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1
Introduction
RAN 2 had sent an LS to CT1, SA2, GERAN in RAN2#73bis [1] indicating the following RAN2 agreement:

(2) In connected mode when the UE is asked to report member/non member, the UE considers itself member only if the rPLMN is broadcast by cell and (rPLMN, CSG-Id) is in the UE's whitelist.

And asking the following question:

RAN2 would also like the opinion of SA2 whether for (2) the UE should also consider itself as a member if the cell broadcasts ePLMN, CSG-ID which is in the UE whitelist.

From the reply LSes from CT1 [2]  and SA2 [3], it is clear that these two groups have been assuming UE to report membership based on (ePLMN+CSD-ID) combination in addition to (rPLMN, CSG-Id) combination. Moreover, in RAN plenary #52, usefulness of supporting equivalent PLMN concept for inter-PLMN connected mode mobility to CSG cells, was also discussed [4].

Since connected mode mobility discussion has mainly happened in RAN2, SA2/CT1 have left the discussion on this topic to RAN2 and have asked for clarification.

In this paper, we discuss the changes that would be required in RAN2 to support inter-PLMN inbound mobility to CSG cell belonging to an equivalent PLMN. 

2
Discussion
Figure-1 below illustrates call flow of inter-PLMN intra-UMTS handover to HNB cells, as per the current specifications:
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Figure-1: Current call flow for inter-PLMN intra-UMTS handover to HNB

1. UE encounters target HNB

2. Measurement procedure to decide whether to handover to the target HNB is triggered. Source RNC (SRNC) receives requested measurments from the UE.
3. On request from SRNC, UE reports (PSC, Cell Identity, CSG Membership Indication) of the target HNB to the source RNC
4. Based on UE reports, source RNC makes a decision to handover and initiate SRNS relocation. 
5. Source RNC initiates SRNS relocation by sending ‘Relocation Required’ message to the source Core Network (CN), i.e., source SGSN or MSC/VLR.
a. To enable proper routing of ‘Relocation Required’ message, “Target ID”, i.e., PLMN ID, RNC-ID and LAI/RAI of the target HNB is included in the Relocation Required message. 

b. “Target ID”, “CSG ID” and “Cell Access Mode” of the target HNB is also included in Relocation Required message to allow membership verification at the CN.
6. Source CN performs access control to ensure that the UE is allowed on the target HNB using PLMN ID and CSG ID of the target HNB included in ‘Relocation Required’ message. The relocation continues only if the UE is allowed on the target HNB. 
7. Source CN, using PLMN ID included in ‘Relocation Required’ message, determines if the CN of the target HNB is different from the source CN. For inter-PLMN handovers, PLMN ID would be different and hence, will result in sending of ‘Forward Relocation Required’ message to the new CN.
8. New CN would then send ‘Relocation Request’ message to the target HNB-GW/HNB with CSG ID and CSG Membership Indication
9. HNB Subsystem verifies whether CSG ID included in the message is valid. If yes, it sends ‘Relocation Request Acknowledge’ message or else, it rejects the relocation procedure. 
10. The remainder of the relocation procedure continues normally as documented in [5], [6]
From the above call flow, it is clear that for inter-PLMN handover:

· SRNC needs to populate the correct target PLMN ID in ‘Relocation Required’ message in Step-5 to allow source CN to:

· Perform access control by using the right (PLMN ID, CSG ID) pair 
· Perform routing by sending ‘Forward Relocation Required’ to the right target PLMN ID

Note that although the above observation has been made after illustrating inter-PLMN intra-UMTS call flow in Figure-1, the same observation is applicable for inter-PLMN intra-LTE call flow (not shown). That is:

Observation-1: Correct (PLMN ID, CSG ID) pair of the target H(e)NB is needed at source MME or SGSN or MSC/VLR to perform acccess control and routing.

To meet the requirements mentioned in the above observation, changes at the UE and network are required to cover all the scenarios.

2.1 
UE Changes

2.1.1 
UE Changes in UMTS

Although the R9 UE can report Cell Identity, CSG ID and CSG Membership Indication of the target CSG cell, it cannot report its ‘PLMN ID’. This causes issues in scenarios such as the following:

Scenario-1: Two neighboring HNBs of a macrocell share the same PSC but have two different PLMN Ids. 

Let’s say one of these HNBs belongs to PLMN-A and the other HNB belongs to PLMN-B and these PLMNs are equivalent (see Figure-2). 
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Figure-2: Scenario-1 to illustrate PLMN ID confustion

When a UE served by macrocell, comes closer to one of these HNBs (say, HNB-2) and sends measurement report for handover (Step-3 in Figure-1), source RNC would not know whether UE is closer to HNB with PLMN A or it’s closer to HNB with PLMN B. Thus, SRNC would be suffering from target PLMN ID confusion and would not be able to provide correct (PLMN, CSG ID) pair to the source CN for routing (Step- 7 in Figure-1). And for access control (Step-6  in Figure-1), the information of the target PLMN is necessary, if the clarification and proposal in [8] is agreed. That is, requirements in observation-1 cannot be met and hence, inter-PLMN handover may not succeed in this scenario.

Proposal-1 (UMTS only): To fully support an inter-PLMN handover to a HNB having an equivalent PLMN ID, PLMN ID reporting by the UE should be introduced to cover all scenarios. Note that this would have an ASN.1 impact.
2.1.2 
UE Changes in LTE and UMTS
In LTE, reporting of PLMN ID of the target handover cell by the UE, is not an issue. This is because PLMN ID of the target cell is reported as part of its cell Identity. That is, UE reports Cell Global Identity (CGI),  which is defined in TS 36.331[7] as:

CellGlobalIdEUTRA 
The IE CellGlobalIdEUTRA specifies the Evolved Cell Global Identifier (ECGI), the globally unique identity of a cell in E-UTRA.

CellGlobalIdEUTRA information element
-- ASN1START

CellGlobalIdEUTRA ::=




SEQUENCE {


plmn-Identity






PLMN-Identity,

cellIdentity






CellIdentity

}

-- ASN1STOP

	CellGlobalIdEUTRA field descriptions

	plmn-Identity

Identifies the PLMN of the cell as given by the first PLMN entry in the plmn-IdentityList in SystemInformationBlockType1.

	cellIdentity

Identity of the cell within the context of the PLMN.


However, as seen from the highlighted text above, only the first or the primary PLMN ID broadcast by the CSG cell is reported by the UE. This limitation can cause problem in some network (RAN) sharing scenarios such as Scenario-2 described below, where one of the secondary PLMNs is an equivalent PLMN.
Scenario-2: Target CSG cell broadcasts “CSG-1” as its CSG ID with two sharing PLMN Ids: PLMN-A (primary) and PLMN-B (secondary). A UE is allowed on (PLMN-B, CSG-1) pair but not allowed on (PLMN-A, CSG-1) pair. PLMN B is also an equivalent PLMN for the UE.
[image: image3.png]eNB
HeNB-1
(PLMN-A, PLMN-B)
(CﬁG-1)

Enl

- PCI-X

UE
(PLMN-B, CSG-1)




Figure-3: Scenario-2 to illustrate limitation of primary PLMN ID reporting by the UE

When the UE comes closer to CSG cell in Figure-3 and sends measurement report for handover (Step-3 in Figure-1):

· UE would report PLMN-A as target cell PLMN ID

· It is not clear whether UE would perform & report access control w.r.t. PLMN-A or PLMN-B.

Clearly, reporting of PLMN-A by the UE and performing access control w.r.t. PLMN-B is not correct. So, UE should peform access control w.r.t. to the reported PLMN. 

Proposal-2: UE should perform access control and report its CSG membership indication w.r.t. the PLMN ID it reports to the source RAN.

Current requirement of reporting of primary PLMN ID (i.e., PLMN-A in Scenario-2) by the current specs prevents the UE from performing handover to an equivalent PLMN-B in Scenario-2. In fact, due to this limiation, the UE would never be able to handover to a secondary PLMN of any CSG cell.
Proposal-3: To support an inter-PLMN handover to a H(e)NB broadcasting an equivalent secondary PLMN Id (in case of RAN sharing), UE should be allowed to report any of the registered or equivalent PLMN Ids broadcasted by the target cell , which it is interested in for handover.

Please note that although proposal-2 and 3 were explained in a LTE context (changes to existing PLMN-ID reporting requirements), they are also proposed for UMTS (new PLMN-ID reporting requirements), if Proposal-1 is agreed.
2.2
RAN changes
2.2.1 
RAN Changes for UMTS

Currently, source RNC uses a configuration, where a PLMN ID is pre-defined for each neighboring PSC. SRNC uses this configuration to populate PLMN ID field of the target handover cell in ‘Relocation Required’ message (Step-5 in Figure-1). 

If PLMN ID reporting by the UE is introduced (i.e., Proposal-1), then RNC would need to use PLMN ID reported by the UE, instead of using any configured PLMN ID,  to populate PLMN ID/Target ID field in Step-5 of Figure-1.

2.3 
CN changes
Since the source MME/SGSN/VLR would need to perform inter PLMN access control for handover (Step 6 in Figure-1), changes at core network, as proposed in [8], would be required.

3
Conclusion
In this paper, aspects related to inter-PLMN handover to target CSG cell broadcasting an equivalent PLMN were discussed and the following proposals were made:

Proposal-1 (UMTS only): To fully support an inter-PLMN handover to a HNB with an equivalent PLMN Id, PLMN ID reporting by the UE should be introduced to cover all scenarios. Note that this would have an ASN.1 impact.
Proposal-2: UE should perform access control and report its CSG membership indication w.r.t. the PLMN ID it reports to the source RAN.

Proposal-3: To support an inter-PLMN handover to a H(e)NB with an equivalent secondary PLMN Id (in case of RAN sharing), UE should be allowed to report any of the registered or equivalent PLMN Ids by broadcasted the target cell, which it is interested in for handover.

RAN2 is requested to discuss the above aspects and proposals for inter-PLMN handover support to CSG cells.
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