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1. Introduction

In the RAN1#49bis meeting, the ZC sequence length and three indices for P-SCH sequence were agreed.

· P-SCH design

· 63-length FD-ZC

· 32nd sample is punctured

· ID = 29,34,25
This document evaluates the total cell search performance using all possible P-SCH index combinations.
From the simulation results, following conclusions are drawn.

· Because the cross correlation between index-34 and index-25 is not a ZC sequence with length-63, the 5ms timing detection performance using the P-SCH combination (34,25) is better than others in case of synchronous system
· In this case, the cross correlation result in the frequency domain becomes a ZC sequence with length-7 (9 times repetition)

· In the time domain, 9 undesired peaks appear at regular intervals. It increases the correlation output at the desired timing
· This cross correlation characteristic also influence on the channel estimation accuracy using P-SCH

· The index-31 instead of the index-25 shows better performances because the cross correlation between index-34 and index-31 is a ZC sequence with length-21 (3 times repetition)
2. Simulation conditions
The two cell mode is assumed as the multi-cell model. The received signal timing (radio frame boundary) difference between two cells is 0us or 100us. In case of 100us difference, the P-SCH of cell-1 does not overlap that of cell-2. The S-SCH also does. The other case assumes the synchronous system condition. The cell-2 is a serving cell. The cell-1 is a neighbor cell. The P-SCH index of each cell is different from others. The cell search time performances for detecting the cell-1 are investigated to evaluate a neighbor cell search performance in this document.
Simulation parameters are shown in Table 1. The number of occupied sub-carriers by the SCH is 63 including 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 index is 29, 34 or 25. But, for the evaluation, the index-31 is also utilized instead of the index-25.
The S-SCH sequence is the M-sequence [1]. The S-SCH consists of two S-SCH short codes. The power ratio of 1st S-SCH short code to 2nd S-SCH short code is 0dB. 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 scrambling code for S-SCH is based on the M-sequence. The sequence length is 63.The primitive polynomial is x^6+x+1. The initial value of shift register is 0x20, 0x10 or 0x08. The initial value depends on the P-SCH index. 
The frequency offset between Node-B and UE is +/-0.1ppm, +/-2.5ppm or +/-5ppm. The channel model is the 6-path GSM Typical Urban model. The vehicle speed is 3km/h. It is assumed that the receiver knows the CP length and frame boundary. The S-SCH index is randomly assigned in each simulation trial. But, the S-SCH short code index of each cell is different from others. The frequency offset estimation method is the 2-partitioned partial correlation based method. The S-SCH index detection method is the coherent detection using the estimated channel responses by P-SCH. The channel estimation filter is the rectangular filter in the time domain. The filter window size is 11 samples at 1.92 sampling rate (the short CP length is 9 samples). The 1st and 2nd S-SCH short code indices are detected independently (i.e. separate detection method). It means that each S-SCH short code index is selected form 27 possible candidates. 
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 (for short CP length)

	Carrier frequency
	2 GHz

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

	OFDM symbol timing detection method
	No-partitioned correlation method /                        2-partitioned partial correlation method

	Frequency offset estimation method
	2-partitioned partial correlation method

	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 ( or 31) )

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

	S-SCH scrambling code
	M-sequence (63-length)

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

	S-SCH index detection method
	Coherent detection 

	Channel estimation filter
	Rectangular filter in time domain (window size is 11 samples @ 1.92MHz sampling rate)

	Receiver sampling rate
	1.92MHz

	Number of TX/RX antennas
	1/2

	Carrier frequency offset between Node-B and UE
	+/-0.1ppm,  +/-5ppm (uniform distribution)

	Multi-cell model
	Two cell model

	Channel model
	6-path GSM Typical Urban

	Vehicle speed
	3km/h


3. Simulation results
In this section, the cell search performance differences between P-SCH index combinations are investigated. The average received signal power ratio of cell-1 to cell-2 (S1/S2) is -6dB. The P-SCH index combination of cell-1 and cell-2 is (29, 34), (29, 25), (34, 25), (29, 31) or (34, 31). The frequency offset is +/-0.1ppm or +/-5ppm.  In case of +/-0.1ppm frequency offset, the non-partitioned correlation based 5ms timing detection method is used. In case of +/-5.0ppm frequency offset, the 2-partitioned partial correlation based 5ms timing detection method is used.
Figure 1 shows the 5ms timing detection performance differences between P-SCH index combinations. If one of the detected timing is within +/- CP length from the end of CP of the earliest path, and the desired P-SCH index is detected, it is assumed that the detected 5ms timing is desired. Until the desired timing is detected, the correlator outputs of timing detector are averaged. From the simulation results, it is observed that: 

· The performance differences between three P-SCH indices could be negligible in case of asynchronous system

· In case of synchronous system, the 5ms timing detection performance using the P-SCH combination (34,25) is better than others
· Because the cross correlation between index-34 and index-25 is not a ZC sequence with length-63 the cross correlation result in the frequency domain becomes a ZC sequence with length-7 (9 times repetition)

· In the time domain, 9 undesired peaks appear at regular intervals. It increases the correlation output at the desired timing
· The index-31 instead of the index-25 can mitigate these performance gaps 
· Because the cross correlation between index-34 and index-31 is a ZC sequence with length-21 (3 times repetition), the undesired peak value is smaller than the case of the index-25 
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(a) asynchronous system, +/-5ppm frequency error
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(b) synchronous system, +/-5ppm frequency error
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(c) asynchronous system, +/-0.1ppm frequency error 
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(d) synchronous system, +/-0.1ppm frequency error 


Figure 1 : 5ms timing detection performances 
Figure 2 shows the S-SCH index detection performance differences between P-SCH index combinations. The 5ms timing detection time is not included in these results. From the simulation results, it is observed that: 
· The performance differences between three P-SCH indices could be negligible in case of asynchronous system

· In case of synchronous system, the S-SCH index detection performance using the P-SCH combination (34,25) is worse than others
· The index-31 instead of the index-25 can reduce these performance gaps
· The channel estimation error in case of the P-SCH combination (34,25) is larger than others
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(a) asynchronous system, +/-5ppm frequency error
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(b) synchronous system, +/-5ppm frequency error
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(c) asynchronous system, +/-0.1ppm frequency error
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(d) synchronous system, +/-0.1ppm frequency error


Figure 2 : S-SCH index detection performances
Figure 3 shows the total cell search time performance differences between P-SCH index combinations. From the simulation results, similar trends shown in Figure 2 are observed.
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(a) asynchronous system, +/-5ppm frequency error 
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(b) synchronous system, +/-5ppm frequency error 
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(c) asynchronous system, +/-0.1ppm frequency error
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(d) synchronous system, +/-0.1ppm frequency error


Figure 3 : Total cell search performances
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