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1 Introduction
During the last RAN2#95bis and RAN2#95 meetings, there were some agreements achieved on RRC_INACTIVE state. 
· Modelling will be concluded when functionality is understood (maybe in WI phase). For the scope of the study we will refer to RRC_INACTIVE.
· A UE and at least 1 gNB should keep the AS context information in the RRC_INACTIVE state.
· Limit number of radio network identifiers
· In the RRC_INACTIVE state, a UE location can be known at the RAN based area level where that area may be a single cell or more than one cell. Area is determined by the network.
· At least one RRC state for low activity should meet the NR control plane latency requirement and must be capable of achieving a comparable power efficiency to that of LTE’s IDLE state
· One UE has only one NR RRC state at one time

· The connection (both CP and UP) between RAN and Core should be maintained in the “new state”
Further the following agreement was achieved in RAN3#93 meeting:

· In the inactive mode, the UE context is stored in RAN and UP data is buffered in RAN.

In this contribution, we will mainly focus on the potential state transition mechanisms among idle, RRC_INACTIVE and active states, including the trigger for transition and possible UE and network behaviours and some proposals will be presented.
2 Discussion
2.1 State characteristics
RAN2 has discussed to introduce a new state named “RRC_INACTIVE”. Although the modelling for RRC_INACTIVE will not be concluded before functionality is understood (maybe in WI phase), we may briefly make a small summary of current three states. In the following table, characteristics on RRC connection and data transmission are listed among the idle state, the RRC_INACTIVE state and the active state [1].
Table 1: Characteristics among idle, RRC_INACTIVE and active states
	idle
	RRC_INACTIVE
	active

	No RRC context stored in the eNB
	RRC context stored in RAN
	UE has an RRC connection

	No CN connection
	CN connection is maintained


	CN connection is maintained



	TA update (periodic and event-triggered)
	RAN-based area update (periodic and event-triggered)
	Handover signalling.

	No resource for UL data transmission.

UL data transmission requires RA procedure and RRC connection establishment procedure
	FFS.

Possibly shared resource to support directly UL small data transmission
	Network can receive data from UE

	No resource for DL data transmission.

Paging and initial access is required before DL data transmission
	FFS.

RAN “paging-like” message or direct DL data reception depending on solution.
	Network can transmit data to UE


2.2 State transitions
In the last RAN2 meeting, there were quantities of papers on the state transition among the three states in NR [2] [3] [4]. In this section, we will present our considerations on possible state machine based on the aforementioned state characteristic table.
State transition between Idle and Active
For state transition between idle and active, it is possible to take the mechanism in LTE as a baseline. The following triggers can be considered:

· Periodical TAU timer expires or TA changes

· MO data comes

· Responds to paging due to MT data

If any of the above triggers occurs, UE in idle should initiate RRC Connection Establishment Request kind of procedure for state transition to active state in NR. If the network permits the request, it will configure the UE into active state via corresponding response. 
UE in active state will be informed of the information via RRC connection release kind of message. The network can make the decision to move a UE to Idle based on timers or other strategies. 
State transition between RRC_INACTIVE and Idle
RRC_INACTIVE is a network controlled state with established UE and AS contexts and ongoing data flows with temporary inactivity. If the network would decide to move the UE to Idle it would use a normal RRC connection release kind of procedure, which would be required to be performed in active state. 

One reason remains for such a transition and that is due to RLF with re-establishment via Idle.
It is a shared understanding that idle UE should not be supported to directly transit to RRC_INACTIVE from state transition design purpose. For idle UE, there is no CN connection and no AS context. To be in RRC_INACTIVE, idle UE will first perform initial procedures to establishment the above connections, which actually enters active state first. 
State transition between RRC_INACTIVE and Active 

RAN2 has agreed that the connection (both CP and UP) between RAN and CN should be maintained in the “new state” and that at least 1 gNB should keep the AS context information in the RRC_INACTIVE state. In addition, RAN3 also agreed that UP data is buffered in RAN for UE in RRC_INACTIVE state. From NG CN perspective, RRC_INACTIVE state means the UE is reachable. It is reasonable for NG CN to treat the RRC_INACTIVE state as EMM-CONNECTED. In another word, state transition between RRC_INACTIVE and active mode in RAN should be transparent to NG Core.

Proposal 1: State transition between RRC_INACTIVE and active should be transparent to NR CN.
Direct small data transmission/ reception for UE in RRC_INACTIVE state without state transition to active is FFS in RAN2. Taking the possibility of that into consideration, there will be several cases to trigger RRC_INACTIVE to active transition, e.g.:

·  Periodical RAN-base area update timer expires, or UE moves out of the former RAN-base area

· UL data to be transmitted exceeds some buffer size
As discussed in [3], data transmission in RRC_INACTIVE will be less efficient than normal transmission in RRC_CONNECTED, it is mostly suitable when the data volume is small. The UE could be configured with a trigger on buffer size to move to RRC_CONNECTED, or it could be decided by the network based on the reported BSR.
Based on the above discussion, we would like to make a state transition diagram.
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Network decision


Proposal 2: Five kinds of state transitions should be supported in NR: idle to active, active to idle, RRC_INACTIVE to idle, RRC_INACTIVE to active and active to RRC_INACTIVE.
Proposal 3: The UE state transition diagram should be captured in the TR. 
3 Conclusion

In this contribution, we investigated the RAN controlled state in NR and have the following proposals and observations. 
Proposal 1: State transition between RRC_INACTIVE and active should be transparent to NR CN.
Proposal 2: Five kinds of state transitions should be supported in NR: idle to active, active to idle, RRC_INACTIVE to idle, RRC_INACTIVE to active and active to RRC_INACTIVE.

Proposal 3: The UE state transition diagram should be captured in the TR.
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