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Introduction
During RAN2#96, the RAN-based notification area was discussed and it was agreed that: 
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

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.

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)
[bookmark: _GoBack]2	Support option 2 (cell list) and/or option 3 (RAN id) (FFS which one or both)

In RAN2#97, LTE and Light Connected was discussed and agreements reached that can also be relevant for NR RRC_INACTIVE
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.
11	To define a periodic paging area update (PAU) procedure for the RAN to perform UE's reachability monitoring.
12	To define the following values for the periodic UE's reachability timer which is used by the eNB to configure a UE in light connection for periodical PAU procedure: {5, 10, 30, 60, 120, 360, 720, infinity} with the value in minutes and default value been 30 minutes.

13.	If PAU procedure fails (e.g., UE out of coverage when periodic PAU timer expires), the UE AS autonomously leaving RRC_CONNECTED (in light connection) to RRC_IDLE and informs the UE NAS of the failure of the light RRC connection.

Agreement

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

In RAN #98, the following was agreed: 
Agreements:
1	Define RRC_INACTIVE as a new RRC state in NR.
2	A UE in RRC_INACTIVE notifies the NR RAN of RAN-based location area update (RLAU) via a resume procedure when re-selecting to a cell not belonging to the configured RAN-based notification area (RNA) and periodically. 

In this contribution, we further discuss how a UE will perform RAN area updates in RRC_INACTIVE. 
[bookmark: _Ref178064866]Discussion
According to the agreements above, it is decided that there will be an RRC_INACTIVE state in NR. A UE can move between cells in a RAN area without notifying the network, but once the UE moves outside the RAN area, it should perform a RAN Area update (RLAU), using a resume procedure. A resume procedure is initiated by the UE sending a RRCConnectionResumeRequest message. This is the same message as will be used for transition from RRC_INACTIVE to RRC_CONNECTED. 
Using the resume procedure (3 step) for RAN area updates requires the UE to first fully enters RRC_CONNECTED although there is no data transmissions in the state transition. The equivalent procedure for LTE is shown in Figure 1, to serve as a reference. When the UE sends the RRCConnectionResumeRequest message, it includes the shortResumeMAC-I. The target eNB can use the resumeID to locate the source eNB and to fetch the UE Context and can then resume the RRC connection. 
By including the nextHopChainingCounter (NCC) in the RRCConnectionResume message, the UE can 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 to switch the CN/RAN connection and to delete the UE context in the old eNB. 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: _Toc485198993][bookmark: _Toc485200331]For LTE RRC Light Connection, a UE performing RAN area update due to mobility must enter RRC_CONNECTED as it is not possible to verify the UE identity otherwise.
[image: H:\NSA\RAN2 contributions\RAN2#97bis\RAN area update figures\RAU from Light Connected.png]
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 RAN area update.
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 a short time (to transmit small amount of data). Considering that NR cells, especially in higher frequencies, should have shorter coverage ranges in NR, the UE may perform a certain number of RAN area updates, i.e., the procedure could be worth optimizing.
[bookmark: _Toc485199006][bookmark: _Toc485200341]The RAN area update procedure should be optimized (so the UE does have to first enter RRC_CONNECTED to then be moved again to RRC_INACTIVE).
To optimize the RAN Area Update, a specific cause value in the RRCConnectionResumeRequest message, e.g., ranAreaUpdate could simply be included. That can provide the network with immediate information, e.g., in case of periodic updates, that the UE can remain in RRC_INACTIVE and that there is no UL data transmission request involved in the resume request. (A specific cause value is also what was agreed for LTE Light Connection.)
[bookmark: _Toc485199007][bookmark: _Toc485200342]The RAN area update should be performed using the RRCConnectionResumeRequest message with a cause value equal to e.g. ranAreaUpdate (as it was agreed in LTE Light Connected).
[bookmark: _Toc485199008][bookmark: _Toc485200343][bookmark: _Toc478142961][bookmark: _Hlk484958325]The RAN area can be updated with the RRCConnectionSuspend message which contains a resumeId, a ranAreaInformation and the NCC (to be used for next Resume) once the UE has been verified.
Security in connection to RAN Area Update
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 level as the LTE Light Connection procedure, the message configuring the UE with a 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][bookmark: _Toc484959676][bookmark: _Toc485199012][bookmark: _Toc485200344]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. In turn, the UE can already be using the new keys, so 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 cause value 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 DL data or control signaling 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][bookmark: _Toc484959677][bookmark: _Toc485199013][bookmark: _Toc485200345]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.
[image: H:\NSA\RAN2 contributions\RAN2#97bis\RAN area update figures\RAU from RRC_INACTIVE.png]
Figure 2 RAN Notification Area update by a UE in RRC_INACTIVE.
Although in Figure 2 we have shown a 2-step procedure, another solution relying on a 3-step procedure could also be possible, depending whether MSG.5 is required or not. That would depend on the security scheme agreed for MSG.3 and the security required for the RAN area update procedure.
DL Data in connection to RAN Area update
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. 
[bookmark: _Toc478142963][bookmark: _Toc478142964][bookmark: _Toc478142965][bookmark: _Toc473039160][bookmark: _Toc473553959][bookmark: _Toc473556030][bookmark: _Toc473638385][bookmark: _Toc473712131][bookmark: _Toc473729566][bookmark: _Toc473885029][bookmark: _Toc473885134][bookmark: _Toc473885248][bookmark: _Toc475437500][bookmark: _Toc477252537][bookmark: _Toc477331160][bookmark: _Toc477331171][bookmark: _Toc477331182][bookmark: _Toc477331193][bookmark: _Toc477937087][bookmark: _Toc477937090][bookmark: _Toc477937093][bookmark: _Toc477937096][bookmark: _Toc477937099][bookmark: _Toc478127827][bookmark: _Toc478128198][bookmark: _Toc478142749][bookmark: _Toc478142966][bookmark: _Toc478144029][bookmark: _Toc481762460][bookmark: _Toc481762615][bookmark: _Toc484959632][bookmark: _Toc485198995][bookmark: _Toc485200332]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.
Failure to retrieve UE Context
In addition, as is proposed in [1], there could be cases where the RAN cannot retrieve the UE context from the old gNB, 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.
[bookmark: _Toc471906738][bookmark: _Toc471906752][bookmark: _Toc472067050][bookmark: _Toc472067629][bookmark: _Toc472069788][bookmark: _Toc472513600][bookmark: _Toc472523223][bookmark: _Toc472673712][bookmark: _Toc472674267][bookmark: _Toc473031616][bookmark: _Toc473037904][bookmark: _Toc473039161][bookmark: _Toc473553960][bookmark: _Toc473556031][bookmark: _Toc473638386][bookmark: _Toc473712132][bookmark: _Toc473729567][bookmark: _Toc473885030][bookmark: _Toc473885135][bookmark: _Toc473885249][bookmark: _Toc475437501][bookmark: _Toc477252538][bookmark: _Toc477331161][bookmark: _Toc477331172][bookmark: _Toc477331183][bookmark: _Toc477331194][bookmark: _Toc477937088][bookmark: _Toc477937091][bookmark: _Toc477937094][bookmark: _Toc477937097][bookmark: _Toc477937100][bookmark: _Toc478127828][bookmark: _Toc478128199][bookmark: _Toc478142750][bookmark: _Toc478142967][bookmark: _Toc478144030][bookmark: _Toc481762461][bookmark: _Toc481762616][bookmark: _Toc484959633][bookmark: _Toc485198996][bookmark: _Toc485200333]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.
In such situations, when the UE send 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.
[bookmark: _Toc471905286][bookmark: _Toc471906579][bookmark: _Toc471906741][bookmark: _Toc471906755][bookmark: _Toc472067044][bookmark: _Toc472067633][bookmark: _Toc472069793][bookmark: _Toc472513592][bookmark: _Toc472523228][bookmark: _Toc472673718][bookmark: _Toc472674273][bookmark: _Toc473031619][bookmark: _Toc473037907][bookmark: _Toc473039163][bookmark: _Toc473553963][bookmark: _Toc473556034][bookmark: _Toc473638389][bookmark: _Toc473712136][bookmark: _Toc473729571][bookmark: _Toc473885034][bookmark: _Toc473885140][bookmark: _Toc473885146][bookmark: _Toc473885254][bookmark: _Toc475437506][bookmark: _Toc477252543][bookmark: _Toc477331168][bookmark: _Toc477331179][bookmark: _Toc477331190][bookmark: _Toc477331201][bookmark: _Toc477937106][bookmark: _Toc477937113][bookmark: _Toc478127824][bookmark: _Toc478128207][bookmark: _Toc478142758][bookmark: _Toc478142972][bookmark: _Toc478144035][bookmark: _Toc481762466][bookmark: _Toc481762621][bookmark: _Toc484959678][bookmark: _Toc485199014][bookmark: _Toc485200346]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.
[image: H:\NSA\RAN2 contributions\RAN2#97bis\RAN area update figures\RAU fail from RRC_INACTIVE.png]
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 move the UE to RRC_IDLE, as in LTE Light Connection. Additional signalling may be needed on the network side to trigger the removal of the RAN context.
Periodic RAN Area updates
The procedures for RAN area update described above are generally valid for both RAN Area updates due to mobility as well as periodic RAN Area updates. if multiple periodic RAN Area updates have been performed without any UP activity, the RAN can decide to release the UE to RRC_IDLE. When the UE resumes the connection the target gNB can decide to release the UE to RRC_IDLE (possibly first retrieving the UE context from the source gNB) by responding to the RRCConnectionResumeRequest with a RRCConnectionRelease as can be seen in Figure 4. When the RAN releases the UE context, it may be necessary to inform the CN to release the CN context and/or another gNB to release the UE AS context.
[image: H:\NSA\RAN2 contributions\RAN2#97bis\RAN area update figures\periodic RAU - release.png]
Figure 4 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][bookmark: _Toc475435786][bookmark: _Toc475615168][bookmark: _Toc475950278][bookmark: _Toc475950284][bookmark: _Toc478120938][bookmark: _Toc478120949][bookmark: _Toc478135627][bookmark: _Toc478135736][bookmark: _Toc478135745][bookmark: _Toc478135752][bookmark: _Toc478136164][bookmark: _Toc478142355][bookmark: _Toc478142360][bookmark: _Toc478142365][bookmark: _Toc478143966][bookmark: _Toc484959682][bookmark: _Toc485199018][bookmark: _Toc485200348][bookmark: _Toc478120676]When the UE resumes the RRC connection, the RAN can respond to a periodic RAN area update with a RRCConnectionRelease to release the UE to RRC_IDLE.
As it has been agreed for LTE Light Connection, a new timer should be introduced for the periodic RAN area updates to ensure paging reachability.
[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][bookmark: _Toc475435787][bookmark: _Toc475615169][bookmark: _Toc475950279][bookmark: _Toc475950285][bookmark: _Toc478120677][bookmark: _Toc478120940][bookmark: _Toc478120951][bookmark: _Toc478135629][bookmark: _Toc478135737][bookmark: _Toc478135746][bookmark: _Toc478135753][bookmark: _Toc478136166][bookmark: _Toc478142356][bookmark: _Toc478142361][bookmark: _Toc478142366][bookmark: _Toc478143967][bookmark: _Toc484959683][bookmark: _Toc485199019][bookmark: _Toc485200349]A new periodic RAN area update timer should be introduced. The values could be the same as proposed for LTE Light Connection, i.e. {5, 10, 30, 60, 120, 360, 720, infinity} with the value in minutes and default value is 30 minutes.
Conclusion
In section 2 we made the following observations:
Observation 1	For LTE RRC Light Connection, a UE performing RAN area update due to mobility must 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 procedure should be optimized (so the UE does have to first enter RRC_CONNECTED to then be moved again to RRC_INACTIVE).
Proposal 2	The RAN area update should be performed using the RRCConnectionResumeRequest message with a cause value equal to e.g. ranAreaUpdate (as it was agreed in LTE Light Connected).
Proposal 3	The RAN area can be updated with the RRCConnectionSuspend message which contains a resumeId, a ranAreaInformation and the NCC once the UE has been authenticated.
Proposal 4	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 5	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 6	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 7	When the UE resumes the RRC connection, the RAN can respond to a periodic RAN area update with a RRCConnectionRelease to release the UE to RRC_IDLE.
Proposal 8	A new periodic RAN area update timer should be introduced. The values could be the same as proposed for LTE Light Connection, i.e. {5, 10, 30, 60, 120, 360, 720, infinity} with the value in minutes and default value is 30 minutes.

[bookmark: _In-sequence_SDU_delivery]References
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