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Measurement Reporting to support Cell Change to CSG Cells 
1. Introduction

In GERAN#48 it was decided physical layer cell identifiers in combination with a cell discriminator should be used to identify CSG cells and detected Hybrid cells for measurement reporting when PS Handover is not possible.  Furthermore it was also decided that the measurement report should be provided to the network for CSG cells and detected hybrid cells.  
The remaining question is therefore how to signal measurement reports to the network.  
2. Analysis
There are two options proposed for carrying measurement reports:
· In PACKET CELL CHANGE NOTIFICATION messages only, as proposed in [1.] (Hereafter referred to a Proposal_1)
· In the PACKET MEASUREMENT REPORT (PMR), PACKET ENHANCED MEASUREMENT REPORT (PEMR) and PACKET CELL CHANGE NOTIFICATION (PCCN) messages as proposed in CRs to 44.060 and 44.018 in [2.] and [3.] (Hereafter referred to as Proposal_2)
The current agreements regarding mobility to CSG cells in NC2 when PS Handover is not supported are that: 
· The mobility should be network controlled;
· Measurement reports shall be provided in order to allow the network to make better mobility decisions as per GERAN#48 agreement;
· A one bit CSG Discriminator shall be included to help distinguish CSG/Hybrid cells that have the same physical layer identities as per GERAN#48 agreement;
This discussion paper compares the two options and proposes one to be adopted for Release-9.  
3. Discussion

Proposal_1 in [1.] involves using the current CCN procedure and the PCCN message in particular to carry measurement reports on CSG/detected hybrid cells.  The advantages are:

· There are no changes required to existing messages except for the addition of the CSG Discriminator, as the PCCN describes a target cell via carrier frequency and physical layer identity. 

However several disadvantages of this approach can be identified:

· The proposal introduces changes to the CCN procedure that by definition is not used in NC2.  
· The PCCN messages can be sent to the network even when CCN is not enabled

· The CCN procedure is more heavyweight in terms of management of timers for the mobile station and the network than the measurement reporting procedure and it is not flexible as it does not allow for keeping the mobile on the current cell or defer the mobility decision until a later time because:  

· The mobile must manage 3 timers T3206, T3208 and T3210 associated with the CCN procedure and be prepared to re-transmit the PCCN. 
· The network must respond with a message within a timeout period or the mobile will reselect to the target cell by default.  This is either to continue cell change to the suggested cell (PCCC) or an order to change to another cell (PCCO / PS Handover) or to order the mobile into NC2.   

· The proposal restricts the ability for the network to make decisions and select the appropriate  cell to redirect the mobile station to due to the following:
· The current CCN procedure demands an immediate response from the network, therefore not allowing the network to average measurement results over more than one measurement report;

· The network will only have one measurement report to rely on to make a mobility decision which is contrary to the principles of the agreement from GERAN#48 not to prevent the network from relying on more than one report.
· Only one CSG cell can be indicated in PCCN, whereas there could be 2 or more in a P(E)MR allowing the network to choose one (e.g. strongest UTRAN CSG cell vs strongest E-UTRAN CSG cell)
Using PCCN only as shown in Proposal_1 does reduce the changes required to standards in terms of CSN.1 coding.  
However CSN.1 changes required for supporting Proposal_2 [2][3] are relatively straight-forward and limited to the UTRAN/E-UTRAN CSG Measurement Report IE and the UTRAN/E-UTRAN CSG Target Cell IE as depicted in the already mature CRs presented in the last few GERAN WG2 meetings with no impact to the measurement reporting legacy mechanism.  
A key point on agreeing that mobility should be under network control is that the network has the required information to make intelligent decisions on mobility.  This is best ensured by the provision of regularly updated measurement reports on all cells that meet the reporting requirements.  
Using measurement reporting as proposed in Proposal_2 allows for comparison of measurement reports with CSG cells of other frequencies/RATs or for time related algorithms such as averaging or detecting increasing/decreasing signal intensity.  Seeing measurement reports for two CSG cells with different CSG Discriminator values in multiple messages is the only way that the network could make an intelligent decision on cell change when there is PCI/PSC confusion.  With the CCN solution the network must make a mobility decision on one measurement only.  With multiple measurement reports the network can distinguish between two CSG cells (seen in different measurement reports) with the same physical layer identifier using the CSG Discriminator.  
The required functionality is exactly that provided by the measurement reporting procedure, using P(E)MR messages.  Whereas using the PCCN message as a single measurement report requiring an immediate response from the network is not well suited to the requirements for network controlled cell change.  Mixing the existing CCN procedure with network controlled cell change for CSG cells will make the standards confusing as the CCN procedure is not designed for network controlled cell change and may lead to unnecessary complexity.  
4. Conclusions

This paper has provided an analysis of the options for signalling measurement reports for CSG and detected Hybrid cells in support of network controlled cell change when PS Handover is not supported by either the terminal or the network.  It is proposed that such reports are signalled in standard measurement reporting messages rather than in PCCN only for the following reasons:  
· It does not add complexity to and confuse the existing CCN procedure that is well understood and implemented in many legacy mobile devices and networks.
· It does not add complexity to the mobile which will be sending measurement reports in packet transfer mode in any case.  

· It allows the network to take multiple measurement reports into account in order to carry out more sophisticated mobility decisions based on averaging or other signal strength change metrics.  
· It doesn’t force the network to make an immediate decision on cell change unlike the use of PCCN.  
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