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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. 
In this contribution, we provide our views on the support of sidelink unicast, groupcast and broadcast. 
Discussion
NR sidelink broadcast
The LTE V2X supports broadcast sidelink transmissions. In most use cases for V2V/V2I/V2P service, the V2X message may be broadcast in a small range of areas. For example, a vehicle may periodically broadcast a Common Awareness Message (CAM) including the vehicle dynamic status information to surrounding vehicles to assist safety operations. 
3GPP SA1 has identified 25 use cases for advanced V2X services in Release 15 [3]. These use cases could be categorized to four use case groups: vehicles platooning, extended sensors, advanced driving and remote driving. The performance requirements of these use cases, including payload, transmit rate, maximum end-to-end latency, reliability, data rate, minimum required communication range, are provided in [4].
Many of these use cases require sidelink broadcast. For example, in the sensor and state map sharing use case, a vehicle may broadcast its future extended local dynamic map, including its trajectory, its planned trajectory, and some combination of raw or processed data from on-board perception sensors. All the neighbor vehicles receiving this local dynamic map could adjust their driving behavior correspondingly. 
In the information sharing for high/full automated driving use case, every vehicle or UE-type RSU shares its high-resolution perception data and/or detailed planned trajectory with other vehicles in its proximity via broadcast sidelink. Each vehicle makes use of the received information from all its neighbor vehicles for improved road safety and traffic efficiency. 
Hence, we have the following proposal:
Proposal 1: The NR sidelink should support broadcast.

NR sidelink groupcast
One use case group is vehicles platooning, which enables the vehicles to dynamically form a group travelling together. The gap between two neighboring vehicles in a platoon could be very small so that the vehicles in the platoon could have reduced fuel consumption and driver participation.
To maintain platoon operations, the leading vehicle of a platoon may send periodic data to all the other vehicles in the platoon. The data are meaningful only to the vehicles in the platoon, as they are for platoon operations. In other words, the vehicles in proximity but not belonging to the platoon, do not need or wish to receive the data. Hence, the data sent from the leading vehicle of a platoon should be in the form of a groupcast, i.e., only to the group of vehicles in the same platoon. 
Proposal 2: The NR sidelink should support groupcast. 
The vehicle platooning use case [3] requires a dynamic formation of a platoon. Hence, the procedure of a vehicle’s joining and leaving the platoon needs to be designed. Also, the leading vehicle of a platoon may announce the existence of a platoon, so that other vehicles may be aware of it and may join or leave the platoon subsequently. Hence, we have the following proposal for the groupcast sidelink. 
Proposal 3: The procedures of dynamically forming a group should be studied.

NR sidelink unicast
There are several use cases requiring two vehicles to have unicast sidelink transmissions. For example, in the collective perception of environment use case [3], vehicle A is traveling in a lane, while vehicle B and vehicle C are traveling in the next lane in the opposite direction. Vehicle C wants to overtake vehicle B, but it does not perceive vehicle A because of vehicle B’s blockage. Vehicle B detects vehicle A and sends this environmental information to vehicle C via NR sidelink. This helps vehicle C avoid a dangerous action of overtaking vehicle B. It can be seen from this example that the message sent from vehicle B should be in the form of unicast, as it’s only warning vehicle C about the road condition related to vehicle C’s next action.
Another use case of NR sidelink unicast lies in the communication between a vehicle and a UE-type RSU. A vehicle detects an urgent road condition and reports to UE-type RSU, so that the latter could broadcast this condition to all the nearby vehicles. The sidelink between the initial vehicle and the UE-type RSU could be unicast. 
Another use case of NR sidelink unicast may be related to vehicles platooning. Any vehicle in a platoon may report a certain road condition to the leading vehicle of the platoon, so that the latter could make the proper decisions and coordinate with all the vehicles in the platoon. 
Based on the above observations, we think the NR sidelink should support unicast to satisfies the requirements for NR V2X use cases.  
Proposal 4: The NR sidelink should support unicast.

NR sidelink design support of unicast, groupcast and broadcast 
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 5: 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 6: The NR should support PHY layer functionalities to enable unicast, groupcast and broadcast transmissions.

NR V2X evaluation methodology support of sidelink groupcast and unicast
In the LTE V2X evaluation methodology study [5], the performance metric of Packet Reception Ratio (PRR) and Packet Inter-Reception (PIR) were introduced for broadcast sidelink transmissions. In the LTE and NR V2X evaluation methodology study [6], some new performance metrics were introduced to support the groupcast or unicast sidelink transmissions. The PRR type 2 is to count the ratio of the number of UEs successfully receiving a packet within a group over the total number of UEs in the group. The PIR type 2 is to count the average or CDF of time elapsed between consecutive, successful receptions of two different packets for the same application, for a group of intended receivers. Both of these two agreed performance metrics could be used for NR sidelink groupcast or NR sidelink unicast. 
Proposal 7: PRR type 2 and PIR type 2 should be metrics used to evaluate the performance of sidelink groupcast and sidelink unicast. 

Conclusion
In this contribution, we examine the NR V2X use cases and conclude on the necessity of introducing sidelink broadcast, groupcast and unicast. Our proposals are as follows:
Proposal 1: The NR sidelink should support broadcast.
Proposal 2: The NR sidelink should support groupcast. 
Proposal 3: The procedures of dynamically forming a group should be further studied.
Proposal 4: The NR sidelink should support unicast.
Proposal 5: The NR sidelink should support a beam-based common design framework for FR1 and FR2.
Proposal 6: The NR should support PHY layer functionalities to enable unicast, groupcast and broadcast transmissions.
Proposal 7: PRR type 2 and PIR type 2 should be metrics used to evaluate the performance of sidelink groupcast and sidelink unicast. 
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