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The possibility of error in the case of imprecise estimation of the impulse characteristic of a multipath
channel is investigated in the article. The study was carried out for a multipath communication channel
of discrete channel models, which corresponds to the mapping of a continuous two-path channel onto a
discrete channel with an impulse characteristic. Numerical results of calculations are obtained, which can
be used to calculate the error probability in the cases indicated in the article, which differ in the ratio of
the amplitudes of the interfering beams. Formulas for calculating probability integrals are presented in the
article. The influence of the accuracy of estimating the components of the impulse characteristic vector on
the error probability in a two-beam channel with constant parameters is studied. The results of a study
of the influence of the communication channel model on the error probability for different models of the
communication channel for 8PSK modulation are also presented. With the “deterioration” of the type of the
channel impulse characteristic (an increase in the number of channel amplitude-frequency characteristic dips
in the signal band and an increase in their depth), the decrease in the error probability characteristic due to
begins at lower estimation error values. The results of studying the error probability of 8PSK and 64QAM
signals in a single-beam channel with Rayleigh fading are presented. It is determined that the influence of
errors becomes more noticeable with an increase in the signal-to-noise ratio in the channel and with an
increase in the number of dips in the amplitude-frequency characteristic of the channel in the signal band
and an increase in their depth.
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Introduction

The components of the sampling vector of the
impulse characteristic (IC) of the multipath channel
are independent random variables, and the errors
of their estimates are considered to be mutually
independent of each other and of the present values.
This assumption is valid if the optimal filter matched
with the distorted multipath channel is used at the
receiver input, with subsequent decoration of original
samples. Such a filter is very difficult to implement,
and instead of it, in practice, a filter is used that is
consistent not with the received signal, the distorted
channel, but with the transmitted one. Usually a raised
cosine filter or some kind of it is used [1, 2].

1 Literature analysis

In the article [1], two options for combating
intersymbol interference in multipath communication
channels were studied: the use of an equalizer and
time orthogonal multiplexing. The use of equalizers
and orthogonal time multiplexing is compared, and
the possibility of using equalizers to create controlled
intersymbol interference as a way to deal with such
interference that occurs in the troposcatter communi-
cation channel is shown.

The article [2] considers the system of control,
monitoring and diagnostics of a combined radio engi-
neering system from the standpoint of the theory
of complex systems. Specific examples of promising
combined radio engineering systems operating via
multipath communication channels with the use of
equalizers built according to the minimum standard
deviation (MSD) criterion are given.
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The expediency of using combined radio engineer-
ing systems has been repeatedly noted at the annual
international conferences MILCOM [5-7].

An analysis of bibliographic sources showed that
the closest in terms of the method of solving such
problems are studies conducted in [4,8-12].

In all considered cases, the readings of the IC
vector of a discrete communication channel, formed
by mapping a continuous multipath channel onto a
discrete channel, cannot be considered independent
values. Analytical calculation of the dependence of
characteristics on the accuracy of estimating the
channel parameters in this case, which is of practi-
cal interest, is extremely difficult due to the lack of
analytical expressions.

The purpose of the article is to determine P, o
in the case of inaccurate estimation of the IC of a
multipath channel.

2 The problematic part

When considering multipath channels with Rician
fading for arbitrary signals with incoherent reception,
the error probability is determined through integrals
of the form [3]. Arbitrary signals mean orthogonal,
opposite, simplex, and others. The problem is that
there are no general functions for P,,.,.o for arbitrary
signals. Therefore, one should consider integrals of
functions of the form:
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where n = 0,1,2,..., m = 1,2,3,..., a # 0 and
B — continuous parameters, £ — independent variable,
erf(u) = %fou exp(—t?)dt — integral of probabi-
lity (o, 8 and & can be both real and complex
independently of each other). The differences [£1 —
erf(a& 4+ )] are the complements of erf(ag + ) to
its possible boundary values +1 in accordance with
the sign choice rule for the cases Re(a) — 400 as

& approaches infinity of the given trajectory on the
complex planes.

3 Main part

The accuracy of estimates of the IC communicati-
on channel will be characterized by the value of the
normalized MSD of the estimate £7.

Outchannel is carried based on the model of a
discrete channel corresponding to the mapping of a
continuous two-path channel onto a discrete channel
with an IC of the form:

K
hp=a |a16,+aze’? Z sin(n—k—7/T)|, (1)
k=—1
where n = 1,...; a1 and as — real ray amplitudes;

p— random phase shift between beams; 7/T — relative
delay in units of symbol length T between beams;
K > 1. The value of K characterizes the accuracy
of mapping a continuous channel to a discrete. The
value « is a normalization constant chosen from the

condition:
L
D=1,
n=1

where L — number of rays.

We will specifically consider two options that differ
in the ratio of the amplitudes of the interfering beams:
la) a1 = ao 1/v/2 and 1b) a1 = 2ay = 2//3.
These options are among the most difficult to evaluate,
for example, option la due to the equality of the
amplitudes of the interfering beams, leading to channel
frequency response dips to zero.

Let’s move on to the analytical part of the work.

We present the formula for indefinite integrals of
the above functions for arbitrary n > 0 and its separate
forms for 8 = 0 for even n = 2k and odd n = 2k + 1
(m=0,1,2,...):
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In formula (2), [n/2] is the integer part of the
number n/2. These expressions are obtained us-
ing formulas for integrating the probability integral
itself and its derivatives with a power function. The
general formula (2) is written here (for conveni-
ence) with the addition of an integral constant equal
to Fn!F(n,3)/(—a)"*1. The simpler formulas (3) and
(4) are given, taking into account the greatest practical
interest in the corresponding cases.

Let us pass to integrals of the form £"[+1—er f(al+
B))™ for my > 1.

These expressions are easily obtained using
integrals of derivatives of statistics functions with
square and cube of the probability integral. As a result,
we arrive at cumbersome formulas, which, taking into
account the physical conditions of the problem, can be
represented as:
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The results obtained in the form of formulas (1)-(7)
can be used to calculate P,,.,., in the indicated cases.

(6)
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The error probability curves are shown in Fig. 1
for an inaccurate estimate of the component of the

(2m + 1)!
(m + 1)'(204)2””2] -
(7)

Numerical calculation results are shown in Figures 1,2 vector IC.

and 3.
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Fig. 1. Influence of the accuracy of estimating the components of the vector IC on P, in a two-beam channel
with constant parameters (model 1b)
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Curves P,,,.,, for different communication channel
models for 8PSK modulation are shown in Fig. 2. It
can be seen that with the ”deterioration” of the type
of channel IC (an increase in the number of channel
frequency response dips in the signal band and an
increase in their depth), the decrease in the characteri-
stic P.,ror due to estimation errors begins at lower
error values.

Figure 3 shows the curves P.... of 8PSK and
64QAM signals in a single-path channel with Rayleigh
fading. As can be seen from Fig. 3, there is a certain
zone of estimation errors, within which their influence
on the characteristics of immunity to interference is
insignificant, and when leaving it, a sharp increase in
the value of P, is observed. Moreover, the errors in
estimating 7 in the larger direction are more critical.
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Fig. 2. The impact of the communication channel model on P,y
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Fig. 3. Influence of the estimation accuracy of the vector component IC on P, in a single-beam channel with
Rayleigh fading

Conclusion

Dual-use communication systems, which include
troposcatter systems, operate over a multipath
communication channel. Such a troposcatter communi-
cation channel is characterized by signal fading and
intersymbol interference. Note that the impact of
errors becomes more noticeable when: a) increasing the

signal-to-noise ratio in the channel; b) “deterioration”
of the type of channel IC (an increase in the number
of dips in the frequency response of the channel in the
signal band and an increase in their depth).

Modems in combinations of troposcatter-radiorelay
communication systems use various types of PSK
and QAM. The requirements for the troposcatter
components of combined systems in terms of error
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probability are very high, at the level P, ... =
10~° degree. Therefore, the graphs in Fig.1,2,3 have
practical applications. Since the requirements for
troposcatter communication systems in terms of error
probability increase, theoretically obtaining the results
(formulas 1-7) will allow determining the error probabi-
lity for more complex modulation types than those
indicated in the article.
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MoBipHiCT HmOMUIKE GaraTompoMeHe-
BOTO KaHaJy 3B’A3KYy NOPH HETOYHOMY
OIliHIOBaHHI IMIyJIbCHOT XapaKTePUCTUKMI
TAKOTO KAHAJLY

Iouepnsaecs B. M., Cusxosa H. M., Mazomedosa M. C.

Y crarri gocaipKkyerbcd HMOBIPDHICTD IHOMUJIKH y BH-
MKy HETOYHOTO OI[HIOBAHHS IMITyJIbCHOI XapaKTepPUCTH-
Ku GaraTrompomeHeBOro Kauasy. JlocimimKeHHs TPOBEIEHO
A/ 0araTOIPOMEHEBOr0 KaHAJIy 3B’A3Ky Ha 0a3i momes
JUCKPETHOTO KaHaJIy, IO BiMOBiga€ BiqoOpazkeHHIO Oe3rie-
PEPBHOTO JBOIIPOMEHEBOI0 KAaHAIY HA JUCKPETHHUH KaHAT 3
iMILyJIbCHOIO Xapakrepuctukoo. OrpuMani pesysbraru po3-
PaxXyHKIB, fKi MOYXHA BUKOPHUCTOBYBATH IS PO3PAXYHKY
MMOBIPpHOCTI MOMWJIKYM y 3a3HAYEHUX B POOOTI BUMIAIKAX,
10 BiAPI3HAIOTHCH CIIBBIIHOIIEHHSM aMILITYd iHTEpdEpy-
ounx npomenis. B pobori maBemeni dbopmysm myist po3pa-
XYHKIB iHTerpasiB IMOBIPHOCTI Ta IPOBEIEHO TOCILIKEHHS
BIUINBY TOYHOCTI OLIHKYM KOMIIOHEHTIB BEKTODA IMITyJIbCHOT
XapaKTEPUCTUKY HA IMOBIPDHICTh IIOMUJIKK y JBOIIPOMEHE-
BOMY KaHAJII 3 MOCTINHNME mapaMerpaMu. TaKoK HABEIEHO
pPe3yAbTATH [IOCJII)KEHHST BIUIMBY MOJIEJ KAaHAJIy 3B'sI3KY
Ha HMOBIDHICTh NOMMJIKM IpPH DPI3HUX MOJENAX KaHAJLY
3B’a3ky nma momynsamii 8PSK ra Benwuuni Bigpomenus
curnan/mym 8 1B. Ilpm «moripureHHi» BHAy IMIyJIBCHOT
XapaKTEPUCTUKN KaHaLy (3017bImenHHl KigbKOCTI MpOBaJIiB
AMILTTYJHO-JACTOTHOI XapaKeTPUCTHUKHU KaHAILY y CMy3i
CWTHAJTy Ta 3POCTAHHI X TIMOWHW) 3HWKEHHS XapaKTEpHh-
CTUKM HMMOBIDHOCTI HOMIJIKH IIOYMHAETHCS IIPU MEHIINX
3HAYEHHAX OIHKHW MOMMIJIOK. Hamani pesyiabraTtu IOCITi-
mKeHHs #iMoBipHOCTI omuky curHasis 8PSK ta 64QAM
B OJHOIPOMEHEBOMY KAHAJI 3 PEJIEEBCHKUMU 3aBMUPAH-
HaMu. Bu3HadeHno, mo BILUIMB MOMUJIOK CTA€ MOMITHINIAM
Tpy 30LIBIIEHH] BiTHOMIEHHST CUTHAJI/IIyM y KaHAJ Ta [Ipu
30isibIIeHH] KiJbKOCTI IIPOBAJIB aAMILIITY/IHO-IACTOTHOI Xa-
PAaKTEPUCTUKN KAHAJIY y CMy3l CHTHAJIy Ta 3POCTaHHI ix
TJTUOMHU.

Karowosi caroea: IMOBIPDHICTS IOMHIKH; IMITYyJIBCHA, Xa-
PaKTEPUCTUKA; 1HTErpaJs; HOPMOBAHE CEPEIHbOKBAIPATHU-
YHE BiIXUJIEHHS; MOJEIh KAHaJy 3B’s3Ky; GaraTormpoMeHe-
BHII KaHAJI 3B’SI3KY; OJHOIIPOMEHEBHII KAHAJI 3 PeJIEEBChKU-
MU 3aBMUPAHHIMU; JBONPOMEHEBUN KaHAJ 3 MOCTIHHMMYT
apamMeTpaMu
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