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Correlation of the sequence
Similarity between received sequence and reference sequence

Even-periodic 
correlation 𝑅𝑅 𝜃𝜃 = �

𝑖𝑖=0

𝐿𝐿−1

𝑟𝑟 𝑖𝑖 + 𝜃𝜃 𝑠𝑠∗(𝑖𝑖)
𝑟𝑟(𝑛𝑛) 𝑟𝑟(𝑛𝑛)

𝑠𝑠(𝑛𝑛)

𝐿𝐿

𝜃𝜃

Peak sidelobe ratio 
(PSLR)

max 𝑅𝑅 𝜃𝜃
𝜃𝜃 = 0일때의 Autocorrelation

-30 -20 -10 0 10 20 30
0

10

20

30

40

50

60

R
(

)

Autocorrelation of D
25  of period 64

∗Autocorrelation의 경우 out−of−phase(𝜃𝜃 ≠ 0)

두 수열이 같으면 Autocorrelation, 다르면 Crosscorrelation
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Polyphase sequence

• Correlation 특성이 좋은 polyphase sequence는
Synchronization signal로 사용
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Almost - polyphase sequence

𝑒𝑒𝑗𝑗
2𝜋𝜋𝑏𝑏1
𝑁𝑁 0 𝑒𝑒𝑗𝑗

2𝜋𝜋𝑏𝑏3
𝑁𝑁 ⋯ 0 𝑒𝑒𝑗𝑗

2𝜋𝜋𝑏𝑏𝐿𝐿−1
𝑁𝑁 𝑒𝑒𝑗𝑗

2𝜋𝜋𝑏𝑏𝐿𝐿
𝑁𝑁

Roots of unity와 zero로
이루어진 수열
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PSS in Downlink Synchronization of 4G
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PSS in Downlink Synchronization of 4G

𝑑𝑑1 𝑛𝑛
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Construction of 𝒛𝒛𝟏𝟏

𝑧𝑧1 𝑛𝑛 =

exp −𝑗𝑗
𝑢𝑢𝑢𝑢(𝑛𝑛 + 1)

63

0

exp −𝑗𝑗
𝑢𝑢(𝑛𝑛 + 1)(𝑛𝑛 + 2)

63

0

if 0 ≤ 𝑛𝑛 ≤ 30

if 𝑛𝑛 = 31

if 32 ≤ 𝑛𝑛 ≤ 62

if 𝑛𝑛 = 63

(𝑢𝑢 = 29)
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Zadoff-Chu sequence

(𝑢𝑢는 𝐿𝐿과서로소, 0 ≤ 𝑛𝑛 ≤ 𝐿𝐿 − 1)

길이가 𝑳𝑳인 Zadoff-Chu sequence의 생성 방법

Out-of-phase Autocorrelation이 항상 0

𝐿𝐿이홀수일때 ,𝑍𝑍𝑍𝑍 𝑛𝑛 = exp −𝑗𝑗
𝑢𝑢𝑢𝑢(𝑛𝑛 + 1)

𝐿𝐿

𝐿𝐿이짝수일때 ,𝑍𝑍𝑍𝑍 𝑛𝑛 = exp −𝑗𝑗
𝑢𝑢𝑢𝑢(𝑛𝑛 + 2)

𝐿𝐿
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Construction of 𝒛𝒛𝟏𝟏

𝑍𝑍𝑍𝑍𝑢𝑢 𝑛𝑛 of period 63

𝐷𝐷𝑢𝑢 𝑛𝑛 of period 64

𝑍𝑍𝐶𝐶𝑢𝑢 𝑛𝑛 = 𝑒𝑒−𝑗𝑗
𝜋𝜋𝜋𝜋𝜋𝜋(𝑛𝑛+1)

63 𝑛𝑛 = 0,1, … , 62

Zadoff-Chu sequence 

𝑧𝑧1 𝑛𝑛

32번째를 0으로 대체

64번째에 0을 삽입

0 0

DC subcarrier For 64 FFT
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𝑍𝑍𝐶𝐶25 of period 63 𝐷𝐷25 of period 64

-30 -20 -10 0 10 20 30

Shift

0

10

20

30

40

50

60

Au
to

co
rre

la
tio

n

Autocorrelation of ZC
25

 sequence of period 63

-30 -20 -10 0 10 20 30

Shift

0

10

20

30

40

50

60

Au
to

co
rre

la
tio

n

Autocorrelation of D
25  of period 64

Construction of 𝒛𝒛𝟏𝟏

𝑧𝑧1 𝑛𝑛

𝑧𝑧1 𝑛𝑛



14

𝑍𝑍𝐶𝐶25 of period 63 𝐷𝐷25 of period 64
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Properties of 𝒛𝒛𝟏𝟏(4G PSS)

• 길이가 63인 Zadoff-Chu sequence를 사용

• 길이가 64  64 - FFT

• 32번째에 0위치  DC subcarrier

• 대칭성  빠른 Decoding을 위해서

𝑧𝑧1 𝑛𝑛 = 𝑧𝑧1 62 − 𝑛𝑛 for 0 ≤ 𝑛𝑛 ≤ 30
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Zadoff-Chu sequence
of period 62

𝑧𝑧2 of period 64

Construction of 𝒛𝒛𝟐𝟐

0 0

32번째에 0을 삽입

64번째에 0을 삽입
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Zadoff-Chu sequence
of period 64

𝑧𝑧3 of period 64

Construction of 𝒛𝒛𝟑𝟑

0 0

32번째를 0으로 대체

64번째를 0으로 대체
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Zadoff-Chu sequences
of period 31

𝑧𝑧4 of period 64

Construction of 𝒛𝒛𝟒𝟒

0 0

32번째에 0을 삽입 후

두 번 반복



Constructions of 𝒛𝒛𝟏𝟏, 𝒛𝒛𝟐𝟐, 𝒛𝒛𝟑𝟑, 𝒛𝒛𝟒𝟒

Zadoff-Chu sequence of period 63을 이용 Zadoff-Chu sequence of period 62를 이용

Zadoff-Chu sequence of period 64를 이용 Zadoff-Chu sequence of period 31을 이용

𝑧𝑧3 𝑧𝑧4

𝑧𝑧2𝑧𝑧1
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Comparison

Almost-polyphase sequence PSLR(dB)

𝑧𝑧1 -14.874

𝑧𝑧2 -23.806

𝑧𝑧3 -21.390

𝑧𝑧4 -11.423

Comparison of PSLR of out-of-phase autocorrelation
almost-polyphase sequences
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