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1. Introduction

A new entity called CSG Subscriber Server (CSS) in the VPLMN storing and managing CSG subscription-related info is introduced to support VPLMN Autonomous CSG Roaming feature for roaming UEs. Also procedures for retrieval of CSG subscription data from the CSS and update of change CSG subscription data to the visited nodes of UEs are specified.
It should take some nodes failure into account, e.g. CSS failure or restart, how to keep the consistent data between the CSS and visited nodes. This paper is to discuss the restoration mechanism for VCSG feature.
2. Discussion

2.1
CSS Reset

When the UE attaches or moves in the networks via the Home (e)NodeB system, the visited nodes, i.e. MSC/VLR or SGSN or MME may retrieve the CSG subscription data from the CSS in the VPLMN. The CSS shall store the location information of the visited node which the UE registered to subsequently download in time when the CSG subscription data are changed in the CSS. In some point, the CSS is failed or restarted, all of location information stored in the CSS may be lost. The CSS should inform all the affected visited nodes which the UE may be registered after it restarting.
In the current restoration mechanism on HLR/HSS reset, two points are addressed. One is HLR/HSS address contained in the notification is transferred to the visited nodes to tell which entities are reset. The visited nodes shall check if the received HLR/HSS address is mapping to stored HLR/HSS address during the UE registration. Another is HLR Id or User Id may be contained in the notification, due to there are multiple addressed HLR/HSSs using the same address, so if these parameters are received by the visited nodes, then only affected users need to restore the subscription data from the restarted HLR/HSS.
It is assumed that only one CSS is deployed in one PLMN, so User Id is not used for CSS reset in this stage. On the other hand, Diameter commands or MAP operations on the existing HLR/HSS reset can be reused in the CSS reset.
Conclusion 1: The current restoration mechanism on HLR/HSS reset except HLR Id or User id can be reused in the CSS reset.

2.2
Restoration of Data in the Visited Nodes

In some point, the visited nodes which the UE registered, i.e. MSC/VLR or SGSN or MME are failed or restarted, all the stored subscription data including CSG subscription data from the CSS will be lost. 
When the mobile originated services or mobile terminated services are reaching, the visited nodes should try to restore all the data or trigger the UE to attach the network again. However the current restoration procedures for VLR or SGSN or MME don’t cover the restoration of CSG data from the CSS.
Before further discussion on the restoration of CSG data from the CSS stored in VLR or SGSN or MME, two restoration indicators are introduced as follows:

“Subscriber Data Confirmed by CSS” indicator: this indicator indicates whether the CSG subscriber data set for the roaming mobile station held by the VLR is consistent with that held by the CSS.
“Location Information Confirmed by CSS” indicator: this indicator indicates whether the VLR number for the roaming mobile station registered is confirmed by the CSS.
The later indicator has a little difference with the indicator “Location Information Confirmed in HLR” which indicates whether the HLR’s record of VLR number and MSC number for the mobile station is confirmed by radio contact. Since the CSS’s records of the visited nodes don’t need be confirmed by radio contact, so here take “…Confirmed by CSS” instead of “…Confirmed in CSS”.
Conclusion 2: Two restoration indicators should be introduced for the restoration of CSG data from the CSS stored in VLR or SGSN or MME.
The cases for the visited nodes supporting CSG need perform CSG cell access control shall also be studied in restoration procedures. Since these cases may trigger the visited nodes to restore the CSG data from the CSS. In the following discussion, it is assumed that the visited nodes, i.e. VLR or SGSN or MME support CSG and need perform CSG cell access control.
In the case of VLR restart, MO call (e.g. Outgoing MS request, Outgoing LMU request) or MT call (e.g. incoming call, MT Location request, Incoming LCS information request) in the CS domain may trigger the MSC to send Process Access request to the VLR when it receives CM Service request or MS connection establish request (after paging or searching MS). In this case the VLR will authenticate the UE and may restore the CSG data from the CSS if there is no such data associated with the MS. The states of above restoration indicators affect restoration procedures of Process Access request. On the other hand, during routeing information retrieval for MT call, the VLR may restore the CSG data from the CSS after restarting. But this restoration procedure can reuse Update VCSG Location request procedures since this procedure don’t affect the MS’s registration state.
Since the procedures of MT Short Message and MT Location Request cases may also trigger Process Access request to the VLR, so they will be affected by the states of above new restoration indicators.
Also Location updating or IMSI attach procedures the VLR need perform CSG cell access control and may restore the CSG data from the CSS, so the states of above new restoration indicators affect restoration procedures of Location updating or IMSI attach.
Regarding SGSN associations or MME associations, Mobile terminated services requested by the MSC/VLR will page the MS or UE via Gs or SGs interface, however the page response will be returned to the VLR directly. The VLR can process as MT call procedure. So the states of above new restoration indicators don’t affect SGSN associations or MME associations procedures.

Conclusion 3: In the case of VLR restart, the states of two new restoration indicators affect the procedures of Process Access request or location updating or IMSI attach.
In the case of SGSN restart, mobile terminated user data transmission to Gn-SGSN, if there is no related contexts the Gn-SGSN will discard the message and return an error. With regard to S4-SGSN, if S-GW supporting the optional network triggered service, then restoration procedure may trigger the UE re-attaching or performing RAU. So the states of two new restoration indicators don’t affect mobile terminated user data transmission procedure.
Mobile terminated SMS over GPRS procedure, since if there is no related contexts for the MS, the SGSN will reject the SMS delivery request and return a failure report with cause value "Unidentified Subscriber" to the SMS-GMSC. Then next processes are as normal procedures for SMS failure delivery. So the states of two new restoration indicators also don’t affect mobile terminated SMS over GPRS procedure.
Regarding VLR associations, Mobile terminated services requested by the MSC/VLR will trigger the SGSN to page the MS, however the page response will be returned to the VLR directly. So the states of two new restoration indicators also don’t affect Mobile terminated services requested by the MSC/VLR procedure.

Therefore, only Mobile originated Routeing Area Updating or Attach procedures are affected by the states of two new restoration indicators.

Conclusion 4: In the case of SGSN restart, the states of two new restoration indicators affect the procedures of mobile originating routeing area updating or attach.
In the case of MME restart, the similar analysis of Mobile terminated user data transmission and Mobile terminated services requested by the MSC/VLR procedures to SGSN restart. So only Mobile originated Tracking Area Updating or E-UTRAN Attach procedures are affected by the states of two new restoration indicators.
Conclusion 5: In the case of MME restart, the states of two new restoration indicators affect the procedures of mobile originating tracking area updating or E-UTRAN attach.
3. Conclusion

It is proposed to make an agreement on the principles of above conclusions and details can be further discussed in the corresponding CR.
