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Abstract of the contribution: RAN should be aware of UE’s MICO mode and take it into consideration making RRC state transitions, especially for transitioning into RRC_INACTIVE.
Discussion
RAN2 has agreed to introduce RRC_INACTIVE as a new separate RRC state. The UE in INACTIVE state behaves much like in IDLE mode but the UE context is maintained in the RAN and CN, so the signalling overhead and delay is much reduced when the UE needs to frequently transition between IDLE and Connected mode. From the perspective of CN, the UE remains in the CM_CONNECTED and the CN may not tell a difference between UE’s RRC_INACTIVE and RRC_Connected mode. 
In our opinion, RRC_INACTIVE should not apply to a UE in MICO mode for the following reasons:
1. MICO mode UE in IDLE usually shuts down its access stratum to maximize power saving, while INACTIVE mode still requires a variety of AS functionalities which is contradictory to MICO mode;
2. Unnecessary RAN paging will occur if there is any DL data while the UE is in INACTIVE;

3. Unnecessary configuration (e.g. RAN paging area configuration) may be performed; 

Based on these considerations, we think the bizarre combination of MICO mode and RRC_INACTIVE state should be avoided.
Proposal 1: RRC_INACTIVE should not apply to a UE in MICO mode.

If proposal 1 is agreed, RAN should take the UE’s MICO mode into consideration when making state transition decisions. And obviously the RAN node should be informed when the UE is in or out of MICO mode.

Proposal 2: RAN node should be informed when the UE is in or out of MICO mode.
Proposal

It is proposed the following change to TS 23.501.

* * * First change* * * *
5.3.3.2.5
CM-CONNECTED with RRC inactive state

RRC inactive state applies to NG-RAN (i.e. it applies to NR and E-UTRA connected to 5G CN).

The AMF, based on network configuration provides assistance information to the NG RAN, to assist the NG RAN's decision whether the UE can be sent to RRC inactive state.

Editor's note:
It is FFS if the UE provides indication of support for RRC inactive state on NAS or AS layer.

The "RRC inactive assistance information" includes:

-
UE specific DRX values for RAN paging while in RRC inactive state.

-
the Registration Area provided to the UE.

-
whether the UE is in or out of MICO mode;
Editor's note:
It is FFS which additional information is needed by RAN to perform RAN paging. It is FFS whether paging prioritization information is needed and how it is provided to the RAN. It is also FFS whether some mobility history related data (CN or RAN based history knowledge) may be included.

Editor's note:
Whether other information is needed is FFS.

Editor's note:
Whether, apart from the UE's Registration Area, other information mentioned above is mandatory to be always included in FFS.

The CN assistance information mentioned above (e.g. DRX, Registration Area) is provided by the AMF during N2 activation with the (new) serving NG RAN node (i.e. during Registration, service request, path switch) to assist the NG RAN's decision whether the UE can be sent to RRC inactive state.

Editor's note:
The mechanism to update the CN assistance info to RAN while the UE is CM-CONNECTED e.g. to update the TAI-list is FFS, but it is assumed that protocol functions are available that allow the update of UE Context data at RAN.

The state of the N2 and N3 reference points are not changed by the UE entering CM-CONNECTED with RRC inactive state. A UE in RRC inactive state is aware of the RAN notification area.

Editor's note:
It is FFS if CN shall be aware that UE entered RRC Inactive state.

When the UE is CM-CONNECTED with RRC inactive state, the UE may resume the RRC connection due to:

-
Uplink data pending;

-
Mobile initiated signalling procedure (e.g. periodic registration update);

-
As a response to RAN paging;

-
Notifying the network that it has left the RAN notification area.

If the UE resumes the connection in a different NG-RAN node within the same PLMN, the UE AS context is retrieved from the old NG RAN node and a procedure is triggered towards the CN (see TS 23.502 [3]).

If a UE is in CM-CONNECTED with RRC inactive state performs cell selection to GERAN/UTRAN/EPS, it shall follow idle mode procedures.

Editor's note:
The handling of mobility from NR to E-UTRAN connected in EPC, in RRC inactive state in RAN is FFS.

In addition, a UE in CM-CONNECTED state with RRC inactive state shall enter CM-IDLE mode and follow relevant NAS procedure in the following cases:

-
If RRC resume procedure fails,

-
in any other failure scenario that cannot be resolved in RRC inactive mode and requires the UE to move to CM-IDLE mode.

Editor's note:
It is FFS which scenarios trigger a network transition from CM-CONNECTED with RRC inactive mode to CM-IDLE.

Editor's note:
PLMN selection for UE in CM-CONNECTED with RRC inactive mode is FFS.

Editor's note:
How to handle UE location accuracy when the UE is in CM-CONNECTED with RRC inactive state is FFS.

Editor's note:
Whether and how access control/barring applies for UE in CM-CONNECTED with RRC inactive state is FFS.

Editor's note:
The UE behaviour if it receives paging from the Core Network is FFS.

Editor's note:
The UE behaviour if the UE camps on a cell that does not support RRC inactive mode is FFS.

* * * Second change* * * *
5.4.1.3
Mobile Initiated Connection only (MICO) mode

A UE may indicate preference for MICO mode during initial registration or registration update. The AMF, based on local configuration, UE indicated preferences, UE subscription information and network policies, or any combination of them, determines whether MICO mode is allowed for the UE and indicates it to the UE during Registration procedure.

The UE and core network re-initiates or exits the MICO mode at subsequent registration signalling. If MICO mode is not indicated explicitly in Registration procedure and registration procedure is successful, then both the UE and the AMF shall not use the MICO mode i.e. the UE behaves as a normal UE and the network treats the UE as a normal UE.

The AMF assigns a registration area to the UE during the registration procedure. When the AMF indicates MICO mode to a UE, the registration area is not constrained by paging area size. If the AMF serving area is the whole PLMN, based on local policy, and subscription information, may decide to provide an "all PLMN" registration area to the UE. In that case, re-registration to the same PLMN due to mobility does not apply.

If mobility restrictions are applied to a UE in MICO mode, the AMF needs to allocate an allowed area/non-allowed area to the UE as specified in clause 5.3.4.1.
When the AMF indicates MICO mode to a UE, the AMF considers the UE always unreachable while in CM-IDLE. The AMF rejects any request for downlink data delivery for UE in MICO mode and CM-IDLE with an appropriate cause. The AMF also defers downlink transport over NAS for SMS, location services, etc. The UE in MICO mode is only reachable for mobile terminated data or signalling when the UE is in CM-CONNECTED mode.

In order to allow for timely delivery of mobile terminated data and/or signalling, when a UE in MICO mode transitions to CM-CONNECTED, the AMF may provide a Pending Data indication to the RAN node. If the RAN node receives this indication, the RAN node may take this information into account when determining user inactivity. The AMF may also inform the RAN node that the UE is in or out of MICO mode and RAN may take this into consideration when making RRC state transitions (e.g. the MICO UE should not be put into RRC_INACTIVE state).
A UE in MICO mode need not listen to paging while in CM-IDLE. A UE in MICO mode may stop any access stratum procedures in CM-IDLE, until the UE initiates CM-IDLE to CM-CONNECTED mode procedures due to one of the following triggers:

-
A change in the UE (e.g. change in configuration) requires an update its registration with the network.

-
Periodic registration timer expires.

-
MO data pending.

-
MO signalling pending (e.g. SM procedure initiated).


If a registration area that is not the "all PLMN" registration area is allocated to a UE in MICO mode, then the UE determines if it is within the registration area or not when it has MO data or MO signalling.

* * * End of changes* * * *
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