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1. Introduction

There are two CP lengths supported in E-UTRA for different application scenarios. But for the initial cell search, the flexibility of CP length will bring some disadvantages. In the initial cell search procedure, the UE should detect not only the timing of the Node B, but also the CP length it used. Generally, there are two ways to solve this problem. One is the so-call “blind detection” of CP-length, the other is to fix the CP length of the sub-frames which contain the SCH symbols. The first one will not only increase the complexity of the UE implementation but also bring some performance degradation. For the second one, there may be some multiplexing problem with MBMS. In this contribution, we present a new and effective method on P-SCH design and detection, which can detect the CP length in timing detection procedure without increasing the implementation complexity. This method is based on hybrid correlation method.
_______________________________________________________________________________________
2. Detail of the Proposed Method
 It is well known that there are three main detection methods for P-SCH timing synchronization: auto-correlation, cross-correlation and hybrid correlation. The hybrid correlation method is favourable because of its good performance and considerable implementation complexity. Coarse timing is firstly obtained by auto-correlation, and then fine timing can be achieved by cross-correlation, which the search window can be reduced based on coarse timing. In order to apply hybrid correlation detection method, the P-SCH signal waveform should be time-domain repetitive.
2.1 Base Principle

Provided the FFT size is 
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, and the CP length for Short CP and Long CP are 
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 respectively. The   P-SCH symbols are transmitted in one OFDM symbol.

For the Short CP, the transmitted P-SCH signals are: 
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, which are time-domain repetitive. That is to say, the transmitted P-SCH signals satisfy the following condition (1):
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For the Long CP, the transmitted P-SCH signals are: 
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, which are the circular shift of 
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. The circular shift can maintain the time-domain repetitive property. The circular shift factor 
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 is an integer constant satisfying the following condition:
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Where 
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 is an integer constant too and satisfies (3):
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A suitable value for
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 can be selected according to (4):
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where 
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 means the maximum integer smaller than
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 and 
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 means the minimum integer greater than
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If the P-SCH signal is transmitted in this way, we can detect the CP length while timing detection. See details in section 2.2.
In order to apply the proposed method, the transmitted P-SCH sequence should have good auto-correlation property, which is a base requirement for P-SCH sequence design. That is to say the auto-correlation between 
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 and its circular shift should satisfy the following condition:
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Where 
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2.2 P-SCH Timing Detection Procedure
The P-SCH timing detection procedure can be described as follow:
· Step 1: Coarse timing detection. The UE performs coarse time synchronization with the received OFDM symbol of P-SCH. As mentioned above, this OFDM symbol is time-domain repetitive and time-domain coarse synchronization can be realized with differential correlation method by the two identical half OFDM symbol.
· Step 2: Frequency offset estimation.
· Step 3: Fine timing detection. The method we proposed here is a kind of Hybrid correlation method. So, we call the conventional method as “Method 1” and the proposed method as “Method 2”
· Method 1.
· Based on the coarse timing, the search window size is set to a certain value, for example, the CP range.
· Calculate the cross correlation between the replica sequence and the received sequence during the search window.
· The peak of the cross correlation value is corresponding to the fine timing position. 
· Method 2. 

· After coarse timing detection, the received P-SCH signal is: 
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· Calculate the circular convolution 
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· Calculate the circular convolution 
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· Calculate 
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· Find the index 
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 corresponding to the max value of 
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.
· According to the value of 
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, we can decide the fine timing position and the CP type. See detail in Table 1.
Table 1. fine timing detection and CP Type judging rule
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	Judging rule
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	Short CP.

The coarse timing is ahead of the real timing position 
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 samples.
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	Long CP.
The coarse timing is behind of the real timing position (
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[image: image42.wmf]2

11

NLDkND

---££--


	Long CP.
The coarse timing is ahead of the real timing position (
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	Short CP.
The coarse timing is behind of the real timing position (
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The P-SCH timing detection procedure of the proposed method is depicted in figure 1.
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Figure 1: cell search flowchart of the proposed method
_______________________________________________________________________________________
3. Complexity issue

 As mentioned above, the proposed method is a kind hybrid correlation. Thus the P-SCH detection complexity of the proposed method is the same as hybrid correlation. Note that the circular convolution can be implemented by Fast Fourier Transform (FFT). Therefore, from the UE complexity point of view, the proposed P-SCH method is more desirable.
_______________________________________________________________________________________
4. Simulation results
In this section, the P-SCH timing detection performances using Hybrid correlation and the proposed method are shown.

 4.1 Simulation Parameter
Table 2 shows the simulation parameters. The conventional hybrid-correlation method and the proposed method are used for OFDM symbol timing detection respectively. 
Table 2. Simulation Parameters

	Content
	Value

	Number of sub-carriers
	75

	Sub-carrier spacing
	15 kHz

	Carrier frequency
	2 GHz

	SCH bandwidth
	1.25 MHz

	P-SCH sequence
	CAZAC Sequence

	Number of occupied sub-carriers of P-SCH
	32

	Prime number of CAZAC sequence 
	37

	Number of TX/RX antennas
	1/2

	Channel model
	6-path GSM Typical Urban

	Vehicle speed
	30km/h, 120km/h

	Number for averaging
	2

	Timing detection criteria 
	±2 samples


4.2 Simulation Results
Figure 2 shows the performance of P-SCH timing detection. It may be observed in the figure 1 that the DER performance difference between Method 1 and Method 2 is negligible both in 120km/h and 30km/h.
Figure 3 shows the CP detection error rate of our proposed method. 
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Figure 2: P-SCH detection performance of Hybrid correlation and the proposed method.
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Figure 3: CP Detection Performance.

_______________________________________________________________________________________
5. Conclusions

In this contribution, we present a new and effective method on P-SCH design and detection.
· For the Short CP, the transmitted P-SCH signals are: 
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· For the Long CP, the transmitted P-SCH signals are: 
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In this way, we can detect the CP type in the P-SCH detecting procedure without increasing the UE implementation complexity. What’s more, within step 3 of the timing detection procedure, cross correlation can be can be implemented by FFT, the complexity can  be even lower.

From the simulation results, we can find that the performance of our proposed method is almost the same as the conventional hybrid correlation. Thus we strongly recommend the proposed method in this contribution to be adopted.
_______________________________________________________________________________________
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