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1 Introduction
For LTE downlink cell search, it is agreed that each 10 ms frame contains two P-SCH symbols for synchronization. These P-SCH symbols can be used for coarse synchronization and fine synchronization (Timing and frequency acquisition). However, the question remains on how to detect the frame boundary when the synchronization is done. One solution is to use S-SCH symbols for this purpose as agreed in consolidated SCH proposal [1]. In this contribution, a new solution is proposed which relies only on the P-SCH.  
2 Frame Synchronization Based on P-SCH
The P-SCH structure with time domain repetitive waveforms can simplify the initial synchronization acquisition. One way to obtain this time domain waveforms is to let P-SCH occupy every other sub-carriers. With this P-SCH structure UE can perform the coarse timing/frequency synchronization based on the auto-correlation method and the synchronization performance can be further improved by fine synchronization based on cross-correlation within certain search window which usually can be determined according to the CP size. With this two-step initial synchronization approach, the initial access complexity can be significantly reduced.
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Figure 1: P-SCH structure for frame synchronization
To make it feasible for one to use P-SCH to determine the frame boundary, the placement of the 2nd P-SCH symbol can be offset by one tone in the frequency domain, as shown in Figure 1. This will still maintain the repetitive structure in the time domain for the auto-correlation operation, but will change the sign of the signal in the repetitive part in time domain. So by simply detecting the sign of auto-correlation peak, one can determine if it is the first or the second P-SCH symbol, and therefore determine the frame boundary.  
3 Simulation Parameters

The following parameters are used to simulate the performance of this solution.
Table 1: Simulation parameters
	Parameters
	Value
	Comments

	Number of Cells (3 sectors)
	19
	

	Bandwidth
	1.25 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


4 Simulation Results
The performance of proposed method to detect the frame boundary using P-SCH is plotted in Figure 2 in terms of detection probability vs. ISD. Several scenarios are simulated which include:

1. One P-SCH, 2x2 FSTD
2. Three P-SCH, 2x2 FSTD

3. One P-SCH, 2x2 TSTD

4. Three P-SCH, 2x2 TSTD
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Figure 2: Frame Detection performance based on P-SCH
The curves illustrated show no major performance difference among these scenarios and the frame detection probability are quite good for ISD of 500m and 1732 m but degrade more when the ISD become larger. The frame synchronization performance can be further improved by frequency domain tone placement verification which can be performed in the channel estimation step.  
5 Conclusions
A simple frame timing acquisition method is proposed which is based only on P-SCH. It generates reasonably good performance for small cells with ISD = 500 m and 1732 m. Compare to S-SCH based frame synchronization scheme, no additional signaling bit is required and the complexity of S-SCH based step-2 cell search can be significantly reduced.  Due to its simplicity and minimum impact to the design of the P-SCH, it is believed that this solution should be considered as one candidate for frame timing acquisition.
We recommend the following three steps initial cell search procedure:

1. Frame, time and frequency synchronization based on P-SCH

2. NodeB ID search based on S-SCH

3. Cell ID determination based on DL RS
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