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1. Introduction

This paper reports MBSFN (Multicast Broadcast Single Frequency Network) performance as part of the LTE performance verification [1]. E-UTRA targets enhanced broadcast performance and a spectrum efficiency of 1bps/Hz [2].
2. Models and Assumptions

Performance of MBSFN on a dedicated carrier is evaluated by means of multi-cell system simulations. Models and assumptions are aligned with [1] and [3], and summarized in Appendix A. Case1 and Case4 (10MHz) unicast deployment scenarios have been simulated for a range of inter-site distances. Spectrum efficiency is defined based on a quality requirement of 1% BLER and an area coverage requirement of 95%.
3. Results

Figure 1 and Figure 2 show the achieved spectrum efficiency versus inter-site distance for Case1 and Case4, respectively. Key performance metrics are summarized in Table 1.
Table 1 MBSFN results.

	Metric
	4a) System throughput and spectrum efficiency
	4b) Max ISD @ 1bps/Hz

	MBSFN 1x2

Case1
	36 Mbps
3.6 bps/Hz
	1850 m

	MBSFN 1x2

Case4 (10 MHz)
	36 Mbps
3.6 bps/Hz
	4700 m


4. Conclusions

The presented results show that the MBSFN spectrum efficiency target of 1bps/Hz ‎[1] is exceed for inter-site distances up to 1850m and 4700m in the Case 1 and Case 4 deployment scenarios, respectively.
5. References

[1] 3GPP R1-070674, “LTE physical layer framework for performance evaluation”, Orange et al.
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Figure 1. MBSFN spectrum efficiency versus inter-site distance, Case 1.
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Figure 2. MBSFN spectrum efficiency versus inter-site distance, Case 4.

A. Models and Assumptions

The models and assumptions used in the evaluations are aligned with [1] and [3], and presented in the following tables. These tables are based on [3]. The same transmit powers and antenna heights as for unicast are assumed. In cases alternative models or parameters are allowed, the selected parameter is highlighted using blue and bold font.

Table A.2.1.1-1 – UTRA and EUTRA simulation case minimum set. Bandwidth for Case 4 is changed to 10 MHz according to [1].
	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

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

	1
	2.0
	500 (varied)
	10
	20
	3

	4
	0.9
	1000 (varied)
	10
	10
	3


Table A.2.1.1-3 – Macro-cell system 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 A2.1.1-1

	Antenna pattern [4] (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Carrier Frequency / Bandwidth
	See Table A.2.1.1-1

	Channel model
	3GPP Typical Urban 

	UE speeds of interest
	3km/h

	Total BS TX power (Ptotal)
	46dBm - 10MHz carrier

	UE power class
	24dBm (250mW)

	Inter-cell Interference Modelling
	UL: Explicit 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 


Table A.2.1.6-1 – Reference EUTRA UE parameters

	Parameters
	Model Assumptions

	Receiver
	2 Antennas

	Transmitter
	1 Antenna

	Antenna gain
	0 dBi 

	Noise Figure
	9 dB

	MIMO
	MIMO not used

	Peak to Average/Cubic Metric
	Should be specified based on MA used


Table A.2.1.8-1 EUTRA Reference Node-B

	Parameters
	Model Assumptions

	Node-B Transmitter
	2 Antennas

	Node-B Receiver 
	2 Antennas

	Noise Figure
	5 dB

	BS antenna gain plus cable loss
	14 dBi 

	Pilot channel overhead 
	According to current 36.211 with extended cyclic prefix: Unicast RS in first symbol + MBSFN RS, in total 14% overhead

	Control channel overhead


	None (dedicated carrier MBSFN)


Additional Downlink Models and Assumptions
	Topic
	Aligned Value(s) - baseline for simulation

	Basic transmission scheme
	According to 36.211, extended cyclic prefix, 15 kHz subcarrier spacing

	TTI length
	1.0 ms

	Basic modulation
	QPSK, 16QAM, 64QAM

	Resource block definition
	Localized, 12 subcarriers 

	Data multiplexing (using LRB and DRB in same TTI)
	Only LRB used

	Downlink reference signal structure
	According to 36.211, unicast RS in first symbol + MBSFN RS, in total 14% overhead

	Data Channel coding
	Release 6 turbo coding 

	MIMO and transmit diversity
	SIMO 1x2

	Scheduling
	N/A (SFN broadcast)

	Link adaptation
	MCS selected based on 95% coverage requirement.

	H-ARQ
	Not used 

	Power Control
	Fixed power

	Inter-cell interference randomisation
	Scrambling implicitly included (no impact on system simulations) 

	Inter-cell interference cancellation
	Interference Rejection Combining at UE

	Inter-cell interference co-ordination
	Reuse 1, not inter-cell coordination

	Inter-node B synchronization
	Synchronised network with SFN transmission

	Control signaling
	RS overhead deducted
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