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Introduction
During RAN2#96, the RAN based notification area was discussed and it was agreed that:
1.	RAN2 assumes that UE performs CN level location update when crossing a TA boundary when in inactive (in addition to RAN updates based on RAN areas). 
2. There will be NG Core/CN Location Area code (similar to Tracking Area code) broadcast in system information of an NR Cell.

In addition, during RAN2-NR#1, it was agreed that:
Agreements:
1	RAN2 understanding is that the UE will perform RRC signalling in order to perform a CN update whenever it leaves its registered TA (as a consequence of the RRC signalling the RAN is aware of the UE's location)
2	Support option 2 (cell list) and/or option 3 (RAN id) (FFS which one or both)

In this contribution, we discuss how the UE will perform the RAN area updates and CN Tracking area updates.
[bookmark: _Ref178064866]Discussion
In addition to the CN tracking areas, it is agreed that a UE in RRC_INACTIVE can be tracked on a “RAN based notification area” (called “RAN area” herein) wherein the UE can move freely without notifying the network. Once the UE moves outside the RAN area, it will perform a RAN area update.
As the RAN areas are only applicable to UEs in RRC_INACTIVE, it is proposed that the RAN area updates should be performed with the RRCConnectionResumeRequest message (e.g. the message used to transition from RRC_INACTIVE to RRC_CONNECTED) with a causeValue equal to e.g. “ranNotificationAreaUpdateRequest”. The motivation for using this message is that there may be DL data waiting so the network should have the possibility to order the UE to RRC_CONNECTED (and complete the “resume” procedure).
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Figure 1. RAN Notification Area update by a UE in RRC_INACTIVE
When the network receives the RRCConnectionResumeRequest message, if it finds the UE context, it can relocate the UE context and the CN/RAN connection and then directly suspend the UE with an updated RAN notification Area using the RRCConnectionSuspend message. If there are DL data for the UE at this point, the network can respond with a RRCConnectionResume message transitioning the UE to RRC_CONNECTED. If there is no UL or DL data, the UE should return to RRC_INACTIVE as soon as possible. The UE need to be given a new resumeId when it is suspended to RRC_INACTIVE in order to indicate the new location of the UE context. The UE specific RAN area will be updated with the ranAreaInformation included in the RRCConnectionSuspend message. The ranAreaInformation could either indicate the entire new RAN area using a list of cells, or use delta-signalling to inform which cells should be added/removed from the RAN area. In addition, the ranAreaInformation could also indicate whether the UE should use its old RAN area, or if the RAN area should consist of the UE’s TAI-list.
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[bookmark: _Toc473885137][bookmark: _Toc473885143][bookmark: _Toc473885251]The UE is given a new resumeId every time it is suspended to RRC_INACTIVE.
[bookmark: _Toc473712134][bookmark: _Toc473729569][bookmark: _Toc473885032][bookmark: _Toc473885138][bookmark: _Toc473885144][bookmark: _Toc473885252]The RAN area is updated with the ranAreaInformation in the RRCConnectionSuspend message. The ranAreaInformation could indicate the full cell list of the new RAN area, or use delta-signalling to indicate which cells to add/remove from the RAN area. The ranAreaInformation could also indicate if the UE should use its old RAN area, or if the RAN area should consist of the UE’s registered TAI-list.
[bookmark: _Toc473039160][bookmark: _Toc473553959][bookmark: _Toc473556030][bookmark: _Toc473638385][bookmark: _Toc473712131][bookmark: _Toc473729566][bookmark: _Toc473885029][bookmark: _Toc473885134][bookmark: _Toc473885248]If UP data arrives at the same time as the RAN area update, the UE should transition to RRC_CONNECTED instead of performing the RAN area update.
Since the UE may be assigned with a new RAN area and a new Resume ID when the connection is suspended it is important that the RRCConnectionSuspend message can be encrypted and integrity protected. In LTE, this is achieved by providing the UE with the Next Hop Chaining Counter (NCC) in the RRCConnectionSetup message and transition into RRC_CONNECTED where security is enabled. In order to optimize the RAN area update procedure, and allow the UE to be directly suspended to RRC_INACTIVE as a response to the RRCConnectionResumeRequest, it is necessary that the UE has already derived the encryption keys at MSG3. This can be achieved by providing the UE with the NCC already in the RRCConnectionSuspend message [1]. This will also allow for integrity protection of the RRCConnectionResumeRequest.
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In addition, as is proposed in [1], there could be cases where the RAN cannot retrieve the old UE context, e.g. if it is lost or discarded, or resides in a gNB from which it cannot fetch the context. In this case it will not be possible to complete the RAN area update without first re-building the RAN context.
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In that case, when the UE transmit the RRCConnectionResumeRequest message, the RAN can respond with a RRCConnectionSetup which will trigger the UE to initiate NAS level procedure causing the CN to rebuild the UE context in the RAN. Since the RAN is aware that the UE wanted to perform a RAN notification area update, and that there is no UL or DL data available, it can quickly re-suspend the UE to RRC_INACTIVE once the AS context has been rebuilt as can be seen in Figure 2.
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[bookmark: _Ref472522959]Figure 2. RAN Notification Area update by a UE in RRC_INACTIVE with failed UE context retrieval.
If the RAN decides that the UE should not be re-suspended to RRC_INACTIVE after the RAN Notification Area Update, it can respond with a RRCConnectionReject which will cause the UE to transition to RRC_IDLE. Additional signalling maybe needed on the network side to trigger the removal of the RAN context.
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Conclusion
In section 2 we made the following observations:
Observation 1	If UP data arrives at the same time as the RAN area update, the UE should transition to RRC_CONNECTED instead of performing the RAN area update.
Observation 2	A UE in RRC_INACTIVE, for which the RAN cannot retrieve the UE context cannot directly be suspended back to RRC_INACTIVE after a RAN area update.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN area updates should be performed using RRCConnectionResumeRequest with causeValue “ranNotificationAreaUpdateRequest” and responded with RRCConnectionSuspend if there is no UP data and the UE context can be retrieved.
Proposal 2	The UE is given a new resumeId every time it is suspended to RRC_INACTIVE.
Proposal 3	The RAN area is updated with the ranAreaInformation in the RRCConnectionSuspend message. The ranAreaInformation could indicate the full cell list of the new RAN area, or use delta-signalling to indicate which cells to add/remove from the RAN area. The ranAreaInformation could also indicate if the UE should use its old RAN area, or if the RAN area should consist of the UE’s registered TAI-list.
Proposal 4	Next Hop Chaining Counter should be included in RRCConnectionSuspend in order to provide encryption for the next time the UE performs a RAN area update.
Proposal 5	If the RAN cannot retrieve the old AS context, when the UE performs a RAN area update, the RAN can respond with RRCConnectionSetup to initiate NAS level procedure causing the CN to rebuild the UE context in the RAN When the new context is built, the RAN can suspend the UE to RRC_INACTIVE.
Proposal 6	If the RAN decides to release the UE to RRC_IDLE, it can respond to the RRCConnectionResumeRequest for RAN area update from the UE with a RRCConnectionReject. The RAN must ensure that the UE context is released from the RAN.
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