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1. Introduction
In RAN4 #62 meeting, the baseline simulation assumptions for the study of RSRQ measurement bandwidth were given in [1]. Based on the defined simulation assumptions and performance metrics, this paper gives the preliminary simulation results for the homogenous network topology. 
2. Simulation assumptions

In order to facilitate analyze the simulation results, the homogenous network topology is reproduced here in Figure 1. A central site shown in green operates at 10MHz or 20MHz system BW, surrounding sites are 5MHz or 10MHz cells respectively. UEs are free to move around the green and white cells in the 1st and 2nd tiers; the 3rd tier is provided for interference generation only.
· The center site cells are utilizing (10,20) MHz BW, all the cells in the surrounding sites are using 5+5 MHz BW for the 10MHz centre site, or 10+10 MHz BW for the 20MHz centre site in the same frequency range. Exact details of the frequency arrangement are as follows:
· 5+5MHz cells transmit 25 RB centred at (fc-2.5) MHz and 25 RB centred at (fc+2.5)MHz, where fc is the carrier frequency of the 10MHz cell so that the signal gap between the 5+5 MHz cells is 0.5 MHz.
· 10+10MHz cells transmit 50 RB centred at (fc-5) MHz and 50 RB centred at (fc+5)MHz, where fc is the carrier frequency of the 20MHz cell so that the signal gap between the 10+10 MHz cells is 1 MHz.
· The eNB transmitted power in the 0.5 or 1 MHz gap can be assumed to be zero. 

[image: image1]
Figure 1: Topology of baseline network for study
RSRQ measurement BW : the following options are simulated

· measurement BW -Option1:(serving meas BW, neighbour meas BW) = (6RB,6RB) (Narrow bandwidth measurement case)

· measurement BW -Option2: (serving meas BW, neighbour meas BW) =( system BW of serving cell, 6RB) 

· measurement BW -Option3:(serving meas BW, neighbour meas BW) = (system BW of serving cell, system BW of neighbour cell) (wide bandwidth measurement case)
Statistics should be collected only from the handovers to (inbound)/ handovers from(outbound) the 1st tier.
3. Simulation results and analysis 
These preliminary simulation results for 10MHz and (5+5)MHz neighbour cell cases are shown as following.
2.1 RSRQ distribution
	(serving meas BW, neighbour meas BW) = (6RB,6RB)
	(serving meas BW, neighbour meas BW) =( system BW of serving cell, 6RB)
	(serving meas BW, neighbour meas BW) = (system BW of serving cell, system BW of neighbour cell)
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Figure 2.1 RSRQ distribution (Speed:30km/h; A2 for gap triggering:-12dB)
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Figure 2.2  RSRQ distribution (Speed:30km/h; A2 for gap triggering:-12dB)
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Figure 2.3 RSRQ distribution (Speed:30km/h; A2 for gap triggering:-12dB)
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Figure 3.1  RSRQ distribution (Speed:60km/h; A2 for gap triggering:-12dB)
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Figure 3.2 RSRQ distribution (Speed:60km/h; A2 for gap triggering:-12dB)
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Figure 3.3  RSRQ distribution (Speed:60km/h; A2 for gap triggering:-12dB)
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Figure 4.1  RSRQ distribution (Speed:120km/h; A2 for gap triggering:-12dB)
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Figure 4.2 RSRQ distribution (Speed:120km/h; A2 for gap triggering:-12dB)
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Figure 4.3  RSRQ distribution (Speed:120km/h; A2 for gap triggering:-12dB)


Observation
· The metrics focus on the RSRQ before handover and after handover. It should be noted that the so called “after handover ” denotes the RSRQ of the target cell which UE will handover to. The RSRQ of target cell when using wider neighbor cell measurement bandwidth (i.e. measurement BW-option3 is used) is lower than that of RSRQ using 6RB neighbor cell measurement bandwidth (i.e. measurement BW-option1 and option2). As analyzed in [2], less interference from neighboring cells fall into the 6RB measurement bandwidth when measurements on the green cells, i.e., the RSRQ measurement results will be optimistic when 6RBs measurement bandwidth of neighbor cells is applied. In the same way, when the wider neighbor cell measurement bandwidth is applied, the RSRQ is relatively lower compared with the narrow neighbor cell measurement bandwidth.
2.2 Handover performance

· Handover number

	[image: image11.jpg]HO NUM(30kmph -12)

0

Ssystem g ‘Ssystem Nsystem




Figure 5.1handover number(Speed:30km/h; A2 for gap triggering:-12dB)
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Figure 5.2  handover number (Speed:60km/h; A2 for gap triggering:-12dB)
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Figure 5.3 handover number (Speed:120km/h; A2 for gap triggering:-12dB)


It is noted that the handover number is collected only from the handovers to (inbound)/ handovers from(outbound) the 1st tier. The following tentative observations are made:
· With the UE speed increases, the handover number increases.
· When measurement BW-option2 is used, the handover number is higher. Taking UE in the while cell which is near to a green cell as an example, as depicted in figure 6.1, the measured RSRQ of the green cell based on measurement BW option 2 is higher than the real measurement result, since the neighbor cell measurement bandwidth is 6RB. Thus the handover from white cell to the green cell is easier. Consequently the handover number of option2 is relative high. 
· Although the handover from white cell to the green cell is also easier when measurement BW-option1 is used, the outbound handover, as depicted as figure 6.2,  is much harder since the measured RSRQ of serving cell(green cell) is higher than the real measurement result. Thus the total handover numbers of measurement BW-option1 are lower than that of measurement BW-option2
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Figure 6.1 An example when meas BW_option2 is used
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Figure 6.2 An example when meas BW_option1 is used


· Ping-Pong
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Figure7.1pingpong number(Speed:30km/h; A2 for gap triggering:-12dB)
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Figure 7.2  pingpong number (Speed:60km/h; A2 for gap triggering:-12dB)
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Figure 7.3 pingpong number (Speed:120km/h; A2 for gap triggering:-12dB)


Observations
· The Ping-Pong number is higher when measurement BW-option2 is used. Taking UE whose serving cell is the green cell is near to a white cell as an example, after UE handover to the while cell, it will perform measurements. Since the measure bandwidth of neighbor cell becomes 6RB , the RSRQ of the old green cell possibly arises again, which would increase the Ping-Pong handover.
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Figure8 Ping-pong when measurement BW-option2 is used
· Ping-Pong number is lower when measurement BW-option3 is used. The wider measurement bandwidth could alleviate the impact of gap between the 5+5 MHz cells. In another words, the RSRQ results are relatively accurate when measurement BW-option3 is used. Thus the Ping-Pong handover is lower.
2.3 RLF
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Figure 9.1RLF(Speed:30km/h; A2 for gap triggering:-12dB)
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Figure 9.2  RLF (Speed:60km/h; A2 for gap triggering:-12dB)
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Figure 9.3 RLF distribution (Speed:120km/h; A2 for gap triggering:-12dB)
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Figure 10.1  RLF(Speed:30km/h; A2 for gap triggering:-14dB)
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Figure 10.2 RLF(Speed:60km/h; A2 for gap triggering:-14dB)
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Figure 10.3  RLF(Speed:120km/h; A2 for gap triggering:-14dB)


Observations
· With the UE speed increases, the RLF number increases.
· RLF measurements are done over the entire bandwidth of the serving cell. However RLF number is partly dependent on the measurement BW. 
· The RLF number is higher when measurement BW-option1 is used. For measurement BW-option1, if UE whose serving cell is the green cell is near to the white cell, the measured RSRQ of the serving cell is higher than its real quality which would hardly trigger event A3. During the case, the radio link may deteriorate, and RLF would happen.
2.4 SINR distribution

	(serving meas BW, neighbour meas BW) = (6RB,6RB)
	(serving meas BW, neighbour meas BW) =( system BW of serving cell, 6RB)
	(serving meas BW, neighbour meas BW) = (system BW of serving cell, system BW of neighbour cell)
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  Figure 11.1 SINR distribution (Speed:30km/h; A2 for gap triggering:-12dB)
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Figure 11.2  SINR distribution (Speed:30km/h; A2 for gap triggering:-12dB)
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Figure 11.3 SINR distribution (Speed:30km/h; A2 for gap triggering:-12dB)
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Figure 12.1  SINR distribution (Speed:60km/h; A2 for gap triggering:-12dB)
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Figure 12.2 SINR distribution (Speed:60km/h; A2 for gap triggering:-12dB)
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Figure 12.3  SINR distribution (Speed:60km/h; A2 for gap triggering:-12dB)
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Figure 13.1  SINR distribution (Speed:120km/h; A2 for gap triggering:-12dB)
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Figure 13.2 SINR distribution (Speed:120km/h; A2 for gap triggering:-12dB)
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Figure 13.3  SINR distribution (Speed:120km/h; A2 for gap triggering:-12dB)


This metric of the SINR before and after handover could illustrate how much a handover could improve the user QoS from signal quality perspective. The following tentative observations are made:
· The SINR distribution which is after handover is relatively better when measurement BW-option3 is used. In another words, good UE QoS could be achieved when measurement BW-option3 is applied.
2.5 User throughput

	(serving meas BW, neighbour meas BW) = (6RB,6RB)
	(serving meas BW, neighbour meas BW) =( system BW of serving cell, 6RB)
	(serving meas BW, neighbour meas BW) = (system BW of serving cell, system BW of neighbour cell)
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Figure 14.1 Throughput distribution (Speed:30km/h; A2 for gap triggering:-12dB)
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Figure 14.2  Throughput distribution (Speed:30km/h; A2 for gap triggering:-12dB)
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Figure 14.3 Throughput distribution (Speed:30km/h; A2 for gap triggering:-12dB)


Observations
The statistic of user throughput is starting from when A3 entry condition triggers to when HO to/from 1st tier is completed. According to the simulation assumption, user throughput is calculated over the whole handover period. The metric embodies the UE Qos during handover time and varies depending on when A3 event is triggered. From the above figures, it can be seen that the throughput does not vary significantly when different measurement BWs are applied.
4. Conclusions
Based on the simulation results given in Section 3, it could be seen that the narrow measurement bandwidth would introduce RSRQ inaccuracy in the future certain deployments, and the solution of wider bandwidth (i.e. measurement BW-option3) could be beneficial. Although in general the UE doesn’t know the system BW of the neighbouring cell, it could be appropriate to configure UE the wider measurement bandwidth for neighbour cells in the same frequency.
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6. 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
	30,60, 120 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, 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

	
	
	

	HO mobility

(i.e. events that trigger a handover)
	Intra-frequency A3:

Offset/TTT

Inter-frequency A3:

Offset/TTT
	3 dB / 256 ms

2, 3, 4 dB / 320 ms

	Measurement gap trigger
	A2:
Threshold / TTT


	-12, -14 dB/ 256 ms

	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











Cell8/Cell9











Cell6/Cell7





Cell4/Cell5





Cell3





Cell2





Cell1








PAGE  
1

_1393426022.vsd
�

10MHz


5+5MHz



_1393427464.vsd
�

10MHz


5+5MHz



_1293735230.unknown

_1393407309.vsd
�

10MHz


5+5MHz



_1274866978.unknown

