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1. Introduction
At SA#52 it was decided that MDT should work for operators using Equivalent PLMN identities [1]. 
An operator can build a network (in one market) including e.g. different RATs on different PLMN identities but declare them as “Equivalent” by means of Equivalent PLMN identities. In such a network users are, technically speaking, roaming although they still are with the same operator, the home operator, in one and the same market. By roaming we here refer to that RPLMN is not the same as either the HPLMN identity defined by the IMSI or by an entry in a non-empty list of Equivalent HPLMN identities. 
An operator that uses more than one PLMN in the entire network shall be able to activate MDT in all PLMN IDs. In-bound roamers should NOT be automatically excluded in area based MDT data collection. Today it is only possible to activate MDT in Home PLMN and in Equivalent HPLMNs and it is not possible to continue MDT at mobility to different PLMN identity than the one that activated MDT. SA3 has confirmed that this is too restricted and that a mistake has been made [2].
We analyse the situation and propose to make the corresponding Stage 2 and Stage 3 specification updates in release 10.
2. Discussions
2.1
MDT activation
MDT is so far not supported for roaming users. This means that it is not allowed to activate MDT in a VPLMN even if VPLMN belongs to home operator in the same country as Home PLMN. 

MDT PLMN is the PLMN that is the RPLMN for the UE at the point of receiving logged MDT measurement configuration. Thus MDT PLMN can only be HPLMN or Equivalent HPLMN.

Proposal 1: We propose to allow immediate and logged MDT activation if a user is a roaming user in a country same as the country identified by the IMSI and the HPLMN is configured to be equivalent to RPLMN.
We suggest that control is provided in the following way.

For the cell traffic trace MDT, i.e. management based trace function from OAM:

· users that are not in home country or not in a PLMN equivalent to Home PLMN will not have user consent from core network and cannot be selected by the RNC/eNB for MDT. 

For UE specific MDT signalling trace activation messages from CN nodes, i.e. the Initial Context Setup message and the Trace Start message in E-UTRAN, the CN Invoke Trace message in UTRAN:

· core network will not initiate MDT for users that are not in home country or not in a PLMN equivalent to Home PLMN.

Core network knows IMSI, i.e. Home PLMN, and the equivalent PLMN list for each registered UE. 

To adopt proposal 1 is up to operator configuration: If an operator wants MDT to be activated in a visited PLMN as in proposal 1 then this should be handled in roaming agreements and user consent has to cover the visited PLMN. If roaming agreements do not allow for MDT then core network of VPLMN will set user consent to false and it will not initiate UE specific MDT.
Proposal 1 is implemented by SA5 CRs [3] and [4].

2.2
MDT continuation
MDT configuration is valid only in the MDT PLMN. Logged MDT measurements are performed as long as the RPLMN is the MDT PLMN. At PLMN change which results in a new RPLMN (RPLMN≠MDT PLMN), the logging is suspended, i.e. the MDT configuration and MDT log are kept but measurement results are not logged. 
For immediate MDT, all the measurements configured in the UE for immediate MDT should be released if the serving PLMN changes.

In conclusion, it is not possible to continue MDT measurements when an operator uses Equivalent HPLMNs and/or Equivalent PLMN identities. Note that Equivalent HPLMNs are used for PLMN selection, whereas Equivalent PLMN identities are used for idle and active mode mobility.
Proposal 2a: We propose to allow immediate and logged MDT to continue if a user is changing PLMN in the country same as the country identified by the IMSI. The target PLMN should be Home PLMN or a PLMN that is in the equivalent PLMN list. 
Proposal 2b: We propose that the registered PLMN and the PLMNs in equivalent PLMN list is stored in the UE at MDT configuration of logged MDT. PLMN identities of different country than registered PLMN are not stored. At logged MDT, the UE should check that the target PLMN is in the stored PLMN list. In this way the allowed PLMNs for MDT is fixed and cannot change over time, for example by an NAS area update. At immediate MDT, the network checks this based on preconfigured information. 
For immediate MDT, the eNB and RNC may be preconfigured with, for each registered PLMN, a list of allowed MDT PLMN identities. The eNB knows the registered PLMN (called selected PLMN in S1AP) and the RNC knows the registered PLMN (called selected PLMN in RANAP). The eNB/RNC uses the registered PLMN and the preconfigured allowed MDT PLMN identities for that registered PLMN at immediate MDT configuration. If area/access restriction information is available for the user, the eNB uses the list of equivalent PLMNs stored in the UE context and the RNC uses the PLMN identities in the SNA Access Information instead of the preconfigured allowed MDT PLMNs.
For logged MDT the UE knows the registered PLMN and equivalent PLMNs for NAS signalling after registration and area updates.

Core networks prevents that equivalent PLMNs that are not equivalent to Home PLMN are stored, since core network prevents that MDT is initiated for such UEs, as described below.

For the cell traffic trace MDT, i.e. management based trace function from OAM:

· users that do not have Home PLMN as registered PLMN or in the equivalent PLMN list will not have user consent from core network and cannot be selected by the RNC/eNB for MDT. 

For UE specific MDT signalling trace activation messages from CN nodes, i.e. the Initial Context Setup message and the Trace Start message in E-UTRAN, the CN Invoke Trace message in UTRAN:

· core network will not initiate MDT for users that do not have Home PLMN as registered PLMN or in the equivalent PLMN list.

If an operator wants MDT to continue between PLMN identities then this should be handled in roaming agreements and user consent has to cover visited PLMNs.

2.3
Area scope without ASN.1 changes
Area scope can be configured for MDT in which MDT measurements are to be performed. The area scope can be 
· a list of cells or 
· for EUTRAN, a list of TAs
· for UTRAN, a list of LAs or a list of RAs. 
If no area scope is given then the area scope is the entire RPLMN.
Proposal 3: We propose that if no area scope is given then the area scope is RPLMN + EPLMN list instead of RPLMN as today. The PLMNs in the equivalent PLMN list that are valid should be of the country same as the country identified by the IMSI. At logged MDT, the Home PLMN should be in the equivalent PLMN list.
If an operator does not want MDT to continue at inter-PLMN handover then the source network may deactivate the MDT in the UE in the source cell. If an operator does not want MDT to continue at inter-PLMN cell reselection then the source network should not send equivalent PLMN identities to UEs with user consent set to TRUE.
NOTE: Over RRC area scope is optional. Over Iu, Iur, S1 and X2 the area scope is mandatory and a PLMN identity is sent if no cell list or area identity list is sent. The RNC and eNB needs to interpret a PLMN identity over Iu, Iur, S1 or X2 as area scope RPLMN + EPLMN list.
EUTRAN:

In EUTRAN each cell in the area scope cell list contains a PLMN. The list of tracking areas is a list of TACs without any PLMN ID. 
Proposal 4: We propose that configured area scope of a list of EUTRAN cells may have different PLMN IDs and MDT should then continue over all listed cells that belong to RPLMN or to any PLMN in EPLMN list. The PLMNs in the equivalent PLMN list that are valid should be of the country same as the country identified by the IMSI. At logged MDT, the Home PLMN should be in the equivalent PLMN list.
If an operator does not want MDT to continue at inter-PLMN mobility then the source network should send only the PLMN identity of the source network to UEs in the EUTRAN cell list.
Proposal 5: At configured TAC list area scope we propose that MDT should continue in all listed TACs in RPLMN or in any PLMN in EPLMN list. The PLMNs in the equivalent PLMN list that are valid should be of the country same as the country identified by the IMSI. At logged MDT, the Home PLMN should be in the equivalent PLMN list.
At configured TAC list area scope, if an operator does not want MDT to continue at inter-PLMN handover then the source network may deactivate the MDT in the UE in the source cell. At configured TAC list area scope, if an operator does not want MDT to continue at inter-PLMN cell reselection then the source network should not send equivalent PLMN identities to UEs with user consent set to TRUE.
UTRAN:

In UTRAN each LAI/RAI in the area scope LAI/RAI list contains a PLMN. The list of cells in scope cell list is a list of cell identities without any PLMN ID, in contradiction to 32.422 and stage 2 description in 37.320.
Proposal 6: We propose that configured area scope of a list of LAIs/RAIs may have different PLMN IDs and MDT should then continue over all listed LAIs/RAIs that belong to RPLMN or to any PLMN in EPLMN list. The PLMNs in the equivalent PLMN list that are valid should be of the country same as the country identified by the IMSI. At logged MDT, the Home PLMN should be in the equivalent PLMN list.
If an operator does not want MDT to continue at inter-PLMN mobility then the source network should send only the PLMN identity of the source network to UEs in the LAI/RAI list.

NOTE: Over Iu and Iur routing area is just a list of routing area codes, without PLMN and without LAC. RAC does not point out one routing area but all routing areas with RAC, independently of Location area. RRC contains a RAI list (PLMN+LAC+RAC). Iu and Iur interfaces needs to be corrected and when this is done we suggest to add LAI and not only LAC.
Proposal 7: At configured UTRAN cell list area scope we propose that MDT should continue in all listed cells in RPLMN or in any PLMN in EPLMN list. The PLMNs in the equivalent PLMN list that are valid should be of the country same as the country identified by the IMSI. At logged MDT, the Home PLMN should be in the equivalent PLMN list.
At configured UTRAN cell list area scope, if an operator does not want MDT to continue at inter-PLMN handover then the source network may deactivate the MDT in the UE in the source cell. At configured UTRAN cell list area scope, if an operator does not want MDT to continue at inter-PLMN cell reselection then the source network should not send equivalent PLMN identities to UEs with user consent set to TRUE.

The EM checks that the PLMN identities in area scope are of the same country as Trace reference PLMN identity. The UE, at logged MDT, and the RAN, at immediate MDT, checks that the PLMNs in area scope match the stored MDT PLMN list.
2.4
Area scope with ASN.1 changes
As an alternative approach we may update ASN.1 for the area scope in release 10. Based on the previous section we foresee the following changes.
1. Add PLMN list as an area scope explicitly signalled over Iu, Iur, S1, X2, RRC and the HSS to CN interfaces.
2. Add PLMN identity to the TAC list in EUTRAN over S1, X2 and RRC.
3. Add PLMN identity to UTRAN cell list over Iu, Iur and RRC.

The approach would be that area scope: 

· PLMN identity is sent over Iu, Iur, S1 and X2, and over RRC the area scope is not explicitly forwarded to the UE. The MDT is valid in the entire PLMN identity.

· PLMN list is sent over Iu, Iur, S1 and X2 and over RRC. The MDT is valid as long as the UE is registered to the PLMN identities in the PLMN list. 
· Globally unique cell list, TAI list, LAI list or RAI list is sent over Iu, Iur, S1 and X2 and over RRC. The lists may have different PLMN IDs and MDT should then continue over all listed items as long as the UE is registered to the PLMN identity that initiated MDT.
· PLMN list and Globally unique cell list, TAI list, LAI list or RAI list is sent over Iu, Iur, S1 and X2 and over RRC. The lists may have different PLMN IDs and MDT should then continue over all listed items as long as the UE is registered to the PLMN identities in the PLMN list.

Proposal 8: Alternatively to proposal 3 to 7 we propose to make the ASN.1 updates in bullet 1 to 3 above.

If it is not acceptable to do the above ASN.1 changes in release 10 then the approach in section 2.3 should be adopted in release 10 and ASN.1 changes should be investigated for release 11.  
3. Conclusions
RAN2 is kindly asked to discuss above proposals, and update release 10 MDT Stage 2 and Stage 3 specifications accordingly. 
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