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1. Introduction

E-UTRA targets improved broadcast performance ‎[1]

 REF _Ref133397970 \r \h 
‎[2] a spectrum efficiency of 1bps/Hz is targeted. This paper presents performance evaluations indicating whether this target can be fulfilled.
The paper is organized as follows: A set of different broadcast concepts are described in Section ‎2. Models and assumptions are presented in Section ‎3, followed by numerical results in Section ‎4. Conclusions are drawn in Section ‎5. 

2. Broadcast Concepts

Four different broadcast concepts are studied, relying on different levels on network synchronization, see Table 1. The concepts are named based on the set of cells the terminals receive useful signals from. The ‘ideal SFN’ (Single Frequency Network) concept is included as an upper bound.

	Concept
	Useful signal
	Interfering signal
	Synchronization req.

	‘Cell’
	Serving cell
	All cells but serving cell
	None

	‘Site’
	All cells of serving site
	All cells but those of serving site
	Within site

	‘SFN within CP’
	Cells with propagation delay difference less than Cyclic Prefix (CP)
	Cells with propagation delay difference exceeding cyclic prefix
	Full network

	‘Ideal SFN’
	All cells in system
	None
	Full network


Table 1: Broadcast concepts.

3. Models and Assumptions

A summary of models and assumptions is provided in Table 2. The models are aligned with the assumptions in ‎[3], and cover simulation cases 1 and 3 (with the exception that a 5MHz spectrum is used). A simple static simulation-based evaluation methodology is used. In each iteration of the simulation, terminals are randomly positioned in the system area, and the radio channel between each base station and terminal antenna pair is calculated according to the propagation and fading models. All base stations are assumed to be transmitting. Based on the desired and interfering channel realizations, a signal-to-interference and noise ratio (SINR) is calculated for each terminal and receive antenna. Desired and interfering cells are defined according to Table 1. Using the mutual information model of ‎[5], the SINR values are then mapped to radio link bitrates Ru, for each user u. The broadcast capacity is measured as the 5th percentile of {Ru}, i.e. the rate that 95% of the terminals can achieve. The simulations are repeated for different Inter-Site Distances (ISDs).

4. Numerical Results

Figure 1 shows the achieved broadcast capacity versus inter-site distance for the different concepts. It is seen that the ‘SFN within CP’ and ‘Ideal SFN’ concepts result in substantially higher broadcast capacity then the ‘cell’ and ‘site’ concepts. For small ISDs the signals from very many cells are useful and also relatively strong. For higher ISDs the difference reduces as signals from distant cells become weaker. The difference between ‘SFN within CP’ and ‘Ideal SFN’ concepts is small, indicating that the long cyclic prefix is sufficient for the studied ISDs. The difference between ‘cell’ and ‘site’ is small, indicating that the gain of synchronizing sites as compared to the whole network is limited.

In terms of absolute numbers, it is seen that a spectrum efficiency of 1bps/Hz is achieved for ISDs up to approximately 2200m with a synchronized network, but cannot be reached at all with non-synchronized or site-synchronized networks.

It should be noted that for small ISDs the number of sites with propagation delay within the cyclic prefix is rather large compared to the 19 sites studied. The ‘SFN within CP’ results are thus optimistic for small ISDs. An ISD of 1700m yields 19 cells within the cyclic prefix
. 

	Traffic Models

	User distribution
	Uniform

	Terminal speed
	0 km/h 

	Data generation
	Full buffer, same signal in all cells

	Radio Network Models

	Distance attenuation
	L = 35.3+37.6*log(d), d = distance in meters (includes 20dB penetration loss)

	Shadow fading
	Log-normal, 8dB standard deviation

	Multipath fading
	SCM SUM 

	Cell layout
	Hexagonal grid, 3-sector sites, 57 sectors in total

	Inter-site Distance 
	500-4000m

	System Models 

	Spectrum allocation
	5MHz

	Base station power 
	20W 

	Max antenna gain
	14dBi

	Modulation and coding schemes
	Depending on ISD, QPSK, 16QAM, and 64QAM, turbo coding according to WCDMA Rel-6.

	OFDM Parameters 
	According to ‎[3], long cyclic prefix

	Overhead
	1/6 = 16% (5 symbols for data per TTI)

	Transmission scheme
	Single-stream

	Receiver
	MMSE ‎[6], 9dB noise figure


Table 2: Models and Assumptions.
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Figure 1: Broadcast capacity versus inter-site distance. 

5. Conclusions

The presented results indicate that very high broadcast capacities can be achieved in synchronized E-UTRA networks, e.g. spectrum efficiencies exceeding 1bps/Hz for inter-site distances up to 2200m. With non-synchronized or site-synchronized networks substantially lower spectrum efficiencies are achieved.
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