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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The problem with narrow RSRQ measurement bandwidth in particular network deployment scenarios was first addressed at the RAN4#60 meeting [1], and has been discussed since then. At the RAN4#63 we had contributions where we showed that one may do off-centre narrow-band measurements as an alternative to increase the measurement bandwidth [2][3] . Other companies also provided results but with increased measurement bandwidth. A way forward was agreed [4], stating essentially the following:
· A solution to resolve the RSRQ measurement bandwidth issue shall be introduced
· Exact solution is for further studies
· Applicable release depends on solution
· The solution shall be applied to:
· Both serving and neighbour cells
· Both Idle and Connected modes (some differences between solutions for the two modes are not excluded)
· Intra-frequency, inter-frequency, and inter-RAT targeting E-UTRA.
· The solution is to be triggered by the network.
· The solution is to measure signal conditions over a wider bandwidth, but different implementations can be considered, e.g.
· Using wider measurement bandwidth
· Using narrow measurement bandwidth but covering a wider bandwidth in TDM manner and then average the frequency domain narrow bandwidth snapshots
· Existing measurement accuracy requirements are to be met in connected mode.
· Interested parties are encouraged to propose the solution in the next meeting.
In this contribution we provide proposals on the network-controlled mechanism that triggers the UE to make RSRQ measurement over a wider bandwidth, as well as on the expected UE behaviour and how it can be tested.
RSRQ Measurements over Wider Bandwidth
Mechanism in Network-Controlled Mobility
In network-controlled mobility (RRC_CONNECTED, CELL_DCH) the measurements are controlled directly by the network. The UE is configured with measurement objects that carry information on which carrier to conduct measurements on, as well as information on allowed measurement bandwidth for neighbour cells. The allowed measurement bandwidth is either 6, 15, 25, 50, 75 or 100 resource blocks.
Measurement object in E-UTRA for measurements towards E-UTRA carrier [5]:    
MeasObjectEUTRA information element
-- ASN1START

MeasObjectEUTRA ::=					SEQUENCE {
	carrierFreq							ARFCN-ValueEUTRA,
	allowedMeasBandwidth				AllowedMeasBandwidth,
	presenceAntennaPort1				PresenceAntennaPort1,
	neighCellConfig						NeighCellConfig,
	offsetFreq							Q-OffsetRange				DEFAULT dB0,
	-- Cell list
	cellsToRemoveList					CellIndexList				OPTIONAL,		-- Need ON
	cellsToAddModList					CellsToAddModList			OPTIONAL,		-- Need ON
	-- Black list
	blackCellsToRemoveList				CellIndexList				OPTIONAL,		-- Need ON
	blackCellsToAddModList				BlackCellsToAddModList		OPTIONAL,		-- Need ON
	cellForWhichToReportCGI				PhysCellId					OPTIONAL, 		-- Need ON
	...
}

CellsToAddModList ::=				SEQUENCE (SIZE (1..maxCellMeas)) OF CellsToAddMod

CellsToAddMod ::=	SEQUENCE {
	cellIndex							INTEGER (1..maxCellMeas),
	physCellId							PhysCellId,
	cellIndividualOffset				Q-OffsetRange
}

BlackCellsToAddModList ::=			SEQUENCE (SIZE (1..maxCellMeas)) OF BlackCellsToAddMod

BlackCellsToAddMod ::=	SEQUENCE {
	cellIndex							INTEGER (1..maxCellMeas),
	physCellIdRange						PhysCellIdRange
}

-- ASN1STOP

AllowedMeasBandwidth information element
-- ASN1START

AllowedMeasBandwidth ::=				ENUMERATED {mbw6, mbw15, mbw25, mbw50, mbw75, mbw100}

-- ASN1STOP

Measurement object in UTRA for measurements towards E-UTRA carrier [6]: 
[bookmark: _Toc311900347]	10.3.7.6b	E-UTRA frequency list
Contains the information for the list of measurement objects for E-UTRA measurements.
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	CHOICE E-UTRA frequency removal
	MP
	
	
	
	REL-8

	>Remove all frequencies
	
	
	
	(no data)
	REL-8

	>Remove some frequencies
	
	
	
	
	REL-8

	>>Removed frequencies
	MP
	1 to <maxNumEUTRAFreqs>
	
	
	REL-8

	>>>E-UTRA frequencies
	MP
	
	Integer (0..65535)
	EARFCN of the downlink carrier frequency [64]
	REL-8

	>Remove no frequencies
	
	
	
	(no data)
	REL-8

	New frequencies
	OP
	1 to <maxNumEUTRAFreqs>
	
	
	REL-8

	>E-UTRA carrier frequency
	MP
	
	Integer (0..65535)
	EARFCN of the downlink carrier frequency [64]
	REL-8

	>Measurement Bandwidth
	MD
	
	Enumerated (6, 15, 25, 50, 75, 100)
	Measurement bandwidth information common for all neighbouring cells on the carrier frequency. It is defined by the parameter Transmission Bandwidth Configuration, NRB [36.104]. The values indicate the number of resource blocks over which the UE could measure. Default value is 6.
	REL-8

	>Blacklisted cells list
	OP
	1 to <maxEUTRACellPerFreq>
	
	A list of blacklisted cells can be signalled per frequency
	REL-8

	>>Physical Cell identity
	MP
	
	Integer (0..503)
	
	REL-8

	E-UTRA SI Acquisition
	OP
	
	10.3.7.127
	
	REL-9



The allowed measurement bandwidth indicates the maximum bandwidth over which it is relevant to consider RSRQ. However, for legacy terminals the only mandated measurement bandwidth from requirement perspective is the central 6 resource blocks. 
Proposal 1: The following network trigger is proposed to be introduced in order to have UEs sampling RSRQ over a wider bandwidth than the central 6 resource blocks in network-controlled mobility scenarios:
· A single bit indicator that signals to the UE that measurements are to be carried out also outside the central 6 resource blocks, 
· A list of xARFCNs of partially or fully overlapping inter-frequency neighbour cells, and
· The already existing AllowedMeasBandwidth (E-UTRA)/Measurement bandwidth (UTRA), stating over which bandwidth the overlapping inter-frequency neighbour cells need to be taken into account.
The list of xARFCNs allows the UE to decide where to do narrow-band RSRQ measurements in a manner by which sampling repeatedly in guard bands between two neighbour cells is avoided. Measurements are however only to be carried out within AllowedMeasBandwidth (E-UTRA)/Measurement bandwidth (UTRA) since outside this bandwidth reference signals might be missing for some or all of the intra-frequency neighbour cells. If the indicator is cleared, and/or the xARFCN list is empty, and/or AllowedMeasBandwidth/Measurement Bandwidth is set to 6 resource blocks, it is sufficient for the UE to do measurements over the central 6 resource blocks.
Mechanism in UE-controlled mobility
[bookmark: _Toc311900498]In UE-controlled mobility (RRC_Idle, Idle mode, URA_PCH, Cell_PCH, Cell_FACH), the UE is provided with information about intra-frequency, inter-frequency and inter-RAT neighbours via broadcasted system information. This system information also carries information about allowed measurement bandwidth for neighbour cells.
The relevant information in E-UTRA for cell reselection towards E-UTRA cells is provided in system information blocks 3 and 5 for intra- and inter-frequency measurements [5], respectively:
SystemInformationBlockType3 information element
-- ASN1START

SystemInformationBlockType3 ::=		SEQUENCE {
	cellReselectionInfoCommon			SEQUENCE {
		q-Hyst								ENUMERATED {
												dB0, dB1, dB2, dB3, dB4, dB5, dB6, dB8, dB10,
												dB12, dB14, dB16, dB18, dB20, dB22, dB24},
		speedStateReselectionPars			SEQUENCE {
			mobilityStateParameters				MobilityStateParameters,
			q-HystSF						SEQUENCE {
				sf-Medium						ENUMERATED {
														dB-6, dB-4, dB-2, dB0},
				sf-High							ENUMERATED {
														dB-6, dB-4, dB-2, dB0}
			}
		}																OPTIONAL		-- Need OP
	},
	cellReselectionServingFreqInfo		SEQUENCE {
		s-NonIntraSearch					ReselectionThreshold		OPTIONAL,		-- Need OP
		threshServingLow					ReselectionThreshold,
		cellReselectionPriority				CellReselectionPriority
	},
	intraFreqCellReselectionInfo		SEQUENCE {
		q-RxLevMin							Q-RxLevMin,
		p-Max								P-Max						OPTIONAL,		-- Need OP
		s-IntraSearch						ReselectionThreshold		OPTIONAL,		-- Need OP
[bookmark: OLE_LINK42][bookmark: OLE_LINK48]		allowedMeasBandwidth				AllowedMeasBandwidth		OPTIONAL,		-- Need OP
		presenceAntennaPort1				PresenceAntennaPort1,
		neighCellConfig						NeighCellConfig,
		t-ReselectionEUTRA					T-Reselection,
		t-ReselectionEUTRA-SF				SpeedStateScaleFactors		OPTIONAL		-- Need OP
	},
	...,
	lateNonCriticalExtension				OCTET STRING			OPTIONAL,	-- Need OP
	[[	s-IntraSearch-v920					SEQUENCE {
			s-IntraSearchP-r9					ReselectionThreshold,
			s-IntraSearchQ-r9					ReselectionThresholdQ-r9
		}																OPTIONAL,		-- Need OP
		s-NonIntraSearch-v920				SEQUENCE {
			s-NonIntraSearchP-r9				ReselectionThreshold,
			s-NonIntraSearchQ-r9				ReselectionThresholdQ-r9
		}																OPTIONAL,		-- Need OP
		q-QualMin-r9						Q-QualMin-r9				OPTIONAL,		-- Need OP
		threshServingLowQ-r9				ReselectionThresholdQ-r9	OPTIONAL		-- Need OP
	]]
}

-- ASN1STOP

SystemInformationBlockType5 information element
-- ASN1START

SystemInformationBlockType5 ::=		SEQUENCE {
	interFreqCarrierFreqList			InterFreqCarrierFreqList,
	...,
	lateNonCriticalExtension				OCTET STRING				OPTIONAL	-- Need OP
}

InterFreqCarrierFreqList ::=		SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo

InterFreqCarrierFreqInfo ::=	SEQUENCE {
	dl-CarrierFreq						ARFCN-ValueEUTRA,
	q-RxLevMin							Q-RxLevMin,
	p-Max								P-Max							OPTIONAL,		-- Need OP
	t-ReselectionEUTRA					T-Reselection,
	t-ReselectionEUTRA-SF				SpeedStateScaleFactors			OPTIONAL,		-- Need OP
	threshX-High						ReselectionThreshold,
	threshX-Low							ReselectionThreshold,
	allowedMeasBandwidth				AllowedMeasBandwidth,
	presenceAntennaPort1				PresenceAntennaPort1,
	cellReselectionPriority				CellReselectionPriority			OPTIONAL,		-- Need OP
	neighCellConfig						NeighCellConfig,
	q-OffsetFreq						Q-OffsetRange					DEFAULT dB0,
	interFreqNeighCellList				InterFreqNeighCellList			OPTIONAL, 		-- Need OR
	interFreqBlackCellList				InterFreqBlackCellList			OPTIONAL, 		-- Need OR
	...,
	[[	q-QualMin-r9					Q-QualMin-r9					OPTIONAL,		-- Need OP
		threshX-Q-r9					SEQUENCE {
			threshX-HighQ-r9				ReselectionThresholdQ-r9,
			threshX-LowQ-r9					ReselectionThresholdQ-r9
		}																OPTIONAL		-- Cond RSRQ
	]]
}

InterFreqNeighCellList ::=			SEQUENCE (SIZE (1..maxCellInter)) OF InterFreqNeighCellInfo

InterFreqNeighCellInfo ::=			SEQUENCE {
	physCellId							PhysCellId,
	q-OffsetCell						Q-OffsetRange
}

InterFreqBlackCellList ::=			SEQUENCE (SIZE (1..maxCellBlack)) OF PhysCellIdRange

-- ASN1STOP

The relevant information in UTRA for cell reselection towards an E-UTRA cell is provided in system information block 19 [6]:
10.3.7.115	E-UTRA frequency and priority info list
Contains information about neighbour E-UTRA frequencies (with associated blacklists), together with priority based reselection information.
	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	E-UTRA frequency and priority
	
	1 to <maxNumEUTRAFreqs>
	
	
	REL-8

	>EARFCN
	MP
	
	Integer(0..65535)
	EARFCN of the downlink carrier frequency [36.101]
	REL-8

	>Measurement Bandwidth
	MD
	
	Enumerated(6, 15, 25, 50, 75, 100)
	Measurement bandwidth information common for all neighbouring cells on the carrier frequency. It is defined by the parameter Transmission Bandwidth Configuration, NRB [36.104]. The values indicate the number of resource blocks over which the UE could measure. Default value is 6.
	REL-8

	>priority
	MP
	
	Integer (0..<maxPrio–1>)
	0 is the lowest priority and maxPrio-1 is the highest.
	REL-8

	>QrxlevminEUTRA
	MP
	
	Integer (-140..-44 by step of 2)
	RSRP, [dBm]
	REL-8

	>Threshx, high
	MP
	
	Integer (0..62 by step of 2)  
	RSRP, dB

	REL-8

	>Threshx, low
	MP
	
	Integer (0..62 by step of 2)  
	RSRP, dB

	REL-8

	>QqualminEUTRA
	MD
	
	Integer (-34..-3)
	RSRQ, dB
default value is negative infinity
	REL-9

	>Threshx, high2
	OP
	
	Integer (0..31)
	RSRQ, dB

	REL-9

	>Threshx, low2
	OP
	
	Integer (0..31)
	RSRQ, dB

	REL-9

	>Blacklisted cells per freq list
	OP
	1 to <maxEUTRACellPerFreq>
	
	
	REL-8

	>>Physical Cell identity
	MP
	
	Integer (0..503)
	A list of blacklisted cells can be signalled per frequency
	REL-8

	>E-UTRA detection
	MP
	
	Boolean
	‘TRUE’ means that the UE may detect the presence of a E-UTRA cell and report to NAS.
NOTE 1.
	REL-8

	NOTE 1:	If the value of “E-UTRA detection” is not identical across the frequency layers, UE behaviour is unspecified.



Similar to the case for network controlled mobility, it is proposed that the system information is extended with information regarding RSRQ measurements over a wide bandwidth.
Proposal 2: For UE-controlled mobility scenarios, it is proposed that the system information is extended with the following, per frequency:
· A single bit indicator that signals to the UE that measurements are to be carried out also outside the central 6 resource blocks, 
· A list of xARFCNs of partially or fully overlapping inter-frequency neighbour cells, and
· The already existing AllowedMeasBandwidth (E-UTRA)/Measurement bandwidth (UTRA), stating over which bandwidth the overlapping inter-frequency neighbour cells need to be taken into account.
UE behaviour in Network-controlled mobility
In network-controlled mobility by which the UE reports measurements to the network, the following UE behaviour is proposed. 
Proposal 3: When wideband RSRQ measurements are indicated in network-controlled mobility scenarios, the UE shall report RSRQ that corresponds to the average RSRQ level in the vicinity of the listed xARFCNs as well as of in the vicinity of the intra-frequency carrier. The RSRQ as well as the RSRP shall meet existing requirements on measurement accuracy in [7][8].
Moreover it is proposed that existing requirements on event detection time and cell detection time are to be followed, provided that less than [TBD] xARFCNs of interfering cells need to be taken into account. The reason for limiting the number of xARFCNs for which this requirement applies is to allow the UE to do narrow-band measurements.
Proposal 4: In network-controlled mobility scenarios existing requirements on event detection time and cell detection time shall apply also when RSRQ measurements are configured to be carried out over wider bandwidth, provided that interference from less than [TBD] xARFCNs need to be taken into account.
UE behaviour in UE-controlled mobility
In UE-controlled mobility, by which it is the UE itself that reselects cells, the following UE behaviour is proposed. 
Proposal 5: When wideband RSRQ measurements are indicated in UE-controlled mobility scenarios, the UE shall derive a RSRQ that corresponds to the average RSRQ level in the vicinity of the listed xARFCNs as well as of in the vicinity of the intra-frequency carrier falling within the AllowedMeasBandwidth.
Moreover it is proposed that existing requirements on cell detection and cell re-selection evaluation times are to be followed [7][8].
Proposal 6: In UE-controlled mobility scenarios existing requirements on cell detection and cell re-selection evaluation times are to be followed.
Testing of RSRQ Requirements
The RSRQ requirements over wider bandwidth are to be verified in test cases. In this section we provide an overview of such test cases. 
It is proposed that for the network-controlled mobility scenario the UE behaviour is tested as follows.
One test is based on detection of Event A2 (Serving becomes worse than threshold) for RSRQ, and two time periods, where during both time periods Ês/Iot is kept constant over the central 6 resource blocks. During first time period Ês/Iot is constant across the bandwidth, and in second time period two narrow-band interferers are activated, one on each side of the centre carrier. The UE shall then detect the increased interference (reduced RSRQ) within some given time.
The other test is a measurement accuracy tests which essentially is based on a single time period and the same setup as for time period 2 above.
Proposal 7: The UE behaviour with respect to wider RSRQ measurement bandwidth in network-controlled mobility scenarios shall be verified by means of two test cases: one that verifies event detection requirements using two time periods, and another that verifies measurement accuracy using a single time period.
It is proposed for the UE-controlled mobility scenario that the UE behaviour is tested by means of a cell reselection test over two time periods and two carriers, where during the first time period an inter-frequency neighbour cell is subjected to two narrow-band interferers, one at each side of the centre carrier. During second period the narrow-band interferers are deactivated. The UE shall reselect the inter-frequency neighbour cell during time period two since the wideband RSRQ becomes more favourable than during time period one. 
Proposal 8: The UE behaviour with respect to wider RSRQ measurement bandwidth in UE-controlled mobility scenarios shall be verified with a cell reselection test over two time periods.
Summary of Proposals
The following has been proposed regarding network trigger and UE behaviour for RSRQ measurements over wider bandwidth:
Proposal 1: The following network trigger is proposed to be introduced in order to have UEs sampling RSRQ over a wider bandwidth than the central 6 resource blocks in network-controlled mobility scenarios:
· A single bit indicator that signals to the UE that measurements are to be carried out also outside the central 6 resource blocks, 
· A list of xARFCNs of partially or fully overlapping inter-frequency neighbour cells, and
· The already existing AllowedMeasBandwidth (E-UTRA)/Measurement bandwidth (UTRA), stating over which bandwidth the overlapping inter-frequency neighbour cells need to be taken into account.
Proposal 2: For UE-controlled mobility scenarios, it is proposed that the system information is extended with the following, per frequency:
· A single bit indicator that signals to the UE that measurements are to be carried out also outside the central 6 resource blocks, 
· A list of xARFCNs of partially or fully overlapping inter-frequency neighbour cells, and
· The already existing AllowedMeasBandwidth (E-UTRA)/Measurement bandwidth (UTRA), stating over which bandwidth the overlapping inter-frequency neighbour cells need to be taken into account.
Proposal 3: When wideband RSRQ measurements are indicated in network-controlled mobility scenarios, the UE shall report RSRQ that corresponds to the average RSRQ level in the vicinity of the listed xARFCNs as well as of in the vicinity of the intra-frequency carrier. The RSRQ as well as the RSRP shall meet existing requirements on measurement accuracy in [7][8].
Proposal 4: In network-controlled mobility scenarios existing requirements on event detection time and cell detection time shall apply also when RSRQ measurements are configured to be carried out over wider bandwidth, provided that interference from less than [TBD] xARFCNs need to be taken into account.  
Proposal 5: When wideband RSRQ measurements are indicated in UE-controlled mobility scenarios, the UE shall derive a RSRQ that corresponds to the average RSRQ level in the vicinity of the listed xARFCNs as well as of in the vicinity of the intra-frequency carrier falling within the AllowedMeasBandwidth.
Proposal 6: In UE-controlled mobility scenarios existing requirements on cell detection and cell re-selection evaluation times are to be followed.
Proposal 7: The UE behaviour with respect to wider RSRQ measurement bandwidth in network-controlled mobility scenarios shall be verified by means of two test cases: one that verifies event detection requirements using two time periods, and another that verifies measurement accuracy using a single time period.
Proposal 8: The UE behaviour with respect to wider RSRQ measurement bandwidth in UE-controlled mobility scenarios shall be verified with a cell reselection test over two time periods.
Conclusions
We have provided a set of proposals on network trigger for measuring RSRQ over a wider bandwidth than the central 6 resource blocks. The expected UE behaviour has been stated and test cases have been suggested.
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