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Measurement Reporting Parameters for CSG Cells 
1. Introduction

For measurement reporting of UTRAN/E-UTRAN CSG cells, it was decided in GERAN2#43bis meeting that it was first necessary to agree on the parameters that need to be transported in measurement reporting messages before deciding on message structures and whether new messages are needed to support inbound mobility. 
This contribution aims to address this issue by looking at the mobility scenarios (in all connected modes of operation) that need to be supported and the reasons for choosing each of the parameters for the relevant messages.  This paper is an update of the one presented at GERAN#44.  
2. Mobility Scenarios
The mobility scenarios identified are:
· The mobile and/or the network do not support PS Handover

· Network Controlled Cell Reselection

· Handover is supported by both the network and the MS

2.1. No Support of PS Handover
In Packet Transfer Mode and where the network and/or the MS do not support PS Handover, there is no need for the mobile to provide either the routing parameters or the CSG ID as these are needed to route PS Handover Required messages and for core network based access control prior to the MS accessing the target CSG cell.  
Some form of cell identity is required for at least the following reasons:

· 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 [2.])

· It allows the network to collect statistics on CSG cells (e.g. how often they are accessed)
Measurement reports can therefore be provided based on the most efficient means of identifying the target cell.  In all cases the physical layer cell identities (frequency and PCI/PSC or index into the neighbour cell list) will take up less room in the measurement report than using the CGI to identify the cell (see section 3.1).  
When the MS does not support PS Handover it can use the physical layer cell identifier in all measurement report and cell change notification messages.  
2.2. Network Controlled Cell Reselection

For cell reselection, the access control function occurs after the MS has accessed the target CSG cell.  Provided that the MS has carried out the preliminary access check (check that the CSG ID of the target cell is on the MS “allowed CSG list”) prior to reselection there should be no problem with access.  Thus the CSG ID and routing parameters are not required for cell reselection.  
However, where PS Handover to CSG cells is supported by both the MS and the network, it should be possible for the network to invoke the PS Handover procedure based on receiving any measurement report or PACKET CELL CHANGE NOTIFICATION message.  In order not to delay the handover, the routing parameters (and CSG ID if required) should ideally be present in every message.  
Situations where the mobile sends multiple measurement reporting messages containing CSG parameters should be avoided as the number of neighbour cells that can be reported is significantly reduced.  However, if measurement report messages (and PCCN messages) are only sent when it is very likely that handover will occur straight away, then it would be possible to always include the routing parameters and CSG ID in these messages. 
To ensure that these messages are only sent when handover/cell reselection is very likely they should only be sent under specific criteria such as:

· The cell reselection criteria have been met

· The cell is the strongest on the frequency

It is therefore proposed that the MS send all required routing parameters and CSG ID (if required) in the measurement reporting messages and PACKET CELL CHANGE NOTIFICATION message in the case where PS Handover to CSG cells is supported by both the MS and the network.  This gives simplified handling for mobility to CSG cells in connected modes.  

2.3. Handover supported by the network and MS

Where handover is supported by both the MS and the network, the CGI/eCGI is needed by the network in order to route the Handover Required (for Dedicated Mode/Dual Transfer Mode for UTRAN CSGs) or PS Handover Required message to the appropriate target (e)NodeB.  
As discussed in [1.], in this case the CGI/eCGI should be used to identify the target cell.  All routing parameters and (if required) the CSG ID should be supplied to the network.  
3. Parameters
3.1. Cell Identifiers

From the discussion in previous sections it can be seen that there is a need to identify cells either by eCGI/CGI or via physical layer cell identities.  
For measurement reports and cell change notification messages where handover to CSG cells is not supported, we need to retain the option to use physical layer identifiers as this is the most efficient means of identifying the target cell.  
For measurement reports and cell change notification messages where handover to CSG cells is supported by the network and the mobile, the eCGI/CGI is the most efficient identifier as it is needed for routing the (PS) Handover Required message.  
Physical layer identifiers can be encoded in different ways depending on how frequencies and cell identities have been provided in System Information:

· For UTRAN CSG cells on the Neighbour Cell List (NCL) an index into the NCL is sufficient (7 bits)
· For UTRAN CSG cells not on the NCL, a UARFCN and PSC (14+9 = 23 bits) is required

· For an E-UTRAN CSG cell on shared E-UTRAN frequency broadcast in System Information a frequency index and PCI are required (3 + 9 = 12 bits)

· For an E-UTRAN CSG cell on a dedicated frequency not broadcast in System Information an EARFCN and PCI is required (16+9 = 25 bits)

Where the cell is identified by the eCGI/CGI

· Only the eCGI/CGI is required (28 bits)

3.2. Routing Parameters

For a UTRAN CSG cell it is assumed that source BSS has a mapping between CGI ranges and RNC ID as is the assumption made in RAN groups.  Therefore the CGI is sufficient to identify the target node.
For E-UTRAN CSG cells, both the TAI and eCGI are required as the mobile does not know if the target CSG cell is behind a Home eNodeB gateway or directly connected with the MME.  
If roaming to CSG cells is not allowed then the PLMN ID (which is part of the TAI) is not required and the Tracking Area Code (16 bits) is sufficient.  However, if roaming is supported then the PLMN ID must also be provided as part of the unique identifier for the cell (and CSG ID).  
It is our understanding from section 5.3.1 in [4.] that roaming to H(e)NBs is to be supported in release-9.  It is stated for both closed and hybrid access mode H(e)NBs that access should be granted to include subscribers of any PLMN subject to roaming agreement.  
However, a sensible optimisation would be to only transmit the PLMN ID over the air interface if the PLMN of the target CSG cell is different to that of the parent macro cell.  In most cases this will mean that the 24 bit PLMN ID does not need to be sent in measurement reporting messages.  

3.3. CSG ID

It has recently been agreed in RAN3 (see the agreed CR to TS 36.300 [3.]) that access control for handover from CSG capable mobiles to CSG cells shall be carried out by core network nodes.  In addition, it is the responsibility of the source RAN node to supply the CSG ID of the target cell to the core network in order for access control to be performed.  
However, it is also recognised in RAN that the CSG ID could either be supplied by the mobile over the air interface or could be configured in the source RAN via O&M or automatically via enhanced ANR functionality.  Therefore both scenarios are catered for with the source RAN indicating to the mobile whether the CSG ID needs to be provided in measurement reports or not.  

The same approach should be taken in GERAN as we should support the same access control mechanism in the core network.  Therefore it must be possible for the CSG ID to be provided to the network in measurement reports.  

However, in line with WA2 in [2.], which states “The specification shall not prevent implementation options in the BSS (e.g. mapping table)”, it shall be possible for a source BSS to have a mapping between the cell identity and the CSG ID.  In this case the network should signal (via System Information or dedicated signalling) that the CSG ID is not required to be sent over the air interface.  

4. Message Requirements

Based on the discussion in sections 2 and 3, this section proposes the parameters to be used in measurement reports and cell change/handover messages.  
4.1. PACKET (ENHANCED) MEASUREMENT REPORT and PACKET CELL CHANGE NOTIFICATION
If both the network and MS support PS Handover, all routing parameters, CSG ID (if required by the network) and PLMN ID (if different from the PLMN ID of the serving cell) are included in case the network needs to initiate the PS Handover procedure.  If either the MS or the network does not support PS Handover to CSG cells, the physical layer parameters should be used to identify the cell.  
4.2. (ENHANCED) MEASUREMENT REPORT

In Dedicated Mode and Dual Transfer Mode, the only possibility for handover is to a UTRAN CSG cell.  In this case the target CSG cell should be identified by the CGI and include the CSG ID (if required by the network) and PLMN ID (if different from the PLMN ID of the serving cell).  
4.3. PACKET CELL CHANGE ORDER, PS HANDOVER OVER COMMAND

The same cell identity provided to the network in measurement reports or PCCN message should be used to command the MS to reselect/handover to the cell in question.  

4.4. HANDOVER TO UTRAN COMMAND

For handover to a UTRAN CSG cell, the cell shall be identified by the CGI.

5. Conclusions

This paper has analysed the mobility scenarios that must be taken into account when considering inbound mobility to UTRAN/E-UTRAN CSG cells in connected mode.  Based on the requirements derived from these scenarios and the need to minimise the amount of data sent over the air interface, a proposal for the parameters that need to be sent in measurement reports and cell change has been provided.

The key conclusions are:
· Where both the MS and the network support handover the target CSG cell should be identified by the eCGI/CGI and the physical layer identifiers are not required.  

· Where handover is not possible (where handover is not supported by the MS and/or the network) the physical layer cell identifiers should be used to reduce message size. 

· As it has been decided in RAN3 that access control for handover to CSG cells is to be performed in the core network, the CSG ID must be provided by the source BSS

· As it is not mandatory for GERAN to provide mapping between cell identities and CSG ID it must be possible for the CSG ID to be provided to the network over the air interface.  
· In line with the RAN3 decisions and WAs in [2.] it should be possible to allow the network to provide the CSG ID based on a mapping to cell identity.  

· In order to support roaming, the PLMN ID of the target CSG cell must be made available to the BSS.  Where this is the same as the PLMN of the serving cell this information can be left out of the air interface messages.  
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