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1 Introduction
In the RAN #80 meeting, a new SID for NR-V2X was approved and the following is one of the study objective [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

NOTE: Only the performance of advanced V2X use cases will be evaluated in the design of NR sidelink.
In this contribution, we discuss the techniques which needs to be studied to support sidelink unicast, groupcast and broadcast.
2 Discussion

2.1 Unicast

In Rel-12 D2D, unicast can be supported by setting the destination ID in SCI. In Rel-14/Rel-15 V2X which focus on basic safety message transmission, unicast does not supported. While in NR-V2X, the target is to support advanced automatic driving, the following use cases should be supported: Vehicles Platooning, Extended Sensors, Advanced Driving, Remote Driving. In some cases unicast transmission between vehicles is necessary, such as the communication between front and rear vehicle to exchange sensor information; a vehicle communicates with a cluster header vehicle if it wants to join/leave the cluster. 

· Linkage establishment over PC5
For unicast transmission, the first step is to establish the linkage over PC5 between transmitter and receiver. In Rel-12/Rel-13 D2D, discovery channel (PSDCH) was specified for this purpose. Whether discovery channel can be introduced in V2X? According to the study of SA [2], the link establishment is based on service announcement which should be made accessible to all the UEs that is interested in using the service, and such announcement could be either configured to send over a dedicate channel or to be piggybacked on the periodical messages from the supporting UEs. 
Observation: 
· The link establishment between transmitter and receiver over PC5 has been studied in SA2. 
· The link establishment can be based on service announcement which is either transmitted over a dedicate channel or piggybacked on the periodical messages from the supporting UEs
· Feedback

Compared with broadcast, the benefit of unicast is the QoS can be promised. One efficient way to promise the QoS is based on feedback information. The transmitter determines whether to do HARQ re-transmission based on the ACK/NACK fed back from receiver. 

The feedback mechanism can be implemented in either upper layer (such as layer 2) or physical layer (i.e., layer 1). For the former case, the feedback information can be carried in existing channel, such as PSSCH. The existing mechanism of LTE-V2X can be re-used, such as sensing/reservation. The specification work can be simplified. For the latter case, a new sidelink channel, which can be called as physical sidelink feedback channel (PSFCH), should be specified and the following issues need to be addressed.

· Feedback contents: The message that can be carried in feedback channel: such as A/N, CSI, power adjustment (if power control is supported), beam information (if beamforming is supported). The payload size of feedback is fixed or variable?
· Feedback channel structure: whether a fixed resource size is used to transmit feedback channel, such as 2 PRBs per feedback channel. If the resource for feedback can be variable, PSCCH is needed to indicate the resource which is used by feedback channel. 

· Feedback resource selection: how to determine the resource for feedback channel. The transmission resource of feedback is autonomously selected by receiver or determined/configured by transmitter. Whether sensing or reservation mechanism of LTE-V2X can be applied to feedback resource selection?
· Resource pool: Feedback channel corresponds to an associated PSCCH/PSSCH, whether a specific resource pool needs to be defined for feedback channel?

Proposal 1: 
· Feedback mechanism needs to be supported for unicast transmission. 
· Whether feedback can be implemented in upper layer or physical layer needs FFS.

· If feedback is specified in layer 1, the following issues need to be addressed: feedback contents; feedback channel structure; feedback resource selection; and resource pool for feedback channel. 
· Power control: 
For broadcast, maximum transmission power is preferred to promise the message can be transmitted as far as possible so that more vehicles can receive the message. While in unicast, only 1 specific receiver needs to be considered. The pathloss between the transmitter and receiver can be estimated and fed back to the transmitter to assist power control. Furthermore, power control is also benefit for energy efficiency in NR-V2X, especially for P-UE. 
Proposal 2: Power control should be supported in unicast transmission.
· Link adaptation

In D2D and LTE-V2X, the MCS is selected by transmitter or configured by network. In unicast communication, the channel states between transmitter and receiver can be estimated and fed back to transmitter. The transmitter can adjust MCS accordingly. 

Proposal 3: Link adaptation should be supported in unicast transmission.

· MIMO and beamforming

According to the SID [1], both FR1 and FR2 are supported in NR-V2X. For FR2, which targets to mmW transmission, beamforming is an efficient way to enlarge the coverage. For unicast communication, the transmitter can select the best beam which directs to the receiver. The following issues to be addressed if beamforming introduced in NR-V2X sidelink.

· Whether beamforming is applied at transmitter, or receiver, or both?

· Whether beamforming is applied to PSCCH, or PSSCH, or both?

· If feedback channel is specified in physical layer, whether beamforming is applied to feedback channel?

· Beam training between transmitter and receiver: the traffic of NR-V2X is either periodic or a-periodic. How to do beam training to reduce the training latency and resource overhead needs to be considered.

· Beam tracking: the vehicles move fast so that the position of transmitter and receiver can change rapidly and the beam may change accordingly. How to do beam tracking needs to be considered.

Proposal 4: Considering the resource overhead and latency for beam training, whether to introduce beamforming for unicast needs FFS.
MIMO can be used to improve reliability (transmission diversity) and capacity (spatial multiplexing). Transmission diversity was discussed in Rel-15 eV2X, while only transparent diversity scheme (SD-CDD) is introduced. Other diversity schemes, such as SFBC, STBC etc, can be considered in NR-V2X.

If CSI/PMI can be fed back to transmitter, multi-layer transmission can be applied to improve capacity. 

Proposal 5: Multiple antenna transmission and reception can be applied in NR-V2X sidelink to improve reliability and capacity. 

2.2 Groupcast

One typical scenario of groupcast is platooning. In this case, several vehicles form a cluster or group. One vehicle acts as cluster head, and the others are cluster member. The cluster head needs to communicate with cluster member. The target receiver is limited to the cluster. 
· Group management:

Group management includes the following procedures: group set up; group dismission; join/leave a group. How to do the group management can be done at RAN or application layer. For the latter case, the vehicles exchange message at application layer and decide whether to form a group or whether a vehicle can join/lease the group. That is out of the scope of this contribution. For the former case, when a group is setting up, which vehicle can be elected as cluster head? Once the group is set up, the cluster head can determine whether a vehicle can join or leave the group. If the group is in coverage, the network can also help to set up the group or determine whether a vehicle can join or leave the group.
Proposal 6: Whether group management is supported at RAN or upper layer (such as application layer) needs FFS.

· Discovery 
Discovery is needed for groupcast communication. During the procedure of group set up, the vehicle needs to discover whether there are other vehicles nearby which can set up a group. If a vehicle outside the group wants to join the group, it needs to find out whether there is a group and who is the cluster head. 

· Feedback

In groupcast communication, the target receiver is limited within the group. If the cluster head communicate with the other cluster members, all of the members within the group needs to feedback to the cluster head if feedback is supported. How to select the resource for each cluster member and minimize the transmission collision among them? The feedback mechanism for groupcast could be very complex. 

· Power control and link adaptation

If feedback is not supported in groupcast transmission, power control and link adaptation is not needed either. Otherwise, the transmitter can determine the transmission power or the MCS level based on the feedback from the cluster members. 

· MIMO and beamforming

If the target receivers and the transmitter are in a specific geometry shape, the beamforming can be applied. For example, in case of platooning, the cluster head and members are in a line. Then one beam can be used by the cluster head to communicate with all of the cluster members, without beam sweeping. Otherwise, beam sweeping is needed and the resource is in-efficient.

Proposal 7:  Whether feedback/power control/link adaptation/MIMO and beamforming are supported in groupcast needs FFS.
2.3 Broadcast

Broadcast has been studied thoroughly from Rel-12 to Rel-15. While in NR-V2X, some new features need to be considered. 

One of the features is whether beamforming needs to be supported in broadcast. In case of FR2, the coverage is limited because of higher pathloss. Beamforming is an efficient way to increase the coverage. In NR-V2X, the receiver needs to receive message from different transmitters, then beamforming should not be applied at receiver. Furthermore, multi-panel transmission is more suitable for vehicle communication because of less limitation on antenna size and position. Multi-panel transmission is also studied in a parallel WID [3]. The output of [3] can be used in NR-V2X. 
Proposal 8: For broadcast, beamforming can be applied to transmitter only if beamforming is supported. 
3 Conclusion
In this contribution, the techniques that are needed to support sidelink unicast, groupcast and broadcast are discussed. The following observation and proposals are given to summarize our view.

· For unicast

Observation: 
· The link establishment between transmitter and receiver over PC5 has been studied in SA2. 
· The link establishment can be based on service announcement which is either transmitted over a dedicate channel or piggybacked on the periodical messages from the supporting UEs
Proposal 1: 
· Feedback mechanism needs to be supported for unicast transmission. 
· Whether feedback can be implemented in upper layer or physical layer needs FFS.

· If feedback is specified in layer 1, the following issues need to be addressed: feedback contents; feedback channel structure; feedback resource selection; and resource pool for feedback channel. 
Proposal 2: Power control should be supported in unicast transmission.

Proposal 3: Link adaptation should be supported in unicast transmission.

Proposal 4: Considering the resource overhead and latency for beam training, whether to introduce beamforming for unicast needs FFS.
Proposal 5: Multiple antenna transmission and reception can be applied in NR-V2X sidelink to improve reliability and capacity. 
· For groupcast

Proposal 6: Whether group management is supported at RAN or upper layer (such as application layer) needs FFS.
Proposal 7:  Whether feedback/power control/link adaptation/MIMO and beamforming are supported in groupcast needs FFS.
· For broadcast

Proposal 8: For broadcast, beamforming can be applied to transmitter only if beamforming is supported. 
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