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Discussion
1. Introduction
Most of today’s deployed 3GPP networks are the results of an almost evolutionary-like process in which operators continuously evaluate functionalities and available network options to decide what shall be deployed and what shall not be. To allow for this network evolution, it is extremely important that new functionalities introduced by 3GPP are compatible with already existing features and the more basic and fundamental the existing features are, the more significant this principle becomes. Especially important are mandatory functions that have been available for a long time in networks and terminals, since these have become integral parts of network deployments and operations. 
In this paper we discuss how operators are using Equivalent PLMNs, which have been available in 3GPP systems already from Release 99, in real-life networks. Based on this we argue that a number of features under discussion for inclusion in Rel-9/10 need to be amended with support for Equivalent PLMNs since otherwise they are of very little worth to parts of the operator community. 

2. Background
The PLMN identity is one of the most fundamental parameters in a 3GPP network – the knowledge of it, for example from the broadcast system information, makes it possible to identify the operator of the network. The PLMN identity included in the IMSI defines what is usually referred to as the home operator of the user and, inferred from this when this user is registered on a network associated with another, different PLMN identity, the user is “roaming”. 
In the early days of mobile networks, when the nature and use of the PLMN identity was decided upon, it was natural to assume that a single operator would be associated with a single unique PLMN identity and therefore certain procedures, for example idle mode mobility, was only considered to be valid between cells broadcasting the same PLMN identity. When a user was “roaming”, i.e. being served by a network different from its home network, limitations could be introduced (if needed) since the visited operator was obviously a different operator than the home operator. This view, although not wrong, is somewhat too simplistic in today’s mobile network ecosystem.
3. Modern Network Architectures and the use of Equivalent PLMNS

Today, operators may be operating a number of networks with different associated PLMN identities, even within the same country. This might be due to regulation, not being allowed to use the same PLMN identity in different networks, or by choice of the operator. For example, 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. Instead of having to set roaming restrictions on RAU level for the entire network, the whole PLMN can just be indicated as forbidden. This must not, of course, affect users that are allowed access to the different networks. 

Different levels of cooperation between operators have also lead to the integration of networks with different PLMN identities into a single “virtual” network for the end users (which are of course unaware of such details). As examples, the Swedish market alone has seen the following cases being deployed:
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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. 
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Figure 2. The case when two operators build a common 3G network for coverage (e.g. rural) together with their own 3G networks in designated area, e.g. cities. Mobility is enabled between the operator specific 3G networks and the common 3G networks but not between them.  
That the specifications allow operators this deployment flexibility without any loss of functionality shows the power of 3GPP and is definitely one of the reasons of its success. The basic tool for integrating networks with different PLMN identities, including those in the examples above, is to indicate them as equivalent to the users. This allows restrictive notions, for example of a suitable cell in mobility procedures, to be extended to include cells of other (equivalent) PLMNs. Without this, the networks would not operate at a satisfactory level and if new functions were introduced by 3GPP that would not support equivalent PLMNs, it could spell disaster. Equivalent PLMNs have been available since Release 99 and the use of them is a mandatory function for UEs in 2G, 3G, and 4G networks, which is why operators put a lot of trust in the functionality. What networks that are to be considered as equivalent is under the control of the operator of the network serving the UE and can be updated on a RAU/LAU/TAU level. The signaling is on a per-user level allowing for a flexible handling of different classes of users. For the examples above, subscribers of operator A would have PLMN A and PLMN C as equivalent, while subscribers of operator B would have PLMN B and PLMN C as equivalent. This means, for example, that operator A’s subscribers can move seamlessly between operator A’s 2G and the common 3G network, but would not consider operator B’s 2G network as a suitable network. Obviously handover between the 2G and 3G networks (in Figure 1) and between then operator-specific and common 3G networks (in Figure 2) must be supported. For the case in Figure 2, it might even be so that in cities, both operators have their own networks and there is not any common 3G network coverage at all; then a call, for example, started outside the city would fail as the user moves into the city if inter-PLMN handovers are not possible. Sometimes the view that Equivalent PLMNs is just a tool that is used to guide users to partner operators across country borders (which it can be used for) is expressed in discussions in 3GPP. We acknowledge this use, but as we have shown above the use of Equivalent PLMNs is far more fundamental than this. 

4. Conclusion

We therefore come to a very important conclusion. 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. 
5. Identified limitations in features under development

We now want to draw attention to limitations in a number of features currently under development that we believe needs to be corrected, taking the above discussions into account. 

Example 1: H(e)NBs in RAN2

The CRs in R2-113626, R2-113627, R2-113392, R2-113393 on H(e)NBs introduce the following definition:

CSG member cell: for a UE in RRC_CONNECTED, a cell broadcasting the identity of the RPLMN and for which CSG whitelist of the UE includes an entry comprising of cell’s CSG ID and the RPLMN identity.
By this definition inter-PLMN handover clearly will not work. We also have the LTE CRs from above saying, in conjunction with SIB1:

csg-Indication
If set to TRUE the UE is only allowed to access the cell if it is a CSG member cell.
This seem to also apply to idle mode, implying that cell reselection to equivalent PLMNs will not work, even though this has been intended.

ANALYSIS
It has been our understanding that CSG cell is also applicable in other PLMNs than the registered PLMN. Before this CR the UE checked the CSG ID (and PLMN) towards the CSG white list. The CSG white list contains (on the USIM) in our understanding any PLMN + CSG ID. Therefore inter-PLMN mobility (including handover) to CSGs was working previously, but the CRs listed remove this functionality. 
The H(e)NB WID from Rel-9 (quoted below) clearly states that inter-PLMN mobility both in active and idle mode shall be supported in Rel-9, which makes these CRs unacceptable. SA WG2 also seems to be of the understanding that inter-RAT handover to a CSG cell should be possible to support in Rel-9 as described in the LS to RAN2 in S2-112879.
Adding equivalent PLMNs to the CSG member definition seems to be enough to solve the problems.
Release 9 WID on H(e)NBs

The release 9 WID on H(e)NBs is given below and clearly say that inter-PLMN mobility is to be supported.
4.12
Home NB and Home eNB enhancements - RAN2 aspects  UID_430026
Resources:
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	UID
	Name
	Hyperlink
	Status_Report
	TSs_and_TRs

	430026
	Home NB and Home eNB enhancements - RAN2 aspects
	RP-091392
	RP-100037
	25.304, 25.331, 25.367, 36.300, 36.304, 36.331


Home (e)NodeB support was introduced in Rel-8. RAN2 has completed the Rel-8 UMTS work item of "Support of UTRA HNB" which was limited to support of idle mode mobility procedures to/from CSG cells (including support for legacy mobiles). As part of Rel-8 LTE, RAN2 also achieved basic solutions for supporting idle mode mobility procedures e.g. reselection to/from CSG cells. 

However, the solution achieved in Rel-8 does not meet all the requirements set out by SA1 for Rel-9. For instance, active mode mobility from/to CSG cells is required to ensure service continuity. Moreover, RAN2 did not consider the support of hybrid mode access cells which is also an SA1 requirement for Rel-9. Hence, it is reasonable to continue the work in Rel-9 to support the SA1 requirements.

This work took into account the conclusions of the SA2 study on the CSG architecture for Rel-9. 

Objectives

Common Rel-9 UTRA and E-UTRA work should ensure minimal divergence, especially for the mobility procedures.

The work is based on existing Rel-8 concepts and enhances agreed Rel-8 mechanisms of supporting home (e)NodeBs. 
Legacy mechanisms should co-exist with concepts chosen by this WI to ensure pre-Rel-9 mobiles are also supported. 
Enhancements to existing Rel-8 mechanisms:


Continue support for LTE Rel-8 UEs and pre-Rel-9 UMTS UEs according to LTE Rel-8 and UMTS pre-Rel-9 rules


Support SA1 inter-PLMN roaming scenarios for Idle and Active mode

Between, Macro cells, CSG cells and Hybrid access Cells:

o
Manual CSG selection

o
Autonomous CSG reselection


Support of Hybrid cell selection and reselection


Active Mode Mobility Support only for the following cases:


Inbound handover to CSG cell (from Macro, CSG and Hybrid access cells)


Inbound handover to Hybrid cell (from Macro, CSG and Hybrid access cells)

Example 2: MDT in RAN3

RAN3 has assumed that user consent for MDT is only applicable to non-roaming customers. The RAN 3 CRs are found in RP-110695. The CRs in R3-111770 (S1 interface) and R3-111771 (X2 interface) on MDT has CR headers saying:
Only non-roaming users having provided their consent to participate to drive testing may be selected by the eNB for management based MDT. This status must therefore be known by the serving eNB.

The CR uses TS 32.422 as a reference but that specification does not describe the need for any limitation to only non-roaming users. 

The CR in R3-111771 (X2 interface) contains the following procedure text prohibiting MDT in different PLMNs but used by same operator.

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.

ANALYSIS
It is wrong of RAN3 to assume that consent cannot be given/applicable to a roaming customer. It should be up to core network and OSS configurations whether this is allowed or not as described in TS 32.422, which is quoted below: 

“4.1.2.8
Tracing roaming subscribers

If a HPLMN operator activates a Trace Session for a home subscriber, while it (MS) is roaming in a VPLMN, it (HSS) may restrict the propagation of the Trace Session activation message to a MSC Server/VLR or to a SGSN located in the VPLMN.

Also, a MSC Server/VLR or a SGSN located in a VPLMN may accept any Trace Session activation message(s) coming from an HSS located in another PLMN. However, there shall be a capability to reject activations from another PLMN.” 

We showed in the beginning of this document that there exist networks where all customers are roaming (since all UEs have another home PLMN), but where the networks have been integrated using equivalent PLMNs. 
At X2 handover it is not possible to change MME. So either the target PLMN is the same operator as the source PLMN or it is a tight collaboration using a GWCN architecture (the radio access network and MME/SGSN/MSC are shared; only gateways are non-shared). To have the limitation not to forward user consent at X2 handover prevents an operator, or tightly collaborating operators, to use X2 handover together with MDT between PLMNs. It is possible to use S1 handover and MDT between PLMNs, since there is no text mandating the MME not to send user consent to a target eNB of different PLMN than the source eNB. Thus S1 handover is required to be used if MDT is to continue at interPLMN handover. At the same time, two operators that do not collaborate closely can use X2 handover, since the MDT will stop between PLMNs. This does not make sense. It should be the other way around. One operator using two PLMNs or two tightly cooperating operators should be able to use X2 handover and MDT. Whereas non-tight collaborating operators is likely to use, and should use, S1 handover. In the S1 handover the core network can stop the MDT if that is what the source network wants.

The problem may be solved by removing the following text from the CRs. 
“except if the source eNB selects a serving PLMN in the target eNB different from the serving PLMN in the source eNB.”.
Example 3: UTRAN ANR in RAN2/RAN3

In UTRAN ANR it is not possible to report ANR logs in an ePLMN, just in the PLMN that activated the ANR logging, see TS25.484, which is presented for approval at this TSG RAN (RP-110630). The following text is found in TS25.484:

For Logged ANR, UE checks if the RPLMN is the same as "ANR-PLMN" before signalling the presence of ANR logs in its memory, and UE checks if the RPLMN is the same as "ANR-PLMN" before sending back the ANR logs to the network. 
It is unclear to us if it is possible to report neighbour cells belonging to an ePLMN to the RPLMN because the discussions around PLMNs (multiple PLMNs, Registered PLMN, equivalent PLMNs and primary PLMN) are confusing.

ANALYSIS
An operator using two PLMNs or two tightly cooperating operators could be limited or maybe even prohibited in using UTRAN ANR for different frequency carriers or RATs.
6. Proposals
Proposal 1: The concept of Equivalent PLMNs should be supported in all features developed in 3GPP RAN.

Proposal 2: The CRs in R2-113626, R2-113627, R2-113392, R2-113393 on H(e)NBs should be rejected. They should be sent back to RAN2, where the support of Equivalent PLMNs (as outlined in this document) should be specified.

Proposal 3: The CR R3-111771 (part of the batch of CRs in RP-110695) regarding MDT should be modified. The text “except if the source eNB selects a serving PLMN in the target eNB different from the serving PLMN in the source eNB” in the CR should be deleted.
Proposal 4: RAN should task RAN3 to secure that the specifications allow MDT for roaming users and let the core network and OSS configurations decide whether this is allowed.
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