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Abstract of the contribution: This contribution presents issues concerning Equivalent PLMN in relation to CSG-id’s.
1. Introduction 
Recently, several problems related to CSG handling in Rel-8/9 were identified:
1) RAN sharing for CSG cells

· This problem was discussed at SA2 82E meeting and it was decided not to support RAN sharing for CSG cell in rel-8 and rel-9 (approved CRs : S2-110158, S2-110159). Because stage 3 for rel-10 is finalized in March 2011, we also consider it is quite late to resolve this problem for Rel-10. Therefore we would propose to only consider solving this scenario in Rel-11.
2) Manual selection: cells from what PLMN's are presented to the higher layers?
· We now assume that the current specification is sufficiently clear in the specifications (36.304) today:

· In Rel-8, the AS will provide CSG-Id's of detected CSG cell of the registered PLMN and equivalent PLMNs

· In Rel9 and later releases, AS will provide CSG-Ids of detected CSG cells belonging to any PLMN 

3) CSG applicability to equivalent PLMNs:

If the UE finds that the CSG id of the equivalent PLMN exists in its allowed CSG list, the UE will report the CSG id to the source cell and the source CSG cell may trigger the inter-PLMN handover to equivalent PLMN. For this case, Can the UE be handovered between CSG cells of equivalent PLMNs?

In this contribution, we try to address 3rd issues. In section 2, we clarify our understanding of the current situation and also present the problematic scenario in more detail. Section 3 describes 2 potential solution approaches identified for handling equivalent PLMN CSG cells. Finally in section 4 we propose a way forward. 

It should be noted that a similar contribution is also submitted to RAN2.
2. Current specification status and problematic scenarios 
In the current SA2 rel-8 specification (TS 23.401 and TS 23 060) do not have the description on CSG. Hence, we check the current rel-9/10 specification as follows. Note that even if there is not description on CSG in rel-8, the problems and solutions discussed at this contribution should be applied to the rel-8 also.

· TS 23.401  When the HSS sends the subscription data using the location update ack message to the new MME during TAU procedure:

· The HSS acknowledges the Update Location message by sending an Update Location Ack (IMSI, Subscription Data) to the new MME. The subscription Data may contain the CSG subscription data for the PLMN.

· TS 29.002  CSG-Subscription data transferred using MAP protocol: 

CSG-Subscription Data

This parameter contains a list of CSG-Ids and the associated expiration dates (see 3GPP TS 22.011 [138]). When the VLR or SGSN or MME receives CSG-Subscription Data it shall replace the stored CSG-Subscription Data (if any) with the received data. This parameter is used by the VLR and the SGSN and IWF.
The above description presents that in the current rel-9/10 specification the HSS provides the CSG subscription information only for the registered PLMN.

Observation 1: with the current rel9/10 specification, the MME knows only the allowed CSG list of the registered PLMN.

The restriction on provided CSG list to the MME brings the issue related inter-PLMN HO between the CSG cells. Let’s assume the following scenario in the figure 1.
Scenario 1:

· The allowed CSG list
· At first, both the UE and the HSS have the above allowed CSG as 
· {{PLMNA,(CSG1, CSG2)}{ PLMNB,(CSG1,CSG3)}}
· CSG1 is deleted from CSG list for PLMN B but this is not updated to the UE yet as
· The allowed CSG list in the UE =
{{PLMNA,(CSG1, CSG2)}{ PLMNB,(CSG1,CSG3)}}

· The allowed CSG list in the HSS = 
{{PLMNA,(CSG1, CSG2)}{ PLMNB,(CSG3)}}

· Equivalent PLMNs for the UE = {PLMNA, PLMNB}
The UE is registered to the PLMN A via cell 1 using Attach or TAU as seen in Figure 1. During the registration, the MME obtain the CSG list of the PLMN A and eNB obtains the equivalent PLMN list via the Handover Restriction List (HRL). After registration, CSG1 is deleted from CSG list for PLMN B but this is not updated to the UE yet. Under the situation, the UE is close to the cell2 and then, the UE checks the CSG membership of the cell2 with un-updated allowed CSG list and reports cell2 to cell1. 
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Figure 1. interPLMN HO and CSG cells using the same CSG id
With the above situation, because the UE reports its CSG membership and the PLMN A and PLMN B are equivalent PLMNs, the cell1 may decide the handover to cell2. During HO preparation phase, the source MME (MME1) performs access control based only on the CSG list of the registered PLMN (PLMN A), i.e. (CSG1, CSG2). Then, Access control succeeds and HO proceeds. Also, because the target MME (MME2) also does not have the CSG list of the PLMN B yet due to no interaction with HSS, the target MME (MME2) also proceeds the HO based on equivalent PLMN list. But, the problem comes after HO completes. The UE performs the TAU and the target MME obtains the CSG list for the target PLMN(PLMN B), i.e. (CSG3). Based on the CSG list, the target MME rejects the TAU as seen in the figure 2 and the UE becomes disconnected. 
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Figure 2. TAU rejection after inter PLMN HO via CSG cell completes

Observation 2: When a CSG id is removed from the CSG list of the target PLMN but the CSG list in the UE is not updated yet, the UE may be disconnected after inter-PLMN HO to the PLMN via deleted CSG cell completes.

Another problematic scenario is that UE is handovered to the different CSG cell of the equivalent PLMN as seen in figure 3. Even if the UE has the membership of CSG3 for PLMN B, the interPLMN HO is rejected by the source MME. It is because the source MME does not know the UE has the membership to CSG3 in PLMM B. 
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Figure 3. interPLMN HO and CSG cells using the different CSG ids
3. Possible Solutions 
In order to solve the above issues, two solutions are possible.

1) Restriction on the allowed CSG list configuration:

This approach keeps the current specification, i.e. HSS provides the allowed CSG of the registered PLMN only. But we put the restriction on the allowed CSG list configuration of the equivalent PLMNs. The restriction is the equivalent PLMNs in the allowed CSG shall have the same CSG ids.

For example, When equivalent PLMN = {A,C,B} and the CSG1 is valid for PLMN A, the allowed CSG list must include { (PLMNA, CSG1,…)(PLMNB, CSG1,….)(PLMNC, CSG1,…..)}.

Then, the source MME can sure the CSG id is valid for all equivalent PLMNs only with the registered PLM list. But for this case, we still have the issue related with updating CSG list in the UE after the manual selection. In order to keep this restriction, the UE should add the authorized CSG id to all equivalent PLMNs. Unfortunately, the current CT1 specification (24.301) is not clear how to handle each PLMN list of the allowed CSG list. It just describes the UE adds the authorized CSG id to its allowed CSG list. Hence, requiring adding the authorized CSG id to all equivalent PLMNs may be new requirement to some rel-8/9/ UEs. 
2) HSS provides the allowed CSG list including CSG id for all equivalent PLMNs
With this approach, HSS sends the allowed CSG list that includes the CSG ids for all equivalent PLMNs. For example of figure1, HSS sends the CSG list = {(PLMNA,(CSG1,CSG2)),(PLMNB,(CSG1,CSG3))} to the source MME (MME1). Then, MME1 can check whether the UE is the CSG member of the target ePLMN during the HO preparation step. 
Because solution 1 has the issue related with the rel-8/9 UE operations for the manual selection, we would suggest the solution 2 and the corresponding update on 23.401 and 23.060. 

4. Conclusion 

In this document, we handle the issue related with RAN sharing for CSG cell for rel-10 and CSG cell applicability for ePLMN. 
For RAN sharing for CSG cell for rel-10, we suggest no supporting for rel-10. (Related CR : S2-110464). 
For CSG cell applicability for equivalent PLMNs, we suggest updating the CSG subscription information provided from HSS to MME. (Related CRs : S2-110676, S2-110677, S2-110678, S2-110679) 
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