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Discussion
1
Introduction
At the end of release 10, RAN2 and RAN3 were tasked with ensuring that MDT multi-PLMN scenarios (where the same operator controls several PLMNs in the same country) were supported [1]. In RAN3, the conclusion was reached that, for release 10, there were no constraints to multi-PLMN operation at least for UMTS [2]. In fact the core network controls most aspects of MDT related mobility, and may need to be configured in certain cases to avoid propagation of MDT configuration to another (non-cooperating) PLMN.

As a starting point for release 11 discussion, it is generally assumed that some sort of PLMN list will need to be made available to the RAN and/or UE. RAN2 has questioned whether a NAS or non-NAS method should be used for provision of such a list [3]. 

2 Discussion
2.1 Listing out MDT requirements related to multi-PLMN operation
We first list out potential requirements for MDT multi-PLMN operation, adding comments below

1. UE needs to have a PLMN list in order to control which PLMNs it should perform logging in (based on R-PLMN at the UE)

a. This operates as the maximum area of logging, if a smaller area is not defined

b. Such PLMN area could be signalled through RRC or through NAS

c. Such list can also be used to control the areas where the UE will signal the presence of a log to the RAN

d. This basic UE requirement applies to both signalling-based and management-based MDT (which should be transparent to the UE)

2. eNB/RNC needs to have a PLMN list in order to control the propagation of the immediate MDT Configuration to a target RAN node in case of inter-PLMN HO

a. If the target serving PLMN is not included in the list, the configuration is not propagated (e.g. in the case of X2 HO – eNB is not in control during SRNS relocation and S1 HO)

b. In such cases, it will be up to the CN to restart any MDT configuration later (e.g. on return of the UE to an allowed area)

c. Such list can be signalled through S1 MDT IEs (linked to an immediate MDT configuration), or via general S1 signalling (linked to UE context e.g. an extension of the EPLMN list provided in the Handover Restrictions List) 

d. An alternative to this requirement is that the configuration is always propagated (including the PLMN list), and the target interprets the list as representing the area where MDT is performed (and hence can stop any measurements while still propagating the list)
e. This requirement only applies to signalling-based immediate MDT, since there is no propagation for the management-based variant
3. A PLMN list must be provided to the UE also in the case of management-based logged MDT (derived requirement from #1)
a. Since management-based MDT is initiated by the eNB O&M without CN interaction, it follows that either the UE infers this list from NAS signalling, or the eNB must infer this list from UE context information, or configuration

b. Note that the eNB only knows the current serving PLMN, and not the HPLMN. For UEs following the multi-PLMN scenario, their serving PLMN will be the same; whereas in the case of network sharing, the serving PLMN will be different

c. In order for the UE to be selected for management-based MDT, the user consent flag (Management Based MDT Allowed IE) needs to be set in the UE eNB context (provided by the CN via S1 signalling).
4. The Core Network must know for each UE, in which PLMNs it can be selected for management actions, and in which PLMNs data can be logged for it (via logged or immediate MDT actions)

a. From 3a, the CN controls propagation of the Management Based MDT Allowed IE following inter-PLMN HO, since this does not propagate in the RAN on inter-PLMN HO (X2 HO) or S1 HO or SRNS relocation.

b. To support signalling-based MDT, the CN must provide (whether by NAS or non-NAS means) the multi-PLMN area for MDT logging

c. It might be assumed that these two areas / PLMN lists are in fact the same.

5. The RAN should preferably have no additional requirement for processing of MDT signalling messages beyond that already defined (e.g. additional checking or merging of context with signalling information)
6. Ideally there should be a means to define a specific local area spanning multiple PLMNs (not just whole PLMNs)

2.2 Initial discussion of requirements

A first analysis of the above requirements suggests that there are multiple ways of satisfying them. For example, PLMN lists could be provided by the CN to the UE (through signalling linked to the NAS list of EPLMNs), and to the RAN (through signalling linked to the EPLMN list used for mobility target selection). In this case, the CN information could be based on configuration, or through retrieval from the HSS, but in either case such a list would be held in the UE/eNB contexts, and not linked to a specific MDT action.
An alternative is to ensure that a PLMN list is only provided when it is needed e.g as part of S1/RRC signalling directly linked to MDT actions. Again such a list could come from either CN configuration or the HSS. In principle this seems a more natural way to extend the existing signalling/functionality of MDT. 

Another alternative would rely fully on RAN configuration. This case might not work well for two reasons: first that the RAN does not know about the HPLMN, and hence must rely on deriving any lists from the current serving PLMN; second that in any case, control of propagation of the Management Based MDT Allowed IE must rely on the core network – hence some sort of dual control/configuration would be needed. In what follows, we will assume that a pure RAN configuration solution is not desirable. 

From above, we can see multiple dimensions to the design of the solution, some of which are related:

· whether PLMN information resides in the contexts, or is provided with a request for an MDT action

· whether EPLMN signalling (NAS or S1) is extended, or instead MDT signalling is extended

· whether PLMN lists are configured in the CN (per HPLMN) or stored in HSS per UE, or provided by the O&M node that initiates the MDT action
Some of these aspects are outside RAN3’s scope; however RAN3 can sketch out different solutions and consider whether there are any arrangements that may be more or less desirable from its perspective.

3 Solution Sketch and Discussion

In the following, we will ignore the last question listed above (whether the multi-PLMN list is stored in the HSS, configured in the CN or otherwise provided from the trace origination request). It is assumed that from a RAN perspective, this question has no direct impact (and so the rest of the paper simply assumes that the CN node has this information).
3.1 Implicit Signalling (data in EPLMN lists / contexts)
In this case, the EPLMN lists sent to RAN (S1/RANAP) / UE (NAS) are augmented with indication of MDT support in a given PLMN for the UE of interest. This is stored in the respective nodes along wih the EPLMN information.
· For management-based logged MDT, the eNB need do nothing different in RRC signalling. The UE simply merges the MDT EPLMN information from the NAS layer and stores that with the MDT configuration.

· For signalling-based logged MDT, the same applies, i.e. it is up to UE action.
· For signalling-based immediate MDT, the eNB will simply use the augmented PLMN list previously received through S1 (HRL) to decide whether the immediate MDT configuration should be propagated to the intended target.

· For propagation of the MBMA in the core (and deciding whether to provide this to the RAN), the Core Network can use the same list.

Assessment: this does not impact MDT related signalling; so only extensions of EPLMN signalling are needed. One possible concern is that the MDT information needs to be provided in the NAS layer, whereas MDT is not truly NAS layer information. A second aspect is that this information is provided to the RAN/UE in all cases – including when the UE has no MDT activity, and even when the UE is not MDT capable. A third aspect is that the S1/RRC signalling remains inflexible (no way to define local areas across multiple PLMNs, only whole PLMNs).
3.2 Explicit Signalling (data in MDT signalling)

In this case, the MDT configurations sent to RAN (S1/RANAP) are augmented with indication of an MDT PLMN list.

· This solution is transparent to the eNB for signalling-based logged MDT, i.e., the configuration is passed to the UE, and the UE uses it appropriately (as the maximum area if no smaller area is defined).

· For signalling-based immediate MDT, the eNB stores and passes the list with the MDT configuration; it uses the received PLMN list to decide whether the immediate MDT configuration should be propagated to the intended target.

· For management-based logged MDT, the eNB however has not received any MDT configuration, and therefore cannot provide this information to the UE. So in this case, the eNB must derive the PLMN list based on local configuration; since the MBMA has been provided to the RAN (by definition), it could be assumed that the PLMN area would be static and the same for all users (whose user consent has been provided by the core to this RAN node).
· For propagation of the MBMA in the core (and deciding whether to provide this to the RAN), the Core Network can use the same list.

Assessment: this impacts only existing MDT related signalling (S1/RANAP and RRC). A possible weakness is the need for some configuration for management-based logged MDT (but this would only be needed if a multi-PLMN area was to be logged). Note that since the list is provided in S1/RANAP and RRC signalling, it would also be possible at the same time to enhance this signalling to allow areas spanning multiple PLMNs.
3.3 Hybrid Signalling (data linked to user consent)
In this case, the MDT user consent (Management Based MDT Allowed IE), provided by the CN, is extended with an optional PLMN list. This list is then kept in the RAN context for the UE, and is used for controlling MDT actions in general.

· For management-based and signalling-based logged MDT, the eNB will provide this list to the UE over RRC signalling, and the UE will use it as a maximum logging area in case no specific areas have been defined. This implies that no changes are needed for the MDT activation over S1/RANAP (only RRC).

· For signalling-based immediate MDT, the eNB simply uses the list to decide whether the immediate MDT configuration should be propagated to the intended target.

· The list itself is propagated (or not propagated) in the RAN following the same rules as per the Management Based MDT Allowed IE. Non-existence of the list implies that the MDT configuration should not be passed on inter-PLMN HO (legacy behaviour). 

· For propagation of the MBMA in the core (and deciding whether to provide this to the RAN), the Core Network can use the same list.
Assessment: this impacts existing MDT related signalling in RRC, in addition to extensions of the Management Based MDT Allowed IE. Note that if a multi-PLMN local area is required, then some changes to S1/RANAP MDT signalling would also be required.
3
Conclusions
This paper has summarized some possible requirements for MDT extension to multi-PLMN operation, and sketched some possible solutions from a RAN3 perspective. Since the solution is requested for release 11, and a number of other groups are involved in this discussion, it is not intended to single out a particular option, but to ensure that the options and issues are spelt out and understood at this early stage. Note that further hybrids may also be possible.

Nevertheless some remarks may be made. The three solutions listed are clearly all feasible. An EPLMN based solution (typically NAS-aided for the UE) appears simple, but has the drawback that MDT related information would need to be provided and stored (in RAN/UE) irrespective of actual MDT activity, and it is also inflexible since it does not support multi-PLMN MDT activity in a restricted area (i.e. no way to specify a “border area” only without anyway changing other signalling, which somehow negates the simplicity of the solution).

The explicit solution is probably the most natural extension of existing MDT signalling. Its main drawback is the fact that an MDT PLMN list would need to be configured at the RAN node if there was a need to support multi-PLMN management-based MDT. However this seems a minor addition since it would only be needed in specific cases where such operation is needed (signalling-based MDT actions would not require such configuration).
Finally, the hybrid solution merges some aspects of the previous two. The PLMN list is specifically MDT related and is provided to RAN node as an extension of the Management Based MDT Allowed IE. 

Overall, assuming that it would be desirable to keep MDT related IEs in already defined MDT actions as much as possible, it would seem that the Explicit Signalling solution might be favoured. However RAN3 should consider these aspects with a goal of reaching a consensus and liaising other groups. In particular it has been assumed that the various solutions do not unduly impact the freedom of choices in the Core/O&M domains, but this aspect needs to be confirmed by the relevant groups.
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