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1. Introduction

In the RAN1 #48bis Malta meeting, the way forward was agreed on many of the sequence design issues for the P-SCH and S-SCH [1]. [1] adds to the RAN1 decisions made in previous meetings in the SCH/cell-search area.
For the P-SCH sequence design, the RAN1 decision consists of the non-repetition structure and ZC-based sequences. Many companies proposed the ZC-based sequences, but the indices of the root sequences and the length have not been defined yet. For the S-SCH sequence design, the RAN1 decision consists of the concatenation of two binary-based short codes. Some companies proposed candidate binary sequences, such as the Golay-Hadamard [4] or the Walsh-Hadamard [5]. However the cell search performance of these sequence proposals needs to be verified, since they have not yet been evaluated under the conditions in [1].

In this contribution, we compare the cell search performance of the candidate sequences for P-SCH and S-SCH based on our simulation results. We find that the combination of ZC sequence with length 71 for P-SCH and two-interleaved Golay-Hadamard sequences with length 32 for the S-SCH has the best cell search performance.
2. SCH Structure
Summary - Current assumptions concerning the SCH structure are as following;

· 510 unique cell IDs, with 170 cell ID groups hypotheses resolution allocated to the S-SCH.
· Three different sequences for the P-SCH.

· 3x P-SCH has one-to-one relationship to 2-D orthogonal reference signal sequences.
· Slot timing is identified by the detected P-SCH.

· Frame timing is identified by the detected S-SCH.
· Number of Tx antennas for P-BCH is also identified by S-SCH, if needed.
· S-SCH can use coherent detection by using P-SCH as a reference.

The P-SCH and S-SCH are multiplexed in the same sub-frame by TDM. The identical P-SCH is transmitted 2x per 10ms. The S-SCH symbol is also transmitted 2x per 10ms.
P-SCH design
For the P-SCH sequence, the RAN1 way forward is to use the non-repetition ZC-based sequences. Although the P-SCH can be created by combining two different ZC-based sequences, we prefer to use a single long sequence from a complexity perspective. Therefore the remaining issues are the indices of root sequences concerning the number of occupied sub-carriers.
For 3x P-SCH with ZC-based sequences, each of the sequences needs to have good properties of auto and cross correlation. The three sequences should be carefully chosen to minimise the maximum cross correlation. It is possible to allocate a ZC sequence with length 71 to the centre 72 sub-carriers in one symbol as proposed in [2], but it may be sufficient that they have length 64, considering that they are used as the reference channels for S-SCH and preserve the signal properties proposed in [6].
Therefore we need to investigate the performance variation when the length of sequence is reduced from 71 to 64.
S-SCH design
The S-SCH sequences are required to impose less complexity on the detector circuits. S-SCH sequence design based on the Hadamard sequence has been proposed, such as the Golay-Hadamard [4] and the Walsh-Hadamard [5], to reduce the detector complexity. The above proposals have to use length 32 respectively, since the Hadamard sequence length is restricted to integer powers of 2. According to [1], we need up to 680 hypotheses resolution on S-SCH sequences in order to identify 170 unique cell IDs, frame timing and the number of antennas. The pair of 32-length Hadamard sequences can meet this requirement, because the maximum number of resolvable hypotheses is 32*32=1024. In actuality, only length 27 Hadamard sequences (i.e. 27*27=729) are necessary to.
Interleaved and non-interleaved S-SCH sequence mapping are proposed [5]. Our preference is interleaved mapping, because of the frequency diversity effect aspects of interleaving. The two S-SCH sequences [
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] with length 32 are interleaved in the frequency domain, and multiplexed on alternate sub-carriers in the same symbol, as shown in Figure 1.
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Figure 1 Interleaved S-SCH structure

To allow recovery of the frame timing, several ways of mapping/multiplexing are proposed, as follows;

· Two combinations of the different sequences on different sub-frames (i.e. 1st and 11th sub-frame in one frame), as shown in Figure 2.

· Same two sequences are mapped alternately on the sub-carriers in different sub-frame, as shown in Figure 3.
· Sub-carriers modulated by +/-1, alternating +1 and -1 in sequential sub-frames.
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Figure 2 Two combinations of the different sequences mapping on different sub-frames
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Figure 3 Alternately sequences mapping on different sub-frames
The methods of the last two bullets can decrease the sequence indices, but they increase the complexity of the correlator. Therefore, we recommend adopting the method of the first bullet.
Therefore we have to investigate the performance differences between the Golay-Hadamard and Walsh-Hadamard sequences with the interleaved S-SCH, and two combinations of different sequences in different sub-frames, as shown in detail in section 3.1.
3. Simulation Candidate Sets 
The candidate sets for the simulation are shown below in Table 1 and 2 

Table 1 Candidate P-SCH sequences
	Parameter
	

	P-SCH
	P-SCH sequence
	ZC sequence

	
	
	Frequency domain

	
	Sequence length
	64
	71

	
	Index of P-SCH
	{1, 5, 63}
	{1, 35, 70}


Table 2 Candidate S-SCH sequences
	Parameter
	

	S-SCH
	S-SCH sequence
	Walsh-Hadamard sequences
	Golay-Hadamard sequence

	
	Sequence length
	2*32

	
	Index of S-SCH
	Randomly selected


Table 1 shows the root indices of ZC sequence to minimize the cross-correlation among three sequences corresponding with the sequence length. P-SCH indices are chosen by investigating the lowest cross-correlation between candidate sequences. 
Table 2 shows the parameters for the two-interleaved S-SCH structure. Indices of S-SCH sequences are selected at random for every trial. The interleaved S-SCH sequence is divided into just two parts with length 32, and there are located at the both sides of DC.
The simulation conditions are shown in the Annex A.
4. Simulation Results
Timing detection performance of the P-SCH design
Figure 4 shows the cell search timing detection performance in the Stage1 based on a 7 cell model simulation. In this simulation, the UE is randomly located for every trial. Figure 4 (a) and (b) show the performance in a tightly synchronized network at fD = 5.55Hz and fD = 55.5Hz, respectively. The timing detection is declared to be successful when the detected timing is within the CP length.
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   (a) fD = 5.55Hz                           (b) fD = 55.5Hz

Figure 4 Timing detection performance comparison
It can be seen that the performance of the ZC sequence with length 71 is better than the length 64. It shows that the correlation properties improve by increasing the number of occupied sub-carriers.
Based on these results, we recommend the three ZC sequences with length 71 with root sequence 1, 35, 70 as the P-SCH sequence design.
Cell ID detection performance of the S-SCH design
Figure 5 shows the cell ID detection performance in the Stage2. In this simulation, P-SCH sequences used are the ZC sequence with length 71, based on the results of timing detection.
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   (a) fD = 5.55Hz                           (b) fD = 55.5Hz

Figure 5 Cell ID detection performance comparison
It can be seen that the performance of the Golay-Hadamard sequence is slightly better than the Walsh-Hadamard sequence. It shows the good cross-correlation property of complementary Golay sequences.
Based on these results, we recommend the two-interleaved Golay-Hadamard sequences as the S-SCH sequence design.

5. Conclusion

In this contribution, we compared the candidate combinations of P-SCH and S-SCH sequences. From the performance aspects, the combination of ZC sequence with length 71 for P-SCH and Golay-Hadamard with length 32 for S-SCH has the best cell search performance.
We propose using this sequence combination for SCH.
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A.　Annex A
A.1.　Simulation conditions

In this section, we show the simulation conditions of initial cell search.

Table A.1 shows the common simulation parameters for each simulation case. The P-SCH bandwidth is assumed as 1.08MHz (i.e. 73 sub-carriers) and the carrier frequency is assumed to be 2GHz. The total transmission power of the SCH symbol is the same for each structure. We define successful detection if the P/S-SCH sequence of the target sector, which has the average received signal power within 3 dB of the best cell, was detected correctly.

Table A.1 Common simulation parameters

	Parameter
	Assumption

	Multi-cell model
	7 cell sites, 3 cells per site

	Inter-site distance
	1732 m

	Carrier frequency
	2 GHz

	Sub-carrier spacing
	15 kHz

	CP
	10 samples

	Channel models
	Typical Urban 6 rays (3km/h, 30km/h)

	Node-B transmission power
	43 dBm

	Node-B antenna pattern and gain
	70-degree sectored beam, 14 dBi

	Distance dependent path loss
	128.1 + 37.6 log10(r)

	Shadowing correlation
	8 dB

	Shadowing correlation
	0.5 (inter-site) / 1.0 (intra-site)

	Penetration loss
	20 dB

	Number of Tx / Rx antennas
	1 / 2

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	Frequency offset
	±5 ppm : modeled as uniform random variable

	Timing detection period
	1 frame

	S-SCH detection period
	1 frame

	Network synchronization
	synchronous
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