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1. Introduction
RAN2 received an LS from RAN4 on signalling support for wideband RSRQ measurements [1]. This paper explains the background of introducing wideband RSRQ measurements and discusses the required signalling based on the RAN4 input. 
2. Discussion
2.1. Background
Since Rel-8, the centre 6 resource blocks (RBs) on the measured frequency carrier as the measurement bandwidth (BW) have been assumed for the minimum requirements of the cell search and measurements. Even though Cell-specific Reference Signals (CRSs) which can be utilised for measurements are spread out over the entire system BW, using the centre 6 RBs was quite rational for supporting multiple bandwidth with reduced power consumption and UE processing complexity as explained in [2]. There has also been a signalling specified from Rel-8 to inform the UE of the allowed measurement BW called the AllowedMeasBandwidth IE. This IE can indicate a maximum common BW among the cells on a carrier frequency. 
With this narrow measurement BW, there is not an issue in the deployment scenario where both the serving and neighbour cells are operated by the same BW. Nevertheless, RAN4 identified the problematic scenarios where the operating BW is different between the serving and neighbour cells as illustrated in Fig.1 [2]. Fig.1(a) shows an problematic scenario where the serving E-UTRAN cell operates 10 MHz channel BW and the neighbour cells operators 5 MHz in the same frequency band. In this scenario, the around centre of the serving cell with 10 MHz channel BW is subject to less interference from the neighbour cells with 5 MHz due to the relationship between the channel BW and the transmission BW defined in [3]. The gap between E-UTRAN 5 MHz cells is approximately 5 – (4.5 + 4.5)/ 2 = 0.5 MHz. It should be noted that if the serving cell is 20 MHz and the neighbours are 10 MHz, the gap is approximately 20 – (9 + 9)/ 2 = 2 MHz, which is larger than 6 RBs (1.08 MHz). An another example is shown in Fig.1(b) whether the neighbour cells are 5 MHz UTRAN. In this scenario, the gap between UTRAN cells is approximately 5 – (3.84 + 3.84)/ 2 = 1.16 MHz, which is almost equal to 6 RBs. 
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Fig.1
Problematic scenarios.
According to these scenarios, the identified issue is that the UE would misjudge the interference from neighbours with narrow measurement BWs. This could result in lower RSSI values due to the signal gap. Consequently, the UE considers RSRQ as high enough even though the actual interference is much higher and RSRQ should be low to trigger some actions (e.g., handover and cell reselection). The following consequences in both RRC_CONNECTED and RRC_IDLE can be considered:
· RRC_CONNECTED
· RSRQ can be used as triggering quantity for inter-frequency handover decision and RRC connection release with redirection towards another frequency/RAT. If RSRQ is measured higher than the actual value due to the signal gap of aggressor cells, event triggered reporting (e.g., Event A2/A3) would be delayed. This could result in delaying the handover or redirection decision and RLF in the worst case.
· RRC_IDLE

· RSRQ is used for Squal based cell reselection. If RSRQ is measured optimistic due to the interference gap, it would cause the delay for cell reselection. In the worst case, UE would miss paging and fail to establish emergency/high priority calls. Unnecessary ping-pong reselection would also be occurred. 
To overcome with these problems, RAN4 decided to introduce RSRQ measurements with wider BWs than 6 RBs.
2.2. Need of explicit indication for connected mode
At RAN4#64bis, Whether UE autonomously performs wideband RSRQ measurements by reusing the available information (e.g., serving cell RSRP and intra-frequency detection status) or it is explicitly indicated by the network was discussed [4]. RAN4 concluded that the explicit signalling is robust and generic approach instead of relying on UE autonomous behaviour since the available information would not be a good metric to trigger the wideband measurement for the identified scenarios [5]. For the explicit signalling, the RAN4 LS informed as follows [1]:
	· Explicit indication is signalled by the network to inform the UE to perform wider bandwidth RSRQ measurements.

· The indication is signalled per E-UTRA carrier frequency.

· It applies to intra-frequency, inter-frequency and inter-RAT E-UTRA (i.e., when serving cell is UTRA).

· Applicable in E-UTRAN in RRC_CONNECTED state and UTRAN in CELL_DCH state.

· It applies when AllowedMeasBandwidth is 10 MHz or larger.

· Measurement Bandwidth information

· Use existing parameter, AllowedMeasBandwidth defined in TS 36.331 to inform UE about allowed measurement bandwidth.

· The actual measurement bandwidth is up to UE implementation.


To introduce the explicit indication as asked by the LS, the following is proposed:
Proposal:
For E-UTRA/UTRA, an explicit indication for wideband RSRQ measurements is added to measObjectEUTRA/E-UTRA frequency list. If this indication is present, UE in RRC_CONNECTED shall use a wider bandwidth when performing RSRQ measurements according to the RAN4 specification.
As indicated in the LS, support of RRC_IDLE is FFS
3. Summary and proposal
This paper discussed the background of introducing wideband RSRQ measurements and the need of explicit signalling for UE in RRC_CONNECTED. In conclusion, the following was proposed:
Proposal:
For E-UTRA/UTRA, an explicit indication for wideband RSRQ measurements is added to measObjectEUTRA/E-UTRA frequency list. If this indication present, UE in RRC_CONNECTED shall user a wider bandwidth when performing RSRQ measurements according to the RAN4 specification.

ASN.1 impact to TS 36.331 is shown in the Annex section. CRs to 36/25.331 are provided in this meeting [6, 7].
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Annex: ASN.1 impact on indication of wideband RSRQ measurements (TS 36.331)
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


...,


[[measCycleSCell-r10



MeasCycleSCell-r10

OPTIONAL,

-- Need ON



measSubframePatternConfigNeigh-r10
MeasSubframePatternConfigNeigh-r10
OPTIONAL






-- Need ON


]] ,


[[widebandRSRQMeas




ENUMERATED {enabled}

OPTIONAL,

-- Need OP

]]
}

<<Not affected ASN.1>>
	MeasObjectEUTRA field descriptions

	widebandRSRQMeas
If this field is present, the UE shall use a wider bandwidth when performing RSRQ measurements according to TS 36.133 [16].
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