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1 Introduction

Many solutions for E-UTRA synchronization channel (SCH) have been proposed recently [1]-[3]. In [1], GCL sequence which is mapped onto the even numberd sub-carriers is used as SCH sequence. Initial timiming is implemented through repetitive symmetric waveform and cell ID detection is performed through IDFT of the differentially encoded receiving signal. In this contribution, we will see that the timing accuracy through repetitive symmetric sequence is affected by the length of CP and the magnitude of samples adjacent to the real timing position. Moreover, the performance of non-coherent detetion is not very good comparing to coherent detection, so the cell search time will be longer. In [2], two SCH symbol is used, one for initial acquisition and the other one is for cell ID detection. For this method, overhead performance is not good. In [3], non-hierachical structure and non-coherent detection of cell ID are proposed.
In this contribution, a hierachical SCH structure is proposed. For this structure, central symmetric sequence in time domain can be used to realize initial timing acquisition, this can increase the performance of timing accuracy. Coherent detection of the cell-specific sequence is performed and this can increase the correct detection probability of cell ID or group index. Because of the high initial timing accuracy and high correct detection probability of the cell ID or group index, the cell search time can be reduced. Furthermore, only one SCH symbol is needed for initial timing and cell ID detection, the over head is low.
2 Proposed Synchronization Symbol Structure
The following are desired for synchronization aquisation and cell ID detection:
· High timing accuracy
· Quick timing acquisition
· Low overhead
· High detection probability of cell ID and small search time
To satisfy these requirements, the following features are needed for the proposed synchronizaton symbol
· Central symmetric time domain waveform for timing acquisition
· A small number of synchronization symbols (one is prefered) in each radio frame

· Coherent detection of synchronization sequence index
2.1 Code Sequence

Complementary Golay (CG) sequences [6] are used as synchronization symbol sequence. CG sequence set is generated by the following formula
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(1)
The integer
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is the length of the sequence and there are 
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sequences in the CG sequence set. Any two sequences in CG sequence set have good cross correlation property which can be used to identify different cell ID or group index.
Because CG sequence is binary real number sequence, the result of its IDFT i.e. the sequence in time domain is a central symmetric sequence, which can be represented by the following expression
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(2)

The integer
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is the sequence length. So at UE, auto-correlation based symbol timing detection can be performed by the central symmetric property of the sequence in time domain and in the following section we can see that timing accuracy of central symmetric is better than that of repetitive symmetric proposed in [5]. Furthermore, channel estimation in frequency is easy performed because of the real number property of P-SCH sequence.
2.2 Structure in Frequency
In the proposed hierachical structure, only one SCH symbol which is confined to the central 1.25 MHz of the channel bandwidth is used for timing acquisition and determining the cell ID. Primary SCH (P-SCH) which is common to all cells and secondary SCH (S-SCH) which is cell or cell group specific are FDM, and the sub-carriers for P-SCH and S-SCH are placed alternatively, this structure is shown in Figure 2‑1.

[image: image6.emf]1.25 MHz

…

…

P

…

…

S P S S P S P

…

…

0

… …

0

… …

0 P

S

Sub-carriers with no data

Sub-carriers for other data

Sub-carriers for P-SCH

Sub-carriers for S-SCH


Figure 2‑1 SCH structure in frequency
In this proposal, we assume that the first sequence in CG set is for P-SCH and the others are for S-SCH. For the detection of cell-specific sequence, we can perform coherent detection using the channel information provided by P-SCH.
2.3 Structure in Time
In this proposal only one synchronization symbol in each radio frame is assumed, so the overhead is very low, OFDM symbol and radio frame timing can be achieved at the same time. However to reduce the cell search time, more synchronization symbols may be used for each radio frame.
3 Cell Search Procedure

Cell search process consists of two steps, the first one is synchronization acquisition and the second step is cell ID detection.
3.1 Initial Timing Acquisition
Initial timing acquisition process is shown by Figure 3‑1. In the correlation detector, correlation operation will be performed for the received time domain signals which are truncated in a correlation window and a correlation value will be obtained, then slide the window till the peak value appears. The position of the peak value is considered as the start postion of OFDM symbol.
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Figure 3‑1 Initial timing acquisition
As analysed in section 2, the SCH sequence which consists of P-SCH and S-SCH sequences are binary real number sequence, so the time domain waveform are central symmetric. According to (2), the correlation function in position l can be expressed by
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(3)
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is correlation window size which is usually equal to FFT size, 
[image: image10.wmf]l

is the position of  the correlation window.
3.2 Cell ID Detection
Cell ID detection is performed through the following steps:
· channel estimation through sequence of P-SCH,

· coherent demodulation with channel information 

· correlation detection (fast Hadamard transformation can be used)
After the correlation detection, the cell-specific sequence index corresponding to the peak correlation value is selected as the cell ID.
4 Performance
Fistly, timing accuracy and correct detection probability of the cell ID is evaluated. Finally we will discuss the effect of SCH sequence to PAPR performance of the OFDM accomodating SCH.
4.1 Performance of Timing Aqusition
In this section, we will compare timing accuracy performance of central symmetric sequence with that of repetitive symmetric sequence. For convevience of analysis, channel effect is not considered.
The correlation performance of central symmetric sequence is shown in Figure 4‑1. The correlation function is expressed by formula (3). We can see that there is a distinct peak value at the real timing position.
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Figure 4‑1 Correlation performance of central symmetric
The correlation performance of repetitive symmetric sequence is shown in Figure 4‑2. The correlation function can be expressed as
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is correlation window size which is usually equal to FFT size, 
[image: image14.wmf]l

is the position of  the correlation window. We can see that CP length (10 samples in our simulation) will affect timing accuracy. Besides, we can see that a little peak appears adjacent to the correct timing position (position 0); this is because after the correlation window slides out of the range of the CP for 
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samples, only 
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 samples are different between the two repetitive waveforms, so it is possible that an undesired peak value larger than that in the correct timing position appears, this is another factor that will affect timing accuracy.
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Figure 4‑2 Correlation performance of repetitive symmetric
Figure 4‑3 explains the result shown in Figure 4‑2, if we assume
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, and CP length is 2, so according to formula (4), the formula (5) is satisfied.
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For relative position 0, position -1 and -2 will be the factor that causes timing error. If
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Figure 4‑3 an example of repetitive symmetric signals
According to above analysis, we can see that timing accuracy of central symmetric sequence is higher than that of repetitive symmetric sequence. 
4.2 Performance of Cell ID Detection
In this section, simulation results are provided to compare the performance of non-coherent demodulation with that of coherent demodulation. Accurate timing is assumed. For the case of non-coherent, GCL sequence is used as SCH sequence and it is mapped onto the even mumbered sub-carriers of the synchronization symbol, the number of sub-carriers for SCH is 75, so the prime number for generating GCL is 41 and the sequence length is truncated to 38. At UE, differential operation is performed, and then IDFT operation is used to perform cell ID detection. For the case of coherent detection, CG sequence is used for both P-SCH and S-SCH, the max sequence length for SCH is 64, so the CG sequence length is 32. The first sequence in CG sequence set is allocated to P-SCH, and the others are for S-SCH. At UE, the cell-common P-SCH sequence is used to perform channel estimation, and the result is used to demodulate S-SCH sequence coherently, then correlation operation is performed to detect cell ID. 
Common simulation parameters are shown in Table 4‑1 and the parameters for non-coherent and coherent detetion are listed in Table 4‑2, and Table 4‑3 respectively.
Table 4‑1 Common Parameters for coherent and non-coherent demodulation
	Number of sub-carriers
	75

	Sub-carrier spacing
	15 kHz

	SCH bandwidth / SCH occupied bandwidth
	1.25 MHz / 1.125Hz

	Carrier frequency
	2 GHz

	Number of SCH symbols per radio frame
	
1

	Number of averaged SCH symbol for timing detection
	1

	Number of averaged SCH symbol for index detection
	1

	Number of TX/RX antennas
	1/1

	Channel model
	TU

	Vehicle speed
	30km/h

	Inter-cell-interference model
	AWGN


Table 4‑2 Parameters for non-coherent demodulation
	Code sequence for SCH
	GCL[5]

	Number of occupied sub-carriers
	38

	Prime number of GCL sequence
	41


Table 4‑3 Parameters for coherent demodulation
	Code sequence for SCH
	CG

	Number of occupied sub-carriers
	64 (32 for P-SCH,

32 for S-SCH)


From the simulation result shown in Figure 4‑4 we can see that one time correct detection probability of coherent detetion is better than non-coherent detection by approximate 1.5 dB. The higher correct detetion probability means less cell search time, so we think the performance of coherent detection is better than that of non-coherent detection from the sense of cell search time.
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Figure 4‑4 performance of non-coherent and coherent detection
4.3 PAPR Issue
If only CG sequence is used as the frequency domain data, the PAPR of corresponding OFDM symbol is less than 3 dB [4], but if the sub-carriers out of cetral 1.25 MHz of the SCH symbol are occupied by user’s data, the PAPR of SCH OFDM symbol will be identical to that of the normal OFDM symbol.

In this simulation we assume the bandwidth is 5 MHz, SCH sequence, the length of which is 64, is mapped onto the central 1.25 MHz of the SCH OFDM symbol, the sub-carriers out of central 1.25 MHz are occupied by QPSK modulated user data. All the available sub-carriers of normal OFDM symbol are occupied by QPSK modulated user data.
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Figure 4‑5 PAPR performance of SCH OFDM symbol
From the simulation result shown in Figure 4‑5 we can see that the PAPR of SCH symbol is approximate 9.5 dB which is identical to normal OFDM symbol.
5 Conclusion

In this contribution, a hierachical SCH structure is proposed:

· One SCH symbol in each radio frame or more for performance reason
· CG sequence is used as P-SCH and S-SCH sequence
· Sub-carriers for P-SCH and S-SCH are placed alternatively
This structure’s benefits which are illustrated through simulation results and analysis include
· High initial timing accuracy
· Quick timing
· High one time detect probability which can reduce cell search time
· Low overhead
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