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1
Introduction
Inter-CSG mobility is part of the Rel-11 Study Item content for improved HNB mobility. This document presents possible enhancements going beyond a simple stage-2-level allowance of doing inter-CSG mobility.

Unlike in LTE, 3G inter-HNB mobility bears the chance to be hidden from the CN completely. However, if the UE leaves or enters a CSG area, the operator might be interested to get knowledge of this. The following topics need to be looked at:

1)
A method to hide inter-HNB mobility from the CN even if CSG boundaries are crossed.

2)
A method to execute membership verification at the HNB-GW in case of inter-HNB/inter-CSG mobility.
3)
A method to inform the CN about CSG changes, even if the CN does not need to be contacted for membership verification.

4)
A method for allowing the CN to update the membership information for active mode UEs within the HNB-GW if necessary.
2
Discussion
2.1
A method to hide inter-HNB mobility from the CN even if CSG boundaries are crossed
The method foresees to allow the CN to provide the available membership white list to be made available at the HNB-GW. It should be kept in there whenever the UE is about to consume radio-resources from any of the HNBs connected to the HNB-GW, i.e., whenever a UE context is present. By this the HNB-GW is able to process inter-CSG mobility related access-queries on behalf of the CN. Due to the confidential nature of the membership-list it needs to be kept within in the HNB-GW and never presented to the HNB, which will see only membership information related to the CSG it is member of.
Below, the various situations are listed where the membership list may be provided to the HNB-GW.

At Call Setup


the membership list may be provided within the COMMON ID message.
At inter-HNB inter-CSG mobility


the stored membership list could be consulted without the need to contact the CN.
At inbound mobility (Enhanced Relocation via Iur – “HHO”)

the membership list may be provided with the proposed new RANAP procedure (see [1]) for Access Membership Query along with the membership query result for the target cell.

At inbound mobility (Radio Link Setup via Iur – “SHO”)
the membership list may be provided with the proposed new RANAP procedure (see [1]) for Access Membership Query along with the membership query result for the target cell.
For any subsequent RL Setup, the membership list could be kept in the HNB-GW until the UE ceased to consume radio resources from the GW’s HNBs.
At inbound mobility (SRNS Relocation via Iu – “HHO”)

the membership list may be provided with the RELOCATION REQUEST message.
2.2
A method to execute membership verification at the HNB-GW in case of inter-HNB/inter-CSG mobility

The Rel-10 changes to support intra-HNG-GW intra-GW mobility did not need to address membership verification because the source HNB has already information of the target CSG (consequently, a Rel-10 HNB cannot start HHO/SHO towards a different CSG). 

In Rel-11 instead, such Access Query function (from target) could be re-introduced, and the following mobility scenarios need to be taken into account:
At inter-HNB mobility (RNSAP Relocation via Iurh – “HHO”), and 
At inter-HNB mobility (Radio Link Setup via Iurh – “SHO”).
2.3
A method to inform the CN about CSG changes, even if the CN does not need to be contacted for membership verification.

Changing a CSG may come along with the requirement to pose different charging tariffs to the subscriber when consuming radio resources from a certain HNB cell.

In order to make the CN aware of the respective mobility, it is proposed to utilize and extend the RANAP Location Reporting procedure.

Currently, the Location Report Control procedure may be used to trigger location reporting with the following Request Type Events (see 25.413 Subclause 9.2.1.16 [3]):

-
To report directly;

-
To stop a direct report;

-
To report periodically;

-
To stop periodic reporting;

-
To report upon change of Service area, or

-
To stop reporting at change of Service Area,

further indicating the Report Area being a Service Area or a Geographical area.

If now the Event enumeration could be enhanced by “Change of CSG” and “Stop Change of CSG” and the Report Area by adding “CSG”, probably with the possibility to indicate a list of CSGs, where the RAN node has to report only entering/leaving the indicated CSGs, the requested functionality would be easily implementable in RANAP. An example of expected RANAP changes is shown in Annex A.

In order to minimize the impact towards the CN, it is proposed to include text to the TR 37.803 describing the solution of using and extending the RANAP Location reporting procedure in order to inform the CN about the serving CSG change in case of inter-CSG handover.
2.4
A method for allowing the CN to update the membership information for active mode UEs within the HNB-GW if necessary.

According to TS 23.002 §15.7 [2], there exists a “CSG List Server”, co-located in the HSS, which:

-
on one hand, manages the provision of white list entries within the UE via Over-the-Air (OMA DM/OTA) means (see TS 24.285 [4] and TS 31.102 [5]), while,

-
on the other hand, manages the CSG list entries within the CN nodes currently hosting the UEs’ contexts (which in turn need to be informed in case the UE is in active/connected state and the CSG membership status changes or expires).

According to those facts, it is conceivable that each CN node able to deal with CSG lists is also able to inform the 3G HNB-GW in case a UE’s CSG list is being updated.

So, in case the inter-CSG mobility solution follows the same principle as the intra-CSG HNB GW internal mobility, namely avoiding being visible towards the CN, the CN should be able to inform the HNB-GW about any changes in the CSG list and the HNB-GW can be assumed to be in the position to handle the situation properly.

It is FFS whether the CSG list update in HNB-GW is based on a new signaling procedure or an existing procedure would be enhanced, however, the COMMON ID procedure seems to be most appropriate.

It can be concluded that the current CSG function related procedures support the update of the CSG subscription list in the CN. It is possible to receive the update of the CSG subscription information from the CN to the HNB-GW. 

3
Conclusions and Proposals
In this paper we discussed further matters related to 3G HNB inter-CSG mobility. In particular, the following were addressed:
1) The CN should be unaware of inter-HNB mobility, even in case of inter-CSG crossing.
2) The HNB-GW should be able to execute membership verification in case of inter-HNB/inter-CSG mobility.
3) The CN should be informed about CSG changes, even when non membership verification needs to be carried out.

4) The CN should be able to update the membership verification information in the HNB-GW for active mode UEs
Proposal 1: Take the points above into account during the discussion for HNB-to-HNB inter-CSG mobility.
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