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1 Introduction
In RAN1 #46bis, it was agreed that a 3-stage cell search scheme is taken as the working assumption. This scheme is referred to as Approach 1, which is further described in [1]. In addition, Huawei suggested a 2-stage cell search scheme, Approach 1a, which very much resembles Approach 1, but comprises only the first two stages [2]. The main difference is that the 2nd stage in Approach 1 should result in a group ID, whereas in Approach 1a, it should result in the complete cell ID. The 3rd stage of Approach 1 then uses the reference signals (RS) to finally determine the cell ID. In this contribution we evaluate these two schemes under the same conditions.
2 Simulation Assumptions

Link level simulations are performed to determine the cell search times, under the following assumptions. 
2.1 Frame structure

A frame structure having both the P-SCH and S-SCH symbol, consecutively placed within the same subframe is assumed, as shown in Fig.1. It was pointed out that, if coherent detection would be used for the S-SCH, this frame structure is more suitable than if the P-SCH and S-SCH are placed in different subframes [1]. The repetition period of the P-SCH is 5 ms, i.e., it appears uniformly spaced twice per radio frame. The two S-SCH symbols in a frame contain different signals, such that the frame timing can be found. 

[image: image1]
Fig.  1. Frame structure with a P-SCH repetition period of 5 ms.  Different S-SCH symbols are used to detect the frame timing. The OFDM symbols that contain reference signals (RS) belonging the TTIs that carry the SCH are used in the 3rd stage of Approach 1.
2.2 P-SCH

A 2x periodic P-SCH signal is used for determining the symbol timing by use of replica based correlation. Averaging gain is obtained by accumulating the correlation values from different 5 ms periods, until correct timing is achieved. The time-domain P-SCH signal is constructed as the concatenation of two complementary Golay sequences, which was further described in [2]. Since single Efficient Golay Correlator (EGC) can be used for the detection of both sequences from a Golay complementary pair, up to 2 P-SCH sequences could be used.

2.3 S-SCH
There are two S-SCH symbols in a radio frame for FDD mode, as shown in Fig.1. The two S-SCH modulating sequences used to obtain S-SCH OFDM symbols in a radio frame, comprise the elements of a cyclically unique codeword, which determines both the frame timing and the group ID or cell ID, for Approach 1 and Approach 1a, respectively. In [1], it was suggested that for TDD mode, only one P-SCH and one S-SCH may be sent per 10 ms frame. In that case the frame timing could be obtained from the P-SCH. To still be able to convey sufficient number of group IDs in the S-SCH, shorter S-SCH sequences can be used. For example, two Hadamard sequences of length 32 can be transmitted in a single S-SCH symbol, giving 1024 group IDs.

The S-SCH sequences are real-valued sequences, resulting in symmetric (OFDM) S-SCH signals. Such symmetric signals are intended to alleviate estimation of unknown CP length. The CP length needs to be estimated before the execution of the 2nd stage in the Approach 1 of cell search.

Two types of S-SCH sequences are evaluated:

i) Differentially encoded Hadamard sequences modulated with a complementary Golay sequence.

ii) Hadamard sequences modulated with a complementary Golay sequence.

Both types of S-SCH sequences can be efficiently detected by using Fast Hadamard Transform (FHT) processor.

For detection of sequences i), the receiver performs a differential decoding on the received frequency-domain samples. This will restore the orthogonality of the sequences and, for high SNRs, to a large extent also cancel the channel. Correlation detection is then performed to determine the sequence. For detection of sequences ii), correlation detection is performed directly on the received frequency-domain samples to determine the sequence. An averaging gain is obtained by accumulating the correlation values from several S-SCH symbols
. For both i) and ii), 64 sequences are used. With 2 S-SCH symbols per frame, this allows up to 2016 group IDs and concurrent frame timing detection. 
2.4 Reference signals
According to [3] there is a one-to-one relation between the cell ID and the reference-symbol 2-D sequence, obtained as a product of a pseudo-random sequence (PRS) and an orthogonal sequence (OS). The pseudo-random sequence PRS has to be determined from the group ID, obtained in the 2nd stage of the cell search, so that it can be used to re-modulate the reference signals. Thus, the number of group IDs has to be equal to the number of PRSs. Following [3], we shall take as a working assumption that the number of group IDs is 170 for the Approach 1. For the Approach 1a, the S-SCH carries all cell IDs, i.e., 512.

The correct phase of the PRS is known after the 2nd stage, from the acquired frame synchronization. Thereby, the PRS can be cancelled in the reference signal and then the OS can be detected by correlating the values of reference symbols with all possible OS, in the 3rd stage of the cell search. Following the 2-D OS design of [4], 3 orthogonal sequences of length 3 are constructed. For each OFDM symbol containing RS, there are 12 subcarriers allocated to the RS. Thus the OS is repeated 4 times in such a symbol. The OS detection is performed by correlation, using the sequence length of 12. An averaging gain is obtained by accumulating correlation values from several RS, until the correct OS has been detected.      

2.5 CP length estimation

After the 1st stage, a CP length detection is made, using the symmetry of the S-SCH signal. The receiver computes a differential correlation value for each of two hypotheses of S-SCH timing, relative to the timing of the P-SCH. The hypotheses describe the correct timing of the S-SCH, assuming the CP length is short or long, respectively. In the simulations we assume that the receiver buffers sufficiently many samples of the signal such that it can demodulate the S-SCH symbols, once the CP length has been determined. We also assume that the CP length is fixed within the TTI in which the SCH is transmitted, see Fig. 1, so that the RS can be demodulated using the estimated CP length. If the CP length is found correctly but the group ID cannot be determined from the buffered S-SCH symbols
, more S-SCH symbols have to be received.
3 Numerical Results

A list of parameters is contained in Table 1.

Table 1. Simulation parameters

	Bandwidth
	1.25 MHz

	fc
	2 GHz

	Frequency offset
	0 Hz

	# of TX/RX antennas
	1/2

	Channel
	TU 6-path, 3 km/h

	# PRS (# group ID)
	170

	# OS (from [4])
	3

	CP length
	short

	# S-SCH sequences
	64

	RS power boost
	3 dB


We assume that only the RSs contained in the TTIs that carry the SCH are used for detecting the OS in the 3rd stage. That is, subframes #0, #1, #10 and #11 in the frame are used. Thus, as shown in Fig. 1, the OS appears in 4 OFDM symbols in each TTI that contains the SCH. The minimum cell search time in these simulations is 1 SCH period (for finding timing) plus 1 SCH period (for getting the first S-SCH
) plus one subframe (for getting the second S-SCH), i.e., in total 10.5 ms.
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 stage, we assume an ideal verification logic, such that the cell search continues to the next stage only if the current stage is finished correctly. After stage 1, the symbol timing must be within a timing error tolerance zone of two samples. After stage 2, frame timing and the group ID (cell ID) has to be correct for Approach 1 (Approach 1a). After stage 3, the detected OS has to be correct. 

In practise the cell search would be completed by detecting a BCH, which is not included here. This does not change the comparisons, as it will only introduce an additional delay for any cell search scheme.

3.1 Cell search times – known CP length
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Fig.  2. The 90th percentile cell search times as function of SNR. The 3-stage scheme has the shortest cell search time and the Hadamard sequences perform better than the differentially encoded Hadamard sequences for lower SNRs.
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Fig.  3. Cumulative distribution function of cell search time at SNR=-5 dB. 

In Fig. 2, it can be seen that the shortest cell search time is obtained by the 3-stage scheme. As the 3-stage scheme has fewer group IDs to detect in the 2nd stage, its detection probability is higher than for the 2-stage scheme. Since the detection probability of the 3rd stage was rather high, we could therefore only expect benefits of the 2-stage scheme for higher SNRs, where the performance of the 2nd stage of the two schemes is similar. Thus, it follows that if the SCH should be designed for very low SNRs, a 3-stage scheme is more suitable, with respect to low cell search time. 
Comparing the different sequences, it is noted that the differentially encoded sequences perform worse as the SNR decreases. In this region, the noise effect is more dominant than the channel and the differential encoder, which multiplies consecutive subcarriers, just increases the noise. Therefore, for maintaining good performance at low SNRs, sequences of type ii) are preferred.

Fig. 3 contains the CDF of the cell search times at an SNR of – 5dB. It can be seen that difference in cell search times between the two schemes increases with increasing percentile. This is expected, as for the higher percentiles, channel fading is more severe which means that the better performance of the 2nd stage for the 3-stage scheme becomes substantial. 
3.2 Cell search times – unknown CP length
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Fig.  4. The 90th percentile cell search times as function of SNR.  CP length detection from the symmetry of the S-SCH signal is used.

Fig. 4 shows the cell search time, including the CP length detection stage. Compared to the corresponding curve obtained with known CP, the cell search time is only increased slightly. Hence, real-valued S-SCH sequences should be used to allow CP length detection.
4 Conclusions 

Due to better performance for lower SNRs, a 3-stage cell search scheme is preferred. 
A time-domain symmetric S-SCH signal should be used. Such an S-SCH signal allows simple estimation of the CP length making it feasible to transmit the P-SCH and S-SCH in the same subframe.  
For good detection performance at low SNRs and low-complexity detection, Hadamard sequences modulated with a complementary Golay sequence are preferred for the S-SCH.
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� Averaging is done on every other S-SCH symbol, since they are the same.


� We made the simulation assumption that the CP length does not vary between the SCH TTIs, i.e., it is either short or long all the time, so it is estimated once, after the 1st stage. If the CP length is allowed to change more dynamically, in practice a CP length detection should be done not once but during the 2nd stage, independently for each acquired S-SCH symbol. 


� We do not assume any buffering of data during the 1st stage.





[image: image5.bmp]