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1. Introduction

This document discusses Location Registration Reject with cause #12, and a problem is identified in TS25.304. 
Attached is a draft CR to TS25.304.

2. Discussion

2.1 Background on LR Reject, Cause #12

First, some background on the Location Registration rejects cause code #12. This cause code was originally introduced in standards to enable regionally limited subscriptions, e.g. of the type called "home zone". With this concept, the user was supposed to be able to use his UE in certain (location) areas of the Home PLMN, but prevent service in other (location) areas. The intended behaviour is consequently that UE shall remain camped on the cell where the LR was rejected with cause code #12, but not provide service. This cause code (and its use) has been debated for a long time, since it has been miss-used, particularly in roaming scenarios. Its intended scope was originally very limited.

2.2 Analysis of TSs

The following text is from 24.008, section 4.4.4.7.

# 12:
(Location Area not allowed);


The mobile station shall delete any LAI, TMSI and ciphering key sequence number stored in the SIM/USIM, reset the attempt counter, set the update status to ROAMING NOT ALLOWED (and store it in the SIM/USIM according to subclause 4.1.2.2). 

 
The mobile station shall store the LAI in the list of "forbidden location areas for regional provision of service". 

 
The MS shall perform a cell selection when back to the MM IDLE state according to 3GPP TS 43.022 [82] and 3GPP TS 25.304.

We note two issues in the text above:

1) UE shall memorize the LAI in the list of "forbidden location areas for regional provision of service".

2) UE shall perform a cell selection.

TS23.122 states

3.4.2
Forbidden LA for regional provision of service

When the MS is camped on a cell, the LA of which belongs to the list of "forbidden LAs for regional provision of service", the MS is not allowed to initiate establishment of a CM connection except for an emergency call; it may respond to paging. Also, the MS is not allowed to request GPRS services when camped on a cell of a LA of which belongs to the list of "forbidden LAs for regional provision of service".

TS25.304, section 4.3, defines the criteria for suitable and acceptable cell:

acceptable cell:

An "acceptable cell" is a cell on which the UE may camp to obtain limited service (originate emergency calls). Such a cell shall fulfil the following requirements, which is the minimum set of requirements to initiate an emergency call in a UTRAN network:

-
The cell is not barred, see subclause 5.3.1.1;

-
The cell selection criteria are fulfilled, see subclause 5.2.3.1.2;

suitable cell:

A "suitable cell" is a cell on which the UE may camp on to obtain normal service. Such a cell shall fulfil all the following requirements.

-
The cell is part of the selected PLMN or, of a PLMN considered as equivalent by the UE according to the information provided by the NAS.

-
The cell is not barred, see subclause 5.3.1.1;

-
The cell is not part of the list of "forbidden LAs for roaming" [9];

-
The cell selection criteria are fulfilled, see subclause 5.2.3.1.2.

From this, we note that a cell belonging to a LA memorized in the list of "forbidden location areas for regional provision of service" is considered as "suitable" by UE. Hence, this cell can be chosen by UE for camping (state "Camped normally") both at Cell selection and Cell re-selection procedures. (Note also that UE memorizes the LAI at the list of "forbidden LAs for roaming" at reception of LR reject codes #13 and #15, ref TS24.008, section 4.4.4.7, in which case the cell is not "suitable".)

According to the current text in TS25.304, UE shall at reception of LR Reject with Cause code #12 camp on a cell in state "Camped on any cell". 

5.2.2.4
Any cell selection State overview

In this state the UE performs the tasks specified in subclause 5.2.8

The state Any cell selection is also entered if the NAS indicates that a location registration is rejected except if the LR is rejected with cause #14 or cause #15, see [5], or if there is no USIM in the UE.
If the UE received an LR reject with cause #14 or cause #15 the UE shall behave as specified in [5] and [16].

If an acceptable cell is found, the UE shall inform the NAS and camp on this cell and obtain limited service, state Camped on any cell. The subsequent actions of the NAS regarding the PLMN selection are specified in [5].

5.2.2.5
Camped on any cell State overview

In this state the UE obtains limited service and shall behave as specified in subclause 5.2.9. The UE shall regularly attempt to find a suitable cell of the selected PLMN, trying all RATs that are supported by the UE. If a suitable cell is found, this causes an exit to number 2 in figure 2.
NOTE:
The 'PLMN selection' process may select a new PLMN at any time in idle mode, which in Figure 2 causes an exit to number 1.
This text is incorrect, since it does not accurately cover the reject cause #12. This leads to that TS25.304 is inconsistent with other TSs, e.g. TS24.008 and TS23.122. Also, the actions described in 25.304 at LR reject are also inconsistent with a cell re-selection scenario if UE has already memorized the LAI on the list of "forbidden location areas for regional provision of service".

So, in summary, upon receiving #12 at LR reject, UE should still consider the cell as "suitable" for normal camping, but not initiate establishment of calls. Since UE will consider the current cell as "suitable" for camping, UE will (apart from offering limited service) act according to existing cell re-selection criteria, but not “…regularly attempt to find a suitable cell…”
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4.1
Overview

When a UE is switched on, a public land mobile network (PLMN) is selected and the UE searches for a suitable cell of this PLMN to camp on. Criteria for cell selection and cell re-selection between radio access technologies (RATs) described in this document only consider radio criteria. In addition to RAT, the PLMN type may differ as well. In this specification, the term PLMN is used as a generic term covering both GSM MAP and ANSI-41 type of PLMNs. According to the type of PLMN, the way to identify it can be different. If the PLMN type is GSM, the PLMN is identified by 'PLMN identity' and if the PLMN type is ANSI-41, the PLMN is identified by 'SID'
The NAS shall provide a list of equivalent PLMNs, if available, that the AS shall use for cell selection and cell reselection.

The UE searches for a suitable cell of the selected PLMN and chooses that cell to provide available services, and tunes to its control channel. This choosing is known as "camping on the cell". The UE will, if necessary, then register its presence, by means of a NAS registration procedure, in the registration area of the chosen cell and as outcome of a successful Location Registration the selected PLMN becomes the registered PLMN [5].

If the UE finds a more suitable cell, it reselects onto that cell and camps on it. If the new cell is in a different registration area, location registration is performed.

If necessary, the UE shall search for higher priority PLMNs at regular time intervals as described in [9] and search for a suitable cell if another PLMN has been selected by NAS.

NOTE: For RRC connected mode the requirements for the search for higher priority PLMNs are defined in [4].

If the UE loses coverage of the registered PLMN, either a new PLMN is selected automatically (automatic mode), or an indication of which PLMNs are available is given to the user, so that a manual selection can be made (manual mode).

Registration is not performed by UEs only capable of services that need no registration.

The purpose of camping on a cell in idle mode is fourfold:

a)
It enables the UE to receive system information from the PLMN.

b)
When registered and if the UE wishes to establish an RRC connection, it can do this by initially accessing the network on the control channel of the cell on which it is camped.

c)
If the PLMN receives a call for the registered UE, it knows (in most cases) the registration area of the cell in which the UE is camped. It can then send a "paging" message for the UE on control channels of all the cells in the registration area. The UE will then receive the paging message because it is tuned to the control channel of a cell in that registration area and the UE can respond on that control channel.

d)
It enables the UE to receive cell broadcast services.

If the UE is unable to find a suitable cell to camp on, or the USIM is not inserted, or if the location registration failed (except for LR rejected with cause #12, cause #14 or cause #15, see [5] and [16]), it attempts to camp on a cell irrespective of the PLMN identity, and enters a "limited service" state in which it can only attempt to make emergency calls.

The idle mode tasks can be subdivided into three processes:

-
PLMN selection;

-
Cell selection and reselection;

-
Location registration.

The relationship between these processes is illustrated in Figure 1.
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Figure 1: Overall Idle Mode process

5.2.2
States and state transitions in Idle Mode

Figure 2 shows the states and procedures in Idle Mode.
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Figure 2: Idle Mode Cell Selection and Reselection
In any state, a new PLMN selection causes an exit to number 1
5.2.2.2
Camped normally state overview

In this state, the UE obtains normal service and performs the tasks specified in 5.2.5.

If after a Cell reselection evaluation process a better cell is found, the Cell reselection procedure is performed. If no suitable cell is found, the UE shall enter the state Any cell selection.

If a necessary NAS registration is rejected, the UE shall enter the Any cell selection state, except if the LR is rejected with cause #12, cause #14 or cause #15. In this case the UE shall behave as specified in [5] and [16].

When UE leaves idle mode in order to enter the state Connected mode, the UE shall attempt to access the current serving cell. If the access attempt to the serving cell fails, the UE shall use the Cell reselection evaluation procedure.

5.2.2.4
Any cell selection State overview

In this state the UE performs the tasks specified in subclause 5.2.8

The state Any cell selection is also entered if the NAS indicates that a location registration is rejected except if the LR is rejected with cause #12, cause #14 or cause #15, see [5], or if there is no USIM in the UE.
If the UE received an LR reject with cause #12, cause #14 or cause #15, the UE shall behave as specified in [5] and [16].

If an acceptable cell is found, the UE shall inform the NAS and camp on this cell and obtain limited service, state Camped on any cell. The subsequent actions of the NAS regarding the PLMN selection are specified in [5].
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