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1. Background
The RSRQ measurement requirements are being defined in TS 36.133 [1]. The measurement quantity will be reported for up to certain range. This paper analyzes the reporting range of RSRQ and based on this analyzes a text proposal on the reporting range is provided. 

2. Derivation of Reporting Range

In TS 36.214 RSRQ is defined as follows: 

Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.
The RSRQ shall be reported between certain minimum and maximum values. They are derived in the following sections:
2.1 Minimum Reportable Level
The minimum RSRQ is typically observed at lowest geometry factor up to which the RSRQ should be measured and reported. 
Let us assume that RSRQ is reportable up to: 
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= -8 dB.
Let us also assume that received total power (
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) from the cell whose RSRQ is measured is 1, i.e:
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 = 1; on linear scale, then total received power from other cells and noise (
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RSSI includes power and noise from all sources therefore:

RSSI = 
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 = 1 + 6.3 = 7.3;                                                              (1)

Where RSSI is expressed in linear scale

Assuming 
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= 1 then RSRP on the linear scale can be expressed as: 

RSRP = 1/(12N)                                                                                      (2)

Where N is the number of resource blocks over which RSSI is measured. Note that RSRP is expressed on resource element level and each resource block comprises of 12 sub-carriers.

By combining (1) and (2) RSRQ in linear scale can be written as:
RSRQ = N*1/(12N)/7.3                                                                                (3)

RSRQ = 1/87.6 ( 0.0114 (linear scale) ( -19.5 dB                                                         (4)

Thus the minimum RSRQ (RSRQmin) should be down to -19.5 dB.
2.2 Maximum Reportable Level
The maximum RSRQ is derived assuming transmission from an empty cell, which transmits only reference symbols and other necessary control information e.g. SCH, PCFICH and BCH. To derive maximum RSRQ let us consider the contributions from reference symbols. 

Then main contributor to RSSI will be the power of the reference symbols. Let us express the RSSI in terms of RSRP as follows:
RSSI = RSRP x 2N                                                                         (5)
Note again that RSRP is expressed on resource element level and there are 2 resource elements per RB, which contains RS. 

Using (5) RSRQ can be written as:

RSRQ = N x RSRP/ (RSRPx2N)                                                              (6)

RSRQmin = -3 dB                                                                            (7)

Thus the largest RSRQ reportable value should be -3 dB. 

In the above analysis the main contributor to RSSI is considered to be the power of the reference symbols. Hence in case of boosting of the reference symbol power both RSRP and RSSI shall be boosted with equal amount thus keeping RSRQ at constant level.
3. Summary of Proposal
The above analysis reveals that RSRQ should be reported between -19.5 to -3 dB. It is further suggested that RSRQ is reported with a resolution of 0.5 dB. The reported RSRQ values are numbered from 00 to 46 to cover all RSRQ ranges between -19.5 to -3 dB; this leads to a total number of 47 reportable values.

A text proposal is provide for a new section 9.1.x (9.1.7) in TS 36.133 [1]. 

If the proposal is acceptable then we suggest LS is sent to RAN2 so that corresponding RRC signalling is defined in the RRC specification TS 36.331 [2].   
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----------------------START OF TEXT PROPOSAL --------------------------
9.1.5
Intra-frequency RSRQ Accuracy Requirements

9.1.5.1
Absolute RSRQ Accuracy
The absolute accuracy of RSRQ is defined as the RSRQ measured from a cell on the same frequency as that of the serving cell.
The accuracy requirements in table 9.1.5.1-1 are valid under the following conditions:

Cell specific reference signals are transmitted either from one, two or four antenna ports.

RSRP|dBm( [-127] dBm for Bands [I] 

Table 9.1.5.1-1: RSRQ Intra frequency absolute accuracy
	Parameter
	Unit
	Accuracy [dB]
	Conditions1

	
	
	Normal condition
	Extreme condition
	Bands I,..
	Bands

	
	
	
	
	Io
	Io

	RSRQ when RSRP Ês/Iot > -3 dB
	dBm
	( [2.5] 
	( [4] 
	[-121dBm/15kHz … -50dBm]
	TBD

	RSRQ when RSRP Ês/Iot ≥ -6 dB
	dBm
	( [3.5] 
	( [4]
	[-121dBm/15kHz … -50dBm]
	TBD

	Note 1. Io is assumed to have constant EPRE across the bandwidth.


[Editor’s note: Definition of Ês and Iot should be added to Symbols]
9.1.6
Inter-frequency RSRQ Accuracy Requirements
9.1.6.1
Absolute RSRQ Accuracy
The absolute accuracy of RSRQ is defined as the RSRQ measured from a cell that has different carrier frequency from the serving cell.
The accuracy requirements in table 9.1.6.1-1 are valid under the following conditions:

Cell specific reference signals are transmitted either from one, two or four antenna ports.

RSRP|dBm( [-127] dBm for Bands [I] 

Table 9.1.6.1-1: RSRQ Inter frequency absolute accuracy
	Parameter
	Unit
	Accuracy [dB]
	Conditions1

	
	
	Normal condition
	Extreme condition
	Bands I,..
	Bands

	
	
	
	
	Io
	Io

	RSRQ when RSRP Ês/Iot > -3 dB
	dBm
	( [2.5] 
	( [4]
	[-121dBm/15kHz … -50dBm]
	TBD

	RSRQ when RSRP Ês/Iot ≥ -6 dB
	dBm
	( [3.5] 
	( [4]
	[-121dBm/15kHz … -50dBm]
	TBD

	Note 1. Io is assumed to have constant EPRE across the bandwidth.


[Editor’s note: Definition of Ês and Iot should be added to Symbols]
9.1.6.2
Relative Accuracy of RSRQ
The relative accuracy of RSRQ in inter frequency case is defined as the RSRQ measured from one cell compared to the RSRQ measured from another cell on a different frequency.
The accuracy requirements in table 9.1.6.2-1 are valid under the following conditions:

Cell specific reference signals are transmitted either from one, two or four antenna ports.
RSRP1|dBm ( [-127] dBm if RSRP1 is on Band [I],
…
RSRP2|dBm ( [-127] dBm if RSRP2 is on Bands [I],
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Table 9.1.6.2-1: RSRQ Inter frequency relative accuracy

	Parameter
	Unit
	Accuracy [dB]
	Conditions1

	
	
	Normal condition
	Extreme condition
	Bands I,..
	Bands

	
	
	
	
	Io
	Io

	RSRQ when RSRP Ês/Iot > -3 dB
	dBm
	( [3] 
	( [4]
	[-121dBm/15kHz … -50dBm]
	TBD

	RSRQ when RSRP Ês/Iot ≥ -6 dB
	dBm
	( [4] 
	( [4]
	[-121dBm/15kHz … -50dBm]
	TBD

	Note 1. Io is assumed to have constant EPRE across the bandwidth.


[Editor’s note: Definition of Ês and Iot should be added to Symbols]
9.1.x
RSRQ Measurement Report Mapping
The reporting range of RSRQ is defined from -19.5 dB to -3 with 0.5 dB resolution.

The mapping of measured quantity is defined in table 9.1.x-1. The range in the signalling may be larger than the guaranteed accuracy range.

Table 9.1.x-1: RSRQ measurement report mapping
	Reported value
	Measured quantity value
	Unit

	RSRQ_00
	RSRQ ( -19.5
	dB

	RSRQ_01
	-19.5 ( RSRQ < -19
	dB

	RSRQ_02
	-19 ( RSRQ < -18.5
	
dB


	…
	…
	…

	RSRQ_43
	-4 ( RSRQ < -3.5
	dB

	RSRQ_44
	-3.5 ( RSRQ < -3
	dB

	RSRQ_46
	-3 ( RSRQ
	dB


------------------------END OF TEXT PROPOSAL-----------------------
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