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1. Introduction

 In GERAN, it was agreed that MS shall not report the measurement result of non-allowed CSG cells. Only allowed CSG cells can be included in measurement report when both NW and MS support mobility toward CSG cells in Rel-9. It is under investigation concerning when and how MS reports this allowed CSG cell. This paper suggests a solution to how NW efficiently keeps informed of the validity of previously reported CSG cell, when MS mobility toward CSG cell is delayed, while minimizing impact on existing measurement reporting.
2. Discussion
 At GERAN2#44bis, [1][4] introduced the information that should be delivered to network for CSG inbound mobility for each MS mode. In the case of Dedicated Mode, it is assumed that only handover toward UTRAN CSG cell shall be considered. In this case the MS shall report routing parameters of allowed CSG cell to NW for handover. CSG ID, CGI (i.e. Cell Global Identity), and optionally PLMN ID shall be routing parameters. And it is proposed that CGI should be used to identify the reported CSG cell instead of physical cell identity. 
 Modifications on the message format of Measurement Report and Enhanced Measurement Report were expected in [2]. However it was not considered whether and how long the MS should keep reporting of the previously reported allowed CSG cell’s measurement result. Only the initial report of allowed CSG cell including the routing parameters was introduced and MS behavior thereafter is not clear.  
 Worrying scenarios can happen by this drawback and they are as follows. Scenario 1 identifies the case when MS continuously keeps reporting of CSG cell and scenario 2 represents the case when the MS performs only one-time measurement reporting of CSG cell. 
 Scenario1. MS is allowed to report measurement result of allowed CSG cell after MS initially reported the allowed CSG cell’s routing parameters with measurement result. 
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Figure 1 MS continuously reports measurement result of allowed CSG cell

Drawback1. MS should report CSG cell measurement result including global cell identity, which results in the modification (extension) of the existing Measurement Report format.                              


Drawback2. While MS keeps reporting the measurement result of CSG cell, MS performance for macro cells will be degraded because some of the macro cells might not be included in the MR to make a room for CSG cell.
Scenario2. MS is not allowed to report measurement result of allowed CSG cell, after MS reports initial CSG cell result with routing parameters. 
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Figure 2 MS reports measurement result of allowed CSG cell only once

Drawback1. If handover toward CSG cell is delayed, NW can not keep judging the validity of reported allowed CSG cell as a handover candidate. 


 ( For example, in figure 2 below, even though previously reported CSG cell is still valid, NW would not make MS perform handover to target CSG cell (Case A). Or NW would make MS perform handover after MS leaves its venue (Case B).
3. Solution for Dedicated Mode
 In order to support inbound mobility toward CSG cell efficiently and minimize the impact on legacy measurement reporting, it is proposed that measurement report (MR) message include validity indication which informs the NW of the validity of the previously reported CSG cell. This validity bit for CSG cell occupies a bit that is left as spare in the existing MR message, therefore, the effect on the current message format is little. ‘Validity’ means that the radio condition of the CSG cells meet the criteria CSG cell measurement reporting. 

Proposal1. One spare bit of the existing MR message is used for the validity of the previously reported 



CSG cell.


Proposal2. In the initial measurement report, the measured result of a CSG cell is included. 




However, from the second MR message, the MS does not include measured results but includes 



only validity bit defined in proposal 1 above.
Because the MS reports only validity bit for a CSG cell from the second MR message, the MR message format is the same as current format. This ensures MS to report as many macro cells as current MS behavior, therefore, the effect on the existing MR logic is minimized. The detailed message formats for these proposals are introduced at 3.1 and 3.2 below.
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Figure 3 CSG Measurement Report with valid bit

3.1. Measurement Report
 Without modification of Measurement Results IE, the Spare bit is replaced with CSG-VALID information element. In conclusion, MS can simply support this mechanism. The modified message format including routing parameters for initial reporting of CSG cell is not provided. 
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Figure 10.5.2.20.1: Measurement Results information element (with CSG-VALID bit)
	CSG-VALID (octet 4)
This bit indicates whether previously reported CSG cell is valid or not. (Regarding how to decide the validation, see 3GPP 45.008)

Bit 8
0
The previously reported CSG cell is valid.
1
The previously reported CSG cell is not valid or no CSG cell exist which reported previously.


3.2. Enhanced Measurement Report

 For EMR, if UTRAN_CSG_Measurement_Report is present without routing parameters, NW would assume that previously reported CSG cell is still valid.
	<Enhanced Measurement report> ::=


< RR short PD : bit >





-- See 3GPP TS 24.007
 .


{ null | 0
bit ** = < no string >
-- Receiver compatible with earlier release



| 1








-- Additions in Rel-9 :




{ 0 | 1 < UTRAN CSG Measurement Report : < UTRAN CSG Measurement Report struct > > }



}

< spare padding > } ;

	< E-UTRAN Measurement Report struct > ::= 


< N_E-UTRAN: bit (2) >


{
< E-UTRAN_FREQUENCY_INDEX : bit (3) >



< CELL IDENTITY : bit (9) >



< REPORTING_QUANTITY : bit (6) > } * (val(N_E-UTRAN + 1 )) ;

{
0


-- MBMS procedures not supported by the cell if the choice bit is set to '0'



| 1


-- MBMS procedures supported by the cell if the choice bit is set to '1'



< DEDICATED_MODE_MBMS_NOTIFICATION_SUPPORT: bit > 





< MNCI_SUPPORT: bit >}


< spare bit >**

< UTRAN CSG Measurement Report struct > ::=


{
0


-- Previously received CSG cell is valid


| 1


-- Initial delivery of CSG cell routing parameters



<CSG-ID : bit (27)> 



{ 0 | 1 <PLMN-ID : bit (24)> }



< Cell Identity : bit (28) >


< REPORTING_QUANTITY : bit (6) >

} ;


4. Solution for Packet Transfer Mode

 Except in the case of MS or NW does not support PS handover, similar approach is applicable to Packet Transfer Mode. Provided that MS or NW does not support PS handover, reporting of routing parameters is meaningless. In this case MS may inform NW that a candidate CSG cell is found as proposed in [1]. It would minimize data consumptions in measurement report message. 
 To reflect what was explained above, following information element for CSG measurement report of PS is suggested. 
	< CSG Measurement Report IE > ::=

{ 0
 Previously reported CSG cell is valid or CSG cell which meets the criteria of measurement reporting exists

| 1
{ 0 < UTRAN CSG Measurement Report : < UTRAN CSG Measurement Report struct > > 


| 1 <{ E-UTRAN CSG Measurement Report : < UTRAN CSG Measurement Report struct > > }};

	< UTRAN CSG Measurement Report struct >::=


<CSG-ID : bit (27)> 


{ 0 | 1 <PLMN-ID : bit (24)> }


< Cell Identity : bit (28) >

{ 0 | 1 < REPORTING_QUANTITY : bit (6) > };

	< E-UTRAN CSG Measurement Report struct >::=


<CSG-ID : bit (27)>


{ 0 | 1 <PLMN-ID : bit (24)> }


< Tracking Area Code : bit (16)


< Cell Identity : bit (28) >

{ 0| 1 < REPORTING_QUANTITY : bit (6) > };


 MS shall include ‘CSG Measurement Report IE’ in PMR/PEMR if there is valid a CSG cell for measurement reporting. If MS and NW support PS Handover, MS shall include corresponding routing parameters in CSG Measurement Report IE in initial measurement report for the CSG cell. If previously reported CSG cell is still valid, MS regularly reports the validity for the cell by 1-bit information to represent the CSG cell is still valid.  If there is no need for the MS to report routing parameters, MS shall represent this also by 1-bit information in initial measurement report, then MS regularly reports the validity of the CSG cell with 1 bit continuously. 
5. Conclusion
 Although the measurement reporting method for CSG cell introduced in [1] to [4], points awaiting solutions could be found as follows.
1) The message format by which MS can include measured results of CSG cell.

2) The efficient method for the MS to report CSG cell while maintaining the existing message format.

 To cope with these points, in this paper, two proposals were raised as described above.

  Proposal1. One spare bit of the existing MR message is used for the validity of the previously reported 




CSG cell.

  Proposal2. In the initial measurement report, the measured result of a CSG cell is included. However, from  


the second MR message, the MS does not include measured results but includes only validity bit. 
 How these proposals can be applied to the current MR, EMR message format was introduced at the 3rd paragraph. For PMR and PEMR, applicable Information Element was given at the 4th paragraph. By the proposals in this paper, measurement reporting for CSG cells could be improved.
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