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Introduction
In RAN #80 meeting, the SID NR V2X phase 2 is agreed with following objectives [1]:
	
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, we will discuss the design aspects on unicast, groupcast and broadcast in NR sidelink.
Discussion
SA1 has identified 25 use cases for advanced V2X services and they are categorized into four use case groups: vehicles platooning, extended sensors, advanced driving and remote driving[2]. Based on the analysis of the advanced V2X use cases, support of broadcast is essential to advanced driving and extended sensors, support of groupcast is essential to vehicles platooning operation, and support of unicast is necessary in vehicle platooning operation (interactions between group leader and member vehicles or other vehicles who want to join the platoon) and extended sensor (Video data sharing for automated Driving).
In Rel-14/Rel-15 LTE V2X, only broadcast communication is supported in sidelink. And in LTE Rel-12/Rel-13 D2D, Sidelink unicast and groupcast communication have been supported by broadcast communication manner with the best effort of the service continuity, which means only the broadcast communication is supported in physical layer, but the unicast or groupcast communication can be supported by MAC layer by setting the L2-target ID to the UE-ID or group-ID in MAC layer. The continuity of the unicast and groupcast services is not guaranteed in sidelink without proper feedback mechanism.  .
In NR V2X, besides broadcast communication, the unicast and groupcast communication shall be supported to improve the service continuity and resource efficiency than that in Rel-12/Rel-13 D2D. 
Observation: Based on the analysis of advance V2X use cases, support of unicast, groupcast and broadcast is a functionality requirement of advanced V2X use cases.
Proposal 1: In NR V2X, besides sidelink broadcast communication, the sidelink unicast and sidelink groupcast communication shall be supported in more efficient manner than that in Rel-12/Rel-13 D2D.
[bookmark: _GoBack]Unicast support in NR sidelink
In order to support unicast service in NR sidelink, the following issues shall be investigated further:
· Aspects on the target UE discovery
In order to find the target UE, the source UE needs to know the target UE physical layer identity in order to initiate the V2X unicast communication. Furthermore, in use case “Video data sharing for automated Driving”, the source UE wants to know the camera information of the proceeding vehicle.  It requires that the target UE is located in front of the source UE and the target UE can provide the video streaming service from the on-board sensor of vehicle to the source UE. Therefore, the location and supported service type information of the target UE are the companion information to help the source UE find the desired target UE. 
Further considering the target UE discovery mechanism, two alternatives are possible as follows, 
· “Self-Declaration” – The self-declaration is to broadcast the self information in term of “I am here”.  All candidate UEs will announce their physical layer ID and the associated supported service type and location.  The source UE will determine which candidate UE is its target UE; 
· “Target Search” - The target search is to send a broadcast message to search for the target in term of “who is there?”. The source UE will send the request of a service type for some specific location, and the vehicles nearby the location information along with the broadcast message.  The request service type could act as the identification of the candidate UEs.  All candidate UEs will respond to the target search request. The source UE could select the target UE according to the response from the candidate UEs. 
Both alternatives could be studied in NR V2X study phase.
· Coordination of UE sidelink capability between sidelink unicast pair
In NR V2X, different UE may have different sidelink capability, e.g. bandwidth combination, multi-carrier operation. If the UE’s sidelink capabilities are not matched for the demanded V2X unicast communication, such as the transmission UE may transmit the data in a manner which is exceed the reception capability of the peer UE, the performance of the V2X unicast communication would be impacted. Therefore, the UE pair intended for V2X unicast communication shall coordinate their sidelink capabilities and use the common sidelink capabilities for unicast communication. 
· Resource coordination/allocation for sidelink unicast communication
In unicast communication, the radio channel condition and link adaptation are critical for the sidelink communication performance.    Therefore, some channel feedback information, e.g. channel busy ratio, or RSSI in resource pool could be used to help the unicast pair select the suitable carrier or resource pool to meet the required QoS of the unicast communication. 
Besides the resource pool or carrier coordination, the half-duplex constraint of sidelink communication shall be further considered, since in unicast communication, we need to find some mechanism to ensure that there are no half-duplex impacts between the unicast pair. 
· Data transmission in sidelink unicast communication
In sidelink unicast communication, in order to improve the resource efficiency, and meet the QoS requirement of the target V2X service, the mechanism in NR Uu could be further investigated in NR sidelink for unicast communication, including: link adaption, HARQ operation, CSI feedback, A/N feedback, flexible channel structure and multi-antenna technology. 
Proposal 2: In sidelink unicast communication, the following aspects shall be further investigated:
· How to discovery the target UE?
· UE sidelink capabilities coordination between unicast pair
· Resource coordination/allocation mechanism in sidelink unicast communication
· Data transmission mechanism in sidelink unicast communication.
Groupcast support in NR sidelink
Typical use cases for groupcast in NR sidelink are the vehicle platooning operations, including the functionality of group discovery, join into group, and data transmission in sidelink groupcast communication. The following issues shall be investigated further:
· Aspects on target group discovery procedure
The group leader shall announce group related information to assist the source UE in determining whether it is  the right group to join. Some application layer information shall be included in the group announcement information, e.g. navigation path of the group, supported service type within the group. The source UE will determine whether the navigation path matches with its own path and the service type is supported or not.  
· Flexible channel structure in groupcast communication
In groupcast communication for platoon, the locations of group member are relative static, and the channel condition would not change rapidly, especially for the Doppler shift. Therefore in the channel structure design of groupcast communication, it can support different channel structure from that of broadcast communication, since the broadcast communication need to meet all the channel condition, e.g. 500km/h relative speed between vehicles. 
· Half duplex constraint in groupcast communication
One aspect is that the group leader shall send both the announcement message and groupcast message within the group. The source UE may not know the Tx/Rx status of the group leader.  If the source UE sends the request of joining the group when the group leader is sending message, there is a half-duplex collision issue. The group leader can not monitor the request information from the source UE during the transmission.  This will reduce the efficiency of the group join procedure. 
Another aspect is that each group member shall efficiently receive the groupcast information from other group members, if there is no resource coordination between the group members to avoid the half-duplex issue, the reliability of groupcast communication will be degraded. Considering that typical performance requirement of platooning operation is 10ms in latency and 99.99% in reliability in case of full automated driving. This impact can not be ignored. 
· Potential authority and security in platooning operation
In platooning operation, there could be some special platoons which don’t want to be monitored by other vehicles. Therefore, the potential authority and security operation could be employed in platooning operation. 
· Data transmission mechanism in sidelink groupcast communication
In sidelink groupcast communication, in order to improve the resource efficiency and reliability, some mechanism shall be further investigated, for example, beamforming based on geo-location, group A/N feedback. Besides the groupcast communication within the group, the announcement information could also be send by CoMP transmission by both group leader and group member, which can enlarge the coverage of message, and help other UE discovery the platoon earlier.  
Proposal 3: In sidelink groupcast communication, the following aspects shall be further investigated:
· How to discovery the target vehicle group?
· Flexible channel structure design in sidelink groupcast communication
· Half-duplex issue in sidelink groupcast communication
· Potential authority and security in platooning operation
· Data transmission mechanism in sidelink groupcast communication.
Broadcast support in NR sidelink
Sidelink broadcast communication is employed in NR V2X anywhere as the best effort type of V2X service. Furthermore, there are some more stringent requirements of advanced V2X service than that of Rel-14/Rel-15 V2X service, e.g. lower latency, higher data rate and higher reliability. The new mechanism in sidelink broadcast shall be further investigated to meet the more stringent requirement of advanced V2X service, including enhanced resource allocation mechanism, mini-slot transmission, and etc.
Proposal 4:  The new mechanism in sidelink broadcast shall be further investigated to meet the more stringent requirement of advanced V2X service, including enhanced resource allocation mechanism, mini-slot transmission, and etc.
Conclusion
In this contribution, the potential design aspects on support of unicast, groupcast and broadcast in NR sidelink are discussed. Particularly, we have following observations and proposal:
Observation: Based on the analysis of advance V2X use cases, support of unicast, groupcast and broadcast is a functionality requirement of advanced V2X use cases.
Proposal 1: In NR V2X, besides sidelink broadcast communication, the sidelink unicast and sidelink groupcast communication shall be supported in more efficient manner than that in Rel-12/Rel-13 D2D.
Proposal 2: In sidelink unicast communication, the following aspects shall be further investigated:
· How to discovery the target UE?
· UE sidelink capabilities coordination between unicast pair
· Resource coordination/allocation mechanism in sidelink unicast communication
· Data transmission mechanism in sidelink unicast communication.
Proposal 3: In sidelink groupcast communication, the following aspects shall be further investigated:
· How to discovery the target vehicle group?
· Flexible channel structure design in sidelink groupcast communication
· Half-duplex issue in sidelink groupcast communication
· Potential authority and security in platooning operation
· Data transmission mechanism in sidelink groupcast communication.
Proposal 4:  The new mechanism in sidelink broadcast shall be further investigated to meet the more stringent requirement of advanced V2X service, including enhanced resource allocation mechanism, mini-slot transmission, and etc.
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