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1. Introduction

In the RAN1#48bis meeting, it was agreed that the P-SCH is the ZC based design and no-repetitive structure in time domain [1].  There are four possible P-SCH designs satisfying these agreements.

· Time domain ZC sequence based design (TD-ZC)
A ZC sequence is generated in time domain and is transmitted by DFT-SOFDM.
· Frequency domain ZC sequence based design (FD-ZC)
A ZC sequence is generated in frequency domain and is mapped to the SCH sub-carriers.
· Interleaved two frequency domain ZC sequences based design (Interleaved-ZC)
Two ZC sequences are generated in frequency domain and are mapped to the SCH sub-carriers alternately.
· Concatenated two time domain ZC sequences based design (Concatenated-ZC)
Two ZC sequences are generated in the time domain and concatenated. The sequence is transmitted by DFT-SOFDM.
The P-SCH is utilized for frequency offset estimation, timing detection and channel estimation for the S-SCH index detection. Therefore, this document investigates these possible P-SCH designs using following items.
· Frequency offset estimation
· Frequency domain spectrum shape for channel estimation

· Aperiodic auto/cross-correlation properties for timing detection

· Sequence index number for three P-SCH signals
The influence of puncturing a P-SCH sample on the DC sub-carrier [2] on the SCH index detection performance is also evaluated. 
From evaluation results, the Interleaved-ZC is recommended as the P-SCH design based on the ZC sequence with no-repetitive structure. This design has following features. 
· Two partitioned partial correlation based frequency offset estimation method is applicable

· Flat frequency domain spectrum
· Good aperiodic auto/cross-correlation properties
2. Evaluations
2.1. Frequency offset estimation
The frequency offset estimation method using the phase rotation between partial correlation results of a P-SCH symbol is one of conventional methods. In the initial cell search evaluations, it is assumed that the frequency offset between Node-B and UE is +/- 5ppm and the uniform distribution. So, the two partitioned partial correlation method can be utilized for the frequency offset estimation. 
Figure 1 shows the SCH index detection performances in case of the frequency offset estimation method which utilizes the two partitioned partial correlation method. Simulation conditions are shown in Table 1. In cases of both TD-ZC and FD-ZC, the ZC sequence length is 65 and the last sample is truncated. The index number is 1. In cases of both Interleaved-ZC and Concatenated-ZC, the ZC sequence length is 31 and the first sample is repeated. The index number 1 and 2 are utilized. 
The rhombus markers in Figure 1 show the SCH index detection performances in case of ideal frequency offset compensation. In cases of both Interleaved-ZC and Concatenated-ZC, the SCH index detection performance degradation using two partitioned partial correlation method can be negligible. In cases of both TD-ZC and FD-ZC, the frequency offset estimation error caused by the two partitioned partial correlation degrades the SCH detection performance [3]. 
Instead of the two partitioned partial correlation method, a hypothesis test of phase rotation could be applicable. However, it would increase the receiver complexity. Therefore, from the viewpoint of frequency offset estimation, the P-SCH design enabling two partitioned partial correlation based frequency offset estimation method such as Interleaved-ZC or Concatenated-ZC is suitable design.
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(a) TD-ZC
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(c) Interleaved-ZC
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(b) FD-ZC
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(d) Concatenated-ZC


Figure 1 : SCH index detection performance using two partitioned partial correlation based frequency offset estimation method
2.2. Frequency domain spectrum 
In the RAN1#47bis meeting, it was agreed that the number of P-SCH sequences can be as large as three. The motivation of allowing multiple P-SCH sequences is to improve the neighbor cell search performance. It implies the coherent S-SCH index detection method using the channel estimation by P-SCH can be applicable. Therefore, the P-SCH design having the flat frequency domain response is suitable design in terms of channel estimation accuracy.
Figure 2 shows the frequency domain responses of Interleaved-ZC and Concatenated-ZC. In cases of both Interleaved-ZC and Concatenated-ZC, the ZC sequence length is 31 and the first sample is repeated. The index number 1 and 2 are utilized. The frequency domain responses of time domain PN sequence [5] are also shown. Only Interleaved-ZC has the flat frequency domain responses.
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(a) Interleaved-ZC
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(c) PN1, PN2
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(b) Concatenated-ZC
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(d) PN3


Figure 2 : Frequency domain spectrum
2.3. Sequence index number for three P-SCH signals
In this section, the timing detection error caused by the frequency offset corresponding to the ZC sequence index is investigated. If the detected timing is not within +/- CP length from the desired timing (which is the end of CP of the earliest path), the detected timing is error. The number of simulation trials is 10,000.
The P-SCH design is the Interleaved-ZC. The ZC sequence length is 31 and the first sample is repeated. Simulation conditions are aligned with Table 1. But, the frequency offset between Node-B and UE is +5ppm (constant) to evaluate the worst case. It is assumed that the number of P-SCH sequence is 1 to remove the P-SCH sequence selection error from the timing detection error. 
29 combinations of two ZC sequences are evaluated.  The combination-1 (ID number-1) uses the ZC sequence index number 1 and 2. The combination-2 (ID number-2) uses the ZC sequence index number 2 and 3. The combination-n (ID number-n) uses the ZC sequence index number n and n+1.
Figure 3 shows the influence of ID number on the timing detection performance. If the ID number is small or close to the ZC sequence length, the timing detection error can be small. The reason is that the distance between the detected timing and the desired timing increases with increase of the ZC sequence index number because of the frequency offset.
In the following sections, three P-SCH signals (Interleaved-ZC1, Interleaved-ZC2 and Interleaved-ZC3) use following ZC sequence index combinations.
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Figure 3 : Influence of sequence index number on timing detection performance
2.4. 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 4 shows aperiodic auto correlation of Interleaved-ZC and time domain PN sequence [5]. Both designs show good aperiodic auto correlation characteristic. But, the interleaved-ZC has slightly better aperiodic auto correlation characteristic.
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(a) Interleaved-ZC1
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(d) PN1

	[image: image12.emf]Interleaved-ZC,

Normalized aperiodic auto-correlattion in case of ID=2

0

0.5

1

-64 -32 0 32 64

Timing offset


(b) Interleaved-ZC2
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(e) PN2
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(c) Interleaved-ZC3
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(f) PN3


Figure 4 : Aperiodic auto correlation

Figure 5 shows aperiodic cross correlation of Interleaved-ZC and time domain PN sequence [5]. The aperiodic auto correlation characteristic of interleaved-ZC is better than that of PN sequence.
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(a) Interleaved-ZC1
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(d) PN1
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(b) Interleaved-ZC2
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(e) PN2

	[image: image20.emf]Normalized aperiodic cross-correlattion

between Interleaved-ZC-3 and Interleaved-ZC-1

0

0.1

0.2

0.3

-64 -32 0 32 64

Timing offset


(c) Interleaved-ZC3
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(f) PN3


Figure 5 : Aperiodic cross correlation
2.5. Handling of DC sub-carrier 
As handling of DC sub-carrier, puncturing a P-SCH sample on the DC sub-carrier was proposed in [2]. In this section, the influence of puncturing a P-SCH sample on the DC sub-carrier is evaluated by swapping 32th P-SCH sample for zero-value sub-carrier. The P-SCH design is the Interleaved-ZC. The ZC sequence length is 31 and the first sample is repeated. Simulation conditions are aligned with Table 1. Figure 6 shows the influence of puncturing a P-SCH sample on the DC sub-carrier in terms of the SCH index detection performance. The performance degradations are not confirmed in cases of all three P-SCH signals.
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(a) Interleaved-ZC1
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(b) Interleaved-ZC3
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Figure 6 : Influence of puncturing a P-SCH sample on the DC sub-carrier
Table 1 : Simulation parameters 

	Number of sub-carriers
	64

	Sub-carrier spacing
	15 kHz

	SCH bandwidth / SCH occupied bandwidth
	1.25 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 [4]

	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
	+/-5ppm (uniform distribution)

	Channel model
	6-path GSM Typical Urban

	Vehicle speed
	3km/h


3. Conclusions

In this document, possible four P-SCH designs satisfying current agreements were investigated. From evaluation results, the Interleaved-ZC is recommended as the P-SCH design based on the ZC sequence with no-repetitive structure.
Regarding the number of occupied sub-carriers by SCH, this document assumed 64. Assuming the coherent S-SCH index detection using the P-SCH, it would depend on the S-SCH sequence length. 
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