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1 Introduction
In the new SI on NR V2X, one of the objectives for sidelink design was to study unicast, groupcast, and broadcast[1].  Due to the stricter requirements of NR V2X use cases (compared to LTE), we believe that unicast/groupcast at the AS layer should be supported for NR sidelink.  In this paper, we discuss how AS-layer unicast/groupcast impacts RAN2.
2 Procedures/Protocols for Support of Unicast/Groupcast 
2.1 Link Establishment Procedure

The NR V2X SI calls for the study of unicast/groupcast transmission.  LTE V2X supported broadcast at the radio layer.  Unicast support was present in LTE D2D in the form of a ProSe one-to-one communication[2].  In this case, one-to-one communication for unicast was established at the ProSe layer and did not require any AS layer functionality other than the use of a unicast L2 destination address provided by upper layers.
Advanced use cases in NR V2X require support for higher data rates, higher reliability, and lower latencies than in LTE V2X.  A number of such use cases assume unicast/groupcast communication between two or more UEs belonging to a group.  Such use cases would therefore benefit from the unicast/groupcast at the radio layer.

AS-layer unicast/groupcast can achieve better spectrum efficiency through the use of power control, MCS adaptation based on channel characteristics, and directional transmission for high frequency beamformed transmission.  In addition, HARQ feedback can be used to achieve better control of the QoS requirements specific to each use case.  Each of these features requires the transmission of feedback between UEs involved in the unicast/groupcast link, and is currently being discussed by RAN1. 

Observation 1:
Support of unicast/groupcast at the radio level can be used to improve spectrum efficiency and QoS
In LTE D2D, establishment of a ProSe one-to-one connection, used also for ProSe UE-to-NW relays required the use of a discovery procedure, to allow the devices to discover the proximity of other devices.    The discovery message was transmitted over a discovery channel (PC5-D) and contained information related to the device and service offered (i.e. ProSe UE ID, Annoucer info, and discovery group ID). 
This discovery procedure had two purposes – 1) it was used to determine whether the relay services was available by a UE in the vicinity and 2) it was used to derive AS-layer measurements.  A remote UE would then use higher layer criteria (based on content of the discovery message) and radio measurements on PC5 of the discovery message for relay selection/reselection and for the link establishment decision.
For NR V2X, SA2 has started to discuss procedures for link establishment and maintenance [3].  In these discussions, SA2 has observed the need to support a service announcement message to inform the peer UE of the existence of the UE and the capability of the UE to support unicast communication.  In LTE V2X, there is no discovery channel like that of ProSe PC5-D.  However, assuming the need of a service announcement from SA2 perspective, RAN2 would need to discuss how to transmit these messages.  Specifically, a separate channel may be required (similar to PC5-D), or these messages could be piggybacked on PSSCH with other V2X transmissions.    

Proposal 1:
RAN2 studies how to transmit service-related discovery messages used for link establishment decisions. 
While link establishment criteria for unicast can be similar to ProSe one-to-one communication, the groupcast case requires further study.  Specifically, for the AS layer to form a groupcast link, reachability (in the form of measurements) between each pair of UEs in the group needs to be considered.  

Proposal 2:
RAN2 studies link establishment procedures applicable to both unicast and groupcast.  

Unicast/groupcast formation at the application layer will depend on specific application-layer criteria, based on information received from the discovery/announcement message of the peer device. For example,  application-layer groupcast establishment procedure can be based on whether the UE supports platooning and is authorized to be part of the platooning group.  In addition to application layer service criteria, at the AS layer, certain radio link conditions should also be met before a decision to initiate a link establishment is met.  
Therefore, as in LTE D2D link establishment should be based on both AS layer information and service applicability.  For ProSe one-to-one communication for ProSe UE-to-NW relay, PC5 link measurements were sufficient for link decisions, and should also be the basis of NR V2X link establishement
Proposal 3:
Link establishment decision is based at least on sidelink radio measurements and higher layer service applicability.  

The link establishment decision for NR V2X needs to account for high speeds and fast changing radio link environment.  Additional information may therefore be beneficial in the link establishment decision, such as UE speed, relative heading, etc. as it can be used by the AS layer to predict whether a link quality would persist over two or more UEs and therefore determine if the movement of these warrents link establishment.  
To avoid having to measure many discovery messages, the upper layers can also provide a list of potential targets for unicast/groupcast for which the AS layer perform radio layer sidelink measurements.  Specifically, if the application layer initiates a platoon based on the service announcement messages, the AS layer can be provided with the L2 IDs of each of the platoon members to support AS layer link establishment procedure.
Proposal 4:
RAN2 to study criteria for establishment of AS unicast/groupcast link which are appropriate for V2X.
Given the above, it is expected that discovery and link establishment decision could benefit from information provided by upper layers.  It would therefore be beneficial to ask SA2 what information they can provide to assist in establishment of unicast/groupcast at the AS layer.
Proposal 5:
Ask SA2 what information from higher layers (if any) will be available to AS for establishment of unicast/groupcast
As discussed in our companion contribution [5], QoS for unicast/groupcast over NR sidelink may be based on the bearer/flow model.  Specifically, both GBR and non-GBR flows may be established by the upper layers, as discussed in TS 23.786 [3].  It may make sense, in order to support the flow concept in a way which is consistent with NR Uu, to develop the concept of a SL radio bearer.  As with Uu, the AS layer can establish SL radio bearers based on the QoS requirements of the flows, and can then map flows to bearers based on the QoS profile.
When the link is established and managed by the network (e.g. unicast/groupcast link that uses mode 1), the network can perform admission control on its own resources to predict if a SL bearer it needs to set up can meet the QoS requirements.  When the network is not involved (e.g. mode 2, or out of coverage scenarios), there still needs to be some mechanism to predict whether QoS can be maintained across a link and sufficient resources can be selected/reserved by each UE during transmission after the link has been established.  Such admission control by the UE would avoid the cost of establishing the bearer when there are insufficient resources to support the bearer’s QoS.    

Proposal 6:
Link establishment procedure includes some admission control at the gNB (mode 1) or UE (mode 2 and/or out of coverage)
Link establishment procedure may use ProSe one-to-one communication establishment as a baseline.  In that procedure, the UE sends a direct communication request message using PC5 signaling protocol.  The message contains User Info needed by the target UE, such as the source UEs layer 2 ID.  Authentication and establishment of security is then initiated by the ProSe protocol.  Alternatively, SA2 has also discussed the possibility of using RRC signalling for link establishment in V2X, but has left such decision upto RAN2 [3].

For NR V2X, since an AS layer link is being established, this may involve the exchange or negotiation of AS-layer configuration.  For example, PC5 related MAC/PHY parameters such as sidelink HARQ configuration, link maintenance (e.g. configuration of sidelink reference signals), feedback configuration (e.g. sidelink CQI measurement configuration) need to be set up during link establishment.  In addition, link establishment may involve the configuration of static sidelink resources, at least for reference signal transmission but possibly also for actual data transmission.  Such information may be better represented in the form of RRC IEs,  similar to those in an RRCReconfiguration message.    

Observation 2:
Link establishment procedure may required exchange/configuration of SL MAC/PHY parameters. 

In addition, at least link establishment for mode 1 will involve the NW and will require that the gNB configures the above parameters and resources.  Therefore, use of RRC messages for the link establishment will allow for re-use of IEs for the cases where the network is involved (i.e. mode 1) and for the cases it is not involved (mode 2, and/or out of coverage).  RAN2 should study the use RRC layer for link establishment procedure.  Our companion LS out to SA2 also informs SA2 in case RAN2 decides to take this decision [4].

Proposal 7:
RRC layer is used for link establishment procedure (inform SA2)

2.2 Link Monitoring Procedure

In addition to link establishment, some monitoring or link maintenance procedure may be required at the AS layer to detect if the UEs move too far apart to maintain the QoS requirements of the bearers established on that link.  In ProSe one-to-one communication, a simple keep-alive signal was used in the PC5 layer to determine when to release a one-to-one communication link.  To meet the requirements of advanced V2X while avoiding the overhead associated with transmissions of many RRC messages over sidelink, link maintenance that resembles more the Uu RLM/RLF model may be needed.

In the definition of such AS layer link maintenance procedure, RAN2 should further discuss aspects which include:
· What is the criteria required for link maintenance – for example, can it be based on a similar RLM-like measure of PSCCH BLER

· What is the periodicity of such link maintenance decisions – for example, how often should L2 evaluate whether the link is up 

For bearers which are established using an admission control that is performed at the UE, it would make sense to have link maintenance which is QoS dependant.  In this case, and in the context of an RLM/RLF-like model, the required BLER, periodicity of reference signals, or timers used in link maintenance would be dependant on the QoS requirements of the currently established bearers.  This allows the UE to take appropriate action in the case of a failed link, such as informing upper layers, re-negotiating the amount of resources, or pre-empting other unicast/groupcast links which have lower priority. 
Proposal 8:
RAN2 studies link a monitoring procedure which depends on the QoS targets of the data over the unicast/groupcast link 
3 Conclusion

In this contribution the following observations were made on support for unicast and groupcast in NR V2X:
Observation 1:
Support of unicast/groupcast at the radio level can be used to improve spectrum efficiency and QoS

Observation 2:
Link establishment procedure may required exchange/configuration of SL MAC/PHY parameters. 

Based on these observations, the following conclusions were made:

Proposal 1:
RAN2 studies how to transmit service-related discovery messages used for link establishment decisions. 

Proposal 2:
RAN2 studies link establishment procedures applicable to both unicast and groupcast.  

Proposal 3:
Link establishment decision is based at least on sidelink radio measurements and higher layer service applicability.  

Proposal 4:
RAN2 to study criteria for establishment of AS unicast/groupcast link which are appropriate for V2X.

Proposal 5:
Ask SA2 what information from higher layers (if any) will be available to AS for establishment of unicast/groupcast

Proposal 6:
Link establishment procedure includes some admission control at the gNB (mode 1) or UE (mode 2 and/or out of coverage)
Proposal 7:
RRC layer is used for link establishment procedure (inform SA2)

Proposal 8:
RAN2 studies link a monitoring procedure which depends on the QoS targets of the data over the unicast/groupcast link 
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