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1. Introduction
The objective of this paper is to consider the different scenarios of RAN sharing, and understand the need for RAN2 specification changes.
There are four main scenarios to consider in terms of possible deployment. The scenario of interest in this paper is Scenario A below, where we believe minor UE side specification clarifications are sufficient. 

Scenario A: RAN Sharing on CSG Cell Only: 

In this case, a CSG cell advertises a primary and one or more secondary PLMNs. This could happen, e.g., in an enterprise scenario where Starbucks or McDonalds provides CSG functions via multiple operators. Further, each of these operators can be assumed to have overlying macro coverage in the area. Cases where the operators do provide overlaying macro coverage are handled in the following two scenarios. 

Some specification changes (or clarifications) will be needed to support scenario A, as discussed in subsequent sections.

Scenario B: RAN Sharing on Macro Network only: 

In this case, the CSG cell has only a single PLMN, but the macro network has one or more secondary PLMNs. We assume in this case that the registered PLMN of the user is the same as the PLMN of the CSG cell. All mobility procedures should work normally in this case, and there is no need for specification enhancement/clarification.

Scenario C: Roaming on Macro Network: 

In this case the CSG cell has only one PLMN, and the UE is roaming to a macro cell of another PLMN. The mobility events in this case will be inter-PLMN mobility, involving a change of the registered PLMN for the UE. Handling connected mode mobility in this scenario seems challenging (see Section 3.3).
Scenario D: Roaming on Macro Network plus RAN Sharing on CSG cell:

This is a more complex scenario, and we propose to first discuss other scenarios before doing detailed discussions on scenario D.

2. Procedures in Current Specifications
2.1 CSG ID and PLMN IDs in SIBs

The specification allows for the broadcast of exactly one CSG ID per H(e)NB, and allows for the broadcast of one primary and zero or more secondary PLMN IDs.

In TS 36.331, Sec. 6.2.2, under field descriptions for SIB, it is clarified about the CSG identity 

"csg-Identity: Identity of the Closed Subscriber Group within the primary PLMN the cell belongs to",
This definition causes the UE to consider a CSG as valid only for the primary PLMN. However, definition is in conflict with the way CSG ID and PLMNs are used during Manual Selection, as described in Section 2.5. Also, this restriction of CSG ID to primary PLMN is not found in the UMTS specifications.
2.2 Structure of the CSG Whitelist  
UE Point of View

In TS 24.285, the structure of the CSG Whitelist is given. This is the Whitelist that is provided to the UE upper layers via OTA provisioning (OMA-DM). 
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MME Point of View

Further, TS 23.401 (same applies for 23.060) defines an interface for the MME to obtain the CSG Whitelist for the UE from the HSS. Note that the MME is only provided the Whitelist for the registered PLMN, and the remaining part of the Whitelist is not visible to the MME. This is also consistent with This is also consistent with the stage 3 from the S6a HSS-MME interface definition, TS 29.272, Section 7.3.78
5.7.1       HSS

	CSG Subscription Data
	The CSG Subscription Data is a list of CSG IDs per PLMN and for each CSG ID optionally an associated expiration date which indicates the point in time when the subscription to the CSG ID expires; an absent expiration date indicates unlimited subscription.
For a CSG ID that can be used to access specific PDNs via Local IP Access, the CSG ID entry includes the corresponding APN(s).


5.7.2       MME

	CSG Subscription Data
	The CSG Subscription Data is a list of CSG IDs for the visiting PLMN and for each CSG ID optionally an associated expiration date which indicates the point in time when the subscription to the CSG ID expires; an absent expiration date indicates unlimited subscription.
For a CSG ID that can be used to access specific PDNs via Local IP Access, the CSG ID entry includes the corresponding APN(s).


2.3 Access Check at UE

Idle Mode

The UE considers a cell to be suitable if the following two conditions are met

· Cell belongs to the registered/equivalent PLMN (i.e. the registered/equivalent PLMN is the primary or secondary PLMN of the cell)

· CSG ID matches the Whitelist (some confusion remains regarding the role PLMN plays here).

Connected Mode

As part of initial access check during inbound mobility (refer to csg-MemberStatus in 36.331), UE indicates the cell to be allowed if

· CSG ID matches the Whitelist (some confusion remains regarding the role PLMN plays here).

2.4 Access Check in Network

Initial Access
At the time of RRC Connection Setup, the MME has to verify if the UE has privileges at the concerned H(e)NB cell. The MME has access to the CSG ID and ECGI of the H(e)NB. Note that ECGI includes the primary PLMN. Regarding the secondary PLMNs, there are two cases:
· GW not in use: the MME will know the Secondary PLMNs of the HeNB via S1 Setup Request message. 

· GW in use: the GW will know the secondary PLMNs via S1 Setup Request message, and use this information to route further S1 messages to the appropriate MME.
Inbound Handover

At the time of handover, the source MME has to verify if the UE has privileges at the target H(e)NB cell. In order to do this, there are two steps. 

· First, the source eNB reports the identity of the target cell (Primary PLMN, CSG ID) to the MME and the MME verifies if this entry is present in the UE’s Whitelist
· Second, the MME sends the CSG ID to the target cell, which in turn confirms whether it actually belongs to that CSG. This step prevents cheating by a UE which reports the wrong CSG ID.

In case of RAN sharing, these steps need to be clarified.

2.5 Manual CSG ID Selection

Upon request from upper layers, AS scans available channels and provides lower layers the (CSG_ID, PLMN_ID(s)) for the detected cells. The specification is explicit in mentioning PLMN(s) [Refer 36.304, Table 4.2-1, and Section 5.5.1]. Based on the reported information, NAS may decide to select a CSG cell and perform Attach or TAU procedures.
The NAS behaviour in case of multiple PLMNs being reported by AS to it is not explicitly mentioned. In 23.122, Section 4.4.3.1.3.1, it says

The MS displays to the user the CSGs that are available and the associated PLMNs using all access technologies which support CSGs and which are supported by the MS.
It should be clarified whether the user is presented with only the primary PLMN, or all PLMN(s) broadcasted by the CSG cell. The latter option makes the most sense, as the value of advertising multiple PLMN(s) without manual selection support is questionable.

Proposal 1 (CT1 would need to confirm this): Confirm that during manual CSG selection, NAS should present the user with all the PLMN(s) broadcasted by the CSG cell.
3. Analysis
3.1 Functions for support of RAN Sharing

The basic CSG related functions that need to be considered are:

· Manual CSGID  Selection: Subscribers of each operator should be able to manually select the CSG cell

· Idle Mobility: Subscribers of each operator should be able to support Idle Mode handover to the CSG cell, i.e. from macro of the registered PLMN to a CSG cell that is shared by the registered PLMN.

· Connected Mobility Idle Mode handover to the CSG cell from macro cell.

3.2 Idle Mode and Manual CSG selection 
This section discusses the deployment assumptions and specification changes/clarifications needed to make Idle Mode and Manual CSG selection work in the various scenarios.
CSG ID Planning in Network for RAN sharing in CSG cells
In case of RAN sharing (i.e. cell advertises one primary and at least one secondary PLMN), there has to be some coordination across operators for planning the CSG IDs. Such coordination is important given the role PLMN plans in the current manual CSG selection operation, where all PLMNs of the cell are presented by AS to NAS for manual selection (see Section 2.5).

Proposal 2a: If CSG_ID1 is used on a cell shared by PLMN_A and PLMN_B, then CSG_ID1 should refer to the same subscriber group (e.g. McDonalds) on all cells of PLMN_A and PLMN_B.

Proposal 2b: If CSG_ID2 is used strictly within PLMN_A, and is not used by any cells shared by PLMN_A and PLMN_B, then CSG_ID2 can refer to different subscriber groups in PLMN_A and PLMN_B.
The above change can be captured in the specifications by adding the following to the definition of CSG Cell in 36.304 (similar change can be made in 25.304). 

CSG cell: A cell, part of the PLMN, broadcasting a CSG Indicator that is set to TRUE and a specific CSG identity. A CSG cell is accessible by the members of the closed subscriber group for that CSG identity. If a CSG cell broadcasts multiple PLMN IDs, then the CSG ID applies to each of the broadcasted PLMN IDs.
Whitelist Interpretation in UE (Idle Mode and Manual CSG Selection)
The UE has to interpret the whitelist to determine the accessibility of the cell for Idle Mode (suitability check), and also during manual CSG selection. The current specification is described in Section 2.3.

For Idle Mode with RAN sharing, the suitability check will be successful for a subscriber of the primary PLMN (i.e. user registered to the primary PLMN and having the CSG ID in the whitelist under the primary PLMN). For a subscriber of the secondary PLMN, the situation needs to be clarified. Two options were discussed previously.
Option 1: Modify the definition of CSG ID to be applicable to the primary and secondary PLMNs broadcasted by the cell. This is consistent with the CSG ID planning proposed above.
Option 2: Require the user of the secondary PLMN to be provisioned with a whitelist entry under the primary PLMN, so that the cell becomes suitable under the current definition of CSG ID. The UE only checks the (primary PLMN, CSG ID) against the whitelist.
We argue below that Option 2 has some problems, and hence Option 1 should be accepted and necessary clarifications made in the specifications.

· The first problem with Option 2 is configuration management, where one operator has to provision whitelist entries under another PLMN, and where such provisioning has to change every time there is a RAN sharing arrangement with a new partner. 

· The second problem with Option 2 is that it will not be clear under which PLMN the CSG cell is suitable. For example, consider a UE registered to the secondary PLMN of the CSG cell, and having only the (primary PLMN, CSG ID) in the whitelist. It is not clear whether this cell can be reselected under normal cell selection (which is restricted to registered/equivalent PLMNs) or if it can only be selected via a PLMN reselection.

· The third problem with Option 2 is regarding manual CSG selection. As per 23.122, Section 4.4.3.1.3.1

For each entry in the lists, an indication is provided whether that CSG identity is in the Allowed CSG list or in the Operator CSG List stored in the MS for this PLMN.
If the UE only considers the CSG ID to be only part of the primary PLMN, then the above indication will be set to False for the secondary PLMNs, which will be give an incorrect perception to the user. 
Based on these problems, we propose to adopt Option 1:
Proposal 3: For the purpose of manual CSG selection and Idle Mode, the definition of CSG ID should be modified to make the CSG ID applicable to each of the PLMNs broadcasted by a CSG cell. 

We believe given the current implementation status of CSG related products, this change can be made in Rel-9 specifications. For LTE, this change can be made by removing the restriction of CSG ID to primary PLMN (refer to Section 2.1 above). For UMTS, such a restriction is not in the specification. 
3.3 Connected Mode Mobility
As opposed to Idle Mode mobility, connected mode mobility involves proper coordination between the UE and the various network elements (macro RAN, MME/SGSN, H(e)NB GW and H(e)NB). Given that the MME only has information for the registered PLMN, access control will be difficult to perform for inter-PLMN mobility (i.e. scenario C). However, for intra-PLMN case, it is easy to extend the Idle Mode principle in Proposal 3 to Connected mode, i.e. to have mobility from a macro cell with PLMN_A to a CSG cell with secondary PLMN = PLMN_A.
Proposal 4: For the initial access at the UE check during connected mode mobility, the modification to the definition of CSG ID in proposal 3 should continue to be valid.
4. Conclusion

The following proposals were made.

Proposal 1 (CT1 would need to confirm this): Confirm that during manual CSG selection, NAS should present the user with all the PLMN(s) broadcasted by the CSG cell.

Proposal 2a: If CSG_ID1 is used on a cell shared by PLMN_A and PLMN_B, then CSG_ID1 should refer to the same subscriber group (e.g. McDonalds) on all cells of PLMN_A and PLMN_B.

Proposal 2b: If CSG_ID2 is used strictly within PLMN_A, and is not used by any cells shared by PLMN_A and PLMN_B, then CSG_ID2 can refer to different subscriber groups in PLMN_A and PLMN_B.
Proposal 3: For the purpose of manual CSG selection and Idle Mode, the definition of CSG ID should be modified to make the CSG ID applicable to each of the PLMNs broadcasted by a CSG cell. 

Proposal 4: For the initial access at the UE check during connected mode mobility, the modification to the definition of CSG ID in proposal 3 should continue to be valid.
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