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1
Introduction
Following RAN4 decision on increasing the RSRQ value range [1], RAN2 has incorporated the required changes in TS 36.331 with the CR in [3]. At the same time RAN4 has worked out new definition of RSRQ measurement [2]. The extended RSRQ range and new definition of RSRQ have resulted in introduction new UE capabilities: extendedRSRQ-LowerRange-r12 and rsrqOnAllSymbols-r12. 

The parallel requirements implied some dependencies between the UE capabilities. In this contribution we present some ambiguities brought by interpretation of UE capability for extended RSRQ range and attempt to confirm correct understanding.
2
Discussion
2.1 Extended RSRQ range signaling
RAN4 agreement to increase the RSRQ value to -34dB to +2.5dB with 0.5dB granularity, resulted in the following changes in 36.331 for active UE state:

· Introducing new RSRQ-Range-v12xy IE, that will apply to measurement thresholds, measurement reports, SON related features and candidate cell RSRQ
· The new extended RSRQ-Range-v12xy IE is present only when the corresponding original field (using RSRQ-Range i.e. without suffix) is set to value 0 or 34
·  The new RSRQ IE is introduced as:
RSRQ-Range-v12xy ::=



INTEGER(-30..46)

· and the corresponding mapping table in RAN4 is:
Table 1: RSRQ measurement report mapping (as per 36.133)
	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


Note: The ranges from RSRQ_-30 to RSRQ_-01 and  from RSRQ_35 to RSRQ_46 apply for the UE who can support extended RSRQ range
2.2 Support of extended RSRQ range

The UE supports extended RSRQ range if it indicates defined for this purpose capability. However, due to the split between lower and upper range of the extended RSRQ (see Table 1), also two separate capabilities have been introduced:

1. To indicate lower range support

2. To indicate upper range support

Important to note that the support of upper range is being directly correlated with the new definition of RSRQ on all OFMD symbols. This results the support of extended RSRQ range is indicated:

1. Explicitly for the lower range by: 


extendedRSRQ-LowerRange-r12


ENUMERATED {supported}

OPTIONAL,
2. Implicitly (i.e. capability bit indicating support of the new RSRQ definition on all OFDM symbols implies also upper range of RSRQ measurement in wider bandwidth support) for the upper range by: 


rsrq-OnAllSymbols-r12


ENUMERATED {supported}

OPTIONAL,
2.3 Capabilities interpretation

The eNB knows the UE capabilities explicitly based on the UE reporting capability. Both of the capabilities indicate UE support for measurement configuration and reporting. Ideally, in practice the UE will support both of the features jointly.
extendedRSRQ-LowerRange-r12


ENUMERATED {supported}

OPTIONAL,
rsrq-OnAllSymbols-r12



ENUMERATED {supported}

OPTIONAL,
However, a question arises what the eNB should expect and what will be the UE implementation and behaviour in case, the UE supports one of the capabilities, e.g.: signalled capabilities are as follows:

extendedRSRQ-LowerRange-r12


ENUMERATED {supported}

OPTIONAL,
rsrq-OnAllSymbols-r12



ENUMERATED {supported}

OPTIONAL,

Theoretically, from RRC standard viewpoint, the given example implies that the UE does not support new RSRQ definition on all OFDM symbols; it supports RSRQ in wider bandwidth, but only in the lower range. 

Thus, it remains ambiguous how to explain the meaning of the case. Possible interpretation can be:

Alt.1 - The UE supports measurement reporting only for the lower RSRQ range; hence if RSRQ measured value turns out to fall into lower range it will set the corresponding original field RSRQ-Range to value 0, and signal the measured value as RSRQ-Range-v12xy  (set from -30 to -1 appropriately). Otherwise, if the measured value turns out to be -3dB ( RSRQ, the UE set only the legacy field RSRQ-Range to value 34 to signal the measured value as does not support upper range extension

Alt.2 - The UE supports measurement reporting for the lower RSRQ range and the upper RSRQ range, but since it does not support RSRQ measurement on all OFDM symbols, the UE couldn’t just signal the second capability; The capability signalling limitation does not narrow down the UE ability to measure and report extended ranges, hence any measured value will be signalled according to the Table 1, with appropriate setting of RSRQ-Range and RSRQ-Range-v12xy
The Alternative 1 seems to be the right interpretation of the current 36.331 standard, even though it might cause some burden to the UE while forcing different approaches for RSRQ signalling, dependant on the actual RSRQ measurement result. Alternative 2 would be preferable in order to benefit from the extended RSRQ range and provision of the precise RSRQ measurement values. 

We believe that in practical scenarios UEs supporting new RSRQ definition will also support extended RSRQ range. However, since standard allows the split, it also does not exclude such incoherency in practice. Therefore, we propose to clarify which UE behaviour should be assumed in case extended RSRQ and new RSRQ definition support does not go hand-in-hand.

Proposal: Clarify the UE support for extended RSRQ range.

2.3.1 Example scenario

For the periodical reporting (reportStrongestCells) with triggerQuantity= RSRQ, the UE provide measurement results according to the following:
MeasResultListEUTRA ::=



SEQUENCE (SIZE (1..maxCellReport)) OF MeasResultEUTRA 

MeasResultEUTRA ::=
SEQUENCE {


physCellId






PhysCellId,


cgi-Info






SEQUENCE {



cellGlobalId





CellGlobalIdEUTRA,



trackingAreaCode




TrackingAreaCode,



plmn-IdentityList




PLMN-IdentityList2 



OPTIONAL


}


 











OPTIONAL,


measResult






SEQUENCE {



rsrpResult






RSRP-Range





OPTIONAL,



rsrqResult






RSRQ-Range





OPTIONAL,



...,



[[
additionalSI-Info-r9



AdditionalSI-Info-r9



OPTIONAL



]],



[[
primaryPLMN-Suitable-r12


ENUMERATED {true}


OPTIONAL,




measResult-v1250




RSRQ-Range-v1250


OPTIONAL



]]


}

}

RSRQ-Range-v1250 ::=



INTEGER(-30..46)

>
set the measResult to include the quantity(ies) indicated in the reportQuantity within the concerned reportConfig in order of decreasing triggerQuantity, i.e. the best cell is included first;
The UE is non-capable of both: 

extendedRSRQ-LowerRange-r12


ENUMERATED {supported}

OPTIONAL,


rsrq-OnAllSymbols-r12



ENUMERATED {supported}

OPTIONAL,

However, the eNB would like to take the advantage of RSRQ enhancements for this periodical reporting. 
The measRSRQ-OnAllSymbols-r12 in the measConfig hes been introduced for the network control of RSRQ measurement on all OFDM symbols in connected mode.Thus, the field in the corresponding measConfig does not need to be set:
measRSRQ-OnAllSymbols-r12

BOOLEAN






OPTIONAL
-- Need ON

We would like to confirm that  the network may expect in such a case the extended RSRQ range will be provided by the UE whenever the measured value falls into the lower range of extended RSRQ (i.e. RSRQ( -19.5db). I.e. the UE always support lower RSRQ range when supports it without explicit indication from the network.
Observation: The UE indicating support of only one range of the extended RSRQ (i.e. lower or upper) by means of extendedRSRQ-LowerRange-r12 or rsrqOnAllSymbols-r12 cannot support the full extended RSRQ range.
3
Conclusion
In this contribution we emphasized possible issues in interpreting UE reporting capabilities resulted from split capability for single functionality, i.e. extended RSRQ range. Since this may cause ambiguity and mistaken eNB interpretations, we propose the following:
Proposal: Clarify the UE support for extended RSRQ range.
Observation: The UE indicating support of only one range of the extended RSRQ (i.e. lower or upper) by means of extendedRSRQ-LowerRange-r12 or rsrqOnAllSymbols-r12 cannot support the full extended RSRQ range.
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