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Issues Regarding Inbound Mobility from GERAN to CSG Cells 
1. Introduction

This discussion paper highlights some of the issues that will need to be addressed when considering inbound mobility support from GERAN to UTRAN/E-UTRAN CSG cells in dedicated mode/dual transfer mode/packet transfer mode given that GERAN agrees the Work Item proposed in [2.] .  
2. Scope
In [2.], which is a proposed Work Item for “Support of Home NB and Home eNB enhancements - GERAN aspects” in line with the already agreed RAN Work Item in [4.], the following points address the mobility requirements:

· Packet Transfer Mode Mobility Support only for the following cases:

· Inbound mobility to UTRAN HNBs (including those in hybrid access mode) from GERAN

· Inbound mobility to E-UTRAN HeNBs (including those in hybrid access mode) from GERAN

· Dedicated Mode and Dual Transfer Mode Mobility Support only for the following cases:

· Inbound mobility to UTRAN HNBs (including those in hybrid access mode) from GERAN

3. Issues
In order to progress the work relating to mobility between GERAN and E-UTRAN/UTRAN CSG cells a number of issues that will need to be solved are addressed below.  Some of these will need to take account of the on-going work in the RAN groups in order to harmonise the solutions.  However, there may be cases where GERAN specific solutions are required. 
3.1. Identification of CSG Cells
A major issue that must be addressed is the identification of CSG cells by the mobile station.  In order to achieve a successful cell change from GERAN to a UTRAN/E-UTRAN CSG cell two steps are required:

1. Identification of the cell as being a CSG cell

2. Identification that the CSG ID for the cell is on the mobile station’s “Allowed Cell List” (also known as a preliminary access check)
In release-8 it is possible for the mobile station to know whether the target cell is a CSG cell or non-CSG cell by one of two optional means:

· Having previously received the “CSG PCI/PSC Split information” from System Information broadcast by a macro cell of the same frequency layer and RAT as the target CSG cell
· By reading the optional CSG_PCI_SPLIT IE/CSG_PSC_SPLIT IEs broadcast by the GERAN macro-cell

Both types of information define a range of physical layer cell identifiers for a given frequency and RAT that are used for CSG cells.  Thus mobile stations that do not have an “Allowed CSG List” or and empty “Allowed CSG List” do not need to make further measurements if the physical layer identity is in the non-CSG range. 

For the case where the mobile station has a non-empty “Allowed CSG List” it is necessary to resolve whether the CSG ID supported by the cell is on the “Allowed CSG List” for the mobile station.  
The assumption made in [1.] is that the mobile station will read the system information (the MIB and SIB1 in case of an E-UTRAN target cell) in order to read the CSG ID of the target cell.  The mobile station can then send measurement reports to the network if the cell is on it’s “Allowed CSG List”.  

The problems reading the MIB/SIB information for all such cells are:

· The time taken thus delaying the potential cell change

· The power required which in most cases will be unnecessary (as it is likely that most mobile stations will be a member of only one CSG)

· The service interruption (loss of speech or data frames)

In order to avoid, or at least minimise the impact of this procedure, it is proposed that some other solutions be investigated.  Areas that should be studied include:
· The possibility for the mobile station to read neighbour cell system information in (packet) idle mode and use this mapping information in active mode for measurement reporting

· The possibility for the network to map the PCI/PSC and centre frequency to possible CSG IDs and compare this with the mobile stations “Allowed CSG list” in order to resolve whether the target cell is accessible.  
3.2. Hybrid Access Mode and PCI/PSC Confusion
For release-9 two further factors need to be considered.  The first is the introduction of the hybrid access mode.  This mode allows cells parented by Home (e)NodeBs to appear as CSG cells for mobile stations belonging to the specified CSG, and thereby receive preferential treatment, but allows all other mobile stations to access the cell as if it were a macro-cell.  

Hybrid access mode cells have their PCI/PSC chosen from the range of non-CSG cells.  Therefore, mobiles with a non-empty “Allowed CSG list” may have to read system information from every macro cell regardless of knowledge of the PCI/PSC split.  This will further compound the issues described in section 3.1. 
The second factor to consider is the issue known as “PCI/PSC Confusion” in RAN.  The current assumption regarding deployment of Home (e)NodeBs is that the physical layer cell identifiers (PCI/PSC) will be selected without co-ordinated planning such that they are locally unique.  However, this means that it will be possible for two different neighbour cells within range of a mobile station to have the same PCI/PSC.  
With the introduction of the hybrid access mode this issue of “PCI/PSC confusion” can also apply to the non-CSG part of the physical layer identifier space.  This would mean that no mobile could be certain of uniquely identifying a particular neighbour cell based solely on the PCI/PSC and carrier frequency.  
RAN2 and RAN3 are currently discussing how “PCI/PSC confusion” can be avoided.  The most obvious, but possibly the least attractive solution is for the mobile to read the unique cell identity (e.g. CGI) from system information of every UTRAN/E-UTRAN neighbour cell and send this to the network in the measurement report.  For GERAN, the impact on the size of the measurement report message when including the CGI could be considerable.  However, other options are also being discussed including:
· The use of other identifiers such as System Frame Numbers to distinguish different cells

· Allowing the mobile to store a fingerprint of other PSC/PCIs in the locality and only reading the CGI if the fingerprint matches
· Allowing the network to resolve the confusion via a mapping of PSC/PCI to CGI only then asking for the mobile to read system information from the cell in question.

· Ensuring that hybrid and open cells are deployed in a co-ordinated manner. 

GERAN should monitor and take into account the on-going work in RAN groups when considering mobility solutions whilst recognising that different solutions may be more appropriate due to GERAN specific constraints. 
3.3. Measurement Reporting

In release-8 of TS 44.060 and TS 44.018 the mobile station is not required to send measurement reports for known CSG cells.  For release-9 active mode (dedicated mode/dual transfer mode/packet transfer mode) mobility from GERAN to UTRAN/E-UTRAN CSG cells, it is required and hence the need to send measurement reports to the network.
This raises a number of issues that must be addressed:

· How are measurements reported for CSG cells on frequencies that are not broadcast where the shorter frequency index can be used?
· How can we avoid/minimise sending of measurement reports for CSG cells whose CSG ID is not on the mobile’s “Allowed CSG list”?

· Can we avoid sending extra information, such as the cell’s CGI, to the network in measurement reports?

· Should we provide a mechanism for the network to control the measurement reporting of CSG cells in a similar way to the existing measurement control for UTRAN/E-UTRAN?

4. Conclusions
This paper has highlighted some of the issues that the supporting companies believe should be addressed in release-9 for the support of inbound mobility to CSG cells in dedicated mode/dual transfer mode and packet transfer mode.  
Provided that GERAN agrees a Work Item for the support of Home NB and Home eNB enhancements, it is proposed that more detailed studies are carried in the areas highlighted in section 3 and summarised below:
· Identification of allowed CSG cells
· Mechanism to resolve PCI/PSC confusion including hybrid access mode cells

· Efficient mechanisms to provide measurement reports on CSG cells to the network
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