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Introduction
This is an updated version of R2-1702812.
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)

As discussed in different contributions, it is quite clear that RRC_INACTIVE has many similarities compared to LTE Light Connection, in the sense both solutions try to solve similar problems. Hence, it seems very natural to highlight agreements made in the LTE Light Connection. During RAN2#97 it was agreed that for LTE Light Connection:
Agreements
8	To also enable the following resume cause values to be used by a UE in light connection:
		1) A new value (e.g. ranAreaUpdate) for the UE to indicate the access due to a paging area update (PAU) procedure. The value is added in Msg 3.

Agreement

1	Similar as Rel-13, RRCConnectionSetup can be sent in response to RRCConnectionResumeRequest in Light Connection.


In this contribution, we discuss how the UE will perform the RAN area updates when entering a new RAN area.
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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 should 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 (i.e. the same message used to transition the UE from RRC_INACTIVE to RRC_CONNECTED) with a causeValue equal to e.g. “ranAreaUpdate” similar to what has been agreed for LTE Light Connection. The motivation for using this message is that there may be DL data waiting for the UE so the network should have the possibility to order the UE to RRC_CONNECTED (and complete the “resume” procedure).
[bookmark: _Toc478127816][bookmark: _Toc478128200][bookmark: _Toc478142751][bookmark: _Toc478142968][bookmark: _Toc478144031][bookmark: _Toc481762462][bookmark: _Toc481762617]The RAN area update should be performed using the RRCConnectionResumeRequest message with a causeValue equal to e.g. ranAreaUpdate as it is done in LTE Light Connection.
However, the resume procedure in LTE is far from optimized as it requires the UE to fully enter RRC_CONNECTED even when it simply should perform a RAN area update (i.e. there is no data transmissions), as can be seen in Figure 1. When the UE sends the RRCConnectionResumeRequest, it includes the shortResumeMAC-I in order integrity protect the message. The target eNB can use the resumeID to locate the source eNB and the UE Context and can then resume the UEs RRC connection. By including the nextHopChainingCounter (NCC) in the RRCConnectionResume message, the UE is able to derive new keys to encrypt and integrity protect the RRCConnectionResumeComplete message to the target eNB. It is only after the target eNB receives the RRCConnectionResumeComplete message that it can verify that the UE is in fact the correct UE in order to switch the CN/RAN connection and delete the old context. Once the CN/RAN connection has been relocated, the UE can be released again to RRC Light Connection. 
Since in LTE, it not possible to verify the UE identity before the network has received the RRCConnectionResumeComplete message, the UE has to enter RRC_CONNECTED even to perform a RAN area update.
[bookmark: _Toc478142961][bookmark: _Toc477331159][bookmark: _Toc477331170][bookmark: _Toc477331181][bookmark: _Toc477331192][bookmark: _Toc477937086][bookmark: _Toc477937089][bookmark: _Toc477937092][bookmark: _Toc477937095][bookmark: _Toc477937098][bookmark: _Toc478127826][bookmark: _Toc478128197][bookmark: _Toc478142748][bookmark: _Toc478142962][bookmark: _Toc478144028][bookmark: _Toc481762459][bookmark: _Toc481762614]For LTE RRC Light Connection, a UE performing RAN area update has to enter RRC_CONNECTED as it is not possible to verify the UE identity otherwise.
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[bookmark: _Ref477252549]Figure 1. RAN Paging Area update by a UE in LTE Rel-14 Light Connection. As it can be seen, the UE is required to enter RRC_CONNECTED to simply perform a control signalling procedure.
In RAN2, during the NR study item, there has been extensive discussions on small data transmission in RRC_INACTIVE where one of the arguments from companies was that the UE should be able to transmit small data in RRC_INACTIVE due to more power consuming procedures when the UE enters RRC_CONNECTED, which would in that case only be needed for short time (in order to transmit small amount of data). Therefore, there is a need to optimize the RAN area update procedure to efficiently return the UE to RRC_INACTIVE when it has triggered a RAN area update i.e. without the need to move the UE to RRC_CONNECTED. 
[bookmark: _Toc478127817][bookmark: _Toc478128201][bookmark: _Toc478142752][bookmark: _Toc478142969][bookmark: _Toc478144032][bookmark: _Toc481762463][bookmark: _Toc481762618]The RAN area update procedure should be optimized so that the UE can quickly return to RRC_INACTIVE.
When the UE performs the RAN area update due to mobility, one of the purposes of the procedure is to provide the UE with a new (or an updated) RAN area. If the solution should have at least the same security as the LTE Light Connection procedure, the message configuring the new RAN area has to be encrypted and integrity protected.
[bookmark: _Toc477331162][bookmark: _Toc477331173][bookmark: _Toc477331184][bookmark: _Toc477331195][bookmark: _Toc477937101][bookmark: _Toc477937108][bookmark: _Toc478127818][bookmark: _Toc478128202][bookmark: _Toc478142753][bookmark: _Toc478142970][bookmark: _Toc478144033][bookmark: _Toc481762464][bookmark: _Toc481762619]The RAN area update procedure should have at least the same security as in LTE and the message configuring the RAN area (e.g. RRCConnectionSuspend) must be encrypted and integrity protected.
To enable the encryption of the RRCConnectionSuspend message, the UE should derive new keys, based on the NCC and the target cell ID. In LTE Light Connection, the NCC is provided in RRCConnectionResume and the UE verification can only be performed after the RRCConnectionResumeComplete message.
For NR RRC_INACTIVE, it has been proposed to include NCC in the message transitioning the UE from RRC_CONNECTED to RRC_INACTIVE (e.g. RRCConnectionSuspend) [1]. This will enable the UE to derive new keys before transmitting the RRCConnectionResumeRequest message. If this message is integrity protected using the full MAC-I, it will also be possible to authenticate the UE identity already when the UE Context has been fetched from the old gNB. In turn, as the UE is already using the new keys, the network can respond with encrypted an integrity protected messages. If the UE indicates in the Resume request message that the resumption is due to a RAN area update (e.g. including a causeValue equal to ranAreaUpdate) the network can directly suspend the UE to RRC_INACTIVE, and include a new RAN area and Resume ID in the RRCConnectionSuspend message if there is no data waiting in the network as is shown in Figure 2. 
[bookmark: _Toc477331163][bookmark: _Toc477331174][bookmark: _Toc477331185][bookmark: _Toc477331196][bookmark: _Toc477937102][bookmark: _Toc477937109][bookmark: _Toc478127819][bookmark: _Toc478128203][bookmark: _Toc478142754][bookmark: _Toc478142971][bookmark: _Toc478144034][bookmark: _Toc481762465][bookmark: _Toc481762620]The UE should receive the Next hop chaining counter (NCC) when it enters RRC_INACTIVE (e.g. in the RRCConnectionSuspend message) so that it will be possible to optimize the RAN area update procedure.
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[bookmark: _Ref477253771]Figure 2. RAN Notification Area update by a UE in RRC_INACTIVE.
On the other hand, if there is DL data or control signalling waiting in the network when the UE initiates the RAN area update, the network may respond with a RRCConnectionResume message, transitioning the UE to RRC_CONNECTED instead. 
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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, similar to what was agreed for LTE Light Connection, 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 3.
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[bookmark: _Ref472522959]Figure 3. 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 Area update, it can respond with a RRCConnectionReject which will cause the UE to transition to RRC_IDLE, similar to LTE Light Connection. 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	For LTE RRC Light Connection, a UE performing RAN area update has to enter RRC_CONNECTED as it is not possible to verify the UE identity otherwise.
Observation 2	If there is DL data or control signalling waiting in the network at the same time as the UE performs the RAN area update, the network can respond to the RAN area update with a resume message and transition the UE to RRC_CONNECTED instead of responding to the RAN area update.
Observation 3	A UE in RRC_INACTIVE, for which the RAN cannot retrieve the UE context cannot directly be suspended back to RRC_INACTIVE e.g. after a RAN area update.

Based on the discussion in section 2 we propose the following:
Proposal 1	The RAN area update should be performed using the RRCConnectionResumeRequest message with a causeValue equal to e.g. ranAreaUpdate as it is done in LTE Light Connection.
Proposal 2	The RAN area update procedure should be optimized so that the UE can quickly return to RRC_INACTIVE.
Proposal 3	The RAN area update procedure should have at least the same security as in LTE and the message configuring the RAN area (e.g. RRCConnectionSuspend) must be encrypted and integrity protected.
Proposal 4	The UE should receive the Next hop chaining counter (NCC) when it enters RRC_INACTIVE (e.g. in the RRCConnectionSuspend message) so that it will be possible to optimize the RAN area update procedure.
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, similar to LTE Light Connection, to initiate NAS level procedure causing the CN to rebuild the UE context in the RAN. When the new AS 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, similar to LTE Light Connection. The RAN must ensure that the UE context is released from the RAN.
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