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1. Introduction
In RAN4 #63 meeting, a way forward on RSRQ measurement bandwidth was agreed in [1]. There was big progress  obtained on the topic. The agreed WF is reproduced as following:

	· A solution to resolve the issue of RSRQ measurement BW should be introduced.
· The exact solution is FFS.
· Applicable release depends on the solution.
· The solution shall be applied to:
· both serving and neighbour cells.
· both IDLE and CONNECTED modes. Some difference between idle and connected is not excluded
· Intra-frequency, Inter-frequency, Inter-RAT targeting E-UTRA
· Somehow, it seems to need NW trigger for the solution.
· The solution would be wide band measurements which take into account wide signal conditions. Different implementations can be considered in the work eg 
· to have wider measurement bandwidth
· to use narrow bandwidth to measure over wide bandwidth in TDM manner and average the frequency domain narrow bandwidth measurement snapshots
· Etc.
· Existing accuracy requirements are to be met in connected mode; no additional accuracy requirements will be defined.
· Interested parties are encouraged to propose the solution in the next meeting.


In the contribution, we discuss the solutions for BW RSRQ measurements as requested. Since every interested party has presented the simulation results and some important consensus had been reached, we think it is time for RAN4 to converge to an concrete solution. 
2. Discussion
2.1 Background
In Het-Net and carrier aggregation scenario, the possible deployments are described in [2]. Taking scenario 1 as an example, the serving E-UTRAN cell has 10 MHz channel bandwidth and the neighbour E-UTRAN cells have 5 MHz channel bandwidth in the same frequency band, as indicated in Fig.1. The 10MHz channel bandwidth corresponds to 50RBs transmission bandwidth, and the 5MHz channel bandwidth corresponds to 25RBs transmission bandwidth. The relationship between channel bandwidth and transmission bandwidth introduces the gap between two E-UTRA neighboring cells. The gap approximately is 0.5MHz. Thus 2*(0.54-0.25)=0.58MHz (about 3.2RBs) from the two 5MHz channel bandwidths falls into the centre 6RBs bandwidth. UE would misjudge the interference from neighboring cells with narrow measurement bandwidth, i.e., the RSRQ measurement results will be optimistic when center 6RBs measurement is applied. In order to resolve the issue, some kinds of solutions were presented by the interested companies. We analyze the solutions in the following section.

[image: image1.emf]0.5MHz

Serving E-UTRAN

E-UTRAN E-UTRAN

25RBs 25RBs

50RBs

frequency


Figure1. serving cell:10MHz, neighbouring cells:5MHz
2.2  Solutions to solve the issue
· Frequency offset measurement 
[3] proposed one TDM solution that UE takes one snapshot according to measurement in frequency f1 as indicated in Fig.2, and then in next measurement sample instance, a snapshot according to measurement in frequency f2 and so on. The measurement bandwidth could be narrow bandwidth (e.g.,6RB). [4] proposed another solution that network signals UE where to perform measurement inside the channel bandwidth. If the network requires a wideband measurement it could signal the UE to average over multiple samples (e.g.  f1, f2) taken with different frequency offsets. If the network requires a narrow band measurement then it would signal the UE to take all the samples at a certain offset.
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Figure 2. Frequency offset measurement solution
The basic idea of the two solutions is based on the frequency offset in measurement bandwidth. Herein we generally call these solutions as frequency offset measurement solution. It was argued in the paper [3] and [4] that the advantage of the solution is the less power consumption. However in our understanding the power consumption is not closely related with the measurement bandwidth.
(1) When UE is in RRC_CONNECTED, when the RF chain is on, most of the power (about 80%) has been already consumed. The power consumption for arithmetic processing unit is rather small.  Thus the impact of the size of the measurement bandwidth on the power consumption is not significant as mentioned by some companies.
(2) When UE is in RRC_IDLE or when DRX is used, the power consumption depends on the active time of RF chain. When narrow bandwidth is applied, the samples in time domain would be more than the wider measurement bandwidth. Thus the power consumption would increase when the narrow bandwidth is applied. 
Thus the power consumption of narrow bandwidth is not a significant advantage. Contrarily it may increase the power consumption when UE in IDLE or DRX mode compared with wider measurement bandwidth.
Furthermore the frequency offset should be signaled to UE, then the key parameters related with how much the offset is or what is the range of the offset need to be evaluated carefully. 
From UE point of view, the frequency offset solution would increase the implementation complexity.
· Wider measurement bandwidth
 [5] and [6] proposed one solution that UE is mandated to utilize allowedMeasBandwidth as the measurement bandwidth for the serving cell and neighbor cell in both RRC_IDLE and RRC_CONNECTED. The solution could mitigate the problems introduced by the center 6RB measurement bandwidth. However the meaning of the IE“allowedMeasBandwidth”is changed to the measurement bandwidth and UE is mandated to use it as measurement bandwidth. 

The simulation results in [7] indicate that 15RBs and 25RBs measurements are comparable to 50RBs measurements. Thus we propose one flexible solution that network could signal the wider measurement bandwidth (e.g.,15 RB, 25 RB etc. ) rather than system bandwidth to UE when the wider measurement bandwidth is needed. 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 rather significant. Thus it is beneficial to enable UE wideband measurement in cell edge area. The wider bandwidth measurement is triggered by the network. For the network triggered method, some changes in RAN2 specification would be needed, for example, define a new “neighMeasurementBW” for the neighbor cell measurements which is set to optional. When UE moves to the cell edge, the network can signal RRCconnectionReconfiguration including “neighMeasurementBW” to UE, and UE can measure cells with the signaled measurement bandwidth. 
The RSRQ results of different measurement bandwidth and frequency offset solution are illustrated in Figure.3. In the simulation, a UE is dropped in 1st tier, and moves in line to cell edge at 30km/h speed. No handover is triggered. It is seen from the simulation results that the wider bandwidth measurement (i.e., 15RB, 25RB, 50RB etc.) is comparable to the frequency offset solution. Thus the solution we proposed has the similar measurement performance with the frequency offset solution.
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Figure3. RSRQ variety with different measurement bandwidth

Furthermore the solution we proposed could bring out the relatively small change for the legacy UE implementation. It is with most probability that typical LTE UE has implemented wider bandwidth measurement to support 50PRB measurement requirements. From the UE implementation perspective, it will be easier for UE to further support this functionality. More important, from power consumption viewpoint, the solution can minimize the power consumption when UE in IDLE or DRX mode compared with narrow measurement bandwidth as mentioned above.
Proposal1: The wider 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.

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: The wider measurement bandwidth could be signaled by the network for intra-frequency, inter-frequency or inter-RAT cells. One outgoing LS to RAN2 to update TS 36.331 is needed.
We also provide one outgoing LS in R4-63AH-0037.
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5. Annex

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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