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Discussion

From 23.799 TR there are agreements related to mobility restrictions which includes that the service area restrictions are described with a granularity of at least TA level and that a finer granularity is to be determined in the normative phase. From 23.799 clause 8.3:
Agreements for mobility restrictions are as follows:

1.
For the mobility restriction "area" aspects, the following applies:

A.
The core network may configure an "allowed area", "non-allowed area" and "forbidden area" to a UE. At least a granularity of these areas per the TA level is to be supported.

NOTE 1c:
Whether finer granularity than per TA level is to be supported is to be determined in the normative phase.

In the SA2 meeting #118Bis the use of cell level as finest granularity for the restriction area was discussed but it was concluded that it wasn’t suitable as it would hamper the operators’ flexibility to rearrange the cell structure in the radio network. However, using only TA-level and one or a few TAs, to describe the (allowed) area in which e.g. a UE with fixed access may obtain services from the network, could mean that such UEs would be allowed services in a much larger area than intended to be granted to the UE. And with the possibility to define or re-define the allowed area automatically and dynamically by the UE visiting the allowed TAs or cells (see proposal 3 and 4 below) rearrangement of the cell structure is not hindered. It is therefore proposed to introduce the possibility to define the allowed area for a UE as the area covered by a number of cells. An FWA UE would then typically be granted a list of a few cells.
Proposal 1:

The allowed/non-allowed area for a UE may be defined by using the area covered by a cell as the finest granularity. The  area for a UE may be defined as the area covered by one or several cells.
The proposal refers to “list of allowed cells” where it addresses the “allowed area”. 
For the registration area it seems as already agreed to use the TA-level as the finest granularity, see TS 23.501 clause 5.3.2.1.2:

In the RM-REGISTERED state, the UE shall:

-
perform Registration procedure if the current TA is not in the list of TAs that the UE has received from the network in order to maintain the registration and enable the AMF to page the UE;
And using a finer granularity, like the service area for a cell, would require very long lists of cells to represent the registration area for UEs such as MMB user UEs. 
With use of a finer granularity for the service area compared to what is used for to the registration area, it becomes impossible to always guarantee that registration area allocated to the UE is within or equivalent to the "allowed area.”, see agreements for mobility restrictions in TR 23.799 clause 8.3:
If the UE is in an "allowed area", the core network registration area allocated to the UE shall be within or equivalent to the "allowed area".
By that the registration area and the service area should be decoupled but due to different handling of a UE in an allowed area versus in a non-allowed area it still is necessary for the network to know when a UE move between an allowed area and a non-allowed area. Therefore, the UE should perform a registration update when moving between an allowed and a non-allowed area. See also TS 23.501 clause 5.3.2.1.1:

Editor's Note:
It is FFS whether a UE shall perform a registration update whenever entering an allowed area (respectively non-allowed area) from a non-allowed area (respectively allowed area).

Proposal 2:

A UE shall perform a registration update whenever entering an allowed area (respectively non-allowed area) from a non-allowed area (respectively allowed area).
It is furthermore agreed that the service area restriction for a UE may be described by the size of the allowed area. From 23.799 clause 8.3:

Agreements for mobility restrictions are as follows:

[ … ]

3.
It shall be possible to support geographical restricted subscriptions across PLMNs, e.g. a subscription parameter indicates the size or usage (e.g. fixed access) of an allowed area to the VPLMN.
In many case it will be possible to pre-configure the allowed area for a UE based on knowledge of the area in which the UE will operator. For those cases the allowed TAs or cells may be configured directly in the subscription profile and there is no need to configure a maximum allowed size of the allowed area. However, e.g. in cases when subscriptions are purchased for a set of IoT devices it may at that time be unknown where each individual IoT device will be deployed and pre-configuring the allowed area per UE is thereby not feasible. To handle that by using a more extensive subscription with an unlimited allowed area for such devices seems like a waste of resources. Instead the subscription should be limiting operational area by use of a size parameter. And the allowed area should be defined by using a dynamic assignment of allowed TAs or cells up to the maximum allowed size. This is also a preferable method for devices intended to be used in other countries/networks where the home operator do not have detailed information of the visited radio network. The maximum allowed size parameter could thereby, in such situations, also be a part of the basis for SLAs between operators.
Proposal 3:

It shall be possible to support service area restrictions by specifying a subscription parameter indicting the maximum size of the allowed area. The size parameter gives the maximum number of either allowed TAs or allowed cells. None, some or all allowed TAs or cells may be pre-configured in the subscription or added by the PCF.
For a UE with a configured maximum size but without having all TAs or allowed cells defined, the remaining allowed TAs or cells needs to be defined. By starting the definition procedure each time a UE attaches and then accept every new TA or cell until the maximum number is reached, an automatic allowed area definition procedure is created. Once the allowed area is completely defined (i.e. max no of TAs or cells is reached) the UE will be rejected when trying to get service in a new TA or cell. 
Proposal 4:

It shall be possible to dynamically assign TAs or cells to an allowed area for a UE, until the maximum allowed number of TAs or cells has been reached.
REV in S2-171474 excludes the cell list level of service area restrictios sand also the proposal that the UE perform Registration update at mobility between allowed area and non-allowed area. A NOTE is also added.
Proposal

The following changes to the TS 23.501 are proposed. 

***** First Change *****
5.3.2.3
Mobility Restrictions

5.3.2.3.1
General

Mobility Restrictions restrict mobility handling or service access of a UE in the 5G System. The Mobility Restriction functionality is provided by the UE, the radio access network and the core network.

Mobility Restrictions in CN IDLE state are executed by the UE based on information received from the core network. Mobility Restrictions in CN CONNECTED state are executed by the radio access network and the core network.

In CN CONNECTED state, the core network provides Mobility Restrictions to the radio access network with a Handover Restriction List.

Mobility restrictions consists of RAT restriction, forbidden area, and service access restrictions as follows:

Editor's note:
It is FFS whether Mobility restrictions can also apply to non-3GPP Access Technologies.

-
RAT restriction:
Defines the 3GPP Radio Access Technology(ies), a UE is not allowed to access. In a restricted RAT a UE is not permitted to initiate any communication with the network.

-
Forbidden area:
In a Forbidden area under a given RAT, the UE is not permitted to initiate any communication with the network.

-
Service access restrictions:
Defines areas in which the UE may or may not initiate communication with the network as follows:

-
Allowed area:
In an allowed area under a given RAT, the UE is permitted to initiate communication with the network as allowed by the subscription.

-
Non-allowed area:
In a non-allowed area under a given RAT a UE is service access restricted. The UE is not allowed to initiate Service Request or SM signalling to obtain user services (both in CN-IDLE and in CN-CONNECTED states). The UE shall perform periodic registration updates and normal registration updates due to mobility. The UE in a Non-allowed area shall respond to core network paging.
For a given UE, the core network determines the service area restrictions based on UE subscription information. Optionally the allowed area may in addition be finetuned by the PCF e.g. based on UE location, and network policies. Service area restrictions can be changed due to, e.g. subscription, location, and/or policy change. Service area restrictions may be updated during a Registration procedure.


If the UE has overlapping areas between RAT restrictions, forbidden areas, allowed areas and non-allowed areas, or any combination of them, the UE shall proceed in the following precedence order:
-
The evaluation of RAT restrictions shall take precedence over the evaluation of any other Mobility restrictions;

-
The evaluation of forbidden areas shall take precedence over the evaluation of allowed areas and non-allowed areas; and

-
The evaluation of non-allowed area shall take precedence over the evaluation of allowed areas.

A UE shall override any forbidden area and non-allowed area restrictions whenever access to the network is required for regulatory prioritized services like Emergency services and MPS.

5.3.2.3.2
Management of service area restrictions

A service area restriction may contain one or more (e.g. up to 16) entire tracking areas. The UE’s subscription data may contain either explicitly allowed or non-allowed tracking areas, the allowed area may also be limited by a maximum allowed number of tracking areas, or the allowed area may alternatively be unlimited i.e. it may implicitly contain all tracking areas of the PLMN.
NOTE:
As the finest granularity for Service area restrictions is at TA level, subscriptions with limited geographical extent, like subscriptions for Fixed Wireless Access, will be allocated one or a few TAs and will consequently be allowed to access services in a larger area than in e.g. a FWA system.
The UDM stores the service area restrictions of a UE as part of the UE's subscription data. The PCF in the serving network may (e.g. due to varying conditions such as UE's location, application in use, time and date) further adjust service area restrictions of a UE upon registration and mobility events, either by expanding an allowed area or by reducing a non-allowed area or by increasing the maximum allowed number of tracking areas. The UDM and the PCF may update the service area restrictions of a UE at any time during registration procedures.

During registration, if the service area restrictions of the UE is not present in the AMF, the AMF fetches from the UDM the service area restrictions of the UE that may be further adjusted by the PCF. The serving AMF shall enforce the service area restrictions of a UE. If the UE has been assigned a limited allowed area, any visited tracking area that is not yet in the UE’s allowed area is added to the allowed area until the maximum allowed number of tracking areas is reached. If the UE has been assigned a limited allowed area the AMF shall provide the UE with any pre-configured and/or dynamically assigned allowed area. For a UE in CN_Connected state the AMF shall indicate the service area restrictions of this UE to the RAN.

Upon change of serving AMF due to mobility, the old AMF may provide the new AMF with the service area restrictions of the UE that may be further adjusted by the PCF.
In case of roaming, the service area restrictions are transferred from the UDM via the serving AMF to the serving PCF in the visited network. The serving PCF in the visited network may further adjust the service area restrictions.

***** End of Change *****
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