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1. Introduction

Several synchronization channel structures and cell search approaches have been proposed in previous meetings. Among them, synchronization channel structure that uses auto-correlation based detection [6] (i.e. synchronization sequences contains several repetitions) has been proposed by a number of companies [1-5]. In this document, we focus on this synchronization channel structure and further discuss some design considerations. 

2. Considered SCH Structure
For synchronization channel structure that uses auto-correlation based detection, different numbers of repetitions were proposed [1-5], as shown in Figures 1 and 2. Here we further evaluate the impact of the number of repetitions contained in one SCH symbol on cell search performance. 
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Figure 1: Example of SCH sequence containing 4 repetitions.
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Figure 2: Example of SCH sequence containing 2 repetitions.
As proposed in [2-4], SCH symbol containing N (
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) repetitions is generated by mapping a pseudorandom code sequence to every Nth subcarriers. For the purpose of cell search, pseudorandom code sequence with zero auto-correlation should be used. We consider GCL sequence [7] as an example in the document. Other code sequences with zero auto-correlation property can also be considered.
For the case N = 2, GCL sequence can only be mapped to the even numbered subcarriers [1] in all cells/sectors (or mapped to the odd numbered subcarriers in all cells/sectors). In this way, all cells/sectors have the same SCH sequence pattern. Otherwise, simple block-wise auto-correlation based detection may not be applied. Therefore, for the case N = 2, all cells/sectors use the same subcarriers for SCH. 

For the case N = 4, GCL sequence can be mapped to every 4th subcarriers. There are two sets of non-overlapping subcarriers that can be used to generate the same SCH sequence pattern for all cells/sectors: 

· Set 1: the set of every 4th subcarrier starting with the first subcarrier.
· Set 2: the set of every 4th subcarrier starting with the third subcarrier.

Therefore, cells/sectors can use subcarriers set 1 or 2 to mitigate intercell interference on synchronization channel. We call this one as the SCH structure with four repetition blocks and FDM. With only two sets of non-overlapping subcarriers, interference on SCH between tier-one cells (three such cells) cannot be eliminated using FDM. It needs further investigation whether synchronization sequences that eliminate interference between tier-one cells can be designed. 
3. Interference Analysis

In this section, we use the example of two cells to illustrate the impact of SCH intercell interference on cell search performance (detection of sequence index and timing). This can be generalized to the case of more than two cells. 
Consider two cells, namely 1 and 2, which are synchronized or quasi-synchronized. The synchronization channel structure with 2 repetition blocks is used at both cells. Assume that two GCL sequences 
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 are used for cells 1 and 2 respectively, where 
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 is GCL sequence length, 
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 and 
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 are GCL sequence indices. For simplicity of illustration, white Gaussian noise is assumed to be negligible in the following analysis.
3.1 Impact on detection of sequence index

3.1.1 Interference analysis of SCH structure with two repetitions 

The frequency domain received GCL sequence on even numbered subcarrier m after subcarrier demapping can be expressed as
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where 
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 are channels on subcarrier m from cells 1 and 2 respectively. 
For the simplicity of illustration, flat fading channel is assumed. That is, we have 
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for every subcarrier m. Note: interference analysis can also be done for multipath channel case. However, the mathematical analysis becomes very complicated. Since m = 2k, equation (1) can be rewritten as 
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The received signals are differentially encoded before IDFT whose outputs are used to detect GCL sequence index as in [1].  
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Figure 3: Example GCL sequence index detector.

The details of differential encoding in [1] were not specified. Just based on the understanding of phrase “differential encoding”, there are possibly two ways to perform differential encoding:
· Method 1: Received signal is multiplied with the delayed version of itself.
· In this method, IDFT is only performed once.
· Method 2: Received signal is multiplied with the delayed version of all possible GCL sequences.

· In this method, IDFT is performed 
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-1 times. Therefore, it has much higher complexity than method 1. 
Using method 1, the output of differential encoding can be expressed as
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Define 
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Then, equation (3) can rewritten as
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The first term and second term in equation (5) can be fed to IDFT to generate the peaks to identify GCL sequence indices 
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 respectively, and the third term,
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, is the intercell interference. As described in Appendix A, the sum of amplitude of 
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 after IDFT is non-zero (actually bound within a range). Therefore, it will degrade the performance of sequence index detection. 
Using method 2, the output of differential encoding for each GCL sequence 
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Among all the outputs, peak for sequence index detection can occur only when i =
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 or 
[image: image37.wmf]2

c

. Take i =
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 as an example. Then, we have
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where the interference term,
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The first term in equation (7) can be fed to IDFT to generate the peaks to identify GCL sequence index 
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. The intercell interference term,
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, is a CAZAC sequence modulated by a phase offset. Hence, the IDFT output of 
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 is still a CAZAC sequence, which creates a constant interference floor for peak detection. Therefore, it will degrade the performance of sequence index detection. 

3.1.2 Interference analysis of SCH structure with four repetitions and FDM
If SCH structure with four repetitions and FDM is used, synchronization sequences are mapped to non-overlapping subcarriers in cells 1 and 2. Therefore, there is no intercell interference in this case. Hence, low computation complexity method 1 (i.e. received signal is multiplied with the delayed version of itself) should be used for SCH structure with four repetitions and FDM.
3.1.3 Comparison of synchronization sequence index detection 
The synchronization sequence index detections with different differential encoding methods are plotted in Figure 4 and Figure 5, respectively. In Figure 4, differential encoding method 1 is used for SCH with two repetitions. SCH with two repetitions has acceptable peak to side-lobe ratios to allow detection of both sequence indices. SCH with four repetitions and FDM has much higher peak to side-lobe ratios (i.e. clearer peaks), therefore is more immune to false detection. 
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Figure 4: Sequence index detection with 2 cells (Index=5 and Index=12, same received power): (a) SCH with four repetitions and FDM; (b) SCH with two repetitions and method 1 is used for differential encoding.
In Figure 5, differential encoding method 2 is used for SCH with two repetitions. Compared to Figure 4 (where method 1 is used), SCH with two repetitions has better performance using method 2. The improvement in performance is achieved at the cost of higher computation complexity at the UE. However, it still has much higher interference floor than the SCH with four repetitions and FDM.
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Figure 5: Sequence index detection with 2 cells (Index=5 and Index=12, same received power): (a) SCH with four repetitions and FDM; (b) SCH with two repetitions and method 2 is used for differential encoding.
3.2 Impact on detection of timing 

3.2.1 Interference analysis of SCH structure with two repetitions
The purpose of using repetition pattern for synchronization is that the phase introduced by the channel will be cancelled by using block-wise autocorrelation [8].  The block-wise autocorrelation of the received signal 
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 is equivalent to the differential correlator function defined in [1]. The output of block-wise autocorrelation, denote by
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where
[image: image54.wmf]p
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 is the number of samples in one repetition block (i.e. the half of one synchronization symbol). 

Given the short duration of one synchronization symbol, the channel is constant for samples within one synchronization symbol. Assume that the channel from cells 1 and 2 are 
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where the interference term 
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The multiplication of two sequences in time domain is equal to their circular cross-correlation in frequency domain [9]. Therefore, both the first and second terms in equation (8) are cross-correlations of two GCL sequences. According to [7], the cross-correlation of two GCL sequences is non-zero. Therefore, in this case the interference is inevitable and will cause inaccuracy in estimated value of
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 will in turn cause timing estimation errors.

3.2.2 Interference analysis of SCH structure with four repetitions and FDM

With SCH structure with four repetitions and FDM being used, synchronization sequences are mapped to non-overlapping subcarriers in cells 1 and 2. Therefore, there is no intercell interference in this case.
4. Simulation Assumptions and Results
Simulation results for SCH detection are presented in this section. Only the 1.25 MHz BW is used regardless of the operating BW of the cell. Simulation parameters are summarized in Table 1. We assumed that the accumulation length for the first and second steps is one radio frame (10 msec).

Table 1: Simulation parameters
	Transmission BW
	1.25 MHz

	Carrier frequency
	2 GHz

	FFT Size
	128

	Total Number of used subcarrier
	76

	Number of active sub-carriers of the synchronization symbols
	38, 19

	Number of GCL sequences
	41, 19

	Number of sync symbols per 10 msec frame
	4

	Observation length for 1st step
	10 msec (4 Sync symbols)

	Observation length for 2nd step
	10 msec (4 Sync symbols)

	Channel Model
	TU 30 km/hr

	Frequency offset
	7.5 KHz

	Number of TX/RX antennas
	1/1


The detection probabilities of the two SCH structures are plotted in Figure 6. Cell search is considered to be successful if the acquired timing falls within the duration of cyclic prefix, frequency offset is corrected, and cell/sector ID (SCH sequence index) is identified. As shown in Figure 6, at 90% detection probability, the performance of SCH with four repetitions and FDM is about 1.7 dB better than SCH with two repetitions.
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Figure 6: Detection probabilities for the two synchronization channel structures.

5. Summary and Conclusions
In this document, we further discussed the design of synchronization channel that uses auto-correlation based detection. Synchronization channel structures of two repetitions and four repetitions with FDM were considered. Intercell interference for the two structures was analyzed. We compared the performance of the two structures. Simulation results show that the SCH with four repetitions and FDM has better cell search performance than the SCH with two repetitions. 
Therefore, we recommend the synchronization channel structure with four repetitions and FDM as the candidate synchronization channel structure for cell search in E-UTRA. 
--------------------------------------------------- Start of Text Proposal ----------------------------------------
7.1.2.4 Cell Search

The synchronization channel (SCH) for E-UTRA shall enable the UE to acquire frame timing, OFDM symbol timing, and determine the frequency offset using simple and fast cell search procedures. 

The synchronization sequence structure, which contains N (N≥2) (possibly sign inverted) repetitions of the same basis signal, achieves this goal by enabling simple differential correlation at the UE to acquire time and frequency synchronization. The synchronization sequence used for cell search should span the duration of one or multiple OFDM symbols. 

Figures 1 and 2 show examples of two such synchronization sequences: The synchronization sequence in Figure 1 contains four (possibly sign inverted) repetitions per OFDM symbol duration. The synchronization sequence in Figure 2 contains two (possibly sign inverted) repetitions per OFDM symbol duration. The SCH sequence with four repetitions (as shown in Figure 1) allows cells/sectors to use at least two sets of non-overlapping subcarriers for SCH. Due to reduced intercell interference on SCH, the SCH sequence with four repetitions is preferred among the two examples in Figures 1 and 2. 
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Figure 1: Example of SCH sequence contains four (possibly sign inverted) repetitions per OFDM symbol duration.

[image: image68.emf]CP
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Figure 2: Example of SCH sequence contains two (possibly sign inverted) repetitions per OFDM symbol duration.
The synchronization sequences may be transmitted one or more times within one radio frame (number and positions are FFS).
--------------------------------------------------- End of Text Proposal -----------------------------------------
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Appendix A
In this section, we further analyze the intercell interference term,
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where 
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where 
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Since 
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