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Discussion
1 Introduction

RAN3 has received an LS from RAN2 regarding the multi-PLMN operation of MDT [1]. RAN2 has agreed the following requirements:
•
The UE performs measurement log reporting in all PLMNs of the MDT PLMN List.

•
A UE is configured with an MDT PLMN List if user consent is valid for the RPLMN.  

•
The MDT PLMN List is a configurable subset of the UE’s EPLMN List at the time of receiving the logged measurement configuration. The network ensures that user consent is also valid for all PLMN in the MDT PLMN List.

•
The MDT PLMN List includes (explicitly or implicitly) the UE’s RPLMN at the time of receiving the logged measurement configuration.

•
The UE performs measurement logging in all PLMNs of the MDT PLMN List, unless configured with a TAI-based or ECGI-based area scope.

•
The TAI-based or ECGI-based area scope can span PLMNs in the MDT PLMN List.

•
The MDT PLMN List is configured by AS signaling.

This document discusses the derived requirements from these, and outlines proposals for implementation in RAN3 specifications.
Note that some of the discussion below is phrased in terms of LTE (similar to the RAN2 LS), but in general, the considerations should be read as applying also to UMTS, with the appropriate changes of terminology.

2 Derived Requirements

From the RAN2 requirements, it follows that in the RRC signalling
1. There will be an explicit (optional) MDT PLMN list for each MDT requested action

2. There will be an explicit (optional) TAI or ECGI area scope that may span multiple PLMNs

We now need to consider how the above can be supported by S1/X2 signalling and eNB UE context (and equivalent for UMTS). Further, we should preferably design the control of immediate MDT in a way that is consistent with both logged operation and the general requirements listed by RAN2.

From statement #2 above, it follows that there should be an identical requirement for trace activation over S1 and RANAP at least for logged PLMN. It would make sense to make this general, i.e., TAI or ECGI area scope spanning multiple PLMNs should be supported for both logged and immediate MDT in signalling based activation.
Proposal 1: For LTE and UMTS, TAI or ECGI (respectively LAI/RAI/CGI) area scope spanning multiple PLMNs should be supported for both logged and immediate MDT in signalling based activation (S1 and X2 signalling of MDT Configuration).

Regarding the provision of the MDT PLMN list, the previous discussion showed that there were a number of options, which are listed and discussed below:
Option A: O&M

In this case, the RAN is configured for a static MDT PLMN list. This list can be used for initiation of logged and immediate MDT, and signalled to the UE in the first case. 
If user consent is available for the UE, it is assumed that it applies to all PLMNs in this list. Propagation of immediate MDT at X2 HO is based on the list at the source, and otherwise (S1 HO, UMTS relocation) it is under the control of the core network.

Evaluation: In general, this is the simplest option. However it assumes coordination between the eNB and CN lists, and also it does not allow easily for a per-UE customization of the PLMN list. For example: if the eNB is in a RAN shared area (e.g. MOCN), it is likely that the ePLMN list would be different for each serving PLMN, and therefore the same would apply for the MDT PLMN list. It may also contradict the RAN2 requirement (see above) that the MDT PLMN List is configured by AS signalling. 
In principle this option may be considered as a fallback if no credible alternatives are found.
Option B: Full Core Network control

In this case, there is no RAN controlled propagation of the MDT Configuration in either 3G or UMTS. For signalling based activation of logged MDT, the S1 MDT message contains an MDT list provided by the CN. 
For signalled based activation of immediate MDT, no such signalling is required, and it is up to the core to restart the immediate MDT session after a PLMN boundary. 
In the case of area based MDT, the RAN has no such information, and would either require configuration (e.g. per serving PLMN), or implicit signalling of an MDT list linked to the user consent.
Evaluation: This option also has minor impact on the RAN, but it requires the core to reinitiate immediate MDT at every inter-PLMN X2 HO, since the configuration would not be available to the target and measurements may be discontinued during the HO. Given the agreement in-principle to try to avoid any such break, this option may again be considered as a fallback. In addition, it requires the core to evaluate at every X2 HO whether there is a change of PLMN.
Option C: New IE added to the ePLMN List (in Handover Restriction List)
In this case, support of MDT in each PLMN/ePLMN would be turned on/off via the HRL, provided to the eNB by the CN (for example: the HRL could include a set of flags, each associated to one of the PLMNs in the HRL). Although the HRL is an optional IE, it could be assumed that it is provided to the RAN in scenarios where operation across PLMN boundaries is desirable. Then, after receiving an S1 request for activation of logged or immediate MDT, the eNB should simply cross-check any area scope with this list, and delete any TAIs or ECGIs belonging to PLMNs that are not included in this per-UE list. 
The list could be passed to the UE with the logged MDT activation; for immediate MDT, the eNB should simply treat the list as a larger area scope, generally passing the MDT configuration data on X2 HO provided the target PLMN is in this list and no ECGI/TAI restriction applies. 
For area-based activation, the eNB could use this list to complete the logged MDT signalling towards the UE.

Evaluation: This option is still relatively simple, and allows for updating of the MDT PLMN list whenever the HRL is changed (i.e. typically during TAUs); it also allows for specific customization of a per-UE change, and support of seamless immediate MDT operation across PLMN boundaries. Possible drawbacks are that such information would have to be piggybacked even when no MDT actions take place. In addition, it may be preferable not to have a dependence on HRL provision.
Option D: New IE (PLMN List) added to the User Consent

This option is very similar to option C, except that the MDT PLMN list would be provided together with the user consent. Presence of this list should be conditional to presence of the User Consent IE. However other processing can be as above.
Evaluation: This option allows for a more self-contained handling of MDT, since the User Consent IE is already part of MDT. However currently User Consent is not passed on inter-PLMN HO, which would somehow defeat the objective of handling inter-PLMN HO. Hence a possible behavioural change for rel-11 would be for eNBs to pass User Consent and the MDT list on X2 HO, provided the target PLMN was contained in the list. The same would apply for the MDT configuration (immediate MDT).
Consideration of the options above leads to the conclusion that option D could provide significant flexibility, and is a natural extension of existing MDT signalling. Hence the following is suggested:
Proposal 2: For UMTS and LTE, an optional MDT PLMN list may be included in S1 signalling when the User Consent is provided to the RAN. The list shall be stored in the UE context.
The stage 2 and 3 implications of this proposal (following option D) are discussed below.

3 Specification Impacts
The following provides a sketch of some of the specification impacts. This is not meant to be exhaustive or final, and is provided as an illustration since it is normal for stage 3 discussion to discover additional aspects.

3.1 Provision of MDT PLMN list
In LTE:

· The MDT PLMN list is a new IE provided by the CN in S1 HO and Initial UE Context messages, and conditional to presence of the User Consent UE. The eNB shall store this in the UE context.

In UMTS
· The MDT PLMN list is a new IE provided by the CN in the COMMON ID message (and also in the SRNC-to-TRNC Transparent Container). The RNC shall store this in the UE context.
3.2 Propagation of the MDT PLMN list

In LTE
· The user consent and MDT PLMN list shall be propagated through intra-PLMN X2 HO, and also in the case of inter-PLMN X2 HO, provided that the target PLMN is contained in the MDT PLMN list. Propagation in the case of S1 HO will be performed by the core network.
In UMTS

· The user consent and MDT PLMN list may be propagated during relocation using the SRNC-to-TRNC transparent container, provided that the target PLMN is contained in the MDT PLMN list.
3.3 Logged MDT Activation (signalling based)

The MDT Configuration IE will include an optional IE supporting multi-PLMN TAI area scope.

The eNB/RNC shall check that the area scope (TAI / ECGI) present in the activation message is consistent with the MDT PLMN list, if available.

The eNB/RNC shall provide the UE with either the received area scope (TAI / ECGI, respectively LAI/RAI/CGI), or (if no such area scope) with the PLMN list available in the UE context (provided all PLMNs are currently ePLMNs for the UE).

3.4 Immediate MDT Activation and Propagation (signalling based)

The MDT Configuration IE will support multi-PLMN operation according to the MDT PLMN List (if no TAI or ECGI based area is provided). It will also support an area scope made up of a set of TAIs which may have different PLMNs.
The eNB/RNC shall check that the area scope present in the activation message is consistent with the MDT PLMN list, if available.

In the case of X2 HO, the eNB shall propagate the MDT Configuration including the area scope, provided there is no PLMN change or the target PLMN is included in the MDT PLMN list (note that a stage 2 change may be required).

In the case of UMTS, propagation can be provided via CN INVOKE TRACE and IUR INVOKE TRACE message, hence only stage 2 changes are needed as per LTE.

3.5 Logged MDT Activation (management based)

No impact in RAN3 specifications. If the MDT PLMN list is available in the UE context as described above, the eNB may use this to provide a UE with a multi-PLMN logged area scope.

3.6 Immediate MDT Activation (management based)

No requirement for handover continuity, and hence not relevant for this discussion.
3.7 Summary of main specification impacts

In addition to the impacts already noted in proposals 1 and 2, we find the following:

Proposal 3: RAN-controlled propagation of the MDT Configuration for immediate MDT shall be based on the presence of the target PLMN on the MDT PLMN list

Proposal 4: RAN-controlled propagation of the User Consent and MDT PLMN List shall be based on the presence of the target PLMN on the MDT PLMN list
4 Conclusions
 In summary, the following principles are proposed in order to implement the multi-PLMN requirement in RAN3 specifications: 
Proposal 1: For LTE and UMTS, TAI or ECGI (respectively LAI/RAI/CGI) area scope spanning multiple PLMNs should be supported for both logged and immediate MDT in signalling based activation (S1 and X2 signalling of MDT Configuration).

Proposal 2: For UMTS and LTE, an optional MDT PLMN list may be included in S1 signalling when the User Consent is provided to the RAN. The list shall be stored in the UE context.
Proposal 3: RAN-controlled propagation of the MDT Configuration for immediate MDT shall be based on the presence of the target PLMN on the MDT PLMN list

Proposal 4: RAN-controlled propagation of the User Consent and MDT PLMN List shall be based on the presence of the target PLMN on the MDT PLMN list

The proposals are implemented in a set of associated CRs [1,2,3,4].
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