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1. Introduction

 It was raised that the necessity of allowing PCCO to CSG cells in NC2 mode in GERAN#46 [1]. While some support was expressed to allow PCCO in NC2 mode, sourcing company questioned drawback of the proposed solution such as inefficiency and complexity. This paper analyzes mobility procedure involving PCCO and suggests simple solution to support this procedure. The assumption of this paper is that PCCO toward CSG cells in NC2 mode is needed to allow diverse deployment scenarios. 
2. Discussion 
The CSG cell routing parameters for measurement report occupies more space than macro cell normally does. Consequently, this would result in decreasing the number of the macro cells which usually included in the measurement report and it would bring in some level of mobility performance degradation. In case of a PS handover toward CSG cells, report routing parameters of target CSG cell is unavoidable to support mobility toward CSG cells because routing parameters (e.g. CGI, PLMN id, and CSG id) is essential elements to configure target CSG cell in SGSN, MSC side. However in case of mobility toward CSG cells other than handover, the routing parameters seem unnecessary since there is no explicit demand on this. 
 Therefore indexing method instead of reporting CGI [1] was proposed to resolve PCI/PSC confusion problem. It states that the n-bit identifier distinguishes different cells (i.e. different CGIs) sharing the same physical layer parameters {PSC/PCI, Freq} within a coverage of the source GERAN cell. Provided that MS only care its own allowed CSG cells (i.e. the CSG ID is on the mobile station’s “CSG Whitelist”), the possibility that MS confronts PCI/PSC confusion problem would be low because MS would randomly register multiple cells which are sharing same physical cell identity within GERAN cell area. In addition, while PCI/PSC confusion causes handover failure toward CSG cell, PCI/PSC confusion in case of cell reselection would not result in any severe problem. Moreover, sourcing company doubts whether we should consider resolving PCI/PSC confusion problem in case of Network Controlled Mobility other than handover, because it is assumed that NW would not manage the load balancing of CSG cells due to lack of information and O&M burden. In other words, even MS reports CGI information (whether CGI itself or n-bit identifier), it would not be used.
 For example, there are two allowed CSG cells (i.e. Cell A and Cell B) sharing physical cell identity within GERAN cell area. Therefore MS will report strongest CSG cell between two cells if reporting condition is met. In case NW sends PCCO indicating target CSG cell with physical cell identity, MS will reselect either Cell A or Cell B depends on the cell ranking at that moment. Thus the n-bit identifier is not necessary.
3. Proposal
 In order to support Network Controlled cell reselection toward CSG cell in NC2 mode, it is investigated that how to handle legacy procedures such as “NW CSG interworking capability”, “MS CSG interworking capability” and “MS measurement reporting procedures” regarding minimizing the impact to current specification. 
3.1. NW CSG interworking capability
 The current agreement on NW CSG interworking capability in Packet Transfer Mode is whether CSG cell measurement report is allowed or not. In this case, whenever MS report a CSG cell, MS shall include routing parameters of that cell.
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5.6.1 Network Control (NC) measurement reporting
…
If the mobile station has received the “UTRAN CSG Cells Reporting Description” IE (respectively “E-UTRAN CSG Cells Reporting Description” IE) from the network in the SI2quater or PACKET MEASUREMENT ORDER message it may report UTRAN (respectively E-UTRAN) CSG cells in packet transfer mode, as specified in sub-clause 5.6.3.9. 

 It is suggested that “NW CSG interworking capability” is extended to include the case MS reports CSG cell measurement result without routing parameters. Therefore additional code point should be specified. In this case, CSG cell shall meet the criteria “strongest cell on a frequency and equal or greater than given threshold” and CSG ID belongs to the MS’s CSG Whitelist. Only one CSG cell is allowed to be included in the measurement report message. 
 Proposal 1. NW CSG interworking capabilities in PTM shall be extended to include Networked Controlled Cell Reselection capability which does not require routing parameters report. Therefore additional code point will be needed.
3.2. MS CSG interworking capability
 The current agreement on MS CSG interworking capability in Packet Transfer Mode is whether the mobile station supports reporting of measurement result and routing parameters of UTRAN (respectively E-UTRAN) CSG cells in Packet Transfer Mode. It seems that additional capability is not needed. Thus it is suggested that existing capability also cover the case that mobile station supports CSG cell measurement report composed by measurement quantity and physical cell identity. 

 Proposal 2. The MS CSG interworking capability also covers the capability MS reporting CSG cell measurement result without routing parameters in Packet Transfer Mode.

3.3. CSG cell reporting when NW supports “Network Controlled cell reselection”
 If NW supports “Network controlled cell reselection toward CSG cell” and MS supports UTRA/E-UTRA CSG cell Reporting, MS shall report CSG cell with physical cell identity and measurement result if the CSG cell meet the reporting criteria (i.e. CSG ID is in MS Whitelist, strongest cell on a frequency and meet the criteria for CSG cell reporting). 
 In this case, MS may report two different cells with same physical cell identity alternatively. This will not happen frequently but to distinguish which cell is reported each time “1 bit indication” could be used. This “1 bit indication” is toggled whenever reporting CSG cell is changed. Considering network generally uses average of received measurement report, indicating how long the reported cell is valid will be useful. For example, there is two allowed CSG Cell A, B which are sharing same physical cell identity. At the first measurement reporting period, Cell A meets the CSG cell reporting criteria. Therefore MS reports Cell A with (Frequency, Physical cell id, measurement quantity). But at the second measurement reporting period, Cell B is better cell than A. Therefore MS reports Cell B with same physical cell information. So 1bit indication will be added in each measurement report with toggling value whenever the reported cell is changed (having different Cell Global Identification). This 1bit indication also informs reported cell is CSG cell. This would be helpful if BSS does not know PCI/PSC split information. If network sends PCCO 
 Proposal 3. If network support “Network Controlled Cell Reselection toward CSG cell”, MS should report CSG cell with physical cell identity and measurement result excluding routing parameters. In this case “1bit indication” might be needed to distinguish CSG cells which are sharing the same physical cell identity.

 In this case, network may return same “1bit toggling bit” in measurement report when sends Packet Cell Change Order message containing UTRAN/E-UTRAN CSG cell as target cell.
4. Conclusion

 In this paper, mobility procedure toward CSG cells other than PS handover has been analyzed and described. In order to achieve this mobility procedure while minimizing as much as possible to the legacy procedure the proposals are given below.
 Proposal 1. NW CSG interworking capabilities in PTM shall be extended to include Networked Controlled Cell Reselection capability which does not require routing parameters report. Therefore additional code point will be needed.
 Proposal 2. The MS CSG interworking capability also covers the capability MS reporting CSG cell measurement result without routing parameters in Packet Transfer Mode.
 Proposal 3. If network support “Network Controlled Cell Reselection toward CSG cell”, MS should report CSG cell with physical cell identity and measurement result excluding routing parameters. In this case “1bit indication” might be needed to distinguish CSG cells which are sharing the same physical cell identity.
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