupcast, the HARQ feedback from multiple receivers may share a common feedback resource. This not only efficiently utilizes feedback resources, but also reduces feedback delay from multiple receiving UEs. 
Proposal 7: The feedback resource sharing for NR V2X sidelink groupcast should be studied. 
If a resource is needed for a receiver to send feedback information, this feedback resource may be reserved by a transmitter. This approach has lower latency and complexity than to have the receiver obtain a resource (e.g., via gNB or sensing) for its feedback. If the transmitter is a mode 1 UE with semi-static scheduling (SPS) allocation, then the SPS configuration may be extended to include a feedback resource. If the transmitter is a mode 2 UE, its resource selection procedure may be extended to include a feedback resource. 
The CSI timeline between CSI RS transmission and its associated CSI feedback may depend on the actual CSI parameters, sidelink channel conditions and data latency requirement, and RS transmission parameters. For example, in high mobility environments, the sidelink channel may vary quickly and the acquired sidelink CSI information at the receiver may then need to be sent to the transmitter in a timely fashion for its accuracy. To reduce the CSI feedback delay and to support a flexible RS to feedback timing, a transmitter may reserve resources for CSI feedback. This reservation information could be delivered to the receiver together with sidelink reference signal transmissions. 
Proposal 8: The mechanism of transmitting UE reserving feedback resources should be considered in NR sidelink.

Link adaptation
Link adaption is not applied in LTE V2X sidelink, since LTE V2X only supports sidelink broadcast without feedback. Feedback could be provided for NR V2X sidelink unicast and/or groupcast. The CQI feedback from a receiver could assist a transmitter to select a proper MCS for its future transmissions. This guarantees a target BLER level can be achieved using the minimum required resources.
Three CQI tables have been defined in NR [3], where at least the first CQI table and the third CQI table (supporting up to 64QAM modulation) may be applicable to NR V2X. Each CQI value in either of these two tables can be expressed in 4 bits, or a sub-band differential CQI value can be expressed in 2 bits.
Considering an NR sidelink CSI feedback resource may be limited, the CQI feedback may be jointly encoded with HARQ feedback. We may study the possibility of reducing the number of bits for CQI feedback. 
Proposal 9: NR V2X supports the joint transmissions of CQI feedback and HARQ feedback for sidelink unicast and groupcast. 

Power control 
Broadcast transmission is assumed in LTE V2X sidelink and only open-loop power control is supported. Since the number of links between source UE and destination UEs is large, it is problematic to support closed loop power control. In NR V2X, since unicast and groupcast will be supported in addition to broadcast transmission, it is desirable to design accurate and efficient power control mechanisms including open-loop and/or closed-loop power control to support more reliable unicast and groupcast transmission in NR V2X.
Furthermore, as required by SA [4], the transmitting UE should be able to control the communication range of the V2X message sent in sidelink, based on the characteristic of the messages. Accurate and efficient power control schemes are desirable to control the transmitting power of the message when it differs from one to another sidelink destination. It is beneficial from a privacy and security perspective, and is also favorable, to reduce the interference and improve the energy efficiency in NR V2X. 
Proposal 10: The power control for NR V2X sidelink unicast and groupcast should be studied.

Conclusion
In this contribution, we examine NR V2X sidelink physical layer procedures. Our proposals are as follows:
Proposal 1: For NR V2X sidelink groupcast and unicast, support disabling HARQ feedback in some scenarios.
Proposal 2: RAN1 to study semi-static schemes or dynamic schemes of disabling HARQ feedback.
Proposal 3: For NR V2X sidelink unicast and groupcast, support to include at least RV, HARQ process number and NDI in SCI to facilitate NR V2X sidelink HARQ combining.
Proposal 4: The benefits of retransmissions without HARQ feedback in NR V2X sidelink should be studied.
Proposal 5: NR V2X supports sidelink CSI feedback including at least CQI, PMI, RI, path loss.
Proposal 6: The resources for feedback should be studied for NR V2X sidelink unicast and groupcast. 
Proposal 7: The feedback resource sharing for NR V2X sidelink groupcast should be studied. 
Proposal 8: The mechanism of transmitting UE reserving feedback resources should be considered in NR sidelink.
Proposal 9: NR V2X supports the joint transmissions of CQI feedback and HARQ feedback for sidelink unicast and groupcast. 
Proposal 10: The power control for NR V2X sidelink unicast and groupcast should be studied.
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