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Inbound Mobility to CSG Capabilities 
1. Introduction

In Release-9 it is required that inbound mobility to UTRAN/E-UTRAN CSG cells in connected modes of operation is supported as an optional feature for the network and the mobile station.  
One of the open issues as identified in Working Assumption #4 in [1.] is; how should the network signal its support of “Inbound mobility to CSG cells in connected mode”?  In addition, it should also be agreed as to how the mobile station should indicate to the network its support of “Inbound mobility to CSG cells in connected mode”.  The signalling of whether CCN procedures are enabled towards CSG cells is also addressed.  
2. Support for Inbound mobility
As agreed in Working Assumption #4 in [1.], there should be a separate indication from the network for support of “Inbound mobility to CSG cells in connected mode” for UTRAN and E-UTRAN.  
2.1. Indication from the Network
The indication from the network should in fact be interpreted as not only an indication that the network supports mobility to CSG cells in connected mode but also a command from the network to the mobile to send measurement reports for CSG cells if it has that capability.  In this way the default behaviour for the mobile is the same as that of a Rel-8 mobile (not to report measurements for CSG cells) and is only modified by the network when required.  
The mobile station needs to know that the network supports “Inbound mobility to CSG cells in connected mode” before it starts sending measurement reports for CSG cells to the network.  However, as this feature is only applicable to connected modes of operation there are two options for network signalling:

· In System Information – in practice this would mean SI2quater

· In dedicated messages related to either establishing connected mode (Packet Transfer Mode or Dedicated Mode) and/or specific signalling messages such as the PACKET MEASUREMENT ORDER and MEASUREMENT INFORMATION messages.  
Broadcasting of information is generally used for distributing Idle mode parameters or default parameters that are relevant for all mobiles and should only be used where appropriate.  

The support of “Inbound mobility to CSG cells in connected mode” is only relevant to mobiles that fulfil the following requirements:

· Mobiles are in connected mode

· Mobiles support “Inbound mobility to CSG cells in connected mode”
Using System Information messages is not a good fit to this requirement and it is proposed that dedicated messages are used for signalling purposes.  The use of dedicated messages to signal this capability seems more appropriate as:

· They are only sent by definition in connected modes of operation
· The network should know if the mobile supports the feature before sending this signalling

Using dedicated messages can either be carried out using connection set-up messages.  Moving from Packet Idle Mode to Packet Transfer Mode would mean the following messages:
· PACKET DOWNLINK ASSIGNMENT

· PACKET UPLINK ASSIGNMENT

To address mobility to another cell, the following messages would also need to be modified but only in the case of handover to a GERAN target cell:

· PS HANDOVER COMMAND

· HANDOVER COMMAND

It should be noted that the PACKET CELL CHANGE ORDER need not be changed as this leads to the MS being in Packet Idle mode in the target cell.  
Moving to Dedicated Mode from Idle Mode would mean:
· IMMEDIATE ASSIGNMENT 
· IMMEDIATE ASSIGNMENT EXTENDED 

The alternative is to rely on the dedicated messages that are already used to update the mobile with changed measurement parameters.  These being:

· PACKET MEASUREMENT ORDER (in Packet Transfer Mode)

· MEASUREMENT INFORMATION (in Dedicated Mode/Dual Transfer Mode)

The problem with relying on these dedicated messages is that they would have to be sent to all mobiles that need to know about network support of inbound mobility to CSG cells even if the message would not need to be sent for other reasons.  Using messages that will be sent from the network to move the mobile into connected mode of operation is therefore seen as being more efficient.  
Proposal 1: The network shall indicate its support of “Inbound mobility to CSG cells in connected mode” and command the mobile to send measurement reports (if it is capable) in dedicated messages that move the mobile into Packet Transfer Mode or Dedicated Mode.  
2.2. Indication from the Mobile
The first question to ask is whether the support of “Inbound mobility to CSG cells in connected mode” should be linked with the mobile’s ability to support mobility procedures to equivalent macro cells.  

In the case of E-UTRAN there are 3 levels of incremental support defined in MS RAC:
· E-UTRAN Neighbour Cell measurements and MS autonomous cell reselection to E-UTRAN supported

· CCN towards E-UTRAN, E-UTRAN Neighbour Cell measurement reporting and Network controlled cell reselection to E-UTRAN supported

· PS Handover to E-UTRAN supported

In the case of UTRAN, if the mobile supports interworking with UTRAN then it must support CS handover and cell reselection.  In Packet Transfer Mode, if the mobile is UTRAN capable and supports PS Handover it supports PS Handover to UTRAN cells.  
As there appears to be no use case where the mobile’s mobility support for macro cells should be any different when considering CSG cells, it seems sensible to couple a single bit indicating “Inbound mobility to CSG cells in connected mode” with the existing macro cell capability.  For example, if the mobile station supports “CCN towards E-UTRAN, E-UTRAN Neighbour Cell measurement reporting and Network controlled cell reselection to E-UTRAN” and “Inbound mobility to CSG cells in connected mode” for E-UTRAN, the mobile shall support network controlled cell reselection and CCN procedures towards E-UTRAN CSG cells. 

Proposal 2: The mobile’s support of “Inbound mobility to CSG cells in connected mode” shall be linked to its capabilities in the respective RAT
There are a number of possible ways in which the mobile could signal its capability to the network.  Options for signalling include:

· Implicitly in Measurement Reports by inclusion a report for one or more CSG cells
· Explicitly in a Measurement Report by inclusion of a new field
· Connection set-up messages when moving from Idle/Packet Idle Mode to connected mode
· In Classmark3/MSRAC

When considering these options, the case where information is provided by the network in a PACKET MEASUREMENT ORDER message must be addressed.  For example, the network may want to provide dedicated frequencies for CSG cells but only for CSG capable mobiles.  This mechanism avoids the need to take-up broadcast bandwidth in System Information.  Although Release-8 mobiles will not be aware that these frequencies are for dedicated CSG cells, there is no danger that they will send measurement reports for these cells (assuming that they are macro cells) as release-8 measurement reports can only be made based on cells/frequencies sent in system information.  
In order to do this the network’s knowledge of the MS capabilities is required prior to sending the message.  
This consideration would rule out signalling the capability in measurement reports as the network would need to receive a measurement report for a CSG cell before it could send the PACKET MEASUREMENT ORDER message containing the dedicated frequencies for CSG cells.  
Regarding connection set-up messages, the CHANNEL REQUEST/PACKET CHANNEL REQUEST message is an obvious candidate but has insufficient room for such an indication.  Messages such as the PACKET RESOURCE REQUEST message are not sent under every circumstance (e.g. one phase access and the packet downlink assignment procedure).  Without introducing a new message, which is seen as inefficient, it does not seem possible to take this approach.  
Therefore it is proposed to introduce the signalling of this capability in the MS RAC and ClassMark 3 (for UTRAN) IEs.  In order to simplify testing it is considered better to have separate capabilities for UTRAN and E-UTRAN, it is therefore proposed that separate bits be provided in MS RAC. 
Proposal 3: The mobile’s support of “Inbound mobility to CSG cells in connected mode” shall be signalled via a separate bit for UTRAN and E-UTRAN in MS RAC and by a single bit in Classmark 3 IE for UTRAN
3. CCN Procedures

Signalling the support of CCN procedures towards a target CSG cell could be achieved by one of two methods:
· Link the macro cell CCN Active indication to support of CCN procedures towards CSG cells (e.g if the E-UTRAN_CCN_ACTIVE indication is set and the mobile support CCN procedures towards E-UTRAN, then CCN procedures are enabled towards E-UTRAN CSG cells).  
· Define a separate CCN Active indication for CCN procedures towards E-UTRAN and UTRAN CSG cells.  

As it does not appear that there is any defined use case where CCN procedures would be active towards macro cells and not towards CSG cells (and vice-versa) for the same RAT, we propose that the first option is defined.  
Proposal 4: The network support of enabling CCN towards CSG cells shall be linked to the appropriate CCN enabling for macro cells (i.e. E-UTRAN_CCN_Active and 3G_CCN_Active)

4. Conclusions

This paper has considered the mechanisms by which the mobile and network can indicate their capabilities for supporting “Inbound mobility to CSG cells in connected mode” and CCN procedures.  
The proposed recommendations are:
· The network shall indicate its support of “Inbound mobility to CSG cells in connected mode” and command the mobile to send measurement reports (if it is capable) in dedicated messages that move the mobile into Packet Transfer Mode or Dedicated Mode.  

· The mobile’s support of “Inbound mobility to CSG cells in connected mode” shall be linked to its capabilities in the respective RAT

· The mobile’s support of “Inbound mobility to CSG cells in connected mode” shall be signalled via a separate bit for UTRAN and E-UTRAN in MS RAC and by a single bit in Classmark 3 IE for UTRAN
· The network support of enabling CCN towards CSG cells shall be linked to the appropriate CCN enabling for macro cells (i.e. E-UTRAN_CCN_Active and 3G_CCN_Active)
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