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1 Introduction
For the cell search scheme in LTE, there is currently an open issue whether to use one or multiple P-SCH signals. The main reason for having multiple signals is to avoid the channel mismatch between a composite channel from several cells and the individual channels to the respective cells, when using coherent detection of the S-SCH in tightly synchronized networks. However, from a receiver complexity perspective, it is beneficial to use only a single P-SCH signal, as it reduces the number of correlation computations. Therefore, if the S-SCH gives good performance with non-coherent detection, synchronized networks would not cause any problem and one network-common P-SCH signal could be used.
In [1], the detection performance was evaluated of an S-SCH, using coherent detection with channel estimates from the P-SCH. It was shown that the detection performance deteriorated when using channel estimates and the non-coherent detection performed better. It was also shown that a differential decoding operation before the correlation detector reduced the detection performance. The differential decoding was also shown to increase the cell search times for low SNRs in [2]. Furthermore in [3], from evaluations of a number of different scenarios, it was also concluded that non-coherent detection and the use of one P-SCH signal is to prefer. Reference [4] also advocated non-coherent detection under low SNRs.
The S-SCHs in [1] and [3] used GCL sequences. In this contribution, we evaluate the cell search time for which the S-SCH is based on Hadamard sequences. Comparison is made between non-coherent detection and coherent detection of the S-SCH, using channel estimates from the P-SCH.  

2 Simulation Assumptions

Link level simulations are performed to determine the cell search time. The cell search scheme contains three steps (Approach 1); 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. More details of the scheme are described in [2]. A list of essential assumptions is contained in Table 1.
Table 1. Simulation setup
	P-SCH
	2x periodic GCL sequence

	S-SCH
	Hadamard sequences modulated with a Golay complementary sequence

	# S-SCH sequences
	64

	# Group IDs
	170

	# Orthogonal sequences (from [5])
	3

	Sampling rate
	1.92 MHz

	fc
	2 GHz

	# of TX/RX antennas
	1/2

	Channel
	TU 6-path, 3 km/h

	CP length
	short

	RS power boost
	3 dB

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


The interference is modelled as white noise, which could be interpreted as an asynchronous system, being the most favourable simulation case for evaluating the coherent detection. 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 [7].
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 an 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 5 ms (for getting the first S-SCH) plus one slot (for getting the second S-SCH), i.e., in total 10.5 ms.
The S-SCH detection is done by plain correlation, i.e., no differential decoding is performed at the receiver. For the coherent detection scheme, 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 in the S-SCH detection.
3 Numerical Results
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Figure 1. The 90th percentile cell search times for the different detection schemes. 
Fig. 1 shows the 90th percentile cell search times. It can be seen that, the non-coherent detection achieves the same performance as coherent detection, but is better for the lowest SNRs. As a reference case, we include ideal channel estimation. Thus this may be interpreted as the best performance of any coherent detection scheme. 
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Figure 2. The distribution of cell search times at an SNR=-15 dB.  
In Fig. 2, the CDF of the cell search time is plotted for an SNR of -15 dB. It can be seen that the non-coherent detection performs better than coherent detection.  Hence, for low SNRs, the channel estimates become unreliable, making non-coherent detection preferable. If there are any gains of coherent detection, they should therefore be expected as the SNRs increase. Fig. 3 shows the CDF for an SNR of -5 dB, where it can be seen that coherent detection becomes better.
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Figure 3. The distribution of cell search times at an SNR=-5 dB. 

Thus, for low SNRs, non-coherent detection is to prefer, whereas coherent detection may have some gains for higher SNRs. Low SNRs (or correspondingly SIRs) may typically arise in neighbour cell search. In conclusion, these results corroborate those of [1] and [3], showing that the non-coherent detection achieves the best performance for the low SNRs. Since the non-coherent detection performance is rather close to that of ideal channel estimation, it means that non-coherent detection of this S-SCH gives acceptable performance, regardless of the choice of channel estimation algorithm, or P-SCH signal. Hence, the complexity increase of using coherent detection is not motivated by significantly better performance than non-coherent detection.

The given S-SCH design based on Hadamard sequences can therefore provide for reliable non-coherent detection and consequently the use of one single P-SCH signal. Moreover, the detector of these S-SCH sequences can be efficiently implemented by using fast Hadamard transforms. In [6], the receiver complexity of the Hadamard sequences was shown to be substantially lower than that of GCL sequences.   
4 Alternatives for S-SCH Information Encoding  

In these simulations, the S-SCH transmits two different symbols in the frame, which constitute the elements of a cyclically unique codeword of length 2. A codeword encodes group ID and frame timing [2].  The number of codewords, i.e., group IDs was 170. For this, 64 S-SCH sequences were used to form the elements of the codewords. However, it should be pointed out that 170 cyclically unique codewords can be constructed also if only 32 S-SCH sequences (of length 32) are used. Thereby, by reducing the sequence length, both the SNR per subcarrier can be doubled and the impact of the frequency selective channel decrease, leading to decreased cell search times. 
It has been discussed that to facilitate inter-RAT handover, only one of the two S-SCH symbols in a frame should be needed for detecting the group ID and frame timing. This would mean that the group ID could not be encoded over two S-SCH symbols and frame synchronization could not be detected from the shift of cyclically unique codewords. For such a case, two Hadamard sequences of length 32 can be multiplexed in one single S-SCH symbol, giving 32*32=1024 combinations, which would allow for concurrently encoding frame timing (1 bit) and 512 group IDs in one S-SCH symbol. This S-SCH structure could also be used for the LCR aligned TDD structure, for which it is proposed that only one S-SCH symbol should be used [8] (placed in the last OFDM symbol in TS0). 

5 Conclusions 

In accordance with previous references, it was shown that non-coherent detection achieves the best performance for low SNRs. The complexity of using multiple P-SCH signals and coherent detection is not motivated by significantly better performance. 
This set of S-SCH sequences can be detected without any differential decoding, which was shown to give worse performance [1], [2], and which is often an assumed method for detection of the GCL based S-SCH. 

Due to these properties as well as efficient receiver implementation, we propose that the S-SCH sequences are based on Hadamard sequences and that one P-SCH signal is used.
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