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1. Introduction:

In order to support inter-PLMN handover to a CSG cell in E-UTRAN or UTRAN in an ePLMN, SA2 approved the following  CRs to Release 10 version 23.401 and 23.060 specifications (S2-112640, S2-112641, S2-113607, S2-113608).

In the CRs the following text appears: (highlights added)
For inter-PLMN handover to a CSG cell, based on operator's configuration  the source MME/S4-SGSN may allow the handover by validating the CSG membership of the UE  in the target CSG cell using the CSG-ID list of the registered PLMN-ID. Otherwise, the source MME/S4-SGSN shall reject the handover due to no CSG membership information of the target PLMN-ID
In other words, SA2 has chosen for handover to an ePLMN to be supported by assuming the CSG ID entries in the CSG subscription information in the MME/SGSN corresponds to the registered PLMN and all ePLMNs.
Before deciding whether to proceed with this agreement in CT1 and RAN2 it is worth analysing the impacts of this decision and seeing whether there is a better way forward.
NOTE:
Please see the appendix for further discussion of this issue based on the LS response of SA2 in S2-113803

2. UE impacts:
According to TS 24.301 the definition of a CSG ID is as follows: (highlights added)

CSG ID: A CSG ID is a unique identifier within the scope of one PLMN defined in 3GPP TS 23.003 [2] which identifies a Closed Subscriber Group (CSG) in the PLMN associated with a cell or group of cells to which access is restricted to members of the CSG.

Additionally, throughout the NAS specifications, the UE is required to check if the the CSG ID and associated PLMN identity of the cell are contained in the Allowed CSG list or Operator CSG list for CSG membership determination.

Similarly, the RAN2 specs require the UE to check whether a CSG ID and associated PLMN ID are in the CSG whitelist for cell selection as can be seen by the definition of CSG whitelist in TS 36.304 (highlights added)
CSG Whitelist: A list provided by NAS containing all the CSG identities and their associated PLMN IDs of the CSGs to which the subscriber belongs.
In addition as stated in SA2's LS (C1-112373/S2-112879), SA2 states that: (highlights added)
"When an operator uses separate PLMN ids for different RAT, (e.g. PLMN A in UTRAN and PLMN B in E-UTRAN) and the network supports interPLMN handover, inter-RAT handover to a CSG cell (in the other RAT) will be possible in Rel-9 in E-UTRAN (and in UTRAN if appropriate changes are made), if the UE reports its membership of CSG cells on ePLMN, provided that the (ePLMN_ID+CSG_ID) combination is in the whitelist.".

Therefore, the UE is expected to consistently check the PLMN associated with the CSG ID for membership determination. 

In order to enable CSG HO to an ePLMN, the UE would have to be provisioned with a CSG ID entry for each ePLMN in order for the UE to confirm CSG membership of the target CSG cell. 
Conclusion 1: There is no  benefit for the UE in assuming the same CSG ID applies to each ePLMN since all CSG related procedures currently defined at the UE assume the UE checks the CSG ID and the associated PLMN ID.

Conclusion 2: There is currently no restriction defined for the UE behavior that requires an operator to use the same CSG ID for each ePLMN.
2. Requirements impacts:

According to TS 22.220: (highlights added)
-
All the H(e)NBs serving the same CSG share the same unique (within the PLMN) identity called CSG Identity.

NOTE: 
CSGs of different PLMNs are considered different, even if the PLMNs are indicated to the UE as "equivalent PLMNs" [10].

As can be seen, the agreement in SA2 is clearly an unnecessary restriction of the service requirements defined in stage 1. Also it should be noted that the reason for the requirements in the first place was to allow an operator the flexibility of deploying additional CSG cells if the CSG ID space is exhausted in the current PLMN by defining CSG entries in additional PLMNs.

Conclusion 3: Requiring the CSG ID in the registered PLMN to be the same as the CSG ID in the ePLMN places unwarranted restriction on the assignment of CSG IDs among different PLMNs and is likely to make this feature undeployable in some scenarios.
3. Network impacts:

As currently defined in TS 29.272 (Diameter) and TS 29.002  (MAP), the CSG subscription data sent by the HSS/HLR to the MME/SGSN/VLR comprises a list of CSG ID and expiration dates, i.e., no PLMN info is included.
In order to support HO to an ePLMN, there are two possible choices

1.
Assume that the presence of CSG ID in the RPLMN subscription information is valid also for the ePLMN, i.e., the solution adopted by SA2 in the CRs (S2-112640, S2-112641, S2-113607, S2-113608).
2.
Allow the HSS/HLR to send the MME/SGSN/VLR PLMN identities associated with the CSG list to enable the MME/SGSN/VLR to perform inter PLMN access control for HO.

The advantages of option 2 are that:
-
It is forwards compatible if an operator should later choose to do inter PLMN HO to a non ePLMN.
-
Allows the operator to decide based on configuration, which ePLMNs to allow inter-PLMN HO.
-
Supports the existing SA1 requirements.

-
Backwards compatible to Rel-9 where only the CSG-list is received at the MME/SGSN/VLR

The disadvantages of option 2 are that:

-
It requires changes to the S6a/S6d (Diameter) and Gr (MAP) interfaces to update what subscription information is included.

Conclusion 4: Updating the S6a/S6d (Diameter) and Gr (MAP) interfaces is a better long term solution for supporting inter PLMN HO in the network.

4. Summary
It is proposed that

· CT1 and CT4 agree that there is no need to restrict the CSG ID allocation in the manner envisioned by SA2

· CT4 specifications be enhanced to support transport of PLMN IDs along with the CSG IDs

Appendix

In the Reply LS on PLMN and CSG whitelist handling in H(e)NB (S2-113803). The following text is included for response to question 5:

5. CT1 understands that part of the changes SA2 agreed to as referred to in SA2 LS (C1-112373/S2-112879) is that CSG_IDs of CSG cells with same access rights of different PLMN IDs of ePLMNs must be the same. Can SA2 clarified where this requirement is documented?

SA2’s response to 5: In order to support inter-PLMN handover to CSG cells for ePLMNs, as captured in S2-112640, the requirement is that the CSG-IDs into which inter-PLMN HOs are to be supported should be on the whitelist of the ePLMNs, i.e if PLMN-A and PLMN-B are equivalent for the UE, CSG-ID-4 (say), should be in the whitelist of both PLMN-A and PLMN-B. However, this does NOT require that the whitelist for PLMN-A and PLMN-B be the same for PLMN-A and PLMN-B for the UE. Hence, the following configuration is allowed: 

PLMN-A whitelist = { CSG_ID-1, CSG_ID-2, CSG_ID-3, CSG_ID-4}

PLMN-B whitelist =                                       { CSG_ID-3, CSG_ID-4, CSG_ID-5}
In the above example, inter-PLMN handovers are only support to CSG cells with CSG_ID-3 and CSG_ID-4. In the above scenario inter-PLMN CSG HO is not supported into CSG_ID-1, ID-2 and ID-5 (eg. CSG_ID-1 and ID-2 are not within the coverage of PLMN-B (eg. 4G) and CSG_ID-5 is not within the coverage of PLMN-A (eg.3G). 

The above requirement is already captured in TS 23.401 Rel-10 version in the SA2 approved CR S2-112640 in the text included below:

For inter-PLMN handover to a CSG cell, based on operator's configuration  the source MME/S4-SGSN may allow the handover by validating the CSG membership of the UE  in the target CSG cell using the CSG-ID list of the registered PLMN-ID. Otherwise, the source MME/S4-SGSN shall reject the handover due to no CSG membership information of the target PLMN-ID
Based on this configuration a UE camped on PLMN A will not be able to do a HO to all of the CSG cells in the ePLMN, i.e., this does not allow the problem to be solved completely.

In addition, in terms of configuration, the above response implies that PLMN-B can either 
-
Use CSG ID 1 and CSG ID 2 as the same CSG as in PLMN-B;
-
Not use CSG ID 1 and CSG ID 2 at all. 

-
An MME/SGSN in PLMN-A will assume a UE that is a member of CSG ID 1and 2 in PLMN-A is also a member of CSG ID 1 and 2 in PLMN-B and allow a HO to that CSG cell since the MME/SGSN has no way of knowing which CSG IDs in the PLMN-A CSG list correspond to CSG entries in the PLMN-B CSG list.
The same applies to PLMN-A with CSG ID 5.
