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Introduction

In RAN#80 meeting, new WID for NR V2X is approved [1]. NR V2X study item focus on 25 use cases for advanced V2X services identified by SA1, which are categorized into four use case groups: vehicles platooning, extended sensors, advanced driving and remote driving. And one of the objectives of the NR V2X is the sidelink design for unicast and groupcast

	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


In RAN2#103b meeting, unicast/groupcast transmission is discussed and has the following agreement

	Agreements
1: 
Unicast, groupcast, and broadcast should be supported for all of the in-coverage, out-of-coverage, and partial coverage scenarios.

2:
RAN2 to study the potential L2 solutions for the QoS support of unicast and groupcast in NR sidelink (including HARQ feedback, ARQ (if RLC AM is supported), PDCP packet duplication, configured grants, etc.). 

3: 
RAN2 Working Assumption: Uppler layer will give the information if it’s unicast, groupcast or broadcast (We will ask SA2 if they can provide it).

4: 
For groupcast, destination ID for a specific group and for unicast, destination ID for the target UE need to be visible in Layer 2 respectively. Source UE id should be also visible to Layer 2.

5:
For unicast/groupcast in NR sidelink, discovery procedure and related messages are up to upper layers.


There also an email discussion on unicast and groupcast after RAN2#103b meeting [2], to discuss what AS level information is need to be exchanged for unicast and groupcast. In this contribution, analysis for unicast connection establishment for NR V2X is further discussed.
Discussion

In legacy LTE D2D, the connection between D2D UEs for unicast is established by PC5 signaling protocol, and for groupcast there has no session or connection is established. The one-to-one communication establishment procedure for legacy LTE D2D is as following [3]
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UE  -  1   UE  -  2  

1  .    Direct Communication Request  

2  .    Authentication and establishment of security association  


Figure 1 Establishment of secure layer-2 link over PC5
The procedure in above figure is done after discovery procedure, and is handled by PC5 signaling protocol, which is above PDCP layer [3]. The purpose of this procedure is to negotiate IP address as well as to trigger mutual authentication, and setup a logical one-to-one layer-2 link between UE1 and UE2. There has no radio bearer created during the procedure, and the differentiation of the one-to-one layer-2 link between UE1 and UE2 is identified by the combination of Layer-2 IDs of UE1 and UE2. So it also means that UE can involved in multiple layer-2 links for one-to-one communication using the same Layer-2 ID.

Observation 1: legacy D2D connection establishment for one-to-one communication does not involve AS layer information exchange
When introducing unicast for NR V2X UEs, the situation is different compared with legacy D2D, because of different service requirements. For NR V2X targeted services, there has various and stringent QoS requirements e.g. the delay is [3, 100] ms for V2V, the reliability is [90%, 99.999%], and data rate can reach up to 1Gbps [4]. To meet the stringent QoS requirements, AS level QoS management is necessary, and link adaptation solutions e.g. HARQ, CSI etc. will be introduced.

Besides, for NR V2X, the bandwidth capability of each UE is possibly different, although this is not determined. Thus based on above considerations, several AS level information needs to be exchanged e.g. UE capability, QoS related infomration, radio bearer configuration, physical layer configuration etc. 

One possibility for above AS level information exchange is to reuse legacy LTE D2D layer-2 link establishment procedure. By such procedure, a secure layer-2 link over PC5 can be established. But if we want study and introduce physical layer link adaptation mechanism, the legacy layer-2 link establishment procedure needs further enhancement. For example, to realize HARQ feedback, CSI acquisition, power control etc. mechanisms, physical layer needs to differentiate the links or peer UEs especially when multiple unicast links are setup. So that physical layer can know HARQ feedback is to which V2X UE, CSI information is from which V2X UE etc. On the other hand, to realize QoS management, since there has no radio bearer created in during the establishment procedure, legacy LTE V2X PPPP/PPPR mechanisms has to be reused. And as discussed in [5], advanced V2X services for NR V2X has more various and diversity QoS requirements, 8 levels PPPP/PPPR may not be enough for advanced V2X service and further enhancements are needed.

Observation 2: Reusing legacy LTE D2D unicast establishment for NR V2X needs the enhancement on link identification. And, reusing PPPP/PPPR mechanism for QoS management may not enough for advanced V2X service requirements.

Another possibility for the above AS level information exchange is to use AS level signaling to establish links and radio bearers i.e. AS level connection between NR V2X UEs. By using AS level signaling procedure, there will be the unified control signaling protocols for both Uu and PC5 interface. The selected V2X relevant messages can be extended and used, e.g. SidelinkUEInformation, etc. And as discussed in [5], if QoS architecture for Uu is used for PC5 interface, PC5 QoS flow is better to be mapped to radio bearers over PC5. In this sense, setup AS level connection to create radio bearers on PC5 interface is the natural way.

Proposal 1: AS level connection is established for NR V2X UE unicast
One possibility to setup AS level connection is to use RRC signaling procedure, to establish unicast connections between NR V2X UEs, it is similar to RRC connection establishment for Uu interface. The possible procedure is depicted in the following figure
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1. Unicast announcement message

2. Unicast setup request message 

3. Unicast setup message

4. Unicast setup complete message


Figure 2 Unicast establishment procedure for PC5 interface
Announcement for unicast: Unicast initiator UE broadcast applications information that needs to setup unicast connection, to let other V2X UE receive and detect whether there have applications needs to setup unicast transmission. Whether the application needs to do unicast/groupcast/broadcast transmission is determined by higher layer

Unicast setup request: those V2X UEs that indicated by higher layer to setup unicast for specific applications will transmit a setup request message to unicast initiator UE, to request to setup a unicast connection

Unicast setup: create radio bearers, configure QoS parameters, configure physical layer parameters etc. These configurations could be configured by gNB, or in pre-configuration, or determined by unicast initiator UE

Unicast setup complete: to indicate to unicast initiator UE that the unicast configuration is applied and unicast connection setup is complete
Proposal 2: Unicast setup procedure include unicast announcement, unicast setup request, unicast setup, and unicast setup complete messages
Conclusion

In this contribution, we discuss the unicast establishment for NR V2X, and have following observations and proposals

Observation 1: legacy D2D connection establishment for one-to-one communication does not involve AS layer information exchange

Observation 2: Reusing legacy LTE D2D unicast establishment for NR V2X needs the enhancement on link identification. And, reusing PPPP/PPPR mechanism for QoS management may not enough for advanced V2X service requirements.

Proposal 1: AS level connection is established for NR V2X UE unicast
Proposal 2: Unicast setup procedure include unicast announcement, unicast setup request, unicast setup, and unicast setup complete messages
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