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1. Introduction
According to the LS[1], SA reconfirmed that in general all new features (or enhancements to existing features) should continue to be designed to work also for operators using Equivalent PLMN identities. And MDT was indicated to be supported across the PLMNs identified as equivalent. And this issue needs to be solved in R11 based on the conclusion from last RAN2/RAN3 meeting. In this paper, it will provide more detail consideration and the solution on this issue.
2. Discussion
2.1 Background

According to the LS[1] from SA:
These groups are kindly requested to investigate the necessary changes, in Release 10 or 11, to MDT to make it also applicable in a context where Equivalent PLMN identities are applied within a single operator’s network and where the country as identified by the MCC of the RPLMN is the same as the country identified by the MCC in the IMSI. It should be equally applicable to MDT

… that is started in a PLMN, equivalent to the HPLMN 

… as well as for mobility between a PLMN equivalent to the HPLMN and HPLMN 

….and for mobility between PLMNs equivalent to the HPLMN.
Here indicates the PLMNs identified as equivalent should be of the country same as the country of the home operator and with the same operator, which also includes the EHPLMN list.
2.2 Problems and Solutions
Based on the info transferred from SP-110391, it cannot be assumed, as a principle of design within 3GPP that an operator always has the same PLMN identity in all of its networks on the same market. In fact, 3GPP has acknowledged such scenarios exist already in Release 99 when Equivalent PLMNs were introduced to support them. Allowing new features to only work within the same PLMN is not acceptable – it will mean that operators with deployed networks that are fully standards compliant cannot benefit from these new features compared to operators that use the same PLMM identity everywhere. Hence we propose that SA confirms that in general all new features (or enhancements to existing features) should be designed to work also for operators using Equivalent PLMN identities.
For your convenience, here we list some PLMN definitions from TS24.301 and TS36.304 for analysis.
EHPLMN:  Any of the PLMN entries contained in the Equivalent HPLMN list.
Equivalent HPLMN list: To allow provision for multiple HPLMN codes, PLMN codes that are present within this list shall replace the HPLMN code derived from the IMSI for PLMN selection purposes. This list is stored on the USIM and is known as the EHPLMN list. The EHPLMN list may also contain the HPLMN code derived from the IMSI. If the HPLMN code derived from the IMSI is not present in the EHPLMN list then it shall be treated as a Visited PLMN for PLMN selection purposes.
Equivalent PLMN list: List of PLMNs considered as equivalent by the UE for cell selection, cell reselection, and handover according to the information provided by the NAS.

Home PLMN: A PLMN where the Mobile Country Code (MCC) and Mobile Network Code (MNC) of the PLMN identity are the same as the MCC and MNC of the IMSI.

All the above PLMN definitions refer to one UE. 
While in TS36.401, we also can see the PLMN definition for cell, which called broadcasted PLMN-IDs:

The E-UTRAN can broadcast multiple PLMN-IDs in the radio interface. The UE can choose one amongst the broadcasted PLMN-IDs.

An eNB is allowed to handover a UE to a target cell with multiple PLMN identities if at least one of the target cell PLMN identities is listed as allowed in the area restriction information for the UE, i.e. listed as Serving PLMN or an equivalent PLMN.
Furthermore, according to the RAN2 LS[2], the current Equivalent PLMN list cannot be used as is to determine the area scope of an MDT task, since it would be too restrictive (e.g. may contain EPLMNs in different countries and/or belonging to different operators).  However it may be sufficient to signal a subset of PLMNs from the ePLMN list in which an MDT task could be configured.
Therefore, in order to avoid the confusion, we’d like to use Allowed MDT PLMNs as the the PLMNs identified as equivalent for MDT.
2.2.1 Logged MDT case
When Allowed MDT PLMNs are introduced for MDT, it will expand the range of UEs to be selected to receive the MDT configuration. For example, when the RPLMN that UE received the MDT configuration is different from the PLMN in Trace Reference, UE still can be selected to receive the MDT configuration, when UE enters one PLMN of the Allowed MDT PLMN list, which has the requirement to perform MDT equally. Theoretically, the PLMN ID included in the E-UTRAN Trace Reference IE will also be included in the Allowed MDT PLMN list.
Proposal 1): For management based logged MDT, the eNB/ RNC (RAN) will select the UE to send MDT measurement configuration, when UE’s RPLMN matches one of the PLMN in the Allowed MDT PLMN list.
While for signaling based logged MDT, there has already existed the selection principle in TS32.422, which means it should be up to core network and OSS configurations whether roaming UE is allowed or not.

In case of home subscriber trace (i.e. in the HPLMN) the Trace Session activation shall go to the HSS / MSC Server / SGSN / MME. Instances where the home subscriber is roaming in a VPLMN, the HSS may initiate a trace in that VPLMN. The VPLMN may reject such requests.

In case of foreign subscriber trace (i.e. the HPLMN operator wishes to trace foreign subscribers roaming in his PLMN) the Trace Session activation shall go the MSC Server/VLR, SGSN / MME. Depending on the Trace Control and Configuration parameters received, the Core Network shall propagate the activation to selected NE's in the entire network – RAN and Core Network.

When UE receives the logged MDT measurement configuration, it will perform the MDT measurement in case that RPLMN is equal to the PLMN in Trace Reference, however, when Allowed MDT PLMN list was introduced, the performance of MDT measurement shall also for operators using Equivalent PLMN identities. Therefore, when the RPLMN is equal to any PLMN that identified as equivalent to MDT PLMN, UE shall also perform the MDT measurement.
Proposal 2): UE will perform the MDT measurement when RPLMN is equal to any PLMN that included in the Allowed MDT PLMN list.
According to current TS37.320, the UE includes the indication in RRC Connected mode, upon connection to RAT which configured the UE to perform Logged MDT measurements and RPLMN which is equal to the PLMN in Trace Reference. The UE will not indicate the availability of MDT measurements in another RAT or in another RPLMN.
When Allowed MDT PLMNs are introduced to be considered, the UE can indicate the availability of MDT measurements when RPLMN is equal to any of Allowed MDT PLMNs. For example (see Figure 1), if roaming agreements are different for 2G and 3G networks (and soon 4G networks as well), assigning separate PLMN identities for the different access networks simplifies the implementation of these roaming agreements in the network. PLMN-id A and PLMN-id C are treated as the equivalent PLMNs for operator A. PLMN-id B and PLMN-id C are treated as the equivalent PLMNs for operator B.
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Figure 1.
The case when two operators with separate 2G network build a common 3G network. Mobility is enabled between the 2G networks and the 3G network, but not between the 2G networks. 
UE may receive the MDT measurement configuration under PLMN-id A, while the PLMN in Trace Reference, is PLMN-id C, UE can report the availability of MDT measurements under PLMN-id C.
Proposal 3): UE can indicate the availability of MDT measurements when RPLMN is equal to any PLMN that included in the Allowed MDT PLMN list.
2.2.2 Immediate MDT case
According to LS[3] form SA5:
Tthe MDT PLMN for Immediate MDT is defined as the PLMN Id included in the E-UTRAN Trace Reference IE. The area scope specified in a MDT session shall support the same PLMN. EM shall validate that the MCC and MNC specified in the Trace reference is the same as the PLMN supported by all the eNodeBs specified in the area scope. If the eNodeB receives a request with a PLMN in the TraceReference that does not match any PLMN in its list, it shall ignore the request. 
Observation 1: In case of Immediate MDT, MDT PLMN is the PLMN Id included in the E-UTRAN Trace Reference IE. The eNB receives a request with a PLMN in the Trace Reference that does not match any PLMN in its list (which means the broadcast PLMN list for cell/cells), it shall ignore the request. However, when eNB sends the immediate MDT request to UE, eNB will not consider the serving PLMN of this UE according to current TS37.320. UE will receive the existing RRC measurement with some extensions for location information to perform immediate MDT when the serving PLMN may be different with MDT PLMN, and UE will not acknowledge about this. 
In case of Immediate MDT (management based and signaling based), the eNB/ RNC (RAN) needs to check whether the serving PLMN of UE is equal to the MDT PLMN, if yes, then the UE is allowed to be selected to perform Immediate MDT.  In case that the Allowed MDT PLMN list is introduced, the eNB/ RNC (RAN) can send the immediate MDT request to UE when the current serving PLMN matches one of the PLMN in EPLMN list of this UE.
Proposal 4): The eNB/ RNC (RAN) can send the immediate MDT request to UE, when UE’s serving PLMN matches one of the PLMN in the Allowed MDT PLMN list.
2.2.3 
MDT context handling during handover
The MDT context handling during handover only needs to be considered in signaling based immediate MDT case. 
In case of signalling based trace activation, the eNB/RNC shall propagate the Trace Session parameters together with the MDT specific parameters to the target cell in case of an Intra-PLMN handover over X2 or S1 (or Iur or Iu in case of UMTS).
An inter-PLMN handover corresponds to a change in the serving PLMN. RAN3 understands that in case of a PLMN change which results in a new serving PLMN different from the MDT PLMN, Immediate MDT is suspended. The eNB/RNC shall not propagate the Trace Session parameters together with the MDT specific parameters to the target cell in case of inter-PLMN handover.
However, if we consider the Allowed MDT PLMNs, the eNB/RNC shall propagate the Trace Session parameters together with the MDT specific parameters to the target cell in case of  handover, but only when the target PLMN matches one PLMN of Allowed MDT PLMN list. Thus, when UE handover to the target cell with new serving PLMN in the case of inter-PLMN handover, which is one of the Allowed MDT PLMNs, UE still can perform the immediate MDT measurement needed by the operator.
Proposal 5): In case of signalling based Immediate MDT, the eNB/RNC shall propagate the Trace Session parameters together with the MDT specific parameters to the target cell in case of inter-PLMN handover, but only when the source eNB selects a serving PLMN in the target eNB which is included in the Allowed MDT PLMN List IE.

3. Conclusion
According to the above analysis, it is proposed RAN3 agree the following proposals for MDT when Allowed MDT PLMNs need to be supported.
Proposal 1): For management based logged MDT, the eNB/ RNC (RAN) will select the UE to send MDT measurement configuration, when UE’s RPLMN matches one of the PLMN in the Allowed MDT PLMN list.
Proposal 2): UE will perform the MDT measurement when RPLMN is equal to any PLMN that included in the Allowed MDT PLMN list.
Proposal 3): UE can indicate the availability of MDT measurements when RPLMN is equal to any PLMN that included in the Allowed MDT PLMN list.
Proposal 4): The eNB/ RNC (RAN) can send the immediate MDT request to UE, when UE’s serving PLMN matches one of the PLMN in the Allowed MDT PLMN list.
Proposal 5): In case of signalling based Immediate MDT, the eNB/RNC shall propagate the Trace Session parameters together with the MDT specific parameters to the target cell in case of inter-PLMN handover, but only when the source eNB selects a serving PLMN in the target eNB which is included in the Allowed MDT PLMN List IE.
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