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1 Introduction

In the past meetings, some papers have been proposed on cross-correlation based detection (SCH-replica based detection) applicable to the hierarchical SCH, and auto-correlation based detection applicable to both the hierarchical SCH and non-hierarchical SCH. It is concluded that replica based detection employing the M-partitioned partial correlation method achieves a higher cell search time performance than the auto-correlation based detection [2, 3], but has a larger complexity. In this contribution, a hybrid method combining both cross-correlation based detection and auto-correlation based detection is studied in aspect of cell search time performance and UE complexity [1]. 

2 Hybrid timing detection procedure for EUTRA TDD

According to reference [5] and [6], the symbols of SCH can be placed on every other sub-carrier in frequency domain, so in time domain it forms a repetitive signal, as shown in Fig.1. [5].
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Figure1. Example of synchronization symbol generation (cyclic prefix not shown)

The hybrid timing detection procedure is shown in Fig.2. UE can utilize the following procedure to realize SCH symbol timing detection precision up to the same as that SCH-replica detection method does with just a little more complexity than auto-correlation method. This procedure is applicable for both TDD and FDD. 
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Figure 2 the Hybrid timing detection procedure for EUTRA TDD system 
Assuming that the SCH is a cell-common OFDM symbol, i.e., for all the cells the same OFDM symbol is sent in SCH, or, it includes N synchronization codes which denote the different cell group ID. 
Step1, SCH timing by auto-correlation

UE performs coarse time synchronization with the received OFDM symbol of SCH. As shown in Fig.1, OFDM symbol has been constructed repetitively in time domain, and time domain coarse synchronization can be performed with auto-correlation method with the two identical half OFDM symbol. But the auto-differential correlation has a relatively low timing performance mainly because of the existence of a differential correlation plateau. The differential correlation function reaches a plateau which has the length equal to the length of the cyclic prefix [7] as shown in Fig.3. A broad peak may seriously impact the performance of SCH timing detection, even if correlation values from several synchronization symbols are averaged, especially when noise presents.  Therefore, additional measures should be taken to obtain a better timing acquisition.
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Figure 3 Auto-correlation function of the repetitive OFDM synchronization signal from [7].
In order to overcome the impact of differential correlation plateau in the auto-correlation detection, a new method is proposed by summing N (N= plateau length) consecutive points along initial differential correlation result. Apparently the output of the summing will be a triangle-like shape, and then the peak position of the triangle indicates the timing of SCH. The sum of N points can be simply calculated by adding the next point and subtracting the first point from the prior result. This method can improves the timing performance as shown in fig.4 with marginal additional UE operation complexity. 
Step 2, SCH timing by cross-correlation
By identifying the correlation plateau a more precise SCH timing can be acquired, but there are still some offset between the ideal SCH timing and the searched SCH timing mainly due to the noise, interference, or similar repetitive structure in other timeslots. In order to get the exact SCH timing, cross-correlation should be performed.

From the previous auto-correlation based detection and plateau auto-correlation method, UE can obtain the possible coarse positions of SCH. Then, in order to obtain the more accurate time synchronization, UE performs the replica-correlation between known OFDM sequence and received sequence at each possible coarse SCH position in a reasonable range (for example ±32 samples). The synchronization precision is greatly improved compared with the auto-correlation as shown in fig.4.
The complexity comparison between auto-correlation and cross-correlation has been investigated, which shows that the number of complex multiplication for cross-correlation is about 64 times larger than that for auto-correlation [4]. So, computational complexity of auto-correlation method is far less than that of cross-correlation based correlation. For hybrid method, combining the auto-correlation and cross-correlation, the computational complexity is a little more than that of auto-correlation and far less than replica correlation [8]. It is because that replica correlation operation in hybrid method is limited at several points and within a small range.
3 Simulation results

In this section, some simulation results are given according to the proposed procedure of cell search for initial synchronization. When repetitive structure is used for SCH, the length of CP will have an impact on the synchronization precision. The longer the CP length, the larger impact of CP length on original auto-correlation operation would be, but not on hybrid detection. On the other hand, longer CP can improve the cell search performance for cell edge users.
The simulation assumes the CP length of the OFDM symbol in SCH is 16.67us/32samples. The successful timing detection probability is defined as the timing error within the error tolerance zone, and the timing error tolerance zone is set to 2 samples [7]. Table 1 lists the simulation assumptions as following.

Table 1 Simulation Assumptions
	Parameter
	Assumption

	Channel Model
	TU，6 taps，2GHz center frequency

	Data Bandwidth
	1.25 MHz

	SCH Bandwidth
	1.25 MHz

	Number of Tx/Rx antennas
	1/2

	Carrier frequency offset
	5kHz

	Downlink time slot 
	TS0

	Subcarriers used for SCH
	76

	Cyclic prefix
	16.67us/32samples

	Averaging length 
	5 SCH symbols (25ms)

	Mobility speed
	3km/h

	Detection Window 
	64 samples


As shown in Fig.4, the probabilities of successful timing detection are compared among the three timing detection method. As the longer CP, the original auto-correlation detection has a poor performance due to the strict synchronization assumption. When the original auto-correlation detection is used for the cell search, the broad correlation plateau will seriously impact on the performance of timing detection, and the probability of correct timing converges very slowly with an increase of SNR for such a small error tolerance. In contrast with the original auto-correlation method, the plateau auto-correlation method increase rapidly. Hybrid detection achieves a high performance at the low SNRs. For example, when SNR is -2dB, the probability of successful detection is 92% for the hybrid detection, while for the original auto-correlation method probability drops to only 11%. 
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Fig.4. the performances of timing detections
The cell search time performance on a TU channel at 3Km/h are shown in fig.5. The cell search time is defined as the time needed to obtain the correct cell ID and get successful timing detection, simultaneously, adjust the frequency offset between UE and Node B below 200 Hz. From fig.5, we can find that the hybrid method based cell search has excellent performance and offers quite low cell search time. 
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Fig.5. Cell search time in TU channel

4 Conclusion

In this contribution, a hybrid detection method which combines the auto-correlation and cross-correlation has been proposed to improve the performance of cell search. The method has the advantages of both auto-correlation and replica-correlation. The simulation results show this method can achieve fast search cell.
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