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1. Introduction

This document shows the P-SCH sequence design enabling several receiver implementations, and investigates the effect of three P-SCH sequences on cell search performance.
2. P-SCH sequence design
The P-SCH is a cell common physical channel. The P-SCH symbol can be used for OFDM symbol timing detection, frequency offset estimation, and possibly channel estimation as well. 
The P-SCH symbol occupies every other sub-carrier in order to provide a time domain symmetric waveform as shown in Figure 1. The time domain waveform symmetry simplifies initial synchronization by enabling the auto-correlation method for OFDM symbol timing synchronization. The auto-correlation performs very well in the case of synchronized systems. Since the P-SCH is a cell common physical channel, the cross-correlation method [1] is also supported. A hybrid of the auto and cross correlation methods is also possible, such as using the autocorrelation method to identify a reduced search window, and then using the cross correlation method within the identified search window. 
[image: image1.wmf] 

 

PSCH

 

sequence

 

Occupied sub

-

carrier

 

Zero (

Null

)

 sub

-

carrier

 

 

 

 

IFFT

 

First half = second half

 


Figure 1 : P-SCH sub-carrier mapping

Some contributions have proposed the S-SCH design using the channel estimation of the P-SCH [1]

 REF _Ref126736026 \r \h 
 \* MERGEFORMAT [2]. In this case, the P-SCH sequence should have flat frequency domain response for better channel estimation accuracy. 
In a synchronous system, since the channel estimation results using a single cell-common P-SCH sequence are a composite of channel responses of multiple neighbor cells, the channel estimation accuracy is degraded. The use of multiple P-SCH sequences will solve this problem. However, the use of multiple P-SCH sequences may degrade the OFDM symbol timing detection performance in the case of the cross-correlation method (the autocorrelation method is not affected since the time domain symmetry is preserved). Thus, there may be a trade-off between the improvement of the channel estimation accuracy and the degradation of the OFDM symbol timing detection performance.

In the next section, the S-SCH index detection performance is compared (using multi-cell simulation) for two different P-SCH configurations.  In the first configuration, there is only one cell-common P-SCH sequence, while in the second configuration, there are three P-SCH sequences.
3. Simulation 

3.1. Simulation conditions

Table 1 shows the link parameters. The short CP length is adopted. In these simulations, it is assumed that the receiver knows the CP length of SCH. The frequency offset between the Node-B and the UE is 5ppm. The vehicle speed is 3km/h. The cross-correlation method is used for OFDM symbol timing detection. 

Table 1 : link parameters
	Number of sub-carriers
	75

	Sub-carrier spacing
	15 kHz

	SCH bandwidth / SCH occupied bandwidth
	1.25 MHz / 1.125MHz

	Number of OFDM symbols per radio frame
	140

	Carrier frequency
	2 GHz

	Number of SCH symbols per frame (P-SCH, S-SCH)
	2 (1,1)

	Number of averaged P-SCH symbols for timing detection
	1

	Number of averaged S-SCH symbols for index detection
	1

	Number of TX/RX antennas
	1/2

	Carrier frequency offset between Node-B and UE
	5ppm

	Channel model
	6-path GSM Typical Urban

	Vehicle speed
	3km/h


Table 2 shows the P-SCH symbol parameters. The P-SCH sequence is ZC sequence. The P-SCH symbol uses even numbered sub-carriers. To investigate the effect of multiple P-SCH sequences, it is assumed that the number of P-SCH sequences is one or three. In case of three P-SCH sequences, adjacent three sectors each use a different one of the sequences.
Table 2 : P-SCH symbol parameters
	Sequence
	ZC 

	Number of occupied sub-carriers
	38

	Prime number of ZC sequence
	41

	Index number 
	1 (one P-SCH sequence)
1,2,4 (three P-SCH sequences)


Table 3 shows the S-SCH symbol parameters. The S-SCH sequence is ZC sequence modulated by a complex exponential wave. The ZC sequence index is detected using the differential processing based method without correlating over multiple candidate sequences [3]. The complex exponential wave index detection method is the coherent detection method using the estimated channel responses by the P-SCH symbol [1]. 

Table 3 : S-SCH symbol parameters
	Sequence
	ZC sequence modulated by a complex exponential wave

	Number of occupied sub-carriers
	75

	Prime number of ZC sequence
	79

	Number of indices provided by ZC
	32

	Number of indices provided by complex exponential wave 
	32

	Total number of indices provided by S-SCH
	32x32 = 1024

	Index number 
	Randomly selected


The system parameters described in Table 4 are used. These parameters align with [5]. The three cell edge UE locations are evaluated. As shown in Figure 2, first, the UE location A is the median center of the flat side of the target cell (antenna bore-sight). Second, the UE location B is at the corner of the target cell. Final, the UE location C is the halfway point between the location A and the location B on the flat side of the target cell.
Table 4 : System parameters 

	Cellular layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter site distance (ISD)
	500m, 1732m

	Antenna horizontal pattern
	70 deg (-3 dB) with 20 dB front-to-back ratio

	Antenna Bore-sight points
	Flat side of cell

	Distance-dependent path loss
	L=128.1 + 37.6log10(R), R in kilometers

	Shadowing standard deviation
	8dB

	Shadowing correlation between cells
	0.5

	Shadowing correlation between sectors
	1.0

	Penetration loss
	20dB

	BS TX power
	43dBm

	BS antenna gain
	14dB

	UE antenna gain
	0dBi
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Figure 2: Three UE locations for evaluations

3.2. Simulation results

Figure 3-(a) and Figure 3-(b) show the S-SCH index detection performances of ISD=500m and 1732m, respectively. The use of three P-SCH sequences slightly improves the S-SCH index detection performance. The S-SCH index detection performance improvement by adopting the three P-SCH sequences overcomes the OFDM symbol timing performance degradation.
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(a) ISD=500m
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(b) ISD=1732m


Figure 3 : S-SCH index detection performance
4. Conclusions

In this contribution, the P-SCH sequence design enabling several receiver implementations, and the effect of three P-SCH sequences on S-SCH index detection performance were shown. The use of three P-SCH sequences provided a small improvement in S-SCH index detection for the cases simulated.  The ZC sequence having good cross-correlation property is a candidate of P-SCH sequence.

Additional simulations under various conditions should be carried out to further investigate the tradeoff between single and multiple P-SCH sequences. 
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