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Currently there is a requirement in TS 24.301 and TS 24.008 that the MS shall remove any PLMN code that is in the list of "forbidden PLMNs for GPRS service" from the list of "equivalent PLMNs" received during a tracking area updating or routing area updating procedure. The present paper is discussing the questions whether a similar requirement is also needed for the list of "equivalent PLMNs" received during a location updating procedure, or whether CT1 should rather consider changing the existing requirements for the tracking area updating and routing area updating procedure.
1   Introduction
In 2011, CT1 agreed a CR to Rel-11, CR 24.301-1189r2 (C1-113741), which introduced a new requirement for the handling of the equivalent PLMN (ePLMN) list:

According to the CR, if the UE receives an ePLMN list during an EPS attach or TAU procedure and there is no PDN connection for emergency bearers established, the UE shall remove from the list of "equivalent PLMNs" any PLMN code that is already in the "forbidden PLMN" list or in the list of "forbidden PLMNs for GPRS service". 
I.e. the UE shall also take the list of "forbidden PLMNs for GPRS service" into account when processing the ePLMN list. The rationale for this requirement is that otherwise the UE could move via cell reselection to an E-UTRAN cell of an ePLMN which is on the list of "forbidden PLMNs for GPRS service", because AS does not take the list of "forbidden PLMNs for GPRS service" into account when it determines whether the cell is suitable. As in such an E-UTRAN cell the UE is not allowed to initiate a TAU, it would stay camped on the cell and get only limited service. 

At the following meeting, CT1 agreed CR 24.008-1943r1 (C1-114324) which introduced the corresponding requirement for the GPRS attach and RAU procedure. In the 'reason for change' the CR was declared to be a "counter part of the CR 1189 of 24.301 agreed in CT1#73", but in the 'consequences if not approved' it was argued that "A UE will try to register for GPRS services on a PLMN which has rejected earlier for GPRS services. This will create unnecessary signalling". 
We think that the latter argument is not correct, because the presence of the PLMN code in the list of "forbidden PLMNs for GPRS service" will prevent the UE from initiating any GMM or EMM procedure (see Annex A). But it can certainly be argued that if the MS is supporting S1 mode, it can end up in the same state of limited service as described above when it reselects to an E-UTRAN cell belonging to an ePLMN which is on the list of "forbidden PLMNs for GPRS service".

At this point we are making 2 observations:

Observation 1: In spite of the second CR (to TS 24.008), so far no one has proposed a corresponding requirement for the location updating procedure, although the network can assign an ePLMN list also during this procedure. 
Observation 2: The wording in TS 24.008 does not mention support of S1 mode, so the requirement is applicable also to MSs not supporting S1 mode. Furthermore, the requirement is applicable to all MS operation modes, because e.g. a GPRS MS in MS operation modes A or B will perform periodic RAU, regardless of the nework operation mode, and during this periodic RAU the network will provide the ePLMN list. (If the ePLMN list is not included in the RAU Accept message, the MS will delete the stored ePLMN list.)

In the present paper we analyse whether the problem of "limited service" also exists for the location updating procedure (actually it does), and whether the solution specified in CR 24.301-1189r2 and CR 24.008-1943r1 should be extended and applied to the location updating procedure as well.
For this purpose we will consider 3 different cases: 

i) an MS in MS operation mode A or B, supporting S1 mode;

ii) an MS in MS operation mode C, either supporting or not supporting  S1 mode; and

iii) an MS in MS operation mode A or B, not supporting S1 mode.

2   Discussion of the different MS operation modes

2.1   MS in MS operation mode A or B, supporting S1 mode
Currently, for the location updating procedure there is an MS requirement that before storing the ePLMN list the MS shall remove any PLMN codes that are already in the "forbidden PLMN list" from the ePLMN list (see Annex B). But nothing is said about PLMN codes that are already in the list of "forbidden PLMNs for GPRS service".
If we consider an MS operating in MS operation mode A or B in a network in NMO II, the MS will perform separate MM and GMM procedures. When the MS enters a new location area it will first initiate the location updating procedure and then the routing area updating procedure, so the ePLMN list received and stored during the RAU procedure will usually override the one received during the location update. But later on, the MS will perform periodic location updating and periodic routing area updating using the domain-specific periodic update timers that will probably have different values. So there can be a finite time period between the periodic location update and the next periodic routing area update, and during this time period, if the MS uses the "non-reduced" ePLMN list, it can end up in limited service, camping in the E-UTRAN cell of an ePLMN which is on the list of "forbidden PLMNs for GPRS service".
Note that the same problem could also occur in a network operating in NMO I in some scenarios where the MS performs a location update, e.g. 
- if DSAC is activated for the PS domain in GERAN/UTRAN; or 
- if the MS performs CSFB from E-UTRAN to a GERAN cell not supporting DTM, the GERAN cell does not belong to the location area to which the MS registered during the last combined TAU (so that the MS needs to perform a location update), and upon release of the RR connection the MS is immediately re-selecting to E-UTRAN without performing a RAU.
So if we want to have a consistent behaviour, it seems that we also need to do something for the location updating procedure, at least for the case of an MS in MS operation mode A or B supporting S1 mode.
2.2   MS in MS operation mode C

As we mentioned already in the introduction, an MS is in MS operation mode C (or A or B) which is also supporting S1 mode needs to remove the PLMN codes that are in the list of "forbidden PLMNs for GPRS service" from the list of "equivalent PLMNs", because otherwise the MS can end up on an E-UTRAN cell in limited service.
The same problem can also occur if the MS in MS operation mode C does not support S1 mode, because when the AS uses the ePLMN list for cell re-selection, the MS can end up in limited service on a GERAN or UTRAN cell belonging to a PLMN which is in the list of "forbidden PLMNs for GPRS service". It seems that this case has been overlooked by CT1(CN1) when the concept of an ePLMN list was introduced in Rel-99.
2.3   MS in MS operation mode A or B, not supporting S1 mode
If we consider an MS operating in MS operation mode A or B not supporting S1 mode, the situation is slightly different, because on one hand there is no risk to reselect to an E-UTRAN cell that belongs to a PLMN in the list of "forbidden PLMNs for GPRS service", on the other hand, if the MS reselects to a GERAN or UTRAN cell belonging to such a PLMN, the MS can still receive CS services. So there is no reason to forbid re-selection to such a GERAN or UTRAN cell.
To study the consequences of the CR 24.008-1943r1, let us consider a scenario where the MS starts with selecting PLMN A and initiates a combined attach procedure. PLMN A responds with an Attach Reject (#14) and the MS adds PLMN A to the list of "forbidden PLMNs for GPRS service". If the MS does not use the option to perform a new PLMN selection, the MS will initiate a location updating procedure. The procedure is accepted by PLMN A so that the MS is now registered to this PLMN. In the Location Update Accept message, PLMN A includes the PLMN code of PLMN B as equivalent PLMN. A bit later, the MS reselects to PLMN B where it initiates a combined attach, as PLMN B is not on the list of "forbidden PLMNs for GPRS service". PLMN B accepts the combined attach and provides an ePLMN list including only PLMN A. According to the description for the combined attach procedure – which in turn refers to the description for the normal attach procedure – the MS will now remove PLMN A from the ePLMN list. So the ePLMN list stored by the MS will effectively consist only of the registered PLMN = PLMN B, and the MS cannot move back to PLMN A by means of cell re-selection. The only way to find back to PLMN A is either via a background scan for a higher priority PLMN or via a new PLMN selection, e.g. after loss of coverage of PLMN B.
If we assume that CT1 will update also the description of the location updating procedure in such a way that the MS is mandated to remove any PLMN code that is in the list of "forbidden PLMNs for GPRS service" from the list of "equivalent PLMNs" received during a location updating procedure, then a similar scenario can also occur if PLMN B rejects the combined attach request with cause #14. (Note that the MS will not delete the ePLMN upon receipt of this cause value.) I.e. the MS will initiate a location updating procedure in PLMN B which is accepted with an ePLMN list including PLMN A only. The MS will then remove PLMN A from the ePLMN list and will be limited to PLMN B, although both PLMNs could provide CS services.
The scenario looks even more strange, if the subscriber performs a manual selection of PLMN A. According to TS 23.122 (see Annex C), if PLMN A includes PLMN B in the ePLMN list, the MS can re-select to PLMN B to register with PLMN B. If PLMN B responds with an ePLMN list including PLMN A only, the MS will remove PLMN A from the ePLMN list and will not be able to re-select back to PLMN A. So after some time, the subscriber may notice that he is now served by PLMN B and that the MS never finds back to PLMN A, although cells of PLMN A are available in the geographical area where the MS is roaming. – If the MS memorizes that the subscriber originally selected PLMN A, then it may be  possible that after losing coverage of PLMN B the MS can find again a cell belonging to PLMN A and register again with PLMN A. But in any case, there is no way back from PLMN B to PLMN A via cell re-selection.
This "trap-door" behaviour is a consequence of the CR 24.008-1943r1 (and possibly a future CR updating also the description of the location updating procedure). For an MS operating in MS operation mode A or B not supporting S1 mode, it causes an unnecessary restriction in the mobility.

One possibility to avoid such a restriction would be to limit the requirement to remove any PLMN code that is in the list of "forbidden PLMNs for GPRS service" from the list of "equivalent PLMNs" to MSs operating in MS operation mode C and MSs supporting S1 mode.
In practise, such a change will not help very much, because we expect that in future the share of MSs supporting S1 mode will increase. Actually, for the problem with the "limited service" on an E-UTRAN cell to occur it is not sufficient that the MS is supporting S1 mode. It is also necessary that the PLMN in the list of "forbidden PLMNs for GPRS service" is supporting S1 mode. But at the time when the MS receives the ePLMN list in the RAU Accept message or Location Update Accept message, it usually does not know which of the relevant PLMNs in the list of "forbidden PLMNs for GPRS service" are supporting S1 mode.
3   An alternative approach to the problem

As we have seen in the previous discussion, for an MS in MS operation mode C the requirement introduced by CR 24.008‑1943r1 is working quite well.

For an MS in MS operation mode A or B, however, an alternative approach would be to store the ePLMN list (minus "forbidden PLMNs") without removing the PLMNs in the list of "forbidden PLMNs for GPRS service", but prevent the MS from reselecting to an E-UTRAN cell of the respective PLMNs.

The well-known "disabling of E-UTRA capabilities" cannot be used for this purpose, as it does not work in a PLMN specific way.

An option which would re-use existing concepts would be to modify the definition of a suitable E-UTRAN cell. Currently, the conditions for a "suitable" cell include a check whether the TAI of an E-UTRAN cell is included in the list of "forbidden TAs for roaming". If that check could be enhanced to include also a check whether the PLMN identity is included in the list of "forbidden PLMNs for GPRS service", the cell would no longer be suitable which would prevent the MS from re-selecting to this cell. Such an enhancement would also be well aligned with the concept of a "suitable cell", because in an E-UTRAN cell of such a PLMN the MS will never get normal service.
With such a change, it would be possible to remove the requirement introduced by CR 24.301-1189r2 again from TS 24.301, and limit the requirement introduced by CR 24.008-1943r1 for the RAU procedure to MSs operating in MS operation mode C.
Drawback of such a solution is that it requires a change of the interface between NAS and AS, because currently AS is not aware of the list of "forbidden PLMNs for GPRS service", and it requires a change in a specification (TS 36.304) not under control of CT1.

On the other hand, it would make the MS mobility behaviour more consistent, and it would remove some cell reselection restrictions which were unnecessarily introduced in Rel-11. 
4   Conclusion

In the present discussion paper we have demonstrated that currently there is a gap in the handling of the ePLMN list received during a location updating procedure. CT1 can either follow the direction that was started with agreeing CR 24.301-1189r2 and CR 24.008-1943r1 and agree a corresponding CR for the location update procedure which will further limit the MS mobility options for cell re-selection to GERAN or UTRAN cells belonging to another (e)PLMN. 

Or CT1 could ask RAN2 to modify the definition of a suitable cell in TS 36.304. This would result in a more consistent MS mobility behaviour and remove some cell reselection restrictions which were unnecessarily introduced in Rel-11.

CT1 is asked to discuss the problem and to decide on a way forward.

If CT1 can agree to ask RAN2 to modify the definition of a suitable cell in TS 36.304, Intel volunteers to draft the necessary LS to RAN2 and CRs to RAN2 and CT1 specifications.

Annex A, Quotation from TS 23.122
4.5.2
Initiation of Location Registration

"… An MS which is attached for PS services and enters a new PLMN shall perform a routeing area update or a tracking area update if the following conditions are fulfilled:

-
if the MS is in S1 mode, the currently stored TAI list does not contain the TAI of the current serving cell;

-
the LAI, TAI or PLMN identity of the current serving cell is not contained in any of the lists "forbidden location areas for roaming", "forbidden tracking areas for roaming", "forbidden location areas for regional provision of service", "forbidden tracking areas for regional provision of service", "forbidden PLMNs for GPRS service" or "forbidden PLMNs", or the MS has a PDN connection for emergency bearer services;

-
the current update state is different from "Idle, No IMSI"; and
-
the MS is configured to perform the attach procedure with IMSI at PLMN change (see "AttachWithIMSI" leaf of the NAS configuration MO in 3GPP TS 24.368 [50] or USIM file NASCONFIG in 3GPP TS 31.102 [40]) and the new PLMN is the registered PLMN or an equivalent PLMN; or

-
the MS is not configured to perform the attach procedure with IMSI at PLMN change.

…
A GPRS attach is made by a GPRS MS when activated and capable of services which require registration. A GPRS attach may only be performed if the selected PLMN is not contained in the list of "forbidden PLMNs for GPRS service". …"
Annex B, Quotation from TS 24.008, v 13.0.0

4.4.4.6
Location updating accepted by the network

…

The mobile station shall store the list, as provided by the network, except that any PLMN code that is already in the "forbidden PLMN list" shall be removed from the "equivalent PLMNs" list before it is stored by the mobile station. In addition the mobile station shall add to the stored list the PLMN code of the registered PLMN that sent the list. All PLMNs in the stored list shall be regarded as equivalent to each other for PLMN selection, cell selection/re-selection and handover. The stored list in the mobile station shall be replaced on each occurrence of the LOCATION UPDATING ACCEPT message. If no list is contained in the message, then the stored list in the mobile station shall be deleted. The list shall be stored in the mobile station while switched off so that it can be used for PLMN selection after switch on.
…
Annex C, Quotation from TS 23.122

4.4.3.1.2
Manual Network Selection Mode Procedure

…
The user may select his desired PLMN and the MS then initiates registration on this PLMN using the access technology chosen by the user for that PLMN or using the highest priority available access technology for that PLMN, if the associated access technologies have a priority order. (This may take place at any time during the presentation of PLMNs). For such a registration, the MS shall ignore the contents of the "forbidden location areas for roaming", "forbidden tracking areas for roaming", "forbidden location areas for regional provision of service", "forbidden tracking areas for regional provision of service", "forbidden PLMNs for GPRS service" and "forbidden PLMNs" lists. 

NOTE 1:
It is an MS implementation option whether to indicate access technologies to the user. If the MS does display access technologies, then the access technology selected by the user is only used for initial registration on the selected PLMN. If the MS does not display access technologies, then the access technology chosen for a particular PLMN should be the highest priority available access technology for that PLMN, if the associated access technologies have a priority order, and is only used for initial registration.

Once the UE has registered on a PLMN selected by the user, the UE shall not automatically register on a different PLMN unless:

i)
the new PLMN is declared as an equivalent PLMN by the registered PLMN; or 

ii)
the user selects automatic mode.

…

