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Introduction
During RAN2#96, location updated for RRC_INACTIVE UEs 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 progress the discussion on how the UE should perform the CN Tracking Area Updates in RRC_INACTIVE.
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In LTE a UE performs a TAU triggered by mobility e.g. when the UE upon performing cell reselection, detects a tracking area that is not in the list of tracking areas that the UE previously registered in the MME [1].
The TAU procedure is then triggered by the NAS layer in the UE, and begin with the transmission of a “TAU request” message from the NAS layer in the UE to the MME. In RRC_IDLE, the UE must first connect to the RAN before it can transmit the NAS message to the MME, which is done with a RRCConnectionRequest message with a causeValue equal to “mo-Signalling”. This will trigger a temporary RRC connection to be setup. In most cases, the UE or the network has no data to send, meaning that the network will move the UE to RRC_IDLE as soon as possible. When the CN is finished with the TAU, it releases the CN/RAN connection which triggers the eNB to send a RRCConnectionRelease message after the “TAU Accept” NAS message has been sent to the UE. In case the UE has UL data to send in conjunction with the TAU, the “TAU Request” NAS message will have a flag indicating this. Similarly, if the network has DL data or control signalling waiting for the UE the CN can trigger a UE context setup in the RAN so that the RAN can establish security and data radio bearers towards the UE. 
Figure 1 shows a possible Tracking Area Update procedure in RRC_IDLE for a UE in NR, based on TAU procedure from LTE.
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[bookmark: _Ref472519140][bookmark: _Ref473880578][bookmark: _Ref473880574]Figure 1. Tracking Area Update by a UE in RRC_IDLE.
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For a UE in RRC_INACTIVE, it has been agreed that the UE will also perform TAUs when entering a new TA (i.e. which is not part of the UE registered TA-list) and that should be performed using RRC signalling. Hence, to send the TAU to the 5G-CN, the UE should submit the message to its AS layer. When the RRC layer in a UE in RRC_INACTIVE receives the NAS “TAU request” message, it will need to connect to the network and that should be done using a RRCConnectionResumeRequest message [2].
As LTE, in most of the cases, there will be no data transmission / reception and the network should not keep the UE in RRC_CONNECTED. Hence, to allow that, the RRCConnectionResumeRequest should indicate to the RAN that this message was triggered due to a NAS request.
To indicate that the resumption is only for NAS signalling, a cause value corresponding to “mo-Signalling” should be set in the RRCConnectionResumeRequest message. 
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If the network can retrieve the UE AS context, it can respond with a RRCConnectionResume message and the UE will send the “TAU Request” piggybacked in the RRCConnectionResumeComplete message. As the CN/RAN connection is maintained in RRC_INACTIVE, it will first have to be relocated before the NAS message can be forwarded to the CN. And when the CN is finished with the TAU, it sends a “TAU Accept” NAS message to the UE as can be seen in Figure 2.
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[bookmark: _Ref472520310]Figure 2. Tracking Area Update by a UE in RRC_INACTIVE
[bookmark: _GoBack]As the UE performs TAU in RRC_INACTIVE when it detects that it enters a new (unregistered) Tracking Area, the UE Context retrieval may fail occasionally. For instance, if a UE with long DRX cycles moves far away from the source gNB, there may not be a Xn connection between the target and the source gNB. In either case, the TAU procedure from RRC_INACTIVE must be able to handle the case when the stored UE context cannot be retrieved.
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To handle this error case, the gNB could respond to the RRCConnectionResumeRequest message with a RRCConnectionSetup message, which will rebuild the AS context in the UE and in the gNB [2]. The UE can then transmit the NAS message “TAU Request” in the RRCConnectionSetupComplete message as is seen in Figure 3. Since the gNB failure to retrieve the UE context from the old gNB may be due to a lack of Xn connection between the gNBs, the CN should ensure that the old gNB has released the UE context.
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[bookmark: _Toc473882106][bookmark: _Toc473888788][bookmark: _Toc477936783][bookmark: _Toc477936787][bookmark: _Toc478131582][bookmark: _Toc478141637][bookmark: _Toc478143934][bookmark: _Toc481745432][bookmark: _Toc481762229]Even if the target gNB fails to retrieve the UE context, the CN may ensure that the source gNB does not retain an outdated UE context.
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[bookmark: _Ref473028858]Figure 3. Tracking Area Update by a UE in RRC_INACTIVE with failed UE Context retrieval.
As can be noted from Figure 2 and Figure 3, once the CN is finished with the TAU and has transmitted the “TAU Accept” NAS message to the UE, the gNB has to await the expiration of an inactivity timer before it can suspend the UE again. This is because the NAS messages are transparent to the RAN and since the CN/RAN connection is kept, neither the AS in the gNB nor in the UE will be aware that the CN is finished with the TAU.
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When the UE is suspended to RRC_INACTIVE, the RRCConnectionSuspend message include the ranAreaInformation and the NCC. The ranAreaInformation, indicate the new RAN area for the UE, which may be a list of cells to add/remove, or an indication to use the old RAN area, or to only use the TA-list as RAN area. The NCC is included in order to be able to integrity protect and encrypt Msg.3 when the UE resumes the connection next time, even if it is resumed in a different gNB.
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Conclusion
In section 2 we made the following observations:
Observation 1	A UE in RRC_IDLE performing a CN TAU with no data to send or receive will return quickly to RRC_IDLE as the CN releases the CN/RAN connection when finished with the TAU.
Observation 2	Even if the target gNB fails to retrieve the UE context, the CN may ensure that the source gNB does not retain an outdated UE context.
Observation 3	The AS cannot infer completion of the TAU in the CN by the release of the CN/RAN connection

Based on the discussion in section 2 we propose the following:
Proposal 1	Tracking area updates from RRC_INACTIVE should be performed using RRCConnectionResumeRequest set a cause value corresponding to mo-Signalling.
Proposal 2	Tracking Area Updates from RRC_INACTIVE must be possible, even if the stored RRC context cannot be retrieved and the RRC connection resumed.
Proposal 3	If the UE context cannot be retrieved during a Tracking Area Update in RRC_INACTIVE, the gnB can respond to the RRCConnectionResumeRequest with a RRCConnectionSetup to create a new UE context.
Proposal 4	RAN2 should discuss if using inactivity timer is sufficient to decide on when to suspend the UE to RRC_INACTIVE after a TAU.
Proposal 5	When a UE is suspended after a TAU, the RRCConnectionSuspend message include a new resumeId, an updated RAN area and NCC.
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