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1 Introduction

At the previous meeting (RAN1#48bis) it was agreed that the primary synchronization (P-SCH) signals have non-repetitive structure, and are based on the Zadoff-Chu (ZC) sequences [1]. The P-SCH signals are OFDM signals with up to 72 active subcarriers, centred around the DC subcarrier [2]. The active subcarriers are modulated with the elements of a cell-specific P-SCH sequence du(n), n=0,…,71, of length L=72, selected from a set of three different ZC sequences with root indices u=u1, u2 and u3. The mapping of a P-SCH sequence du(n) to available subcarriers is illustrated in Fig.1.

[image: image1]
Fig.1. Mapping of a P-SCH sequence to subcarriers.
In [3] it was proposed that du(n) are the ZC sequences of length 71, with root indices u=1, 5 and 70. The reason for choosing the length 71 was to maximise the utilization of available subcarriers for P-SCH signal, while in the same time minimize the pair-wise cross-correlations of corresponding P-SCH signals in time domain. With this proposal one available sub-carrier remains unused.

In [4] it was proposed that du(n) are the ZC sequences of length 72, with no specified root indices u. It can be shown that the maximum crosscorrelations of the multiple P-SCH signals obtained from the different root indices of ZC sequences of length 72 are higher than if the length of ZC sequences is 71 or 73.

It is worth mentioning that the P-SCH signals generated through mapping shown in Fig.1 are in time domain not equivalent to ZC sequences, because the ZC sequence in frequency domain is not mapped onto consecutive subcarriers (DC subcarrier is skipped). Because of that, the matched filters corresponding to such P-SCH signals cannot be implemented by using a very efficient matched filter structure available for any GCL sequence [5]. 
In this paper we show the construction of three different sequences du(n) of length 72 based on puncturing the central elements of ZC sequences of length 73 with different root indices, with the following features:

· provides utilization of all 72 available active subcarriers for P-SCH signals;
· produces the P-SCH signals with very low pair-wise aperiodic cross-correlations, very low autocorrelation sidelobes of P-SCH signals, and low Peak-to-Average-Power-Ration (PAPR);
· allows for an efficient implementation of the corresponding bank of correlators in the time domain using the time-domain central symmetry of each of P-SCH signals.

2 Base-band P-SCH signals 
As specified in [2], and shown in Fig.1, the DC carrier cannot be used for mapping the elements of sequence du(n), while the elements of du(n) are mapped to all other consecutive, equally-spaced subcarriers around the DC subcarrier. The baseband P-SCH signal su(k), k=0,1,…,N-1, from Fig.1 can be obtained by N-point IDFT of the spectrum of N Fourier coefficients Hu(l), l=0,1,…, N-1, as

su(k)=
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where du(n), n=0,1,…,L-1, is the P-SCH sequence of length L=72.

As an illustration, the proposal from [3] can be described by P-SCH sequences given by

du(n)NEC = 
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The aperiodic cross/auto-correlation functions of the P-SCH signals from [3], for N=128, are shown in Fig. 2 in the Appendix 1. The PAPR values of these signals are 3.14 dB, 3.14 dB and 4.66 dB.

As another illustration, the proposal from [4] can be described by P-SCH sequences given by

du(n)LGE = 
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The aperiodic cross/auto-correlation functions of the P-SCH signals from [4], for N=128, and for u=1, 71 and 5, are shown in Fig. 3 in the Appendix 1. The PAPR values of these signals are 2.61 dB, 2.57 dB and 6.78 dB.
3 Centrally symmetric P-SCH sequences based on ZC sequences
If the P-SCH sequence du(n) is centrally symmetric, such that 

 





du(n)= du(L-1-n),
   n=0,1,…,L/2-1,

then Hu(l) in (2) will also be centrally symmetric around the DC, what is sufficient and necessary condition that the P-SCH signal su(k) in time domain is centrally symmetric, such that 

su(k)= su(N-k),   k=1,…, N-1.   







(5)

It means that only the sample su(0) does not have its symmetric counterpart. The proof of (5) is given in the Appendix 2.
The central symmetry of N-1 samples of a P-SCH signal can be used to reduce the number of multiplications in the corresponding matched filter. For example, if N=L+1=73, there are 72 centrally symmetric samples of P-SCH signal, so the matched filter can be implemented by 1+72/2=37 multiplications per single correlation, what is reduction of about 50% compared to the direct implementation (which requires 73 multiplications). It is illustrated in Fig.4, where “*” denotes complex conjugation.
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Fig.4. Efficient matched filter for P-SCH signal defined by (5), using N=L+1 samples long reference sequence.
During an initial cell search, there might be a large frequency error between transmit and receive local oscillators, what will cause a diminished magnitude of the matched filter response to the incoming signal. This can be mitigated by reducing the length of matched filter impulse response, so that the signal is detected by summing the outputs of several shorter filters matched to the different segments of the signals. The efficient matched filter structure from Fig.4 can be easily adapted or reused to implement a pair of shorter filters matched to the two symmetrical parts of the incoming signals. 
There are two methods to obtain the centrally symmetric P-SCH sequence du(n) based on a ZC sequence. The first way is to concatenate the ZC sequence of length L/2 and its reverted replica. The corresponding P-SCH sequences du(n) are given by

du(n) = 
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The second method is to puncture the central element of a ZC sequence of odd length L+1. In that case the P-SCH sequences du(n) are given by
du(n) = 
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(7)
The second method produces the P-SCH signals with lower maximum crosscorrelations.
4 Proposal
From the above discussion it follows that it is beneficial to define the three different P-SCH sequences du(n) of length 72 as obtained by puncturing the central elements of different ZC sequences of length 73, i.e. as






du(n) = 
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(8)
The aperiodic cross/auto-correlation functions of the P-SCH signals obtained from (8), for N=128 and u=1, 72 and 2, are shown in Fig. 5 in the Appendix 1. The PAPR values of these signals are 2.98 dB, 2.98 dB and 4.43 dB, slightly better than the corresponding values of P-SCH signals from [3].
As the ZC sequence of length L+1 with the root index u3=L+1-u1 is the complex conjugated version of the ZC sequence of the same length with the root index u1, the two corresponding matched filters can be implemented with the multiplication complexity of just one filter.
5 Conclusion
We propose that the three different sequences du(n) of length 72 are obtained by puncturing the central elements of ZC sequences of length 73 with different root indices, according to the Eq. (8).

Appendix 1: Aperiodic cross/auto-correlation functions
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Fig.2. Aperiodic correlation functions of P-SCH signals from [3], using N=128 samples long correlators.
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Fig.3. Aperiodic correlation functions of P-SCH signals from [4], using N=128 samples long correlators.
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Fig.5. Aperiodic correlation functions of P-SCH signals according to Eq. (8), using N=128 samples long correlators.

Appendix 2: Proof of (5)

Starting from the definition of su(k) as 

su(k)=
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it follows 

su(N-k)=
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where we introduced the change of variables n=N-l, reordered the summation and used periodicity of the DFT (Hu(n)=Hu(n+N)). From above relations it follows that su(k)=su(N-k) if Hu(n)=Hu(N-n), what is a sufficient condition. It is also a necessary condition, meaning that only if Hu(n)=Hu(N-n) it will be su(k)=su(N-k), as it can be shown by starting from the expression for Hu(n). ٱ
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