
3GPP TSG RAN WG1 #47 bis                                                                               R1-070230
Sorrento, Italy
15 – 19, January, 2007
__________________________________________________________________________

Agenda item: 6.5.2
Source: LG Electronics
Title: P-SCH sequence design for single and multiple PSCs
Document for: Discussion and decision
__________________________________________________________________________

1. Introduction
To satisfy the following requirements might be desirable as P-SCH sequence.

1) Good correlation properties for timing acquisition

2) Support of low complexity in timing acquisition

3) Nx repetition structure for easier frequency offset estimation (also, possibly hybrid detection)

4) Low PAPR (CM) considering boosting at SCH [1] (if needed)
5) Constant amplitude in frequency domain for good channel estimation at P-SCH considering coherent detection
 The Frank sequence which can satisfy above 1), 2), 4), and 5) was firstly proposed for cell-common P-SCH sequence in [2]. Also, time domain design in order to satisfy 2) was proposed in [3]. In last Riga meeting, we proposed the single (cell-common) PSC (Primary Synchronization Code) by applying 36-length Frank sequence, which can satisfy above requirements [4]. However, some companies which support multiple PSCs prefer more than three ones. Therefore, the Frank sequence might not be adequate for multiple PSCs since the number of root sequences is not enough within given transmission bandwidth. For example, the number of root sequences is to be 2 both for 16-length and for 36-length Frank sequences.
 In this contribution, we propose the P-SCH sequence for single PSC and for multiple PSCs, respectively, which can satisfy above requirements. This paper consists of following chapters. We will explain time domain sequence design method in chapter 2. In chapter 3 and 4, we propose single PSC and multiple PSCs, respectively. The complexity comparison will be described in chapter 5. The simulation results will be shown in chapter 6.
2. Time domain sequence design
Figure 1 shows the block diagram for time domain sequence design. This method can provide low complexity at timing acquisition if we select the sequence with a few constellations. We chose Frank sequence for single PSC and Zadoff-Chu sequence for multiple PSCs. 
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Figure 1 Time domain sequence design method
 With respect to Step 2 in Figure 1, time domain sequence can be repeated in order to provide the flexibility of hybrid detection and the simpler frequency offset estimation. We considered only same signs for Nx repetition. In other words, we will take the forms such as [+A|+A] or [-A|-A] due to destroying frequency-constant amplitude although CAZAC sequence is used in time domain. The examples of [+A|+A] and [-A|-A] were shown in Figure 2 when 32-length sequence with 2x repetition by 16-length Frank sequence was selected.
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Figure 2 Non-constant frequency amplitude problem in time domain design (2x repetition using 16-length Frank sequence)
3. Single PSC using Frank sequence

 We proposed 36-length Frank sequence in time domain with 2x repetition which can occupy 1.08 MHz bandwidth for cell common PSC [4]. In [4], we introduced the detailed method for 36-length Frank sequence with 2x repetition as well as for 16-length one with 4x repetition. In this paper, we will skip 16-length Frank description and explain the generating procedure only for 36-length Frank sequence step by step referred by Figure 1. 
· Step 1

 The Frank sequence with length 36 is to be generated in time domain for this step. The Frank sequence with length N(=m2) can be generated by using equation (1) [2], [5].
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where 
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 is the natural number which is relatively prime to 
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. The signals by Frank sequence can be represented as 
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-PSK signal forms. Since we chose N=36 (m=6), the generated sequence shows 6-PSK signals, which means 6-fixed constellation in time domain. A few constellations can provide the low complexity when using cross-correlation based timing detection.
· Step 2

 The sequences which were generated in step 1 are to be repeated twice in time domain. The generated time domain signal can be used as known signal in timing acquisition step. Total sequence length in time domain would be 72. The sequence in time domain was listed in A-Table 1 (a).
· Step 3 and Step 4

 The signal which was generated in step 2 is to be converted into frequency domain by using 72-point DFT. No signal should be loaded at DC subcarrier to resolve DC offset problem from the working assumption for downlink. There might be two methods to solve it. One might consider avoiding DC subcarrier by allocating odd-index subcarriers since this example is for 2x repetition in time domain, in which the alternated insertion every 2 subcarrier is shown in frequency domain. This method can maintain the CAZAC property in both time and frequency domain. However, the sequence with changed position cannot hold the 6-PSK signal in time domain any more. It would have several constellation positions in time domain signal under shifting sequence in frequency domain. Therefore, it cannot support “simple correlation” in time domain any more. The illustration of avoiding DC carrier with odd-index subcarrier insertion was shown in Figure 3 and the resulted phenomenon was shown in Figure 4.
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Figure 3 Illustration of avoiding DC subcarrier
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(a) Time domain sequence          (b) Freq. domain sequence before shifting (c) Time domain sequence after shifting
Figure 4 Effect of avoiding DC subcarrier
Therefore, the sequence position in frequency domain after time domain generation should not be changed in order to maintain the small number of constellation positions. We propose the method of puncturing DC component for time domain design. The time domain sequence can still maintain 6-constellations except for overall shifting. The illustration of DC puncturing was shown in Figure 5. The resulted phenomenon from this method was shown in Figure 6 and the corresponding sequence in frequency domain was shown in A-Table 1 (b). After DC puncturing, time domain sequence with total length Nt would be ak(n) – Ak(0)/sqrt(Nt) for Nx repetition. In which, ak(n) is time domain signal, Ak(0) is frequency domain signal at DC, and Nt is sequence length in time domain. In this case of 36-length Frank, only real part of the time domain sequence would be shifted by sqrt(2)/sqrt(72) since Ak(0) is real value with sqrt(2). The changed sequence to be transmitted was shown in A-Table 1 (c) and approximated signal of A-Table (a) was shown in A-Table (d). We can use the signals in A-Table 1 (b) in frequency domain as a transmitted sequence. Also, we can use one of the signals in A-Table 1 (a), (c), or (d) as a known sequence in timing acquisition.
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Figure 5 Illustration of DC puncturing
[image: image13.emf]-1 0 1

-1

0

1

Time domain signal (2x repetition, length 72)

Real

Imaginary

[image: image14.emf]0 10 20 30 40 50 60 70

0

0.5

1

1.5

Frequency domain signal before avoiding DC (2x repetition, length 72)

Subcarrier index

ABS

[image: image15.emf]-1 0 1

-1

0

1

Time domain signal (2x repetition, length 72), After DC puncturing

Real

Imaginary

With DC puncturing

Original Frank sequence


(a) Time domain sequence     (b) Freq. domain sequence before puncturing    (c) Time domain sequence after puncturing

Figure 6 Effect of DC puncturing
4. Multiple PSCs using Zadoff-Chu sequence

  In this chapter, we propose Zadoff-Chu sequence for multiple PSCs. The generating method for multiple PSCs is similar to that of single PSC. The overall procedure for time domain design follows that in Figure 1. We will skip the detailed description of time domain sequence generation for multiple PSCs.
N-length ZC sequence can be generated by using equation (2).
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where 
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 is an integer relatively prime to 
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 We selected 36-length ZC sequence for multiple PSCs with 2x repetition (1.08 MHz). The available number of root sequences is 12 (M=1, 5, 7, 11, 13, 17, 19, 23, 25, 29, 31, 35). The 36-length ZC has 12 constellation positions for all root sequences. Regarding 32-length ZC sequence for multiple PSCs with 2x repetition (0.96 MHz), the available number of root sequences is 16 (M=1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31). The 32-length ZC also has 12 constellation positions for all root sequences. The constellations of original ZC and DC punctured ZC when N=36 and N=32 were shown in Figure 7 (a) and in Figure 7 (b), respectively. 
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(a) N=36                                                        (b) N=32
Figure 7 Constellation of ZC sequence
 Now, we will select the root sequences. If we choose one index which is 
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, then we can find the available 
[image: image23.wmf]i

m

 set satisfying following equation (3).
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where 
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 is the sequence length and 
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 is the set which consists of integers relatively prime to 
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. Applying it into N=34 ZC sequence, we can select three sets, in which each set consists of 4 root sequences. Group 1 consists of 
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. In this paper, we will consider upto 4 multiple PSC case, Group 1. By this selection, we can calculate correlation with low complexity for 4 multiple PSCs, simultaneously. The generated sequences for Group 1 were shown in A-Table 2 of Annex C, and the detailed method for simple correlation was described in Annex D.
5. Complexity comparison
 In this chapter, we performed the complexity comparison between conventional and proposed sequence both for single and for 4 PSCs. We ignored that sign inverter and bit-shift operation were excluded for complexity calculation. We compared it both for 36-length sequence and for 32-length sequence although 32-length description was skipped in this contribution. The 36-length sequence with 2x repetition might require 1.08MHz times sampling rate and the 32-length sequence with 2x repetition (or 16-length sequence with 4x repetition) might require 0.96MHz times sampling rate for simple correlation.
 Table 1 and Table 2 show the complexity comparison of 36-length sequence and of 32-length sequence for d-th delayed correlation, respectively. Annex B and D can be referred for this calculation. The proposed method can decrease the complexity for 1st step, significantly. In general, 32-length which can be 64-length with 2x repetition has a bit less complexity than 36-length. However, 36-length sequence is more preferable than 32-length one from the view point of interference averaging as well as frequency diversity. Also, since 1.08MHz(72 subcarriers) occupied S-SCH shows the better performance than 0.96MHz(64 subcarriers) occupied one, 36-length with 2x repetition which can effectively perform the channel estimation within 1.08MHz is more preferable [6].
 Also, note that proposed scheme can calculate 4 multiple PSCs at a time, in which the complexity requires only a few real-value additions compared with single PSC case. This property can provide the flexibility to the operator. In other words, the operator can chose single or multiple PSCs in network configuration without the effect on UE.
	Table 1 Complexity comparison (for 36-length sequence)

　
	# of real-value multiplications
	# of real-value additions
	Repetition 
in time

	Conventional sequence (Single PSC)
	144
	142
	2x 

	Proposed Frank (Single PSC)
	0
	104
	2x 

	Conventional sequence (4 PSCs)
	576 (=144*4)
	568 (=142*4)
	2x 

	Frank (3 or 4 PSCs)
	Not supported
	Not supported
	Not supported

	Proposed ZC (4 PSCs)
	0
	156
	2x 


Table 2 Complexity comparison (for 32-length sequence)

	　
	# of real-value multiplications
	# of real-value additions
	Repetition in time

	Conventional sequence (Single PSC)
	128
	126
	2x  


	Proposed Frank (Single PSC)
	0
	62
	4x 

	-> 16-length Frank * 2
	
	
	

	Conventional sequence (4 PSCs)
	512 (=128*4)
	504 (=126*4)
	2x 

	Frank (3 or 4 PSCs)
	Not supported
	Not supported
	Not supported

	Proposed ZC (4 PSCs)
	0
	132
	2x 


6. Simulation results

 In this chapter, we will investigate the cell search time performance of proposed single and multiple PSCs. We will compare the cell search time performance for the feasibility of proposed single and multiple PSCs. We performed the simulation under multi-cell which consists of 19 NodeBs and each NodeB has 3 sectors, and propagation delay was considered. The cross-correlation based timing detection was used for 1st step. Regarding multiple PSCs, we use 3 multiple PSCs although 4 multiple PSCs can be used with low complexity. 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 E. The required information was randomly selected. The detailed simulation conditions were shown in Annex A. 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 8 shows the frame structure for simulation.
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Figure 8 Frame structure for simulation
· Proposed single PSC
  Figure 9 shows the cell search time performance of the proposed single PSC. The notations are as follows;
· 01-Proposed Frank with approximation (Time)
· Proposed time domain generated Frank sequence for transmission [A-Table 1 (b)]

· Correlation of received signal with approximated sequence in A-Table 1 (d) on 1st step at receiver 

· 02-Proposed Frank (Time)

· Proposed time domain generated Frank sequence for transmission [A-Table 1 (b)]

· Correlation of received signal with the sequence in A-Table 1 (a) on 1st step at receiver

· 03-Truncated ZC (Frequency)

· The frequency domain generated  truncated ZC from 37-length into 36-length for transmission

· Correlation of received signal with known selected ZC in time domain 
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(a) Sync network                                                                  (b) Async network
Figure 9 Single PSC performance (ISD 1732m, (64x8x2x3))
· Proposed multiple PSCs
Figure 10 shows the cell search time performance of the proposed multiple PSCs. The notations are as follows;

· 01-Proposed ZC with approximation (Time)

· Proposed time domain generated ZC sequence for transmission [A-Table 2 (b)]

· Correlation of received signal with approximated sequence in A-Table 2 (d) on 1st step at receiver 

· 02-Proposed ZC (Time)

· Proposed time domain generated ZC sequence for transmission [A-Table 2 (b)]

· Correlation of received signal with the sequence in A-Table 2 (a) on 1st step at receiver

· 03-Truncated ZC (Frequency)

· The frequency domain generated  truncated ZC from 37-length into 36-length for transmission

Correlation of received signal with known selected ZC in time domain
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Figure 10 3 PSCs performance (ISD 1732m, (64x8x2x3), synchronous network)
7. Conclusion
 In this contribution, we propose single PSC and multiple PSCs. As a conclusion, we summarize our proposals on P-SCH sequence as follows;
· Single PSC
· 2x repetition structure

· 36-length Frank sequence with DC subcarrier puncturing

· P-SCH sequence occupy 1.08 MHz corresponding to 72 subcarriers including DC subcarrier

· The complexity can be also decreased by combining hybrid detection.

· Multiple PSCs
· 2x repetition structure

· 36-length ZC sequence with DC subcarrier puncturing

· P-SCH sequence occupy 1.08 MHz corresponding to 72 subcarriers including DC subcarrier

· The number of multiple PSCs is upto 4 because the correlation of 4 multiple PSCs can be calculated simultaneously.
· The complexity can be also decreased by combining hybrid detection
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Annex A Single PSC (72-length seq. using 36-length Frank seq.)
A-Table 1 Single PSC (Frank, 72-length)
(a) Time domain signal (Step 2)                 (b) Frequency domain signal after DC puncturing (Step 4)

                                                                          - Transmitted signal
	Time index
	Real
	Imag
	Freq index
	Real
	Imag

	0
	1
	0
	0
	0
	0

	1
	-cos(pi/3)
	-sin(pi/3)
	1
	0
	0

	2
	-1
	0
	2
	Sqrt(2)*cos(pi/9)
	Sqrt(2)*sin(pi/9)

	3
	- cos(pi/3)
	sin(pi/3)
	3
	0
	0

	4
	cos(pi/3)
	sin(pi/3)
	4
	Sqrt(2)*cos(3*pi/9)
	Sqrt(2)*sin(3*pi/9)

	5
	1
	0
	5
	0
	0

	6
	cos(pi/3)
	- sin(pi/3)
	6
	-Sqrt(2)*cos(3*pi/9)
	Sqrt(2)* sin(3*pi/9)

	7
	- cos(pi/3)
	sin(pi/3)
	7
	0
	0

	8
	1
	0
	8
	-Sqrt(2)* cos(pi/9)
	-Sqrt(2)* sin(pi/9)

	9
	- cos(pi/3)
	- sin(pi/3)
	9
	0
	0

	10
	- cos(pi/3)
	sin(pi/3)
	10
	Sqrt(2)*1
	0

	11
	1
	0
	11
	0
	0

	12
	- cos(pi/3)
	- sin(pi/3)
	12
	Sqrt(2)*cos(3*pi/9)
	Sqrt(2)* sin(3*pi/9)

	13
	1
	0
	13
	0
	0

	14
	-1
	0
	14
	-Sqrt(2)*cos(2*pi/9)
	Sqrt(2)*sin(2*pi/9)

	15
	1
	0
	15
	0
	0

	16
	-1
	0
	16
	-Sqrt(2)*cos(3*pi/9)
	-Sqrt(2)*sin(3*pi/9)

	17
	1
	0
	17
	0
	0

	18
	-1
	0
	18
	Sqrt(2)*1
	0

	19
	- cos(pi/3)
	- sin(pi/3)
	19
	0
	0

	20
	1
	0
	20
	-Sqrt(2)*cos(2*pi/9)
	Sqrt(2)*sin(2*pi/9)

	21
	- cos(pi/3)
	sin(pi/3)
	21
	0
	0

	22
	- cos(pi/3)
	- sin(pi/3)
	22
	Sqrt(2)*1
	0

	23
	1
	0
	23
	0
	0

	24
	- cos(pi/3)
	sin(pi/3)
	24
	-Sqrt(2)* cos(3*pi/9)
	Sqrt(2)*sin(3*pi/9)

	25
	- cos(pi/3)
	sin(pi/3)
	25
	0
	0

	26
	-1
	0
	26
	-Sqrt(2)* cos(4*pi/9)
	-Sqrt(2)*sin(4*pi/9)

	27
	- cos(pi/3)
	- sin(pi/3)
	27
	0
	0

	28
	cos(pi/3)
	- sin(pi/3)
	28
	Sqrt(2)* cos(3*pi/9)
	Sqrt(2)* sin(3*pi/9)

	29
	1
	0
	29
	0
	0

	30
	cos(pi/3)
	sin(pi/3)
	30
	-Sqrt(2)* cos(3*pi/9)
	-Sqrt(2)* sin(3*pi/9)

	31
	1
	0
	31
	0
	0

	32
	1
	0
	32
	Sqrt(2)*cos(4*pi/9)
	Sqrt(2)*sin(4*pi/9)

	33
	1
	0
	33
	0
	0

	34
	1
	0
	34
	Sqrt(2)*1
	0

	35
	1
	0
	35
	0
	0

	36
	1
	0
	36[-36]
	-Sqrt(2)*1
	0

	37
	- cos(pi/3)
	- sin(pi/3)
	37[-35]
	0
	0

	38
	-1
	0
	38[-34]
	Sqrt(2)*cos(pi/9)
	Sqrt(2)*sin(pi/9)

	39
	- cos(pi/3)
	sin(pi/3)
	39[-33]
	0
	0

	40
	cos(pi/3)
	sin(pi/3)
	40[-32]
	-Sqrt(2)* cos(3*pi/9)
	-Sqrt(2)* sin(3*pi/9)

	41
	1
	0
	41[-31]
	0
	0

	42
	cos(pi/3)
	- sin(pi/3)
	42[-30]
	-Sqrt(2)* cos(3*pi/9)
	Sqrt(2)* sin(3*pi/9)

	43
	- cos(pi/3)
	sin(pi/3)
	43[-29]
	0
	0

	44
	1
	0
	44[-28]
	Sqrt(2)* cos(pi/9)
	Sqrt(2)* sin(pi/9)

	45
	- cos(pi/3)
	- sin(pi/3)
	45[-27]
	0
	0

	46
	- cos(pi/3)
	sin(pi/3)
	46[-26]
	Sqrt(2)*1
	0

	47
	1
	0
	47[-25]
	0
	0

	48
	- cos(pi/3)
	- sin(pi/3)
	48[-24]
	-Sqrt(2)* cos(3*pi/9)
	-Sqrt(2)* sin(3*pi/9)

	49
	1
	0
	49[-23]
	0
	0

	50
	-1
	0
	50[-22]
	-Sqrt(2)*cos(2*pi/9)
	Sqrt(2)*sin(2*pi/9)

	51
	1
	0
	51[-21]
	0
	0

	52
	-1
	0
	52[-20]
	Sqrt(2)* cos(3*pi/9)
	Sqrt(2)* sin(3*pi/9)

	53
	1
	0
	53[-19]
	0
	0

	54
	-1
	0
	54[-18]
	Sqrt(2)*1
	0

	55
	- cos(pi/3)
	- sin(pi/3)
	55[-17]
	0
	0

	56
	1
	0
	56[-16]
	Sqrt(2)* cos(2*pi/9)
	-Sqrt(2)* sin(2*pi/9)

	57
	- cos(pi/3)
	sin(pi/3)
	57[-15]
	0
	0

	58
	- cos(pi/3)
	- sin(pi/3)
	58[-14]
	Sqrt(2)*1
	0

	59
	1
	0
	59[-13]
	0
	0

	60
	- cos(pi/3)
	sin(pi/3)
	60[-12]
	Sqrt(2)* cos(3*pi/9)
	-Sqrt(2)* sin(3*pi/9)

	61
	- cos(pi/3)
	sin(pi/3)
	61[-11]
	0
	0

	62
	-1
	0
	62[-10]
	-Sqrt(2)*cos(4*pi/9)
	-Sqrt(2)*sin(4*pi/9)

	63
	- cos(pi/3)
	- sin(pi/3)
	63[-9]
	0
	0

	64
	cos(pi/3)
	- sin(pi/3)
	64[-8]
	-Sqrt(2)* cos(3*pi/9)
	-Sqrt(2)* sin(3*pi/9)

	65
	1
	0
	65[-7]
	0
	0

	66
	cos(pi/3)
	sin(pi/3)
	66[-6]
	-Sqrt(2)* cos(3*pi/9)
	-Sqrt(2)* sin(3*pi/9)

	67
	1
	0
	67[-5]
	0
	0

	68
	1
	0
	68[-4]
	-Sqrt(2)* cos(4*pi/9)
	-Sqrt(2)* sin(4*pi/9)

	69
	1
	0
	69[-3]
	0
	0

	70
	1
	0
	70[-2]
	Sqrt(2)*1
	0

	71
	1
	0
	71[-1]
	0
	0


(c) Time domain corresponding to A-Table 1 (b)               (d) Approximation corresponding to A-Table (a)
	Time index
	Real
	Imag
	Time index
	Real
	Imag

	0
	0.8333
	0
	0
	1
	0

	1
	-0.6667
	-sin(pi/3)
	1
	-0.5
	-0.875

	2
	-1.1667
	0
	2
	-1
	0

	3
	-0.6667
	sin(pi/3)
	3
	- 0.5
	0.875

	4
	0.3333
	sin(pi/3)
	4
	0.5
	0.875

	5
	0.8333
	0
	5
	1
	0

	6
	0.3333
	- sin(pi/3)
	6
	0.5
	- 0.875

	7
	-0.6667
	sin(pi/3)
	7
	- 0.5
	0.875

	8
	0.8333
	0
	8
	1
	0

	9
	-0.6667
	- sin(pi/3)
	9
	- 0.5
	- 0.875

	10
	-0.6667
	sin(pi/3)
	10
	- 0.5
	0.875

	11
	0.8333
	0
	11
	1
	0

	12
	-0.6667
	- sin(pi/3)
	12
	- 0.5
	- 0.875

	13
	0.8333
	0
	13
	1
	0

	14
	-1.1667
	0
	14
	-1
	0

	15
	0.8333
	0
	15
	1
	0

	16
	-1.1667
	0
	16
	-1
	0

	17
	0.8333
	0
	17
	1
	0

	18
	-1.1667
	0
	18
	-1
	0

	19
	-0.6667
	- sin(pi/3)
	19
	- 0.5
	- 0.875

	20
	0.8333
	0
	20
	1
	0

	21
	-0.6667
	sin(pi/3)
	21
	- 0.5
	0.875

	22
	-0.6667
	- sin(pi/3)
	22
	- 0.5
	- 0.875

	23
	0.8333
	0
	23
	1
	0

	24
	-0.6667
	sin(pi/3)
	24
	- 0.5
	0.875

	25
	-0.6667
	sin(pi/3)
	25
	- 0.5
	0.875

	26
	-1.1667
	0
	26
	-1
	0

	27
	-0.6667
	- sin(pi/3)
	27
	- 0.5
	- 0.875

	28
	0.3333
	- sin(pi/3)
	28
	0.5
	- 0.875

	29
	0.8333
	0
	29
	1
	0

	30
	0.3333
	sin(pi/3)
	30
	0.5
	0.875

	31
	0.8333
	0
	31
	1
	0

	32
	0.8333
	0
	32
	1
	0

	33
	0.8333
	0
	33
	1
	0

	34
	0.8333
	0
	34
	1
	0

	35
	0.8333
	0
	35
	1
	0

	36
	0.8333
	0
	36
	1
	0

	37
	-0.6667
	- sin(pi/3)
	37
	- 0.5
	- 0.875

	38
	-1.1667
	0
	38
	-1
	0

	39
	-0.6667
	sin(pi/3)
	39
	- 0.5
	0.875

	40
	0.3333
	sin(pi/3)
	40
	0.5
	0.875

	41
	0.8333
	0
	41
	1
	0

	42
	0.3333
	- sin(pi/3)
	42
	0.5
	- 0.875

	43
	-0.6667
	sin(pi/3)
	43
	- 0.5
	0.875

	44
	0.8333
	0
	44
	1
	0

	45
	-0.6667
	- sin(pi/3)
	45
	- 0.5
	- 0.875

	46
	-0.6667
	sin(pi/3)
	46
	- 0.5
	0.875

	47
	0.8333
	0
	47
	1
	0

	48
	-0.6667
	- sin(pi/3)
	48
	- 0.5
	- 0.875

	49
	0.8333
	0
	49
	1
	0

	50
	-1.1667
	0
	50
	-1
	0

	51
	0.8333
	0
	51
	1
	0

	52
	-1.1667
	0
	52
	-1
	0

	53
	0.8333
	0
	53
	1
	0

	54
	-1.1667
	0
	54
	-1
	0

	55
	-0.6667
	- sin(pi/3)
	55
	- 0.5
	- 0.875

	56
	0.8333
	0
	56
	1
	0

	57
	-0.6667
	sin(pi/3)
	57
	- 0.5
	0.875

	58
	-0.6667
	- sin(pi/3)
	58
	- 0.5
	- 0.875

	59
	0.8333
	0
	59
	1
	0

	60
	-0.6667
	sin(pi/3)
	60
	- 0.5
	0.875

	61
	-0.6667
	sin(pi/3)
	61
	- 0.5
	0.875

	62
	-1.1667
	0
	62
	-1
	0

	63
	-0.6667
	- sin(pi/3)
	63
	- 0.5
	- 0.875

	64
	0.3333
	- sin(pi/3)
	64
	0.5
	- 0.875

	65
	0.8333
	0
	65
	1
	0

	66
	0.3333
	sin(pi/3)
	66
	0.5
	0.875

	67
	0.8333
	0
	67
	1
	0

	68
	0.8333
	0
	68
	1
	0

	69
	0.8333
	0
	69
	1
	0

	70
	0.8333
	0
	70
	1
	0

	71
	0.8333
	0
	71
	1
	0


Annex B Illustration of cross-correlation for single PSC (length 36)

 From observation of Annex A, there are two amplitude values for real part and two amplitude values for imaginary part, respectively. The simple correlation calculation between received signal and known signal can be achieved by following method. Let us assume the received signal as r(n), where n=0,1,…,35. The signal in A-Table 1 (a) can be used as known signal.
· Real value of correlation output

· = Real[r(0)] - Real[r(2)]+ Real[r(5)] + Real[r(8)] + Real[r(11)] + Real[r(13)] - Real[r(14)] + Real[r(15)] - Real[r(16)] + Real[r(17)] - Real[r(18)] + Real[r(20)] + Real[r(23)] - Real[r(26)] + Real[r(29)] + Real[r(31)] + Real[r(32)] + Real[r(33)] + Real[r(34)] + Real[r(35)] +
cos(pi/3)*{ - Real[r(1)] - Real[r(3)] + Real[r(4)] + Real[r(6)] - Real[r(7)] - Real[r(9)] - Real[r(10)] -Real[r(12)] - Real[r(19)] - Real[r(21)] - Real[r(22)] - Real[r(24)] - Real[r(25)] - Real[r(27)] +Real[r(28)] +Real[r(30)]} + 
sin(pi/3)*{ -Imag[r(1)] + Imag[r(3)] + Imag[r(4)] - Imag[r(6)] + Imag[r(7)] - Imag[r(9)] + Imag[r(10)] - Imag[r(12)] - Imag[r(19)] + Imag[r(21)] - Imag[r(22)] + Imag[r(24)] + Imag[r(25)] - Imag[r(27)] - Imag[r(28)] + Imag[r(30)]}

· Imaginary value of correlation output
· = Imag[r(0)] - Imag[r(2)]+ Imag[r(5)] + Imag[r(8)] + Imag[r(11)] + Imag[r(13)] - Imag[r(14)] + Imag[r(15)] - Imag[r(16)] + Imag[r(17)] - Imag[r(18)] + Imag[r(20)] + Imag[r(23)] - Imag[r(26)] + Imag[r(29)] + Imag[r(31)] + Imag[r(32)] + Imag[r(33)] + Imag[r(34)] + Imag[r(35)]+
cos(pi/3)*{ - Imag[r(1)] - Imag[r(3)] + Imag[r(4)] + Imag[r(6)] - Imag[r(7)] - Imag[r(9)] - Imag[r(10)] - Imag[r(12)] - Imag[r(19)] - Imag[r(21)] - Imag[r(22)] - Imag[r(24)] - Imag[r(25)] - Imag[r(27)] + Imag[r(28)] + Imag[r(30)]}-
sin(pi/3)* { -Real[r(1)] + Real[r(3)] + Real[r(4)] - Real[r(6)] + Real[r(7)] - Real[r(9)] + Real[r(10)] - Real[r(12)] - Real[r(19)] + Real[r(21)] - Real[r(22)] + Real[r(24)] + Real[r(25)] - Real[r(27)] - Real[r(28)] + Real[r(30)]}
 If we ignore the complexity of sign inverter, the correlation output requires 102 real value additions, 2 bit shifts (for cos(pi/3)), and 2 real value multiplications. Especially, the complexity can be possibly reduced into 104 real value additions and 8 bit-shifts if sin(pi/3)[=0.8660] is approximately 0.875 [=1-1/8]. ( like in A-Table 1 (d) )
Annex C 4 Multiple PSCs (72-length seq. using 36-length ZC seq.)
A-Table 2 4 Multiple PSCs (ZC, 72-length, Group 1)
(a) Time domain signal (Step 2)

	m0=1
	Real
	Imag
	m1=17
	Real
	Imag
	m2=19
	Real
	Imag
	m3=35
	Real
	Imag

	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0

	1
	0.99619
	-0.087156
	1
	0.087156
	-0.99619
	1
	-0.08716
	-0.99619
	1
	-0.99619
	-0.087156

	2
	0.93969
	-0.34202
	2
	0.93969
	0.34202
	2
	0.93969
	-0.34202
	2
	0.93969
	0.34202

	3
	0.70711
	-0.70711
	3
	0.70711
	-0.70711
	3
	-0.70711
	-0.70711
	3
	-0.70711
	-0.70711

	4
	0.17365
	-0.98481
	4
	0.17365
	0.98481
	4
	0.17365
	-0.98481
	4
	0.17365
	0.98481

	5
	-0.57358
	-0.81915
	5
	0.81915
	0.57358
	5
	-0.81915
	0.57358
	5
	0.57358
	-0.81915

	6
	-1
	0
	6
	-1
	0
	6
	-1
	0
	6
	-1
	0

	7
	-0.42262
	0.90631
	7
	-0.90631
	0.42262
	7
	0.90631
	0.42262
	7
	0.42262
	0.90631

	8
	0.76604
	0.64279
	8
	0.76604
	-0.64279
	8
	0.76604
	0.64279
	8
	0.76604
	-0.64279

	9
	0.70711
	-0.70711
	9
	0.70711
	-0.70711
	9
	-0.70711
	-0.70711
	9
	-0.70711
	-0.70711

	10
	-0.76604
	-0.64279
	10
	-0.76604
	0.64279
	10
	-0.76604
	-0.64279
	10
	-0.76604
	0.64279

	11
	-0.42262
	0.90631
	11
	-0.90631
	0.42262
	11
	0.90631
	0.42262
	11
	0.42262
	0.90631

	12
	1
	0
	12
	1
	0
	12
	1
	0
	12
	1
	0

	13
	-0.57358
	-0.81915
	13
	0.81915
	0.57358
	13
	-0.81915
	0.57358
	13
	0.57358
	-0.81915

	14
	-0.17365
	0.98481
	14
	-0.17365
	-0.98481
	14
	-0.17365
	0.98481
	14
	-0.17365
	-0.98481

	15
	0.70711
	-0.70711
	15
	0.70711
	-0.70711
	15
	-0.70711
	-0.70711
	15
	-0.70711
	-0.70711

	16
	-0.93969
	0.34202
	16
	-0.93969
	-0.34202
	16
	-0.93969
	0.34202
	16
	-0.93969
	-0.34202

	17
	0.99619
	-0.087156
	17
	0.087156
	-0.99619
	17
	-0.08716
	-0.99619
	17
	-0.99619
	-0.087156

	18
	-1
	0
	18
	-1
	0
	18
	-1
	0
	18
	-1
	0

	19
	0.99619
	-0.087156
	19
	0.087156
	-0.99619
	19
	-0.08716
	-0.99619
	19
	-0.99619
	-0.087156

	20
	-0.93969
	0.34202
	20
	-0.93969
	-0.34202
	20
	-0.93969
	0.34202
	20
	-0.93969
	-0.34202

	21
	0.70711
	-0.70711
	21
	0.70711
	-0.70711
	21
	-0.70711
	-0.70711
	21
	-0.70711
	-0.70711

	22
	-0.17365
	0.98481
	22
	-0.17365
	-0.98481
	22
	-0.17365
	0.98481
	22
	-0.17365
	-0.98481

	23
	-0.57358
	-0.81915
	23
	0.81915
	0.57358
	23
	-0.81915
	0.57358
	23
	0.57358
	-0.81915

	24
	1
	0
	24
	1
	0
	24
	1
	0
	24
	1
	0

	25
	-0.42262
	0.90631
	25
	-0.90631
	0.42262
	25
	0.90631
	0.42262
	25
	0.42262
	0.90631

	26
	-0.76604
	-0.64279
	26
	-0.76604
	0.64279
	26
	-0.76604
	-0.64279
	26
	-0.76604
	0.64279

	27
	0.70711
	-0.70711
	27
	0.70711
	-0.70711
	27
	-0.70711
	-0.70711
	27
	-0.70711
	-0.70711

	28
	0.76604
	0.64279
	28
	0.76604
	-0.64279
	28
	0.76604
	0.64279
	28
	0.76604
	-0.64279

	29
	-0.42262
	0.90631
	29
	-0.90631
	0.42262
	29
	0.90631
	0.42262
	29
	0.42262
	0.90631

	30
	-1
	0
	30
	-1
	0
	30
	-1
	0
	30
	-1
	0

	31
	-0.57358
	-0.81915
	31
	0.81915
	0.57358
	31
	-0.81915
	0.57358
	31
	0.57358
	-0.81915

	32
	0.17365
	-0.98481
	32
	0.17365
	0.98481
	32
	0.17365
	-0.98481
	32
	0.17365
	0.98481

	33
	0.70711
	-0.70711
	33
	0.70711
	-0.70711
	33
	-0.70711
	-0.70711
	33
	-0.70711
	-0.70711

	34
	0.93969
	-0.34202
	34
	0.93969
	0.34202
	34
	0.93969
	-0.34202
	34
	0.93969
	0.34202

	35
	0.99619
	-0.087156
	35
	0.087156
	-0.99619
	35
	-0.08716
	-0.99619
	35
	-0.99619
	-0.087156

	36
	1
	0
	36
	1
	0
	36
	1
	0
	36
	1
	0

	37
	0.99619
	-0.087156
	37
	0.087156
	-0.99619
	37
	-0.08716
	-0.99619
	37
	-0.99619
	-0.087156

	38
	0.93969
	-0.34202
	38
	0.93969
	0.34202
	38
	0.93969
	-0.34202
	38
	0.93969
	0.34202

	39
	0.70711
	-0.70711
	39
	0.70711
	-0.70711
	39
	-0.70711
	-0.70711
	39
	-0.70711
	-0.70711

	40
	0.17365
	-0.98481
	40
	0.17365
	0.98481
	40
	0.17365
	-0.98481
	40
	0.17365
	0.98481

	41
	-0.57358
	-0.81915
	41
	0.81915
	0.57358
	41
	-0.81915
	0.57358
	41
	0.57358
	-0.81915

	42
	-1
	0
	42
	-1
	0
	42
	-1
	0
	42
	-1
	0

	43
	-0.42262
	0.90631
	43
	-0.90631
	0.42262
	43
	0.90631
	0.42262
	43
	0.42262
	0.90631

	44
	0.76604
	0.64279
	44
	0.76604
	-0.64279
	44
	0.76604
	0.64279
	44
	0.76604
	-0.64279

	45
	0.70711
	-0.70711
	45
	0.70711
	-0.70711
	45
	-0.70711
	-0.70711
	45
	-0.70711
	-0.70711

	46
	-0.76604
	-0.64279
	46
	-0.76604
	0.64279
	46
	-0.76604
	-0.64279
	46
	-0.76604
	0.64279

	47
	-0.42262
	0.90631
	47
	-0.90631
	0.42262
	47
	0.90631
	0.42262
	47
	0.42262
	0.90631

	48
	1
	0
	48
	1
	0
	48
	1
	0
	48
	1
	0

	49
	-0.57358
	-0.81915
	49
	0.81915
	0.57358
	49
	-0.81915
	0.57358
	49
	0.57358
	-0.81915

	50
	-0.17365
	0.98481
	50
	-0.17365
	-0.98481
	50
	-0.17365
	0.98481
	50
	-0.17365
	-0.98481

	51
	0.70711
	-0.70711
	51
	0.70711
	-0.70711
	51
	-0.70711
	-0.70711
	51
	-0.70711
	-0.70711

	52
	-0.93969
	0.34202
	52
	-0.93969
	-0.34202
	52
	-0.93969
	0.34202
	52
	-0.93969
	-0.34202

	53
	0.99619
	-0.087156
	53
	0.087156
	-0.99619
	53
	-0.08716
	-0.99619
	53
	-0.99619
	-0.087156

	54
	-1
	0
	54
	-1
	0
	54
	-1
	0
	54
	-1
	0

	55
	0.99619
	-0.087156
	55
	0.087156
	-0.99619
	55
	-0.08716
	-0.99619
	55
	-0.99619
	-0.087156

	56
	-0.93969
	0.34202
	56
	-0.93969
	-0.34202
	56
	-0.93969
	0.34202
	56
	-0.93969
	-0.34202

	57
	0.70711
	-0.70711
	57
	0.70711
	-0.70711
	57
	-0.70711
	-0.70711
	57
	-0.70711
	-0.70711

	58
	-0.17365
	0.98481
	58
	-0.17365
	-0.98481
	58
	-0.17365
	0.98481
	58
	-0.17365
	-0.98481

	59
	-0.57358
	-0.81915
	59
	0.81915
	0.57358
	59
	-0.81915
	0.57358
	59
	0.57358
	-0.81915

	60
	1
	0
	60
	1
	0
	60
	1
	0
	60
	1
	0

	61
	-0.42262
	0.90631
	61
	-0.90631
	0.42262
	61
	0.90631
	0.42262
	61
	0.42262
	0.90631

	62
	-0.76604
	-0.64279
	62
	-0.76604
	0.64279
	62
	-0.76604
	-0.64279
	62
	-0.76604
	0.64279

	63
	0.70711
	-0.70711
	63
	0.70711
	-0.70711
	63
	-0.70711
	-0.70711
	63
	-0.70711
	-0.70711

	64
	0.76604
	0.64279
	64
	0.76604
	-0.64279
	64
	0.76604
	0.64279
	64
	0.76604
	-0.64279

	65
	-0.42262
	0.90631
	65
	-0.90631
	0.42262
	65
	0.90631
	0.42262
	65
	0.42262
	0.90631

	66
	-1
	0
	66
	-1
	0
	66
	-1
	0
	66
	-1
	0

	67
	-0.57358
	-0.81915
	67
	0.81915
	0.57358
	67
	-0.81915
	0.57358
	67
	0.57358
	-0.81915

	68
	0.17365
	-0.98481
	68
	0.17365
	0.98481
	68
	0.17365
	-0.98481
	68
	0.17365
	0.98481

	69
	0.70711
	-0.70711
	69
	0.70711
	-0.70711
	69
	-0.70711
	-0.70711
	69
	-0.70711
	-0.70711

	70
	0.93969
	-0.34202
	70
	0.93969
	0.34202
	70
	0.93969
	-0.34202
	70
	0.93969
	0.34202

	71
	0.99619
	-0.087156
	71
	0.087156
	-0.99619
	71
	-0.08716
	-0.99619
	71
	-0.99619
	-0.087156


(b) Frequency domain signal after DC puncturing (Step 4)
- Transmitted signal
	m0=1
	Real
	Imag
	m1=17
	Real
	Imag
	m2=19
	Real
	Imag
	m3=35
	Real
	Imag

	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0
	0

	2
	1.0834
	-0.90904
	2
	1.0834
	0.90904
	2
	1.0834
	-0.90904
	2
	1.0834
	0.90904

	3
	0
	0
	3
	0
	0
	3
	0
	0
	3
	0
	0

	4
	1.2817
	-0.59767
	4
	0.59767
	-1.2817
	4
	-0.59767
	-1.2817
	4
	-1.2817
	-0.59767

	5
	0
	0
	5
	0
	0
	5
	0
	0
	5
	0
	0

	6
	1.4142
	0
	6
	1.4142
	0
	6
	1.4142
	0
	6
	1.4142
	0

	7
	0
	0
	7
	0
	0
	7
	0
	0
	7
	0
	0

	8
	1.1585
	0.81116
	8
	-0.81116
	-1.1585
	8
	0.81116
	-1.1585
	8
	-1.1585
	0.81116

	9
	0
	0
	9
	0
	0
	9
	0
	0
	9
	0
	0

	10
	0.24558
	1.3927
	10
	0.24558
	-1.3927
	10
	0.24558
	1.3927
	10
	0.24558
	-1.3927

	11
	0
	0
	11
	0
	0
	11
	0
	0
	11
	0
	0

	12
	-1
	1
	12
	-1
	1
	12
	1
	1
	12
	1
	1

	13
	0
	0
	13
	0
	0
	13
	0
	0
	13
	0
	0

	14
	-1.3289
	-0.48369
	14
	-1.3289
	0.48369
	14
	-1.3289
	-0.48369
	14
	-1.3289
	0.48369

	15
	0
	0
	15
	0
	0
	15
	0
	0
	15
	0
	0

	16
	0.12326
	-1.4088
	16
	1.4088
	-0.12326
	16
	-1.4088
	-0.12326
	16
	-0.12326
	-1.4088

	17
	0
	0
	17
	0
	0
	17
	0
	0
	17
	0
	0

	18
	1.4142
	0
	18
	1.4142
	0
	18
	1.4142
	0
	18
	1.4142
	0

	19
	0
	0
	19
	0
	0
	19
	0
	0
	19
	0
	0

	20
	-0.12326
	1.4088
	20
	-1.4088
	0.12326
	20
	1.4088
	0.12326
	20
	0.12326
	1.4088

	21
	0
	0
	21
	0
	0
	21
	0
	0
	21
	0
	0

	22
	-1.3289
	-0.48369
	22
	-1.3289
	0.48369
	22
	-1.3289
	-0.48369
	22
	-1.3289
	0.48369

	23
	0
	0
	23
	0
	0
	23
	0
	0
	23
	0
	0

	24
	1
	-1
	24
	1
	-1
	24
	-1
	-1
	24
	-1
	-1

	25
	0
	0
	25
	0
	0
	25
	0
	0
	25
	0
	0

	26
	0.24558
	1.3927
	26
	0.24558
	-1.3927
	26
	0.24558
	1.3927
	26
	0.24558
	-1.3927

	27
	0
	0
	27
	0
	0
	27
	0
	0
	27
	0
	0

	28
	-1.1585
	-0.81116
	28
	0.81116
	1.1585
	28
	-0.81116
	1.1585
	28
	1.1585
	-0.81116

	29
	0
	0
	29
	0
	0
	29
	0
	0
	29
	0
	0

	30
	1.4142
	0
	30
	1.4142
	0
	30
	1.4142
	0
	30
	1.4142
	0

	31
	0
	0
	31
	0
	0
	31
	0
	0
	31
	0
	0

	32
	-1.2817
	0.59767
	32
	-0.59767
	1.2817
	32
	0.59767
	1.2817
	32
	1.2817
	0.59767

	33
	0
	0
	33
	0
	0
	33
	0
	0
	33
	0
	0

	34
	1.0834
	-0.90904
	34
	1.0834
	0.90904
	34
	1.0834
	-0.90904
	34
	1.0834
	0.90904

	35
	0
	0
	35
	0
	0
	35
	0
	0
	35
	0
	0

	36[-36]
	-1
	1
	36[-36]
	-1
	1
	36[-36]
	1
	1
	36[-36]
	1
	1

	37[-35]
	0
	0
	37[-35]
	0
	0
	37[-35]
	0
	0
	37[-35]
	0
	0

	38[-34]
	1.0834
	-0.90904
	38[-34]
	1.0834
	0.90904
	38[-34]
	1.0834
	-0.90904
	38[-34]
	1.0834
	0.90904

	39[-33]
	0
	0
	39[-33]
	0
	0
	39[-33]
	0
	0
	39[-33]
	0
	0

	40[-32]
	-1.2817
	0.59767
	40[-32]
	-0.59767
	1.2817
	40[-32]
	0.59767
	1.2817
	40[-32]
	1.2817
	0.59767

	41[-31]
	0
	0
	41[-31]
	0
	0
	41[-31]
	0
	0
	41[-31]
	0
	0

	42[-30]
	1.4142
	0
	42[-30]
	1.4142
	0
	42[-30]
	1.4142
	0
	42[-30]
	1.4142
	0

	43[-29]
	0
	0
	43[-29]
	0
	0
	43[-29]
	0
	0
	43[-29]
	0
	0

	44[-28]
	-1.1585
	-0.81116
	44[-28]
	0.81116
	1.1585
	44[-28]
	-0.81116
	1.1585
	44[-28]
	1.1585
	-0.81116

	45[-27]
	0
	0
	45[-27]
	0
	0
	45[-27]
	0
	0
	45[-27]
	0
	0

	46[-26]
	0.24558
	1.3927
	46[-26]
	0.24558
	-1.3927
	46[-26]
	0.24558
	1.3927
	46[-26]
	0.24558
	-1.3927

	47[-25]
	0
	0
	47[-25]
	0
	0
	47[-25]
	0
	0
	47[-25]
	0
	0

	48[-24]
	1
	-1
	48[-24]
	1
	-1
	48[-24]
	-1
	-1
	48[-24]
	-1
	-1

	49[-23]
	0
	0
	49[-23]
	0
	0
	49[-23]
	0
	0
	49[-23]
	0
	0

	50[-22]
	-1.3289
	-0.48369
	50[-22]
	-1.3289
	0.48369
	50[-22]
	-1.3289
	-0.48369
	50[-22]
	-1.3289
	0.48369

	51[-21]
	0
	0
	51[-21]
	0
	0
	51[-21]
	0
	0
	51[-21]
	0
	0

	52[-20]
	-0.12326
	1.4088
	52[-20]
	-1.4088
	0.12326
	52[-20]
	1.4088
	0.12326
	52[-20]
	0.12326
	1.4088

	53[-19]
	0
	0
	53[-19]
	0
	0
	53[-19]
	0
	0
	53[-19]
	0
	0

	54[-18]
	1.4142
	0
	54[-18]
	1.4142
	0
	54[-18]
	1.4142
	0
	54[-18]
	1.4142
	0

	55[-17]
	0
	0
	55[-17]
	0
	0
	55[-17]
	0
	0
	55[-17]
	0
	0

	56[-16]
	0.12326
	-1.4088
	56[-16]
	1.4088
	-0.12326
	56[-16]
	-1.4088
	-0.12326
	56[-16]
	-0.12326
	-1.4088

	57[-15]
	0
	0
	57[-15]
	0
	0
	57[-15]
	0
	0
	57[-15]
	0
	0

	58[-14]
	-1.3289
	-0.48369
	58[-14]
	-1.3289
	0.48369
	58[-14]
	-1.3289
	-0.48369
	58[-14]
	-1.3289
	0.48369

	59[-13]
	0
	0
	59[-13]
	0
	0
	59[-13]
	0
	0
	59[-13]
	0
	0

	60[-12]
	-1
	1
	60[-12]
	-1
	1
	60[-12]
	1
	1
	60[-12]
	1
	1

	61[-11]
	0
	0
	61[-11]
	0
	0
	61[-11]
	0
	0
	61[-11]
	0
	0

	62[-10]
	0.24558
	1.3927
	62[-10]
	0.24558
	-1.3927
	62[-10]
	0.24558
	1.3927
	62[-10]
	0.24558
	-1.3927

	63[-9]
	0
	0
	63[-9]
	0
	0
	63[-9]
	0
	0
	63[-9]
	0
	0

	64[-8]
	1.1585
	0.81116
	64[-8]
	-0.81116
	-1.1585
	64[-8]
	0.81116
	-1.1585
	64[-8]
	-1.1585
	0.81116

	65[-7]
	0
	0
	65[-7]
	0
	0
	65[-7]
	0
	0
	65[-7]
	0
	0

	66[-6]
	1.4142
	0
	66[-6]
	1.4142
	0
	66[-6]
	1.4142
	0
	66[-6]
	1.4142
	0

	67[-5]
	0
	0
	67[-5]
	0
	0
	67[-5]
	0
	0
	67[-5]
	0
	0

	68[-4]
	1.2817
	-0.59767
	68[-4]
	0.59767
	-1.2817
	68[-4]
	-0.59767
	-1.2817
	68[-4]
	-1.2817
	-0.59767

	69[-3]
	0
	0
	69[-3]
	0
	0
	69[-3]
	0
	0
	69[-3]
	0
	0

	70[-2]
	1.0834
	-0.90904
	70[-2]
	1.0834
	0.90904
	70[-2]
	1.0834
	-0.90904
	70[-2]
	1.0834
	0.90904

	71[-1]
	0
	0
	71[-1]
	0
	0
	71[-1]
	0
	0
	71[-1]
	0
	0


(c) Time domain corresponding to A-Table 2 (b)
	m0=1
	Real
	Imag
	m1=17
	Real
	Imag
	m2=19
	Real
	Imag
	m3=35
	Real
	Imag

	0
	0.88215
	0.11785
	0
	0.88215
	0.11785
	0
	1.1179
	0.11785
	0
	1.1179
	0.11785

	1
	0.87834
	0.030695
	1
	-0.0307
	-0.87834
	1
	0.030695
	-0.87834
	1
	-0.87834
	0.030695

	2
	0.82184
	-0.22417
	2
	0.82184
	0.45987
	2
	1.0575
	-0.22417
	2
	1.0575
	0.45987

	3
	0.58926
	-0.58926
	3
	0.58926
	-0.58926
	3
	-0.58926
	-0.58926
	3
	-0.58926
	-0.58926

	4
	0.055797
	-0.86696
	4
	0.055797
	1.1027
	4
	0.2915
	-0.86696
	4
	0.2915
	1.1027

	5
	-0.69143
	-0.7013
	5
	0.7013
	0.69143
	5
	-0.7013
	0.69143
	5
	0.69143
	-0.7013

	6
	-1.1179
	0.11785
	6
	-1.1179
	0.11785
	6
	-0.88215
	0.11785
	6
	-0.88215
	0.11785

	7
	-0.54047
	1.0242
	7
	-1.0242
	0.54047
	7
	1.0242
	0.54047
	7
	0.54047
	1.0242

	8
	0.64819
	0.76064
	8
	0.64819
	-0.52494
	8
	0.8839
	0.76064
	8
	0.8839
	-0.52494

	9
	0.58926
	-0.58926
	9
	0.58926
	-0.58926
	9
	-0.58926
	-0.58926
	9
	-0.58926
	-0.58926

	10
	-0.8839
	-0.52494
	10
	-0.8839
	0.76064
	10
	-0.64819
	-0.52494
	10
	-0.64819
	0.76064

	11
	-0.54047
	1.0242
	11
	-1.0242
	0.54047
	11
	1.0242
	0.54047
	11
	0.54047
	1.0242

	12
	0.88215
	0.11785
	12
	0.88215
	0.11785
	12
	1.1179
	0.11785
	12
	1.1179
	0.11785

	13
	-0.69143
	-0.7013
	13
	0.7013
	0.69143
	13
	-0.7013
	0.69143
	13
	0.69143
	-0.7013

	14
	-0.2915
	1.1027
	14
	-0.2915
	-0.86696
	14
	-0.0558
	1.1027
	14
	-0.0558
	-0.86696

	15
	0.58926
	-0.58926
	15
	0.58926
	-0.58926
	15
	-0.58926
	-0.58926
	15
	-0.58926
	-0.58926

	16
	-1.0575
	0.45987
	16
	-1.0575
	-0.22417
	16
	-0.82184
	0.45987
	16
	-0.82184
	-0.22417

	17
	0.87834
	0.030695
	17
	-0.0307
	-0.87834
	17
	0.030695
	-0.87834
	17
	-0.87834
	0.030695

	18
	-1.1179
	0.11785
	18
	-1.1179
	0.11785
	18
	-0.88215
	0.11785
	18
	-0.88215
	0.11785

	19
	0.87834
	0.030695
	19
	-0.0307
	-0.87834
	19
	0.030695
	-0.87834
	19
	-0.87834
	0.030695

	20
	-1.0575
	0.45987
	20
	-1.0575
	-0.22417
	20
	-0.82184
	0.45987
	20
	-0.82184
	-0.22417

	21
	0.58926
	-0.58926
	21
	0.58926
	-0.58926
	21
	-0.58926
	-0.58926
	21
	-0.58926
	-0.58926

	22
	-0.2915
	1.1027
	22
	-0.2915
	-0.86696
	22
	-0.0558
	1.1027
	22
	-0.0558
	-0.86696

	23
	-0.69143
	-0.7013
	23
	0.7013
	0.69143
	23
	-0.7013
	0.69143
	23
	0.69143
	-0.7013

	24
	0.88215
	0.11785
	24
	0.88215
	0.11785
	24
	1.1179
	0.11785
	24
	1.1179
	0.11785

	25
	-0.54047
	1.0242
	25
	-1.0242
	0.54047
	25
	1.0242
	0.54047
	25
	0.54047
	1.0242

	26
	-0.8839
	-0.52494
	26
	-0.8839
	0.76064
	26
	-0.64819
	-0.52494
	26
	-0.64819
	0.76064

	27
	0.58926
	-0.58926
	27
	0.58926
	-0.58926
	27
	-0.58926
	-0.58926
	27
	-0.58926
	-0.58926

	28
	0.64819
	0.76064
	28
	0.64819
	-0.52494
	28
	0.8839
	0.76064
	28
	0.8839
	-0.52494

	29
	-0.54047
	1.0242
	29
	-1.0242
	0.54047
	29
	1.0242
	0.54047
	29
	0.54047
	1.0242

	30
	-1.1179
	0.11785
	30
	-1.1179
	0.11785
	30
	-0.88215
	0.11785
	30
	-0.88215
	0.11785

	31
	-0.69143
	-0.7013
	31
	0.7013
	0.69143
	31
	-0.7013
	0.69143
	31
	0.69143
	-0.7013

	32
	0.055797
	-0.86696
	32
	0.055797
	1.1027
	32
	0.2915
	-0.86696
	32
	0.2915
	1.1027

	33
	0.58926
	-0.58926
	33
	0.58926
	-0.58926
	33
	-0.58926
	-0.58926
	33
	-0.58926
	-0.58926

	34
	0.82184
	-0.22417
	34
	0.82184
	0.45987
	34
	1.0575
	-0.22417
	34
	1.0575
	0.45987

	35
	0.87834
	0.030695
	35
	-0.0307
	-0.87834
	35
	0.030695
	-0.87834
	35
	-0.87834
	0.030695

	36
	0.88215
	0.11785
	36
	0.88215
	0.11785
	36
	1.1179
	0.11785
	36
	1.1179
	0.11785

	37
	0.87834
	0.030695
	37
	-0.0307
	-0.87834
	37
	0.030695
	-0.87834
	37
	-0.87834
	0.030695

	38
	0.82184
	-0.22417
	38
	0.82184
	0.45987
	38
	1.0575
	-0.22417
	38
	1.0575
	0.45987

	39
	0.58926
	-0.58926
	39
	0.58926
	-0.58926
	39
	-0.58926
	-0.58926
	39
	-0.58926
	-0.58926

	40
	0.055797
	-0.86696
	40
	0.055797
	1.1027
	40
	0.2915
	-0.86696
	40
	0.2915
	1.1027

	41
	-0.69143
	-0.7013
	41
	0.7013
	0.69143
	41
	-0.7013
	0.69143
	41
	0.69143
	-0.7013

	42
	-1.1179
	0.11785
	42
	-1.1179
	0.11785
	42
	-0.88215
	0.11785
	42
	-0.88215
	0.11785

	43
	-0.54047
	1.0242
	43
	-1.0242
	0.54047
	43
	1.0242
	0.54047
	43
	0.54047
	1.0242

	44
	0.64819
	0.76064
	44
	0.64819
	-0.52494
	44
	0.8839
	0.76064
	44
	0.8839
	-0.52494

	45
	0.58926
	-0.58926
	45
	0.58926
	-0.58926
	45
	-0.58926
	-0.58926
	45
	-0.58926
	-0.58926

	46
	-0.8839
	-0.52494
	46
	-0.8839
	0.76064
	46
	-0.64819
	-0.52494
	46
	-0.64819
	0.76064

	47
	-0.54047
	1.0242
	47
	-1.0242
	0.54047
	47
	1.0242
	0.54047
	47
	0.54047
	1.0242

	48
	0.88215
	0.11785
	48
	0.88215
	0.11785
	48
	1.1179
	0.11785
	48
	1.1179
	0.11785

	49
	-0.69143
	-0.7013
	49
	0.7013
	0.69143
	49
	-0.7013
	0.69143
	49
	0.69143
	-0.7013

	50
	-0.2915
	1.1027
	50
	-0.2915
	-0.86696
	50
	-0.0558
	1.1027
	50
	-0.0558
	-0.86696

	51
	0.58926
	-0.58926
	51
	0.58926
	-0.58926
	51
	-0.58926
	-0.58926
	51
	-0.58926
	-0.58926

	52
	-1.0575
	0.45987
	52
	-1.0575
	-0.22417
	52
	-0.82184
	0.45987
	52
	-0.82184
	-0.22417

	53
	0.87834
	0.030695
	53
	-0.0307
	-0.87834
	53
	0.030695
	-0.87834
	53
	-0.87834
	0.030695

	54
	-1.1179
	0.11785
	54
	-1.1179
	0.11785
	54
	-0.88215
	0.11785
	54
	-0.88215
	0.11785

	55
	0.87834
	0.030695
	55
	-0.0307
	-0.87834
	55
	0.030695
	-0.87834
	55
	-0.87834
	0.030695

	56
	-1.0575
	0.45987
	56
	-1.0575
	-0.22417
	56
	-0.82184
	0.45987
	56
	-0.82184
	-0.22417

	57
	0.58926
	-0.58926
	57
	0.58926
	-0.58926
	57
	-0.58926
	-0.58926
	57
	-0.58926
	-0.58926

	58
	-0.2915
	1.1027
	58
	-0.2915
	-0.86696
	58
	-0.0558
	1.1027
	58
	-0.0558
	-0.86696

	59
	-0.69143
	-0.7013
	59
	0.7013
	0.69143
	59
	-0.7013
	0.69143
	59
	0.69143
	-0.7013

	60
	0.88215
	0.11785
	60
	0.88215
	0.11785
	60
	1.1179
	0.11785
	60
	1.1179
	0.11785

	61
	-0.54047
	1.0242
	61
	-1.0242
	0.54047
	61
	1.0242
	0.54047
	61
	0.54047
	1.0242

	62
	-0.8839
	-0.52494
	62
	-0.8839
	0.76064
	62
	-0.64819
	-0.52494
	62
	-0.64819
	0.76064

	63
	0.58926
	-0.58926
	63
	0.58926
	-0.58926
	63
	-0.58926
	-0.58926
	63
	-0.58926
	-0.58926

	64
	0.64819
	0.76064
	64
	0.64819
	-0.52494
	64
	0.8839
	0.76064
	64
	0.8839
	-0.52494

	65
	-0.54047
	1.0242
	65
	-1.0242
	0.54047
	65
	1.0242
	0.54047
	65
	0.54047
	1.0242

	66
	-1.1179
	0.11785
	66
	-1.1179
	0.11785
	66
	-0.88215
	0.11785
	66
	-0.88215
	0.11785

	67
	-0.69143
	-0.7013
	67
	0.7013
	0.69143
	67
	-0.7013
	0.69143
	67
	0.69143
	-0.7013

	68
	0.055797
	-0.86696
	68
	0.055797
	1.1027
	68
	0.2915
	-0.86696
	68
	0.2915
	1.1027

	69
	0.58926
	-0.58926
	69
	0.58926
	-0.58926
	69
	-0.58926
	-0.58926
	69
	-0.58926
	-0.58926

	70
	0.82184
	-0.22417
	70
	0.82184
	0.45987
	70
	1.0575
	-0.22417
	70
	1.0575
	0.45987

	71
	0.87834
	0.030695
	71
	-0.0307
	-0.87834
	71
	0.030695
	-0.87834
	71
	-0.87834
	0.030695


 (d) Approximation corresponding to A-Table 2 (a)
	m0=1
	Real
	Imag
	m1=17
	Real
	Imag
	m2=19
	Real
	Imag
	m3=35
	Real
	Imag

	0
	1
	0
	0
	1
	0
	0
	1
	0
	0
	1
	0

	1
	1
	-0.125
	1
	0.125
	-1
	1
	-0.125
	-1
	1
	-1
	-0.125

	2
	1
	-0.375
	2
	1
	0.375
	2
	1
	-0.375
	2
	1
	0.375

	3
	0.75
	-0.75
	3
	0.75
	-0.75
	3
	-0.75
	-0.75
	3
	-0.75
	-0.75

	4
	0.125
	-1
	4
	0.125
	1
	4
	0.125
	-1
	4
	0.125
	1

	5
	-0.625
	-0.875
	5
	0.875
	0.625
	5
	-0.875
	0.625
	5
	0.625
	-0.875

	6
	-1
	0
	6
	-1
	0
	6
	-1
	0
	6
	-1
	0

	7
	-0.375
	0.875
	7
	-0.875
	0.375
	7
	0.875
	0.375
	7
	0.375
	0.875

	8
	0.75
	0.625
	8
	0.75
	-0.625
	8
	0.75
	0.625
	8
	0.75
	-0.625

	9
	0.75
	-0.75
	9
	0.75
	-0.75
	9
	-0.75
	-0.75
	9
	-0.75
	-0.75

	10
	-0.75
	-0.625
	10
	-0.75
	0.625
	10
	-0.75
	-0.625
	10
	-0.75
	0.625

	11
	-0.375
	0.875
	11
	-0.875
	0.375
	11
	0.875
	0.375
	11
	0.375
	0.875

	12
	1
	0
	12
	1
	0
	12
	1
	0
	12
	1
	0

	13
	-0.625
	-0.875
	13
	0.875
	0.625
	13
	-0.875
	0.625
	13
	0.625
	-0.875

	14
	-0.125
	1
	14
	-0.125
	-1
	14
	-0.125
	1
	14
	-0.125
	-1

	15
	0.75
	-0.75
	15
	0.75
	-0.75
	15
	-0.75
	-0.75
	15
	-0.75
	-0.75

	16
	-1
	0.375
	16
	-1
	-0.375
	16
	-1
	0.375
	16
	-1
	-0.375

	17
	1
	-0.125
	17
	0.125
	-1
	17
	-0.125
	-1
	17
	-1
	-0.125

	18
	-1
	0
	18
	-1
	0
	18
	-1
	0
	18
	-1
	0

	19
	1
	-0.125
	19
	0.125
	-1
	19
	-0.125
	-1
	19
	-1
	-0.125

	20
	-1
	0.375
	20
	-1
	-0.375
	20
	-1
	0.375
	20
	-1
	-0.375

	21
	0.75
	-0.75
	21
	0.75
	-0.75
	21
	-0.75
	-0.75
	21
	-0.75
	-0.75

	22
	-0.125
	1
	22
	-0.125
	-1
	22
	-0.125
	1
	22
	-0.125
	-1

	23
	-0.625
	-0.875
	23
	0.875
	0.625
	23
	-0.875
	0.625
	23
	0.625
	-0.875

	24
	1
	0
	24
	1
	0
	24
	1
	0
	24
	1
	0

	25
	-0.375
	0.875
	25
	-0.875
	0.375
	25
	0.875
	0.375
	25
	0.375
	0.875

	26
	-0.75
	-0.625
	26
	-0.75
	0.625
	26
	-0.75
	-0.625
	26
	-0.75
	0.625

	27
	0.75
	-0.75
	27
	0.75
	-0.75
	27
	-0.75
	-0.75
	27
	-0.75
	-0.75

	28
	0.75
	0.625
	28
	0.75
	-0.625
	28
	0.75
	0.625
	28
	0.75
	-0.625

	29
	-0.375
	0.875
	29
	-0.875
	0.375
	29
	0.875
	0.375
	29
	0.375
	0.875

	30
	-1
	0
	30
	-1
	0
	30
	-1
	0
	30
	-1
	0

	31
	-0.625
	-0.875
	31
	0.875
	0.625
	31
	-0.875
	0.625
	31
	0.625
	-0.875

	32
	0.125
	-1
	32
	0.125
	1
	32
	0.125
	-1
	32
	0.125
	1

	33
	0.75
	-0.75
	33
	0.75
	-0.75
	33
	-0.75
	-0.75
	33
	-0.75
	-0.75

	34
	1
	-0.375
	34
	1
	0.375
	34
	1
	-0.375
	34
	1
	0.375

	35
	1
	-0.125
	35
	0.125
	-1
	35
	-0.125
	-1
	35
	-1
	-0.125

	36
	1
	0
	36
	1
	0
	36
	1
	0
	36
	1
	0

	37
	1
	-0.125
	37
	0.125
	-1
	37
	-0.125
	-1
	37
	-1
	-0.125

	38
	1
	-0.375
	38
	1
	0.375
	38
	1
	-0.375
	38
	1
	0.375

	39
	0.75
	-0.75
	39
	0.75
	-0.75
	39
	-0.75
	-0.75
	39
	-0.75
	-0.75

	40
	0.125
	-1
	40
	0.125
	1
	40
	0.125
	-1
	40
	0.125
	1

	41
	-0.625
	-0.875
	41
	0.875
	0.625
	41
	-0.875
	0.625
	41
	0.625
	-0.875

	42
	-1
	0
	42
	-1
	0
	42
	-1
	0
	42
	-1
	0

	43
	-0.375
	0.875
	43
	-0.875
	0.375
	43
	0.875
	0.375
	43
	0.375
	0.875

	44
	0.75
	0.625
	44
	0.75
	-0.625
	44
	0.75
	0.625
	44
	0.75
	-0.625

	45
	0.75
	-0.75
	45
	0.75
	-0.75
	45
	-0.75
	-0.75
	45
	-0.75
	-0.75

	46
	-0.75
	-0.625
	46
	-0.75
	0.625
	46
	-0.75
	-0.625
	46
	-0.75
	0.625

	47
	-0.375
	0.875
	47
	-0.875
	0.375
	47
	0.875
	0.375
	47
	0.375
	0.875

	48
	1
	0
	48
	1
	0
	48
	1
	0
	48
	1
	0

	49
	-0.625
	-0.875
	49
	0.875
	0.625
	49
	-0.875
	0.625
	49
	0.625
	-0.875

	50
	-0.125
	1
	50
	-0.125
	-1
	50
	-0.125
	1
	50
	-0.125
	-1

	51
	0.75
	-0.75
	51
	0.75
	-0.75
	51
	-0.75
	-0.75
	51
	-0.75
	-0.75

	52
	-1
	0.375
	52
	-1
	-0.375
	52
	-1
	0.375
	52
	-1
	-0.375

	53
	1
	-0.125
	53
	0.125
	-1
	53
	-0.125
	-1
	53
	-1
	-0.125

	54
	-1
	0
	54
	-1
	0
	54
	-1
	0
	54
	-1
	0

	55
	1
	-0.125
	55
	0.125
	-1
	55
	-0.125
	-1
	55
	-1
	-0.125

	56
	-1
	0.375
	56
	-1
	-0.375
	56
	-1
	0.375
	56
	-1
	-0.375

	57
	0.75
	-0.75
	57
	0.75
	-0.75
	57
	-0.75
	-0.75
	57
	-0.75
	-0.75

	58
	-0.125
	1
	58
	-0.125
	-1
	58
	-0.125
	1
	58
	-0.125
	-1

	59
	-0.625
	-0.875
	59
	0.875
	0.625
	59
	-0.875
	0.625
	59
	0.625
	-0.875

	60
	1
	0
	60
	1
	0
	60
	1
	0
	60
	1
	0

	61
	-0.375
	0.875
	61
	-0.875
	0.375
	61
	0.875
	0.375
	61
	0.375
	0.875

	62
	-0.75
	-0.625
	62
	-0.75
	0.625
	62
	-0.75
	-0.625
	62
	-0.75
	0.625

	63
	0.75
	-0.75
	63
	0.75
	-0.75
	63
	-0.75
	-0.75
	63
	-0.75
	-0.75

	64
	0.75
	0.625
	64
	0.75
	-0.625
	64
	0.75
	0.625
	64
	0.75
	-0.625

	65
	-0.375
	0.875
	65
	-0.875
	0.375
	65
	0.875
	0.375
	65
	0.375
	0.875

	66
	-1
	0
	66
	-1
	0
	66
	-1
	0
	66
	-1
	0

	67
	-0.625
	-0.875
	67
	0.875
	0.625
	67
	-0.875
	0.625
	67
	0.625
	-0.875

	68
	0.125
	-1
	68
	0.125
	1
	68
	0.125
	-1
	68
	0.125
	1

	69
	0.75
	-0.75
	69
	0.75
	-0.75
	69
	-0.75
	-0.75
	69
	-0.75
	-0.75

	70
	1
	-0.375
	70
	1
	0.375
	70
	1
	-0.375
	70
	1
	0.375

	71
	1
	-0.125
	71
	0.125
	-1
	71
	-0.125
	-1
	71
	-1
	-0.125


Annex D Illustration of cross-correlation for multiple PSCs (length 36)

 Let us assume the received signal as r(n). The d-th delayed correlation value, 
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[image: image36.wmf](

)

(

)

(

)

(

)

1

0

1

N

mm

n

Rdrndan

N

*

-

=

=+

å

                                                      A-(1)
 From equation (3), 
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 have following relationship as shown from eq. A-(2) to eq. A-(5).
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 Let us define 
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 and the equations from eq. A-(6) to eq. A-(9).
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where, (from A-(10) to A-(17))
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Finally, we can acquire the correlation output 
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 as following equations from eq. A-(2) to eq. A-(9).
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If we ignore the complexity of sign inverter, the correlation output for all four candidates requires 140 real value additions and 28 real value multiplications. In addition, let us approximate some values as following. (like in A-Table 2 (d))

0.93969->1, 0.17365->0.125(=1/8), 0.76604->0.75(=1/2+1/4), 0.34202->0.375(=1/4+1/8), 0.98481->1, 0.64279->0.625(=1/2+1/8), 0.99619->1, 0.70711->0.75(=1/2+1/4), 0.57358->0.625(=1/2+1/8), 0.42262->0.375(=1/4+1/8), 0.087156->0.125(=1/8), 0.81915->0.875(=1-1/8), 0.90631->0.875(=1-1/8)
Then, the complexity can be possibly reduced into 156 real value additions and 54 bit shifts. 
 A-Figure 1 shows the block diagram for detecting 4 PSCs simultaneously.
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A-Figure 1 Block diagram for proposed 4 PSC detector
Annex E. 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) ]

	
	
	Multiple PSCs [3 PSCs were used, 36 length ZC (2x repetition)] 

	
	S-SCH
	71 length Circular shifted 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
	1024 (64 seq bases, 8 delay info, 2 frame sync info)

	(except for CP info)
	
	

	
	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) Multi-cell configuration                                             (b) UE dropping positions
A-Figure 2 Simulation environments


































































































































PAGE  
23

_1229539207.unknown

_1229598362.unknown

_1229607166.unknown

_1229607569.unknown

_1229608417.unknown

_1229781089.vsd
Node B


Dropping position



_1229947419.vsd
Decimator


D


D


D


. . .


Index demapper


D


D


D


.
.
.
.
.
.
.
.
.
.
.
.
.
.
.



Adder for Reven_i_i


Adder for 
Reven0


Adder for 
Reven1


.
.
.


Adder for Reven_q_q


.
.
.


Adder for Rodd_i_i


.
.
.


Adder for Rodd_q_q


.
.
.


Adder for Ieven_i_q


.
.
.


Adder for Ieven_q_i


.
.
.


Adder for Iodd_i_q


.
.
.


Adder for Iodd_q_i


.
.
.


Adder for 
Rodd0


Adder for 
Rodd1


Adder for 
Ieven0


Adder for 
Ieven1


Adder for 
Iodd0


Adder for 
Iodd1


Adder for 
PSC m0 (real)


Adder for 
PSC m0 (imag)


Adder for 
PSC m1 (real)


Adder for 
PSC m1 (imag)


Adder for 
PSC m2 (real)


Adder for 
PSC m2 (imag)


Adder for 
PSC m3 (real)


Adder for 
PSC m3 (imag)



_1229609840.vsd
0


10 ms radio frame


P-SCH


1


2


3


4


5


6


1


2


3


4


5


6


0.5 ms sub-frame


1 ms TTI


S-SCH


RS for cell search


0


2


4


1


3


5


. . .


. . .


RS #0


RS #1


6 RBs (72 subcarriers)


Frequency


22


23


1st S-SCH:
Modulated by exp(2π·0/2)=+1


2nd S-SCH:
Modulated by exp(2π·1/2)=-1


0


Channel
estimation


Channel
estimation



_1229608407.unknown

_1229607185.unknown

_1229607193.unknown

_1229607175.unknown

_1229607065.unknown

_1229607081.unknown

_1229607090.unknown

_1229607073.unknown

_1229606896.unknown

_1229606917.unknown

_1229603441.unknown

_1229603560.unknown

_1229598385.unknown

_1229593727.unknown

_1229593773.unknown

_1229597815.unknown

_1229593767.unknown

_1229593617.unknown

_1229593647.unknown

_1229593554.unknown

_1227952770.unknown

_1227968793.unknown

_1229494454.vsd
Step 1
Time domain sequence generation with length Nfr


Step 2
Nre times repetition


Step 3
Conversion into frequency domain
(Nfr * Nre)-point DFT(FFT)


Step 4
Puncturing at DC position


Time domain signal to be correlated at timing acquisition
(Time domain sequence)


Frequency domain signal to be transmitted
(Frequency domain sequence)



_1229538979.unknown

_1227969711.unknown

_1227975767.unknown

_1227976299.unknown

_1227970465.unknown

_1227968794.unknown

_1227968536.unknown

_1227968792.unknown

_1227967349.unknown

_1227967562.unknown

_1227967724.unknown

_1227963949.unknown

_1227964069.unknown

_1227954426.unknown

_1223814217.vsd
Frequency Index


. . .


. . .


0


1


2


3


4


33


34


35


-4


-3


-2


-1


-36


-35


-34


-33


72 subcarriers


DC


Shift



_1227950264.unknown

_1227952579.unknown

_1223819110.vsd
Frequency Index


. . .


. . .


0


1


2


3


4


33


34


35


-4


-3


-2


-1


-36


-35


-34


-33


72 subcarriers


DC


Puncturing



_1223800152.unknown

_1223800198.unknown

_1223800021.unknown

