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1. Introduction
CT1 has discussed for long time in order to find a solution for following two use cases:
(1)    The UE doesn't have roaming agreement for a specific RAT e.g. E-UTRAN but has roaming agreement for other RATs e.g. UTRAN
(2)    The UE doesn't have subscription for a specific RAT e.g. E-UTRAN but has subscription for other RATs e.g. UTRAN
Several proposals have been provided in discussion papers (i.e. in C1-123779 [1] in CT1#80 meeting, and in C1-131243 [2] in CT1#82bis meeting), but none CR was tabled at that time. In CT1#83 meeting, a CR in C1-131916 [3] was tabled to provide a solution which looks different from the proposals in the discussion papers seen before [1][2]. However, this CR could not be agreed at that meeting. In CT1#84 meeting, the proposal was tabled again (in C1-132687 [4]) but was finally postponed.

This discussion paper tries to provide observations and analysis on the alternative solutions tabled in the CRs to CT1 as well as attempts to find a pure NAS solution without any AS impact.

2. Discussion

2.1 Solution in C1-133624
The main logic of the solution in C1-133624 can be summarized as below:

Firstly, to define a new term which quote:

“Consider all TAIs of the PLMN as being in the list of "forbidden tracking areas for roaming": An indication that all TAIs of a PLMN are considered to be in the list of "forbidden tracking areas for roaming" is included in the "forbidden tracking areas for roaming".
Secondly, to add an extended EMM cause IE to the reject messages when the EMM cause #15 is provided:
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Finally, to specify the UE’s behaviour upon receipt of #15 as below, e.g. for the normal attach procedure:


“In S1 mode, if the Extended EMM cause IE is present in the ATTACH REJECT message and the IE indicates "All TAs of this PLMN", the UE shall consider all TAIs of the PLMN as forbidden tracking areas for roaming. The UE shall search for a suitable cell in another location area in the same PLMN according to 3GPP TS 36.304 [21].”
However, that solution as described above cannot work well without changing the existing suitable LTE cell selection criteria as defined in TS 36.304 as quoted below:

“suitable cell:

A "suitable cell" is a cell on which the UE may camp on to obtain normal service. The UE shall have a valid USIM and such a cell shall fulfil all the following requirements.

-
The cell is part of either: 

-
the selected PLMN, or: 

-
the registered PLMN, or:

-
a PLMN of the Equivalent PLMN list

-
For a CSG cell, the cell is a CSG member cell for the UE;

According to the latest information provided by NAS:

-
The cell is not barred, see subclause 5.3.1;

-
The cell is part of at least one TA that is not part of the list of "forbidden tracking areas for roaming" [4], which belongs to a PLMN that fulfils the first bullet above;
-
The cell selection criteria are fulfilled, see subclause 5.2.3.2;”
If according to this solution, the new indication (a special TAI) is included in the list of "forbidden tracking areas for roaming" which is not known by the AS due to the AS will not care the content of this list anymore. Then nothing is actually changed from the AS point of view. If so, when the AS checks the above Yellow highlighted condition (the 4th bullet), the AS just checks whether the TA (e.g. TAI1) of the selected LTE cell (e.g. cell-A) is in the list of "forbidden tracking areas for roaming" or not (i.e. AS will not further check whether a special TAI was included). Provided that the TAI1 is not in the forbidden list according to AS (even if NAS has considered the TAI1 is forbidden based on the extended EMM cause IE but the AS does not check this before suitable cell selection as per TS 36.304), then the UE can still treat the cell-A as a suitable LTE cell and camp on it. So this solution cannot prevent the UE from selecting other LTE cell of the same PLMN. As a result of this, then “ping-pong” happens.

Note that we are only talk about the case when the UE receives the EMM cause #15. However, the NAS will not provide any indication to the AS that #15 was received, and therefore the AS should firstly check whether a special TAI was included in the list of forbidden registration area for roaming. Then the final result is the AS shall always firstly check whether a special TAI is included in the list of forbidden registration area for roaming in all cases, i.e. whenever the list of forbidden registration area for roaming is received from the NAS. This is not acceptable for the UE AS implementation due to in almost (>99%) cases, the AS need not check this for suitable cell selection. Hence, this will deviate from the legacy handling of cause #15.
We acknowledge that the NAS-AS interaction is inside the UE, but this does not mean that everything for the NAS-AS interaction has to been put to the internal implementation. Please note that we have clearly specified in 3GPP specs (e.g. TS 36.304, TS 24.301) that the NAS should provide the EPLMN list, the associated RAT, the forbidden TAI list, the EAB indication, etc., to the AS for some purposes (e.g. PLMN selection, suitable cell selection, and EAB control). Note that such parameters are used by the AS only and are not to be sent to the eNodeB.
2.2 Solution in C1-133663
Comparing the solution tabled in C1-133624, the solution in C1-133663 evolved as below:

“The network may provide and the UE may support handling of the Extended EMM cause IE in the ATTACH REJECT or the TRACKING AREA UPDATE REJECT if the EMM cause value is set to #15. If the UE supports handling of the Extended EMM cause IE, the contents of the Extended EMM cause IE when received in an ATTACH REJECT or a TRACKING AREA UPDATE REJECT with EMM cause value set to #15, shall be interpreted as follows:

-
if the Extended EMM cause indicates "Current TA in the selected PLMN", the UE considers the current TA as forbidden for roaming and update the "forbidden tracking areas for roaming" with the current TA; and

-
if the Extended EMM cause indicates "All TA(s) in the selected PLMN", then all TAs in the PLMN are considered as forbidden for roaming.
…
If the UE supports handling of the Extended EMM cause IE, then the management of the list of "forbidden tracking areas for roaming" when all TAs in the PLMN are considered forbidden, is implementation dependent and will not be specified any further in this specification.

The new condition “If the UE supports handling of the Extended EMM cause IE” does refer to the NAS capability only, i.e., even the NAS supports handling of this new IE, the AS does not know this anymore. Furthermore, the management of the list of forbidden tracking areas for roaming cannot be simply left to implementation anymore. The same reasons as outlined by the section 2.1 for the solution in C1-133624 actually apply.

Based on above observations, two conclusions can be made:

Conclusion I: Both the solutions in C1-133624 and C1-133663 cannot work well without the new helps from the AS layer and the required NAS-AS interaction cannot be simply be left to implementation.
Conclusion II: Both the solutions in C1-133624 and C1-133663 cannot stop the “ping-pong”,  i.e. prevent the UE from selecting the LTE cell of the same PLMN which provided #15 after selecting a suitable GERAN/UTRAN cell.

3. Pure NAS solution

In our view, the handling of the extended EMM cause IE for the whole PLMN should be independent from the existing list of forbidden registration areas for roaming so there should not be AS impact.

From two use cases in section 1, one can see that the basic requirement here is that the UE should not try to access the E-UTRAN of the PLMN who provided #15. It is then recommended that the UE should try to access the GERAN/UTRAN of the same PLMN upon receipt of #15. Following this logic, a pure NAS solution without impacting the AS layer is proposed as below:

Firstly, to add an extended EMM cause IE into the reject messages when the EMM cause #15 is used:
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Then, to specify the UE’s behaviour upon receipt of #15 as below, e.g. for the normal attach procedure:


“In S1 mode, if the Extended EMM cause IE is present in the ATTACH REJECT message and the IE indicates "E-UTRAN not allowed", the UE shall store the current TAI in the list of "forbidden tracking areas for roaming". The UE shall attempt to select GERAN or UTRAN radio access technology in the same PLMN and proceed with the appropriate MM specific procedure according to the MM service state. In this case, the UE shall disable the E-UTRA capability (see subclause 4.5).”
Note that for the Yellow highlighted action, it is already implemented at both the NAS layer and the AS layer (see TS 36.304) and we have already described it for many other cases in TS 24.301, e.g. combined accept with #18 and reject with #14 for UEs operating in CS/PS mode 1. So there is no AS impact for this proposal.

Due to the UE was not allowed to access E-UTRAN of the same PLMN anymore, to disable UE’s E-UTRA capability is required (Green highlighted action) in order to prevent the UE from going back to E-UTRAN after selecting GERAN/UTRAN. If the UE can select a suitable GERAN or UTRAN cell of the same PLMN, then it stays there and no “ping-pong” happens. If the UE cannot select a suitable GERAN or UTRAN cell of the same PLMN, as said in TS 24.301 subclause 4.5, then the UE need perform a PLMN selection and trying to select another available PLMN. For this PLMN selection, the UE will re-enable the E-UTRA capability again. This will enable the UE to obtain the EPS services in a new PLMN when accessing E-UTRAN was allowed.

4. Conclusion

It is proposed that CT1 discusses the observations and analysis on the solutions tabled in C1-133624 and C1-133663. In our view, the legacy handling of cause #15  should not be impacted so operators can still decide to use #15 as today if they wish to do so. Furthermore, CT1 is requested to consider the pure NAS solution in section 3 when deciding a way forward on the handling of EMM cause #15.
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