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Discussion
Regarding registration area, for a UE in MICO mode, encompassing the whole PLMN.
In the SA2 meeting #119 it was decided that a UE in MICO mode may be assigned a registration area encompassing the whole PLMN, see TS 23.501 clause 5.4.1.3:

The network, based on local policy, and subscription information, may decide to provide an "all PLMN" registration area indication to the UE. In that case, re-registration to the same PLMN due to mobility does not apply. 
A purpose of assigning a registration area to a UE and requiring the UE to perform registration area updates when leaving that area, is to provide the network with a limited area in which to page the UE at MT events. In addition, a second purpose has been to allow a UE to request service by initiating the Service Request procedure with a minimum of parameters but still ensuring that the receiving core network node recognizes the UE, thus able to directly provide service to the UE without adding latency due to UE context fetch. For this purpose, it has been essential that the UE’s complete registration area is served by the same AMF in which the UE is registered.
A third aspect of the registration area is the UE’s periodic registration area update. Similarly, as for Service Request, it has for periodic registration area update been essential that the UE’s complete registration area is served by the same AMF in which the UE is registered.
For a UE in MICO mode the registration area has not the same significance since such a UE is never paged. But with the possibility to assign a UE in MICO mode a registration area encompassing the whole PLMN there is a risk that a such a UE initiating a periodic registration area update or a Service Request will not be recognized by the receiving AMF as it is not always so that the whole PLMN is served by the AMF in which the UE is registered. In 3G and 4G a periodic registration area update or a Service Request from an unknown UE is considered as a failure case and the request is rejected whereby the UE is required to reattach. With the same method in 5G and a registration area encompassing a whole PLMN this situation will be more frequent and can no longer be regarded as a failure scenario. A solution is needed that doesn’t require re-registration from the UE in MICO mode and to be able to accept the periodic registration area update or provide service to the UE, the new AMF must fetch the UE’s context from the old AMF. 
To be able to fetch UE context data from old AMF, the new AMF needs the identity of the old AMF. Due to a possible new AMF and a new set of available slices, more extensive security parameters and NSSAI are also needed. For a UE in MICO mode with a registration area encompassing the whole PLMN it is therefore proposed that the UE instead of using periodic registration area update or a Service Request, it shall use the Registration procedure as defined in TS 23.502 clause 4.2.2.2.2 whenever the UE in MICO mode wants to initiate connection with the core network and when there is a risk of addressing a new AMF. If the UE also wants to send user data it may include an Active flag in the request (similar as in 4G) and a list of PDU sessions to be setup or this may be performed by using a subsequent Service Request, see Editor’s note in TS 23.502 clause 4.2.2.2.2:
Editor's note:
The possibility to piggyback a PDU session Establishment request at the same time as sending a Registration request is FFS.

Proposal 1:
A UE in MICO mode with a registration area encompassing the whole PLMN shall use the Registration procedure as specified in TS 23.502 clause 4.2.2.2.2 whenever the UE wants to initiate connection with the core network and when there is a risk of addressing a new AMF.

As the Registration procedure is a more extensive procedure compared to both the periodic registration area update and the Service Request procedures it would be good to decrease its use in areas where it is not needed i.e. in areas covered by the serving AMF. A way to do that would be to, in addition to the “all PLMN” indication, also provide the UE with a Within Serving AMF (WSA) area defined as an area in which the periodic registration area update and the Service Request procedures are still possible to use (due to that the serving AMF at least covers that area). The WSA area could be defined as a list of TAs or alternatively be define as the whole PLMN for cases when the service area of the serving AMF is the whole PLMN. 
Proposal 2:
A UE in MICO mode with a registration area encompassing the whole PLMN shall be provided by a Within Serving AMF (WSA) area indicating an area in which the periodic registration area update and the Service Request procedures are possible to use. The WSA area is defined as a list of TAs within the PLMN or alternatively defined as the whole PLMN for cases when the service area of the serving AMF is the whole PLMN.
With proposal 1 the benefit of using the “all PLMN” as registration area is kept as the UE is not required to perform registration area updates during idle mode mobility in the PLMN while the drawbacks of possible reject and re-registration from the UE is avoided. By also adopting proposal 2 it is at the same time possible to decrease or remove the use of the more extensive registration area update procedure.
Regarding the need to provide a UE in MICO mode with a registration area.
In TS 23.501 clause 5.4.1.3 there is the following editor’s note:

Editor's note:
It is FFS whether AMF should provide a registration area to UE in MICO mode. If the registration area is provided, the registration area size may be bound to Mobility restrictions (i.e. the registration may be contained by the allowed area) and by requirements to perform tracking for the UE.

Within its registration area a UE is not required to initiate a registration are update procedure due to mobility. This means that as long a UE in MICO mode is within its registration area there may be no opportunity to renegotiate the MICO mode. Without providing a registration area to a UE in MICO mode, the UE will implicitly get a registration area not limited to just the serving PLMN. A MICO mode allowed to a UE by one operator (i.e. in serving PLMN) may then also be applied in other operator’s network (i.e. other PLMN) without this operator able to influence the decision until the UE initiates a registration area update procedure. For that reason, it is proposed to always provide a UE in MICO mode with a registration area not spanning more than one PLMN.
Proposal 3:
A UE in MICO mode shall always be provided with a registration area. The registration area shall not span more than one PLMN.
Proposal 4:
Include the second part of the editor’s note above as normative text, i.e. add the following as normative text:
   The registration area is bound to Mobility restrictions (i.e. the registration may be contained by the allowed area) and
   by requirements to perform tracking for the UE.
In addition, clause 5.3.2.3 ‘Registration Area management’ is updated to reflect the possibility to allocate an “all PLMN” registration area to a UE in MICO mode. 
Proposal

The following changes to the TS 23.501 are proposed. 
***** First Change *****
5.3.2.3
Registration Area management

Registration Area management comprises the functions to allocate and reallocate a Tracking Area Identity List to a UE. All the tracking areas in a TAI List to which a UE is registered are served by the same serving AMF.
When a UE registers with the network, the AMF allocates a set of tracking areas in TAI List to the UE. When the AMF allocates registration area, i.e. the set of tracking areas in TAI List, to the UE it may take into account various information (e.g. Mobility Pattern and Allowed/Non-allowed area (refer to 5.3.4.1)).

The 5G system shall support allocating a TAI List over different 5G-RATs in a single TAI List.
The AMF may alternatively allocate the whole PLMN (“all PLMN”) as registration area to a UE in MICO mode (refer to clause 5.4.1.3).
***** Second Change *****
5.4.1
UE reachability in CM-IDLE

5.4.1.1
General

Reachability management is responsible for detecting whether the UE is reachable and providing UE location (i.e., access node) for the network to reach the UE. This is done by paging UE and UE location tracking. The UE location tracking includes both UE registration area tracking (i.e., UE registration area update) and UE reachability tracking ((i.e., UE periodic registration area update)). Such functionalities can be either located at 5GC (in case of CM-IDLE state) or 5G-RAN (in case of CM-CONNECTED state).
The UE and the AMF negotiate UE reachability characteristics in CM-IDLE state during registration and registration update procedures.

Two UE reachability categories are negotiated between UE and AMF forCM-IDLE state:

1.
UE reachability allowing Mobile Terminated data while the UE is CM-IDLE mode.

-
The UE location is known by the network on a Tracking Area List granularity
-
Paging procedures apply to this category.

-
Mobile originating and mobile terminated data apply in this category for both CM-CONNECTED and CM-IDLE mode.

2.
Mobile Initiated Connection Only (MICO) mode:
-
Mobile originated data applies in this category for both CM-CONNECTED and CM-IDLE mode.

-
Mobile terminated data is only supported when the UE is in CM-CONNECTED mode.

5.4.1.2
UE reachability allowing MICO data while the UE is CM-IDLE

5.4.1.2.1
General characteristics

For this category, the UE reachability is determined by the following aspects:

-
The UE reachable time window: when the UE is reachable for paging in CM-IDLE. In the absence of any negotiation of UE reachable time window, the UE is assumed always reachable for paging while in CM-IDLE.

Editor's note:
How to negotiate when the UE becomes reachable is FFS and has dependency on RAN procedures for paging.

-
UE reachable area: This area is equal to the registration area provided by the AMF during initial registration or registration update procedures.

-
High latency communication: the handling of the mobile terminated data in the core network when the UE is unreachable for extended periods of time.

Editor's note:
high latency communication handling for 5G system is FFS.

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, then both the UE and the AMF shall not use the MICO mode.

The AMF assigns a registration area to the UE during the registration procedure. The registration area is bound to Mobility restrictions (i.e. the registration area is contained by the allowed area) and by requirements to perform tracking for the UE. When the AMF indicates MICO mode to a UE, the registration area is not constrained by paging area size. The network, based on local policy, and subscription information, may decide to provide an "all PLMN" registration area indication to the UE. In that case, re-registration to the same PLMN due to mobility does not apply. A UE in MICO mode with a registration area encompassing the whole PLMN shall be provided with a Within Serving AMF (WSA) area indicating an area in which the periodic registration area update and the Service Request procedures are possible to use. The WSA area is defined as a list of TAs within the PLMN or alternatively define as the whole PLMN for cases when the service area of the serving AMF is the whole PLMN. Whenever a UE in MICO mode outside the provided WSA area wants to initiate a connection with the 5GC the UE shall use the Registration procedure as specified in TS 23.502 clause 4.2.2.2.2.

When the AMF indicates MICO mode to a UE, the AMF considers the UE always unreachable while in CM-IDLE. The 5GC rejects any request for downlink data delivery for aUE in MICO mode and CM-IDLE. The 5GC 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. 
Editor's note:
When the UE is in CM-CONNECTED after it has sent MO Data it is FFS how long the network needs to maintain the UE in CM-CONNECTED to enable delivery of MT Data from an application server and/or DL over NAS of SMS, location services etc.
A UE in MICO mode performs periodic registration at the expiration of periodic registration timer.

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).
Editor's note:
It is FFS whether the AMF indicates to the RAN that the UE is in MICO mode.

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.
5.4.1.4
Mobile Deregistration at the End of Communication
Editor's note:
It is FFS to define the name of this functionality.

A UE can perform deregistration at the end of communication without additional NAS signalling. The UE may indicate preference for the deregistration at the end of communication during registration procedure. The AMF determines whether it is supported for the UE, and indicates during the registration signalling. When the AMF applies the deregistration at the end of communication to the UE, the AMF considers the UE enters RM-DEREGISTERED at the release of N2 connection for the UE, and the UE moves to RM-DEREGISTERED when leaving CM-CONNECTED.
***** End of Change *****
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