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1. Introduction

In the RAN1#49 meeting, it was agreed that the P-SCH sequence occupies up to 64 sub-carriers including the DC sub-carrier. This agreement has the potential for the 0.96MHz sampling rate operation of timing detector. To share the receiver circuits such as low pass filter for extracting SCH in case of the 0.96MHz sampling rate operation, the number of sub-carriers occupied by S-SCH should be up to 64 including DC sub-carrier from the viewpoint of implementation. In this case, since the S-SCH sequence length should be up to 63, at least an S-SCH sample is punctured. This document investigated the performance degradation caused by this puncturing. From simulation results, it was confirmed that the performance degradation caused by puncturing an S-SCH sample is negligible.
2. Simulations 

2.1. Simulation conditions
Table 1 shows simulation parameters for SCH. The P-SCH sequence is the frequency domain ZC sequence. The sequence length is 65. The three sequence indices are 29, 36 and 38. The 32nd and last P-SCH samples are punctured. For the S-SCH design, the two interleaved S-SCH structure [1]

 REF _Ref165205705 \n \h 
[2]

 REF _Ref164505628 \n \h 
[3]

 REF _Ref169349572 \n \h 
[4] is assumed. The S-SCH sequence is Hadamard sequence. Each S-SCH short code sequence length is 32. The number of indices provided by each S-SCH short code is 27. Therefore, the total number of indices provided by S-SCH is 27x27=729. The16th S-SCH sample of 1st S-SCH short code is punctured to set the S-SCH sequence to the 63 sub-carriers. The power ratio of the 1st S-SCH short code and 2nd S-SCH short code is 0dB.
Table 1 : Simulation parameters for SCH
	P-SCH design
	Frequency domain ZC sequences

	ZC sequence length
	65

	Number of indices provided by P-SCH
	3 (index=29, 36, 38)

	Number of sub-carriers occupied by P-SCH
	63

	S-SCH design
	Interleaved two Hadamard sequences

	S-SCH short code length
	32

	Number of indices provided by S-SCH
	27 x 27 = 729

	Number of sub-carriers occupied by S-SCH
	63 

(31:1st S-SCH short code, 32:2nd S-SCH short code)

	OFDM symbol timing detection method
	2-partitioned partial correlation method [5]

	S-SCH index detection method
	Coherent detection


To evaluate the performance degradation caused by puncturing for DC sub-carrier, the cell search performances of non-DC puncturing case are compared. In case of non-DC-puncturing, the number of sub-carriers occupied by SCH is 64. 
Remaining simulation conditions are summarized in Table 2. The sampling rate of cell searcher is 1.92MHz. The low pass filter for extracting SCH is the ideal filter. The pass bandwidth is 0.96MHz. It assumes the single cell model. The inter-cell interference is modeled as AWGN.

Table 2 : Simulation parameters 

	Number of sub-carriers
	64 (including DC sub-carrier)

	Sub-carrier spacing
	15 kHz

	SCH bandwidth / SCH occupied bandwidth
	1.08 MHz / 0.96MHz

	Number of OFDM symbols per radio frame
	140

	Carrier frequency
	2 GHz

	Carrier frequency offset between Node-B and UE
	+/-5ppm (uniform distribution)

	The sampling rate of cell searcher
	1.92MHz

	Low pass filter for extracting SCH
	Ideal filter

	Pass bandwidth of LPF
	0.96MHz

	Number of TX/RX antennas
	1/2

	Multi-cell model
	AWGN

	Channel model
	6-path GSM Typical Urban

	Vehicle speed
	3km/h


2.2. Simulation results
In this section, the performance degradation caused by puncturing an S-SCH sample is evaluated in terms of cell search time performance. The cell search time means the required time to detect the correct S-SCH index. In the simulator, if the detected timing is within +/- CP length from the end of CP of the earliest path, the S-SCH index detection starts. Until the desired timing is detected, the correlator outputs of timing detector are averaged. The number of averaging times 5ms is the cell search time for the timing detection. In the S-SCH index detection stage, the equalizer outputs are averaged until the correct S-SCH index is detected. The number of averaging times 5ms is the cell search time for the S-SCH index detection.

Figure 1 shows the cell search time performances. SINR denotes signal power of a cell to noise and interference power ratio in the SCH band. The performance degradation caused by puncturing an S-SCH sample is not confirmed.
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Figure 1 : cell search time performance
3. Conclusions

In this document, the number of sub-carriers occupied by S-SCH was investigated. From evaluation results, it was confirmed that puncturing an S-SCH sample to set the S-SCH sequence in the 63 sub-carriers does not degrade the cell search performance.
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