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CSG cell identification for measurement reporting
Abstract
Based on the analysis of measurement reporting in GERAN an index is proposed to be used to identify a CSG cell during measurement reporting. A new measurement report message is proposed to report more measurement results than legacy measurement report messages for neighbor cells.
1 Introduction
It was stated in [1] that individual home eNodeB CSG cells are not indicated as neighbors by any macro layer cell, i.e. the information of CSG cells will not be broadcast in system information. As specified in [2], it shall be possible to support at least 125 million CSG Identities within a PLMN, thus a CSG ID needs at least 27 bits. 
TS 36.300 states in Annex F [3]:
3.
The system shall support bidirectional handover between CSG Cells and any eNodeB (E-UTRAN) or RNC (UTRAN) or BSS (GERAN) or with another CSG Cell of the same or different CSG.

In order to perform handover between CSG cells and BSS (GERAN), this paper mainly discusses how to report measurement results for CSG cells in GERAN.
Note: Macro layer encompasses all non-CSG cells, i.e. it is not about their size/coverage but the fact that they are not closed [3].
2 Discussion

2.1 Problem
There are three types of measurement report messages in GERAN, i.e. Measurement report, Extended Measurement report and Enhanced Measurement report. In normal cases only Measurement reports and Enhanced measurement reports are used. This section mainly explains the size limitation for these two measurement report messages. 
For Measurement report message we assume that in normal cases measurements result for 6 neighbor cells should be reported. In Table 1 the number of bits required by each part of the message is illustrated and it can be seen that only 16 bits are left.

Table 1 Bits occupied by each part of the Measurement report message
	Total (bits)
	168

	Header (bits)
	24

	Other fixed part (bits)
	8

	Serving cell (bits)
	18

	Fixed part for neighbor cell measurements (bits)
	102

	Bits left (bits)
	16


For Enhanced measurement report message we assume that in normal cases bitmap type reporting will be used. In Table 2 the number of bits required by each part is illustrated and it can be seen that only 34 bits are left. Note that in this analysis no measurement results are included for any neighbor cell.
Table 2 Bits allocation in Enhanced measurement report message for normal case
	Total (bits)
	168

	Fixed part (bits)
	15

	Serving cell (bits)
	23

	Bitmap (bits)
	96

	Bits left (bits)
	34


If a CSG contains more than one CSG cell, the globally unique identity of a CSG cell should be at least 28 bits. Assume that the reporting quantity of a CSG cell is 6 bits, the identity of a CSG cell is at least 28 bits and the structure to report the measurement result of a CSG cell is larger than 35 bits including at least 1 bit overhead. Obviously the discussed measurement report types can not report CSG cell measurement because of the limited space in the measurement report messages. For Packet Measurement Report and Packet Enhancement Measurement Report similar problems exist as Measurement Report and Enhanced Measurement Report.
2.2 Solution

2.2.1 CSG cell identification

To solve the problem with the limited space a CSG cell list is introduced with an index used to identify a CSG cell ID in the measurement report messages.
When an MS attaches, the CN will send it a CSG white list. The CSG white list includes one or more CSG IDs. Each CSG identified by a CSG ID can include one or more CSG cells each of which has a CSG cell ID. These CSG cell IDs can be derived from the CSG ID and other information in the CSG white list. The MS then creates a CSG cell list of entries identified by CSG cell IDs. 
R2-081736 [4] states in section 2.5:
Operators’ views:

This is an issue which shall be discussed in SA1 rather than in RAN2. However, just to give a preliminary view, 2-3 (home + office) CSG IDs are expected in a typical case and up to about 64 can be expected considering campus/ enterprise scenarios.
It can be assumed that the length of the CSG cell list is not more than 1024, i.e. each CSG may includes about 16 CSG cells on average. Thus, the CSG cell index will not occupy more than 10 bits.
When a service is initiated, the CN may send the CSG cell white list to the BSS. The BSS can in the same way as the MS create a MS specific CSG cell list. The BSS can use the CSG cell list index to identify a CSG in the measurement report messages。
If the CSG cell ID is not more than 10 bits, the Enhanced Measurement report message can be extended by using the structure illustrated in Figure 1. This message then can report measurements for 3 cells, i.e. one CSG cell (17 bits including 1 bit overhead) and two macro layer cells (7 bits each including 1 bit overhead). Table 3 shows different reporting measurement results with two types of CSG ids in the Enhanced measurement report message to report CSG.
	< Repeated CSG_List_Information struct > ::=


< CSG-LIST-NCELL : bit (10) >

< RXLEV-NCELL : bit (6) > ;


Figure 1 Structure for CSG cell measurement reporting
Table 3 Comparison of two ways to identify CSG cells by extended Enhanced Measurement report message
	CSG Cell Identifier
	Number of neighbor cells reported

	
	Macro cell
	CSG cell

	CSG ID: more than 28 bits
	4
	0

	CSG ID: CSG cell list index
	2
	1


2.2.2 New measurement report message

The extended Enhanced measurement report message only can report measurement results for very few neighbor cells. In order to report measurements result for more macro neighbor cells as well as CSG cells in one measurement message a new measurement report message type is defined, named as Evolved Measurement report described in Annex A. Table 4 compares the extended Enhanced measurement report and the Evolved measurement report assuming that the new message has the same Header and Serving cell data sizes as the Enhanced measurement report.
Table 4 Comparison between extended Enhanced measurement report and Evolved measurement report
	
	Number of neighbor cells reported

	
	Macro layer cell
	CSG cell
	Total

	Enhanced measurement report
	0~4
	0~1
	4

	Evolved measurement report
	0~9
	0~7
	9


3 Conclusions

Based on the analysis of measurement report messages in GERAN a CSG cell list index for measurement reporting is proposed to be used. Additionally a new message is proposed to report other RAT measurements, significantly increasing the number of cells possible to include in one message.
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Annex A --- Evolved measurement report 
<Evolved Measurement report> ::=
… …

{ 0 | 1 < Serving cell data : < Serving cell data struct >> }     -- As defined in Enhance measurement report

{ 1 < Repeated BA_BSIC_Information : < Repeated BA_BSIC_Information struct >> } ** 0

{ 1 < Repeated NCL_Index_Information : < Repeated NCL_Index_Information struct >> } ** 0

{ 1 < Repeated Black_List_Information : < Repeated Black_List_Information struct >> } ** 0

{ 1 < Repeated CSG_List_Information : < Repeated CSG_List_Information struct >> } ** 0

<Spare padding>;
< Repeated BA_BSIC_Information struct > ::=


< BCCH-FREQ-NCELL : bit (5) >


< BSIC : bit (6) >

< RXLEV-NCELL : bit (6) > ;
< Repeated NCL_Index_Information struct > ::=


< NCL-INDEX : bit (7) >


< RXLEV-NCELL : bit (6) > ;
< Repeated Black_List_Information struct > ::=


< EUTRAN-FREQ-NCELL : bit (3) >


< PID : bit (9) >

< RXLEV-NCELL : bit (6) > ;
< Repeated CSG_List_Information struct > ::=


< CSG-LIST-NCELL : bit (10) >


< RXLEV-NCELL : bit (6) > ;
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