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Discussion on Reporting PLMN ID for H(e)NB
1 Introduction
How to report PLMN ID for CSG was discussed in [1] in GERAN#47 meeting. Because of lack of time for evaluation, no conclusion was made in that meeting. According to offline discussion, the main concerns are summarized as two questions below, which need to be discussed.
Q1, whether is RAN sharing applicable to H(e)NB cells?

Q2, how is reporting PLMN ID handled?
This paper analyzed these two questions and proposed how to report PLMN ID for H(e)NB.

2 Discussion
2.1 Whether is RAN sharing applicable to H(e)NB cells
In TS 36.300 sub-clause 10.1.7 states that
“E-UTRAN shall support radio access network sharing based on support for multi-to-multi relationship between E-UTRAN nodes and EPC nodes (S1-flex).” 

Also sub-clause 4.6.2 in TS 36.300 states that
“-
A HeNB shall only connect to a single HeNB GW at one time, namely no S1 Flex function shall be used at the HeNB.

-
The HeNB will not simultaneously connect to another HeNB GW, or another MME. 

-
The TAC and PLMN ID used by the HeNB shall also be supported by the HeNB GW.

-
Selection of an MME at UE attachment is hosted by the HeNB GW instead of the HeNB;
-
HeNBs may be deployed without network planning. A HeNB may be moved from one geographical area to another and therefore it may need to connect to different HeNB GWs depending on its location.”
From above texts from the RAN specification, it is clear that

1) HeNB does not support S1 flex based on text in blue;

2) HeNB GW support S1 flex based on the text in red. This SI flex is used for sharing HeNB cells for different operators. That means that RAN sharing is applicable to HeNB cells.
There are two deployment scenarios for HeNB. The first one is that HeNB is directly connected to MME. The second one is that there is a HeNB GW between HeNB and MME. For the second deployment scenario, HeNB cells can be shared.
In TS 25.467 sub-clause 4.2 shows that HNB GW supports “MOCN Rerouting Function” in Table 4.2-1. And there is only one deployment scenario for HNB, i.e. there is a HNB GW between HNB and MSC/SGSN. That means that RAN sharing is applicable to HNB cells.
Conclusion: RAN sharing is applicable to H(e)NB cells.
2.2 How is reporting PLMN ID handled
Since RAN sharing is applicable to H(e)NB cells, it is needed to analyze how to realize this kind of RAN sharing. In order to show the usage of CSG ID and PLMN ID clearly, an example is need. That is, a HeNB cell is shared by two operators, e.g. PLMN1 and PLMN2. The PLMN1 is the primary PLMN ID. This HeNB cell broadcasts these two PLMN IDs, i.e. PLMN1 and PLMN2, and the CSG ID. Each CSG ID has to be unique within a PLMN. So the broadcast CSG ID is unique in PLMN1 and PLMN2. 
During handover to HeNB, access check, routing and CSG ID validation need to be performed. These functions are analyzed below.
· For access check, MS subscribed to PLMN2 reports CSG ID to BSS. Then BSS sends the CSG ID in the handover required message to the source CN node, e.g. SGSN, to perform access check. This access check is performed by checking whether the reported CSG ID is included in the “CSG white list”. The “CSG white list” is included in the subscription information, which is only taken from the home PLMN, i.e. PLMN2. That means that access check is not related to the reported PLMN ID. In this case, reporting PLMN1, i.e. the primary PLMN ID, is useless.
· For routing, the purpose of reporting PLMN ID is used to construct the TAI for routing handover messages to the target MME and the target HeNB GW. If PLMN2 is reported, the handover messages is routed to the MS’s home CN. Otherwise PLMN1 is reported, the handover message is routed to a visited CN. That means that roaming happens if the primary PLMN ID is reported in this example.
· For CSG ID validation, it is performed by the target RAN node. In TS 36.413 sub-clause 8.4.2.2 states that “If the CSG Id IE is received in the HANDOVER REQUEST message, the eNB shall compare the received value with the CSG Id broadcast by the target cell.”. This validation is only based on the CSG ID in the HANDOVER REQUEST message and the CSG ID broadcast in the target cell. It is not related to the reported PLMN ID.

From above analysis, the reported PLMN ID is only used for routing and not used for access check and CSG validation. In order to avoid unnecessary roaming after handover to HeNB, it is proposed below.
Proposal: The home PLMN ID of the H(e)NB cell shall be reported as the selected PLMN ID if it is included the PLMN list broadcast by the H(e)NB cell. Otherwise, the primary PLMN ID shall be reported as the selected PLMN ID.
If there is no RAN sharing for a HeNB cell, the primary PLMN ID is also the home PLMN ID. The above proposal is also applicable to the scenario where there is no RAN sharing for the HeNB cells.

2.3 Concerns raised in the offline discussion

In the offline discussion, some concerns below were raised.

· C1, This CSG ID is valid only within this PLMN i.e. primary PLMN. 
· C2, The relation to the primary PLMN is important and needed for access check, routing and CSG ID validation by the target RAN node.
The concerns are based on the text below from TS 36.331.
“plmn-IdentityList

List of PLMN identities. The first listed PLMN-Identity is the primary PLMN.

…
csg-Identity

Identity of the Closed Subscriber Group within the primary PLMN the cell belongs to. The field is present in a CSG cell.”
According to the above text in blue, the concern C1 is not correct because this text only states that CSG ID is related to the primary PLMN but it doest not limit the CSG ID is valid only in the primary PLMN. For the RAN sharing case as described in section 2.2, the CSG ID is also valid in other shared PLMNs.
Regarding the concern C2, it is also not correct because
· the primary PLMN ID is not used for access check by the source CN node while the access check is based on the subscription information as described in the example in section 2.2, and
· Routing is based on the reported PLMN ID. If the primary PLMN ID is reported, roaming occurs in the example in section 2.2, and
· CSG ID validation is only based on the CSG ID in the HANDOVER REQUEST message and the CSG ID broadcast in the target cell. This validation is not related to the PLMN ID.
3 Conclusion
This paper analyzed the RAN specifications about RAN sharing for H(e)NB and came to the conclusion below.

Conclusion: RAN sharing is applicable to H(e)NB cells.
Based on this conclusion, this paper demonstrated the purposes of the CSG ID and PLMN ID in handover to H(e)NB in RAN sharing scenario. According to this analysis, a proposal was presented below.

Proposal: The home PLMN ID of the H(e)NB cell shall be reported as the selected PLMN ID if it is included the PLMN list broadcast by the H(e)NB cell. Otherwise, the primary PLMN ID shall be reported as the selected PLMN ID.
Souring company proposes to agree this proposal and corresponding CRs.
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