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1. [bookmark: _Toc120549591]Introduction
At RAN#80 meeting, new Study Item on NR V2X was approved [1]. 
NR V2X is destined as 3GPP V2X phase 3 and would support advanced V2X services beyond services supported in LTE Rel-15 V2X [1]. Compared with LTE Rel-14/15 V2X, the advanced V2X services would need stringent requirements in latency, system capacity, reliability and so on. Therefore, to meet the new requirements, the sidelink design based on NR system need to be studied in this SI.
In this contribution, we will discuss the necessity and schemes of unicast transmission in NR sidelink. We first analyse the different use cases and requirements in TR 22.886 [2] for the unicast transmission in NR sidelink design, and then propose several possible unicast transmission schemes in NR sidelink.
2. Requirement and necessity of unicast transmission in NR sidelink
In this section, the requirement and necessity of unicast transmission in NR sidelink design are discussed based on the V2X services concluded in TR 22.886 [2].
2.1 Requirement of unicast transmission in V2X services
Total 25 different V2X services are concluded in TR 22.886. As our analysis, for the following two essential service groups, the NR sidelink needs to support the unicast transmission.
· V2X service group 1. Platooning
Vehicle platooning enables vehicles to form a platoon dynamically and automatically. Vehicles in one vehicle platoon can join or leave the platoon dynamically and automatically, and share announcements or warnings, which can be as a basic semi-automated or full-automated driving. Therefore, the vehicles need communicate with each other.
One of the challenge services in platooning is high/full automated platooning, which needs share the high-resolution perception data and detailed planned trajectory among all involved vehicles. The requirements of high/full automated platooning are 50Mbps per link for cooperative perception and 15Mbps per link for cooperative manoeuvre [2].
Considering the high reliability and data rate requirements, the unicast transmission is very suitable to support this service. On the one hand, all involved vehicles in one platoon are all linked in a virtual line, therefore, it is very simple and efficient to communicate between two adjacent vehicles due to the LOS channel and short distance between themselves. On the other hand, if broadcast transmission is used in high/full automated platooning, the leading vehicle or other vehicles in the platooning should transmit data using lower MCS or more physical resources than unicast transmission to guarantee all the vehicles in the platooning can receive the data due to the NLOS channel and long distance. That is, the broadcast transmission is not very suitable in high/full automated platooning.
· V2X service group 2. Extended Sensors
Extended sensors enables the exchange of raw or processed data gathered through local sensors or live video images among vehicles, road site units, devices of pedestrian and V2X application servers. 
For one of the services, Collective Perception of Environment (CPE), the unicast transmission is needed to support in the NR sidelink. In the CPE service, the real time information based on vehicle sensors or sensor data is exchanged between vehicles to avoid accidents.
Fig.1 [2] illustrates an example of CPE service, where Vehicle A is not V2X enabled, Truck B and Vehicle C are V2X enabled. Vehicle A is in the opposite direction compared Truck B and Vehicle C, and Vehicle C wants to overtake Truck B. Because Vehicle C can not detect vehicle A, Truck B must exchange waring information to Vehicle C to avoid accident. The most challenge KPIs in CPE service are: pre-processed data 50Mbps, raw data 1Gbps, packet size 1600 byte, end-to-end latency 3ms, reliability (emergency 99.999%) [2]. 
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Fig 1. Collective Perception of Environment [2]
For another service, Video data sharing for assisted and improved automated Driving (VaD), the NR sidelink may need to support the unicast transmission. In the VaD service, the high resolution video data is shared between vehicles to support drivers to make better manoeuvre decision in safety-critical situations.
Fig.2 [2] illustrates an example of VaD service, where Vehicle A and B are V2X enabled. Vehicle A transmits VaD application to Vehicle B to assist automated driving such as overtaking. The most challenge KPIs in VaD are: Latency less than 10 ms, Data rate 100 – 700 Mbps, Reliability 99.99% [2].
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Fig 2. Video data sharing for assisted and improved automated Driving (VaD) [2]
2.2 Necessity of unicast transmission in NR sidelink design
As the above analysis, services such as high/full automated platooning, CPE and VaD need to support the unicast transmission in NR sidelink. 
One of the important reasons is that all these services have a fixed communication direction. If NR sidelink doesn’t support the unicast transmission, source vehicle must broadcast the sharing information and destination vehicle may receive lot of useless information. This broadcast transmission scheme may reduce the transmission efficiency and cost the processing complexity and power consumption of vehicle. In contrast, the unicast transmission can set up an independent link between two vehicles and provide efficient transmission.
Another reason is to satisfy the challenge KPIs in these services. The unicast communication is a more suitable choice than broadcast or group communication. To support these services, KPIs such as the link data rate from 50 Mbps to 1Gbps, the latency form 3ms to 10ms and the reliability about 99.99% even 99.999% must be satisfied. In broadcast transmission, due to the coverage requirement and absence of any CSI information, vehicle can only use some conservative transmission scheme such as low MCS, single layer transmission, which results a very limited data rate. In addition, the absence of physical layer HARQ in broadcast transmission, vehicle can only use repetition to guarantee reliability, which will reduce the spectrum efficiency. However, the unicast transmission can satisfy the challenge KPIs with introducing CSI acquisition, HARQ feedback, higher MCS and even beamforming.   
Observation 1: The unicast transmission in NR sidelink should be supported, especially for the services with fixed transmission direction and challenge KPIs such as high/full automated platooning, CPE, VaD and so on.
3. Unicast transmission schemes in NR sidelink
In this section, the possible unicast transmission schemes in NR sidelink design are discussed. 
There are three different unicast transmission schemes as the following:
· Layer 1 unicast: Unicast transmission in physical layer similar to NR Uu downlink/uplink. The UE-specific RNTI/scrambling/DMRS should be designed to distinguish the different unicast transmission link.
· Layer 2 unicast: Unicast transmission in MAC layer similar to D2D one-to-one communication. The IDs of source/destination vehicles can be added to the MAC header to distinguish the different unicast transmission link. The physical channels can be based on broadcast transmission. 

· Application layer unicast: Unicast transmission in application layer. The IDs of source/destination vehicles are distinguished in application layer. The lower layer can be based on broadcast transmission.

The pros and cons of these three unicast transmission schemes are listed in Table I.
Table I. Pros and cons of different unicast schemes in NR sidelink
	Unicast transmission schemes
	Pros
	Cons

	Layer 1 unicast
	1) Lowest HARQ feedback latency
	1) Need re-design of physical channel which may need more effort in standardization
2) Need to study physical resource confliction/sharing between unicast/groupcast/broadcast 

	Layer 2 unicast
	1) The physical channel design of LTE sidelink can be re-used as a baseline
2) Re-use the MAC unicast scheme in D2D one-to-one communication
3) The physical resource confliction scheme between unicast/groupcast/broadcast is not needed
4) The standardization effort is less than Layer 1 unicast
	1) Increase HARQ feedback latency considering MAC processing delay
2) Need to define CSI feedback procedure in MAC layer 

	Application layer unicast
	1) The layer 1&2 design of LTE sidelink can be re-used as a baseline
2) The standardization effort in RAN is less than Layer 1 and Layer 2 unicast
	1) More latency will be introduced considering application layer processing delay.
2) CSI/HARQ mechanism is difficult to be introduced to improve spectrum efficiency



From the analysis in the above table, Layer 2 unicast transmission can be a good starting point in NR sidelink design. The design of layer 2 unicast transmission is not so complicated as the MAC unicast scheme in D2D one-to-one communication can be re-used. Moreover, the layer 2 unicast transmission can also satisfy the requirements of NR sidelink unicast transmission. However, layer 1 unicast transmission needs more effort in physical channel design but only has a little better link efficiency than layer 2 unicast transmission in feedback latency. The unicast transmission in application layer does not need more effort in layer 1&2 design, but the spectrum efficiency is very limited due to absence of CSI/HARQ mechanism . Therefore, layer 2 unicast transmission can be a better choice.
Proposal 1: Layer 2 unicast transmission could be as a starting point in NR sidelink design.
In addition, some other aspects should be considered in the design of NR sidelink Layer 2 unicast transmission. Firstly, to realize unicast transmission, the link set up and release based on random access, e.g., 3-way handshake, should be studied. Secondly, to realize the KPIs in unicast transmission such as data rate, latency and reliability, the physical channel structure and procedure of HARQ feedback and CSI acquisition should also be studied.  
Proposal 2: The following aspects could be considered in NR sidelink design of unicast transmission:
· Unicast transmission link set up and release.
· Physical channel structure and procedure of HARQ feedback and CSI acquisition.
4. Conclusions
In this contribution, the unicast transmission in NR sidelink design is discussed, and the following observation and proposals are made.
Observation 1: The unicast transmission in NR sidelink should be supported, especially for the services with fixed transmission direction and challenge KPIs such as high/full automated platooning, CPE, VaD and so on.
Proposal 1: Layer 2 unicast transmission should be as a starting point in NR sidelink design.
Proposal 2: The following aspects should be considered in NR sidelink design of unicast transmission:
· Unicast transmission link set up and release.
· Physical channel structure and procedure of HARQ feedback and CSI acquisition.
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