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Measurement Reporting of CSG Cells 
1. Introduction

As described in [1.], a solution to the inbound mobility to UTRAN/E-UTRAN CSG cells from GERAN active mode (Packet Transfer Mode for the case of E-UTRAN, all RR modes for the case of UTRAN CSG cells) is required.  In order to support this mobility it is necessary that measurements be reported for CSG cells in Release-9.  
This paper discusses the requirements for adapting the existing measurement reporting messages focussing on Packet Transfer Mode.  
2. Issues
The issues identified in [1.], along with the requirements provided in [4.] are addressed in the following.  
2.1. Different RR Modes

This issue of measurement reporting for UTRAN CSG cells whilst in Dedicated Mode and Dual Transfer Mode is addressed in a companion discussion paper [3.].  
2.2. Reporting of allowed CSG Cells

As Measurement Reporting bandwidth is a limited commodity in GERAN, as seen in Release-8 when considering the reporting of E-UTRAN macro-cells, reporting should be limited to CSG cells that are on the “Allowed CSG List” for the MS.  
There may be other reasons for gathering measurements from CSG cells not on the “Allowed Cell List”, but as these will not directly aid the handover decision and will take up measurement reporting bandwidth, it is recommended that GERAN does not support this option.  

As RAN solutions require the preliminary access check to be performed by the MS and all solutions so far discussed in GERAN fit with this model, it is recommended that the MS only sends MRs to the network for CSG cells that pass the preliminary access check. 

Proposal 1: Measurements shall only be reported for CSG cells that are on the “Allowed CSG List” for the MS 
2.3. CSG only Frequencies

For CSG cells that are on dedicated frequencies there are two scenarios to consider:

· Where dedicated frequencies have been provided in GERAN system information

· Where dedicated frequencies have not been provided in system information but where the MS (via manual search or other out-of-band mechanisms) has discovered a CSG cell on a dedicated frequency
In the first case we propose that both E-UTRAN dedicated CSG frequencies and UTRAN CSG cells be added to the E-UTRAN Frequencies list / 3G Neighbour Cell List thus enabling Measurement Reports (MRs) to use the E-UTRAN/UTRAN indexing mechanism to refer to the target cell in the same way as for E-UTRAN/UTRAN macro cells. 

Proposal 2: E-UTRAN dedicated CSG frequencies and UTRAN CSG cells should be added to the E-UTRAN Frequencies list / 3G Neighbour Cell List where these appear in System Information
If the second case is required then there are three further options that could be considered:
· The dedicated CSG frequency can be explicitly coded in the MR messages in a Rel-9 extension (using EARFCN, UARFCN as required) along with the reported PCI/PSC and measurement quantity

· The existing indexing mechanisms (E-UTRAN Frequency Index and 3G Neighbour Cell List) for addressing specific cells are extended to allow the new cells to be added.  This would require the network to assign an index for the frequency/cell (possibly on a per mobile basis) and signal this (in a PACKET MEASUREMENT ORDER message for example) to the mobile for subsequent use in MRs. 
· A new indexing mechanism is introduced explicitly for these CSG cells.  The MS would report the cell initially using the full frequency and PCI/PSC.  The network would then assign a CSG specific index to the cell as in the previous case 
The first option is the simplest but takes up extra measurement reporting bandwidth.  If this is adopted then the number of CSG cells reported in this manner should limited to one or two in a single MR as the additional space required by the explicit coding of the EARFCN/UARFCN is significant.  

The third option is more complex and requires the network to maintain additional mapping information over and above that required for the 3G Neighbour Cell List.  In addition it requires further signalling for assigning indexes.  
The second option could be handled by the network providing additional CSG cells on dedicated frequencies in the PACKET MEASUREMENT ORDER message which is added to the 3G Neighbour Cell List.  The advantage being that the existing reporting mechanisms can be used. 

It is therefore recommended that if it is required to support CSG cells on dedicated frequencies that are not broadcast in GERAN System Information, the PACKET MEASUREMENT ORDER message is used to extend the 3G Neighbour Cell list with the CSG cells on dedicated frequencies.  

Proposal 3: E-UTRAN dedicated CSG frequencies and UTRAN CSG cells not indicated in System Information shall be provided in dedicated signalling messages added to the E-UTRAN Frequencies list / 3G Neighbour Cell List for reporting
2.4. Measurement Control

As reporting of CSG cells could take up significant measurement reporting bandwidth, thus impacting on mobility to other GERAN cells and E-UTRAN/UTRAN macro cells, it seems sensible to provide a network controlled measurement control for active mode reporting of CSG cells.  

The default for such a control should be for the mobile not to report CSG cells as is the case in Release-8.  
It is probably sufficient that a single control bit for UTRAN and a single bit for E-UTRAN be provided in System Information and in specific dedicated messages in order to allow global control of measurement reporting (enabling measurement reporting for all mobiles in the cell or for specific mobiles once in connected mode) and per MS in the case of dedicated messages.  

Proposal 4: Measurement control for CSG cells (separate bits for E-UTRAN and UTRAN) shall be provided in both system information and specific dedicated messages to turn on measurements and reporting for CSG cells
2.5. Routing Identifiers

Where PS Handover is supported, it is necessary for the network to provide routing identifiers in order to allow the PS Handover Required message to be built.  The routing identifiers necessary for E-UTRAN have been identified as:
· TAI (which contains the TAC and the PLMN ID)
· CGI (which contains the eNodeB ID)
Both identifiers are required as the mobile and the GERAN BSS do not know if the target cell (and therefore Home eNodeB) is behind a Home eNodeB gateway or not.  To route the PS Handover Request to the gateway the TAI is needed (as the MME does not store the individual Home eNodeB IDs), otherwise the Home eNodeB ID is needed which is part of the CGI.  

The TAI and CGI must be provided to the BSS by the mobile in signalling messages.  However, it is recommended that this is only provided by the MS when commanded by the network due to the large quantity of information needed to be passed over the air interface.  It is proposed that this information be provided in a Rel-9 extension of the PMR and PEMR message.  

The CGI contains the PLMN ID and the Home eNodeB ID.  The TAI contains the Tracking Area Code and the PLMN ID.  Hence the PLMN ID is duplicated if all the information is sent over the air interface.  In order to reduce the size of the routing identifier information it is proposed that the TAC and the eCGI are sent for an E-UTRAN CSG cell.  In the case of UTRAN the CGI is sufficient for routing.  It is proposed that these parameters are sent to the network in a modified Measurement Report message. 
If the routing identifiers are sent in response to a command from the network, that includes the frequency and PCI/PSC, then the network can understand the mapping.  If this is not that case, then the MR must also contain the relevant frequency and PCI/PSC.  

Proposal 5: The routing identifiers for the target Home (e)NodeB cell shall be supplied to the network in a modified measurement reporting message only when explicitly commanded by the network.  
2.6. CSG-ID

In the case of PS Handover it is necessary that the CSG ID is provided to the core network in order that the final access check can be made.  It should be noted that this is a good reason to allow network controlled command of supplying CSG ID and routing identifiers as this information is not needed if PS Handover is not required.  
Proposal 6: The CSG ID shall be sent together with the routing identifiers when commanded by the network.  
3. Message Size and Coding

In order to understand the impact of providing the routing identifiers and the CSG ID over the air interface it is useful to assess the size of the PACKET MEASUREMENT REPORT (PMR) and PACKET ENHANCED MEASUREMENT REPORT (PEMR) messages in order to determine what can be fitted into a single radio block.  In the following we assume that the 6 bit reporting quantity is included for the CSG cell in question but no physical layer identifiers.  
Table 1 shows that when reporting the routing parameters, reporting quantity and CSG ID for an E-UTRAN CSG cell it is only possible to provide reports on 1 GERAN neighbour and no E-UTRAN / UTRAN neighbour cells.  For a UTRAN CSG cell, the TAC is not required and 2 GERAN neighbours could be reported.  
	Field Name
	Number of bits
	Comment

	TLLI / G-RNTI
	32
	Assume no PSI5

	Rel-99 
	6
	Assume no 3G measurements, PMO used.

	NC Measurement Report
	13 + (19 * 1) = 32
	Only 1 reported GSM neighbours with BSICs

	Rel-5 extension
	2
	Assume no GRNTI extension

	Rel-8 extension
	2
	Assume no E-UTRAN measurements

	E-UTRAN Routing identifiers and CSG ID and reporting quantity
	2 + 6 + 16 + 27 + 28 = 79
	Assume reported quantity, TAC, CSG ID and CGI. Includes Rel-9 extension bits

	Total
	153
	170 bits available


Table 1 – PACKET MEASUREMENT REPORT 

Table 2 shows the equivalent case for the PEMR.  

	Field Name
	Number of bits
	Comment

	TLLI / G-RNTI
	32
	

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

	
	2
	Assume no GRNTI extension

	Bitmap Length
	7
	

	Reporting Bitmap
	2
	Assume no cells can be reported

Although a small bit map of ~32 neighbours with one report may be possible

	E-UTRAN Routing identifiers and CSG ID and reporting quantity
	2 + 6 + 27 + 28 = 63
	Assume reported quantity, CSG ID and CGI

	E-UTRAN Neighbour Cells
	4 + (18 * 2) = 40
	2 E-UTRAN macro cells

	Total
	163
	170 bits available


Table 2 – PACKET ENHANCED MEASUREMENT REPORT 

For the PEMR, it is only possible to support one GERAN/UTRAN neighbour cell measurement (with a bitmap length of 32) or up to 2 E-UTRAN neighbour cells when transporting the E-UTRAN CSG routing parameters and CSG ID.  
It can therefore be observed that the routing identifiers and CSG ID can only be sent for one MS in a MR (not including the PCI and frequency) at a time.  In addition, it is observed that sending such information severely reduces the capacity to report other GERAN, UTRAN and E-UTRAN neighbour cells.
Proposal 7: It shall be ensured that routing identifiers and CSG ID are sent infrequently due to the reduced capacity on the air interface.  
4. Conclusions
This paper has investigated the requirements for handling measurement reports for support of connected mode handover from GERAN to UTRAN/E-UTRAN CSG cells focussing on Packet Transfer Mode.  
The following recommendations are made for discussion and decision by GERAN:

· Measurements shall only be reported for CSG cells that are on the “Allowed CSG List” for the MS
· E-UTRAN dedicated CSG frequencies and UTRAN CSG cells should be added to the E-UTRAN Frequencies list / 3G Neighbour Cell List where these appear in System Information
· E-UTRAN dedicated CSG frequencies and UTRAN CSG cells not indicated in System Information shall be provided in dedicated signalling messages added to the E-UTRAN Frequencies list / 3G Neighbour Cell List for reporting
· Measurement control for CSG cells (separate bits for E-UTRAN and UTRAN) shall be provided in both system information and specific dedicated messages to turn on measurements and reporting for CSG cells
· The routing identifiers for the target Home (e)NodeB cell shall be supplied to the network in a modified measurement reporting message only when explicitly commanded by the network
· The CSG ID shall be sent together with the routing identifiers when commanded by the network
· It shall be ensured that routing identifiers and CSG ID are sent infrequently due to the reduced capacity on the air interface
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