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1 Introduction

When UE gets in a loop where it selects PLMN between high priority PLMN and lower priority VPLMN, it is sometimes referred to as “ping-pong” between the two PLMNs. The reasons to this can vary, but when the UE has to abandon the highest priority PLMN to select “another” PLMN, it usually ends up selecting a VPLMN. Periodic background scanning of higher priority PLMNs might return the UE back to the previous higher priority PLMN fairly soon, and if the reason to select another PLMN has not gone away at that point, another round in the loop will start. 

In their LS C1-122150, SA1 requires that if the RPLMN cannot be found in GERAN or UTRAN when the EUTRA capability of the UE must be disabled, then it should select another PLMN to ensure voice services. This is likely to lead to ping-pong situation between high priority PLMN where EUTRA capability is disabled and lower priority VPLMN with CS domain voice service. 

The same SA1 LS recommends that CT1 should study the means to avoid the ping-pong in this case. 

CRs C1-122227 – 2228 were briefly discussed in CT1 #78 in Kyoto, but postponed due to open issues in the design. It was recommended to change the title to clearly differentiate from C1-122512.
This discussion paper outlines the open decision points and proposes solutions to them in preparation of CRs to CT1 #79.
2 Decision points

2.1 One or many EUTRA disabled PLMNs to remember?

Since the information on PLMNs that require EUTRA disabling can only be obtained from dedicated signalling, it seems that the UE should memorize such PLMN(s) that did not offer voice service. 

Just single PLMN would not require any list, but if two PLMN in succession require EUTRA disabling, then the UE handling of the memorized EUTRA disabled PLMN needs to point to the latest one and if there are more, then ping-pong mitigation becomes tricky.

Question: Should the UE memorize only the latest PLMN that required EUTRA disabling, or multiple PLMNs? 
Question: What should be the minimum dimension of that table, or does it need to be specified at all?

Proposed working assumptions: 
Specify “EUTRA disabled PLMNs” list that can contain multiple PLMN entries for UE to memorize those PLMNs where EUTRA disabling is required. Due to volatility of the list, the UE does not need to be prepared to maintain as long list as e.g. for forbidden PLMNs. 

It was recommended to follow the model set in 23.122 on GPRS related lists with the dimension of the list (implementation specific dimension, but at least one PLMN entry). Quote from 23.122 clause 3.1: “The maximum number of possible entries in this list is implementation dependant, but must be at least one entry”
The UE behaviour when the list is already full at the time of adding a new entry needs to be added also. The UE must treat the list as a stack, where the oldest entry is lost when a new entry is pushed to a full stack.

It is optional for the UE to maintain the list, since according to 24.301 clause 4.5, the UE may choose not to re-enable its E-UTRA capability when having to select away from RPLMN. 

Maybe some linkage between maintenance of the list and re-enabling of E-UTRA capability needs to be built?

2.2 Storing of “EUTRA disabled PLMNs” list on USIM?

Since some of the conditions that trigger EUTRA disabling might be temporary, a PLMN should not be penalised until eternity for sending cause value that leads to EUTRA disabling. UE should remove PLMNs from EUTRA disabled PLMN list in reasonable time.
Question: Should the list be stored also on USIM? 

Proposed working assumption: Due to optionality and the restricted life time of the list, it is not necessary to store it on the USIM. The updates of the list would also require more frequent updates of UICC. 
It was proposed that the list should be deleted at switch-off and removal of USIM, for details see chapter 2.7.
2.3 Single “EUTRA disabled PLMNs” list validity timer or one timer for each listed PLMN?

Some of the cause values leading to EUTRA disabling are typically short-lived, e.g. due to congestion and some are related with more long-standing issue with a missing or broken interface. , a timer-based control can only be a coarse-level means to ensure that the UE does not keep EUTRA disabled PLMN blocked for excessively long time. 

One timer for each PLMN entry on the list would give time-wise similar treatment of all PLMNs, but is such complexity justified in practice? The other option is to use the timer to delete the whole list.
Question: Does the timer expiry delete just one PLMN from the “EUTRA disabled PLMNs” list or is there just single timer that kills the whole list?

Proposed working assumption: Single timer to guard the validity of the whole list is sufficient
2.4 When does the timer start?

If one timer for each PLMN entry on the list is used, then it seems best to start the timer when PLMN is entered on the list. But if just a single timer controls the validity of the whole list, that timer could be started either when the first PLMN is entered on the list or re-started every time when new PLMN is added on the list.
Question: if there is just one timer to control the validity of “EUTRA disabled PLMNs” list, when does the timer start?

Proposed working assumption: The timer is started when the first PLMN is entered on the list
2.5 What is the right timer value?

In normal operating conditions some of the cause values, such as congestion, are valid for only a short while. Some others are related to more long standing issue blocking the CS service via EUTRAN cell. Timer-based solution using single timer value is not the most efficient way to handle such diversity of the timing requirement for the UE to re-try the same PLMN again. Nevertheless, timer based removal of the blocking if certain PLMN for further automatic PLMN selections via background scanning of higher priority PLMNs is a simple way to ensure that no PLMN is forgotten by the UE for excessively long time after just one LR when cause value that requires EUTRA disabling was received. 
Single timer value could be fixed to e.g. 1 hour or some other static value, or the UE could assume different timer value based on the received EMM cause value. 

Question: What is the appropriate time value?
Proposed working assumption: The timer value is UE implementation specific, but shall not exceed 8 hours, which is the maximum value of operator configured background scanning timer T.
If the operator configured background scanning timer T is “clearly shorter” than the maximum value 8 hours, then the UE should use longer validity timer for the “EUTRA disabled PLMNs” list as otherwise the ping-pong problem is not mitigated at all.

2.6 Is HPLMN and PLMN equivalent to it added on the list?

Selecting VPLMN manually means selecting it permanently, and that seems to be the reason why SA1 recommended against specifying that the UE could offer the user a manual PLMN selection away from the HPLMN. Forcing the UE permanently to lower priority PLMN is harmful and should be avoided.
However, that does not automatically mean the same thing as leaving HPLMN (and equivalent PLMNs) out of the “EUTRA disabled PLMNs” list. The process goal is to ensure voice services and if HPLMN does not offer the critical voice service, then the UE might need to be allowed to select another PLMN, at least if the UE is not blocked automatically for excessively long time and the UE recovers automatically from the blocking condition.
Question: 
Shall the UE add HPLMN or a PLMN that is equivalent to it on “EUTRA disabled PLMNs” list or not?

Proposed working assumption: Yes, but only the PLMN where the voice service is not available shall be added on the list
If the HPLMN cannot provide the prioritised speech service, then based on the EUTRA disabling principle, the (CS) voice centric UE should put also HPLMN and equivalent PLMN on the list if they cannot provide the desired voice service.

2.7 Is timer based recovery sufficient for EUTRA disabling in HPLMN?

Normally the EUTRA disabling should lead to GERAN or UTRAN of the RPLMN. Also in that situation the UE is expected to recover from that situation based on several criteria that is already specified in 3GPP TS 24.301 clause 4.5. 

When the UE remains in the RPLMN, then ideally the network could tell the UE when the cause for EUTRA disabling has been removed. This re-enabling of EUTRA capability should not trigger all UEs to register simultaneously via EUTRAN cell, but it should only make the UEs aware, that they can re-enable EUTRA capability in the RPLMN and any subsequent actions will follow the normal AS and NAS procedures. 

Question: Should we specify the means for RPLMN to indicate via GERAN or UTRAN that EUTRA disabling is not necessary in this PLMN anymore?

Proposed working assumption: No new criteria is needed. Timer-based, UE switch-off, USIM removal and UE configuration changes (to become non-voice centric any more) are seen sufficient list deletion criteria
2.8 Can the same mechanism be re-used also with new cause value?

C1-122186 and 2187 proposed to add a new cause value to send the UE away from the RPLMN + EUTRAN. Both these CRs and the ones on ping-pong avoidance at E-UTRA disabling (C1-122227 – 228) were postponed in CT1 #78. 

Question: Should the approach with timer controlled “EUTRAN only PLMNs” list be used for EUTRA disabling only or also after the new cause value is received? (follow-up of C1-122186 – 187)
Proposed working assumption: It was recommended to keep the new cause value introduction independent of this ping-pong avoidance in E-UTRAN disabling.
The procedures differ, since E-UTRA disabling is restricted to search of GERAN or UTRAN in attempt to secure voice services that are critical for this CS/PS type 1 mobile. If that does not work, then it is likely to lead to another PLMN, thus triggering background scan. The introduction of new cause value is expected to steer towards another RAT (any RAT) of the RPLMN.
2.9 Should the “E-UTRA disabled PLMNs” list be in PLMN or TA granularity?

Question: Does the UE need to memorise also the TA where the condition that led to E-UTRA disabling was met, or is it enough to store just the PLMN?

Proposed working assumption: PLMN granularity is enough.
It was already considered whether the UE should re-enable its E-UTRA capability when the TA changes (and the UE would need to at least silently re-enable E-UTRA periodically to check this). The outcome was that this is not necessary, so to align with re-enable criteria, PLMN granularity was seen sufficient for now.
2.10 Other questions?

Question: Is there any issue that needs to be contributed to SA1 or SA2 before CT1 can proceed?
Proposed working assumption: The above answers are based on discussions in an informal CT1 telco on the 6th of June 2012. Tentative answers to all questions were given, so currently there are no open issues that would require SA2 guidance.
3 Conclusion 

The originators have revised postponed CRs C1-122227 and C1-122228 from Kyoto meeting to align them with the above working assumptions. The new version of the CRs are in C1-122661 – 2662.
