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1. Introduction
In RAN4 #62bis meeting, a way forward on RSRQ measurement bandwidth was agreed in [1]. The benefits of wider BW RSRQ measurements to ensure better consistency of measurement were seen in simulations results which were proposed by many companies. However there are still some areas needing further study. In the contribution, the areas for further study will be discussed and the possible solutions are proposed.
2. Discussion
2.1 Background
Whether system BW of neighbor cell is unknown?
In the current protocol, when there is the X2 AP interface between the neighboring eNBs, the “DL Transmission Bandwidth” of the neighboring cell is known to the serving cell. Otherwise the serving cell has no information of the neighboring cells when there is no X2 AP interface.
Current signallings for measurement bandwidth 

In RAN2 the measurement bandwidth is specified in the RRC layer specifications TS 36.331 where the “Allowedmeasbandwidth” is introduced in the IE MeasObjectEUTRA, SIB3 and SIB5. As we know that the IE allowedmeasbandwidth is applicable for intra-frequency, inter-frequency or inter-RAT neighboring cells. The IE AllowedMeasBandwidth is used to indicate the maximum allowed measurement bandwidth on a carrier frequency. The field does not dictate the actual measurement bandwidth that UE employs but just indicates what possible maximum measurement bandwidth is. UE can use the bandwidth less than the AllowedMeasBandwidth for performing measurements.
For the serving cell, the IE dl-Bandwidth is introduced in MasterInformationBlock. 
2.2  Areas for further study
· 1. Whether to increase serving cell measurement BW only, or both serving and neighbour measurement
In the last meeting, [2][3]presented the simulation results based on the agreed simulation assumptions. The simulation results indicate that the number of ping pong handover increases if serving cell is measured with system BW, and neighbour cells are measured with 6RBs. In the same way, if UE is in the idle state, this will also result in the degradation of the cell reselection performance. Thus only increasing the serving cell measurement BW will decrease the mobility performance. Thus it is beneficial to increase the measurement bandwidth both serving and neighbour cells.
Proposal1: It is beneficial to increase the measurement bandwidth for both serving and neighbour cells.
· 2. If wider neighbour BW is needed, how does the UE determine the bandwidth to measure the neighbour cell?
· 3. Is it necessary to measure cells with full system BW, or can some flexibility still to use other measurement BW>6RB be kept?
We take bullet 2 and 3 together into account. The RSRQ distribution with different measurement bandwidth is shown in Figure 1. The simulation assumptions are based on the agreed WF. In the simulation, a UE is dropped in 1st tier, i.e. green cells, and move in line to cell edge at 30km/h speed. No handover is triggered. It is seen that 15RBs and 25RBs measurements are comparable to 50RBs measurements. As discussed above that the system bandwidths of neighbor cells are possibly unknown to UE. In addition, the mandatorily using the system bandwidth as measurement bandwidth would introduce much power consumption. Thus it could allow some flexibility to use the measurement bandwidth rather than the system bandwidth.
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Figure1. RSRQ variety with different measurement bandwidth
Some approaches have been proposed [4][5] as following:
Solution1: RSRQ measurement bandwidth for a cell should be the same as the allowedMeasBandwidth given by the eNB for the cell
If RSRQ measurement bandwidth for a cell should be the same as the allowedMeasBandwidth given by the eNB for the cell, the disvantages of the solution is the power consumption, especially for the scenario which does not have this type of deployment. 
Solution2: Define a new Boolean IE, e.g. increasedMeasurementBW, for each frequency layer such that when the IE is set to TRUE, the corresponding frequency layer is measured with the same bandwidth as the serving cell.
For the scenario that the serving cell is 20MHz and neighbour cell is 5MHz, the measurement bandwidth would be set to 100RBs according the option2. However the transmission bandwidth of neighboring cell is only 25RB. If the increasedMeasurementBW  is set to TRUE, then the measurement bandwidth of neighbouring cells is 100 RB. Obviously the solution is not appropriate in some cases. 
One flexible solution is that network could signal the wider measurement bandwidth information to UE for the neighbouring cell measurements when the wider measurement bandwidth is needed.  We suggest that UE would apply the signalled measurement bandwidth. Thus some changes in RAN2 specification would be needed, for example, define a new “neighMeasurementBW” for the neighbor cell measurements.
Proposal2: The measurement bandwidth could be signaled by the network for intra-frequency, inter-frequency or inter-RAT neighboring cells. One outgoing LS to RAN2 to update TS 36.331 is needed.
· Is it necessary to mandate UE to measure cells with wider BW all the time? 
As shown in figure 1, when UE is in cell centre, there is not big difference of the wideband RSRQ and center 6 RBs RSRQ measurement results. When UE is moving to the cell edge, the RSRQ difference is significant, e.g. could be up to 3.0dB. Thus, it may be beneficial to enable UE wideband measurement in cell edge. From the power consumption point of view, there is no necessary to mandate UE to measure cells with wider bandwidth all the time. Thus we propose that the new IE for neighbour cell measurements “neighMeasurementBW” can be set to optional. When UE move to the cell edge, the network can signaling RRCconnectionReconfiguration including “neighMeasurementBW” to UE, and UE can measure cells with the signaled measurement bandwidth. 
3. Conclusions
In this contribution, the remaining issue in RSRQ measurement bandwidth topic is further studied. Several solutions are analyzed and we propose the following proposals:
Proposal1: It is beneficial to increase the measurement bandwidth both serving and neighbour cells.
Proposal2: The measurement bandwidth could be signalled by the network for intra-frequency,  inter-frequency or inter-RAT cells. One outgoing LS to RAN2 to update TS 36.331 is needed.
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5. Appendix
Annex 1. Baseline System simulation assumptions

Table 1. Main simulation parameters
	Feature/Parameter
	
	Value/Description

	eNB configuration


	Operation Bandwidth
	5 + 5 MHz, 10 MHz

	
	eNodeB tx Power
	43 dBm per carrier for 5 MHz, 46 dBm per carrier for 10 MHz

	Physical layer parameters
	IFFT/FFT length
	512 for 5 MHz, 1024 for 10 MHz,

	
	Duplexing
	FDD

	
	Number of sub-carriers / CC
	300 for 5 MHz, 600 for 10 MHz,

	
	NW synchronicity
	Asynchronous NW

	
	Sub-carrier spacing
	15 kHz

	
	Resource block bandwidth
	180 kHz

	
	Sub-frame length
	1 ms

	
	Number of symbols per TTI
	14

	
	Number of data symbols per TTI
	11

	
	Number of control symbols per TTI
	3

	Simulation Scenario
	Macro cell ISD
	500 m 

	
	Penetration loss
	20 dB

	
	UE speed
	30 km/h

	
	Multipath delay profile
	TU

OR

3GPP Spatial Channel Model (SCM) [TR 25.996] can be used if MIMO is used

	
	UE receiver
	2RX MRC

OR

2x2 MIMO

	
	Antenna pattern (horizontal)
(For 3-sector cell sites with fixed antenna patterns)
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	UE tx power
	23 dBm (200 mW)
(This corresponds to the sum of PA powers in multiple Tx antenna case)

	Propagation formula
	Distance-dependent path loss 
	L=I + 37.6log10(.R), R in kilometers

I=128.1 for 2GHz

[3GPP TR 25.942]

	Shadowing: 

Similar to UMTS 30.03, B 1.4.1.4 

[ ETSI TR 101 112]

	Standard deviation
	8 dB

	
	Correlation distance
	50 m

	
	Correlation between sites
	1.0

	
	Correlation between cells
	0.5

	
	Correlation between carriers
	1.0

	Interference modelling
	
	UL: Explicit modelling (all cells occupied by UEs), 

DL: Explicit modelling else cell power = Ptotal

	
	
	


Table 2. Measurement and mobility parameters

	Feature/Parameter
	
	Value/Description

	RSRP/RSRQ measurement parameters
	Measurement Bandwidth
	6 PRBs, 15RBs, 25PRBs, 50 PRBs, 

	
	Measurement Period for intra-frequency cell
Measurement Period for inter-frequency cell
L3 filtering
	200 ms filtering

480 ms filtering
fc0 (i.e. no filtering) or fc4

	
	
	

	RLM parameters (i.e. parameters determining when RLF occurs)
	Qout [Es/Iot]

Qin  [Es/Iot]
	-8 dB

-6 dB

	Handover delays
	Preparation delay

Execution delay

Measurement report

HO command
	50 ms

30 ms

Modelled and sent as RRC message

Modelled and sent as RRC message

	Cell identification thresholds (i.e. cell is detected when RSRP and Es/Iot are over the given thresholds)
	RSRP threshold

Es/Iot threshold
	-127 dBm

-6 dB
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