3GPP TSG-RAN WG4 Meeting # 70
R4-140409
Prague, Czech Republic, Feb 10-14, 2014
Agenda Item:
7.36
Source: 

Ericsson

Title: 
Increasing RSRQ reporting range
Document for:
Discussion
1 Introduction
RSRQ was introduced for EUTRA RRC connected state in release 8, and for RRC idle state in release 9. For RRC connected state, RSRQ report mapping is defined in TS36.133, which allows a reporting range from -19.5dB to -3dB with 0.5dB resolution.
	9.1.7
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 9.1.7-1. The range in the signalling may be larger than the guaranteed accuracy range.

Table 9.1.7-1: 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_32
-4 ( RSRQ < -3.5

dB
RSRQ_33
-3.5 ( RSRQ < -3

dB
RSRQ_34
-3 ( RSRQ

dB



Correspondingly, RAN2 uses the same range for RRC connected state measurements and thresholds and references 36.133.

	–                      RSRQ-Range
The IE RSRQ-Range specifies the value range used in RSRQ measurements and thresholds. Integer value for RSRQ measurements according to mapping table in TS 36.133 [16].
RSRQ-Range information element

-- ASN1START

RSRQ-Range ::=                   INTEGER(0..34) …..> corresponds to (-20..-3)dB

-- ASN1STOP




For RRC idle state, Q-QualMin may be signalled between -3dB and -34dB with 1dB according to 36.331. 

	Q-QualMin
The IE Q-QualMin is used to indicate for cell selection/ re-selection the required minimum received RSRQ level in the (E-UTRA) cell. Corresponds to parameter Qqualmin in 36.304 [4]. Actual value Qqualmin = IE value [dB].
Q-QualMin information element

-- ASN1START

Q-QualMin-r9 ::=                 INTEGER (-34..-3)
-- ASN1STOP




Report mapping is not defined in 36.133 for idle mode, because the RSRQ used for Q-Qualmin suitability evaluation is an internal UE quantity which is not reported to the eNB. However, the range for Q-Qualmin was stil decided by RAN4 [1].
	· Proposed value range for Threshx, high/Threshx, low/Threshserving, low: 0, 1, 2, …, 31 (Step: 1)
· Both RSRP and RSRQ should be used for out-of-service area. It means that Qqualmin should be specified in addition to Qrxlevmin, similarly to UMTS (like Qrxlevmin for CPICH RSRP and Qqualmin for CPICH Ec/N0).

· Proposed value range for q-Qualmin: “Negative infinity”, -33, -31, …, -3 (Step: 1)

· Proposed value range for q-Qualmin-offset: 1, 2, 3, …, 8 (Step: 1)




2 Disucssion

We have observed that in some cases, radio link failure occurs at a lower RSRQ than -19.5dB, and in these conditions some UEs are able to maintain a useful throughput on E-UTRA while reporting RSRQ≤-19.5dB. Our expectation is that in future this will become even more common with the widespread adoption of advanced receivers such as the interference ratio combining (IRC) receiver which was specified by RAN4 in release 11. Advanced receivers are likely to be able to mitigate interference and so allow operation at a lower RSRQ than release 8 baseline receivers.

One of the main discussion points when RSRQ was introduced in release 8 is that it may be used as a trigger for emergency handover to avoid connections being dropped. Typically, interfrequency or interRAT handover is triggered when RSRQ becomes low, for example, due to interference which would not be determined from any RSRP measurement.
For this reason, it is important to be able to configure low enough RSRQ thresholds, so that UE do not leave E-UTRA coverage or perform interfrequency handover unnecessarily early. Based on field observation of the RSRQ level at which some UE experience radio link failure, the current minimum RSRQ of -19.5dB is already insufficient, and as discussed we expect this to become more of an issue in future as the adoption advanced receivers become more widespread. As such receivers can mitigate interference which is included in RSSI, lower RSRQ operation can be expected.
Proposal 1: RSRQ value range for RRC connected state is extended in TEI12
Considering the value range which would be used, it seems natural to align RRC connected state RSRQ with the range for Q-Qualmin in RRC idle state, ie from -34dB to -3dB. The 0.5dB resolution should be maintined. One possible way to achive this is to define additional extended reported values as indicated in table 1.
Proposal 2 : The value range is extended to -34...-3dB with 0.5dB steps
	Reported value
	Measured quantity value
	Unit

	RSRQ_EXT00
	RSRQ≤-33.5
	dB

	RSRQ_EXT01
	-33.5 ≤RSRQ≤-33.0
	dB

	RSRQ_EXT02
	-33.0 ≤RSRQ≤-32.5
	dB

	RSRQ_EXT03
	-32.5 ≤RSRQ≤-32.0
	dB

	RSRQ_EXT04
	-32.0 ≤RSRQ≤-31.5
	dB

	RSRQ_EXT05
	-31.5 ≤RSRQ≤-31.0
	dB

	RSRQ_EXT06
	-31.0 ≤RSRQ≤-30.5
	dB

	RSRQ_EXT07
	-30.5 ≤RSRQ≤-30.0
	dB

	RSRQ_EXT08
	-30.0 ≤RSRQ≤-29.5
	dB

	RSRQ_EXT09
	-29.5 ≤RSRQ≤-29.0
	dB

	RSRQ_EXT10
	-29.0 ≤RSRQ≤-28.5
	dB

	RSRQ_EXT11
	-28.5 ≤RSRQ≤-28.0
	dB

	RSRQ_EXT12
	-28.0 ≤RSRQ≤-27.5
	dB

	RSRQ_EXT13
	-27.5 ≤RSRQ≤-27.0
	dB

	RSRQ_EXT14
	-27.0 ≤RSRQ≤-26.5
	dB

	RSRQ_EXT15
	-26.5 ≤RSRQ≤-26.0
	dB

	RSRQ_EXT16
	-26.0 ≤RSRQ≤-25.5
	dB

	RSRQ_EXT17
	-25.5 ≤RSRQ≤-25.0
	dB

	RSRQ_EXT18
	-25.0 ≤RSRQ≤-24.5
	dB

	RSRQ_EXT19
	-24.5 ≤RSRQ≤-24.0
	dB

	RSRQ_EXT20
	-24.0 ≤RSRQ≤-23.5
	dB

	RSRQ_EXT21
	-23.5 ≤RSRQ≤-23.0
	dB

	RSRQ_EXT22
	-23.0 ≤RSRQ≤-22.5
	dB

	RSRQ_EXT23
	-22.5 ≤RSRQ≤-22.0
	dB

	RSRQ_EXT24
	-22.0 ≤RSRQ≤-21.5
	dB

	RSRQ_EXT25
	-21.5 ≤RSRQ≤-21.0
	dB

	RSRQ_EXT26
	-21.0 ≤RSRQ≤-20.5
	dB

	RSRQ_EXT27
	-20.5 ≤RSRQ≤-20.0
	dB

	RSRQ_EXT28
	-20.0 ≤RSRQ≤-19.5
	dB

	No extended report
	-19.5 ≤RSRQ
	dB


Table 1 : Additional values to increase the RSRQ value range.

RAN2 would need to define the appropriate changes to ASN.1 to allow thresholds and measurement reports to use the extended range in a backwards compatible manner. Table 1 is also intended to ensure backwards compatibility in RAN4 specifications. Some assumptions are made about backwards compatibility in table 1. When RSRQ is above -19.5dB, the extended RSRQ report will not be included in the measurement report, and the legacy RSRQ report provides information on the RSRQ value. When RSRQ is below -19.5dB, the legacy RSRQ report will be RSRQ_00, and the extended RSRQ report provides information on the RSRQ value. In this way, none of the existing RSRQ report mappings are redefined. Similar principles would be used for threshold configuration as for reporting.
The minimimum for RSRQ accuracy are defined down to an RSRP Ês/Iot of -6dB. Although low RSRQ is likely to occur at low Ês/Iot, we do not propose to change the minimum accuracy requirement side condition as it is closely related to cell detection and has been agreed based on link level simulation campaigns in RAN4.
3 Conclusions 
In this contribution we discuss the value range for RRC connected state RSRQ. We have observed that UE may report the lowest possible RSRQ (RSRQ_00) while not experiencing radio link failure and provding some useful throughput on LTE. We note that there is a discrepancy between the  Q-Qualmin value range in idle mode (-3dB to -34dB in 1dB steps) and the RRC connected state value range (-3dB to -19.5dB in 0.5dB steps).  Therefore we make the following proposals:
Proposal 1: RSRQ value range for RRC connected state is extended in TEI12
Proposal 2 : The value range is extended to -34...-3dB with 0.5dB steps

If these proposals are acceptable, an LS needs to be sent to RAN2 so that the necessary changes to rel-12 signalling for measurement reporting and threshold configuration can be made.
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