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[bookmark: _Ref513464071]Introduction
The support of NR V2X sidelink unicast, groupcast and broadcast has been discussed extensively in RAN1 meeting #94 [1] and RAN1 meeting #94b [2]. A list of agreements has been reached, including the introduction of layer-1 destination ID, support of HARQ feedback and HARQ combining for sidelink unicast and groupcast. 
While the details about HARQ feedback, CSI acquisition, link adaptation and power control are discussed in our companion contribution [3], we discuss the other aspects related to sidelink unicast, groupcast and broadcast in this contribution.

Discussion
Coordinated resource allocation for groupcast
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 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 1: Coordinated resource allocation among group members 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 2: 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 3: 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 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 be using 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 4: The NR should study the adaptation of groupcasting based on data QoS requirements.

Conclusion
In this contribution, we discussed several aspects related to the support of NR V2X sidelink unicast, groupcast and broadcast. Our proposals are as follows:
Proposal 1: Coordinated resource allocation among group members should be considered in NR V2X sidelink groupcast.
Proposal 2: The NR sidelink should support a beam-based common design framework for FR1 and FR2.
Proposal 3: The NR should support beam-based PHY layer functionalities to enable unicast, groupcast and broadcast transmissions. 
Proposal 4: The NR should study the adaptation of groupcasting based on data QoS requirements.
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