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Cell Identifiers for CSG Cells in Measurement Reports 
1. Introduction

For measurement reporting of UTRAN/E-UTRAN CSG cells, it was decided in GERAN2#44bis meeting that in Dedicated Mode and Dual Transfer Mode and for the case where the mobile and network both support PS Handover, the CGI and necessary routing parameters should be sent in measurement reports.  However, no agreement could be reached in the case where PS Handover is not supported by either the mobile or the network.
This contribution aims to address this open issue considering the two proposals currently under discussion:  
· Re-use the physical layer identifiers to identify the cell and RAT

· Use a single bit to identify that a suitable CSG cell has been found
2. Analysis
2.1. Physical Layer Cell Identifiers

The use of physical layer cell identities has the following advantages:

· Allows the network/operator to identify the cell for diagnosing error cases.  
· In co-ordinated deployments it would be possible to implement load sharing

· It provides the possibility for the network to implement a mapping table and thus avoid sending the routing parameters and CSG ID over the air interface (as required by WA#2 in [1.])

· It allows the network to collect statistics on CSG cells (e.g. how often they are accessed)

2.1.1 Network Configuration Errors
If the MS fails to access the target CSG for some reason, the MS will send a PACKET CELL CHANGE FAILURE message in the old cell including the physical layer identifiers.  This could be a sign of a CSG cell that has been wrongly configured.  The operator could be alerted via O&M that there is a potential error in the network.  The network may prevent other mobiles from reselecting to the cell with the same physical layer identifiers included in the Measurement Report or PACKET CELL CHANGE NOTIFICATION message, either by rejecting the proposed cell change or via adaptation of the Neighbour Cell List / blacklist.  
As measurement reports include carrier frequency and physical layer address parameters, these can be checked to find CSG cells on dedicated frequencies that are not expected to be deployed by the operator.  
2.1.2 Load Sharing
By providing a cell identity it is possible that measurements for more than one CSG cell of the same RAT can be provided in a Measurement Report.  The network then has the possibility to load share between these cells.  

2.1.3 Support for co-ordinated deployment
This allows the option to have a co-ordinated deployment of for example 3G Hybrid cells that are broadcast in the Neighbour Cell List and reported via physical layer parameters in the same way as for macro-cells.  

Reporting a cell via physical layer identifiers in cases where no PCI/PSC confusion exists would enable the handover to CSG cells without the mobile having to read MIB/SIB and having to transfer the routing parameters and CSG ID over the air interface, provided that a BSS can translate the physical layer identity into routing parameters and CSG identity.  
2.1.4 Statistics Gathering
Identifying the CSG cell in Measurement Report and CCN messages provides the possibility for the network to gather statistics for successful CSG cell reselections and where failures occur.  

2.2. Single bit Identification

The arguments for having a cell identifier using a single bit indicator only are:
· The network has no ability to make a decision other than to allow cell reselection or deny it.  
· This is the minimal message size for the reported CSG cell

2.3. Comparison of Options

The use of physical layer identities is an option provided for in RAN2 where cells will be identified via this mechanism if they are not ordered to provide the routing parameters and CSG ID.  
The extra space consumed in a Measurement Report for a CSG cell is not significant compared with the space required for the routing parameters (for E-UTRAN, the eCGI, TAC and CSG ID consume 71 bits).  In the case of a co-ordinated deployment using shared frequencies broadcast in the Neighbour Cell List, a UTRAN CSG cell would take ~7 bits and an E-UTRAN CSG cell would take only 12 bits.  As it is only likely that one or occasionally two CSG cells would be included in a Measurement Report message, the space consumed by using the physical layer cell identity is not considered a significant issue.  
3. Conclusions

This paper has analysed the issue of which cell identifiers to use in Measurement Report messages for CSG cells when either the mobile or network indicates that it does not support PS Handover.  Using the physical layer cell identity provides the following extra possibilities.

· It allows for the provision of network diagnostics to detect mis-configured/rogue CSG cells.  
· It allows the possibility to provide load sharing between CSG cells in co-ordinated deployments

· It allows for the possibility for co-ordinated deployment and handover without the need for MIB/SIB reading. 
· It allows the possibility to monitor how CSG cells impact the macro network by collecting statistics (e.g. the number of PACKET CELL CHANGE FAILURE messages per CSG cell)
Given that the extra space consumed in a measurement report is not considered as significant, it is recommended that GERAN decides to use the physical layer cell identifiers in the case where PS Handover is not supported by the network or mobile. 
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