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1. Introduction

In RAN2#105bis meeting, PC5 RRC message exchange and RRC connection is discussed, and has following agreement [1]
	Agreements on PC5-RRC message exchange: 

1: 
PC5-RRC connection is needed to establish SL UE context. Synchronization of SL UE context between two UEs is supported by the concept of PC5-RRC connection.


- Need for PC5-RRC state is FFS.

> Option 1: Define PC5-RRC state for unicast operation.

> Option 2: Refer to PC5-S state for unicast operation


In above agreement, it was agreed that PC5-RRC connection is needed at least for SL UE context. And one FFS point is whether to define PC5-RRC state for unicast operation or not. In this paper, PC5-RRC state issue is discussed
2. Discussion
2.1. RRC state on Uu interface
On NR Uu interface, UE has three RRC states: RRC_CONNECTED, RRC_INACTIVE, and RRC_IDLE. When there has an RRC connection, UE is either in RRC_CONNECTED state or in RRC_INACTIVE state. When there has no RRC connection, UE is in RRC_IDLE state. Under different RRC state, UE has different behavior according to [2]
Table 1 UE behaviors under different RRC state on Uu interface

	RRC_IDLE
	RRC_INACTIVE
	RRC_CONNECTED

	No RRC connection
	Has RRC connection
	Has RRC connection

	· Paging DRX

· UE controlled mobility, e.g. cell (re)selection
· Performs neighbouring cell measurements
· Monitor and receive paging message, and short messages transmitted with P-RNTI

· Request and acquires system information
	· Paging DRX

· UE controlled mobility, e.g. cell (re)selection
· Performs neighbouring cell measurements
· Monitor and receive paging message, and short messages transmitted with P-RNTI

· Request and acquires system information
	· CONNECTED mode DRX
· Network controlled mobility

· Performs neighbouring cell measurements and measurement reporting
· Monitor and receive short messages transmitted with P-RNTI

· Acquire system information

	
	· UE store Inactive AS context
· RAN notification area update


	· UE stores the AS context

	
	
	· unicast data transmission/reception
· CA / DC support
· Monitor control channels

· Provide channel quality feedback information


From above comparison table, we could see that are many UE actions under different RRC state, and RRC state design can help better management for UE actions and behaviors. And only when there has RRC connection, UE can do the data transmission and reception. Together with RRC state, there also defines state transition on Uu interface and state transitions between NR/5GC, E-UTRA/EPC and E-UTRA/5GC, as defined in [2]. The state transition is based on e.g. RRC establish/suspend/release procedure. 
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Figure 1 UE state machine and state transitions in NR, and between NR/5GC, E-UTRA/EPC and E-UTRA/5GC
2.2. PC5-RRC state
After PC5-RRC connection is agreed in last meeting, similarly, there has two scenarios on PC5: UE has PC5-RRC connection, and UE has no PC5-RRC connection. UE behaviors under two scenarios is summarized in following table
Table 2 UE behaviors on sidelink
	Has no PC5-RRC connection
	Has PC5-RRC connection

	· Mode 1 transmission, e.g. gNB scheduled transmission, SR, BSR, SL CG etc.
· Mode 2 transmission e.g. UE select resource based on sensing results or randomly selection
· Reception on all resource pool

· Support LCP, HARQ, UL/SL prioritization etc.

· Broadcast, groupcast transmission
	· Mode 1 transmission, e.g. gNB scheduled transmission, SR, BSR, SL CG etc.
· Mode 2 transmission e.g. UE select resource based on sensing results or randomly selection

· Reception on all resource pool

· Support LCP, HARQ, UL/SL prioritization etc.
· Unicast transmission

	
	· UE stores SL UE context

· PC5-RRC signalling exchange

· AS layer link management


From above table, we could see that different with RRC state on Uu interface, no matter there has PC5-RRC connection or not, UE can always transmit and receive data on sidelink e.g. with broadcast and groupcast transmission. And PC5-RRC connection is only support for unicast transmission. And define PC5-RRC state only for unicast seems not so necessary
Observation 1: Unlike on Uu interface, UE can always transmit and receive data no matter there has PC5-RRC connection or not

If PC5-RRC state is defined, UE need to maintain additional stat machines and state transition for sidelink, besides the state machine and state transition for NR and E-UTRA. This will increase UE complexity. 

Observation 2: Introduce PC5-RRC state will increase UE complexity
When there has PC5-RRC connection for unicast, the additional behavior of UE is to store SL UE context, to exchange PC5-RRC signaling, and to enable AS layer link management. All of these UE behaviors can be triggered when the PC5-RRC connection is established (no matter there has explicit establishment procedure or not), and all of these UE behaviors can be disabled when PC5-RRC connection is released. Thus UE behaviors under PC5-RRC connection can be enabled and disabled simply based on the existence of PC5-RRC connection.
Observation 3: Additional UE behaviors can be enabled and disabled simply based on the existence of PC5-RRC connection
Thus based on above discussion, we have following proposal
Proposal 1: do not introduce PC5-RRC state for NR V2X unicast transmission

3. Conclusion

In this contribution, we discuss the PC5-RRC state for NR V2X unicast transmission, and have following observations and proposal
Observation 1: Unlike on Uu interface, UE can always transmit and receive data no matter there has PC5-RRC connection or not

Observation 2: Introduce PC5-RRC state will increase UE complexity
Observation 3: Additional UE behaviors can be enabled and disabled simply based on the existence of PC5-RRC connection
Proposal 1: do not introduce PC5-RRC state for NR V2X unicast transmission
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