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1 Introduction
In the last RAN2#98 meeting, the state transition between different RRC states were discussed and the following agreement were achieved.
Agreements:
1	The RRC state transition from CONNECTED to IDLE follows one step procedure (e.g. release).
2	The RRC state transition from CONNECTED to INACTIVE follows one step procedure 
3	As a baseline, RRC state transition from INACTIVE to CONNECTED follows three-step procedure (e.g. request, response, complete). (3 steps from the Request message, i.e. not including any paging). Continue to discuss a 2 step procedure for the state transition if it can be used for all cases
4	As a baseline, network initiated RRC state transition from INACTIVE to IDLE follows INACTIVE to CONNECTED and then CONNECTED to IDLE. 
In this contribution, we discuss potential signalling overhead caused by state transition between CONNECTED and INACTIVE state when UE has frequent small data transmission and the efficient RRC connection control and provide our proposals.
2 Discussion
In the last RAN2 #98 meeting, it was concluded that The RRC state transition from CONNECTED to INACTIVE follows one step procedure. The potential solution is that gNB sends one RRC message to the UE for transiting from CONNECTED to INACTIVE and as a baseline, RRC state transition from INACTIVE to CONNECTED follows three-step procedure (e.g. request, response, complete). That means 4 RRC messages will be consumed for one state transition between CONNECTED and IDLE state.
[bookmark: _GoBack]A problem gNB faces is that gNB has no idea whether or when UE should be configured to INACTIVE state. In rel-8 LTE, it is up to eNB implementation to determine whether to release or configure UE to suspend state, e.g. based on the RRC inactive timer running in eNB. When the timer expires, eNB will release or configure the UE to suspend state. However, inactive timer-based release could bring some potential issues, e.g.
· If the inactive timer is set to a small value, UE may be transmitted to INACTIVE state when still have data to be transmitted in application layer. When the data arrives, UE will transit back again to CONNETED state. Eventually, UE will perform state transition between CONNECTED and INACTIVE frequently, and RRC signaling overhead is inevitably increased.
· If the inactive timer is set to a large value, the handover procedure will occur frequently, which also lead to handover signaling overhead.
[bookmark: OLE_LINK16][bookmark: OLE_LINK15]Observation		It is difficult for gNB to determine at which time the UE should be transited into INACTIVE state especially for the frequent small data transmission case.
Actually, in Rel-12 LTE, the similar topic was discussed for the case that UE has frequent small data transmission and how to reduce the signaling overhead caused by the frequent state transition between CONNECTED state and IDLE state and the handover procedure for high-speed mobility UE. Expected UE behavior was introduced in S1 interface to assist the eNB in determining the optimum RRC connection time. Expected UE behavior includes: {Expected Activity Period, Expected Idle Period, Source of UE Activity Behaviour Information}. Thereinto, the three IEs are defined as following.
Expected UE Activity Behaviour (abstract from TS36.413 d20)
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	[bookmark: OLE_LINK10]Expected Activity Period
	O
	
	INTEGER (1..30|40|50|60|80| 100|120|150|180| 181, ...)
	If this IE is set to "181" the expected activity time is longer than 180 seconds.
The remaining values indicate the expected activity time in [seconds].

	[bookmark: OLE_LINK11]Expected Idle Period
	O
	
	INTEGER (1..30|40|50|60|80| 100|120|150|180| 181, ...)
	If this IE is set to "181" the expected idle time is longer than 180 seconds.
The remaining values indicate the expected idle time in [seconds].

	Source of UE Activity Behaviour Information
	O
	
	ENUMERATED (subscription information, statistics, ...)
	If "subscription information" is indicated, the information contained in the Expected Activity Period IE and the Expected Idle Period IE, if present, is derived from subscription information.
If "statistics" is indicated, the information contained in the Expected Activity Period IE and the Expected Idle Period IE, if present, is derived from statistical information.


[bookmark: OLE_LINK8]Considering the similar problem between LTE state transition and NR state transition, the expected UE activity behavior can also be introduced into NR to assist the gNB in determining when to configure the UE to INACTIVE state.
[bookmark: OLE_LINK17][bookmark: OLE_LINK9]Proposal 1		The expected UE activity behavior defined in Rel-12 LTE can also be introduced into NR to assist the gNB in determining at which time to configure the UE to INACTIVE state.
Proposal 2		As baseline, the expected UE activity behavior can contain the information of Expected Activity Period, Expected Idle Period, and Source of UE Activity Behaviour Information. Additional assisted information can be FFS.
Alternatively, the above-mentioned expected UE activity behavior information is control plane mechanism, another user plane mechanism is to notify gNB the temporary end of the service and the end indication can be in-band piggybacked in the last packet of the service. Once receiving the temporary indication gNB can configure the UE to INACTIVE state.
Proposal 3		An indication can be in-band piggybacked in the last packet to notify gNB the temporary end of the service.

[bookmark: OLE_LINK22][bookmark: OLE_LINK25]
Conclusion
We discuss the issues that UE transits to INACTIVE state from CONNECTED mode
Observation		It is difficult for gNB to determine at which time the UE should be transited into INACTIVE state especially for the frequent small data transmission case.
Proposal 1		The expected UE activity behavior defined in Rel-12 LTE can also be introduced into NR to assist the gNB in determining at which time to configure the UE to INACTIVE state.
Proposal 2		As baseline, the expected UE activity behavior can contain the information of Expected Activity Period, Expected Idle Period, and Source of UE Activity Behaviour Information. Additional assisted information can be FFS.
Proposal 3		An indication can be in-band piggybacked in the last packet to notify gNB the temporary end of the service.
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