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1. Introduction

In RAN2# NR AdHoc meeting, some agreements about NR Inactive have been reached which include
	· The RRC state transition from INACTIVE to IDLE is supported. FFS for what cases this transition is supported (e.g. reject from network, other failure cases, other cases, etc).


This contribution further analyses the use cases of NR Inactive to IDLE transition and the relevant signalling procedure. These cases can be classified into 

-
RAN initiated INACTIVE to IDLE state transition

- 
Periodic RAN Notification Update Timer Expiration

-
RAN Notification failure

-
UE initiated INACTIVE state to IDLE state transition.
-
UE reselect to a cell not support Inactive or moves out of coverage
-
UE reselect to legacy RAT (3G, 2G)

-
Resumption request procedure is rejected by the network
-
Inactive State UE Receives Notification with S-TMSI

-
New PLMN is selected due to higher priority PLMN selection
2. Discussion
1.1 RAN initiated INACTIVE to IDLE state transition
Use Case 1: Periodic RAN Notification Area Update Timer Expiration
Similar to CN Periodic Tracking area Update for Idle mode UE, for Inactive State UE, there is also likely to be a periodical RAN notification area update procedure to maintain reachability between RAN and UE. 
The timer can be RAN defined UE specific. The successful case is that the UE performs a periodic RAN notification area update procedure at every timer expiry and receives a confirmation from the RAN. If the timer expires and the RAN has received no RAN notification update, the UE context shall be released in the RAN side.
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Figure 1 Periodic RAN Notification Update Timer Expiration
For the UE side, if the periodic RAN notification area update is unsuccessful (for example, due to RRC procedure failure or out of coverage), it shall transit to idle state and notify NAS about the failure.
Proposal 1: The UE and RAN shall transition from Inactive to idle state when periodic RAN notification area update procedure is considered unsuccessful.
Use Case 2: RAN Notification Failure
When downlink data comes to anchor gNB for an inactive UE, a RAN initiated notification shall be triggered. In failure case, e.g., due to UE out of coverage. after maximum notification retry attempts, the RAN notification shall be regarded as failure and the NG-CN connection of the UE shall be released.
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Figure 2 RAN Notification Failure
In order to resolve the transient state mismatch between RAN and UE and avoid any further CN paging for this case, an inactive state UE shall also monitor its S-TMSI/IMSI in the Notification.
Proposal 2: The RAN shall release the UE connection due to RAN notification failure.
1.2 UE initiated INACTIVE to IDLE state transition
Use case 3: UE reselect to a cell not support Inactive or moves out of coverage
During mobility, an inactive state UE may enter a cell that does not support the inactive feature. In this case, the UE shall transit its RRC state to IDLE mode and notify its NAS about the failure (with “RRC connection failure” or other similar cause), so as to trigger NAS-level recovery.

[image: image3.emf]UE AS Serving gNB

RRC_INACTIVE

SIB (Not support Inactive)

UE NAS

RRC Connection Failure 

RRC_IDLE

ECM-CONNECTED

ECM-IDLE

Tracking Area Update


Figure 3 UE reselect to a cell not support Inactive
Similarly, when UE is out of coverage, i.e. no suitable cell is founded as part of cell (re)selection, the UE shall also transit its inactive state to idle state.
Use case 4: UE reselect to legacy RAT (3G, 2G) 

Similar to use case 3, when an inactive UE reselect to legacy RAT, it shall internally transition its RRC state to IDLE mode and notify its NAS about the failure (with “RRC connection failure” or other similar cause), so as to trigger NAS-level recovery.
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Figure 4 UE reselect to legacy RAT
Use case 5:  Resumption request procedure is rejected by the network
When UE needs to resume RRC connection (for MO data request, MT Paging or RAN notification area update,etc), it shall initial RRC resume request with resume id with expectation to receive RRC resume from network. 
In some cases, the network will reject the RRC resume request, e.g., due to network high load situation, network access control restriction or no UE resumed ID found. The resumption reject will be sent to UE from network. In this case, UE will notify its NAS about the resume failure, and transit its state to IDLE.
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Figure 5  Resumption request procedure is rejected by the network
Use case 6:  Inactive State UE Receives Notification with S-TMSI/IMSI
If an Inactive state UE receives a notification with S-TMSI/IMSI, it means the page was initiated by the CN, i.e., the network state for the UE is considered to be IDLE mode and the RAN has transitioned the UE to IDLE mode while the UE is still in inactive state. For example, due to one of the cases in section 2.1 above.
In case UE receives a CN notification, the UE shall transit to idle state and then respond to the CN notification as normal Idle mode paging response.
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Figure 6 Inactive State UE Receives Notification with S-TMSI
Use case 7:  New PLMN is selected due to higher priority PLMN selection
RAN2 has agreed that Inactive state UE shall support PLMN selection. For AS layer, it means it shall support high priority PLMN search in inactive mode, when high priority PLMN is found, the AS shall notify NAS about the PLMN availability. From NAS point of view, it means shall initiate PLMN selection in ECM connected mode.
In order to reselect to the new PLMN, when NAS determines to re-select to new available high priority PLMN, the NAS shall trigger the disconnection of RRC connection and then proceed with normative idle mode cell selection in the new PLMN.
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Figure 7  High priority PLMN selection triggered RRC connection disconnection
Proposal 3: The UE shall initiate the Inactive to idle state transition procedure in the following cases
-     When the UE reselects to a cell not supporting Inactive feature or moves out of coverage

-     When the UE reselect to legacy RAT (3G, 2G)

-     When the resumption request procedure is rejected by the network

-     When the UE receives a CN page with S-TMSI while in Inactive State

-     When a new PLMN is selected due to higher priority PLMN selection 

3. Conclusion

Proposal 1: The UE and RAN shall transition from Inactive to idle state when periodic RAN notification area update procedure is considered unsuccessful.
Proposal 2: The RAN shall release the UE connection due to RAN notification failure.

Proposal 3: The UE shall initiate the Inactive to idle state transition procedure in the following cases
-     When the UE reselects to a cell not supporting Inactive feature or moves out of coverage

-     When the UE reselect to legacy RAT (3G, 2G)

-     When the resumption request procedure is rejected by the network

-     When the UE receives a CN page while in Inactive State

-     When a new PLMN is selected due to higher priority PLMN selection 
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