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[bookmark: _Ref513464071]Introduction
A new study item on NR V2X was agreed in RAN plenary meeting #80 [1]. In the agreed study item descriptions [2], there are six objectives: sidelink design, Uu enhancements for advanced V2X use cases, Uu-based sidelink resource allocation/configuration, RAT/interface selection for operation, QoS management and coexistence. The study item objective on sidelink design includes the study of the support of unicast, groupcast and broadcast; sidelink physical layer structures and procedures, synchronization mechanism, resource allocation mechanism, and L2/L3 protocols. 
Several agreements on NR V2X have been achieved in RAN1 meeting #94 [3], where a list of topics for the NR sidelink enhancement for unicast and groupcast have been identified. 
In this contribution, we provide our views on the support of sidelink unicast and groupcast, in terms of the identified topics. 
Discussion
A list of topics for the sidelink enhancement for unicast and/or groupcast has been identified in RAN1 meeting #94 [3]. They include HARQ feedback, CSI acquisition, open-loop and/or closed-loop power control, link adaptation and multi-antenna transmission schemes. In the following subsections, we shall provide our views on some of these topics.
HARQ feedback
Since LTE V2X only supports sidelink broadcast, the HARQ feedback is not required in LTE V2X. The reliability of LTE V2X sidelink data transmission is enhanced by repetition without HARQ feedback. 
The HARQ-ACK scheme provides a resource efficient way to enhance the transmission reliability. A transmitter could retransmit data when a receiver cannot decode it and feedbacks NACK. The HARQ-ACK scheme could be applied in NR V2X sidelink unicast to enhance the data transmission reliability such that the reliability requirements in NR V2X use cases (e.g.,  in some advanced NR V2X use cases [4]) can be achieved. One advantage of a HARQ-ACK scheme over repetition is that the resource for retransmission is used only if a receiver cannot decode the data in the previous (re)transmissions. In the IR-HARQ scheme, the redundancy version could be different in retransmissions. The transmitted redundancy version may be indicated in sidelink control information (SCI) if the IR-HARQ scheme is supported.
The application of an HARQ-ACK scheme does not necessarily imply the exclusion of repetition in sidelink unicast. It is still possible to support repeated transmissions before feedback, probably for data with high reliability and/or low latency requirements.
Proposal 1: NR V2X supports HARQ feedback for sidelink unicast.

The NR sidelink HARQ feedback will occupy resources and increase delay of data transmissions. This situation is enlarged in the case of sidelink groupcast. If every group member has HARQ-ACK feedback for a common data transmission, the occupied feedback resources and the feedback delay may be larger than those in the unicast case. Furthermore, it might be the case that a group member does not know all the other members in the same group, which makes the feedback infeasible.
On the other hand, some groups in NR V2X sidelink have limited group members. For example, the platoon size could be no more than 20 in the requirement R.5.2-002 in [4]. Therefore, the resources used for HARQ feedback and the delay caused by feedback can also be limited. We may consider the support of HARQ feedback in the vehicle platooning use case to enhance the transmission reliability.
The feedback support in sidelink groupcast may be related to data QoS. For example, the feedback may not be applied for data with low latency requirements, since the delay caused by group feedback may already exceed the latency requirement. The conditions to apply HARQ feedback in NR V2X sidelink groupcast may be further studied. 
Proposal 2: For NR V2X sidelink groupcast, the support of HARQ feedback could be conditional. The conditions for HARQ feedback are FFS.

Link adaptation
Link adaption is not applied in LTE V2X sidelink, since LTE V2X only supports sidelink broadcast without feedback. The feedback could be applied in 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 [5], 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 NR sidelink 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. The channel state information related to multi-antenna transmissions may also be considered as feedback.
Proposal 3: NR V2X supports the CSI feedback for sidelink unicast and/or groupcast. 

Power control 
Broadcast transmission is assumed in LTE V2X slidelink 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, unicast and groupcast will be supported besides broadcast transmission, it is desired to design accurate and efficient power control mechanism 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 scheme is desired to control the transmitting power of the message differs from one to another sidelink destination. It is beneficial from privacy and security perspective, and is also favorable to reduce the interference and improve the energy efficiency in NR V2X. 
Proposal 4: The power control for NR V2X sidelink unicast and/or groupcast should be studied.

Feedback resources
[bookmark: _Hlk525572301]In the discussions above, we examine some possible information (e.g., HARQ, CQI, TPC command, etc) to be feedback 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 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 5: The resources for feedback should be studied for NR V2X sidelink unicast and/or groupcast. 
If feedback is supported in NR V2X sidelink groupcast, then the 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 6: The feedback resource sharing for NR V2X sidelink groupcast should be studied. 

Resource reservation for feedback
If a resource is needed for receiver to send feedback information, this feedback resource may be reserved by transmitter. This approach has lower latency and complexity than to have the receiver obtain a resource (e.g., via gNB or sensing) for its HARQ feedback. If the transmitter is a mode 1 UE with semi-static scheduling (SPS) allocation, then the SPS configuration may be extended to include feedback resource. If the transmitter is a mode 2 UE, its resource selection procedure may be extended to include feedback resource. 
Proposal 7: The mechanism of transmitting UE reserving feedback resources should be considered in NR sidelink.
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Coordinated resource allocation for group communication
In NR V2X sidelink groupcast (e.g., vehicle platoon), it is possible that each group member separately reserves resources for its data transmission within the group. In an alternative way, a group lead may reserve a bunch of resources for the whole group, and may allocate the reserved resources for each group member for its data transmission. This approach simplifies the operations of group members and allows the group lead to have more control of the group communication. It may further avoid the collisions in the resource selection procedure among the group members. 
Proposal 8: Coordinated resource allocation should be considered in NR V2X sidelink groupcast.

Beam-based transmission 
It was agreed that sidelink frequencies for FR1 and FR2 (i.e. up to 52.6 GHz) should be considered for NR V2X SI. The propagation characteristics of mmW bands (e.g., FR2) require the use of beams for V2X sidelink to enable reliable data transmission and reception for advanced NR V2X use cases. Some of the NR V2X use cases have reliability requirements up to 99.999%. To achieve the high reliability for NR V2X, beam-based directional transmission/reception will be needed for sidelink unicast, groupcast and broadcast. 
In NR, beamforming is used in uplink and downlink to compensate for the larger path loss in high frequency bands. The beam-based framework, including beam management and beam failure recovery procedures, was introduced in NR Rel-15. Similar to the Rel-15 NR, the sidelink protocol design should follow a unified or common beam-based framework for FR1 and FR2. The existing beam-based framework for NR could be a starting point for the NR sidelink beam-based framework. However, NR sidelink beam-based framework should take into account NR sidelink frame structure and special procedures such as sensing and resource selection procedures.
Proposal 9: The NR sidelink should support a beam-based common design framework for FR1 and FR2.
Like NR uplink and downlink beam-based framework, NR sidelink beam-based framework needs physical layer functionalities for low latency operations. Since V2X sidelink channel conditions may vary fast due to high mobility vehicles, it is essential to include physical layer functionalities for NR sidelink beam-based framework to fit fast-changing physical channels. The beam-based framework is not only applicable to unicast or groupcast sidelink, but also applicable to broadcast sidelink. 
Since LTE V2X only supports broadcast sidelink, and has no physical layer functionality built in for unicast and groupcast sidelink, it is important to introduce physical layer functionalities for NR V2X unicast, groupcast and broadcast sidelink transmissions to meet the low latency requirements for advanced NR V2X use cases. 
Proposal 10: The NR should support beam-based PHY layer functionalities to enable unicast, groupcast and broadcast transmissions. 
[bookmark: _Hlk525639907]For beam-based groupcast transmission, the involved beam sweeping overhead may be significantly different with different group size and different geographical distribution. For example, if all destination members for a groupcast are located in a small area, groupcast may be transmitted/repeated on a few number of selected beams pointing to that small area. Otherwise, the transmitter UE may have to transmit the data over a large number of beams. One solution may use wider beams to reduce the overhead and latency, but it may lead to lower data rate due to lower beamforming gain which may not meet QoS requirements such as data rate, reliability and communication range. In order to meet the overall latency requirement for the beam-based groupcast transmission, adaptation of groupcast may be needed. For example, when both relative high capacity and low latency are needed, the transmitter UE may adapt to a reduced groupcast with less group members at physical layer.
Proposal 11: The NR should study the adaptation of groupcasting based on data QoS requirements.

Conclusion
In this contribution, we examine the support of NR V2X sidelink unicast and groupcast. Our proposals are as follows:
Proposal 1: NR V2X supports HARQ feedback for sidelink unicast.
Proposal 2: For NR V2X sidelink groupcast, the support of HARQ feedback could be conditional. The conditions for HARQ feedback are FFS.
Proposal 3: NR V2X supports the CSI feedback for sidelink unicast and/or groupcast. 
Proposal 4: The power control for NR V2X sidelink unicast and/or groupcast should be studied.
Proposal 5: The resources for feedback should be studied for NR V2X sidelink unicast and/or groupcast. 
Proposal 6: The feedback resource sharing for NR V2X sidelink groupcast should be studied.
Proposal 7: The mechanism of transmitting UE reserving feedback resources should be supported in NR sidelink.
Proposal 8: Coordinated resource allocation should be considered in NR V2X sidelink groupcast.
Proposal 9: The NR sidelink should support a beam-based common design framework for FR1 and FR2.
Proposal 10: The NR should support beam-based PHY layer functionalities to enable unicast, groupcast and broadcast transmissions. 
Proposal 11: The NR should study the adaptation of groupcasting based on data QoS requirements.
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