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1 Introduction
Cell search is the procedure by which a UE acquires time and frequency synchronization with a cell and detects the cell ID of that cell. The synchronization channel (SCH) and the broadcast channel (BCH), as well as reference symbols, may be used in the cell search. Two classes of SCH channel structures (and thereby cell search solutions) have been outlined. A non-hierarchical SCH contains a cell-specific signal that serves both for the synchronization acquisition and for at least partial cell ID identification. A hierarchical SCH consists of at least two signals, with a primary signal used for synchronization acquisition, and the secondary signal used for cell ID identification.
In RAN1, several proposals for non-hierarchical SCH signal design exist. These signals are designed to be either periodic [1]

 REF _Ref126486483 \r \h 
[2] or symmetric [3], allowing timing acquisition by auto-correlation based methods, and also frequency offset estimation. Cell ID information is detected after differential decoding, either by DFT processing or correlation receiver. The proposed hierarchical SCH solutions [4]

 REF _Ref132171764 \r \h 
[5]

 REF _Ref132171768 \r \h 
[6] all use  cell-specific modulation signals (symbols) to modulate the reference symbols for conveying a cell-specific information. The basic assumption underlying this approach, is that the reference symbols have fixed positions in time and frequency, so the correct time and frequency synchronization acquisition obtained form the primary SCH is sufficient for the demodulation of the cell specific information from the reference symbols. The signal modulated on the reference symbols may be a sequence describing the cell ID [4], or a sequence obtained from encoding cell-specific information [6]. Cell ID information is detected by demodulating the reference symbols, possibly with channel estimates from the primary sequence. 
In this contribution, we compare the cell search times needed for correct cell ID detection for some typical representatives of non-hierarchical and hierarchical SCH signal structures. More specifically, we evaluate the non-hierarchical cell search scheme from [3] and hierarchical cell search principles from [4] and [7]. Brief descriptions of the corresponding cell search procedures are given in Sec. 2, whereas the simulation results are given in Sec. 3. The conclusions are summarized in Sec. 4. 
2 Cell search and timing acquisition procedures

Three schemes have been considered for numerical evaluation.
2.1 Non-hierarchical cell search
The non-hierarchical SCH described in [3] is obtained by Inverse Discrete Fourier Transform (IDFT) of a cell-specific real valued sequence of length 64. This gives a complex, centrally symmetric signal, which can be detected by a reverse differential correlator. The complete set of cell specific sequences is constructed as the inner product of a Golay complementary sequence with the set of differentially encoded Hadamard orthogonal sequences. At the receiver, after differential decoding, a correlation with the orthogonal set of sequences, obtained as the inner products of a differentially decoded Golay sequence and the set of orthogonal Hadamard sequences of the same length is done. No other signals are envisaged to be used with the cell search.
The SCH repetition period is assumed to be 2.5 ms (every 5th subframe), i.e., it is multiplexed 4 times per radio frame. In principle, different sequences could be used in each SCH period, which would give a very large set of combinations, that would be able to carry all cell-specific information (bandwidth, antenna configuration, CP length etc.), and offer means for frame timing as well. In this evaluation, however, the same sequence is used for all SCH symbols.
2.2 Hierarchical cell search, Scheme A
This scheme is based on the principle described in [4] where a common time-domain primary SCH (P-SCH) is used for timing acquisition, while the reference symbols, modulated within the SCH repetition period with the elements of a cell-specific sequence (S-SCH sequence), constitute the secondary SCH (S-SCH). 

The P-SCH is taken as a pseudo-random BPSK time-domain signal of length 69 and duration equal to one OFDM symbol. Replica based correlation is then performed directly in the time-domain at the receiver. After demodulation of the S-SCH, the detection of the sequence is done by correlating the demodulated reference symbol sequence with the set of all possible cell-specific sequences. 
Both P-SCH and S-SCH repetition periods are assumed to be 2.5 ms, i.e., they are multiplexed 4 times per radio frame. In each sub-frame, two OFDM symbols are assumed carrying reference symbols on every 6th sub-carrier, giving 26 symbols per subframe to the S-SCH. Thus an S-SCH sequence length of at most 130 (5x26) symbols can be used within the SCH repetition period of 2.5ms. In the simulations we have used the orthogonal Hadamard sequences of length 128 as the S-SCH sequences. 
2.3 Hierarchical cell search, Scheme B

This scheme is based on the principle described in [7]. A common P-SCH is used for timing acquisition, with repetition period of 2.5 ms (every 5th subframe), i.e., it is multiplexed 4 times per radio frame. The P-SCH consists of a cell-common 2x repetitive signal, which would allow initial timing detection by differential correlation. However, in our evaluations the timing synchronization is determined directly by replica based correlation in the time domain, in order to obtain the best performances. The P-SCH uses a cell-common GCL sequence of length 38 mapped on every second subcarrier in the frequency domain. The P-SCH is also used to obtain the channel estimates for S-SCH detection.

The S-SCH is obtained by modulating the reference symbols with the elements of a cell-specific sequence (S-SCH sequence), but only in those subframes containing the P-SCH (in Scheme A the S-SCH sequence modulates all the reference symbols within the repetition period of 5 subframes). At this point it should be noted that in Scheme B at least a 10 ms radio frame is needed to extract the cell ID (because the period of S-SCH sequence is equal to the length of the radio frame), while in Scheme A only 5 subframes are sufficient for the same purpose. Because of that, it can be expected that Scheme A produces a shorter cell search time. However, as we use 10 ms averaging in all evaluated schemes, a shorter S-SCH sequence period in Scheme A has no direct influence on the resulting cell search time.

In each subframe it is assumed that two OFDM symbols carry reference symbols on every 6th sub-carrier. Thus an S-SCH sequence length of at most 104 (4x26) can be used within the period of 10 ms radio frame. The S-SCH sequences used for the evaluation of the Scheme B are obtained by the repetition coding (11 repetitions) of each bit of 9 bits long ID sequence that can encode up to 512 cell IDs [7]. The 99 bits long encoded sequence is interleaved and BPSK modulated onto the reference symbols. 
In the receiver the channel estimates are used for detecting the S-SCH sequence. The channel estimation is performed from the P-SCH transmitted within the same sub-frame as the S-SCH.

3 Simulation results
3.1 Simulation assumptions

With the occurrence of several SCH symbols per radio frame, timing detection can be improved by, e.g., non-coherently accumulating the correlator outputs. Here, a fixed 10 ms averaging period is used (see also [4]). After each such 10 ms period, the algorithms for synchronisation acquisition (timing and frequency) are run on the averaged correlator output signal. Using the obtained timing, the cell ID is then determined from the signal (the SCH for non-hierarchical or the S-SCH for hierarchical) of the last 2.5 ms (non-hierarchical and hierarchical Scheme A) or the last 10 ms (hierarchical Scheme B). 
The verification of correct synchronization and correct cell ID identification should be performed at the end of each averaging 10 ms period. In the simulations we assume an ideal verification logic, which can perfectly determine whether the estimated cell ID is correct, and whether the timing is corrected to fall within a prescribed timing error tolerance zone.

If either cell ID or timing are incorrect, cell search proceeds with another 10 ms averaging period, and so on. The timing error tolerance zone should not be longer than the difference between the cyclic prefix length and the delay spread, to assure reliable detection. Hence the timing is assumed to be correct if it is within the interval [0,2], where ‘0’ is the first sample after the cyclic prefix. 
Moreover, once the symbol timing is obtained, it is assumed that the frame timing is also correct. This relaxing assumption is more favourable for detection of S-SCH sequence in Scheme B compared to Scheme A, because the Scheme B uses a whole 10 ms radio frame for carrying the S-SCH, so it may require additional time to find the correct S-SCH sequence timing. In Scheme A the timing of S-SCH sequence is directly obtained by detecting the P-SCH, because they have the same repetition period.
The cases with 1 and 2 RX antennas have been considered. In the latter case, selection diversity is assumed, i.e., only the antenna with the highest received signal power in each subframe is selected for complete reception within that subframe. In principle, the cell search could also be performed in parallel on each RX antenna, which would allow twice as many correlator outputs per time unit for non-coherent averaging, thereby further decreasing cell search times.

In the following, we do not explicitly consider frequency offset estimation. Instead, a residual frequency offset error of 0.1 ppm (200 Hz at 2 GHz carrier frequency) is introduced. The residual frequency error is modelled according to the WCDMA requirements on UE frequency accuracy [8], where the UE modulated carrier frequency should be accurate to within ±0.1 ppm. The same definition of the frequency synchronization error was used in [9], where a synchronization error was declared if the difference between the estimated and true frequency offset exceeded 200 Hz.
The parameters for the evaluation are listed in the Table I.

























TABLE I















List of simulation parameters and models

	Bandwidth
	1.25 MHz

	FFT size
	128

	Sub-carriers for SCH
	76

	Cyclic prefix lengths
	1x10 and 6x9

	SCH symbols/frame
	4

	Averaging length for timing acquisition
	10 ms

	#TX/RX antennas
	1/1 and 1/2

	Reference symbols
	Every 6th sub-carrier on 2 OFDM symbols/subframe

	Data symbols
	Random QPSK symbols

	P-SCH (hierarchical Scheme A)
	Time-domain BPSK seq., length 69 

	P-SCH (hierarchical Scheme B)
	2x repetitive, obtained from a GCL seq., length 38

	S-SCH (hierarchical Scheme A)
	Orth. Hadamard seq., length 128

	S-SCH (hierarchical Scheme B)
	Repetitive encoded cell ID seq., length 99

	SCH (non-hierarchical) 
	Golay modulated Hadamard seq., length 64

	Channel
	TU 6-path, 3 km/h

	Frequency offset
	200 Hz (0.1 ppm)

	Carrier frequency
	2 GHz


3.2 Results

The presented results include the 90th percentile cell search time. The cell search time is defined as the time needed (in steps of 10 ms periods) to obtain the correct cell ID and simultaneously have the timing error within the prescribed error tolerance zone.

In Fig. 1, the results with 2 RX antennas are depicted. It can be seen that, except for the lowest SNR, the non-hierarchical scheme, gives the faster cell search times. The same behaviour can be noted from Fig. 2, which contains the case of 1 RX antenna. In general, we could conclude that the receive diversity is beneficial for the cell search performances of all schemes.
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Figure 1. The 90th percentile cell search times using 2 RX antennas.
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Figure 2. The 90th percentile cell search times using 1 RX antenna.

4 Conclusions

The presented results show that some hierarchical SCH structures, such as Scheme A, may achieve better performance, i.e. lower cell search time than the non-hierarchical SCH at very low SNRs. On the other hand, the performances of non-hierarchical SCH become better than of the hierarchical SCH at SNRs above 0 dB, where the cell search time is reduced by 10 ms compared to the hierarchical SCH Scheme B and 20 ms compared to the hierarchical SCH Scheme A. Having in mind the results from [6] (Fig. 11), that in the worst  case deployment scenario about 70% of the SNRs for P-SCH demodulation are above 0 dB, we can conclude that good cell search performances at SNRs above 0 dB are decisive, in which case the non-hierarchical SCH structure is obviously more advantageous.
Hence, we propose that RAN1 use the non-hierarchical SCH structure as a working assumption in the LTE study. The formal text proposal for the new section 7.2.2.4.5.3 on “Comparison of SCH structures” is given in the accompanying contribution [10].
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