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DEVELOPMENT OF BLIND FRAME
SYNCHRONIZATION FOR TRANSFER SYSTEM
WITH DIFFERENTIAL SPACE-TIME BLOCK
CODING

O6’ckmom docaidacens danoi pobomu € Memoou i arzopummiu Kaopoeoi CUHXPOHI3aUil, 6UKOPUCTIOBY6AlT
6 cucmemax 6azamoanmennozo padiose’ssky (Multiple Input Multiple Output — MIMO). Peanisauisi cucmem
padiose’asky i, 3oxkpema MIMO, mae na ysasi sabesneuens 6 0emMoOyiamopi cCunxponisauii no ¢asi onopnoi
necyuoi i 3a uacom npouecie 06podxu cuznanis. CunXpoHizayis 3a YaAcom PO3OILAEMbCL HA CUMBONLHY 1 KAOPOBY
cunxponizauii. Il[o cmocyemocs cunxponizayii onopnoi Hecyuoi i CUMBOILHOT CUNXPOHI3AUil, MO Ul 6UOU CUHXPO-
nisauii sabeaneuyiomocs mpaduitinumu memoodamu i 6 danii pobomi e poszisoaiomvcs. Kadposa cunxponizayis
6 nepeeaciitl OiibLuocmi 6UNAKie 3a0e3Neuyemvpes 3AcMoCY8aANHAM NILOM-CUZHANIE (CUNXPOCLIE). 3a C80EI0 Cym-
mio 8OHU € MapKepamu i nepioduuHo 86y008YHMbCS 6 NOMIK 0aHUX OJisk NO3HAYEHHS. NOUAMKY UeP208020 HOB0Z0
6aoxy danux. Pecypcu cucmemu nepedaui, wio GUMpPALaomvcs Ha nepeoauy niiom-cuznanie, ne 3a0iniomncs il
nepedaui ingopmayii Kopucmysaua, wepes wo NozZiPuyemvcs ePexmusHicms SUKOPUCTNAHH YACTMOMHO -MUM-
4aco6020 pecypcy cucmemu. Y Ginvie menuwomy o0Cs3i ICHYIOMb MaK 36ani <CAini> memoou o0pobKu cuznauie,
Wo ZPYHMYomvpCs Ha 6AACMUBOCMAX HaAOMIpHocmi nepedanozo cuznany. Lli memodu ne maiomv nedonrikis 6id
3aCMOCYBamis NLAOM-CUZHALIG T NOOLLIOMBCA HA MEMOOU OUIHKU CMANY KAHALy 36 13Ky, idenmudikayii cuznanie
i cunxponizauii. Buxoosuu 3 ub020, maxi memoou npedcmasisioms NPakmuyHuil inmepec.

Y daniit po6omi npononyemvcs cnocib xadposoi cunxponisauii 0ns demodyiauii cuznanie oupepenyiaiviiozo
nPOCMOPOBO-UaAc06020 OI0K0B020 KOOYsanmus npu sacmocyeamnni mexnonozii MIMO. Anzopumm cunxponisauii ne
BUMAZAE BUKOPUCTANNS NPEaMOYL i CUHXDOCIIS, 10 3a0e3neuyc eexmusne UKOPUCTIAHIS YACTROMHO-MUMYA -
€06020 pecypcy. AHAI3 CMPYKMYpPU areopummy i pesyivmamiu MoOeio8ants NoKA3yoms iozo npaue30amuicmn
NPU HUSLKUX 8I0HOCUHAX CUZHAL/WYM 8 CUcmeMi nepedayi. ALzopumm He 6UMAzAE 3HAHb NPO CIMAH KAHALY 36 S3KY,
MA€ MARY 00UUCIIOBATLHY CKAAOHICID, 6 NOPIGHANINT 3 ICHYIOUUMU ANHAT02AMIU, | OONYCKAE PeAi3auilo npu pisHomy
wuci nepedasarviux i NPUUMAIbHUX AHMEN.

Kmouosi cnosa: cucmema MIMO, xadposa cunxponizauis, niiom-cuznai, Yacmommo-4acosuil pecypc, cainui
Memoo 06po6KU CUZHALIG, NPOCTNOPOBO-UACOBA HAOMIPHICTL CUZHATLY.
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blocks at the output of the encoder. If the breakdown
is not carried out correctly, decoding operations will be
incorrect and restoration of transmitted characters be-

1. Introduction

This work is a continuation of research on the develop-

ment of a transmission method with differential space-time
block coding (DSTBC) implemented using the Multiple
Input Multiple Output (MIMO) technology [1].

To implement the method of transmission from the
DSTBC in the demodulator, it is necessary to provide
phase synchronization of the reference carrier, as well as
time synchronization of signal processing processes [2, 3].
The time synchronization task is divided into two: sym-
bolic (clock) synchronization and frame (block) synchroni-
zation. These two types of time synchronization are com-
pletely different in purpose and implementation. The task
of symbol synchronization is to synchronize the clocks of
the demodulator with the input stream of demodulated
channel symbols so that each input symbol is processed
in an appropriate time interval. The task of synchroniz-
ing frames (blocks) is to split the sequence of characters
arriving at the decoder into blocks corresponding to the

comes impossible.

As for synchronization of the reference carrier and
symbol synchronization, these types of synchronization
in demodulators of digital modulation signals are solved
by traditional methods [4, 5] and are not considered in
this paper.

From literature it follows that in the vast majority
of cases, frame synchronization is ensured by the use of
pilot signals (sync words) (Reference Signal) [6, 7] —
signals a priori known in the demodulator that have cer-
tain characteristics and properties. At their core, they
are markers and are periodically embedded in the data
stream to indicate the beginning of another new data block.
It is obvious that the resources of the transmission sys-
tem spent on the transmission of pilot signals are not
used directly for transmitting user information, as a re-
sult of which the efficiency of using the time-frequency
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resource of the transmission system is degraded. The li-
terature also presents, but to a lesser extent, the so-called
«blind» signal processing methods that do not require the
transmission of special pilot signals, but are based on the
properties of the transmitted information signal, in particular,
using its redundancy [6, 8]. These methods do not have the
disadvantages created by the use of pilot signals, and are
divided into methods for assessing the state of the com-
munication channel, signal identification, and synchroniza-
tion. Based on this, such methods are of practical interest.

There are works [9, 10] that describe the methods of
«blind» frame synchronization for orthogonal space-time
block coding (STBC). It should be noted that these methods:

— use the space-time redundancy of the transmitted

signal (frames);

— applicable for STBC orthogonal systems with one

and two receiving antennas;

— do not require knowledge of the state of the com-

munication channel and the signal-to-noise ratio in

the channel;

— provide a low ability to detect the boundaries of

frame intervals in the communication channel with

Rayleigh fading at high signal-to-noise ratios, as the

authors themselves declare.

It should also be noted that only these two blind frame
synchronization methods for STBC orthogonal systems are
described in the literature, and synchronization methods
for STBC differential orthogonal systems are not described.

Based on the foregoing, in order to ensure frame syn-
chronization during demodulation of the DSTBC signals,
it is decided to develop an effective frame synchronization
algorithm based on this coding method without using pilot
signals, which is the goal of this work. Thus, the subject
of this research is the methods and algorithms for frame
synchronization used in multi-antenna radio communica-
tion systems (MIMO).

2. Methods of research

Below is the synchronization algorithm for the demodu-
lator of the DSTBC signals [1] in the MIMO scheme and.
Since each channel symbol is transmitted twice during
the DSTBC, the signal matrix can serve as an example:

where x; — complex conjugation of the symbol x,, it fol-
lows that the demodulated signal has a space-time redun-
dancy, and it is possible to find a way to synchronize
the working signal.

Table 1 shows four consecutive frames transmitted over
a communication channel. Here x; — the channel symbols
of the L-PSK signal.

Tahle 1
Symbol transmission table by differential space-time block coding
Moment of time t t+1|(t+2 [ t+3|t+4|t+5|t+6|t+7
Antenna No. 1 | x, | —x, | % | —x, | X% | -x3 | %, | —x,
AnternaNo. 2 | x, | x | % | x | X | x | % | x
Frame number frame 1 frame 2 frame 3 frame 4

If it is necessary to demodulate the information trans-
mitted by frame 3 —

is required, which will be the reference. This happens when
the frame synchronization is correct. Having analyzed the
Table 1, two immediate cases can be assumed in which
frame synchronization is not set correctly.

In the first case, let’s have the following values of
the reference and signal matrices:

—X. X —-X X
— 2 3 — 4 5
X - * ’ XBerrJ - |: * :|

2err [
LY X X3 X

In the second case, respectively:

—X X= —X X

_ s X _ 6 X7

XZel'rJ' - * ’ XS()nir - * .
X5 Xy

Thus, let’s obtain three possible states, in one of
which the frame synchronization is set correctly, and in
the other two it is not true. Hypotheses on these condi-
tions can be respectively arbitrarily called: «early», «right»
and <late».

Let’s consider the demodulation of characters in the
case of a hypothesis — «right». The samples of the signals
received by the receiving antennas (frame 2 and frame 3),
at the corresponding time points, can be written as:

7 el
y1L+3) yﬁ”s) -

Th h (¢+2) (t+2) N

h21 h22 w1(L+3) wgﬁ)
y1t+/1 ygrwi) ~
y1(L+5) ng—S) -
(¢+4) (¢+4)
T @, W, T
=X'H+| | |- Y, =X"H+W,, 2)
E w(t+.)) w(r+a) E E E
1 2

where, for example, yf”Z) — the count taken at the time ¢ + 2 (up-
per index) by the first antenna (lower index); 4, , — com-
plex transmission channel transmission coefficients from
the m-th transmitting antenna to the n-th receiving an-
tenna, which are uncorrelated complex Gaussian random
variables at h,, ~CN(0,1); ©!) — complex coefficients of
additive whlte Gaussian noise with " CN(OG ) and
dispersion &°.

Let’s believe that the condition 7;>T, is satisfied,
where T, — the coherence time, and 7, — the duration
of the channel symbol — hence, the matrix of channel
coefficients H during 7T is relatively constant [1]. In
this case, the restored values of the differential coefficients
transmitted by frame 3 are determined as:
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If to consider the 2x4 MIMO scheme, then formu-
las (1)—(3) respectively will take the following form:

y{uz) Z/gHz) yguz) yi{,ﬁ) ~
(+3)  (+3)  (+3)  (e+3) |

Y Y, Ys Yi
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2 ™) ) ) ) 2 2 2
1 2 3 4
|:]/ft+4) ygzu) y;+4 ygr+4):| _
yiu») ]AHS) ngS) yifm)
(¢+4) (¢+4) (¢+4) (¢+4)
w© w. -
=X'H+| ! 2o f =Y, =XH+W,, (5)
3 (t+5) (¢+5) (£+5) (t+5) 3 3 3
@ W, (G W,
h, h, h, h
Where H=|: 11 12 13 14} and
h21 h22 h23 h24

(y(u—z))* yf,”3> %M
: _y(Hz) (Z/s“ )*

After restoring the differential coefficients, by assess-
ing the maximum likelihood, the minimum distance bet-
ween the possible values of the vectors (R, sz (from the
set R, [1]) and the reconstructed vector (R Rz) is de-

termined:

2

[) @
where the superscript of the quantity bm denotes the
number of the frame in relation to which the decision
to synchronize. In the same way, one can calculate the
values of the minimum distances b(fz;m and b%)w using
the other two hypotheses. '

An analysis of the matrices X,,, and X,, shows that
each of them contains symbols x, once (for example, in:
X,,,: =Xy, X, X, x,), and also these matrices are not
complex orthogonal forms (condition (2) in [1]). Given
this, as well as the statistical independence and equi-
probability of the transmitted symbols x,, it should be
concluded that when demodulating (in the estimates of
the differential coefficients R, and R,) there is no cohe-
rent accumulation of the transmitted symbols and they
can be considered as readings from the implementation
of some random process.

Consequently, the frame synchronization system of the
DSTBC demodulator will analyze the three hypotheses
outlined — <«early», «right> and <late». The signal for
choosing a particular hypothesis will be the minimum value
of the sum of the accumulated values of the minimum
distances for each hypothesis:

. (6)

yﬂ

(¢+3)

I+lvt

Y —argmm((

true
jeR a1

K K K
(k) - (k)
fa/veI 2 bfal&ﬂ ’ tme Z b true and BfalseZ - Z bfalse2’
k=1 k= k=1

where K — the number of frames (blocks) of observation
for deciding on the presence/absence of frame synchroniza-
tion. As can be seen from the algorithm, these values are
filtered (accumulation is performed). At each step, in order
to correctly set the boundaries of the frames, a comparison is
made between each other B, B, B/, and a particular

true’ 7 fals

hypothesis is selected based on the minimum of these values.

3. Research results and discussion

The simulation was performed in the MATLAB soft-
ware package using the Rayleigh channel of fading in the
communication channel and observing the conditions for
constant values of the channel coefficients 4, during the
coherence time T,. The model consisted of two (M=2)
transmitting and several (N=1; 2; 4) receiving antennas,
using QPSK modulation and K=10; 20; 30; 40; 50. The
input stream consisted of independent equally probable
5-107 bits of information, which was encoded using the
DSTBC method [1] depending on the number of posi-
tions of the L-PSK signal and the number of transmit-
ting antennas M, forming signal matrices X, that were
transmitted to the radio channel, as indicated in Table 1.
On the receiving side, the values were calculated:

D D
d
true 2 B tru and ]BfalseQ = 2 Bﬁ’al)seQ )

D
false1 Z Bfalse1’

d=1 d=1 d=1
where D — the number of transmitted frame blocks, each of
which consists of K frames. Moreover, for each of the three va-
lues By, B,,.» B> @ decision was made on the presence/ab-
sence of frame synchronization of a particular frame unit d.
For example, if the number of information bits is 5-107, M=2,
QPSK modulation, and K=20, the value is D=2.5-105. The
simulation results are presented in Fig. 1, 2 in the form of de-
pendences of the probability of the exit from synchronism (loss
of synchronism) P, , , =D, /D, where D, - the number
of received frame blocks with no frame synchronization, on
the signal-to-noise ratio in the system (SNR).

Based on the analysis of the algorithm and the simula-
tion results, the following should be noted:

1) developed synchronization algorithm for analysis and
decision making requires a significantly smaller number of
frames (10—40) than the methods presented in [9, 10] —
513-4097 frames are required;

2) description of the developed algorithm can easily be
expanded for the cases of 4 transmitting and 8 receiving
antennas in accordance with the DSTBC method (this
extension of the algorithm was not included in the paper);
also, the algorithm, if necessary, can be expanded for cases
of delay or advancing relative to the beginning of the
frame for a time or more;

3) this synchronization algorithm is not a separate
structural part (such as methods [9, 10]) in the imple-
mentation of the DSTBC method. At its core, the algo-
rithm is based on the DSTBC method and supplements it,
extracting some data for further calculation and ensuring
the decision on synchronization (formulas (3), (6)—(7) are
part of the DSTBC method). In this regard, this synchro-
nization algorithm is much less computationally complex
than previously proposed;

;32
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Fig. 1. Dependencies of F, , on SNR for various amounts of N at OPSK: a — at £=10; b — at £=20; ¢ — at £=30; d - at £=40
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Fig. 2. Dependence of F, , , on SNH at £=10; 20; 30; 40; 50, MIMO 2x2: a - at BPSK; b — at JPSK
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4) when analyzing the dependences of the probability
of the exit from synchronism (2, ) (Fig. 1, 2) and the
probability of error of the received bits (BER) [1, Fig. 6]
it is possible to conclude that the developed synchroniza-
tion algorithm is more noise-resistant than the DSTBC
method. Example: at QPSK, MIMO 2x2, K=10; 20; 30;
40, = P, ., less than BER by 5; 7; 8.3 and 8.5 dB, re-
spectively.

4. Conclusions

The blind frame synchronization algorithm proposed
for this work for the DSTBC method [1] is the first con-
sideration of the blind frame synchronization for STBC
differential orthogonal systems. This algorithm has ad-
vantages over similar algorithms in the required number
of frames to ensure synchronization and computational
complexity, as well as being flexible for extensions. The
simulation results confirm its ability to establish frame
synchronization under the condition of a low signal-to-
noise ratio in the system and the absence of the need for
knowledge about the state of the communication channel.
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