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Introduction

In this document we provide the simulation evaluation results for the MBSFN according the simulation requirements proposed in [1]. The cases we simulated are listed in Table 1.
Table 1  Simulation case minimum set

	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	1
	2.0
	500
	10
	20
	3

	2
	2.0
	500
	10
	10
	30

	3
	2.0
	1732
	10
	20
	3

	4
	0.9
	1000
	10
	10
	3


Simulation Parameters

Table 2 Simulation baseline parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	See Table A.2.1.1-1

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

I=128.1 – 2GHz,   I=120.9 - 900MHz 

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	See Table 1

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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 = 70 degrees,  Am = 20 dB 

	Carrier Frequency / Bandwidth
	See Table 1

	Channel model
	Typical Urban (TU)

	UE speeds of interest
	3km/h, 30km/h

	Total BS TX power (Ptotal)
	46dBm 10MHz BW, 43 dBm 1.25 MHz BW

	Inter-cell Interference Modelling
	DL: Explicit modelling

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 35 meters

	Synchronization Error
	None


Results

All results include the affects of real channel estimation.
Table 3 Baseline Results*
	Metric MBSFN
	System throughput with 95% coverage [Mbps]
	Spectrum Efficiency with 95% coverage [bps/Hz]

	Case 1
	30.24
	3.02

	Case 2
	30.24
	3.02

	Case 3
	6.3
	0.63

	Case 4
	30.24
	3.02


Table 4 Baseline Results Maximum ISD for 1 bps/Hz Spectral Efficiency *
	Metric MBSFN
	Maximum ISD [m]

	Case 1 and 3
	1425

	Case 2
	2310

	Case 4
	3800


Table 5 Multi-Stream MBSFN Transmission*
	Metric MBSFN
	System throughput [Mbps]
	Spectrum Efficiency [bps/Hz]

	Case 1 2x2 SM
	34.36
	3.44

	Case 2 2x2 SM
	43.20
	4.32

	Case 3 2x2 SM
	3.6
	0.36

	Case 4 2x2 SM
	43.11
	4.31


Table 6 Maximum ISD for 1 bps/Hz Spectral Efficiency for Higher transmit antennas**
	Metric MBSFN
	Maximum ISD [m]

	Case 4, hb  =30 m 
	7600

	Case 4, hb=  35 m 
	7800

	Case 4, hb  =30 m, 1.25 MHz
	8800

	Case 4, hb=  35 m, 1.25 MHz
	9800


* 15 KHz sub-carrier spacing

** 7.5 KHz sub-carrier spacing

Overhead Considered in Throughput and Spectral Efficiency

In the simulations there are three forms of overhead considered, overhead due to cyclic prefix, pilot overhead as well as guard band overhead.  The pilot patterns used are those taken as working assumptions with a pilot overhead of 1/8, and a CP length equal to ¼ the OFDM symbol length.  We assume a spectral occupancy of 90% for all scenarios.  For the 2 Tx SM simulations we double the number of RS pilots and place them in the adjacent subcarrier to the transmitted signal.  Combined this is a 37% overhead for 1 Tx transmission and 46% overhead for 2 Tx antennas.

Reference:

[1] R1-070674: “LTE physical layer framework for performance verification”, Orange, China Mobile, KPN, NTT DoCoMo, Sprint, T-Mobile, Vodafone, Telecom Italia

[2] 3GPP RAN WG1 TR 25.892, “Feasibility Study for Orthogonal Frequency Division Multiplexing (OFDM) for UTRAN enhancement”, V6.0.0, June 2004

A. Simulation Methodology
1) To simulate the MBSFN we assume a hexagonal cell distribution, with the UE located uniformly in the centre cell and first tier of surrounding sectors.  All 57 sectors are simulated.  The path loss parameters (including shadow fading) are generated for each path, and a delay equal to the distance to the UE divided by the speed of light is associated with each path.  Thus for each path p, we have 3 variables, 

2) A Group delay τp equal to the distance to the NodeB divided by the speed of light.

3) A Path Loss Value sp which includes shadow fading.

4) A fast fading channel hp 

Thus the received signal for receiver i is
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Note that any path with power 30 dB smaller than the largest path is ignored for complexity reasons. Because some of these delays will be much larger than the Cyclic Prefix, the affect of ISI/ICI must be considered.  For each delay τp we assign a numerical value representing the percentage that a given received path falls within the OFDM symbol.  We define delay 0 to be the beginning of the CP.  

The delays can be broken into 4 cases:

Scenario 1:  If the delay is either greater than the total OFDM symbol length (the CP (TCP) plus the useful symbol length (Tu)) or less than negative the useful symbol length, then the path contributes entirely to the ISI.  

 Scenario 2: The delay is less than 0 but greater than negative the useful symbol duration. Therefore (Tu +τ)/ Tu of the signal is within the used area and therefore that much of the tap is considered Signal and the rest counted as ISI.

Scenario 3:  If the delay is less than the CP but still positive then the path counts entirely as received signal.

Scenario 4:  If the delay is greater than the CP but still less than the total OFDM symbol length then (τ- Tcp)/ Tu of the signal can be used while the rest is ISI.  
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Therefore the useful channel can be written as
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(1)
To calculate the SINR we transmit one TTI over this channel with dummy data transmitted before to generate ISI, and add thermal noise.  Normal processing of this symbol occurs (i.e. the CP is removed and the remainder is processed with a DFT).  If no ISI, ICI, or thermal noise were present then the received signal for subcarrier k would be
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Where Huseful,k is the DFT of (1), and sk is the transmitted symbol on subcarrier k.  To calculate the SINR per tone we assume that the noise generated from ISI is uniformly distributed with an average power of
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Note that the overline denotes the average over all the subcarriers.  Further more to calculate the affect of channel estimation error we perform channel estimation using the received signal to determine 
[image: image8.wmf]h
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.  We then calculate the power of the channel estimation error by subtracting the estimated channel from our ideal channel Huseful and calculating the average power.  We can write this as


[image: image9.wmf]2

2

ˆ

useful

he

H

h

-

=

s


Thus the estimated SNR on a particular subcarrier can be calculated as 
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These SNRk values were used along with the EESM model to generate the goodput results.  A total of 10000 drops are simulated for each scenario.

The AWGN curves and Beta for QPSK and 16 QAM values are from [2] and repeated below, with the values for 64QAM determined by simulation.
Table A‑1: Reference TTI BLER curve points for an AWGN channel (QPSK link modes)

	QPSK, Rate 1/3
	QPSK, Rate 1/2
	QPSK, Rate 2/3
	QPSK, Rate 3/4
	QPSK, Rate 4/5

	SIR (dB)
	BLER
	SIR (dB)
	BLER
	SIR (dB)
	BLER
	SIR (dB)
	BLER
	SIR (dB)
	BLER

	-1.94
	1.00E+0
	0.62
	1.00E+0
	2.67
	1.00E+0
	3.98
	1.00E+0
	4.66
	1.00E+0

	-1.74
	9.95E-1
	0.82
	9.45E-1
	2.87
	9.90E-1
	4.18
	9.40E-1
	4.86
	9.94E-1

	-1.54
	8.03E-1
	1.02
	3.95E-1
	3.07
	6.76E-1
	4.38
	3.98E-1
	5.06
	7.28E-1

	-1.34
	1.79E-1
	1.22
	2.76E-2
	3.27
	9.97E-2
	4.58
	3.97E-2
	5.26
	1.38E-1

	-1.14
	4.10E-3
	1.32
	4.13E-3
	3.47
	6.50E-3
	4.78
	3.30E-3
	5.46
	4.97E-3


Table A‑2: Reference TTI BLER curve points for an AWGN channel (16QAM link modes)

	16QAM, Rate 1/3
	16QAM, Rate 1/2
	16QAM, Rate 2/3
	16QAM, Rate 3/4
	16QAM, Rate 4/5

	SIR (dB)
	BLER
	SIR (dB)
	BLER
	SIR (dB)
	BLER
	SIR (dB)
	BLER
	SIR (dB)
	BLER

	3.06
	1.00E+0
	5.82
	1.00E+0
	8.47
	1.00E+0
	10.18
	1.00E+0
	11.07
	1.00E+0

	3.26
	9.14E-1
	6.02
	9.94E-1
	8.67
	9.92E-1
	10.38
	8.95E-1
	11.27
	9.51E-1

	3.46
	2.58E-1
	6.22
	5.89E-1
	8.87
	6.67E-1
	10.58
	2.79E-1
	11.47
	3.60E-1

	3.56
	5.72E-2
	6.42
	4.49E-2
	9.07
	1.08E-1
	10.78
	2.00E-2
	11.67
	2.42E-2

	3.66
	7.15E-3
	6.52
	5.70E-3
	9.27
	1.11E-2
	10.98
	1.57E-3
	11.77
	3.30E-3

	
	
	
	
	9.37
	3.80E-3
	
	
	
	


Table A‑3: Reference TTI BLER curve points for an AWGN channel (64QAM link modes)

	64QAM, Rate 1/2
	64QAM, Rate 2/3
	64QAM, Rate 4/5

	SIR (dB)
	BLER
	SIR (dB)
	BLER
	SIR (dB)
	BLER

	8
	1
	12
	1
	15
	1

	9
	0.99
	13
	0.99
	16
	0.795

	10
	0.935
	14
	0.545
	17
	0.075

	11
	0.393
	15
	0.0142
	18
	7.5e-5

	12
	0.019
	16
	1.4e-5
	19
	0

	13
	1.93 e-5
	
	
	
	


Table A‑4: Estimated values for the β parameter in the Exponential Effective SIR Mapping (EESM) for each link mode using a random OFDM subcarrier interleaver

	MCS
	Modulation
	Code Rate
	β

	1
	QPSK
	1/3
	1.49

	2
	
	1/2
	1.57

	3
	
	2/3
	1.69

	4
	
	3/4
	1.69

	5
	
	4/5
	1.65

	6
	16QAM
	1/3
	3.36

	7
	
	1/2
	4.56

	8
	
	2/3
	6.42

	9
	
	3/4
	7.33

	10
	
	4/5
	7.68

	11
	64QAM
	1/2
	12.2

	12
	
	2/3
	16.5

	13
	
	4/5
	22.2


High Antenna environment

We also consider one the affect of varying the antenna height on the performance of the MBSFN.  The channel model used to generate the present pathloss model is
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where:


d :
base station – mobile station separation (km)


f :
carrier frequency


hb :
base station antenna height (m), measured from the average rooftop level.

We consider 3 different antenna heights, 30, 35 and 40 m above the average rooftop.  Therefore the final  so the final propagation model is

	Antenna height
	PathLoss

	30m
	115.5+35.2log10(d)

	35m
	114.25+34.4log10(d)


B. Detailed Simulation Results

Baseline Simulation Results
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Figure 1 MBSFN Throughput for Case 1 through 4 with Channel Estimation
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Figure 2 MBSFN Efficiency for Case 1 through 4 with Channel Estimation
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Figure 3 MBSFN 5 percentile UE Spectral Efficiency vs. ISD for case 1 through 4

Multi Stream Transmission
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Figure 4 MBSFN Throughput for case 1 through 4 without Channel Estimation Loss
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Figure 5 MBSFN Throughput for case 1 through 4 with Channel Estimation Loss
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Figure 6 MBSFN Spectral Efficiency for case 1 through 4 without Channel Estimation Loss
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Figure 7 MBSFN Efficiency for case 1 through 4 with Channel Estimation Loss

High Transmit Antenna performance
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Figure 8 MBSFN Efficiency vs. ISD for case 1 through 4 without Channel Estimation Loss

[image: image20.emf]0 2000 4000 6000 8000 10000 12000

0

0.5

1

1.5

2

2.5

3

3.5

ISD [m]

Spectral Efficiency at 95% Coverage[bps/Hz]

 

 

Case 4 



 h

b

=30m

Case 4 



 h

b

=35m

10 MHz BW

1.25 MHz BW


Figure 9 MBSFN Efficiency vs. ISD for case 1 through 4 with Channel Estimation Loss
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