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1. Introduction

In the RAN1#49 meeting, following items were agreed. 
· P-SCH sequence is a frequency domain ZC (FD-ZC) sequence
· FD-ZC sequence occupies up to 64 sub-carriers including the DC sub-carrier
· No bits are mapped to the DC sub-carrier
· ZC sequence length before mapping to sub-carriers can be 64 +/- 1
The selection of ZC sequence length and index is a remaining issue. This document investigates the sequence length and index in terms of the apeoridic correlation characteristic. The influence of frequency offset is also considered. 
From the evaluation results, following sequence length and three indices are recommended. 
· ZC sequence length : 65 (The 32nd and last P-SCH samples are punctured) 
· Three indices : 31, 34, 38
Since the performance degradation in case of 63-length ZC sequence is not significant, the 63-length ZC sequence would be acceptable.
2. Evaluations
2.1. Candidates for Combination of ZC sequence length and P-SCH sequence length
Candidates for ZC sequence length before mapping to sub-carriers are 63, 64 and 65. The P-SCH occupies up to 64 sub-carriers including DC sub-carrier. Therefore, candidates of P-SCH sequence length are 63 and 64. In this document, following combinations shown in Table 1 are evaluated.
Table 1 : Combination of ZC sequence length and P-SCH sequence length
	Combination Number
	ZC sequence length (Ng)
	P-SCH sequence length (Np)

	1
	63
	63

	2
	63
	64 (first sample is repeated)

	3
	64
	64

	4
	65
	64 (last sample is truncated)


2.2. Aperiodic correlation
From the viewpoint of timing detection, good aperiodic auto correlation characteristic is required for the P-SCH design. Since the number of P-SCH sequence is three, good aperiodic cross correlation characteristic is also required. Assuming the two partitioned partial correlation timing detection method, the aperiodic correlation is represented as:
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Figure 1 shows the largest false peak of aperiodic auto correlation in cases of possible combinations in Table 1. These are normalized by the desired peak value. The frequency offset is not assumed. Figure 2 shows the largest false peak of aperiodic auto correlation in case of presence of frequency offset. It is assumed that the frequency offset is 5ppm. Three indices { 31, 34, 38 } in case of the combination-4 (Ng=65,  Np=64) shows best characteristic. Three indices { 29, 30, 31 }[2] and { 31, 33, 39 }[3]  in case of the combination-3 (Ng=64,  Np=64) are worse characteristic.
Figure 3 and Figure 4 show the apeoridic auto and cross correlation characteristic of selected three indices in case of no frequency offset, respectively. The false peaks of aperiodic auto correlation are small.
Figure 5 and Figure 6 show the apeoridic auto and cross correlation characteristic of selected three indices in case of presence of frequency offset, respectively. The false peaks of aperiodic auto correlation become large compared to the case of no frequency offset.
Figure 7 shows the largest false peak of aperiodic auto correlation with DC sub-carrier puncturing [4] in case of presence of frequency offset. It is assumed that the frequency offset is 5ppm. The influence of DC sub-carrier puncturing is negligible.
Figure 8 and Figure 9 show the apeoridic auto and cross correlation characteristic of selected three indices in case of DC sub-carrier puncturing, respectively. The influence of DC sub-carrier puncturing is negligible.
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(1) Ng=63,  Np=63
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(3) Ng=64,  Np=64
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(2) Ng=63,  Np=64
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(4) Ng=65,  Np=64


Figure 1 : Largest false peak of aperiodic auto correlation in case of no frequency offset
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(1) Ng=63,  Np=63
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(3) Ng=64,  Np=64
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(2) Ng=63,  Np=64
	[image: image8.emf]0

0.2

0.4

0.6

0.8

1

1.2

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

ZC sequnece index

Aperiodic auto-correlation value


(4) Ng=65,  Np=64


Figure 2 : Largest false peak of aperiodic auto correlation in case of presence of frequency offset
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(1) index=31
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(3)index=38
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Figure 3 : Aperiodic auto correlation characteristic in case of no frequency offset (Ng=65,  Np=64)
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(1)  index=31, 34
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(3) index=34,38
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(2)  index=31,38
	


Figure 4 : Aperiodic cross correlation characteristic in case of no frequency offset (Ng=65,  Np=64)
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(1) index=31
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(3)index=38
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Figure 5 : Aperiodic auto correlation characteristic in case of presence of frequency offset (Ng=65, Np=64)
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(1)  index=31, 34
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(3) index=34,38
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(2)  index=31,38
	


Figure 6 : Aperiodic cross correlation characteristic in case of presence of frequency offset (Ng=65, Np=64)
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(1) Ng=63,  Np=63
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(3) Ng=64,  Np=64
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(2) Ng=63,  Np=64
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Figure 7 : Largest false peak of aperiodic auto correlation with DC sub-carrier puncturing in case of presence of frequency offset 
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(1)  index=31
	[image: image26.emf]Normalized aperiodic auto-correlattion (ID=38)

0

0.2

0.4

0.6

0.8

1

1.2

-64 -32 0 32 64

Timing offset


(3) index=38
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Figure 8 : Aperiodic auto correlation characteristic with DC sub-carrier puncturing in case of presence of frequency offset (Ng=65, Np=64)
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(1)  index=31, 34
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(3) index=34,38
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Figure 9 : Aperiodic cross correlation characteristic with DC sub-carrier puncturing in case of presence of frequency offset (Ng=65, Np=64)
2.3. Influence of frequency offset on SCH index detection performance 
In this section, the influence of frequency offset on SCH index detection error rate (DER) is evaluated. If both P-SCH and S-SCH indices are not detected correctly, the SCH index detection is error. Simulation conditions are shown in Table 2. It is assumed that the frequency offset is 0.1ppm, 1.5ppm, 3ppm or 5ppm. The two partial correlation based frequency offset estimation method is adopted. Figure 10 shows the SCH index detection performances of selected three indices. From the results, it is confirmed that the two partial correlation based frequency offset estimation method is applicable.
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Figure 10 : Influence of frequency offset on SCH index detection performance
Table 2 : Simulation parameters 

	Number of sub-carriers
	64

	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

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

	Number of P-SCH symbols for timing detection
	2

	Number of S-SCH symbols for S-SCH index detection
	1

	OFDM symbol timing detection method
	2-partitioned partial correlation method [1]

	S-SCH design
	Interleaved two Walsh sequences

	Number of indices provided by P-SCH
	3

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

	S-SCH index detection method
	Coherent detection

	Number of TX/RX antennas
	1/2

	Carrier frequency offset between Node-B and UE
	+/-0.1ppm, +/-1.5ppm, +/-3ppm, +/-5ppm 
(uniform distribution)

	Channel model
	6-path GSM Typical Urban

	Vehicle speed
	3km/h


3. Conclusions

In this document, ZC sequence length and index for P-SCH were investigated in terms of the apeoridic correlation characteristic. The influence of two partial correlation based frequency offset estimation method on SCH index detection performance was also evaluated. 
From evaluation results, following sequence length and three indices are recommended.  

· ZC sequence length : 65 (The 32nd and last P-SCH samples are punctured) 

· Three indices : 31, 34, 38
Since the performance degradation in case of 63-length ZC sequence is not significant, the 63-length ZC sequence would be acceptable.

The two partial correlation based frequency offset estimation method is applicable by using the selected sequence length and indices.
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