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1 Introduction

RAN4 sent LS [1] to RAN2 and asked RAN2 to capture the agreement of increasing the RSRQ value range in active state to -34dB to +2.5dB with 0.5dB granularity. In this contribution, we analyze and discuss the related specification impacts.
2 Discussion
2.1 How to extend RSRQ range?
For connected mode, RAN2 defines the ASN.1 structure for RSRQ value range as below:

RSRQ-Range ::=





INTEGER(0..34)

The RSRQ-Range IE is used for RSRQ measurement reported values and measurement configuration thresholds. When used for RSRQ measurement reported values, it corresponds to certain range according to the mapping table in TS 36.133:

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


When used for measurement configuration thresholds, it corresponds to one specific value according to TS 36.331:
	ThresholdEUTRA

For RSRP: RSRP based threshold for event evaluation. The actual value is IE value – 140 dBm.

For RSRQ: RSRQ based threshold for event evaluation. The actual value is (IE value – 40)/2 dB.
EUTRAN configures the same threshold quantity for all the thresholds of an event.


For the mapping of measurement reported value in Table 9.1.7-1 “RSRQ_00” is mapped to “RSRQ ( -19.5” and “RSRQ_34” is mapped to “-3 ( RSRQ”. Considering the backward compatibility, the new extended RSRQ IE should be used only when the legacy IE RSRQ-Range is set to 0 or 34. For measurement configuration thresholds, this rule can also be applied. Therefore, we suggest:
Proposal 1: The new extended RSRQ IE is present only when the legacy IE RSRQ-Range is set to 0 or 34.
How to extend the RSRQ value range? There are the following methods:
· Alt1: two bound extension with separate and direct RSRQ reported values
For example, 
RSRQ-Range-v12xy ::=





INTEGER(-30..-1|35..46)

The corresponding mapping table in RAN4 would be:
Table 1: RSRQ measurement report mapping for Alt1
	Reported value
	Measured quantity value
	Unit

	RSRQ_-30
	RSRQ ( -34
	dB

	RSRQ_-29
	-34 ( RSRQ < -33.5
	dB

	…
	…
	…

	RSRQ_-02
	-20.5 ( RSRQ < -20
	dB

	RSRQ_-01
	-20 ( RSRQ < -19.5
	dB

	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

	RSRQ_35
	-3 ( RSRQ < -2.5
	dB

	RSRQ_36
	-2.5 ( RSRQ < -2
	dB

	…
	…
	…

	RSRQ_45
	2 ( RSRQ < 2.5
	dB

	RSRQ_46
	2.5 ( RSRQ
	dB


· Alt2: two bound extension with shared and mapped values
For example, 

RSRQ-Range-v12xy ::=





INTEGER(1..30)

For the use of measurement reported values, if the RSRQ-Range is set to 0 the RSRQ reported value is (46 + RSRQ-Range-v12xy), and if the RSRQ-Range is set to 34 the RSRQ reported value is (34 + RSRQ-Range-v12xy).
The corresponding mapping table in RAN4 would be:

Table 2: RSRQ measurement report mapping for Alt2
	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

	RSRQ_35
	-3 ( RSRQ < -2.5
	dB

	RSRQ_36
	-2.5 ( RSRQ < -2
	dB

	…
	…
	…

	RSRQ_45
	2 ( RSRQ < 2.5
	dB

	RSRQ_46
	2.5 ( RSRQ
	dB

	RSRQ_47
	-20 ( RSRQ < -19.5
	dB

	RSRQ_48
	-20.5 ( RSRQ < -20
	dB

	…
	…
	…

	RSRQ_75
	-34 ( RSRQ < -33.5
	dB

	RSRQ_76
	RSRQ ( -34
	dB


Although Alt1 consumes one bit more than Alt2, people can directly know the signalling quality via the RSRQ-Range-v12xy since it obeys the rule that the bigger is the RSRQ reported value, the better the signalling quality is. Therefore, we have a little preference for Alt1.
Proposal 2: Alt1 is adopted to extend the RSRQ value range. Send a response LS to RAN4 to ask to update the mapping table 9.1.7-1 in TS36.133 according to Table 1 above. 
2.2 Signalling impacts
2.2.1 Connected state
For connected state, we listed IEs which may be impacted as below:

Table 3: IEs which may be impacted
	Purpose
	Related IEs
	remarks

	Measurement threshold
	ThresholdEUTRA
(in ReportConfigEUTRA, ReportConfigInterRAT)
	Event triggered thresholds for RRM measurement

	Measurement report
	MeasResults
	PCell RSRQ in measurement report

	
	MeasResultEUTRA
	neighbour cell RSRQ in measurement report

	
	MeasResultServFreq-r10
	SCell RSRQ in measurement report

	For SON
	RLF-Report-r9
	Failure report for SON

	
	LogMeasInfo-r10
	

	
	ConnEstFailReport-r11
	

	Candidate cell RSRQ
	CandidateCellInfo-r10
	Candidate cell RSRQ which are sent to target eNB by source eNB for SCell addition upon handover


According to RAN4’s discussion [2] [3] [4], due to the widespread adoption of advanced receivers such as the interference ratio combining (IRC) receiver, UEs are able to maintain a useful throughput on E-UTRA while reporting RSRQ≤-19.5dB. That’s the main motivation for RAN4 to extend the lower bound of RSRQ value range in order to avoid too early handover. The motivation for extending the upper bound is due to the introduction of the new RSRQ.
The UE performs RSRQ measurement to get measurement reported values, and then compares with the measurement configuration thresholds to decide whether to trigger measurement report. The measurement threshold and measurement report are quite correlated and their range should be increased together. 

Since the candidate cell RSRQ comes from UE measurement report, it is reasonable to send the extended values by source eNB.
For SON, it would be beneficial to SON if the UE can report more precise result for the case RSRQ<-19.5dB or -3 ( RSRQ.  
Proposal 3: The extension of RSRQ value range is applied to measurement threshold, measurement report, SON related features and candidate cell RSRQ.
2.2.2 Idle state
For idle state, RSRQ was introduced in release 9 with the value range between -3dB and -34dB. 

Q-QualMin-r9 ::=




INTEGER (-34..-3)
The lower bound for idle state is the same as the new lower bound for connected state. The upper bound for idle state is -3dB. However the new upper bound for connected state is +2.5dB. Although RAN4’s LS [1] only mentions active state, it is likely that the upper bound for idle state also needs to be extended to +2.5dB, because the motivation of upper bound extension is the introduction of new RSRQ and the new RSRQ measurement definition is also applicable for idle state; see below (extracted from RAN4’s LS [6]):
The new RSRQ measurement definition is applicable in the following RRC states and measurement scenarios:

· RRC_IDLE and RRC_CONNECTED mode for intra-frequency RSRQ and inter-frequency RSRQ

· Idle mode, CELL_PCH, URA_PCH, CELL_FACH and CELL_DCH states for inter-RAT RSRQ in UTRA.

· RRC_IDLE and RRC_CONNECTED mode for inter-RAT RSRQ in GERAN 

Proposal 4: Ask RAN4 in the response LS whether the upper bound needs to be extended for idle state.
2.2.3 Measurement in other RATs
For active state RSRQ measurement in other RATs, the RSRQ value range is almost the same as the one in E-UTRA, e.g. in UTRA
	10.3.7.6c
E-UTRA measured results

Information Element/Group name
Need
Multi
Type and reference
Semantics description
Version
…
>>RSRQ

OP

Integer (0..33)

This quantity shall be reported if the “Inter-RAT measurement quantity” IE is set to ‘RSRQ’ or the “Inter-RAT reporting quantity” IE is set to ‘both’.
RSRQ_00 to RSRQ_33 in [36.133] are mapped to the value between 0 and 33. RSRQ_34 in [36.133] is mapped to the value 33.

REL-8




It is unclear whether the RSRQ value range needs to be extended in other RATs, e.g. UTRA, GERAN. As this will impact the signalling design, we would like to ask RAN4 about this question.
Proposal 5: Ask RAN4 whether the RSRQ value range needs to be extended in other RATs, e.g. UTRA, GERAN.
2.3 UE capability
Since the UE can support -34dB in idle state originally, it should be capable to also support the same in connected state. Since the extension of upper bound is due to the introduction of new RSRQ, it should also support the +2.5dB if UE support the new RSRQ. We can couple the support of the new RSRQ and the support of the RSRQ range extension. No additional UE capability is needed for the upper bound extension. Therefore, we suggest:
Proposal 6: No additional UE capability is introduced for RSRQ value range extension.
3 Conclusion
In this paper, we analyze and discuss the related specification impacts due to increasing value range for RSRQ. We have the following proposals:
Proposal 1: The new extended RSRQ IE is present only when the legacy IE RSRQ-Range is set to 0 or 34.
Proposal 2: Alt1 is adopted to extend the RSRQ value range. Send a response LS to RAN4 to ask to update the mapping table 9.1.7-1 in TS36.133 according to Table 1 above. 

Proposal 3: The extension of RSRQ value range is applied to measurement threshold, measurement report, SON related features and candidate cell RSRQ.
Proposal 4: Ask RAN4 in the response LS whether the upper bound needs to be extended for idle state.
Proposal 5: Ask RAN4 whether the RSRQ value range needs to be extended in other RATs, e.g. UTRA, GERAN.
Proposal 6: No additional UE capability is introduced for RSRQ value range extension.
Two CRs corresponding to Alt1 and Alt2 respectively are provided in [8] and [9]. Corresponding response LS is provided in [10].
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