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[bookmark: _GoBack]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.

1. RAN based notification area is UE-specific and configurable by the gNB via dedicated signalling
2 There will be a unique global Cell ID broadcast in system information of NR Cell.

1	For the inactive state there will be a way to configure the UE with a RAN based notification area that is smaller than a TA.
2	A RAN notification area can cover a single cell or multiple cells

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 periodic RAN area updates in RRC_INACTIVE.
[bookmark: _Ref178064866]Discussion
In LTE, a UE in RRC_IDLE performs periodic TAU when the TA update timer (T3412) expires in order for the CN to ascertain the UE location on a Tracking Area level and to check if UE is still attached to the network. For instance, if a UE is turned off, the absence of a periodic TAU can indicate to the CN that the UE is no longer inside the attached and that the network context can be removed. In RRC_CONNECTED, there is no need to perform the periodic TAU as the network knows the UE location on a cell level and it is the responsibility of the RAN layer to ensure UE is still connected.
For RRC_INACTIVE, the motivation to perform periodic area updates remain the same as for periodic TAUs in RRC_IDLE, i.e. the network need to be able to ascertain that a UE has not disappeared from the network, without informing the network (e.g. power off).
[bookmark: _Toc472673714][bookmark: _Toc472674269][bookmark: _Toc473031635][bookmark: _Toc473041184][bookmark: _Toc473041324][bookmark: _Toc473098995][bookmark: _Toc473099304][bookmark: _Toc473099478][bookmark: _Toc473099736][bookmark: _Toc473101036][bookmark: _Toc473101317][bookmark: _Toc473101604][bookmark: _Toc473101622][bookmark: _Toc473555166][bookmark: _Toc473711017][bookmark: _Toc473712399][bookmark: _Toc473712410][bookmark: _Toc473712421][bookmark: _Toc473880614][bookmark: _Toc473888874]There is a need to have a periodic area update procedure in RRC_INACTIVE similar to periodic TAU in RRC_IDLE.
The question then remains if the UE should perform periodic TAU, RAN area updates, or both.
As the periodic area updates are mainly intended to inform the network that the UE remain in the same area as before, this signalling should be performed as lightweight as possible. If a periodic TAU is performed from RRC_INACTIVE, the UE would have to enter RRC_CONNECTED to transmit the NAS message “TAU Request” and await the NAS message “TAU Accept” from the CN before it can return to RRC_INACTIVE [1]. On the other hand, a successful periodic RAN area update would consist of a RRCConnectionResumeRequest message with e.g. a causeValue “ranNotificationAreaUpdateRequest” [2]. If the periodic RAN area update is performed in same gNB as the UE were suspended in, the UE context is already available in the gNB and the UE can directly be suspended to RRC_INACTIVE. The RRCConnectionSuspend message from the gNB will contain a new resumeId, a “ranAreaInformation” (e.g. a cell list, or an indication to use the old RAN area, or an indication to only use the TA-list as RAN area), as well as the Next Hop Chaining Counter (NCC). The new Resume ID will indicate the updated UE context, the RAN area information will ensure that the UE maintain an up-to-date RAN area, while the NCC ensure that the UE can resume the connection with encryption enabled already in message three, even in a different gNB.
[image: H:\NSA\RAN2 contributions\RAN2#97\RAN area update figures\periodic RAU - no context fetch.png]
Figure 1. Periodic RAN area update in old gNB.
[bookmark: _Toc473041185][bookmark: _Toc473041325][bookmark: _Toc473098996][bookmark: _Toc473099305][bookmark: _Toc473099479][bookmark: _Toc473099737][bookmark: _Toc473101037][bookmark: _Toc473101318][bookmark: _Toc473101605][bookmark: _Toc473101623][bookmark: _Toc473555167][bookmark: _Toc473711018][bookmark: _Toc473712400][bookmark: _Toc473712411][bookmark: _Toc473712422][bookmark: _Toc473880615][bookmark: _Toc473888875]A UE performing periodic RAN area update in the old gNB can directly be re-suspended to RRC_INACTIVE without the need to relocate the UE context.
[bookmark: _Toc473711020][bookmark: _Toc473712402][bookmark: _Toc473712413][bookmark: _Toc473712424][bookmark: _Toc473880616][bookmark: _Toc473888876]A UE performing periodic RAN area update transmit a RRCConnection ResumeRequest with a resumeId and a causeValue “ranNotificationAreaUpdate Request” when the RAN area update timer expires.
[bookmark: _Toc473711021][bookmark: _Toc473712403][bookmark: _Toc473712414][bookmark: _Toc473712425][bookmark: _Toc473880617][bookmark: _Toc473888877]The RAN area is updated with the RRCConnectionSuspend message which contain a new resumeId, a ranAreaInformation, and the NCC.
If the UE resumes the connection in another gNB inside the RAN area, the UE context would be fetched from the old gNB using similar procedure as for RAN area updates based on mobility described in [2].
In addition, the RAN can decide to release the UE to RRC_IDLE during the periodic RAN area update, e.g. if it has performed multiple periodic RAN area updates within the same area without any UP activity. If the UE resumes the connection in the old gNB, the RAN would respond to the RRCConnectionResumeRequest with a RRCConnectionRelease as can be seen in Figure 2. When the RAN releases the UE context, it may be necessary to inform the CN so that the it can release the CN context and/or the UE context stored in another gNB.
[image: H:\NSA\RAN2 contributions\RAN2#97\RAN area update figures\periodic RAU - release.png]
[bookmark: _Ref473099009]Figure 2. Periodic RAN area update with context release.
[bookmark: _Toc473099307][bookmark: _Toc473099481][bookmark: _Toc473099739][bookmark: _Toc473101039][bookmark: _Toc473101320][bookmark: _Toc473101608][bookmark: _Toc473101626][bookmark: _Toc473555171][bookmark: _Toc473711024][bookmark: _Toc473712406][bookmark: _Toc473712417][bookmark: _Toc473712428][bookmark: _Toc473880618][bookmark: _Toc473888879]If the UE resumes the connection in the old gNB, the RAN can respond to a periodic RAN area update with a RRCConnectionRelease to release the UE to RRC_IDLE.
The periodic TA update timer (T3412) is set by the CN and has a default value of 54 minutes in LTE [3]. However, in some cases as the RAN may want to have a different periodicity of the periodic location update than the periodic TAU. Therefore, the RAN should be able to configure an independent timer for the RAN area updates.
[bookmark: _Toc471905287][bookmark: _Toc471906580][bookmark: _Toc471906742][bookmark: _Toc471906756][bookmark: _Toc472067045][bookmark: _Toc472067634][bookmark: _Toc472069795][bookmark: _Toc472513595][bookmark: _Toc472523230][bookmark: _Toc472673721][bookmark: _Toc472674276][bookmark: _Toc473031637][bookmark: _Toc473041188][bookmark: _Toc473041328][bookmark: _Toc473099000][bookmark: _Toc473099310][bookmark: _Toc473099484][bookmark: _Toc473099740][bookmark: _Toc473101040][bookmark: _Toc473101321][bookmark: _Toc473101609][bookmark: _Toc473101627][bookmark: _Toc473555172][bookmark: _Toc473711025][bookmark: _Toc473712407][bookmark: _Toc473712418][bookmark: _Toc473712429][bookmark: _Toc473880619][bookmark: _Toc473888880]A new periodic RAN area update timer should be introduced.
If the periodic RAN area update fails, e.g. if the UE context cannot be retrieved, the RAN can decide to respond with a or RRCConnectionSetup to transition the UE to RRC_CONNECTED so that the CN is also updated as can be seen in Figure 3. Updating the CN is important in case the CN thinks the UE is in RRC_IDLE and has started the periodic TAU timer. 
[image: H:\NSA\RAN2 contributions\RAN2#97\RAN area update figures\periodic RAU - context fetch fail - setup.png]
[bookmark: _Ref473099357]Figure 3. Periodic RAN area update with rebuilding of UE context at failed UE context retrieval.
[bookmark: _Toc473098998][bookmark: _Toc473099308][bookmark: _Toc473099483][bookmark: _Toc473099742][bookmark: _Toc473101041][bookmark: _Toc473101322][bookmark: _Toc473101610][bookmark: _Toc473101628][bookmark: _Toc473555173][bookmark: _Toc473711026][bookmark: _Toc473712408][bookmark: _Toc473712419][bookmark: _Toc473712430][bookmark: _Toc473880620][bookmark: _Toc473888881]If a UE in RRC_INACTIVE perform a periodic RAN area update and the UE context retrieval fails, the network shall rebuild the UE context and then suspend the UE to RRC_INACTIVE or release the UE to RRC_IDLE.
As the RAN area update can be more lightweight than the TAU, a UE should only perform periodic RAN area updates in RRC_INACTIVE. 
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Conclusion
In section 2 we made the following observations:
Observation 1	There is a need to have a periodic area update procedure in RRC_INACTIVE similar to periodic TAU in RRC_IDLE.
Observation 2	A UE performing periodic RAN area update in the old gNB can directly be re-suspended to RRC_INACTIVE without the need to relocate the UE context.

Based on the discussion in section 2 we propose the following:
Proposal 1	A UE performing periodic RAN area update transmit a RRCConnection ResumeRequest with a resumeId and a causeValue “ranNotificationAreaUpdate Request” when the RAN area update timer expires.
Proposal 2	The RAN area is updated with the RRCConnectionSuspend message which contain a new resumeId, a ranAreaInformation, and the NCC.
Proposal 3	If the UE resumes the connection in the old gNB, the RAN can respond to a periodic RAN area update with a RRCConnectionRelease to release the UE to RRC_IDLE.
Proposal 4	A new periodic RAN area update timer should be introduced.
Proposal 5	If a UE in RRC_INACTIVE perform a periodic RAN area update and the UE context retrieval fails, the network shall rebuild the UE context and then suspend the UE to RRC_INACTIVE or release the UE to RRC_IDLE.
Proposal 6	A UE in RRC_INACTIVE should perform periodic RAN area update, but should not perform periodic Tracking Area updates.
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