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1
Introduction
RAN3 has received guidance from SA Plenary that new features such as MDT should be designed to operate in networks that use equivalent PLMNs [1]. Further clarification has been received from SA3 regarding the same issue [2] – specifically it states that restrictions are only to be implemented with respect to operator and country and not with respect to one PLMN identity.
The SA LS [1] states the following:

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.

This paper identifies the existing constraints in RAN3 specifications, and proposes solutions. In addition it also considers some other aspects related to PLMN handling in MDT.
2 Discussion
2.1 Basic Statement of Problem

The fundamental issue is that a single PLMN is currently associated with the initiation of one MDT session in the E-UTRAN. This single PLMN is used as a constraint by the eNB as well as the UE. Thus, whenever decisions need to be made related to aspects such as immediate MDT propagation at HO (in the eNB), or MDT logging/log retrieval (at the UE), validity checks are based on this original single PLMN.

The new requirements can be summarized as follows: all MDT actions should be available and continuous within the HPLMN and EHPLMNs, as long as the MCC is the same as that of the HPLMN.
UE-related aspects are in the remit of RAN2, and are not considered here. However the solutions adopted at E-UTRAN level should be consistent with RRC signalling, UE behaviour for logged MDT, and EM/CN behaviour. For this reason, an integrated solution requires coordination with RAN2, as well as SA5. However it is useful to have a RAN3 specific analysis of this issue.
In addition the analysis below is framed in terms of LTE, but similar issues arise for UMTS.

Below lists some potential candidate solutions to extend MDT handling in the RAN to a PLMN list:
2.2 Potential Generic Solutions

Taking the current definition of “MDT PLMN” according to SA5 as a reference [3] (PLMN Id included in the E-UTRAN Trace Reference IE), there are two fundamental ways for the RAN to handle an extension of existing requirements to EPLMNs: implicit and explicit. Implicit solutions use information already available in the E-UTRAN, while explicit solutions require new signalling from the CN to E-UTRAN.

Implicit Solutions:

0. Remove any PLMN related restrictions and rely on configuration
1a
Extend procedural text such that any MDT-related PLMN checks take into account not only the serving PLMN but also the Equivalent PLMNs provided in the Handover Restriction List IE at the time of the handover preparation
1b
Add (at the eNB) all the equivalent PLMNs (plus serving PLMN) at the start of the MDT session to the MDT configuration in the UE context (propagated at HO).

Explicit solutions:

2

Extend (at the MME/ eNB / EM) the MDT Trace parameters to include a list of PLMNs for the case of MDT

In the following we examine briefly the different use cases under RAN3 control and then summarize the impacts of the different options.
2.3 Use Cases under RAN3 Control
2.3.1 Initiation of Signalling-Based MDT 
According to [3] the PLMN Id included in the E-UTRAN Trace Reference IE provides the “MDT PLMN”. 
In the context of an EPLMN-friendly solution, it is clear that such definition needs to be extended, and that any of the solutions described in section 2.2 could be applied at MDT initiation (INITIAL CONTEXT SETUP REQUEST or TRACE START messages). Solutions 0 and 1a have no impact on those messages, 1b requires some procedural changes (storage) and solution 2 requires ASN.1 changes.
Also, it should be noted that the area scope provided at activation does not enable the definition of areas comprising multiple PLMNs, this aspect is considered later.

2.3.2 Propagation of Signalling-Based Immediate MDT over S1 
Currently, it is stated in [4,5] that the MDT Configuration for Immediate MDT should not be propagated in the case of inter-PLMN HO. However the RAN is not involved in the decision to propagate MDT Configuration at S1 HO, and hence needs to take no special action at the source.
Therefore the potential impact to this use case is the same as that for Initiation of Signalling-Based MDT, since it will be up to the MME to decide whether to propagate further or not (also across S11).

2.3.3 Propagation of Signalling-Based Immediate MDT and Management Based MDT Allowed IE over X2
Also for this case, the statement applies that the MDT Configuration for Immediate MDT should not be propagated in the case of inter-PLMN HO [4,5]. Although this restriction has not been explicitly implemented in the X2 specification, it was agreed in RAN3#72 that the source eNB will not propagate the MDT Context. A stage 2 CR would be expected at this meeting. 
Further, according to [6] and as per decision of RAN3#72:
The source eNB shall, if supported, include the Management Based MDT Allowed IE, if this information is available in the UE context, in the HANDOVER REQUEST message, except if the source eNB selects a serving PLMN in the target eNB different from the serving PLMN in the source eNB.

The two cases could be considered identical in terms of inter-PLMN HO treatment, e.g. if the consent flag is passed to the target, then it also makes sense in general to pass an existing MDT Context for a current session (and vice-versa). So in both cases, the proposals in section 2.2 could apply, but not necessarily in the same way.
Potential impacts are limited to the HANDOVER REQUEST message, and could include either procedural changes (all solutions), or ASN.1 impacts (solutions 1b and 2), as discussed below.
2.4 Discussion of Potential Solutions
It should be noted that the E-UTRAN is in no position to distinguish between a national or international roamer, since it only knows of the current serving PLMN and a list of equivalent PLMNs provided by the CN to enable a suitable choice of HO targets. Therefore whenever a signalling-based immediate MDT session is initiated, the E-UTRAN must assume that the current serving PLMN is either the HPLMN or an EHPLMN, since it cannot check otherwise. 
Based on this assumption, the eNB could in theory behave according to any one of the options listed in section 2.2. The following table summarizes the analysis of these.
	
	Option
	Pros
	Cons
	Specification Impact

	IMPLICIT SOLUTIONS
	0
Do not specify any PLMN checks in RAN3 specifications (leave such checks to configuration and/or implementation)
	No impact on rel 10 ASN.1

Propagation at PLMN or country borders left to configuration, hence can be adapted to regulatory / commercial frameworks as needed.
	Configuration effort


	CR needed to eliminate the current inter-PLMN restriction in 36.423

	
	1a 

Use serving PLMN plus equivalent PLMNs provided in the Handover Restriction List IE (at each HO)
	No impact on rel 10 ASN.1

With MCC check, equivalent to only stopping propagation when MCC changes (since HO’s are initiated towards S-PLMN and EPLMNs in HRL, if any)


	PLMNs in HRL may or may not change as user moves and may be different from EHPLMN list in UE

Not robust to all possible use cases (see below)
Need additional MCC check (procedural)
	CR needed to change the PLMN check in 36.423 to an MCC check (this should also apply to propagation of the MDT context, or alternatively, both could be covered by stage 2 CRs).

	
	1b 

Use equivalent PLMNs (plus serving PLMN) at the start of the MDT session (snapshot of HRL is taken and propagated at HO).
	No impact on other specifications (direct re-use of E-UTRAN information)

PLMN list initialized at start of session
Consistent with UE action if UE stores R-PLMN and EPLMNs at logged MDT activation time.
	ASN.1 extension in X2 HO messaging

Not robust to all possible use cases (see below)

No clear behaviour at S1 HO (unless list in eNB is reset from HRL in HO REQUEST or CN spec is impacted)

Need additional MCC check (procedural)
	CRs needed to 

- introduce storage requirement for PLMN list in all instances of MDT activation (3 cases)

- introduce PLMN list to be propagated at X2 HO (36.423)

- introduce check (is target PLMN included in list and same MCC?), and corresponding action
- open issue: handling of user consent at X2 HO when no MDT session is active

	EXPLICIT SOLUTION
	2 

Extend (at the MME/ eNB / EM) the Trace Reference to include multiple PLMNs for the case of MDT
	Should not need additional MCC check since list of PLMNs is provided by CN / trace functions
Consistent with UE action (Trace Reference available to both UE for logged MDT and E-UTRAN for immediate MDT)
	ASN.1 extension in X2 HO messaging

Impacts SA5 specifications and probably CN, RAN2 etc


	CRs needed to
- introduce a PLMN list to the MDT Configuration IE in both 36.413 and 36.423

- introduce some procedural text in all instances of MDT activation (3 S1AP cases) plus MDT propagation control in 36.423
- open issue: handling of user consent at X2 HO when no MDT action is active


One particular issue with the Equivalent PLMN based options, 1a and 1b, is that the operator may not always want the MDT session to be extended to all equivalent PLMNs. This is obvious if EPLMNs are in a different country; but also within a single country, in a case where general mobility is allowed between PLMNs, but the network management is separate. Hence although simple, a general application of EPLMNs to MDT control could become restrictive.
In addition, and as mentioned above, consistency with RAN2 and SA5 decisions is required. In particular, it would not make sense to have an implicit solution in RAN2 and an explicit solution in RAN3.

Taking the above discussion into account, we arrive at Proposal 3:

Proposal 1: RAN2 and RAN3 should align on whether an explicit or implicit approach is adopted for Release 10.

In the case of an explicit approach, the solution is relatively straightforward. In the case of an implicit approach, a choice needs to be made between the solutions listed above. Now it should be noted that Solution 1b carries ASN.1 impacts, and also restricts a possible implementation of solution 2 in release 11 (new IEs conflict and handling might not then be backwards compatible, or at a minimum become quite confusing, with potential for new error cases).
Proposal 2: If an implicit approach is agreed upon for release 10, RAN3 should avoid network solutions that have ASN.1 impacts, and consider solutions 0 or 1a or a combination (e.g. remove current PLMN condition in 36.423, and introduce stage 2 text to state that the MDT IEs should not be propagated at the time of an MCC change).
2.5 Control of MDT Area Scope in multi-PLMN scenarios
In addition, current control of the area scope is based on a single PLMN entity, and specifically, if we allow inter-PLMN roaming without further specification, then the area scope may only be used with certain limitations. This aspect appears already in the MDT Activation phase, and so impacts different levels of the specification in different groups.
In detail:

· If an area scope is defined using TACs, there is no signalling support for TAIs in different PLMNs. Hence there is no way to define an area scope based on TAC/TAI across multiple PLMNs.

· If an area scope is defined using ECGIs, then it is obviously possible to straddle different PLMNs.

Therefore if the operator wishes to define an area scope across multiple PLMNs, the current workaround would be to make that definition based on ECGIs, otherwise no area scope would be defined. This results in different behaviour for different lists, so RAN3 should consider whether this use case requires support considering the potential impact (IE extensions or even non-backward compatible changes, and other possible impacts in RAN2/SA5 specifications).  
Proposal 3: RAN3 should discuss whether multi-PLMN area scope definitions are desirable, and if so, whether support should be provided in release 10 or 11. RAN3 may wish to communicate this issue to other groups to enable a coordinated response.
2.6 User Consent Handling at X2 Handover for Solutions 1b and 2
As noted above, user consent handling at X2 HO can be similar to the handling of MDT signalling context propagation, particularly for solutions 0 and 1a, where either configuration or HRL are used to decide the action of the source eNB.
However for solutions where a separate list exists (1b and 2), the user consent must be handled differently because anyway the PLMN list may not have been provided to the E-UTRAN if no signalling based MDT action is ongoing.

Possible solutions include:

· PLMN list to be provided with the Management Based MDT Allowed IE

· Management Based MDT Allowed IE is never passed at inter-PLMN X2 HO (as now)
A problem with the second approach is that the IE would be lost after inter-PLMN HO which may be undesirable in a multi-PLMN network (in fact this also happens in the first approach if the UE moves into a non-authorized area and subsequently returns, although this is less problematic).

However we note that a TAU is expected after inter-PLMN HO, and so normally there would be a DOWNLINK NAS TRANSPORT message shortly after such HO (this is the principle used to update the HRL after X2 inter-PLMN HO). Hence a very simple general solution would be to add the Management Based MDT Allowed IE as an optional element of the DOWNLINK NAS TRANSPORT message (similarly to the HRL).

If this principle is allowed, then the CN can decide whether the user consent applies to the current (new) serving PLMN (as for S1 HO), and the current behaviour (not passing the IE on inter-PLMN HO) does not need to change.
Note that since this impacts ASN.1, it should only be considered if ASN.1 changes are being considered also for the case of control of the signalling-based MDT propagation.
Proposal 4: If an ASN change is decided upon in order to provide a PLMN list for control of immediate and logged MDT, then it is proposed to have a more complete solution also for the handling of the Management Based MDT Allowed IE, by including this in the DOWNLINK NAS TRANSPORT message.
3
Conclusions
The following recaps the proposals in this paper:
Proposal 1: RAN2 and RAN3 should align on whether an explicit or implicit approach is adopted for Release 10.

Proposal 2: If an implicit approach is agreed upon for release 10, RAN3 should avoid network solutions that have ASN.1 impacts, and consider solutions 0 or 1a or a combination (e.g. remove current PLMN condition in 36.423, and introduce stage 2 text to state that the MDT IEs should not be propagated at the time of an MCC change).

Proposal 3: RAN3 should discuss whether multi-PLMN area scope definitions are desirable, and if so, whether support should be provided in release 10 or 11. RAN3 may wish to communicate this issue to other groups to enable a coordinated response.
Proposal 4: If an ASN change is decided upon in order to provide a PLMN list for control of immediate and logged MDT, then it is proposed to have a more complete solution also for the handling of the Management Based MDT Allowed IE, by including this in the DOWNLINK NAS TRANSPORT message.
CRs are provided for both implicit [7] and explicit solutions [8,9].
Note that the user consent handling discussed in sections 2.6 would require further changes to the explicit solution CRs.
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