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I. Introduction
In this contribution, we propose S-SCH structure for EUTRA cell search. Especially BPSK (or QPSK) modulated S-SCH structure is proposed. This idea is originally proposed in [1], [2] at the last meeting but was not presented due to lack of time. The modulation symbol can convey some information such as, frame boundary, P-BCH Tx diversity, usage of reference signal hopping pattern and P-BCH TTI boundary. By using the modulated S-SCH signal structure we can minimize the required number of S-SCH sequences, thus reducing the second step complexity without any performance degradation.

In this contribution, we compare the performance of two cell search schemes with BPSK modulated S-SCH and different S-SCH sequences, respectively, for frame boundary detection.
II. Two possible S-SCH structures
2.1 Different S-SCH sequences for the frame boundary detection (Scheme 1)
This scheme uses different sequences in the first and the second S-SCH symbols for the frame boundary detection. Thus the number of S-SCH sequences used in the system is two times larger than the number of cell groups, i.e., 2NG(where NG is the number of groups in the system). In order to find the frame boundary and the cell group ID, 2NG frequency domain correlators are needed in the second step. Both coherent and non-coherent correlation can be in the second step of this scheme. The coherent detection is based on the channel estimates of P-SCH symbol which is positioned right after the S-SCH symbol. The decision variables for non-coherent and coherent second steps are given below.
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for non-coherent 2nd step
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for coherent 2nd step
where 
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S-SCH sequence. Ns is the number of subcarriers in S-SCH (that is, 72). 
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 subcarrier component, which is extracted from the adjacent P-SCH symbol position. The cell group ID and frame boundary is found by selecting the max among 2NG decision variables.
2.2 Same S-SCH sequences with BPSK modulation (Scheme 2)
This scheme uses the same sequence in the two S-SCH symbol positions in the frame but the first and second symbols are modulated by +1 and -1, respectively. Using the channel estimates based on the P-SCH signal, we can employ the coherent detection of the S-SCH signal. The number of S-SCH sequences required for cell group detection is just NG .  Thus this scheme neeeds just a half of correlators in the second step, compared with Scheme 1 with different S-SCH sequences. The decision variable in the proposed scheme is defined as 
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for coherent 2nd step
The second step detector can find the cell group ID by selecting the index with a maximum amplitude among NG decision variables, and then it can also acquire the frame boundary information by checking the sign of the variable.
III. Simulation condition and results.

Table 1 in appendix A shows simulation assumptions. We assume a single cell model. Figures 1 and 2 show the second step detection error rates in low vehicle speed (3km/hr) with the number of groups (NG) 64 and 170, respectively. Fig 3 shows the performance when the vehicle speed is 350 km/hr and the number of group is 170. It is found that the non-coherent second step with different S-SCH sequences has a very poor performance (almost 4 dB performance degradation). If we apply coherent detection, the two schemes using different sequences and same sequence with BPSK modulation show almost the same performance.
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Fig. 1. Second step detection error rate when the number of groups is 64 (3km/hr).
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Fig. 2. Second step detection error rate when the number of groups is 170 (3km/hr).
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Fig. 3. Second step detection error rate when the number of groups is 170 (350km/hr).

IV. Conclusions.

In this contribution, we have investigated a modulated S-SCH structure to reduce the number of S-SCH sequences. As a results we propose the following S-SCH structure:
· BPSK (or QPSK) modulated S-SCH for one (or two) of the following information

· Frame boundary

· P-BCH Tx diversity (if needed) 

· Usage of reference signal hopping pattern (if needed)
· P-BCH TTI boundary (if needed)
· Cyclic shifted ZC sequences for

· Cell group IDs and 
· Part of the above information (if needed)
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Appendix A. Simulation conditions
Table 1. Simulation assumptions
	Transmission BW
	1.25 MHz

	Carrier frequency
	2 GHz

	FFT Size
	128

	Total Number of used subcarrier
	72

	Residual frequency offset
	200 Hz

	Number of S-SCH sequences 
	64 Groups
	BPSK
	64 (ZC with length 73) [3] [4]

	
	
	Different 
	128 (Cyclic shifted ZC with length 73) 

	
	170 Groups
	BPSK
	170 (Cyclic shifted ZC with length 73)

	
	
	Different 
	340 (Cyclic shifted ZC with length 73)

	P-SCH sequence
	GCL with length 37
# of occupied subcarriers by P-SCH = 36

	P-SCH sequence number
	1

	Channel Model
	TU (6 paths)

	Antenna configuration
	1 Tx and 2 Rx 

	Antenna diversity
	No antenna diversity at Tx and EGC at Rx

	Averaging length for the second step
	2 S-SCH symbols

	Channel estimation for coherent second step
	DFT based channel estimation

	First step
	Ideal first step
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