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1	Introduction
RAN approved the SI on NR V2X in [1]. Some statements and objectives relevant to the current paper are described below.
	[bookmark: _GoBack]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. The detailed description of each use case group is provided as below.
· Vehicles Platooning enables the vehicles to dynamically form a platoon travelling together. All the vehicles in the platoon obtain information from the leading vehicle to manage this platoon. These information allow the vehicles to drive closer than normal in a coordinated manner, going to the same direction and travelling together. 
· 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. The vehicles can increase the perception of their environemnt beyond of what their own sensors can detect and have a more broad and holistic view of the local situation. High data rate is one of the key characteristics.
· Advanced Driving enables semi-automated or full-automated driving. Each vehicle and/or RSU shares its own perception data obtained from its local sensors with vehicles in proximity and that allows vehicles to synchronize and coordinate their trajectories or manoeuvres. Each vehicle shares its driving intention with vehicles in proximity too. 
· Remote Driving enables a remote driver or a V2X application to operate a remote vehicle for those passengers who cannot drive by themselves or remote vehicles located in dangerous environments. For a case where variation is limited and routes are predictable, such as public transportation, driving based on cloud computing can be used. High reliability and low latency are the main requirements.
TSG RAN has already agreed in TR 38.913 that it is not intended for NR V2X to replace the services offered by LTE V2X. Instead, the NR V2X shall complement LTE V2X for advanced V2X services and support interworking with LTE V2X. At least from 3GPP RAN technology development standpoint, the focus and scope of NR V2X study is to target advanced V2X use cases. 
This study item includes the following objectives, considering in-network coverage, out-of-network coverage, and partial network coverage:
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 paper, we discuss the suitability of unicast, groupcast, and broadcast at radio layers for supporting the use cases targeted by the SID. First, we describe the costs and benefits of unicast and groupcast when compared to broadcast. Then, we study the requirements imposed by the ETSI ITS applications and 3GPP SA1 eV2X services on unicast, groupcast, and broadcast. Finally, we enumerate technical enablers for unicast and groupcast that we believe should be considered in the study.   
[bookmark: _Ref178064866][bookmark: _Ref521510842]2	Benefits and Costs of supporting sidelink unicast and groupcast
In LTE Rel-14/15, SL V2X was designed for broadcast at the radio level. To support advanced eV2X services in NR identified by SA1, it was agreed to study sidelink (SL) unicast/groupcast in NR SL for potential performance enhancements. On the one hand, SL unicast/groupcast can improve system spectrum efficiency and provide better QoS control. On the other hand, the benefits of SL unicast/groupcast do not come for free, since supporting unicast and groupcast will also introduce additional signalling overhead, latency, and complexity. In this section, we analyse the potential benefits and costs of SL unicast/groupcast. Moreover, we will discuss the applicability of SL unicast/groupcast to the identified eV2X use cases.
2.1	Benefits
In our view, the two major benefits of SL unicast/groupcast are improved system spectrum efficiency and better QoS control.
Supporting SL unicast and groupcast enables the transmitter to incorporate channel state information (CSI) dependent, adaptive transmission mechanisms. With SL unicast/groupcast, the system spectrum efficiency can be improved due to the following two mechanisms: 
· Link adaptation and power control: For SL unicast, based on some measurement report from the target receiver, the transmitter can adapt its transmit modulation and coding scheme (MCS) and transmit power tailored for the link condition including both channel and interference situations. For SL groupcast, the transmit MCS and power can be adapted to the worst or averaged receiver performance, depending on the use cases. 

· Spatial reuse: For SL unicast/groupcast, using multi-antenna transmission techniques, it is possible to shape the transmission beam into directional transmission. Directional transmission consists of focusing the energy broadcasted during a transmission into a specific area of the space. Directional transmission improves transmission by ensuring that the power to the intended receiver(s) is larger than in the case the signal is broadcasted in an omnidirectional way. In addition, it minimizes the interference created to other parts of the space on which there are no intended receiver(s), which allows for potential spatial reuse of co-channel transmissions.

Another important benefit of SL unicast/groupcast compared to broadcast is the possibility to manage QoS in a resource efficient fashion. LTE V2X applies only broadcast and blind retransmissions. Hence, the transmitter is unaware of the reception situation due to the lack of decoding status feedback. In this way, the QoS at the receiver side cannot be controlled. However, for SL unicast/groupcast, by enabling reception status feedback, e.g., ACK/NACK feedback, the transmitter can adapt the number of retransmissions based on the feedback to achieve a successful packet delivery.
2.2	Costs
Besides the potential benefits, there are limitations of introducing SL unicast/groupcast as well. 
To enable a unicast/groupcast session, the following four steps are needed.
· Step 1: UE discovery, which is used to discover the intended receiver(s) of the corresponding unicast/groupcast session.
· Step 2: Connection establishment, which is used to setup the authenticated link between the transmitter and the intended receiver(s), and exchange the signalling messages between the UEs to facilitate later communications. Note that Step 1 and Step 2 can be performed jointly or separately.
· Step 3: Link maintenance, which is used to monitor the link quality for maintaining a valid unicast/groupcast session. For instance, when two UEs become far away from each other, a successful unicast link can no longer be provided. In this case, without identifying the link failure, the two UEs may still transmit data or (layer 1) signaling to each other, which is not beneficial.
· Step 4: Link release, which is used to release the SL unicast/groupcast session.
All the above four steps will introduce extra signalling overhead, latency, and complexity. In addition, during an established unicast/groupcast session, layer 1 feedback (e.g., ACK/NACK feedback, CSI reports) is needed to enable efficient unicast/groupcast. These feedback transmissions will further congest the channel, which may degrade the overall system performance. The transmission of feedback reduces the availability of resources for transmission of data in two ways: i) feedback transmissions (and their associated overhead such as AGC, GP, etc.) occupy some radio resources; ii) depending on the design, feedback transmissions may be restricted to a separate set (i.e., pool) of resources, that cannot be used for other transmissions.
Among the limitations discussed above, we would like to emphasize the aspect of delay which is introduced by initiating/maintaining/releasing the unicast/groupcast session. Note that different use cases have different time durations. Therefore, the benefits of SL unicast/groupcast should be evaluated by considering and comparing the time duration of the use case and the introduced latency. For instance, if a session only lasts a few seconds while the delay caused by link establishment is at the level of seconds, it is probably not beneficial to use radio level unicast/groupcast for that session.
3	Service requirements for sidelink unicast, groupcast, and broadcast
In this section, we study the implications posed on the design of radio-level unicast, groupcast and broadcast by the 3GPP eV2X use cases in [7] and the existing drafts of the ETSI ITS specifications [2][3][4][5].
3.1	Analysis of the application layer messages in ETSI ITS and 3GPP eV2X use cases
In this subsection, we first analyse the message exchanges of some typical ETSI ITS use cases, such as Platooning [2], Collective Perception Service (CPS) [3], Manoeuvre Coordination Service (MCS) [4] and Cooperative Adaptive Cruise Control (CACC) [5]:
· For platooning, an announcement message is used to announce the presence of the platoon to nearby vehicles. Join/leave messages are used to request to join/leave a specific platoon. Moreover, the platoon head could instruct one or multiple platoon members to change their trajectory by a trajectory change message. 
· For CACC, announcement messages, join/leave messages, and trajectory change messages are used too. 
· For MCS, a planned lane change request (LCR) is first broadcasted in a lane change area. All the vehicles that are in the area and receive the LCR will, based on their own planned trajectory, respond with a lane merge response message to the requesting vehicle. After that, the relevant vehicles will coordinatively update their trajectory. 
· For CPS, each vehicle informs its locally perceived objects to all surrounding vehicles. 
Moreover, similar analysis can be performed for the 25 advanced eV2X services identified by 3GPP SA1, which are mainly categorized into the following four groups.
· For platooning, the analysis above for the corresponding ETSI application can be reasonably generalized to the use case as such.
· For advanced driving, the CACC and MCS ETSI applications are relevant. In general, maneuvers are usually coordinated among multiple vehicles. Thus, for this use case the transmitted messages may target a specific vehicle or a specific vehicle group. 
· For extended sensors, the conclusions drawn for the CPS ETSI application apply. That is, sensor data are broadcasted to neighboring vehicles to enable better and wider environmental perception. We conclude that for this use case, the messages typically target all surrounding vehicles. 
· Remote driving is only relevant for Uu interface instead of PC5, and thus is out of the scope here. 
In conclusion, for the 3GPP SA1 eV2X use cases and, more specifically, for the (existing drafts of the) ETSI ITS specifications, there are in general three type of messages: messages target all vehicles (in the vicinity); messages target vehicles belonging to a specific group; and messages target a specific single vehicle. 
[bookmark: _Toc521658401]The 3GPP eV2X use cases and the corresponding ETSI ITS specification drafts involve messages that may target all vehicles (in the vicinity); vehicles belonging to a specific group; and a specific single vehicle.
3.2	Lower layer communication modes to support transmission of application layer messages
In this subsection, we analyse whether unicast, groupcast and broadcast at lower layer are suitable for transmission of the different types application layer messages discussed in Section 3.1. 
In general, broadcast can be used in lower layer to transmit the application layer messages, regardless of which vehicles the messages are targeting. However, this may not be resource efficient if the messages are actually targeting specific (group of) vehicle(s). In this case groupcast or unicast may be used in lower layer to transmit messages targeting specific (group of) vehicle(s), which can potentially provide better QoS support and more efficient radio resource utilization than using broadcast in lower layer. However, there are multiple drawbacks (overhead, reliability of control messaging, etc.), as discussed in Section 2, which need to be assessed too. 
[bookmark: _Toc521658402]In general, broadcast can be used in lower layers to transmit ETSI ITS and 3GPP eV2X application layer messages.
[bookmark: _Toc521658403]Using groupcast or unicast in lower layers to transmit messages targeting specific (group) of vehicle(s) may provide better QoS control and resource efficiency. However, the impact of overhead, reliability issues, etc. must be assessed too.
In Table 1, we characterize the four use cases identified by ETSI ITS (as presented in Section 3.1) in terms of the following variables:
· Number of neighbours to which the information is to be transmitted as well as how much variation may be expected in different situations. The number of neighbours is an indicator for the complexity of establishing and maintaining unicast sessions. 
· The stability of the connection topology, namely how quick the relevant neighbours change. Clearly, for stable connections unicast/groupcast are more likely to overcome the associated overheads. 
· The expected duration of the connection. Again, for long connections unicast/groupcast are more likely to overcome the associated overheads.
[bookmark: _Ref521428358]Table 1. Characterization of the connections for the different use cases.
	Use case
	Number of neighbors
	Stability of the topology
	Duration of the connection

	Platooning
	Small/Medium, predictable
	High
	Long

	CACC
	Highly variable, not predictable
	Medium
	Medium

	MCS
	Highly variable, not predictable
	Low/medium
	Short/medium

	CPS
	Highly variable, not predictable
	Low
	Short


Furthermore, for 3GPP eV2X use cases, the applicability of lower layer unicast/groupcast modes to support application layer messages is analysed below.
In platooning, message exchange is required between platoon leader and member(s). Also, a platoon of vehicles is usually maintained for a relatively long time period. Therefore, in our view, platooning related use cases can potentially benefit from SL unicast/groupcast, due to the improved spectrum efficiency and better QoS control.
To enable extended sensor related use cases, typically sensor data are broadcasted to neighbouring vehicles to increase local perception. In this case, no SL unicast/groupcast is needed. However, one possible exception is the use case of video data sharing for assisted and improved automated driving (i.e., Section 5.16 in TR 22.886). This use case is similar with see-through, where SL unicast can be beneficial to largely increase the data rate of video transmission between the two adjacent vehicles. 
For advanced driving, cooperative manoeuvre, where vehicles share their driving intentions, is usually needed. To enable efficient and safe manoeuvre, the confirmations of driving intention are required. The transmission of confirmation is supposed to be unicast since it has its target receiver, i.e., the vehicle that sent the driving intention. However, this type of unicast can be achieved at application layer (out of 3GPP) instead of radio level. In this way, SL broadcast can still be used from RAN perspective. The major concern of enabling radio level unicast is that these use cases typically have short time duration, and thus the cost brought by SL unicast may outweigh the corresponding benefit as described in Section 2.
In our view, unicast/groupcast design at radio level should focus on those situations where it is most likely to provide an advantage over broadcast transmission. We would like to avoid designing radio unicast/groupcast for situations that may be naturally served with broadcast transmission, independently of whether the application packet is unicast, groupcast, or broadcast.
[bookmark: _Toc521658420]It is necessary to study the conditions in which unicast/groupcast are advantageous over broadcast, considering both gains and drawbacks.
[bookmark: _Toc521658421]Focus unicast and groupcast design to communication over long periods with a small number of neighbors, and with a stable connection topology. Broadcast communication is assumed for all other cases.
3.3	Link between unicast/groupcast/broadcast at application layers and radio layers
As we have seen in the preceding two sections, ETSI ITS and 3GPP eV2X services make use of unicast, groupcast, and broadcast transmissions. At radio level, it is also possible to establish unicast, groupcast, and broadcast transmissions, although the relative merits of each of them are yet to be assessed. 
It is natural to ask whether unicast at application layer can be supported using radio-layer unicast and the same for groupcast. The current ETSI ITS application specifications, which are far from complete, do not provide a mechanism for identifying at radio layer the intended recipients of a message. Consequently, it is currently not possible to establish a direct relationship between unicast (groupcast) transmissions at application layer and unicast (groupcast) at radio layer.
[bookmark: _Toc521658404]The current ETSI ITS application specifications do not provide mechanisms for mapping unicast (groupcast) sessions at application layer to unicast (groupcast) sessions at radio layer.
[bookmark: _Toc521658405]To enable the use of radio-layer unicast (groupcast) communication for unicast (groupcast) ETSI ITS application messages, a connection establishment procedure is needed.
In our view, the study of this topic should be led by RAN2.
[bookmark: _Toc521443133][bookmark: _Toc521658422]RAN1 assumes that RAN2 will lead the study on connection establishment.
4	Enablers of unicast and groupcast
In our view, for unicast and groupcast the following Layer-1 functionalities should be studied:
· Layer-1 HARQ.
· Link adaptation.
· Multi-antenna transmissions and the required reference signals.
· Power control.
In our contribution on PHY layer design [6], we present a first set of observations and principles as well as some initial design considerations related to these enabling functionalities.  
In addition, there are multiple Layer-2 enablers that should be considered too, including: connection establishment, maintenance and release QoS framework, etc. As expressed before, we believe that RAN2 should lead the discussion on them. 
We discuss RRM aspects, including the role of the network in managing unicast and broadcast connections in [8].
5	Conclusions
In the previous sections we made the following observations: 
Observation 1	The 3GPP eV2X use cases and the corresponding ETSI ITS specification drafts involve messages that may target all vehicles (in the vicinity); vehicles belonging to a specific group; and a specific single vehicle.
Observation 2	In general, broadcast can be used in lower layers to transmit ETSI ITS and 3GPP eV2X application layer messages.
Observation 3	Using groupcast or unicast in lower layers to transmit messages targeting specific (group) of vehicle(s) may provide better QoS control and resource efficiency. However, the impact of overhead, reliability issues, etc. must be assessed too.
Observation 4	The current ETSI ITS application specifications do not provide mechanisms for mapping unicast (groupcast) sessions at application layer to unicast (groupcast) sessions at radio layer.
Observation 5	To enable the use of radio-layer unicast (groupcast) communication for unicast (groupcast) ETSI ITS application messages, a connection establishment procedure is needed.
Based on the discussion in the previous sections we propose the following:
Proposal 1	It is necessary to study the conditions in which unicast/groupcast are advantageous over broadcast, considering both gains and drawbacks.
Proposal 2	Focus unicast and groupcast design to communication over long periods with a small number of neighbors, and with a stable connection topology. Broadcast communication is assumed for all other cases.
Proposal 3	RAN1 assumes that RAN2 will lead the study on connection establishment.
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