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1 Introduction

The transmission by the UE of a non-synchronized random access preamble is used for initial access to the network, for time-of-arrival estimation, and for scheduling requests in E-UTRA [1].

Important features of the random access preambles are very good autocorrelation and cross-correlation properties. In particular the autocorrelation and the cross-correlation should be low for the preambles within a zone of delays corresponding to the maximum round-trip time in the cell plus the multi-path spread.

Several proposals of random access preambles are derived from Zadoff-Chu (ZC) sequences to obtain zero periodic autocorrelation for non-zero delays and zero cross-correlations between the preambles within the zone, so-called Zero Correlation Zone (ZCZ) sequences [2-5]. The number of ZCZ sequences is limited to the ratio of the length of the preamble to the length of the zero-correlation zone. The larger the cell, the larger is the required zero-correlation zone, and the smaller is the maximum number of ZCZ sequences. 
Two constructions of ZCZ sequences have been proposed. The ZCZ-GCL sequences [2] are constructed by modulating a ZC sequence of length N=sm2 with a set of m modulating sequences. Cyclic shifts of a ZC sequence [3] of arbitrary length N is a trivial construction of ZCZ sequences that we further denote ZCZ-ZC sequences. 

For either construction, the maximum number of ZCZ sequences may not be sufficient to provide low enough collision probability and to provide sufficient amount of information to be conveyed from the UE to the network. Such information may be conveyed by the choice of the preamble. In order to obtain sufficient number of preambles in a cell it may therefore be useful to generate preambles from more than one ZC sequence [2-4]. It was described in [6] how to select such ZC sequences to obtain good cross-correlation properties between ZCZ Generalized Chirp-Like (ZCZ-GCL) preambles derived from different ZC sequences.

The random access preamble receiver is typically computationally complex in a communications system. In contrast to ZCZ-ZC preambles of arbitrary length, the construction of ZCZ-GCL preambles allows for an efficient implementation of the receiver.
This contribution presents a generalized construction of ZCZ-GCL sequences to length N=tm and discusses the relation between ZCZ-GCL sequences and ZCZ-ZC sequences.
In Section 2 the generalized construction of the ZCZ-GCL preambles is presented and the equivalence between ZCZ-ZC and ZCZ-GCL sequences for N=tm is shown. In Section 3, an efficient receiver for ZCZ-GCL preambles is presented. Finally, the conclusions are given in Section 4.
2 Generalized ZCZ-GCL Sequences 
2.1 ZCZ-GCL Preamble construction
The set of generalized ZCZ-GCL sequences has exactly the same form as ZCZ-GCL sequences with the important relaxed requirement that the length N of the sequence is not restricted to be a multiple of m2 (as for GCL sequences) but can be a multiple of m. Hence, the generalized ZCZ-GCL sequence {ci(k)} is defined as 
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where N=tm, t and m are positive integers, {b(k)} is the modulation sequence of m arbitrary complex numbers of unit magnitude, while {a(k)} is the carrier sequence, which has to be a ZC sequence defined as

                                              a(k) =  
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where WN=exp(-j2πr/N), r is relatively prime to N, and q is any integer. Furthermore the modulating sequences should be orthogonal to give zero correlation at zero delay. In the Appendix it is shown that the periodic autocorrelation and cross-correlation are zero also for all delays p≠0 within the zero-correlation zone |p|≤t-1.

For the generalized ZCZ-GCL preambles, the modulating sequences are DFT sequences,
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The new construction of ZCZ-GCL preambles implies a larger freedom to select N and m compared to the classical construction where N=sm2. In particular, m can be larger than
[image: image4.wmf]N
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2.2 Relation between ZCZ-GCL and cyclically shifted ZCZ-ZC sequences of length tm
If the ZC sequence is of length N=tm a set of  ZCZ-ZC sequences containing the ZC sequence and its cyclic shifts of multiples of t are equivalent to a set of ZCZ-GCL sequences modulated by DFT sequences as will be shown in the following.

An h-step cyclic shift of the ZC sequence is obtained by substituting k with k+h in (2) and utilizing that a(k+N)=a(k) for all k:

                                              a(k+h) =  
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A straightforward calculation gives

                                              a(k+h) =  
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Analyzing the right-hand side of (5) it is clear that the shifted sequence a(k+h) is the original sequence a(k) multiplied by a constant factor (independent of k) and a modulating sequence 
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. If N is a multiple of m, i.e. N=tm, and h is a multiple of t, h=it, then
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, i.e. the cyclically shifted ZC sequence a(k+h) is equivalent to a GCL sequence modulated by a DFT sequence and multiplied by a complex constant of unit magnitude. 

3 Complexity evaluation
The construction of the ZCZ-GCL sequences modulating a single ZC sequence allows in a way similar to the WCDMA random access preambles for an efficient implementation of the receiver. 
Consider the correlation of a segment of the received signal of the same length as the preamble with the set of GCL sequences. The received signal r(k), k=0,1,…,N-1 should be multiplied with the complex conjugate of the GCL sequences to produce m outputs corresponding to the correlation zi , i=0,1,…,m-1 with the different sequences:
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Denote the second sum by e(y). Then
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For modulating sequences that are DFT sequences the right-hand side of (7) is a DFT and the total number of multiplications M is 
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where MDFT(m) is the required number of multiplications for an m-point DFT. Fast Fourier Transforms (FFTs) can be devised with various levels of complexity for different values of m. For example, the radix-2 FFTs require m/2 log2(m) multiplications for m equal to a power of two whereas for m prime a pair of FFTs can be used in the chirp transform algorithm [7]. An upper bound of MDFT(m) is (m-1)2 that is required by a straightforward implementation of the DFT. 
The ZCZ-ZC sequences for an arbitrary length N do not allow for such a simple receiver. Basically, to produce one output sample for m cyclic shifts of the ZC sequence with time-domain processing, Nm multiplications are required. By utilizing the symmetry of the ZC sequence the number of multiplications can be halved to Nm/2.
For E-UTRA, it is desirable to have 64 preambles per cell. For small cells there could typically be two sets of about 32 ZCZ sequences [4]. That means that m should be at least 32.
Two sets of parameters are considered in the following examples

1. t=13, m=37 => N=481. Assuming a straightforward implementation of the DFT the required number of multiplications for the GCL receiver is obtained from (8): 
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. The corresponding number of multiplications for the ZCZ-ZC receiver is
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. Thus the number of multiplications is reduced by a factor of about five for the ZCZ-GCL receiver compared to the ZCZ-ZC receiver. 
2. t=15, m=32 => N=480. Assuming a radix-2 FFT the required amount of multiplications for the GCL receiver is 
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for the ZCZ-ZC receiver. In this case, the reduction in the required number of multiplications is about 14.
The number or required multiplications are summarized in Table 1.

Table 1 Number of required multiplications per output sample 

	Sequence parameters
	ZCZ-ZC
	ZCZ-GCL

	t=13, m=37
	8658
	1777

	t=15, m=32
	7680
	560


From the examples it is clear that considerable savings can be done in computation complexity of the receiver for the ZCZ-GCL sequences compared to the ZCZ-ZC sequences.
4 Conclusions
It has been shown that ZCZ-GCL preambles can be constructed for length N=tm keeping the zero-correlation zone properties of the preambles. 

The ZCZ-ZC preambles of length N=tm are equivalent to a class of ZCZ-GCL preambles. Therefore the basic properties of the ZCZ-GCL preambles and the ZCZ-ZC preambles are very similar. An important difference between the ZCZ-ZC preambles of arbitrary length and the ZCZ-GCL preambles of length tm is that the latter allows for an efficient implementation of the receiver that can reduce the multiplications with at least a factor of five for relevant parameters. For this reason we propose ZCZ-GCL preambles to be used for non-synchronized random access in E-UTRA.
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Appendix: Periodic Cross-Correlation of ZCZ-GCL Sequences

The periodic cross-correlation xy(p) of two ZCZ-GCL sequences cx(k) = bx(k mod m)∙a(k) and 
cy(k)=by(k mod m)∙a(k), a(k)= WNk(k+N mod 2)/2 +qk, k=0,1,2…,N-1, N=tm, is defined as 

xy(p) =yx(-p) = 
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where  “*” denotes complex conjugation. It follows

xy(p) = C(p) (
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where C(p)= 
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. If the modulating sequences are orthogonal, their cross-correlation is zero at zero delay (p=0). By introducing a change of variables 

                             k=im+j,    i=0,1,..,t-1, j=0,1,…,m-1,                                                                          (A.3)

into (A.2), it follows that

xy(p) =
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If p(lt, l=0,1,…,m-1, the first summation in (A.4) is zero, hence xy(p)=0 for arbitrary modulation sequences {bx(j)} and {by(j)} within the zero-correlation zone. If the two modulating sequences are the same, it immediately follows that the periodic autocorrelation is zero within the zone. 




































_1216564327.unknown

_1216811236.unknown

_1217067170.unknown

_1217068103.unknown

_1217065656.unknown

_1217065823.unknown

_1217065915.unknown

_1217065725.unknown

_1216821151.unknown

_1216564975.unknown

_1216565642.unknown

_1216564802.unknown

_1207550942.unknown

_1207551667.unknown

_1216560186.unknown

_1200122709.unknown

_1200228445.unknown

_1200122762.unknown

_1200122665.unknown

_1200078353.unknown

