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1 Introduction

At the previous meeting (RAN1#49) it was agreed that the primary synchronization channel (P-SCH) signals are obtained from frequency domain defined Zadoff-Chu (ZC) sequences. The P-SCH signals are OFDM signals with up to 63 active subcarriers, centered around the DC subcarrier. The active subcarriers are modulated with the elements of a cell-specific P-SCH sequence du(n), n=0,…,62, of length L=63, obtained from one ZC sequence, belonging to a set of three different ZC sequences with root indices u=u1, u2 and u3. The ZC sequences are defined as 
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, n=0,1,…,L-1, WL=exp(-j2π/L), j=
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, u is relatively prime to L. The mapping of a P-SCH sequence du(n) to available subcarriers is illustrated in Fig.1.
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Fig. 1. Mapping of a P-SCH sequence to subcarriers
In this contribution we investigate the detection performance and the receiver complexity, for different sequences du(n) of length 63, obtained from ZC sequences of lengths 63 and 64.  
2 Base-band P-SCH signals 
As shown in Fig.1, the DC carrier is not 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 an N-point IDFT of the spectrum of N Fourier coefficients Hu(l), l=0,1,…, N-1, as

su(k)=
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k=0,1,2,…,N-1,     

(1)

Hu(l)=
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where du(n), n=0,1,…,62, is the P-SCH sequence of length L=63 and 
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2.1 Punctured ZC sequence of length 64

One option is to use a ZC sequence of length 64 and puncture the element that maps onto the DC subcarrier, as it is done in [1] and [2]. In that case the P-SCH sequences are defined as
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2.2 Punctured ZC sequence of length 63

An alternative is to puncture the central element of a ZC sequence of length 63, similar as in [3], and pad a zero as starting element, to produce a P-SCH sequence of length 63, given by
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(4)
2.3 ZC sequence of length 63

ZC sequences of length 63 can also be used without puncturing, similar as in [4], to produce a P-SCH sequence of length 63, given by
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3 Matched Filter Implementation Complexity Reduction
3.1 Central symmetry

With an integer downsampling ratio, the shortest matched filter to 
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 has length 64. If we set N=64 in (1), it can be verified that the sequences 
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 result in centrally symmetric signals 
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, whereas the signal obtained from sequence 
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 becomes non-symmetric. As shown in [3], the complexity in terms of number of multiplications can be reduced about 50% for the centrally symmetric signals (obtained from (3) and (4)) compared to the non-symmetric signals (obtained from (5)). This reduction of the number of multiplications stems from the fact that the symmetric signal samples can be added prior to multiplication with the corresponding matched filter coefficient.
If a matched filter of length 128 would be used, N=128 in (1). However, in this case, it can be verified that only 
[image: image16.wmf]a

u

d

63

 results in a signal that is centrally symmetric over its whole length of 128 samples, whereas 
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 results in a signal that is centrally symmetric only for every other sample.
 Thus the complexity reduction is in this case approximately 50% larger for sequence 
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 than for the sequence 
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  always will produce a centrally symmetric signal over its full length regardless of the sampling rate (i.e., the size of N), it is offering the largest complexity reduction gain and does not preclude any sampling rate. It can be further noted that there are mappings of odd-length ZC sequences where 
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, which give centrally symmetric signals. Such constructions include, e.g., a punctured length-65 ZC sequence or a punctured length-63 ZC where one of its elements is repeated at 
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. However, for both cases the symmetry is only present for N=64.
The reduction of multiplications discussed above stems from the central symmetry and assumes that the full P-SCH signal length is used for the correlation detection. This is typically the case for neighbor cell search, where the frequency offsets are negligible. For initial cell search, the frequency offsets can be larger, and to mitigate its effect, it may be desirable to in this case perform the correlation over 2 segments of the P-SCH signal, see, e.g., [2]. However, since neighbor cell search is executed much more frequently than initial cell search, complexity reduction for neighbor cell search is more crucial.  
3.2 Complex conjugated sequence pairs 

For an odd length ZC sequence it holds that 
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. However, only if the time-domain signal is centrally symmetric, it holds that the corresponding time-domain P-SCH signals are also related as
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, which is shown in Appendix A. Thus, only for  
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), the two filters matched to P-SCH signals obtained from the root indices u and L-u can be implemented with the multiplication complexity of just one filter. 
For an even length ZC sequence it follows that  
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. In Appendix B, we show that the time domain P-SCH signals are related as
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From the above formula it can be seen that due to the time shift of +/- N/2, the two filters matched to P-SCH signals obtained from even length ZC sequences (such as 
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), with root indices u and L-u, cannot be implemented with the multiplication complexity of just one filter.
4 Timing Detection Performances
To evaluate the performance of the different sequence alternatives, link level simulations are performed. Only the 1st cell search step is evaluated and the timing detection error rate is determined. The timing is considered correct when the correct P-SCH sequence is detected and the timing estimate is within [0,CP], where ‘0’ is the first sample after the cyclic prefix of the first path of the P-SCH signal and CP the cyclic prefix length. The detection is made from one P-SCH symbol, i.e., no averaging among several symbols is performed. The results are obtained from 10000 different channels realizations.
For initial cell search, the frequency offset is set to 5 ppm and 2-segment partial correlation detection is used. For modelling neighbour cell search situations, a frequency offset of 0.1 ppm is applied and full correlation detection is used. In all cases, 2x downsampling is assumed such that the length of the matched filter becomes 64.
Table 1. Simulation setup
	Sampling frequency 
	1.92 MHz

	fc
	2 GHz

	Number of TX/RX antennas
	1/2

	Channel
	TU 6-path, 3km/h

	CP length
	Fixed (short)

	Interference
	AWGN

	Frequency offset for initial cell search
	Uniform in ±5 ppm 

	Frequency offset for neighbour cell search
	Uniform in ±0.1 ppm

	Timing detection method for initial cell search
	2-segment partial correlation

	Timing detection method for neighbour cell search
	Full correlation


The optimization criteria for selecting the sequence indices u=u1, u2 and u3 have been discussed in [1], [2] and [4]. It was concluded that to provide for reliable frequency offset estimation, the indices should preferably be located close to half the sequence length. For 
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 the indices (31,33,39) were proposed in [1], and  the indices (29,30,31)
 were proposed in [2]. In our evaluations, we shall therefore also evaluate the index combinations that are close to 30.  
In Appendix C, the results from a number of evaluation cases are contained. From those results the indices (29,31,33) appear to be the best choice for sequence 
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 and indices (31,32,38) for sequences 
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 . In general, the performance differences between the different cases are relatively small. Therefore, the receiver complexity will be the dominant criterion for selecting the sequences. In Fig. 2, we plot the results for initial cell search for the selected indices, while Fig. 3 contains the results for neighbour cell search.
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Fig. 2. Results for initial cell search for the best respective indices.
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Fig. 3. Results for neighbour cell search for the best respective indices.
From the above figures it can be seen that the sequences 
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 with indices (31,32,38) provide the best detection performances. In the same time, these sequences allow for low complexity detection utilizing the property that all the three corresponding P-SCH signals are centrally symmetric, as well as the property that the root indices 31 and 32 produce complex conjugated sequence pairs which result in complex conjugated P-SCH reference signals. 
5 Conclusions
We propose that the punctured ZC sequences of length 63, with indices (31,32,38), as defined by 
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 in (4), is used as the P-SCH sequences.
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Appendix A. Complex conjugated sequence pairs – odd sequence length

Suppose that L is odd so that 
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where we have used the periodicity of the FFT, 
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Appendix B. Complex conjugated sequence pairs – even sequence length
Suppose that L is even so that
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where we have used the periodicity of the FFT, 
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Appendix C. Additional numerical results
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Fig. 4. Initial cell search results for different indices for 
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Fig. 5. Initial cell search results for different indices for 
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Fig. 6. Initial cell search results for different indices for 
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Fig. 7. Neighbour cell search results for different indices for 
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Fig. 8. Neighbour cell search results for different indices for 
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Fig. 9. Initial cell search results for different indices for 
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� In [3]� REF _Ref167612671 \r \h � \* MERGEFORMAT �[1]� it was shown that a sufficient and necessary condition for obtaining a centrally symmetric signal su(k)= su(N-k),   k=1,…, N-1, is that Hu(l)=Hu(N-l), l=0,1,…,N-1.


� Note that 30 is not relatively prime to 64.
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