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1. Introduction

In last Seoul meeting, approach 1 which is 3-step cell search procedure using reference symbols was adapted as working assumption. [1]

 We assumed that only sector ID can be detected in reference symbols and that remained information can be detected in S-SCH in this paper. The following amount of information would be required at least in 2nd step at S-SCH under above assumptions;

· Number of cell group IDs (NodeB IDs): 170

· Number of antenna configuration: 3 

· Frame synchronization information: 2
· CP information: 2
 The following amount of information would be required at least in 3rd step at reference symbol;

· Number of sector IDs: 3

The amount of required information at S-SCH and at reference symbols would be, respectively, equal or more than 2040 (=170*3*2*2) and 3.

 In this paper, we propose the S-SCH sequence which can load the above information and which has good cell search time performance.

2. S-SCH sequence design
Figure 1 and Figure 2 show our preferred SCH structure and cell search flow, respectively. It is noted that the reference symbol structure/sequence is to be FFS. The description of P-SCH will be skipped since it is described in [2].
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Figure 1 Frame structure
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Figure 2 Proposed 3 step cell search flow
2.1 For cell group ID (NodeB ID) and antenna configuration
 The amount of information to be detected in S-SCH would be more than 2040 as described above. Since we propose rotated constellation (BPSK or QPSK modulated S-SCH) [6], [7] for frame synchronization which will be described in section 2.2, 1020 information would be required at S-SCH. In which, CP information in SCH subframe can be detected by blind detection with two hypothesis. Therefore, 510 information will be required for S-SCH sequence. In this chapter, we will consider two 2-layered codes as mentioned in [3]. One is circularly shifted Zadoff-Chu [4], and the other is Zadoff-Chu modulated by Hadamard sequence. Of course, a kind of PN sequence modulated by Hadamard could be taken into account. However, we will rule out a kind of PN modulated by Hadamard since it cannot be optimized from the view point of PAPR.
· Circular shifted Zadoff-Chu
  The circular shifted Zadoff-Chu was proposed in [4], in which it is almost same as phase-rotated ZC [3] and complex exponential wave [5] mathematically. The circular shifted Zadoff-Chu can be generated both in time and frequency domain. In case of frequency domain generation, the circular shifted Zadoff-Chu with M mother sequence can be generated by using equation (1). 
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 is Zadoff-Chu sequence with sequence index M, and 
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 represent frequency index, delay index, the number of delay index, respectively. 

By applying this approach, the amount of information at S-SCH can be increased as many as more than 510, and also this sequence still has CAZAC property. In here, we define the sequence index as the index of Zadoff-Chu without circular shift and the delay index as the index resulted from circular shift. 

Basically, Zadoff-Chu with prime number length has some advantages which are constant absolute value of cross-correlation (=1/sqrt(N)) among sequences with different indices and the number of sequence indices. The number of available sequence indices is the number of natural numbers which is below the length and which is relatively prime to the length. For example, the number of available sequence indices (different mother sequence) is to be 70/24/32 when the sequence lengths were, respectively, 71/72/64. Since 72 subcarriers (6 RBs) can be occupied for 1.25 MHz, we select 71 which is prime number as the length of Zadoff-Chu which has 70 number of sequence indices. If we select 64 sequence indices and 8 delay indices, it can provide 512 information at S-SCH except for frame synchronization information. Figure 3 shows the cross-correlation properties between circular shifted Zadoff-Chu with different bases for all cases. Also, PAPR can be optimized by this sequence. It is noted that constant cross-correlation property is to be slightly fluctuated since the number of selected delay indices, 8, cannot be exactly divided by 71.
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(a) Zadoff-Chu sequence with length 71                               (b) Circular shifted Zadloff-Chu with length 71

Figure 3 Correlation property (circular shifted ZC)
· Zadoff-Chu modulated by Hadamard
 The Zadorff-Chu modulated by Hadamard can be expressed as equation (2).
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 is Hadamard sequence with 
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-th column.

Since the length of Hadamard sequence should be power of 2, we select the length of Zadoff-Chu and Hadamard as 64 for both sequences. The available number of root sequence for Zadoff-Chu would be 32. Therefore, the possible amount of information might be 2048 (=32*64).

However, this Zadoff-Chu modulated by Hadamard cannot ensure the PAPR for all sequences. For example, let us assume 64 length Zadoff-Chu modulated by Hadamard. Figure 4 shows PAPR property of Zadoff-Chu modulated by Hadamard without windowing. Since the sequence to maintain low PAPR is to be 16 which is from column 1 to column 16 in Hadamard sequence, the available number of sequences would be 512 (=32*16).
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(a) Time domain signal                                                   (b) PDF of PAPR[dB]

Figure 4 Time domain property for N=64 (Zadoff-Chu modulated by Hadamard)

Also, since the number 64 is not a prime number, the cross-correlation properties between different mother sequences would be degraded. Figure 5 shows cross-correlation property of Zadoff-Chu modulated by Hadamard. The poor correlation property is basically resulted from ‘composite number length’ Zadoff-Chu sequence. Therefore, some cell planning would be required in allocating sequence indices into the NodeBs.

[image: image15.emf]Btw same indices

 
[image: image16.emf]Btw same indices


(a) Zadoff-Chu sequence with length 64 (Nidx=32)             (b) Hadamard sequence with length 64 (Nidx=16)
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(c) Zadoff-Chu modulated by Hadamard with length 64 (Nidx=512)
Figure 5 Correlation property (Zadoff-Chu modulated by Hadamard)
· Comparison of above two sequences

With respect to circular shifted Zadoff-Chu sequence, the following characteristics can be found;

· Advantages

· Good cross correlation property for all sequences

· Faster cell search time can be achieved.

· The operator can select sequence index for each NodeB without any cell planning.

· PAPR can be optimized.

· 71 subcarriers (1.08 MHz including DC subcarrier) can be used of total 72 subcarriers (Only one subcarrier is not used.) which can provide frequency diversity as well as interference averaging relatively to Walsh modulated ZC.
· Disadvantage

· Relatively high complexity to Zadoff-Chu modulated by Hadamard

With respect to Zadoff-Chu sequence modulated by Hadamard, the following characteristics can be found;

· Advantages

· Low complexity relatively to circular shifted Zadoff-Chu 

· PAPR can be optimized by selection

· Disadvantages

· Poorer cross correlation property

· Slower cell search time relatively to circular shifted Zadoff-Chu

· Some kind of cell planning would be required.

· 64 subcarriers (0.975 MHz including DC subcarrier) can be used of total 72 subcarriers (8 subcarriers is not used) 
· Relative small number of available information to circular shifted ZC
 The cell search time performance of these two sequences will be shown in chapter 3.
2.2 Frame synchronization
 The concept of “Rotated constellation” (it is mathematically equivalent to BPSK or QPSK modulated S-SCH) was proposed in [6], [7]. To remind it, S-SCH sequence with Rotated constellation in time domain can be represented as equation (3).
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where 
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 is S-SCH before applying Rotated Constellation, 
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 is time index, and 
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is the amount of information to be added. Of course, frequency domain expression is the same as this.

 Let us assume 1st S-SCH and 2nd S-SCH use the circular shifted Zadoff-Chu with same information and only different sign modulation are applied for each S-SCH, in which 1st S-SCH and 2nd S-SCH are modulated by +1/-1, respectively. By this structure, we can identify the cell group ID, antenna configuration, and frame synchronization within 5ms.

 Therefore, we propose that 1st S-SCH is to be modulated by +1 and 2nd S-SCH is to be modulated by -1 in order to identify frame synchronization.
2.3 Sector ID detection
 Sector ID can be detected in reference symbol in 3rd step. We assumed that the reference symbol for 3rd cell search step is located only in the subframe which includes SCH like Figure 1. The reference symbol for 3rd step should be further optimized.
3. Simulation results
 In this chapter, we will compare the cell search time performance between circular shifted ZC and Walsh modulated ZC. We performed the simulation under multi-cell which consists of 19 NodeBs and each NodeB has 3 sectors, and propagation delay was considered. The single PSC for 1st step was used in this simulation applying cross-correlation based detection. S-SCH for 2nd step and reference symbol detection for 3rd step were performed by coherent detection using P-SCH and S-SCH as a phase reference. The CP configurations (short or long CP) were selected randomly for each subframe. Since we don’t know SCH CP information at 2nd step, we performed blind detection for S-SCH. The detailed simulation conditions can be referred by Annex A. The required information was randomly selected. Note that the notation (Ns x Nc x Nf x Nr ) represents the total amount of information which is root sequence (Ns) / circular shifts (Nc) / rotated constellation (Nf-PSK modulation) / sector IDs for 3rd step (Nr). In this contribution, Nf is always 2 since the required frame sync info is 2.
 Figure 6 depicts the cell search time performance between 71-length and 64-length S-SCH sequence regarding 3-step. The Walsh-modulated ZC with 64-length has similar performance to circular shifted ZC with 64-length as shown in [3]. However, the 71-length circular shifted ZC shows better performance than the 64-length ones due to having better cross-correlation property with prime length as well as to occupying more frequency resources with more interference averaging effect.
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(a) Sync network                                                                       (b) Async network
Figure 6 71-length vs. 64-length S-SCH (ISD 1732m, single PSC, (64x8x2x3) info for CS-ZC and (32x16x2x3) info for Walsh modulated ZC, 3 step)
Figure 7 depicts the cell search time performance between 71-length and 64-length S-SCH sequence regarding 2-step. The same tendency can be also found in this figure. The 71-length S-SCH shows the better performance than the 64-length ones.
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(a) Sync network                                                                       (b) Async network
Figure 7 71-length vs. 64-length S-SCH (ISD 1732m, single PSC, (64x8x2x3) info for CS-ZC and (32x16x2x3) info for Walsh modulated ZC, 2 step)
4. Conclusions

 In this paper, we investigated S-SCH sequence. As a conclusion, we propose the S-SCH sequence as follows;

· Circular shifted Zadoff-Chu sequence

· Cell group ID (NodeB ID)

· Antenna configuration

· Occupied in 1.08 MHz (72 subcarriers including DC subcarrier using 71-length ZC)

· Modulation by +1 for 1st S-SCH and by -1 for 2nd S-SCH (or -1 for 1st S-SCH and +1 for 2nd S-SCH)
· Frame synchronization
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Annex A. Simulation conditions

A-Table 1 System parameters
	Parameter
	Explanation

	Carrier frequency
	2 GHz

	Sampling frequency
	1.92 MHz

	FFT size
	128

	Number of used subcarriers (including DC carrier) for traffic
	73 (1.095 MHz)

	CP type / detection
	Short or Long CP (randomly) / blind detection

	Timing acquisition
	Cross-correlation based detection

	S-SCH detection
	Fully coherent detection by estimated channel at P-SCH

	Reference symbol detection
	Coherent detection by estimated channel at P-SCH and S-SCH

	Channel estimation
	DFT-based channel estimation

	Averaging duration
	10ms for 1st step / 5ms for 2nd step / 5ms for 3rd step

	Used sequence
	P-SCH
	Single PSC [ 36 length Frank sequence (2x repetition) ]

	
	S-SCH
	- 71 length Circular shifted ZC with +1 (for 1st S-SCH) and -1 (for 2nd S-SCH) modulation
- 64 length Circular shifted ZC with +1 (for 1st S-SCH) and -1 (for 2nd S-SCH) modulation
- 64 length Walsh modulated ZC with +1 (for 1st S-SCH) and -1 (for 2nd S-SCH) modulation

	
	Reference symbol
	24 length ZC with phase-rotated orthogonal sequence

	
	
	(Each NodeB has different root sequence)

	Amount of information
	S-SCH
	CS-ZC
	512 (64 seq bases, 8 delay info)

	(except for CP info and frame sync info)
	
	ZC-Hadamard
	512 (32 seq bases, 16 Walsh column)

	　
	Reference symbol
	3 (Phase rotated)


A-Table 2 Multi-cell related parameters

	Parameter
	Explanation

	Cell layout
	Hexagonal grid, 3 sector sites

	Number of NodeBs / sectors
	19 NodeBs / 57 sectors

	Antenna horizontal pattern
	70 deg (-3dB) with 20 dB front-to-back ratio

	Inter-site distance (ISD)
	1732 m

	Propagation model
	L=128.1+37.6Log10(R), R in kilometres

	Propagation delay
	Applied

	Standard deviation of slow fading
	8 dB

	Correlation between sectors
	1

	Correlation between sites
	0.5

	BS antenna gain
	14 dB

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Penetrate loss
	20 dB

	BS Tx power
	40 dBm

	Number of Tx / Rx antennas
	1 Tx / 1 Rx

	Network condition
	Synchronous and Asynchronous network

	Channel model
	6-ray Typical Urban

	Vehicle speed
	3 km/h

	Frequency offset between BS and UE
	Uniform distribution within 5 ppm for each UE dropping

	
	(same frequency offset from all sites at a dropping)

	Frequency offset estimation
	Real estimation and compensation

	Sequence ID selection for each sector
	Randomly each UE dropping

	Criterion for successful cell ID detection
	If the local received signal power from detected cell is within 3dB of the strongest local received signal power
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A-Figure 1 Simulation environments
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