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1. Introduction
The following simulation assumptions are provided for the study of the RSRQ measurement BW.
2. Discussion
Topology

According to the agreed way forward in RAN4#62,the homogenous network topology in figure 1 is used as a baseline for RSRQ bandwidth studies, and the topic can be revisited if results based on a heterogeneous deployment (figure 2) are observed to be significantly different. Further details of simulation assumptions proposed for study of heterogeneous deployment may be found in [1].

The baseline network topology is shown 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.
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Figure 1 : Topology of baseline network for study
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Figure 2 : Hetrogeneous network proposal from R4-120071
· Network layout and ISD : 19 LTE sites with 3 cells/site, ISD = 500 ms
· 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. More realistic modelling is optional
· Handovers: Both inbound and outbound handover from the 10MHz hotspot should be triggered.

· Cell loading: All cells are fully loaded (i.e. 100% PRB load)
· Option 1: Low loaded situation: 10% cell load

· Option 2: Medium load situation: 50% cell load

· Traffic model: Full buffer, CBR finite buffer with 128 kbps source rate
Mobility considerations
· UE velocity
· At least 3 km/h, 30 km/h and 120 km/h should be considered. 
· Mobility: 
· Reference case with RSRP ranking should be run

· Case 1: Mobility Based on RSRQ ranking 
· Handover parameterisation

· Handover RSRP/RSRQ margin (for relative comparisons): 3 dB and optionally 2dB, 4dB
· Time-to-trigger: See annex A table 2
· A2 for gap triggering (serving cell RSRQ threshold): -12, -14, -16dB

· Measurement parameters

· L1 measurement period: 200ms for intra-frequency and 480ms for inter-frequency (default Rel’8 assumptions) . Measurement intervals depend on implementation, and should be sufficient considering 36.133 accuracy requirements.
· L3 filter : fc0 (Not enabled), fc4
· Radio link failure parameters 
· Qin = -6 dB, Qout = -8 dB, N310 = N311 = 1, T310 = 1s 

· RSRQ Measurement BW: All combinations of the following options should be simulated
· Serving cell measurement BW = [6RB, system BW of serving cell]

· Neighbour cell measurement BW = [6RB, system BW of serving cell]

· Note : Other BW options may be simulated in addition to this set of 4 combinations

Metrics for study

· User throughput statistics
· Wideband CQI statistics
· Collected from each user; Collected separately for UEs for whom A3 entry condition triggers (i.e. TTT evaluation starts)
· Radio link failures

· Number of handovers
· Including ping-pong and short-stay handovers as per 36.819

Analysis of results
Statistics should be collected only from the handovers to/from the 1st tier.

The following should be studied:

· What is the probability for a RLF for a UE doing handover to/from 1st tier?

· What are the distributions of the following during handover, i.e. starting from when A3 entry condition triggers to when HO to/from 1st tier is completed?

· User throughput (one sample/UE doing handover, calculated over the whole period) 

· RSRQ distribution
· SINR distribution (inc. SINR before and after the handovers)
3. Conclusions
Interested companies are invited to provide results according to the assumptions provided.
4. References
[1] R4-120071, “ Way forward on Simulation assumptions of measurement bandwidth impacts on RSRQ”, Huawei, Hisilicon
Annex A. Baseline System simulation assumptions
Table 1. Main simulation parameters
	Feature/Parameter
	
	Value/Description

	eNB configuration


	Operation Bandwidth
	5 + 5 MHz, 10 MHz

10 + 10 MHz, 20 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,

2048 for 20 MHz

	
	Duplexing
	FDD

	
	Number of sub-carriers / CC
	300 for 5 MHz, 600 for 10 MHz,
1200 for 20 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
	3, 30, 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, 50 PRBs, 100 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, -13, -14, -15, -16, -17 dB/ 0, 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


Annex B. Hetnet simulation assumptions proposed in [1].
	Items 
	Macro cell 
	Pico cell

	ISD 
	500m 
	

	Distance-dependent path loss 
	TR 36.814 Macro-cell model 1
	TR 36.814  Pico cell model 1

	Number of sites/sectors
	19/57
	2

	BS Antenna gain including Cable loss 
	15dB
	5dB

	MS Antenna gain 
	0 dBi
	0 dBi

	Shadowing standard deviation 
	8 dB 
	10 dB 

	 Correlation distance of Shadowing

NOTE: this is the distance where correlation is 0.5 (not 1/e as defined in TR 36.814 B.1.2.1.1)
	25 m  
	25 m

	Shadow correlation
	0.5 between cells/ 1 between sectors
	0.5 between cells

	Antenna pattern  
	The same 3D pattern as is specified in TR 36.814,  Table A.2.1.1-2 
	Omni, as is specified in TR 36.814, Table A.2.1.1.2-3 

	Carrier Frequency / Bandwidth 
	2.0Ghz/ 10Mhz 
	2002.5Mhz/ 5Mhz ; 1997.5Mhz/ 5Mhz

	BS Total TX power 
	46 dBm 
	30dBm 

	Penetration Loss
	20dB
	20dB

	Antenna configuration
	1x2
	1x2

	Minimum distance
	The same requirements as specified in TR 36.814 


	Items 
	Description 

	Pico cell placement
	At fixed location(s) e.g., at 0.5 ISD, 0.3 ISD on the boresight direction. Or randomly placed.

	UE speed 
	3 km/h, 30km/h,60km/h, 120km/h

	Channel model 
	Either one of the models, TU or ITU, could be used. (fast fading included)

	TimeToTrigger  [ms]
	480

	a3-offset [dB]
	0, 1, 2

	TMeasurement_Period, Intra,  L1 filtering time in TS36.133 
	200ms for intra-frequency; 480ms for inter-frequency

	Layer3 Filter Parameter K
	 4

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms
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