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1. Introduction

This document evaluates the following two methods for indicating the frame boundary using S-SCH. One of the methods utilizes BPSK modulation for two S-SCH symbols in a frame [1]. For example, the first S-SCH symbol is multiplied by -1 and the second S-SCH symbol is multiplied by +1. Therefore, the frame boundary can be identified by detecting a sign bit of S-SCH symbol. The other method swaps the occupied sub-carriers of each S-SCH short code between the two S-SCH symbols in a frame [2]. The sequence index combination of the two S-SCH short codes indicates the frame boundary. From the simulation results, following conclusions are drawn.

· In case of asynchronous system, the performance gap between the two methods is negligible
· In case of synchronous system, the performance using the latter method is better, because the inter-cell interference is mitigated by averaging two S-SCH symbols in a frame even if the velocity is low.
· The scrambling code for each S-SCH short code of 0th sub-frame is different from that of 5th sub-frame
2. Evaluations

Simulation parameters are shown in Table 1. The two – cells - model is assumed. The average received signal power ratio of cell-1 to cell-2 is -6dB. The weaker cell is a target cell to be searched. The number of occupied sub-carriers by SCH is 63 including a DC sub-carrier. Therefore, the number of valid sub-carriers is 62. The sequence length of both P-SCH and S-SCH is 62. The power ratio of P-SCH to S-SCH is 0dB.

The ZC sequence length for the P-SCH sequence is 63. The 32nd sample is truncated to map the P-SCH sequence on the valid sub-carriers. The P-SCH sequence index number of cell-1 is 29. The P-SCH sequence index number of cell-2 is 34.
The S-SCH sequence is the M-sequence [4]. The S-SCH consists of two S-SCH short codes. The sequence length of each code is 31. The primitive polynomial is x^5+x^2+1. The sequence is mapped on the valid sub-carriers by the interleaved mapping method. The power ratio of 1st S-SCH short code to 2nd S-SCH short code is 0dB. 

The scrambling code for S-SCH is based on the M-sequence. The primitive polynomial is x^6+x+1. The initial value of shift register is 0x01 (for cell-1) or 0x10 (for cell-2). The scrambling code depends on the P-SCH index [3]. The last one sample of scrambling code is truncated since the S-SCH sequence length is 62. 
The ideal OFDM symbol timing detection is assumed to evaluate the S-SCH index detection performance.
Figure 1 shows the S-SCH index detection performance in cases of both asynchronous and synchronous two cells. Method-1 in Figure 1 means the method utilizing the BPSK modulation for two S-SCH symbols in a frame [1]. Method-2 in Figure 1 means the method swapping the occupied sub-carriers of each S-SCH short code between the two S-SCH symbols in a frame [2].  
From the results, it is observed that:

· In case of asynchronous system, the performance gap between the two methods is negligible
· In case of synchronous system, the performance using Method-2 is better because the inter-cell interference is mitigated by averaging two S-SCH symbols in a frame even if the velocity is low
	
[image: image1]
(a) two synchronous cells [TU 3km/h]
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(b) two synchronous cells [TU 120km/h]
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(c) two asynchronous cells [TU 3km/h]
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(d) two asynchronous cells [TU 120km/h]


Figure 1 S-SCH index detection performance

Table 1 : Simulation parameters 

	Number of occupied sub-carriers by SCH
	63 (including DC sub-carrier)

	Sub-carrier spacing
	15 kHz

	SCH occupied bandwidth
	0.96MHz

	Number of OFDM symbols per radio frame
	140 (normal CP length)

	Carrier frequency
	2 GHz

	Number of SCH symbols per frame (P-SCH, S-SCH)
	4 (2,2)

	OFDM symbol timing 
	Ideal (the end of CP of the earliest path)

	P-SCH design
	Frequency domain ZC sequences (length=63, 32nd    sample is truncated)

	Number of indices provided by P-SCH
	3 (index=29, 34, 25)

	S-SCH design
	Interleaved two M-sequence (31-length) [4]

	Scrambling code for two S-SCH short codes
	M-sequence (63-length)

	S-SCH index detection method
	Coherent detection 

	Receiver sampling rate
	1.92MHz

	Number of TX/RX antennas
	1/2

	Multi-cell model
	Two - cell model

	Channel model
	6-path GSM Typical Urban

	Vehicle speed
	3km/h, 120km/h
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[image: image5.emf] Ideal OFDM symbol timing detection

CIR = -6dB, TU 3km/h
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[image: image6.emf]Ideal OFDM symbol timing detection

CIR = -6dB, TU 120km/h
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[image: image7.emf]Ideal OFDM symbol timing detection

CIR = -6dB, TU 3km/h
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[image: image8.emf]Ideal OFDM symbol timing detection
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