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1
Introduction
Usage of PLMN Id depends on the market. Restrictions on X2 information flow between PLMNs, each PLMN being identified by a PLMN Id, may need further investigation in the context of MDT. In this paper we provide some background information and propose inter-PLMN MDT solutions aiming at satisfying various needs.
2
Background
SA5 has so far, in their specification as well as in LSs to RAN3, requested particular handling of MDT functionality in X2 inter-PLMN handover scenarios. The rationale is to protect information in scenarios where eNBs connected by X2 belong to different operators. 

For signalling based Immediate MDT, TS 32.422 therefore describes transfer of MDT configuration on X2 in case of intra-PLMN handover only. SA5 confirms in LS to RAN3 [1], received by the present meeting, that the MDT Configuration shall not be sent on X2 in case of inter-PLMN handover. 

RAN3#72 (May 2011) introduced support for user consent status for management based MDT in the last meeting before the planned Rel-10 ASN.1 freeze, in line with the working assumption provided in an earlier LS sent to RAN2 (cc SA5 and SA3) [2]. In addition a requirement to exclude roaming users provided in.LS from SA3 [3] was included in the solution for the case of X2 inter-PLMN handover, i.e. the source eNB would not transfer the user consent information to a target eNB in case of PLMN change, which would consequently not select the incoming UE for management based MDT. Furthermore RAN3's solution did not include support for user consent revokation while UE being in active mode (i.e. no such support in UE Context Modification procedure).
The topic of MDT user consent was also discussed in SA5 during the same week, and the requirement from SA3 linked to roaming users was integrated in the specification [4]: "The MME/SGSN/MSC-S shall also check the roaming status of the user. If the user is a roaming user, the MME/ SGSN/MSC-S shall set the user consent information to false and this user consent  status  shall be sent to the eNB/RNC during the UE context setup procedure." On the other side, SA5 didn't explicitly describe user consent handling in case of X2 inter-PLMN handover, and this point may have been left to stage 3 specification in RAN3. 

However, the approach described above was considered too restrictive by SA plenary, who kindly requests in [5] RAN3 and other working groups to investigate "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.". Working groups are also encouraged to bring CRs to TSGs #53.

3
MDT ePLMN requirements
Since the LS from SA plenary [5] seems to supersede the LS from SA5 [1], the decision that the MDT Configuration IE (for signalling based MDT) and the Management Based MDT Allowed IE (management based MDT) shall not be sent on X2 in case of inter-PLMN handover need to be revised. 

TS 24.301 (NAS protocol stage 3) defines a list of equivalent PLMNs to be used by the UE for idle mode mobility. Such list may also be sent by the core network to the eNB in the Handover Restriction List IE for use during active mode mobility. If received, the source eNB propagates the list to the target eNB in case of X2 handover. 
In order to choose the appropriate solution as requested in [5], we believe that RAN3 first needs to discuss whether the same list, initially intended for inter-PLMN mobility, may be also be used for MDT.

We see following main options:

· Option A: Use for MDT a subset of the "Equivalent PLMNs list" (in the Handover Restriction List IE) with the same country as the serving PLMN (the eNB may need to have configured information about the possible use of more than one MCC within a single country).

· Option B:  Use for MDT an explicitly signalled subset of the "Equivalent PLMNs list".

We believe the validity of the following use-cases may need to be confirmed before a choice between option A or option B can be made:

· Use-case A: The "Equivalent PLMNs list" in the Handover Restriction List IE contains PLMN ids operating in the same country but belonging to different operators, and MDT information should not be transferred between these operators.

· Use-case B: The "Equivalent PLMNs list" in the Handover Restriction List IE contains PLMN ids operating in the same country and all belonging to the same operator.

· Use-case C: Combination of the use-cases A and B: The "Equivalent PLMNs list" in the Handover Restriction List IE both contains PLMN ids where some belong same operator, and some belong to different operators.

In case use-case A or C are confirmed as valid use-cases, we believe the explicitly signalled ePLMN list for MDT (option B) is needed. Otherwise we believe that option A is better.
Proposal 1: RAN3 discusses, and possibly liaises other groups, whether an explicitly signalled subset of the "Equivalent PLMNs list" is needed.
In the present situation, we also believe another aspect would need reconfirmation from RAN3 and possibly RAN2/SA5 – whether MDT continuity during X2 handover is better ensured by the source eNB or by the MME. This needs to be considered separately for X2 transfer of user consent and X2 transfer of the MDT configuration.

Proposal 2: RAN3 reconfirms the currently applied principle where the source eNB ensures MDT continuity during X2 handover. This needs to be considered separately for X2 transfer of user consent and X2 transfer of the MDT configuration.

Candidate solutions are analysed in section 4 (for user consent) and section 5 (for MDT configuration).
4
Candidate solutions for Management based MDT
For user consent linked to management based MDT we see 3 candidate solutions, to be selected depending on the outcome of RAN3's discussion according to Proposal 1 (above).

Solution based on option A (no explicitly signalled list for MDT):

Combine "Management based MDT allowed" information with the list of equivalent PLMNs provided in the Handover Restriction List, leaving out PLMN Ids with MCC different from the MCC of the serving PLMN. In case of X2 inter-PLMN handover, provide this information on X2 only if the target PLMN is part of the retained list of equivalent PLMNs. Support of situations where more than one MCC is used within a single country may need configured information in the eNB.
=> This solution has no ASN.1 impact. The procedural text may become complicated.
Solution based on option B (equivalent PLMNs list signalled explicitly for MDT):

Follow the proposal in [6]: "Because the user may have provided his/her MDT consent to an operator using different PLMN-Ids in different parts of its network, RAN3 could also consider that a PLMN-id list is provided together with the user consent status. This would be an improvement for inter-PLMN X2 handover and inter-PLMN intra-eNB handover, and as such also could be considered for Rel-11."
=> This solution has ASN.1 impact, but will provide increased flexibility: 
1) possibility to restrict management based MDT if needed between operators in the same country

2) possibility to enable inter-PLMN management based MDT functionality if needed on country borders (may be same operator and similar legislation, like in Europe).

The solution will also work for intra-eNB inter-PLMN handover.
MME based solution:

Never forward the Management based MDT allowed IE on X2, but let the MME provide this information to the target eNB in the PATH SWITCH ACKNOWLEDGE message.
=> This solution may provides the same flexibility as the solution based on option B, but will not work for intra-eNB inter-PLMN handover if Path Switch procedure is not used.

5
Candidate solutions for Signalling based Immediate MDT

For user consent linked to Immediate MDT activated by signalling we also see 3 candidate solutions, to be selected depending on the outcome of RAN3's discussion according to Proposal 1 (above). 
Solution based on option A (no explicitly signalled list for MDT):

Forward the MDT Configuration IE on X2 also in case of inter-PLMN HO, if the target PLMN was declared as equivalent PLMN in the Handover Restriction List at the time the MDT Configuration IE was sent by the MME, and except if the new PLMN has a different MCC than the serving PLMN.
=> This solution has no ASN.1 impact. The procedural text may become complicated, 

Solution based on option B (equivalent PLMNs list signalled explicitly for MDT):

Provide a list of equivalent PLMNs for MDT within the MDT Configuration IE transferred over X2.
=> This solution has ASN.1 impact, but will provide increased flexibility: 
1) possibility to restrict Immediate MDT if needed between operators in the same country

2) possibility to enable inter-PLMN Immediate MDT if needed on country boarders (may be same operator and similar legislation, like in Europe).

The solution will also work for intra-eNB inter-PLMN handover.
MME based solution:

Never forward the MDT Configuration IE on X2, but let the MME provide this information to the target eNB in the PATH SWITCH ACKNOWLEDGE message.

=> This solution may provide the same flexibility as the solution based on option B, but will not work for intra-eNB inter-PLMN handover if Path Switch procedure is not used. Such solution will create extra UE signalling (RRC reconfiguration) following X2 handover.
Solution based on Area Scope:

Disregard the PLMN criterion if Cell Based area scope is chosen in the MDT Configuration IE (no ASN.1 impact). Extend the TA Based choice from TAC (without PLMN Id) to TAI (includes the PLMN Id) (ASN.1 impact).
=> Such solution would require networks using equivalent PLMNs always to use Cell Based or TA Based area scope, but should provide sufficient flexibility.

6
Conclusion
In order to handle the LS from SA plenary [5], we have provided the following proposals:
Proposal 1: RAN3 discusses, and possibly liaises other groups, whether an explicitly signalled subset of the "Equivalent PLMNs list" is needed.

Proposal 2: RAN3 reconfirms the currently applied principle where the source eNB ensures MDT continuity during X2 handover. This needs to be considered separately for X2 transfer of user consent and X2 transfer of the MDT configuration.

We have also outlined different solutions in sections 4 and 5 above, to be selected according to the outcome of the proposed discussion.
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