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Introduction
This document presents the performance of MBMS with full and partial SFN operation. The SFN operation is considered for both wrap-around and flat cell layout. The wrap-around model can be seen as the infinite SFN, as there are no edge users. The flat cell layout shows the more realistic scenario where the effect of cell users on the system coverage is observed.
We also show the cell specific MBMS performance with and without frequency reuse.
1 Simulation Assumptions
The simulation assumptions are given in the following tables.
	Parameter
	Value

	Number of Cells
	57

	Number of users per cell
	10

	Bandwidth
	5 MHz

	Number of Rx Antennas
	2

	Number of Tx Antennas
	1

	TTI
	1 ms

	FFT Size
	512

	Number of guard carriers
	212

	Number of pilot sub-carriers per symbol
	50

	Number of data sub-carriers per symbol
	250

	Number of OFDM symbols per TTI
	12

	Cyclic prefix
	16.6 us

	Channel estimation loss
	1 dB

	Channel Model
	GSM Typical Urban

	Link-to-System Mapping
	Constrained Capacity Effective SNR


Table 1

System Simulation Assumptions

The channel delay and power profiles are given in Table 2.

	Channel Model
	Path 1 (dB)
	Path 2 (dB)
	Path 3 (dB)
	Path 4 (dB)
	Path 5 (dB)
	Path 6 (dB)

	TU
	-3 
	0
	-2
	-6
	-8
	-10


Table 2

Normalized Power Profile

The deployment scenario is listed in Table 3.

	Scenario
	Carrier Frequency
	Site-to-site Distance

(m)
	Penetration Loss

(dB)
	Speed (km/hr)
	Propagation Model

	D1
	2 GHz
	500
	20
	3
	L = 128.1 + 37.6 Log10(R)

	D3
	2 GHz
	1732
	20
	3
	L = 128.1 + 37.6 Log10(R)


Table 3

Deployment Scenarios

	Modulation
	Code Rate
	
	Modulation
	Code Rate

	QPSK
	1/8
	
	64QAM
	3/8

	QPSK
	1/7
	
	64QAM
	2/5

	QPSK
	1/6
	
	16QAM
	2/3

	QPSK
	1/5
	
	64QAM
	4/9

	QPSK
	1/4
	
	16QAM
	3/4

	QPSK
	1/3
	
	64QAM
	1/2

	QPSK
	2/5
	
	16QAM
	4/5

	QPSK
	1/2
	
	64QAM
	11/20

	QPSK
	3/5
	
	64QAM
	3/5

	QPSK
	2/3
	
	64QAM
	27/43

	16QAM
	1/3
	
	64QAM
	2/3

	QPSK
	3/4
	
	64QAM
	17/24

	QPSK
	4/5
	
	64QAM
	3/4

	16QAM
	1/2
	
	64QAM
	4/5

	64QAM
	1/3
	
	
	


Table 4:
Modulation and Code Rates
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System Simulation Results
System simulation results in Figure 1 and Figure 2 are obtained for wrap-around layout and the following assumptions:

· Full SFN

· All cells transmit the same information

· Reduced SFN

· Only the fraction of the cells transmits the useful information
· The considered reduced SFN cases are 90% and 50%, where the signal from 90% and 50% of the cells, respectively, are combined. The cells used to combine the received signal are randomly picked, except for the best serving cell

· The results include the cases when the non-SFN cells are interferers and when there is no interference from the non-SFN cells.
The results with the flat layout are presented in Figure 3. Different scenarios are evaluated: 
· 57-cell full SFN, without interference
· 21-cell full SFN without interference
· 3-cell full SFN without interference

· 57 cells with 21-cell full SFN (inner contiguous cells) and interference from 36 outer cells.

The cell-specific MBMS is evaluated with frequency reuse factors of 1 and 3. The performance is shown in Figure 4.
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Figure 1:
Coverage vs. supportable data rate for SFN and D1
[image: image2.emf]E-MBMS; Site-to-site distance 1732m;
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Figure 2:
Coverage vs. supportable data rate for SFN and D3
[image: image3.emf]E-MBMS; Site-to-site distance 1732m;
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Figure 3:
Coverage vs. spectral efficiency for flat layout SFN and D3
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Figure 4:
Coverage vs. supportable data rate for cell-specific MBMS
	Scenario
	SFN 100%
Spectral efficiency (bps/Hz)
	SFN 90%
Spectral efficiency (bps/Hz)
	SFN 90% no interference from non-SFN
Spectral efficiency (bps/Hz)
	SFN 50%
Spectral efficiency (bps/Hz)
	SFN 50% no interference from non-SFN
Spectral efficiency (bps/Hz)

	D1
	95% coverage
	>2.88
	1.64
	n/a
	0.72
	n/a

	D3
	95% coverage
	1.06
	0.84
	1.04
	0.45
	0.86


Table 5:

Spectral efficiency for 95% coverage for full and partial SFN
	Scenario

Spectral     Efficiency (bps/Hz)
	Cell-specific MBMS
	SFN 57-cell Wrap-around
	SFN 57-cell Flat layout
	SFN 21-cell Flat layout
	SFN 3-cell Flat layout
	SFN 57-cell Flat layout  21-cell SFN, 36 cells interference

	D3
	95% coverage
	0.26
	1.06
	0.8
	0.75
	0.48
	0.48


Table 6:

Spectral efficiency for 95% coverage for flat layout SFN
	Scenario
	SFN 100%                  

                        Spectral efficiency (bps/Hz)
	Cell-specific MBMS with reuse 1

Spectral efficiency (bps/Hz) 
	Cell-specific MBMS with reuse 3

Spectral efficiency (bps/Hz) 

	D1
	95% coverage
	>2.88
	0.42
	0.48

	D3
	95% coverage
	1.06
	0.26
	0.22


Table 7:

Spectral efficiency for 95% coverage for cell-specific MBMS
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Summary
In this document we present the system performance of MBMS with full and partial SFN. It is shown that SFN offers very big gains, ranging from 4 to more than 7 times higher spectral efficiency compared to cell-specific MBMS, for D3 and D1 scenarios, respectively. The reduced SFN when non-SFN cells are interfering introduces significant spectral efficiency degradation with respect to the full SFN. The degradation is not that significant when there is no interference from the non-SFN cells.
SFN with flat layout shows the effect of the edge users on the system coverage. 57-cell flat layout suffers spectral efficiency degradation compared to the wrap-around 57-cell system (no edge users) of about 25% for 95% coverage and D3. As the number of SFN cells in the flat layout is decreased, the spectral efficiency is decreased. The degradation is small for 95% coverage when number of SFN cells is decreased from 57 to 21, but is about 40% when decreased to 3 cells. 

When the system is not entirely SFN, there is interference from non-SFN cells. In the scenario of 57-cell layout with 21 SFN cells (inner cells) and 36 non-SFN interfering cells (outer cells), the spectral efficiency is degraded by 36% compared to 21-cell SFN without interference.

The system performance for cell-specific are presented for frequency reuse factors of 1 and 3. It is shown that higher reuse factor only slightly improves the spectral efficiency for D1 at 95% coverage, and incurs performance loss for D3 scenario.
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