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Abstract. Synchronization technology is crucial in wireless communication. The Communication
proceeds effectively depending on the availability of good synchronization system. The probability
of missing synchronization and false synchronlzation, and frame synchronization time are the
main factors to influence the performance of synchronization. In the paper, the properties and
combinatorial admissibility conditions about the almost perfect punctured binary sequence pairs
are studied. In order to compare with the length of Barker code in synchronization performance,
the application model is established. The simulation results show that the perfect punctured
binary sequence pairs’ performance of synchronization is better than Barker codes.

1. INTRODUCTION

In digital communication system, frame
synchronization is necessary in order to guarantee
the consistency of receiving terminal and sending
terminal [1,2]. The basic method to realize frame
synchronization is to insert a set of specific
synchronization codes in digital frame of sending
terminal and then to capture, test and decode
synchronization codes of the input code sequences
using setting synchronization method at receiving
terminal. The frame synchronization system is
established in a short time and has a great anti-
interference property. Due to noise and interference,
some mistakes of code element in frame
synchronization may be induced, thus causing
missing synchronization phenomenon, that is, the
identifier misses the sent frame synchronization
codes [3]. The code elements in information code
element may be the same with ones in identified
frame synchronization codes, and then the identifier

will treat them as the same elements mistakenly,
thus causing false synchronization phenomenon.
The probability of missing synchronization and false
synchronlzation, and frame synchronization time
are the main factors to influence the performance of
the synchronization.

In wireless communication, it is very easy for
frame synchronization codes in attenuation channel
to be destroyed, bringing about missing
synchronization phenomenon. In order to solve the
above problems, a new frame synchronization
method has been put forward. This method is named
by perfect punctured binary sequence pairs [4,5].
The concrete procedures are as follows: 1) from
punctured binary signal pairs in the sending terminal
of communication system a signal is selected at
random as the transmitting signal; 2) another signal
in punctured binary signal pairs is chosen as local
signal of the receiving terminal; 3) by calculating
autocorrelation function of punctured binary signal
pairs, the information extraction has been realized.
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In additive Gauss channel, the simulation
experiment for the same length of Barker codes and
perfect binary sequence pairs have been made. The
simulation results show that the perfect punctured
binary sequence pairs’ performance of
synchronization was better than Barker codes’.

2. DEFINITIONS AND PROPERTIES
OF PERFECT PUNCTURED
BINARY SEQUENCE PAIRS [6,7]

The p—numbered punctured sequencey =(y,,Y,,-.,
Y,.,) of the sequence x = (X, X,, ..., X ,) is

0
Y,:X
i

in which P is the punctured number of the x
sequence. If X = {-1,+1}, then the element of the
punctured sequence y,= {-1,0,+1}, with (x, y) called
the punctured binary sequence pairs.

Definition 1: The periodic autocorrelation function
of punctured sequence pairs (x, y), R (m) is

j € p punctured number(s)

1)

j € N — p non- punctured number’

ny(m):leyHm, 0<m<N-1 (2)
j=0
If the following conditions can be satisfied in
R, (m)

E m=0modN
ny( )_{ ' (3)

- 0 other

It can be obtained that binary sequence pairs
(x,y) have p periodic perfect punctured binary
sequence pairs, shortened as the perfect punctured
binary sequence pairs.

Definition 2: The balance degree of sequence x
can be defined as follows,

N-1
Xj = I’]p - nn, (4)

j=0

in which np and nn are the number of “+1” and “-1”
in the sequence x.

If sequence (x,y) is the perfect punctured binary
sequence pairs, it has the following properties.
1) If the mapping property x, (i) is equal to x(-i) and
y, (i) is equal to y(-i), the punctured binary sequence
pairs (x,.y,) is the perfect punctured binary sequence
pairs.
2) If x, (i) is equal to —x(i) and y (i) is equal to —y(i),
the punctured binary sequence pairs (x,, y,) is the
perfect punctured binary sequence pairs.
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3) If circular shift x (i) is equal to x(i+u) and y, (i) is
equal to y(i+u), the punctured binary sequence pairs
(x,.y,) is the perfect punctured binary sequence pairs.

3. SCANNING METHOD OF PERFECT
PUNCTURED BINARY SEQUENCE
PAIRS

For the punctured binary sequence, whose length
is N and the punctured digital capacity is p, the
sequence number will be 2"C”, . In order to improve
computer’s scanning efficiency and reduce scanning
scope of sequence pairs, the following theorems
are given firstly.

Theorem 1: If the punctured binary sequence
pairs (X,y), whose length is N, is perfect punctured
binary sequence pairs, the following formula can be
obtained,

N-p=1”+(p,-p,)L, (5)

in which p is the number of punctured location, | is
the balance degree, pp and pn are the punctured
number at +1 and -1 location, respectively.
Therefore, formula (6) can be gotten.

p=p,+p,. (6)

Theorem 2: If N, the length of binary sequence
X, is even number, the balance degree | will be even
number. And if N is odd number, | will be odd humber.

Theorem 3: If the punctured binary sequence
pairs (x,y), whose length is N, is perfect punctured
binary sequence pairs and N is even number, the
punctured number p will be even number. And if N is
odd number, p will be odd number.

Theorem 4: If the punctured binary sequence
pairs (X,y) is perfect punctured binary sequence
pairs, the equations can be obtained as follows,

p-1
R .(m)=>x  x, m=0modN, )
R (m)mod2 = pmod2, (8)

in which j, is the i-th punctured location,

Based on the above combinatorial conditions and
properties of perfect binary sequence pairs, the
scanning program of perfect binary sequence pairs
has been developed [8]. The perfect binary sequence
pairs, whose length is not greater than 31, have been
found. The search results are showed in Table 1.

Note: the sequence is signified by octal method,
in which the number “1” and “0” are signified as “+1”
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Table 1. Perfect punctured binary sequence pairs.

Length Sequence (octal) Punctured location Energy efficiency %
3 6 3 66.67
5 32 345 40.00
34 245
7 142 457 57.14
164 467
9 652 1234567 22.22
760 1234678
u 3426 456811 54.54
3550 4791011
12 7426 16712 66.67
7550 451011
7624 36912
13 16606 247891013 46.15
17124 5689101213
15 74232 5679101315 53.33
75310 671011131415
17 351134 4678910121617 47.06
372142 3689101314 1517
19 1715412 5691213141517 19 52.63
20 3433330 256789121516171819 40.00
3610556 1678910111617181920
21 7405316 25678911131416172021 38.10
7563240 3569101213151718192021
23 37024632 678911131417182123 52.17
37263120 68111215161820212223
28 1702164566 45671011181920212425 57.14
1734164226 45891011181922232425
1740465534 46791013182021232427
29 3556415302 4711131415161920212425 48.28
2627 29
3642213634 57891112141516182324
2628 29
31 17053411166 56791115161718202123 51.61
242831
17464412730 671012131516 17 18 2022 26

293031

and “-1”, respectively and the punctured location is
calculated from the left to the right.

4. ESTABLISHMENT OF SIMULATION
MODEL

The routine frame synchronization method is Barker
code [9], which is finite sequence of non-periodic
sequence. Barker code’s local autocorrelation
property is great and similar to false random
sequence [10,11]. However, at present it has been
found that Barker codes are less than 13 in odd
number location [12]. Thus, it has brought about

many limitations in practical application. The per-
fect punctured sequence pairs make up with Barker
codes. So they have several advantages. On the
one hand, synchronization sequence inserted at
sending terminal and matching sequence at
receiving terminal constitute even sequences. On
the other hand, the number of the perfect punctured
binary sequence pairs is more than Barker codes’.
Consequently, the encryption function of the frame
synchronization is obtained and synchronization
scheme can be chosenin a larger range. Thus, the
performance of synchronization can be realized
ultimately. In this paper, QPSK modulation is taken
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Fig. 1. Simulation model in additive channel.
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Fig. 2. Property comparison between Barker Code with the length 7 and the almost perfect punctured

binary sequence pairs.
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Fig. 3. Property comparison between Barker Code with the length 13 and the almost perfect punctured
binary sequence pairs.

as an example [13]. The simulation model is estab-
lished in Fig. 1.

The selected channel is AWGN one [14]. From
the sequences with the length of 7 and 13, the
sequence x is selected as frame synchronization

codes at sending terminal and the sequence y is
chosen as the correlative tested sequence at
receiving terminal. In the sequence pairs with the
length 7, the selected values x are +1, +1, -1, -1,-
1+1,-1landyare0,+1,0,0,-1,+1,and-1. Thatis,
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the punctured locations of the almost perfect binary
sequence pairs are 4, 5, and 7. In the sequence
with the length 13 the selected value is 16606 (octal)
and the punctured locations of the almost perfect
binary sequence pairs are 2, 4, 7, 8,9, 10, and 13.

The simulation experiment for the same length
of Barker codes and perfect binary sequence pairs
have been made. The simulation results are as
follows in Fig. 2 and Fig. 3.

5. CONCLUSION

If the ratio of signal to noise SNR is less than 4
[15], the probability of missing synchronization of
perfect punctured binary sequence pairs is less than
Barker codes’ in the range of 0.02~0.16 and
0.03~0.31. That is to say, in the above condition
the perfect punctured binary sequence pairs’
performance of synchronization is better than Barker
codes. However, if the ratio of signal to noise SNR
is greater than 6db, the probability of missing
synchronization of the perfect punctured binary
sequence pairs is almost the same with Barker
code’s. The simulation results show that the perfect
punctured binary sequence pairs’ performance of
synchronization was better than Barker codes’.
Therefore, it will provide more choices for practical
engineering application.
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