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1 Introduction

In the last meeting, cross-correlation based detection (SCH-replica based detection) and hybrid method are discussed for cell search procedure. Cross-correlation detection employing the M-partitioned partial correlation method achieves better cell search timing performance than the auto-correlation based detection, but it requires more computational complexity. The hybrid method [2, 3] can provide comparable timing performance with far lower complexity than cross-correlation method.

In this contribution, cell search timing performance between the two timing detection algorithms, which are hybrid method and cross-correlation based detection method (including 2x-repetitive SCH structure and non-repetitive SCH structure), is compared in aspect to both link-level evaluation and system-level evaluation. 

2 Link-level Simulation

Table 1 lists the link-level simulation assumptions. We assumed that the overall transmission bandwidth is 1.25MHz and the number of sub-carriers used for the SCH is 72 (6 PRBs) within 1.25M. We employed the hierarchical SCH structure. The number of SCH symbol per 5-ms radio sub-frame is 1, based on the compatible LCR-TDD frame structure. CAZAC (Zadoff-chu) sequence is used as the PSCH code in DwPTS timeslot. The transmission power of the DwPTS is assumed to be 3dB higher than that of other timeslots in the same bandwidth. The frequency offsets are 6 KHz and 10 KHz, which correspond to 3ppm and 5ppm with 2GHz carrier frequency. 

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. The SCH structure and cell search procedure is described in [2,4].

Table 1 Link Level 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
	0, 3ppm

	Downlink time slot 
	TS0

	Subcarriers used for SCH
	72

	Cyclic prefix
	16.67us/32samples

	Averaging length 
	4 SCH symbols (20ms)

	Mobility speed
	3km/h

	Detection Window 
	64 samples


In this section, link-level simulation results are given according to the proposed procedure of cell search for initial synchronization. 

For Hybrid method, the SCH structure is 2x-repetitive in time-domain which is required by the auto-correlation based detection method at first step before cross-correlation. The auto-correlation detection has a poor performance under the low SNRs because the maximum auto-correlation peak may not correspond to the timing of SCH. If cross-correlation is performed at second step with the (possibly multiple) peaks/extremisms acquired from the previous auto-correlation operation, the performance can be significantly improved without markedly increased computational complexity. 

As shown in Fig1., the legend “Hybrid-P2” means the Hybrid method with 2 auto-correlation peaks, which chooses two highest peaks within 5ms radio sub-frame and performs cross-correlation on these peaks to judge where is the real SCH position. The legends of Hybrid-P4 and Hybrid-P8 mean the hybrid method with 4 and 8 auto-correlation peaks respectively. When the detection probability is 60%, Hybrid-P4 achieves a 0.5dB gain over Hybrid-P2, and Hybrid-P8 has more than 1dB gain over Hybrid-P2. It can be deduced that if the number of auto-correlation peaks checked is large enough, the performance of Hybrid would be nearly the same as the cross-correlation method, but the merit of lower computation complexity of Hybrid method are also destruction. 
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Fig.1. the link-level simulation of Hybrid method with multi-auto-correlation peaks
For Cross-correlation method, the SCH structure may be either 2x-repetitive or non-repetitive. In Fig.2, the legend of Cross-2x means the cross method with the 2x-repetitive SCH structure, and the legend of Cross-1x means the cross method with the non-repetitive SCH structure. The 2x-repetitive SCH structure is flexible to support not only the Cross-correlation based detection but also the Hybrid method, and provides the advantage of frequency offset estimation. It can be seen from Figure 2 that the cross-correlation performance of Cross-2x structured SCH is about only 0.4dB lower than that of Cross-1x for low SNR. Thus the 2x-repetitive P-SCH structure is proposed.
As shown in Fig.2, the probabilities of successful timing detection are compared among the two timing detection method. The Cross-correlation method and Hybrid method have similar performance when SNR is relatively high. For example, when SNR is -3dB, the probability of successful detection of both methods achieve 93%. When SNR is -6dB, the probability of successful detection of Cross-correlation method is higher than that of Hybrid method by only 3%. At low SNR, the Cross-correlation method has better performance, but the gap is not too large. For example, as the successful detection probability is 60%, Cross method outperforms Hybrid method by only 3dB.

However, Cross-correlation method is very sensitive to frequency offset. Figure 2 shows the impact of frequency offset on detection performance, with frequency offset of 6 KHz and 10 KHz. It can be seen that Hybrid method is robust against the frequency offset，while the performance degradation of Cross-correlation method is larger. At the successful detection probability of 60% shown in Fig.2, for instance, for Cross-correlation method the gap between 0 ppm and 3 ppm is 0.7 dB, and that between 0 ppm and 5 ppm is 2dB, while for Hybrid method the gap is smaller than 0.4dB even when the frequency offset is up to 5ppm.
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Fig.2. the link-level simulation of timing detections

3 System-level Simulation

Table 2 lists the system-level simulation assumptions. We assumed a 19-cell model and a propagation channel model that follows the agreed simulation assumption [1]. The overall transmission bandwidth is 1.25MHz and the number of sub-carriers used for the SCH is 72 within 1.25M. The transmission power of the DwPTS is assumed to be 3dB higher than that of other timeslots. 

The simulation assumes one UE randomly located in the central cell. 2000 simulation iterations are performed with a relocation of the UE at the beginning of each iteration cycle. The UE moves with a speed of 3km/h and random direction. Each cell transmit SCH signal, and SCH from different cells meet at the UE with individual path fading.

The cell search timing performance is compared for Hybrid and Cross-correlation methods. The criterion is the UE successfully achieves synchronization with the strongest cell. Note that the correct cell is looked as the center cell. 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 (±1 sample around the exact position), which is the same as that defined in link-level simulation. 

For each simulation iteration cycle, it is checked whether the UE can achieve synchronization within 10ms. If the UE synchronize with the center cell with acceptable timing precision, the detection is considered successful. Otherwise signal of next 10ms is received and detection is performed on the overall 20ms signal. If no cell can be detected until the timeout of 200ms is reached, or timing performance can not meet requirement, the detection is judged failed.

The SCH structure and cell search procedure is described in [2, 4].

Table 2 System Level Simulation Assumptions
	Parameter
	Assumption

	Network synchronization
	synchronous

	Cellular layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Bandwidth
	1.25MHz

	NTXA/NRXA
	1/2

	Minimum distance between UE and cell site
	35 m

	Site-to-site distance
	1.732 km 

	Node-B Antenna pattern and gain
	70-degree sectored beam,14dBi

	Node-B transmission power for SCH
	40 dBm

	Node-B transmission power for other
	37 dBm

	Noise figure
	9dB

	Thermal noise density
	-174dBm/Hz

	Distance dependent path loss
	128.1 + 37.6log10(d)

	Penetration loss
	20 dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	0.5/1.0

	Fading Channel model
	TU-6, 
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	No. UE’s dropped within the cell
	2000 (uniformly)

	Frequency offset
	0,3ppm


The PSC (primary Sync code) for a cell is chosen from a set of N PSCs. A choice of N is 7, the planning pattern for N=7 as shown below in Fig.3 [5].
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Fig.3. Pattern for reuse 7 which can be used for PSC allocation [5]
Fig.4 shows the cumulative distribution of the cell search time for the initial cell search for Hybrid method and Cross-correlation method with frequency offset of 0ppm and 3ppm。It can be seen from Figure 4(a) that the performance of cross-correlation is marginally better than that of Hybrid method when no frequency offset presents. 
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Fig.4. Distribution of Cell search timing
The detection performance with a frequency offset of 3ppm is also investigated. From figure 4(b) we can see that Hybrid method can achieve better performance when frequency offset exists. We can also find similar conclusion from Figure 2 that Hybrid method achieves better performance at high SNR conditions. 

4 Conclusion

In this contribution, the cell search time performance of Hybrid method and Cross-correlation based detection for SCH are compared. From the simulation results the following conclusion can be drawn:

· Hybrid detection method requires lower computation complexity, and can provide comparable performance of cell search time to Cross-correlation based method.

So we propose Hybrid method as the cell search timing detection scheme for P-SCH. Therefore, the 2x repetition time domain structure for P-SCH is proposed.
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