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1 Introduction
In RAN 1 #46 bis, a way forward cell search proposal ‎[1] was agreed as temporary working assumption which consists of a 3 stage cell search procedure. The first stage is the time and frequency acquisition (coarse and fine sync search). In this stage, the primary SCH (P-SCH) channel which is common to all cells is used by the UE to acquire timing synchronization to the cell. 

In a tightly synchronized system, as the P-SCH is a cell-common signal, the superposition of the multi-path channels from all node Bs to the UE of interest forms the composite multi-path channel. There is a concern that this could lead to the degraded performance of cell search if P-SCH is used in timing acquisition for the first stage and channel estimation for 2nd stage cell ID detection using the S-SCH.  To ease the impact of this problem, multiple P-SCH scheme was proposed and investigated in ‎[2]

 REF _Ref155840590 \n \h 
‎[4]. It is observed that using multiple P-SCH could improve the performance of cell search.  However, the complexity of introducing multiple P-SCH in both network planning and UE detection should be considered as well. Unless the gain of using multiple P-SCH is quite significant compared with using only one common P-SCH, it should be cautious for doing so. 
In order to obtain clearer view on the performance difference between the single P-SCH and the multiple P-SCH schemes, we compare them in the stage-1 and stage-2 separately. In this contribution, the impact of using one P-SCH and multiple P-SCH (three) to the timing synchronization performance are investigated in a tightly synchronized multi-cell system. The performance is evaluated for both coarse and fine sync search. From the simulation, it is observed that timing sync performance difference is quite small with respect to using one P-SCH or three P-SCH.  
2 Simulation Parameters

The following parameters are used to simulate the performance in a tightly synchronized system.
	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
	


Table 1: Simulation parameters
3 Simulation Results
The simulation results are presented for both the coarse sync search and fine sync search. The coarse sync search is accomplished in time domain through auto-correlation (as the signal has 2x-repetive structure) and the sync detection is considered successful if the auto-correlation peak is within a window of 128 samples. The fine sync search is accomplished in the frequency domain through cross-correlation with a replica of local P-SCH sequence, the sync is considered successful if the cross-correlation peak is within a window of 20 samples. It is assumed that each 10 ms frame contains two P-SCH symbols with 5 ms span between them. If detection is not successful on one P-SCH symbol, it is continued with correlation being averaged across multiple P-SCH symbols. 

The UEs are randomly dropped within the central cell. Both the performance of full cell UE and cell edge UE are simulated with cell edge UE being defined as those with lowest 5% unicast geometries within the cell ‎[2].  The ISD used in the simulation is 1732 m and 2x2 FSTD is used as transmit diversity. For three P-SCH deployment, planning is assumed similar as the one described in ‎[3].
 Figure 1 and Figure 2 shows the coarse sync CDF curves and fine sync CDF curves, respectively, when UEs are randomly dropped within the cell. Figure 3 and Figure 4 illustrate the performance of those cell edge UEs. 
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Figure 1: Coarse sync search performance:  Full Cell
[image: image5.emf]Fine Sync Search, TU 3 km, Cell Num: 57, ISD 1732 m, Ploss 20 dB, 2x2 
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Figure 2: Fine sync search performance:  Full Cell
[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 sync search performance: Cell edge

[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 sync search performance: Cell edge
From the figures, it can be noticed that for both full cell and cell edge UEs, one P-SCH  and three P-SCH deployment generate similar performance in terms of sync search which include both coarse and fine sync.  It is also noted from Figure 4 that the performance of fine sync search for cell edge UE couldn’t improve itself even through averaging over a number of P-SCH symbols. As this error will affect both cell search and data detection performance, some way should be found to improve its performance. 
4 Conclusions
From simulation results presented in this contribution, which simulated a tightly synchronized system, it can be concluded that there is no major performance difference in both coarse sync and fine sync search with respect to one or three P-SCH deployment. It should be mentioned that comparing to other systems, the short CP budget for LTE is tighter, therefore the timing error tolerance is smaller. Considering that the timing error will affect both cell search performance and date detection performance, the fine timing synchronization performance should be improved further.
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