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1 Introduction

In ‎[1], it is agreed that the working assumption for E-UTRA downlink is focused on 1.25 MHz SCH bandwidth, at least for the initial access. It is also specified that the SCH must be received without any prior knowledge of the number of transmit antennas.  Therefore, only the transmit diversity methods that do not require knowledge of the number of transmit antennas can be considered for SCH. At Tallinn meeting ‎[2], the candidate transmit diversity schemes for SCH search are narrowed down to include only the following schemes: Time Switch Transmit Diversity (TSTD), Frequency Switch Transmit Diversity (FSTD), and Pre-coding Vector switching (PVS).  In ‎[3] - ‎[6], the performance of different transmit diversity schemes for SCH are compared. However, the comparisons made so far in these contributions focus on one cell system while assuming the signal from other cells can be modeled as AWGN noise. This can be viewed as a multi-cell asynchronized system.  
In this contribution, a multi-cell synchronized system is considered in the simulation. The performance of coarse and fine synchronization (time and frequency acquisition) for different transmit diversity schemes are simulated and compared. Some cell search results are also presented which compare the performance of a number of cell search schemes with and without transmit diversity.
The conclusion from the simulation is that for sync search, in overall the FSTD transmit diversity schemes outperforms that of TSTD and PVS schemes and therefore should be considered as the candidate for transmit diversity on cell search, for both initial access and neighboring cell search. The cell search results reiterate the importance of having transmit diversity for cell search.  
2 Simulation Parameters

The following parameters are used in simulating the multi-cell synchronized system. For sync search comparison, the transmit diversity schemes of FSTD and TSTD are described in ‎[6] and PVS scheme is described in ‎[7].  .
	Parameters
	Value
	Comments

	Number of Cells (3 sectors)
	19
	

	SCH Bandwidth
	1.25 MHz
	

	System Bandwidth 
	10 MHz
	

	Operating Frequency
	2 GHz
	

	Minimum Mobile-to-BS Distance
	35 m
	

	Test Sector
	Centre Cell any sector
	

	Sector Orientation
	Bore-Sight Pointing
	

	Antenna Pattern
	70° (-3dB) with 20 dB front-to-Back, (
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	Path loss Model
	128.1 +37.6log10(d)
	d in km

	Log-Normal Shadowing Standard Deviation
	8 dB
	

	BS Shadowing Correlation
	0.5
	

	UE Noise Figure
	9 dB
	

	Thermal Noise Density
	-174 dBm/Hz
	

	BS Antenna Gain
	15 dB
	

	UE Antenna Gain
	0 dBi
	

	BS Maximum PA Power
	43 dBm
	

	Other Loss
	20 dB
	Including cable loss and penetration losses

	Channel 
	TU, 3 km/hr
	

	Antenna configurations
	2x2
	


Table 1: Simulation parameters
3 Simulation Results
The section contains the results of two parts, one is on sync search, which shows the performance of different transmit diversity schemes on sync search including both the coarse and fine sync search. The second part contains some results for cell search which compare the cell search performance with and without transmit diversity. 
3.1 Sync search performance comparison

The simulation results are illustrated in this section in terms of CDF of sync probability vs sync search time (ms). For coarse sync search, which is done in time domain through auto-correlation,  the detection is considered successful if the correlation peak is within a window with prefix length (+/- 256 samples for FFT size of 1024). For fine sync search, which is done in the frequency domain through a cross-correlation with the replica of local P-SCH sequence,   the detection is considered successful if the correlation peak is within the window of +/- 10 samples. The correlation is averaged over multiple P-SCH symbols. One P-SCH and three P-SCH deployments are also simulated where planning is assumed for three P-SCH deployment. 
Figures 1 and 2 depict the coarse sync and fine sync performance for ISD = 500 m and Figures 3 and 4 show the performance of those for ISD = 1732 m. 
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Figure 1: Coarse synchronization performance for ISD of 500 m 
[image: image5.emf]Fine Sync Search, TU 3 km, Cell Num: 57, ISD 500 m, Ploss 20 dB, 2x2 
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Figure 2: Fine synchronization performance for ISD of 500 m
[image: image6.emf]Coarse Sync Search, TU 3 km, Cell Num: 57, ISD 1732 m, Ploss 20 dB, 2x2 
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Figure 3: Coarse synchronization performance for ISD of 1732 m
[image: image7.emf]Fine Sync Search, TU 3 km, Cell Num: 57, ISD 1732 m, Ploss 20 dB, 2x2 
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Figure 4: Fine synchronization performance for ISD of 1732 m
Observations:
From the simulation results, some observations can be made:

1. No major performance difference is noticed between one P-SCH and three P-SCH scenarios from both the coarse sync search and fine sync search. 

2. For small cell such with ISD = 500 m, no major performance difference is observed for three transmit diversity

3. For relative large cells with ISD = 1732 m, three transmit diversity provides similar performance for coarse sync search, but for fine sync search, FSTD scheme provides the best performance, followed by PVS and TSTD.  
3.2  Cell search with multiple antennas
The LTE base Station will in general have multiple antennas.  Transmit diversity can also be applied to improve the cell search performance. Since S-SCH locates close to P-SCH, the channel information obtained from P-SCH can be used to help the stage-2 cell search.   The antenna mapping scheme applied in the simulations is shown in Figure 5 below, where, for example, PN1-1 stands for the 1st element of PN sequence No 1 and PN1-2 represents the 2nd element of PN sequence No 1 and so on. By using the same sequence across both of the antennas, good cross correlation properties can be obtained.  

Figure 5: Allocation of P-SCH and S-SCH amongst 2 Tx antenna
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Figure 6: Cell Search error vs cell search time
Figure 6 compares several cell search schemes (FEC based, GCL based and two PN sequence based) with and without transmit diversity. In general, it shows that all schemes have benefited from the transmit diversity. It proves again the necessity of adopting transmit diversity for cell search. 
4 Conclusions
The multi-cell synchronized system is assumed in comparing the timing synchronization performance among three transmit diversity schemes, namely, the FSTD, TSTD and PVS. Simulations are also presented comparing the cell search performance with and without transmit diversity. From the simulation, it can be concluded that:

1. No major performance difference among these three schemes for small cell with ISD = 500 m

2. For relative large cells with ISD = 1732 m, these schemes performs closely in coarse sync search, while for fine sync search, FSTD provides and the best performance, followed by PVS and TSTD. 
3. Cell search performance will be enhanced with transmit diversity for all the schemes currently under investigation. 
Based on the simulation, it is recommended to use transmit diversity for SCH channel and among transmit diversity schemes, consider FSTD as the most promising candidate. 
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