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1. Introduction
In order to reduce the “SFN” effects when the primary synchronization signal (P-SyS) is used for phase reference for the secondary synchronization signal detection, the current working assumption is that three primary synchronization signals should be defined, see [1]. That means that the UE needs to do cell search using all three primary sequences. Since the UE continuously need to search for new cells it is very important to design the primary sequences enabling low complexity implementation without scarifying the cell search performance. 
Thus, the desired properties for the primary synchronization signal  sequences are:
1. Enable low complexity implementation, (i.e. BPSK like sequences in the time domain) 

· Valid for neighboring cell search (the most important scenario in cellular system) as well as initial cell search
2. Good auto and cross correlation properties 
· Again noting that the neighboring cell search is the dominant factor, with the requirement to find cells much weaker than the serving cell 
3. They can provide good phase references for coherent detection of the secondary synchronization signal 

· Ideally, the channel estimates from those sequences should be close to the ones obtained when f-domain constant amplitude sequences are used 

Point 1 in combination with 2 gives that  there should not be any major correlation peaks at non-zero timing in the autocorrelation function in order to avoid false alarms talking in favor for time domain defined pn B-PSK sequences over time repeated sequences. Time repeated sequences which, according to some companies, have a slightly advantage over pn-sequences in case of frequency error estimation in the initial cell search, increases the risk for erroneous timing detection due to multiple autocorrelation peaks.  This has also been pointed out in other papers, see for instance [2] and [3].

In order to confirm the above mentioned statement some simulations were made. In figure 1, the primary synchronization signal detection probability in a TU channel (non-initial cell search scenario, i.e. low frequency error) have been simulated for (a) a pn BPSK sequence according to the proposed primary synchronization signal sequence design in this paper and (b) a time repeated sequence defined as an f-domain QPSK random sequence occupying every second sub-carrier, giving a repetitive time domain sequence. As can be seen, the pn-sequence with no repetitive pattern gives better detection probability than the repetitive sequence at SNR range important for neighboring cell search (i.e. SNR < -2 dB). Hence, from the above one can conclude that a pn-sequence should be used as primary synchronization signal for LTE.
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Figure 1: Primary synchronization signal detection probability for (a) a repetitive P-SyS sequence and (b) a pn sequence in a TU channel, non-initial cell search. As can be seen the detection performance for the pn-sequence is better than for the repetitive sequence in the SNR range important for neighboring cell search, i.e. SNR < -2 dB.

In this paper we propose a pn primary synchronization signal sequence design trying to fulfill all the points (1) to (3) above. By extensive search over a very large number (>10^8) sequences of length 64, the best sequence, in terms of smallest variance on the amplitude in the frequency domain, have been chosen. Then the other two primary sequences have been generated as described in [2]. Simulations shows that, with the proposed primary sequences, the cell search performance are very close to the performance obtained when f-domain constant amplitude pn sequences are used, however with a primary sequence correlation complexity similar to the complexity proposed in [2].  

2. Primary synchronization signal sequence design

The search for primary synchronization signals with BPSK time-domain properties as well as good f-domain characteristics has been made in the following way

1. Random B-PSK sequences of length 64 have been generated.

2. The corresponding f-domain characteristics have been determined. The sequence chosen is the sequence which has the smallest variance of the amplitude in the f-domain. 

3. The two other primary synchronization signal sequences have been determined using the technique described in [2], i.e. if (N=64) P-SyS1(n)=S(n), then P-SyS2(n)=S(N-n-1), and P-SyS3(n)=(-1)^n S(n).

4. The auto and cross correlation function for the sequences are checked, for good enough performance.

A search over some 10^8 sequences have been made giving the best sequences as defined below.

 S=[-1,1,-1,1,-1,1,1,1,-1,1,1,-1,1,-1,-1,1,1,-1,-1,1,1,1,-1,1,-1,-1,-1,-1,1,-1,1,1,

-1,-1,-1,-1,-1,-1,-1,1,1,-1,-1,-1,1,-1,-1,1,1,-1,-1,1,1,1,1,-1,-1,1,-1,1,-1,-1,-1,-1]   (1)
The cross and auto correlation for the proposed sequences 1,2,3 derived from (1) using 3 above and the sequences described in [2] can be seen in Figure 2. Furthermore, the variance of the f-domain amplitude, i.e. Var{abs(fft(S))}, is 2.72 for the sequence (1), compared to the a variance of 9.12 for the sequences proposed in [2].
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Figure 2 Cross and autocorrelation for the proposed primary synchronization signals as well as the primary sequences defined in [2]. As can be seen have the proposed sequences lower worst case auto and cross correlation, i.e. are more white than the sequences in [2]. Furthermore, note that the auto and cross correlation for sequence 3, by its construction,  is equivalent to the sequence 1.


3. Simulation Results

In this section we show some simulation results using our primary synchronization signal sequences sequence design proposal. The simulation assumptions follow the guidelines in [4]. 

1. Our primary synchronization signal proposal are compared to (1) constant amplitude f-domain sequences on length 64 (here modeled as a f-domain QPSK pn-sequence), and (2) the sequence proposed in [2].

2. The secondary synchronization signals as defined in [5] have been used.

3. A GSM TU channel @ 120 km/h is assumed and the scenario presented below is for neighboring cell search, i.e. the frequency error is assumed to be small (<200 Hz), which is the most important scenario in a cellular system. 

4. The detection probability, in terms of the probability to do cell ID incl. TX antennas and RS FH or not detection correct in one 5 ms block is determined and the 95% percentile of the synchronization time is derived. 

5. Finally, in all simulations, one eNode B TX antenna for SCH transmission and two mobile terminal RX antennas are assumed.

The 95th percentile sync time for the different primary synchronization signal sequences can be seen in Figure 3.
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Figure 3: The 95th percentile of the synchronization time for the cases (a) P-SyS defined as a f-domain constant amplitude pn signal, (b) P-SyS as a t-domain BPSK pn-signal as defined in  [2] and (c) the P-SyS as defined in equation (1).
As can be seen in the figure, the proposed primary synchronization signal, only needing one bit representation of the sequence in time domain , have a performance that is very close to the performance for constant f-domain amplitude primary sequences. For such sequences, typically 3-4 bits on I and Q are needed for such good enough representation in the time domain. Hence the proposed primary sequences significantly reduce the correlation complexity for the UE without scarifying the cell search performance.  
4. Conclusions
In this paper we have proposed a primary synchronization signal BPSK pn sequence having good f-domain properties. By extensive search over a very large number (>10^8) of sequences of length 64, the best sequence, in terms of smallest variance on the amplitude in the frequency domain, have been chosen. Then the other two primary sequences have been generated as described in [2]. Simulations show that, with the proposed primary sequences, the cell search performance is very close to the performance obtained when f-domain constant amplitude sequences are used, however with a primary sequence correlation complexity similar to the complexity proposed in [2].  
Finally, note that the proposed sequences is by no means the “best” or optimal sequences (among the 2^64 possible) with respect to the minimum f-domain amplitude variance. However an exhaustive search over all possible sequences seems -- with current computer resources -- still to be an overwhelming task.
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