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Introduction
In RAN#80, the new SI named “Study on NR V2X” was agreed to study the enhancement to support advanced V2X services captured in TR 22.886 [1]. And the following objectives for NR sidelink design are identified [2]:
1: Sidelink design [RAN1, RAN2]:
· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 
·  Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
·  Study NR sidelink physical layer structures and procedure(s)
·  Study sidelink synchronization mechanism
·  Study sidelink resource allocation mechanism (also including objective 3)
·  Study sidelink L2/L3 protocols
In this contribution, some potential enhancements are discussed to support sidelink unicast, sidelink groupcast and sidelink broadcast. 
Discussion
Sidelink broadcast
In LTE Sidelink communication, Sidelink broadcast is supported. In Rel-14 and Rel-15 LTE V2X, basic road safety services in TR 22.885 and some advance services in TR 22.886 have been supported. Vehicles (i.e., UEs supporting V2X applications) can exchange their own status information through sidelink broadcasting with other nearby vehicles, infrastructure nodes and/or pedestrians. A lot of normative works have been done in LTE V2X phase for Sidelink broadcast, and these solutions for Sidelink broadcast in Rel-14/Rel-15 could be a starting point for NR Sidelink broadcast. 
Proposal 1: For NR Sidelink broadcast, Rel-14/Rel-15 LTE V2X solutions are used as the starting point and to be modified if needed, considering the requirements of advanced V2X services.
Some enhancements may also be needed to address the specific issues of NR V2X. For instance, the frequencies up to 52.6 GHz in unlicensed ITS bands and licensed bands are considered in NR V2X study. Considering the high path loss in high-frequency, beamforming and beam-sweeping are the key points to support Sidelink broadcast. On the other hand, beam-sweeping will consume more radio resources and some enhancements in resource allocation/selection may also be needed to support this feature. So, how to support beam-sweeping with reasonable overhead should be further studied in NR Sidelink broadcast. Another enhancement may be how to support aperiodic traffics with variable inter-packet arrival time and packet size, since some schemes for Sidelink broadcast (e.g., sensing and resource selection) in Rel-14 and Rel-15 LTE V2X are almost designed for periodic traffics and may not suitable for aperiodic traffics. 
Proposal 2:  The following issues should be further studied in NR Sidelink broadcast.
         -  How to support beam-sweeping with reasonable overhead 
         -  How to support aperiodic traffics with variable inter-packet arrival time and packet size

Sidelink unicast
In LTE Sidelink communication, Sidelink unicast is not supported. For Sidelink broadcast, two kinds of transmission modes (i.e., Mode 3 and Mode 4) are defined in LTE V2X considering in-network coverage, out-of-network coverage, and partial network coverage. In our point of view, NR Sidelink unicast should also consider these different coverage scenarios, and several transmission modes for Sidelink unicast may be needed. Similar to Sidelink broadcast, at least the following two transmission modes could be considered for Sidelink unicast:
·  Schedule-based transmission mode, UE’s resource for unicast transmission is scheduled by a control node, the control node could be a base station (e.g., gNB or eNB) or a special UE (e.g., UE type RSU, leader of a platoon).
·  Contented-based transmission mode, UE selects its transmission resource for unicast automatically within a resource pool, and FFS for the resource selection rules. 
Proposal 3:  The following two transmission modes should be considered for Sidelink unicast.
         -  Schedule-based transmission mode, UE’s resource for unicast is scheduled by a control node
         -  Contented-based transmission mode, UE selects its transmission resource for unicast automatically
Although it is the first time we introduce unicast in Sidelink from RAN1’s perspective, the design for LTE/NR Uu should be evaluated whether these schemes are also suitable for NR Sidelink and if some enhancement are identified as necessary to support Sidelink unicast, then those enhancements should be further studied in the SI. For instance, the Sidelink HARQ procedure and CSI report procedure for unicast should be further studied based on LTE/NR Uu HARQ and CSI report mechanism and Sidelink may also need to perform beamforming and beam management in FR2, so, the beam management scheme in Rel-15 NR should also be evaluated and may need to be further enhanced to support Sidelink unicast. 
Proposal 4: The following LTE/NR Uu mechanisms should be used as the starting point for Sidelink unicast and to be modified if needed, considering the requirements of Sidelink unicast: 
         -  HARQ with ACK/NACK, CSI report 
         -  Beam management

Groupcast
Groupcast is also discussed in In Rel-12 D2D, but in D2D, the transmission UE will not set up a link with other UEs within the same group, it just broadcasts the packets with a group ID, and the other UEs will receive these packets if they are also within the same group identified by the group ID. As we can see that, the D2D groupcast is almost the same as broadcast. From our point of view, NR V2X may also support this kind of groupcast via Sidelink broadcast. Vehicles platooning is one of the identified use cases that should be studied in NR V2X, and the following text for vehicles platooning is captured in TR 22.886:

	Group communication
There are several messages that are exchanged for platoon management. E.g., vehicles of the platoon need to exchange information regarding when to take which road, whether to brake or accelerate and when, etc. At least, 30 CAM messages/seconds needs to be supported. [3]. In addition, the lead vehicle consume more fuel than other vehicles, sometime lead vehicle may request next vehicle to be a leader. This kind of communication can be done between the two vehicles without other vehicles’ involvement. 
To prevent potential security threats such as revealing of the route, these messages should be supported with confidentiality and be deciphered only by the vehicles of the platoon. In addition, due to the private nature of the messages, the communication range of these messages is from the lead vehicle to the last vehicle of the platoon, and typically line-of-sight. Because the size of the platoon can differ even on the move, resource-efficient distribution of messages for platooning and dynamic control of the distribution area of the messages should be supported.



The groupcast for platooning is very different than the groupcast in D2D, the vehicles should at least exchange information with the lead vehicle to join/leave the platoon, and the leader will manage this communication group. For this kind of groupcast, the transmission UE may know all the receivers in its group and may also set up a link with each group member. In this case, the TX UE could use the information of established links to perform groupcast (e.g., UE may use the beam management results with other group members to select the proper groupcast TX beam(s) or UE may also use the CSI reported by other members to select the proper MCS to perform groupcast).  From the support of vehicles platooning, this kind of receiver-awareness groupcast should be also considered in NR V2X.
Proposal 5: The following two sidelink groupcast should be further studied in NR V2X:
         -   Receiver-unawareness groupcast, like the groupcast in D2D which is almost the same with broadcast.
         -  Receiver-awareness groupcast, like group communication in platooning which could use information of established unicast links to perform groupcast.

Conclusion
In this paper, the support of sidelink unicast, sidelink groupcast and sidelink broadcast was discussed and the following proposals are given:
Proposal 1: For NR Sidelink broadcast, Rel-14/Rel-15 LTE V2X solutions are used as the starting point and to be modified if needed, considering the requirements of advanced V2X services.
Proposal 2:  The following issues should be further studied in NR Sidelink broadcast.
         -  How to support beam-sweeping with reasonable overhead 
         -  How to support aperiodic traffics with variable inter-packet arrival time and packet size
Proposal 3:  The following two transmission modes should be considered for Sidelink unicast.
         -  Schedule-based transmission mode, UE’s resource for unicast is scheduled by a control node
         -  Contented-based transmission mode, UE selects its transmission resource for unicast automatically
Proposal 4: The following LTE/NR Uu mechanisms should be used as the starting point for Sidelink unicast and to be modified if needed, considering the requirements of Sidelink unicast:
         -  HARQ with ACK/NACK, CSI report 
         -  Beam management
Proposal 5: The following two sidelink groupcast should be further studied in NR V2X:
         -   Receiver-unawareness groupcast, like the groupcast in D2D which is almost the same with broadcast.
[bookmark: _GoBack]         -  Receiver-awareness groupcast, like group communication in platooning which could use information of established unicast links to perform groupcast.
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