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1 Introduction
For the S-SCH, both complex-valued and real-valued binary sequences have been proposed. One example of the former is given in [1], where the S-SCH sequence is a GCL sequence, namely a Zadoff-Zhu sequence modulated with a complex exponential wave. Real-valued sequences have been proposed, such as PN sequences [2]

 REF _Ref157317308 \r \h 
[3] or  those based on Hadamard sequences [4]

 REF _Ref157317523 \r \h 
[5], or convolutional encoding of BPSK symbols [5]. 

In terms of complexity, the S-SCH sequence should allow for low-complexity implementation, both of the transmitter and receiver. An S-SCH based on binary sequences, such as Hadamard sequences modulated with a Golay sequence [4], will minimize the complexity of the transmitter, and at the same time allow for an efficient implementation of the receiver by using Fast Hadamard Transform. Additionally, binary S-SCH sequences allows for the blind CP length estimation in the second stage of cell search. On the other side, the use of complex sequences, such as Zadoff-Chu sequences, would introduce more complexity both in the transmitter and in the receiver.  In [5], it was shown that the receiver complexity is about 20 times larger for the GCL sequence based S-SCH.

In this contribution, we compare the cell search performance using the sequences from [1] and [4], respectively.

2 Simulation Assumptions
In the second cell search step, the group ID and the frame timing are detected. To allow for simple intra-RAT handovers, it is also assumed that one S-SCH symbol should be sufficient for detecting the group ID and the frame timing. 
2.1  S-SCH based on GCL sequences
Since there are 170 group IDs and 2 S-SCH symbols per radio frame, 2*170=340 unique sequences are needed. Thereby, group ID and frame timing can be detected from only one single S-SCH symbol. A set of sequences is generated from using ZC sequences modulated with complex exponential waves [1].  
Table 1. S-SCH symbol parameters

	Sequence
	ZC modulated with complex exponential wave

	Number of occupied subcarriers
	72

	Prime number of ZC sequence
	73

	Number of exponential waves
	5


This gives in total a set of 72*5=360 sequences, of which 340 are used.
2.2 S-SCH based on Hadamard sequences
To provide for sufficient number of codewords in step 2, two S-SCH sequences can be multiplexed in one S-SCH symbol [3][5]. Here, we consider Hadamard sequences modulated with a Golay complementary sequence. These sequences have length 32 and are orthogonal. A total of 340 unique pairs of sequences are used, each pair being transmitted in one S-SCH symbol. Thereby, group ID and frame timing can be detected from only one S-SCH symbol.

These pairs of sequences are selected so that diversity combining between consecutive S-SCH symbols is possible. This is obtained by using the same sequence pair in both S-SCH symbols, but permuting their order (i.e., a sequence is using different subcarriers in different S-SCH symbols). So if sequence pair
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is transmitted in the second S-SCH symbol, for the same group ID. This means that for any S-SCH symbol, the same sequences were also transmitted in the previous S-SCH symbol, at a known position. Hence, frequency and time diversity can be obtained by accumulating correlation values from consecutive S-SCH symbols, if needed. 
Table 2. S-SCH symbol parameters

	Sequence
	Hadamard modulated with complementary Golay sequence

	Number of occupied subcarriers
	64

	Number of sequences/S-SCH symbol
	2

	Sequence length
	32


2.3 Simulation setup
Link level simulations are performed to determine the cell search time. The cell search scheme contains three steps; the first obtains symbol timing from the P-SCH, the second step decodes frame timing and a group ID from the S-SCH and the third step detects the orthogonal sequence modulated on to the reference signals. A list of essential assumptions is contained in Table 3.
Table 3. Simulation setup

	P-SCH
	2x periodic GCL sequence

	Number of group IDs
	170

	Number of orthogonal sequences
	3

	Sampling rate
	1.92 MHz

	fc
	2 GHz

	Number of TX/RX antennas
	1/2

	Channel
	TU 6-path, 3km/h

	CP length
	fixed (short)

	RS power boost 
	3 dB

	Residual frequency offset estimation error
	Uniformly distributed in [-200,200] Hz


The interference is modelled as white noise. For modelling frequency offsets, a residual frequency offset error of 0.1 ppm (200 Hz at 2 GHz carrier frequency) is introduced, which is modelled according to the WCDMA requirements on UE frequency accuracy [6].
The cell search time is taken as the performance measure, and is defined as the time needed to obtain timing and detect the cell ID. After each step, we assume ideal verification logic, such that the cell search continues to the next step only if the current step is finished correctly. After step 1, the symbol timing must be within a timing error tolerance zone of two samples. After step 2, frame timing and the group ID have to be correct. After step 3, the detected orthogonal sequence has to be correct. The minimum cell search time in these simulations is 5 ms (for finding timing) plus 0.5 ms (for getting the S-SCH), i.e., in total 5.5 ms.
The S-SCH sequence detection is done by plain correlation, i.e., no differential decoding is performed at the receiver. Both coherent detection (Method 1 in [1]) and non-coherent detection (Method 2 in [1]) are considered. For the coherent S-SCH sequence detection, channel estimates are obtained after step 1 from the P-SCH, using linear interpolation in the frequency domain and low-pass filtering of the frequency response. These channel estimates are then used to cancel the channel component in the demodulated data symbols from the OFDM S-SCH signal before the correlation with all possible S-SCH sequences. 

3 Numerical Results

Fig. 1 shows the 90th percentile cell search times for different SNRs of both schemes. As the SNR decreases, the GCL based scheme leads to longer cell search times than the Hadamard based scheme. 
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Figure 1. The 90th percentile cell search times for coherent detection.

Fig. 2 contains the case with non-coherent detection. In general, non-coherent detection gives shorter cell search times for low SNRs. However, also here it is observed that for the low SNRs, the GCL based scheme gives longer cell search time than the Hadamard based scheme 

The proposed S-SCH structure gains from having shorter sequences which gives better SNR per subcarrier. The correlation length of 32 also makes non-coherent detection relatively better for the Hadamard based scheme, since the channel is less varying than over 72 subcarriers, which is the correlation length for the GCL sequence. Moreover, the multiplexing of two sequences in one OFDM symbol provides for diversity combining gain of consecutive S-SCH symbols, as well as a coding gain.
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Figure 2. The 90th percentile cell search times for non-coherent detection.
4 Conclusions 

In terms of cell search time, the Hadamard based S-SCH gives better performance for low SNRs. Hence, with respect to cell search performance there is no merit of a GCL based S-SCH. Moreover, since the complexity of the GCL based scheme is much higher, there is altogether no advantage of using GCL sequences for the S-SCH.
The Hadamard based scheme multiplexes two sequences per S-SCH symbol, which makes simple diversity combining of consecutive S-SCH symbols possible.

We propose that the S-SCH is based on Hadamard sequences modulated with a Golay sequence.
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