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Measurement Reporting for GERAN / E-UTRAN Inter-working 
1 Introduction

This paper addresses the impact of the introduction of inter-working between GERAN and E-UTRAN on measurement reporting.  Provision of neighbour cell information via white lists or black lists in both idle and active modes is compared in terms of:

· The impact on the signalling messages.  

· The number of neighbour cells that can be reported in a single message.   
The impact on the MS in terms of performing measurements is not addressed.  
2 Measurement Reporting
Network Controlled measurement reporting is required in order to allow the network to make or confirm decisions on mobility for cell reselection and handover.  Measurements are typically reported on the serving cell and at least the six strongest neighbour cells.  

The requirement on the mobile for reporting measurements depends on the operating modes and the current value of the Network Control Order.  The table below summarises the three cases that are relevant.  
	MS State
	Measurement Reporting

	(Packet transfer / Packet Idle – NCO) or Idle
	No measurement Reporting

	Packet transfer / Packet Idle – NC1/NC2
	Measurement reporting via PMR/PEMR

	Dedicated / DTM
	Measurement Reporting via MR/EMR


Table 1 – Measurement Reporting Requirements
In Packet Transfer Mode/Packet Idle Mode and NC1/NC2, the MS reports measurements to the network via the PACKET MEASUREMENT REPORT (PMR) or PACKET ENHANCED MEASUREMENT REPORT (PEMR) messages as determined by the REPORT_TYPE parameter received in either broadcast information (PSI5) or sent specifically to the mobile in the PACKET CELL CHANGE ORDER (PCCO) or the PACKET MEASUREMENT ORDER (PMO) messages.  
In Dedicated Mode or Dual Transfer Mode, the mobile always has to provide measurement reports using either the MEASUREMENT REPORT (MR) or the ENHANCED MEASUREMENT REPORT (EMR) messages as determined by the value of the REPORT_TYPE parameter in either broadcast information (SI2quater) or sent specifically to the mobile in the MEASUREMENT INFORMATION message.  
3 White or Black Lists
It is assumed that at least the list of valid E-UTRAN centre frequencies is always provided to the MS and the MS will only measure cells on those frequencies.
White lists are assumed to explicitly describe the frequency and Physical Layer Cell ID (PCID) of all allowed cells.  All other cells are forbidden.  Black lists are assumed to explicitly describe the frequency and PCID of all cells that are forbidden.  Any cell not on the black list, but on an explicitly provided frequency, is considered as valid.  

We assume that for the description of valid centre frequencies the following information is required:

· The centre frequency EARFCN (assumed to be 14 bits).  Note that this implicitly describes the mode (TDD/FDD) being used. 
It is further assumed that a maximum of 8 E-UTRAN frequencies needs to be provided in any single cell such that an index into the list of frequencies need only be 3 bits long.  

The key impact on measurement reports is how the neighbour cells are referenced. 
· For a white list either:

· A bit map is used (one bit for each index in the NCL)

· A 7-bit index into the NCL is used for each reported cell
· For a black list

· The GSM and UTRAN neighbours are provided as a white list

· An index into the allowed E-UTRAN frequencies (3-bits for up to 8 frequencies)

· The 9-bit PCID

In both cases we assume that the existing value of 6-bits for the reported quantity is sufficient to encode the RSRP value.  It is understood that the encoding of this parameter is currently being studied in RAN 4.

The number of neighbour cells that can be reported depends on size of these structures and the number of E-UTRAN neighbour cells to be reported.  

4 Impact on Measurement Reporting Messages
4.1 Dedicated Mode Reports
In dedicated mode and dual transfer mode, either the MEASUREMENT REPORT message or the ENHANCED MEASUREMENT REPORT message can be used.  

The MEASUREMENT REPORT message contains a mandatory field called the Measurement Results which is 16 octets in length and allows for reporting measurements on the serving cell and up to 6 neighbour cells.  This message does not have any natural extension mechanisms.  

In the case of a white list, this message can probably be re-used by for instance using the spare bit in the beginning of the message to indicate that E-UTRAN neighbour cells are being reported rather than UTRAN or by combining the 3G and E-UTRAN neighbour cell list into one list and using the existing mechanism for reporting 3G cells.

In the case of a black list this approach cannot be taken and a new message must be created.  

The number of neighbour cells that can be reported is:

· White List – 6 cells (any RAT)

· Black List – 6 cells (any RAT) provided that a new message is defined
The ability to report on up to six neighbour cells is a basic GSM capability and should if possible be supported when E-UTRAN cells are being reported.  
An alternative to creating a new message would be to re-use the existing MEASUREMENT REPORT message but to use fewer bits for the reporting quantity.  The existing message uses 17 bits per neighbour cell measurement as shown in Figure 1.  

[image: image1.emf]17 bits

RXLEV NCell

BCCH Freq NCell

GSM Ncell Measurement Report

BSIC NCell

6 bits

5 bits 6 bits


Figure 1 – Existing Neighbour Cell Measurement in MEASUREMENT REPORT

This 17 bit structure can be re-used as shown in Figure 2 where reserved values (one for each E-UTRAN frequency) of “30-n” (n=0 for the first frequency, n=1 for the next frequency etc.) are used in the BCCH Freq NCell field to indicate that the neighbour cell is an EUTRAN neighbour cell.  This is similar to the existing method for reporting UTRAN neighbour cells where the value “31” is used.  The Reporting Quantity (3 bits) and the high 3 bits of the Physical Layer Cell ID (PCID) are placed in the RxLEV NCell field and the low 6bits of PCID are placed in the BSIC NCell field.

If more than one E-UTRAN cell is reported then the cells could be ordered with the strongest measured signal strength first even if the cells have the same value in the 3 bit measurement value field.  
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Figure 2 – Proposed EUTRAN Neighbour Cell Measurement in MEASUREMENT REPORT

The ENHANCED MEASUREMENT REPORT message is similar in many ways to the PACKET ENHANCED MEASUREMENT REPORT message in that it uses a bitmap structure whose length is that of the NCL.  Assuming a NCL of length 64 the number of neighbour cells that can be reported is:

· White List – 11 cells (any RAT)

· Black List – 6 cells (e.g. 2 E-UTRAN + 4 GSM)

Another option specifically for dedicated mode would be to allow the network to signal to the mobile station that it should not report on E-UTRAN cells during the dedicated call.  The MS may still make measurements on the E-UTRAN neighbour cells but not report them.  
4.2 Packet Measurement Reports
There are two possible message types that can be used to report measurements to the network in Packet Idle/Transfer (NC1 or NC2); the PMR and the PEMR.  These are considered in detail in Appendix A.  The findings are summarised in the following:
The PMR can be easily extended in a Release-8 extension to accommodate new structures for E-UTRAN measurements.  The message uses a 7-bit index into the NCL and a 6-bit reporting quantity per neighbour cell.  The number of neighbour cells that can be reported is:
· White List – 6 cells (any RAT)
· Black List – 6 cells (any RAT)
The PEMR can also be extended in a Release-8 extension.  It uses a bitmap (one bit per index into the NCL).  Again we assume a NCL with 64 entries.  The number of neighbour cells that can be reported is:

· White List – 9 cells (any RAT)
· Black List – 4 cells (e.g. 2 E-UTRAN + 2 GSM)

5 Conclusions

In general, the white list has the least impact on the measurement reporting process as this is in line with the existing approach for GSM and UTRAN cells.  However, black lists can be accommodated with a reduction in the number of neighbour cells that can be reported and the need to introduce a new reporting message or an adapted format of the existing message with fewer bits for the reported quantity in Dedicated Mode/DTM.  
The impact of the white/black list approaches on the number of neighbour cells that can be reported is summarised in the following table:

	Message Type
	Can be

Extended?
	No. of Neighbour cells GERAN / UTRAN/ E-UTRAN Supported - WL
	No. of Neighbour Cells GERAN/UTRAN Supported - WL and E-UTRAN Supported - BL

	MEASUREMENT REPORT
	No
	6 cells (any RAT)
	New message

6 cells (any RAT)
Adapted message
6 cells (any RAT)

	ENHANCED MEASUREMENT REPORT

(NCL length = 64)
	Yes
	11 cells (any RAT)


	6 cells
e.g. 2 E-UTRAN + 4 GSM

	PACKET MEASUREMENT REPORT
	Yes
	6 cells (any RAT)
	6 cells (with one or more E-UTRAN cell)

	PACKET ENHANCED MEASUREMENT REPORT

(NCL length = 64)
	Yes
	9 cells (any RAT)
	4 cells
e.g. 2 E-UTRAN + 2 GSM


Table 2 – Impact on Measurement Reporting Messages 

In GERAN#38 a working assumption was agreed that in both idle mode and connected mode, black lists will be used to describe E-UTRAN neighbour cell information.  In order to minimise the impact on GERAN it is highly desirable not to introduce new messages.  Therefore it is proposed that GERAN consider the following:
· Adaptation of the MEASUREMENT REPORT message to allow 6 neighbours cells to be reported (including E-UTRAN cells) but using only 3 bits for E-UTRAN reporting quantity.  

· Adaptation of the PACKET MEASUREMENT REPORT message to allow E-UTRAN neighbour cells to be included. 

· Adaptation of the (PACKET) ENHANCED MEASUREMENT REPORT messages to allow E-UTRAN neighbour cells to be reported.  
Appendix A Message Size Calculations
A.1 MEASUREMENT REPORT

The MEASUREMENT REPORT message contains a mandatory field called the Measurement Results which is 16 octets in length and allows for reporting measurements on the serving cell and up to 6 neighbour cells.  This message does not have any natural extension mechanisms.  

For each neighbour cell reported the following fields are provided

· RXLEV-NCELL – reporting quantity (6 bits)

· BCCH-FREQ-NCELL – index into frequency list (5 bits)

· BSIC-NCELL – BSIC of neighbour cell (6 bits)

To extend this message to support UTRAN neighbour cells, a value of 31 for BCCH-FREQ-NCELL indicates a 3G neighbour cell and the BSIC-NCELL field contains the index into the 3G Neighbour Cell list.  

In the case of a white list, this mechanism can probably be re-used by for instance using the spare bit in the beginning of the message to indicate that E-UTRAN neighbour cells are being reported rather than UTRAN or by combining the 3G and E-UTRAN neighbour cell list into one list.

This only works if there are no more than 31 GSM frequencies in the list.  

In the case of a black list this approach cannot be taken and a new message must be created.  Under the assumptions about reporting on an E-UTRAN neighbour cell provided elsewhere in this paper we need 18 bits per neighbour cell compared with 17 bits for a GSM neighbour cell.  However, a new message is not constrained to use only 16 octets and would be able to report 6 neighbour cells with any mix of E-UTRAN and UTRAN cells.  

A.2 ENHANCED MEASUREMENT REPORT

The ENHANCED MEASUREMENT REPORT message is similar in many ways to the PACKET ENHANCED MEASUREMENT REPORT message.  Table 3 shows the message size for reporting 2 E-UTRAN neighbour cells.  
The size of this message is dependent on the length of the NCL.  We assume a NCL of length 64 and determine how many GSM neighbour cells can be reported with 2 E-UTRAN neighbour cells.  In this case 163 bits are needed when there are 168 bits available for an uplink SACCH message. 

	Field Name
	Number of bits
	Comment

	Fixed Header fields
	12
	Up to and including scale

	Serving cell data
	24
	+ 4 reported neighbours

	Invalid BSICs
	1
	Assume no invalid BSICs

	Reporting Bitmap
	1 + 64 + (4 * 6) = 89
	Assume 64 bits list (for the bitmap) and 4 GSM neighbour cells

	E-UTRAN Reports
	5 + (18 * 2) = 41
	Assume 2 E-UTRAN cells reported 

	Total
	167
	168 bits available


Table 3 – ENHANCED MEASUREMENT REPORT 

A.3 PACKET MEASUREMENT REPORT

The PMR can be easily extended in a Release-8 extension to accommodate new structures for E-UTRAN measurements.  

In the case of a white list, the same principles as exist for UTRAN reporting can be used where a list of cells with a 7-bit index into the combined Neighbour Cell List and a 6-bit reporting quantity can be used.  

In the case of a black list, we would need to report an index into the E-UTRAN frequency list (assumed as 3 bits), the PCID (9 bits) and the reporting quantity (6 bits); hence 18 bits per E-UTRAN neighbour cell plus a 3 bit field for the number of E-UTRAN cells to be reported.  

	Field Name
	Number of bits
	Comment

	TLLI / G-RNTI
	32
	Assume no PSI5

	Rel-99 
	6
	Assume no 3G measurements, PMO used.
This information in Rel-8 extension

	NC Measurement Report
	13 + (19 * 4) = 89
	Assume 4 reported GSM neighbours with BSICs

	Rel-5 extension
	2
	Assume no GRNTI extension

	E-UTRAN Reports
	5 + (18 * 2) = 41
	Assume 2 E-UTRAN cells reported. Includes Rel-8 extension bits

	Total
	170
	170 bits available


Table 4 – PACKET MEASUREMENT REPORT 

In the case of the PMR with a black list, it is possible to report on 6 neighbour cells with any split between E-UTRAN and GSM neighbours.  
A.4 PACKET ENHANCED MEASUREMENT REPORT

The important structure that is common to the PACKET ENHANCED MEASUREMENT REPORT and the ENHANCED MEASUREMENT REPORT messages is the bitmap shown below:

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



-- bitmap type reporting
In the case of a white list, the efficient indexing structure (bitmap) reference to the Neighbour Cell List can be used in PACKET ENHANCED MEASUREMENT REPORT messages without any structural alterations.  

For a black list, E-UTRAN measurements will have to be explicitly provided with an index into the E-UTRAN frequency list, a PCID and the reporting quantity (taking 18 bits per E-UTRAN neighbour cell).  A list of reports on E-UTRAN neighbour cells could be structured something like:

{ 0 | 1 < E_UTRAN reports : < E_UTRAN reports struct >> }

< E_UTRAN reports struct> ::=


< NR_REPORTS bit(3) >


{
< EUTRAN_FREQ_INDEX : bit(3) >



< EUTRAN_PCID : bit(9) >



< EUTRAN_REPORTING_QUANTITY : bit(6) >


} * (val(NR_REPORTS) + 1);

For the PACKET ENHANCED MEASUREMENT REPORT (PEMR) message, assuming that there are no invalid BSIC measurements to report, the following table estimates the size of the message with 2 E-UTRAN cells to report and a 64-bit long NCL.  

It should be noted that the NCL could be truncated, if the message is constructed appropriately, to the highest index of any reported cell.  

	Field Name
	Number of bits
	Comment

	TLLI / G-RNTI
	32
	

	NC Measurement Report
	17 + 64 + (2 * 6) = 93
	Assume 64 bit list (for the bitmap) + 2 reported GSM neighbours

	
	2
	Assume no GRNTI extension

	E-UTRAN Reports
	5 + (18 * 2) = 41
	Assume 2 E-UTRAN cells reported 

	Total
	166
	170 bits available


Table 5 – PACKET ENHANCED MEASUREMENT REPORT 

For the case of reporting 2 GSM cells and 2 E-UTRAN cells with a 64 entry NCL, the message would take 166 bits (with 170 available).  
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