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This document proposes a solution to enable the VPLMN to store and manage CSG subscription information for roaming UEs as a part of the VPLMN Autonomous CSG Roaming WI according to the requirements defined in TS 22.220.
1. 
Introduction

The WI (S2-106013) introduced in SA #82 includes the following functionalities to support this feature:

-
Support for the HPLMN to instruct the VPLMN to disable VPLMN Autonomous CSG Roaming;

-
Support for the VPLMN to store and manage CSG subscription information for roaming UEs.

This contribution proposes a solution to enable the VPLMN to store and manage CSG subscription information for roaming UEs to enable VPLMN Autonomous CSG Roaming. The related contribution S2-111400 analyses the solutions to enable the HPLMN to instruct the VPLMN to disable VPLMN Autonomous CSG Roaming
2. 
Requirements

The following requirements were defined in TS 22.220 to support the feature VPLMN Autonomous CSG Roaming:

-
CSG members may include subscriber of any PLMN subject to roaming agreement, defined as HPLMN CSG Roaming.

- 
The VPLMN may support VPLMN Autonomous CSG Roaming by providing CSG membership to the roaming subscriber without exchanging any CSG specific information with the HPLMN. The VPLMN shall disable VPLMN Autonomous CSG Roaming on a per HPLMN basis if requested by the home operator. 

NOTE:
VPLMN Autonomous CSG Roaming and HPLMN CSG Roaming can be active in the same VPLMN

-
The CSG membership granted to the subscriber during his stay in the VPLMN may be retained by the VPLMN (e.g. in case the subscriber moves to another PLMN and subsequently returns to the VPLMN). 

3. 
Support for the VPLMN to store and manage CSG subscription information for roaming UEs
3.1
Principles
Any solution to store and manage CSG subscription information for roaming UEs in the VPLMN should imply minimal changes to the core network architecture and no changes to the UE operations and procedures. In order to do this, the solution should reuse the existing CSG procedures wherever possible. For example, any solution proposed should require no changes to existing procedures for access control for idle and connected mode, and no changes to existing charging procedures.
Based on the current architecture and procedures in TS 23.060 and TS 23.401, defining a new logical element that stores and manages CSG subscription information for roaming UEs that interacts with the MME/SGSN/VLR in an analogous manner to the HSS in the HPLMN will minimize the network impact of supporting this function. 
We call this new logical element the CSS (CSG Subscriber Server).
A CSS has the following advantages:

-
Solution can reuse the existing principles on how the CSG information is managed between the MME/SGSN/VLR and the HSS/HLR, e.g., how the CSG information is stored and updated at the MME/SGSN/VLR.

-
No other impact to the existing CSG procedures outside how the CSG information is populated at the MME/SGSN/VLR.
NOTE:
The CSS stores the CSG information in the same format as the HSS does today, i.e. for each UE, the CSS stores a list of CSG IDs, expiration dates and LIPA APNs for the CSG for the UE as defined in TS 29.272.
Proposal 1: Define a new logical element called the CSS (CSG Subscriber Server) that stores and manages the CSG subscription information based on the existing principles on how the CSG information is managed between the MME/SGSN/VLR and the HSS/HLR.
3.2
Interfaces to the MME/SGSN/VLR

Two alternative architectures were proposed for how the CSS interfaces to the core network in TR 23.830, namely:
-
The CSS is an explicit new node with a new interface to the MME/SGSN/VLR as shown in figure 3.2-1. For example, the MME/SGSN/VLR explicitly requests the CSG information from the CSS.

-
The CSS is a transparent node that sits between the MME/SGSN/VLR and intercepts the subscription information sent from the HPLMN and inserts the CSG information along with the user’s other subscription information sent to the MME/SGSN/VLR as shown in figure 3.2-2.
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Figure 3.2-1: Roaming architecture for 3GPP accesses with explicit CSS node (shown in red) for Home routed traffic
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Figure 3.2-2: Roaming architecture for 3GPP accesses with transparent CSS node (shown in red) for Home routed traffic
The main disadvantage of the explicit CSS node is that it requires changes to the MME/SGSN/VLR to explicitly manage the CSG subscription information.

On the other hand the disadvantages of a transparent node are that it will have to (a) intercept all S6a/S6d traffic including traffic for the HPLMN; (b) define potentially new procedures to trigger the update of CSG information in the VPLMN, i.e., procedures to update the MME/SGSN/VLR when the CSG subscription changes for an attached UE (today this is done by the HSS/HLR using insert subscribe data procedures); and (c) support redundancy while still remaining transparent.

Given the reduced complexity and processing requirements required by an explicit CSS at the expense of changes needed at the MME/SGSN/VLR, it seems clear that the best solution is an explicit CSS node.
NOTE:
The same two options apply to the Gr interface for the VLR and MAP-based SGSN.
Proposal 2: The CSS is an explicit new node with a new interface to the MME/SGSN/VLR.
3.3
Procedural impacts
In the current CSG procedures, there are two ways for the MME/SGSN/VLR to receive CSG subscription information from the HSS/HLR namely:

-
Via mobility management procedures, e.g., when the UE performs attach and registration (TAU/LAU/RAU) procedures in the VPLMN.

-
Via the Insert Subscriber Data procedure, when the UE CSG subscription information changes in the VPLMN.

NOTE:
There is no transfer of CSG subscription information during MME/SGSN/VLR relocation and the CSG subscription is always obtained from the HSS/HLR
Applying the same principles, there should be two ways for the MME/SGSN/VLR to receive CSG subscription information from the CSS as shown below in the following call flows.
3.3.1
Mobility management procedures
When the UE performs attach and registration (TAU/LAU/RAU) procedures in the VPLMN, the CSG subscription information may be transferred from the HSS/HLR to the MME/SGSN/VLR.

NOTE:
There is no transfer of CSG subscription information during MME/SGSN/VLR relocation and the CSG subscription is always obtained from the HSS/HLR
As an example, the TAU request procedure with the CSS is illustrated in Figure 3.3.1-1. An equivalent call flow applies to the Attach procedure and the equivalent procedures in UMTS for the SGSN and VLR.
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Figure 3.3.2-1: E-UTRAN Tracking Area Update without S‑GW change including the CSS

The call flow is the same as that for Figure 5.3.3.2-1 in TS 23.401 with the following additional steps:
19a. If no VPLMN Autonomous CSG Roaming Allowed flag is present or if the VPLMN Autonomous CSG Roaming Allowed flag in the subscription data for the UE indicates that VPLMN Autonomous CSG Roaming is allowed for this UE, the new MME sends an Update CSG Location Request (MME Id, IMSI) message to the CSS. 

NOTE:
The old MME removes the CSG subscription information if present at the same time it removes the other context after it receives the Cancel Location message in step 15.
19b. The CSS acknowledges the Update CSG Location Request by returning an Update CSG Location Ack (IMSI, CSG Subscription Data) message to the new MME after the cancelling of the old MME context is finished. The MME constructs the CSG subscription data for the UE as the union of the CSG subscription data received from the HSS with the CSG subscription data received from the CSS. Where an entry occurs in both lists, the earlier expiry time is used.
NOTE:
The format for the CSG Subscription Data sent by the CSS is the same as that sent by the HSS.

Proposal 3: Update the affected mobility management procedures (attach, TAU, RAU, LAU) to allow the MME/SGSN/VLR to retrieve the CSG subscription information from the CSS.
3.3.2
Insert CSG Subscriber Data procedure
The CSS Insert Subscriber Data procedure allows the CSS to add, modify or delete the CSG subscription data stored in the MME/SGSN/VLR. Whenever the CSG subscription data is changed for a user in the CSS, and the changes affect the CSG subscription data stored in the MME/SGSN/VLR, the MME/SGSN/VLR shall be informed about these changes by the means of the Insert CSG Subscriber Data procedure.
The Insert CSG Subscriber Data procedure for the CSS is illustrated in Figure 3.3.2-1. The equivalent call flow applies for the SGSN and VLR.
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Figure 3.3.2-1: Insert CSG Subscriber Data procedure

1.
The CSS sends an Insert CSG Subscriber Data (IMSI, CSG Subscription Data) message to the MME.

NOTE:
The format for the CSG Subscription Data sent by the CSS is the same as that sent by the HSS.

2.
The MME updates the stored CSG Subscription Data and acknowledges the Insert CSG Subscriber Data message by returning an Insert CSG Subscriber Data Ack (IMSI) message to the CSS. The update result should be contained in the Ack message.


If the UE is in ECM-CONNECTED state and connected via a CSG or hybrid cell, the MME shall check the received CSG subscription data. If the MME detects that the CSG membership to that cell has changed or expired, the MME initiates the procedure in clause 5.16 of TS 23.401.
Proposal 4: Define a new insert CSG subscriber data procedure to allow the CSS to update the CSG subscription information at the MME/SGSN/VLR.
3.4
Protocol impacts
The final issue to consider is the protocol stack between the CSS and MME/SGSN/VLR. 
For the case of S6a and S6d, the obvious choice would be to reuse the Diameter protocol since this is what is currently used as the interface to the HSS. The interface is shown in Figure 3.4-1. 
Similarly for the VLR or SGSN using Gr, the obvious choice would be to reuse the MAP protocol (not shown). 

In order to avoid defining two solutions based on the MAP and Diameter protocols, an alternative would be to only define a single CSS network element which works for the MME/SGSN/VLR which is based on the Diameter protocol. 
NOTE: 
A further choice would be to store the CSG information at the HNB GW instead of the SGSN/VLR instead of upgrading the network for MAP. This can be supported without any standards changes since the HNB GW already is storing CSG information for all UEs today to support non CSG aware UEs. This solution does not apply to LTE since the HeNB GW does not perform access control. 
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Legend:

-
Diameter: This protocol supports transferring of CSG subscription data for authorizing roaming CSG user access between MME and CSS (Sx). Diameter is defined in RFC 3588.

-
Stream Control Transmission Protocol (SCTP): This protocol transfers signalling messages. SCTP is defined in RFC 4960.

Figure 3.4-1: Control Plane for Sx interface

Proposal 5: Use Diameter as the control plane between the MME/SGSN/VLR and the CSS.
4. 
Conclusion

It is proposed to adopt the following proposals to enable the VPLMN to store and manage CSG subscription information for roaming UEs as a part of the VPLMN Autonomous CSG Roaming WI according to the requirements defined in TS 22.220:

-
Proposal 1: Define a new logical element called the CSS (CSG Subscriber Server) that stores and manages the CSG subscription information based on the existing principles on how the CSG information is managed between the MME/SGSN/VLR and the HSS/HLR.

-
Proposal 2: The CSS is an explicit new node with a new interface to the MME/SGSN/VLR.

-
Proposal 3: Update the affected mobility management procedures (attach, TAU, RAU, LAU) to allow the MME/SGSN/VLR to retrieve the CSG subscription information from the CSS.

-
Proposal 4: Define a new insert CSG subscriber data procedure to allow the CSS to update the CSG subscription information at the MME/SGSN/VLR.

-
Proposal 5: Use Diameter as the control plane between the MME/SGSN/VLR and the CSS.
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