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1 Introduction
1.1 Active mode inbound mobility to CSG
One of the objectives of the H(e)NB enhancements Work Items ‎[1], ‎[2] is to enhance the existing Rel-8 active mode mobility procedures. More specifically to support active mode inbound mobility to CSG, i.e. handover from Macro cell to H(e)NB. Active mode inbound mobility to CSG includes both target CSG cells from the same RAT or a different RAT then the source Macro cell. The enhancements should support both handover to Closed and Hybrid mode access CSG cells. The enhancements apply to a Rel-9 UEs supporting CSG, and as a minimum pre-Rel-9 UEs should co-exist with these mobility enhancements. 
1.2 Active mode outbound mobility from CSG

Under certain conditions active mode outbound mobility from CSG is supported in Release 8. For example when the HNB CSG cell is configured with the overlapping/surrounding Macro cells (WCDMA and/or LTE) in the neighbouring cell information, the existing Rel-8 measurement and mobility procedures enable handover from CSG to Macro cell. This applies in a similar way to LTE, provided that UE measurements on the Macro cell frequencies are triggered, handover from H(e)NB to Macro cell is enabled. However certain conditions need to be met, and certain limitations exist. Similar scenarios can be sketched for CSG to CSG handover. It should be noted that active mode outbound mobility from CSG may also suffer from the fact that deployment of the PSC/PCI of the CSG cell is uncoordinated. Enhancements to the active mode outbound mobility can be part of the H(e)NB WI, but are not further discussed in this document.  
1.3 PSC/PCI confusion

Traditionally UE measurements, UE measurement reporting and handover are controlled by the network. Based on the measurement reports from the UE the network decides when and where to handover the UE in active mode. This existing framework does not naturally translate to inbound CSG mobility because the CSG cells reported by the UE in the measurement report include the Primary Scrambling Code (PSC) in WCDMA, or Physical Cell Identifier (PCI) in LTE. However deployment of the PSC/PCI used by the H(e)NB is uncoordinated, i.e. the network may not be able to uniquely identify the CSG cell when only the PSC/PCI is reported. In this respect a distinction can be made for the cases where the reported CSG cell cannot be uniquely identified, and cases where multiple CSG cells reporting the same PSC/PCI cannot be distinguished from each other. 
1.4 CSG autonomous search function

In case the CSG cell is indicated in the Neighbour Cell List (NCL) information in UTRAN, the UE follows the existing measurement reporting rules. This enables legacy UEs to select a CSG cell. Otherwise CSG selection depends on the autonomous search function for CSG, where the UE searches for available CSG cells on the frequencies and RATs supported by the UE. The autonomous search function can be implemented more efficiently by using CSG information broadcasted by the network (if available), such as PSC/PCI split information, dedicated CSG frequencies, PSC-indicator, and PSC-IDs, or by using stored UE information (e.g. finger-print). In Release 8 the UE is not required to support manual CSG selection in active mode. 
To support active mode inbound mobility for pre-Rel-9 UEs the Macro cell needs to indicate the CSG cells in the neighbour cell information. Such requirements are perhaps undesirable for a Rel-9 solution, i.e. some form of (extended) autonomous search function in active mode can be considered, where the UE may employ the CSG information (e.g. dedicated CSG frequency info, PSC/PCI split info) to enable a more efficient measurement function. 
1.5 Measurement gaps for CSG

To enable active mode inbound mobility to CSG measurements on CSG cells need to be triggered. For the sake of discussion two extremes can be identified: 
1. Macro cell broadcast information and/or measurement control signalling controls how the UE detects and measures neighbouring CSG cells. 
2. UE performs an (extended) autonomous search function for CSG cells. The UE may use any available CSG information broadcasted by the macro network (e.g. dedicated CSG frequency info, or PSC/PCI split info) or stored UE information (e.g. finger-print info). 

In either case the network needs to configure appropriate gaps for the UE in active mode to allow the UE to measure for CSG cells. Configuration of measurement gaps for CSG may be triggered by stored UE information such as finger print. 
1.6 Hybrid access mode

Preferential treatment of CSG member over non-CSG members for access to hybrid mode CSG cells could be extended to inbound mobility. Such preferential treatment could be part of the target RAN node admission control. 

1.7 Closed Access mode

A handover attempt to a CSG cell in Closed access mode to which the UE is not a member (i.e. the CSG-ID of the CSG cell is not in the allowed CSG list of the UE) cannot succeed. It should be discussed whether a UE should report CSG cells to the network for which it is not a member, or that the network checks for CSG access control. 
2 Discussion
In this chapter two different approaches for active mode inbound mobility to CSG are discussed, i.e. a UE and network based solution. 
2.1 Alternative 1: UE based solution
In the UE based solution the PSC/PCI confusion is removed by requiring the UE to report the Cell Global Identity (CGI) in the measurement report when a CSG cell is included. In case the CSG indicator (hybrid indicator?) is set, the UE shall read the CGI of the cell to report, while the UE is in active mode. This requires the UE to read the CGI during Compressed Mode gaps. Further analysis is required to evaluate CM configurations such that especially during an active voice call, the voice call quality is not impaired, while reliable CGI reading can be guaranteed given the CGI broadcast frequency. 
2.2 Alternative 1: NW based solution

In the NW based solution, the UE performs measurements and measurement reporting according to the pre-Rel-9 requirements. In case the UE reports CSG cells by means of PSC/PCI, the network needs to resolve the identity of the CSG target cell. To enable the source RAN node to route the HANDOVER REQUIRED message to the target RAN node, the source node may establish the PSC/PCI to CGI association using the Automatic Neighbour Relation (ANR) function. In case there a multiple CSG cells in the neighbourhood, this would imply a handover preparation to all these CSG cells which match the reported PSC/PCI. It should be noted that this function currently is only defined for LTE. 
3 Conclusion
It is proposed the UE based and NW based solution, outlined in this paper, are discussed further in RAN2. The advantages and disadvantages of both solutions need to be analysed, to decide on the appropriate solution to support active mode inbound mobility to CSG in Release 9. 
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