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1 Introduction

In RAN2#103bis [1], the following agreements are related for NR Sidelink unicast:

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.

In RAN1#94[2], the following agreements are reached for NR sidelink unicast:
	Agreements:

· RAN1 assumes that higher layer decides if a certain data has to be transmitted in a unicast, groupcast, or broadcast manner and inform the physical layer of the decision. For a transmission for unicast or groupcast, RAN1 assumes that the UE has established the session to which the transmission belongs to. Note that RAN1 has not made agreement about the difference among transmissions in unicast, groupcast, and broadcast manner.

· RAN1 assumes that the physical layer knows the following information for a certain transmission belonging to a unicast or groupcast session. Note RAN1 has not made agreement about the usage of this information.

· ID

· Groupcast: destination group ID, FFS: source ID

· Unicast: destination ID, FFS: source ID

· HARQ process ID (FFS for groupcast)

· RAN1 can continue discussion on other information

Agreements:

· RAN1 to study the following topics for the SL enhancement for unicast and/or groupcast. Other topics are not precluded.

· HARQ feedback

· CSI acquisition

· Open loop and/or closed-loop power control

· Link adaptation

· Multi-antenna transmission scheme


In RAN1#94bis [3], the following agreements are further reached for NR Sidelink unicast:
	Agreements:

· Layer-1 destination ID is conveyed via PSCCH.
· FFS how many bits are conveyed.
· FFS details for each of the unicast/groupcast/broadcast cases

· Additional Layer-1 ID(s) is conveyed via PSCCH at least for the purpose of identifying which transmissions can be combined in reception when HARQ feedback is in use. 
· FFS whether this ID can be used for other HARQ feedback related operation.
· FFS other purpose
· FFS how many bits are conveyed.
· FFS details including how to convey the ID(s), e.g., whether the ID(s) is conveyed in the SCI or used for CRC scrambling.
Agreements:

· For unicast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.

· FFS details, including the possibility of disabling HARQ in some scenarios

· For groupcast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.

· FFS details, including the possibility of disabling HARQ in some scenarios


In this paper, we discuss the remaining issues for Sidelink unicast design, especially for connection establishment..
2
Use case for V2X unicast communication 
For LTE V2X, the target traffic is periodic broadcast of safety messages with known size. In NR V2X SI [4], the unicast has been included in the scope of V2X communication. This is because 5G NR provides opportunity to support some advanced V2X use cases, such as:

1)  higher bandwidth data to support targeted advanced sensor sharing (e.g., video streaming)

2)  more precise navigation control in ADAS system for lane change, inter-vehicle gap control, collision avoidance.
In such use cases, the UEs involved tend to maintain a stable relationship to justify the continuous exchange of V2X messages to ensure the V2X service. This stable topology and stable relationship is feasible in V2V cases where the vehicles may drive along with each other in the same direction of the road in similar speed. Hence, the V2X unicast transmissions are not in the nature of “one-shot” or opportunistic. Instead, some sort of “session” is established on a connection-oriented basis.
Observation 1
Connection-oriented session need to be established for V2X unicast communication. 

3
Design issue for V2X unicast session establishment
3.1
Which layer for connection setup signalling: RRC vs PC5-S?

There are two main approaches to have two peer UEs to negotiation a connection-oriented link over PC5 interface:

-
reuse the PC5-S protocol messages (which has been well specified for ProSe in 3GPP TS 24.334 [5]). 

-
AS-layer signalling, i.e, RRC protocol messages (as similar to RRC connection setup in Uu interface);

A detailed comparison of the above two approaches are shown in the table below:
	
	PC5-S (V2X layer)
	RRC (AS layer)

	Architecture consideration
	PC5-S is used for ProSe unicast because ProSe features unicast link over a L1 broadcast design. There is no AS layer difference between unicast and broadcast in ProSe design.
	Unified PC5 and Uu link management by using RRC protocol in both interfaces, suitable to support AS-specific parameter negotiations.

	WG responsibility 
	SA2 (Stage 2) and CT1 (Stage 3). 
If needed, PC5-S is extended to support V2X session management and related new QoS requirements, etc. 
	RAN2. 
If the majority information exchanged are AS-layer information, the design is better to be managed by RAN group(s). This can spare some LS between RAN2 and SA/CT.

	UE Capability issue 
	Unable to verify whether the two peer UEs have matching capability to support a certain AS-layer TX scheme, e.g., 64QAM, or PDCP duplication. It will still rely on some additional AS layer exchange to resolve it.
	Can facilitate the radio parameter selection based on the exchanged PC5 capability of peer UE. 

	Security related issue
	Existing key exchange/negotiation signaling in PC5-S can be reused. Pending on SA3 decision
	RRC messages like “Security Mode Command” can be reused to activate/configure security with certain necessary modifications for sidelink, pending SA3 decision.  

	Work load estimation
	Relatively lower for RAN2. However, whatever PC5-S carries for AS-layer information blob, it has to be understood by the UE, in a well-defined RRC format. Corresponding AS-NAS interactions must be specified in both RAN2 and CT1 spec. 
	Higher because there is no RRC signalling design over PC5 interface in earlier releases, it has to be started largely from scratch. Some IEs defined for RRC in Uu interface can be reused. 


Table 1: Comparison of Pros and Cons: PC5-S vs RRC

Based on the above comparison, we think there is relatively more benefits (as highlighted in the table above) for use RRC protocol for this connection establishment exchange between the UEs.
Proposal 1
RRC is preferred for PC5 unicast link establishment and maintenance.
Note that PC5-S protocol can still be used over the established RRC connection to negotiate V2X layer and upper layer parameters, e.g., link-local IP addresses for peer-to-peer communication.

Proposal 2
It is up to SA2 to decide whether PC5-S is still needed for upper layer link management purpose. 

3.2
RRC procedures for connection management

Similar to Uu design, an RRC connection should be able to survive some short-term dynamics of radio link. Thus, RRC reconfiguration can be used to adjust the AS-layer parameters based on the UE measurements (e.g, CBR, CSI, HARQ feedback, etc) Also,  the QoS configuration and services to be multiplexed over the unicast link may change, so adding and removing sidelink radio bearers shall be needed.
Proposal
 3
RRC Connection Reconfiguration is to be supported. FFS signalling details. 

Regarding whether keepalive procedures is needed for SL unicast, we think this depends on the issue of whether PC5-S is still to be used, given that RRC is used for sidelink connection setup. If SA2 decides that PC5-S is still to be used for upper layer link management, then the keepalive procedure in PC5-S is sufficient for the purpose of RLM, and there is no need to introduce RRC layer of keepalive.
Proposal 4
RAN2 to introduce RRC layer of keepalive only if PC5-S is not used by V2X layer link management.
Different from RRC in Uu interface, the RRC connection is set up between two peer UEs, i.e., an initiating UE and a target UE. We believe both UEs shall be able to solely decide to release the RRC connection based on its own assessment of communication need and measurement of radio link conditions.
Proposal 5
Either UE can trigger RRC Connection release procedure for the PC5 connection.
RRC states for PC5 interface can be independent of RRC states in Uu interface. Since RRC_INACTIVE state has been introduced in NR, it is natural to discuss that whether such a state is also needed in PC5 interface. While the RRC_INACTIVE UE may maintain dedicated configurations acquired by inheriting from RRC_CONNECTED, it is also worth noting that there is no strong requirement for power energy saving for Vehicle UEs. Thus, the UE does not need to transfer from RRC_CONNECTED state to RRC_INACTIVE state if the two UEs are still in communication range and have potential need to continue V2X unicast communication. Also, in the highly mobile environment, it is hard to assume that peer UEs will still be reachable after an inactivity timer expires, if the two UE has no reason to communicate for a considerable time duration. Thus, we are not convinced that the benefits of having this new RRC state in PC5 interface.
Proposal 6
Not to introduce RRC_INACTIVE state in PC5 RRC. 
4
Conclusion 

In this contribution, we discussed the link setup issue of NR V2X sidelink unicast communication and we have the following observation:
Observation 1
Connection-oriented session need to be established for V2X unicast communication. 

Based on the discussion, we have the following proposals: 

Proposal 1
RRC is preferred for PC5 unicast link establishment and maintenance.
Proposal 2
It is up to SA2 to decide whether PC5-S is still needed for upper layer link management purpose. 

Proposal
 3
RRC Connection Reconfiguration is to be supported. FFS signalling details. 

Proposal 4
RAN2 to introduce RRC layer of keepalive only if PC5-S is not used by V2X layer link management.
Proposal 5
Either UE can trigger RRC Connection release procedure for the PC5 connection.
Proposal 6
Not to introduce RRC_INACTIVE state in PC5 RRC. 
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