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CSG Mobility Concept 
1. Introduction

Further progress on the inclusion of inbound mobility support for 3G/E-UTRAN CSG cells was made in GERAN#45 as summarised in [2.].  
This paper addresses the overall concept for mobility to CSG and hybrid cells in connected modes.  It captures the current agreements and proposes solutions for the open issues.  This version is an update to the one submitted for the GERAN2#45bis meeting.  
2. Mobility Concept
This section considers the desired behaviour of the mobile and network for CSG mobility to CSG and hybrid cells in connected modes of operation (Dedicated Mode, Dual Transfer Mode and Packet Transfer Mode). 
2.1. Mobile Capability

Agreements as defined in [2.] regarding the signalling of mobile capability are:
· Signalled separately for UTRAN/E-UTRAN CSG cells in MS RAC and for UTRAN only in CM3

However, the definition of what this capability means has been left open.  The supporting companies believe that the mobile capability should be interpreted as its ability to report the routing parameters for a target CSG cell in measurement reporting messages.  

Proposal 1: The definition of “support for inbound mobility to CSG cells in connected mode” shall be interpreted to mean the ability for the MS to report the routing parameters for a target CSG cell in measurement reporting messages. 

2.2. Network Signalling

The agreements made in GERAN#45 regarding signalling from the network are:

· An indication of whether measurement reporting of CSG cells is allowed (measurement results and routing parameters)

· A separate indication for UTRAN and E-UTRAN shall be provided
· This indication should only be sent if the network supports handover to CSG cells and therefore if the mobile station has indicated that it supports (PS) Handover to CSG cells.

The indication shall be signalled in the following messages:

· SI2quater as a broadcast message
· PACKET MEASUREMENT ORDER (PMO) and MEASUREMENT INFORMATION (MI) messages. 

The rules governing precedence of messages are:

· Dedicated signalling (PMO/MI messages) shall override the broadcast values in both senses.  
Thus if this indication is given to the mobile and the mobile is in an NC mode that requires sending of measurement reports then when it has discovered a neighbouring CSG cell that meets the relevant layer 1 requirements, the routing parameters of the CSG cell are available and the CSG cell passes the preliminary access check, the mobile will send a measurement report containing the routing parameters of the target CSG cell along with the measurement results for that cell. 
2.3. Measurement Reporting

As agreed in [2.], the following agreements have been made regarding measurement reports for CSG cells.

· Measurement reports for CSG cells shall always contain routing parameters, with the exception of the PCCN.
· Measurement reports for CSG cells are only sent when the following conditions are met:

· The mobile supports the feature (as signalled to the network in MS RAC/CM3) and the network has allowed the reporting of CSG cells via network signalling

· The reporting criteria (i.e. threshold exceeded and strongest cell on the frequency) have been met
· The mobile has read the CSG-ID of the target cell and checked that it is able to access the cell (i.e. the preliminary access check has passed)

In addition it is proposed that a one bit access mode indicator is included in the measurement reporting messages to indicate whether the access is for hybrid or closed access.  In previously proposed concepts for measurement reporting the PCI/PSC was available and could be checked by the source BSS to determine if the cell is in the range assigned by operators for hybrid cells.  As this is no longer possible and the handover signalling requires the access mode to be identified, an indicator is required in the measurement reporting messages.  
Proposal 2: A one bit access mode indicator shall be included in the measurement reporting messages (including PCCN) to indicate whether the access is for hybrid or closed access. 
2.3.1 Inclusion of CSG ID in Measurement Report 

One open issue regarding measurement reports is whether the CSG-ID shall be mandatory or not.  In RAN specifications the reporting of routing parameters and CSG-ID is not mandatory.  The routing parameters and CSG-ID are reported only if requested / commanded by the network [3.].  The sourcing companies believe that this flexibility should be allowed in GERAN as well.  The advantage of the optional reporting of the CSG-ID is that it allows a reduction in signalling space (saving 27 bits and allowing more macro cells to be reported) for the case where the network does not need to receive the CSG-ID.  This is the case when the network already has a mapping between CGI/eCGI and CSG-ID.  Such a mapping could be made possible in co-ordinated deployments and is not subject to the PCI/PSC confusion issue as there is always an unambiguous mapping between a CGI and the corresponding CSG-ID.  
It is proposed that the network utilizes the same signalling method for requesting CSG-ID in the measurement reports as agreed for signalling the indication of whether measurement reports for CSG cells are allowed (SI2quater, PMO and MI).  
Proposal 3: The inclusion of the CSG-ID in measurement reports shall be made conditional to the network request signalled by the network in SI2quater and PMO/MI message. 
2.3.2 Rel-8 behaviour

If measurement reporting of CSG cells is explicitly not allowed by signalling (or there is no signalling) then release-8 rules shall apply for CSG capable mobiles.  The behaviour can be summarised as:

· Mobiles shall not send measurement reports for known CSG cells (except for PCCN)

· Mobiles can perform autonomous cell re-selection in both Idle and connected modes according to the existing rules for the given NC mode
The same consideration regarding CCN procedures as discussed in section 2.4 shall apply.  Hence if the MS is capable of using CCN procedures and CCN is active towards a particular target CSG cell, the mobile can send PCCN using legacy physical layer identifiers and the network can respond with PCCC or PCCO.  

2.3.3 Hybrid Cells Measurement Reporting

A Rel-8 MS, regardless of whether it is CSG capable or not, is able to report a hybrid cell only as a macro cell.

A Rel-9 MS determines, based on the preliminary access check, whether it is a member or a non-member of the hybrid cell.  The MS which is a non-member of this hybrid cell shall consider this hybrid cell as a macro cell for which the measurement reporting rules for macro cells will apply. 

A Rel-9 CSG capable MS will apply measurement reporting for this cell as:
· a CSG cell if it is a member of this CSG i.e. if the MS has obtained the CSG ID and it matches a value in its stored CSG Whitelist and measurement reporting of CSG cells is allowed
· a macro cell in all other cases 
A Rel-9 non-CSG capable MS will apply measurement reporting for the hybrid cell as for a macro cell.  

The desired behaviour for handling hybrid cells and the parameters that need to be reported in the case where a Rel-9 mobile accesses a hybrid cell as a CSG cell are discussed further in [4.].
2.4. CCN Procedures and Cell Change Order
After discussions in GERAN#45 it would appear that there is a requirement to support CCN procedures towards CSG cells as already agreed in Release-8 where CSG cells can be reported in PACKET CELL CHANGE NOTIFICATION (PCCN) messages via legacy physical layer parameters (EARFCN/PCI or UARFCN/PSC).  Connected mode mobility to CSG cells (CCO, Handover) is not supported in Rel-8, hence notifying the network of a CSG cell in PCCN allows the network to delay the reselection to that (presumably unknown) CSG cell.
An open issue in [2.] was identified regarding whether routing parameters are needed in circumstances other than in measurement reports.  Specifically, the issue of whether it shall be possible to identify a target cell via routing parameters in the PACKET CELL CHANGE ORDER message was considered.  

The problem seen with this approach is that the mobile would have to be able to determine the physical layer parameters of the indicated cell before it could access that cell, as opposed to a normal CCO where these parameters are provided in the message.  This means to maintain a mapping of the CGI with physical layer parameters to identify the cell and/or to read the SIB information until a match of routing parameters is found before obeying the cell change order. This would lead to greater complexity in the mobile and delay the cell change.  In addition such a change would require specification changes to CCN related messages.  Note that this is different from the case of a handover where the target cell builds the handover message (and provides the necessary information).
For these reasons, it is proposed that CCN procedures are provided towards CSG cells but based on the legacy physical layer identities thus avoiding changes to the standard and complexity in the mobile.  One possible addition would be to include the routing parameters in the PCCN message if the network has indicated that reporting of CSG cells is allowed.  This would allow the possibility for a network to handover a mobile to a CSG cell based on a PACKET CELL CHANGE NOTIFICATION message.  
In order to simplify signalling, the indication of CCN active towards CSG cells shall be linked to the macro-cell equivalent indication.  This is in line with the current Release-8 behaviour.  
The physical layer identities are seen as an absolute requirement.  The routing parameters could be provided in addition:

· in PCCO, to secure the indicated cell: i.e. if the MS after accessing the indicated cell (with physical layer identities), detects the cell global identity is not the one indicated in the PCCO, it goes back to the source cell and sends a PCCF message

· in PCCN to allow a related PCCO/PS HO CMD (Note: this is not applicable for PCCC)

Proposal 4: It is proposed that CCN procedures are supported towards CSG cells based on legacy cell identifiers (physical layer cell identifiers) with the possibility to include routing parameters in the PCCN. 

Proposal 5: It is proposed that whether CCN is active towards CSG cells is based on the indication given in the macro cell (3G_CCN_ACTIVE and E-UTRAN_CCN_ACTIVE). 

3. Conclusions

This paper has provided a complete CSG mobility concept based on existing agreements and some further proposals to address the open issues.  The new proposals are:
· The definition of “support for inbound mobility to CSG cells in connected mode” shall be interpreted to mean the ability for the MS to report the routing parameters for a target CSG cell in measurement reporting messages.  
· A one bit access mode indicator shall be included in the measurement reporting messages (including PCCN) to indicate whether the access is for Hybrid or Closed access. 
· The inclusion of the CSG-ID in measurement reporting messages shall be made conditional to the network request signalled by the network in SI2quater and PMO/MI message.
· It is proposed that the measurement reporting of hybrid cells for the member MS follows the CSG measurement reporting while the non-member MS follow the macro cells measurement reporting rules.  

· It is proposed that CCN procedures are supported towards CSG cells based on legacy cell identifiers (physical layer cell identifiers) with the possibility to include routing parameters in the PCCN message
· It is proposed that whether CCN is active towards CSG cells based on the indication given in the macro cell (3G_CCN_ACTIVE and E-UTRAN_CCN_ACTIVE).
It is proposed that GERAN accept the new proposals on top of the existing agreements and working assumptions in order that stage 3 CRs can be agreed and that an inbound mobility solution can be agreed within the release-9 timeframe. 
4. References

[ AUTONUMLGL  \* Arabic ]
G2-092382, “Working Assumptions on “Inbound Mobility to CSG Cells in Connected Mode”, GERAN#44, Sophia Antipolis, France, November 16-20, 2009
[ AUTONUMLGL  \* Arabic ]
GP-100604, “On Inbound Mobility to CSG Cells in connected mode”, GERAN#45, Berlin, Germany, March 1-5th, 2010
[ AUTONUMLGL  \* Arabic ]
GP-100272, “Inclusion of CSG ID in Measurement Reports”, GERAN#45, Berlin, Germany, March 1-5th, 2010

[ AUTONUMLGL  \* Arabic ]
GP-100773, “Handling of CSG Cells and Hybrid Cells”, GERAN#46, Jeju, South Korea, May 17th – 21st 2010

GP-100748 
CSG Mobility Concept 

5 (5)


