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1 Introduction 
During recent meetings, several problems related to CSG handling in Rel-8/9 were identified:
1) PLMN sharing in CSG cells

· 
It is clear this will not be addressed in Rel89, and we also consider it quite late 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 this is sufficiently clear in the specifications (xx.304) today:

· In Rel-8, the AS will provide CSG-Id's of detected CSG cell of the rPLMN and ePLMNs

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

3) 
CSG applicability to ePLMN's: if the UE has (rPLMN, CSG-ID1) in its whitelist, should it assume that it is also a member of any CSG cell belonging to an ePLMN broadcasting the same CSG-ID1 ?

In this contribution we try to address this 3rd issue. In section 2 we clarify our understanding of the current situation in more detail. Section 3 describes 3 potential solution approaches we identified for handling ePLMN CSG cells. Finally in section 4 we propose a way forward. 
It should be noted that a similar contribution is also submitted to SA2.
2 Our understanding of Rel89 situation
W.r.t. CSG handling, the following aspects can be noted:
1) 
The whitelist maintained by the UE and HSS may contain multiple entries consisting of (PLMNx, CSG-IDy), i.e. the list contains PLMN specific CSG-Id's of CSG's for which the UE can consider itself a member.

2) 
It is our understanding that the MME of a visited network (see e.g. 29.272 section 7.3.78) only obtains the CSG-Id's for the rPLMN. I.e. if there are multiple PLMN's/ePLMNs handled by the MME, the MME will only be aware of the rPLMN related entries in the whitelist.
With the above understanding, we see the following problem:

· 
The UE sees a ePLMN1 CSG cell and determines whether it is a member cell or not based on the whitelist. Whatever the UE decides, the MME will have no means to verify the UE's assessment since the MME is not aware of whitelist entries for ePLMN1. This seems to make any ePLMN CSG mobility broken. 

3 Potential solutions
We identified 3 potential solutions:

A) Network&UE ensure whitelist contains entries for CSG-IDy for all potential equivalent PLMNs

B) MME is explicitly informed about ePLMN whitelist entries

C) Whitelist entry (PLMNx, CSG-IDy) implies that if PLMNx is the rPLMN, any cell from the rPLMN/ePLMNs with CSG-IDy is to be considered a member cell
In the next sections we look at these alternatives in more detail.
A) Network&UE ensure whitelist contain entries for CSG-IDy for all potential equivalent PLMNs

Description:
In this solution, the UE and the network ensure that if the whitelist contains an entry for the rPLMN and CSG-IDy, it always also contains an entry for each potential ePLMN and CSG-IDy.

· 
For the operator CSG list (OCL), the network can ensure this restriction to be met based on OAM. 

· 
For the addition of CSG entries after successful manual selection to the Allowed CSG List (ACL), the UE would have to ensure that in addition to adding the (rPLMN, CSG-IDy) at successful TAU, it should also add entries for each configured ePLMN and CSG-IDy. 

The MME can now check whether a UE is allowed on a (ePLMN, CSG-IDy), because if it was informed about an entry (rPLMN, CSG-IDy) in the whitelist, then also the corresponding ePLMN entry should exist
Summary:

· Whitelist: 
Entry (PLMNx,CSG-IDy) only identifies cells broadcasting (PLMNx,CSG-IDy) as member cells
· HSS->MME:
MME is only informed about entries for the rPLMN, but can assume that HSS also contains whitelist entries for CSG-IDy for any potential ePLMN.
· UE impact:
At succesfull manual CSG selection, the UE adds multiple entries in the whitelist: one for the rPLMN and one for each ePLMN 

Impact:
We assume this solution will have quite some impact to the UE and complexity overall. E.g. it is unclear how at extensions to the ePLMN list, the UE would be able to add missing whitelist entries for the new ePLMN's. Also probably new UE behaviour is required in case of releasing entries from the whitelist to ensure consistency remains between the UE and the network view.

B) MME is explicitly informed about ePLMN whitelist entries
Description:
Also in this solution the UE will only consider a neighbouring CSG cell with (ePLMN1, CSG-IDy) a member cell if the concerning entry (ePLMN1, CSG-IDy) is in the whitelist.
In order to enable an MME to check whether the UE is a member of an ePLMN neighbour, the MME is not only informed about the rPLMN entries in the whitelist, but also about any ePLMN entry.

This way, both UE and network will always have a consistent view on whether a cell is a member cell or not. 
Summary:

· Whitelist: 
Entry (PLMNx,CSG-IDy) only identifies cells broadcasting (PLMNx,CSG-IDy) as member cells

· HSS->MME:
MME is informed about whitelist entries for the rPLMN and any potential ePLMN
· UE impact:
At succesfull manual CSG selection, the UE only adds the (rPLMN, CSG-IDy) entry to the whitelist 

Impact:
We assume the indicated UE behaviour w.r.t. manual CSG selection as well as w.r.t. the UE's interpretation of the whitelist are according to current Rel89 UE behaviour. I.e. no UE impact is foreseen due to this solution. The only impact would be on the interface to the HSS which should allow the SGSN/MME to obtain entries for potential ePLMN's.
C) 
Whitelist entry (PLMNx, CSG-IDy) implies that if PLMNx is the rPLMN, any cell from the rPLMN/ePLMNs with CSG-IDy is to be considered a member cell
Description:
In this solution, the meaning of the whitelist entries is different from the 2 above solutions: an entry in the whitelist with (PLMNx, CSG-IDy) would imply that if the UE is registered PLMNx, any cell of the rPLMN or ePLMNs broadcasting CSG-IDy is a member cell.

The rule could be ensured by proper operator coordination: i.e. as soon as a whitelist entry (PLMNx, CSG-IDy) is entered, then operator(s) would have to ensure that the UE is also a member of that CSG-IDy on any potential PLMN equivalent to PLMNx or refrain from using CSG-IDy on that ePLMN.

For the MME it would in this case be sufficient to only receive the (rPLMN,CSG-IDy) entries since it would know that then also CSG cells with CSG-IDy belonging to ePLMN's can be considered member cells.
Summary:

· Whitelist: 
Whitelist entry (PLMNx, CSG-IDy) implies that if PLMNx is the rPLMN, any cell from the rPLMN/ePLMNs with CSG-IDy is to be considered a member cell
· HSS->MME:
MME is only informed about whitelist entries for rPLMN and any potential ePLMN
· UE impact:
At succesfull manual CSG selection, the UE only adds the (rPLMN, CSG-IDy) entry to the whitelist 

Impact:
It is clear that also this solution implies new UE behaviour, in this case not related to the CSG addition handling at succesfull manual CSG selection, but on how to interprete the whitelist.
Although this solution seems to keep the whitelist short by having one entry have implications on mutliple PLMN's, still to have reciprocity when the UE selects an ePLMN
, an entry for each potential ePLMN would have to be present.

4 Proposed way forward
Apart from the above 3 solutions, other solutions can be identified. However if we take the Rel89 UE behaviour as starting point, only solution 2 seems to remain.
In addition, the need for having to inform an SGSN/MME about whitelist entries belonging to other PLMN's than the rPLMN might also arise in the future if inter-PLMN handover to CSG cells needs to be supported (e.g. handover to starbucks CSG cell which is using different PLMN).
Therefore we propose to handle ePLMN CSG cells based on approach B. If this approach is accepted, no UE impacts are foreseen. RAN2 may however need to request SA2 to make the corresponding changes to the MME/SGSN<->HSS interface. Furthermore, it may be good to request CT1 to verify if there is any impact to their specifications.








































































� 	Contrary to what the "equivalent PLMN definition" in Rel9/10 xx.304 indicates, the ePLMN does no longer play a role in the manual search in Rel9/10 since CSG cells from all PLMN's are already considered. CR's are submitted to RAN2#73 to correct this.


� 	If the UE has an entry (PLMN1, CSG-IDy) and an ePLMN list (PLMN2) while being registered in PLMN1, a PLMN1 or PLMN2 cell broadcasting CSG-IDy will be considered  a member cell. However if we want to achieve that CSG-IDy cells for PLMN1 and PLMN2 are also considered member cells when the UE reselects and registers to PLMN2, also a (PLMN2, CSG-IDy) entry would have to be present in the whitelist.
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