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1 Introduction

The structure of downlink synchronization channel (SCH) for E-UTRA is still under study. In [4], the operator provided the requirement of roaming among different bandwidths.  So LTE systems need to include bandwidth detection stage as well as scalability issues in the cell searching process. 

In this contribution, we present an idea of Downlink Synchronization Channel design for the OFDMA-based SCH. The information carried by SCH is transmitted once every 10-ms frame and situated at the end of each frame. The SCH consists of the primary and secondary SCH (P-SCH and S-SCH). The P-SCH and S-SCH are multiplexed in the time domain. The structure of SCH has two different types according to wide  bandwidth and narrow bandwidth that will be showed in section 2. 

The proposed SCH structure is described in section 2. Section 3 describes the process of cell search of the proposed structure. Section 4 concludes the contribution.
2 Downlink Synchronization Channel (SCH) Structure
The features of basic structure of SCH are as follows (please see Fig. 2-1). 
· When the bandwidth is less than 5MHz, the downlink synchronization channel is defined for the minimum transmission bandwidth 1.25MHz. As to the other bandwidth, it will use 3 identical 1.25MHz in frequency to transmit information.   

· The downlink synchronization channel is mapped to the central part of the respective transmission bandwidths.
· The unused tones should be set to zeros considering the sequence used in P-SCH. The unused tones may carriy data in S-SCH.
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                         Figure 2-1   SCH structure
The following effects are obtained in the proposed structure [2].
· Because there are two downlink synchronization channel structure irrespective of the transmission bandwidth of the cell, and the UE does not have to test all the possible transmission bandwidths independently.
· This proposed structure achieves a compromise in features between fair area coverage regardless of the transmission bandwidth of the UE and good cell search time performance.

Figure2-2 is an example of the insertion of SCH.  When the bandwidth is 1.25MHz/2.5MHz,it will use two identical symbols to transmit P-SCH to improve the reliability of cell search.
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      Figure 2-2   An Example of the Insertion of Synchronization Channel
Based on the assumption the overhead of the SCH is showed in table 2-1.

Table 2-1   Overhead at different bandwidth

	Bandwidth
	Overhead(%)

	1.25
	2.14

	5
	1.24

	10
	0.98

	20
	0.84


2.1 Central 1.25M design

2.1.1 Design of P-SCH

Due to good characters of CAZAC code, we use it in our design.

One of the CAZAC code is Frank-Zadoff code:
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where L is the length of the sequence, L=16
The carrier-sets are defined using the following formula:


CarrierSetm=m+4*k
m
is the number of the carrier-set indexed 0..2.

k
is a running index
where each sector is assigned two of the four possible carrier-sets.  The sector assignments are

· Sector1 uses carrier-set 0 and additionally modulate carrier-set 3 with a cell-specific code-phase equal to 0 as a reference signal.
· Sector2 uses preamble carrier-set 1 and additionally modulate carrier-set 3 with a cell-specific code-phase equal to 6 as a reference signal.
· Sector3 uses preamble carrier-set 2 and additionally modulate carrier-set 3 with a cell-specific code-phase equal to 12 as a reference signal.

The frequency-domain components are composed of a Frank-Zadoff sequence described in prior of length 16 that is zero-inserted to length 64 by inserting CAZAC symbols one for every three frequency subcarriers.  To preserve time-domain CAZAC characteristics, it will unavoidably introduce spectrum folding in the frequency domain. In the following section we propose a method to preserve CAZAC sequence characteristics of the folded frequency spectrum so that CAZAC is preserved in both frequency and time domains.

The proposed construction of the CAZAC sequence aims at reconstructing the 128 subcarriers using the 3:1 zero-inserted 64-element frequency-domain CAZAC sequence of a 16-element Frank-Zadoff sequence so that after spectrum folding, the folded 64 spectral components form the frequency-domain CAZAC sequence of the Frank-Zadoff sequence.
Let 
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 denote the time-domain 64-element CAZAC sequence and its frequency-domain CAZAC sequence be denoted as 
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where k denotes the cell carrier-set.  
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 and 
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 form a time-frequency pair and their relationship is expressed as
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In TR25.814 128-FFT OFDMA has 26 guard subcarriers on the left-hand side and 26 on the right-hand side.  The DC subcarrier resides on index 64.  The construction procedures of assembling 
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 of the left- and right-hand sides 128-FFT OFDMA preambles are
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The final reconstructed 128-FFT frequency components of the preamble symbol are
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and its final reconstructed 128 time-domain preamble sequence is
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Note that after spectrum folding due to subsampling at symbol rate in the time domain, the resulting folded frequency spectral components of even-numbered samples are
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and where the overlapped area has the following relationship(see Appendix)
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Note also that overlapped area of odd-numbered samples has the following relationship,
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The cell allocation is done via assigning CAZAC code phases of cyclic shift of the 
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 sequence and forming the time-domain sequence in the same manners described in (3)-(8).  Figure 2-3 shows an example of the subcarrier allocations of the P-SCH sequence in sector 0.  
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Figure 2-3.  Example of sector 1 subcarrier allocation.
Every code should divide 8 phases that denote which scrambling codes are in the nth group. The group number is given in S-SCH.  So for every cell, the code is:
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where s denotes the carrier-set.

Benefits of using the proposed P-SCH design are:

· Provide for fine symbol timing computation due to orthogonality of the CAZAC sequence in the estimation of CIR (channel impulse response), 

· Fast cell searching and low computational complexity due to the use of a single known sequence both in frequency and time domain.  Sequence matching can be done solely in frequency domain. 

· Integral neighboring cellID of eight in nth group/sector scanning during initial detection because cells and sectors are differentiated using CAZAC code-phases, which are assigned to the cellID parameter.

· Allows for accurate UE fine time tracking and delay-time adjustment in mobile environment via CIR arrival time estimation.  
2.1.2 Design of S-SCH
The S-SCH orthogonality across sectors within a cell avoids the possibility of S-SCH collisions for UEs on the sector and cell boundaries. The allocation method is showed in figure 2-4. 
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            Figure 2-4 Frequency reuse 3 pattern 2 for SCH within  each cell
        The structure of S-SCH is given in Figure 2-5.  

a. The S-SCH carries the cell ID group(which points to the 64 cell-specific scrambling code group), the number of transmit antennas information, and the size of data bandwidth etc. Each of the code words associated with the 6-bit cell ID maps onto one of the 64 available scrambling codes group.

b. Depending on the length of the S-SCH (1.25MHz/1 OFDM symbols per frame). A repletion coding is adopted, the modulation mode is BPSK that is the robustest, so the code length is NU/6=12,which support 3 sectors.

[image: image27.wmf]Cell ID

6 bits

NTXA

2 bits

BW bits

3 bits

Reserved

1 bit

12 bits


Figure 2-5 –S-SCH structure
2.2 Adjacent 1.25M design

2.2.1 Design of P-SCH

The realization is the same as the design of central 1.25MHz except for the using of guard band. The adjacent 1.25M don’t need to reside the guard band. So the equation (3)~(7) is changed to:
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The final reconstructed 128-FFT frequency components of the preamble symbol are



[image: image30.wmf](0:127)[(0:63)  (0:63)]

RL

=

qgg








                                                   (7a)

and its final reconstructed 128 time-domain preamble sequence is
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When the bandwidth is more than 5MHz,it can have repletion gain through the repetition decoding.

2.2.2 Design of S-SCH

 The design of adjacent 1.25M is the same as the design of central 1.25M. When the bandwidth is more than 5MHz,it can have repetition gain through the repetition decoding.

3 Cell search procedure

A general cell search procedure that can be used for the proposed scheme is depicted in Figure 3-1. 
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Figure 3-1 – Cell search procedure 
4 Simulation Results

For stage 1,it will be finished through CP. This differential correlation method is well-known to anyone who is an expert on these areas. Here only the accquiration of fine timing and cellID number in nth group in stage 3 are simulated. We assumed that rude timing and fractional/integer frequency offset has been acquired yet. In our simulation it will acquire the number of CellID among 8 and the fine timing information.

Simulation assumptions are given in Table 4-1. 

                               Table 4-1      Simulation condition

	Parameter
	Assumption

	Channel Mode
	AWGN

	Antenna configuration
	1TX (Node B)

1 at RX (UE)


	Spatial channel
	Uncorrelated

	Numerology
	DL OFDMA in TR 25.814


	SNR definition

	SNR per sample in 1 OFDM symbol


	Cell number in synchronization
	3(Relative strength of other cell=0.8 )

	Delay
	0


· CellID error rate is computed by the following equation:

          P(Acquire CellID-real CellID!=0)

· Fine Timing error rate is computed by:

          P(abs(Acquire Timing-real Timing)>=4 samples)

· Correlative frame number is 1
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                                           Figure 4-1 CellID searching error rate comparing.
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                                     Figure 4-2 Fine timing searching error rate comparing.

There are four situations showed in the figure, P-SCH carried by one symbol for 1.25MHz; P-SCH carried by two symbols on 1.25M; 3*1.25MHz configured as section2 for 5MHz and similar design as section2.1.1 showed but it is for 5M other than 1.25M(In this case the length of CAZAC code is 64. 512/6=64).   

5 Conclusions

In this contribution, we present an idea of design for the OFDMA-based SCH. Similar to the SCH in WCDMA, the proposed SCH consists of the primary and secondary SCH (P-SCH and S-SCH).The proposed P-SCH(Primary Downlink Synchronization Channel) and S-SCH(Secondary Downlink Synchronization Channel)design have the following characteristics:

1. Scalability configuration: The SCH occupies the center 1.25MHz when the bandwidth supported by BS is less than 2.5MHz and when the bandwidth BS supported is more than 5MHz the P-SCH occupies two more 1.25MHz beside the center 1.25 MHz bandwidth regardless of the data bandwidth. This configuration results in lower complexity and potentially lowers initial acquisition time. This is because the UE needs to scan the frequency raster only for 1.25 MHz and 1.25*3MHz for SCH as opposed to several other possible SCH bandwidths. 
2. Overhead: For 5MHz the overhead is around 1%.
3. Time grid: The SCH is transmitted once every 10-ms frame and is located at the back of each frame. For bandwidth less than 2.5MHz there are two symbols to transmit P-SCH while there is one symbol to transmit P-SCH for other kind of bandwidth. The S-SCH would be carried by one symbols for all kinds of bandwidth. In terms of the basic functions, the P-SCH is used to provide timing , frequency locks whereas the S-SCH points to the cell-specific scrambling code group, number of transmit antennas and transmit bandwidth..
4. S-SCH will be time multiplexed with P-SCH.
. Appendix: Mathematical Background

Some properties of CAZAC [5] (constant-amplitude zero autocorrelation) sequences are presented in this section.

Let 
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 be a CAZAC sequence and define the cyclic shift operator matrix M as 
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where {ek, k=0..L-1} are the standard basis vectors of the L-dimensional complex space 
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.  Define the circulant matrix C of the CAZAC sequence as
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where 
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 is a column vector formed by the CAZAC sequence

Define the Fourier matrix as
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where 
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 and L is the rank of the matrix.  It can be shown that a circulant matrix can be uniquely expressed as [6]
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where ΛC=diag{g0,g1,…gL-1} are the eigenmatrix of the circulant matrix.

A zero-autocorrelation sequence is characterized by its identity autocorrelation matrix, or
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From (16) we can derive
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In other words, eigenvalues of a circulant matrix form by a ZAC (zero-autocorrelation) sequence have equal amplitudes, or 
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.  Furthermore, these eigenvalues constitute the frequency spectral components of the ZAC sequence as is evident in the following equation,
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where e0 is the 0th standard basis vector of the 
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complex vector space and 
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 is the column vector formed by the eigenvalues of C.

Claim 1: If c is a CAZAC sequence, then its frequency domain spectral components also form a CAZAC sequence  (necessary condition).

Proof:

Let 
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.  Because M is a real matrix, we have
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Observe that for k=0,…L-1,  
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It has been shown earlier that the eigenvalues of the circulant matrix C of a CAZAC sequence has equal amplitude.  With (20) it is proven that the 
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sequence is a CAZAC sequence.

Q.E.D.

Claim 2: If 
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 is a CAZAC sequence in the frequency domain, then its corresponding time-domain sequence is also a CAZAC sequence (sufficient condition).

Proof:

Using (18) and (19), we can derive
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In other words, the time-domain sequence possesses zero-autocorrlelation property.

From (18) we have
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Because g is a CAZAC sequence, we have
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Rewriting (23) in matrix form, we have
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Solving (24), we obtain
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In other words, the sequence in time domain is also a CAZAC sequence.

Q.E.D.

From Claim 1 and Claim 2 we can observe that the CAZAC characteristics is preserved both in time and frequency domain.

Let 
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 be a time-domain waveform of length 2L at Nyquist rate.  Its frequency spectral components can be computed using (22), or
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where 
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is the Fourier transform matrix of dimension 2Lx2L and 
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 are lower and upper portions of the frequency spectrum.  When subsampling the waveform at symbol rate (half of the Nyquist rate), we introduces spectrum folding on the frequency domain.  Let 
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 be the subsampled sequence of even-numbered samples and 
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 the odd-numbered one.  Define S to be the matrix operation that rearranges matrix columns into even and odd columns, or
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We can see that
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When simplified, we get
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where 
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 are frequency spectral components of the even and odd sample sequences, and 
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We can easily derive from (29) and (30) the following spectrum folding relationships.
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Equation (31) and (32) sums up the spectral folding phenomenon of waveform subsampling.
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