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Measurement Report for CSG cells
1 Introduction
To support the inbound mobility to CSG cells, the MS has to report the related routing information of the target CSG cell. This paper analyzes what information should be included in the measurement message and how to provide this information in (packet) measurement report and (packet) enhanced measurement report massages in dedicated mode (DTM) and packet transfer mode. 
2 Parameters in MR/EMR
To solve the PSC/PCI confusion and support the HO to CSG cells, the MS shall report the most necessary information to the BSS which are routing identifiers, and corresponding measurement results in the measurement report. The information like CSG ID and PSC/PCI are considered as unnecessary for the reporting for the reason in sec 2.2.  
2.1 Necessary info

To support the HO to CSG cells, only the CSG cells which passed the preliminary access check at the MS side should be reported to the BSS. In GERAN, the bit space in the control message is very limited and precious, so only the most necessary information as below needs to be included in the measurement report message:

· Routing information for HO to CSG cells.

· For HNB, the necessary routing parameter for HO is GCI (28 bits).
· For HeNB, the necessary routing parameter for HO is eCGI (28bits) and TAC (16 bits) in order to avoid the duplicate PLMN ID both in TAI and eCGI.
· Measured results: Received signal level or signal quality of the target CSG cells.

2.2 Unnecessary info
Following parameters are considered to be useless and should not be reported in MR and EMR.

· CSG ID 
Reporting CSG ID is not necessary, the reason we could conclude as following:

· For HeNB the source MME can perform the access control by retrieving the CSG ID from the target E-UTRAN, thus reporting CSG ID of HeNB is not necessary. 
· For HNB, the target HNB GW can perform the access control by inquiring the IMSI from the stored access control list to see whether it is a member of the target HNB, thus reporting CSG ID of HNB is not necessary either. 
· Reporting CSG ID (27bits) will consume a large bit space in the measurement reporting message, which is an unnecessary burden. Including the CSG ID into the measurement reporting message will result in less macro cells could be reported in the same reporting message.
· Freq + PSC/PCI
Reporting Freq + PSC/PCI is useless. As agreed in GERAN2#43 meeting, no mapping information between <freq + PSC/PCI> and routing parameters will be deployed for CSG at the BSS side, reporting freq + PSC/PCI can not help the BSS find the correct target CSG cell. 
3 Measurement report for CSG
In CS domain, only UTRAN CSG cells will be reported in MR and EMR messages. In PS domain, both UTRAN and E-UTRAN CSG cells should be included in PMR and PEMR. To include the above necessary information in sec 2.1 of UTRAN/E-UTRAN CSG cells, some modification of these measurement messages is necessary. MR could be modified based on current structure, while EMR/PMR/PEMR could be modified by introducing a new IE. 
3.1 UTRAN CSG cells in MR

If no more than (30 - NUM_E-UTRAN_FREQUENCIES) GSM ARFCN frequencies are included in the BA (list), the BCCH-FREQ-NCELL = (30 - NUM_E-UTRAN_FREQUENCIES) could be used to indicate the UTRAN CSG cells in current MR. 

Reporting one UTRAN CSG cell will use 39 bits (6 + 5 + 28 = reporting quantity + BCCH-FREQ-NCELL + GCI) in the measurement results IE as shown in figure 1. So reporting one UTRAN CSG cell will occupy the bit space of three legacy GSM cells.
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Figure 1 reporting UTRAN CSG cells in MR
Advantage of this proposal: this proposal brings the minimum affect on reporting legacy macro UTRAN and EUTRAN cells in the MR. Moreover, no new message is created thus no new message type is required.

3.2 UTRAN CSG cells in EMR/PMR/PEMR
In EMR, PMR or PEMR, a new IE for UTRAN CSG cells should be introduced like following:

< UTRAN CSG measurement report struct > ::=


< GCI : bit (28) >


< RXLEV-NCELL : bit (6) > ;
To assess how many cells could be fitted into one reporting message block, the number of reported cells in EMR/PMR/PEMR is countered in table 1.

Table 1 number of reported cells in EMR/PMR/PEMR (including one UTRAN CSG)
	Message type
	Number of GSM/UTRAN macro cells
	Number of E-UTRAN macro cells
	Number of UTRAN CSG cells

	EMR
	3
	0
	1

	PMR
	4 
	0
	1

	PEMR
	3
	1
	1


Table A1, A2 and A3 in annex shows the possible number of reported cells including one UTRAN CSG cell in one message block. 

3.3 E-UTRAN CSG cells in PMR/PEMR

In PMR or PEMR, a new IE for E-UTRAN CSG cells should be introduced like following:

< E-UTRAN CSG measurement report struct > ::=


< EGCI : bit (28) >
< TAC : bit (16) >

< RXLEV-NCELL : bit (6) > ;

To assess how many cells could be fitted into one reporting message block, the number of reported cells in PMR/PEMR is countered in table 2.

Table 2 number of reported cells in EMR/PMR/PEMR (including one E-UTRAN CSG)

	Message type
	Number of GSM/UTRAN macro cells
	Number of E-UTRAN macro cells
	Number of UTRAN CSG cells

	PMR
	3 
	0
	1

	PEMR
	1
	1
	1


Table A4 and A5 in annex shows the possible number of reported cells including one E-UTRAN CSG cell in one message block. 

4 Conclusion
This paper analyzes what information should be included in the measurement reporting message and gives proposals on how to modify the measurement reporting message to report the necessary information for CSG cells. It is proposed to agree the following points based on the analysis in this paper:

· Only necessary information needs be reported from the MS which are reporting signal level or quality, GCI/eCGI+TAC. 
· It is suggested to accept the proposals given in this paper on how to modify measurement report messages to support HO to CSG cells. 
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6 Annex
Following table 1, 2 and 3 shows the possible number of reported cells including one UTRAN CSG cells in one message block. 

Table A1 –ENHANCED MEASUREMENT REPORT
	Field Name
	Number of bits
	Comment

	Mandatory bit field
	12
	RR short PD, Message type and etc.

	Serving cell data 
	24
	Assume the serving cell data is included.

	Repeated Invalid_BSIC_Information
	1
	Assume no report for the GSM cell with invalid BSIC

	REPORTING_QUANTITY (pre-Rel 8)
	1
	Assume no pre-Rel 8 bitmap type reporting is included

	Rel-8 extension
	1
	

	BITMAP_LENGTH
	7
	Assume length is 64

	REPORTING_QUANTITY
(Rel 8)
	1+6+63 = 70
	Only 1 reported GSM or UTRAN neighbour cell

	E-UTRAN Measurement Report
	1
	Assume no E-UTRAN measurements

	Rel-9 extension
	1
	

	UTRAN CSG routing identifiers and reporting quantity
	1 + 28 + 6= 35
	Assume one reported UTRAN CSG with reporting quantity and CGI.  

	Total
	153
	170 bits available (17bits left and could be used to report 2 more GSM/UTRAN macro cells)


Table A2 PACKET MEASUREMENT REPORT
	Field Name
	Number of bits
	Comment

	TLLI / G-RNTI
	32
	

	PSI5_CHANGE_MARK
	1
	Assume no PSI5

	NC Measurement Report
	12 + (19 * 1) = 31
	Only 1 reported GSM neighbours with BSICs

	Rel-99 
	6 + 3 + (7+ 6) * 1 = 22
	only 1 reported 3G neighbour cell, PMO used.

	Rel-5 extension
	2
	Assume no GRNTI extension

	Rel-8 extension
	2
	Assume no E-UTRAN measurements

	Rel-9 extension
	1
	

	UTRAN CSG Routing identifiers and reporting quantity
	2+ (6 + 28) *1 = 35
	Assume one reported UTRAN CSG with reporting quantity and CGI. 

	Total
	126
	170 bits available (44 bits left and could be used to report one more UTRAN CSG cell or 2 more GSM cells or 3 more UTRAN macro cells )


Table A3 PACKET ENHANCED MEASUREMENT REPORT
	Field Name
	Number of bits
	Comment

	TLLI / G-RNTI
	32
	

	NC Measurement Report
	17
	Assume a 0 length bitmap and no GSM neighbours reported

	Rel-5 extension
	2
	Assume no GRNTI extension

	Bitmap Length
	7
	Assume length is 32

	Reporting Bitmap
	1+ 6+ 31 = 38
	Assume a small bit map of 32 neighbours with 1 reported cell

	Rel-9 extension
	1
	

	UTRAN CSG Routing identifiers and reporting quantity
	1 + 6 + 28 = 35
	Assume one reported UTRAN CSG with reporting quantity and CGI.

	E-UTRAN Neighbour Cells
	4 + (18 * 1) = 22
	1 E-UTRAN macro cells

	Total
	154
	170 bits available (16 bits left and could be used to report two more GSM cells)


Following table 4 and 5 shows the possible number of reported cells including one E-UTRAN CSG cells in one message block. 

Table A4 PACKET MEASUREMENT REPORT
	Field Name
	Number of bits
	Comment

	TLLI / G-RNTI
	32
	

	PSI5_CHANGE_MARK
	1
	Assume no PSI5

	NC Measurement Report
	12 + (19 * 1) = 31
	Only 1 reported GSM neighbours with BSICs

	Rel-99 
	6 + 3 + (7+ 6) * 1 = 22
	Only 1 reported 3G neighbour cell, PMO used.

	Rel-5 extension
	2
	Assume no GRNTI extension

	Rel-8 extension
	2
	Assume no E-UTRAN measurements

	Rel-9 extension
	1
	

	E-UTRAN CSG Routing identifiers and reporting quantity
	2+ (6 + 28 + 16) *1 = 51
	Assume one reported E-UTRAN CSG with reporting quantity, EGCI and TAC. 

	Total
	142
	170 bits available (28 bits left and could be used to report 1 more GSM cells or 2 more UTRAN macro cells )


Table A5 PACKET ENHANCED MEASUREMENT REPORT
	Field Name
	Number of bits
	Comment

	TLLI / G-RNTI
	32
	

	NC Measurement Report
	17
	Assume a 0 length bitmap and no GSM neighbours reported

	Rel-5 extension
	2
	Assume no GRNTI extension

	Bitmap Length
	7
	Assume length is 32

	Reporting Bitmap
	1+ 6+ 31 = 38
	Assume a small bit map of 32 neighbours with 1 reported cell

	Rel-9 extension
	1
	

	E-UTRAN CSG Routing identifiers and reporting quantity
	1 + 6 + 28 + 16= 51
	Assume one reported UTRAN CSG with reporting quantity, EGCI and TAC.

	E-UTRAN Neighbour Cells
	4 + (18 * 1) = 22
	1 E-UTRAN macro cells

	Total
	170
	170 bits available (0 bits left)
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