ELECTRONICS. RADIO ENGINEERING

EVALUATION OF THE INFLUENCE OF THE VALUE
OF THE DYNAMIC RANGE OF THE RADIO RECEIVER
ON THE NOISE IMMUNITY OF RECEIVING SIGNALS

WITH QUADRATURE AMPLITUDE MODULATION

DOI: 10.36724/2072-8735-2021-15-6-65-69

Vitaly G. Dovbnya,

Southwest State University, Kursk, Russia, vit_georg@mail.ru Manuscript received 24 February 2021;

Dmitry S. Koptev, Accepted 30 March 2021

Southwest State University, Kursk, Russia, d.s.koptev@mail.ru

Ivan G. Babanin,

Southwest State University, Kursk, Russia, babanin_ivan@bk.ru K . . . .
eywords: radio receiver, dynamic range, noise

Alexander A. Knyazev, immunity, equivalent energy losses, digital information
Southwest State University, Kursk, Russia transmission lines

The improvement of digital communication lines of radio information transmission systems in the direction of
increasing the complexity of the signal-code structures used, increasing the speed of information exchange, the use
of modern channel compaction technologies, on the one hand, and the high complexity of the surrounding elec-
tromagnetic environment, on the other hand, objectively determines the need to improve the radio receiving sys-
tems of digital communication lines in the direction of increasing their noise immunity. In this regard, in order to
justify the technical requirements for noise immunity to radio receiving systems of the designed transmission lines,
it is advisable to take into account the basic indicators of the quality of functioning of the radio receiving device, in
order to obtain analytical expressions and graphical dependencies for evaluating the noise immunity of receiving
signals with more complex combined types of modulation (QAM-64 and higher), used and planned for use. Of the
large number of indicators that characterize the dynamic range, the most informative and sufficiently character-
ize the quality of the linear path are: the dynamic range for reducing the transmission coefficient (compression)
by I dB and the dynamic range for third-order intermodulation distortion. The effect of interference received on
the side channels (which include combination and mirror), as well as on neighboring channels, limits the lower limit
of the dynamic range of the receiving device and, as a result, reduces the resulting signal-to-noise ratio at the out-
put. The degree of suppression of the combination channels is determined, first of all, by the frequency plan and
the linearity of the amplitude characteristic of the mixer of the first frequency converter, the mirror channel - the
quality of filtering the mirror frequencies in the input preselector, the neighboring channel - the selectivity of the
filters of the main selection. In this article, an analytical model and the resulting graphical dependencies
are developed to assess the degree of influence of compression distortions on the noise immunity of
receiving multi-position quadrature-amplitude modulated signals, and the requirements for the value
of the dynamic range of radio receiving systems are theoretically justified.
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Introduction

One of the main indicators of the quality of the receiving de-
vice, which determines its ability to transform the signal without
introducing additional nonlinear (compression) distortions, is the
dynamic range. Signals with quadrature amplitude modulation
are the most critical to this type of distortion, since their quadra-
ture components are signals with multi-level amplitude manipu-
lation. One of the dynamic range indicators that sufficiently
characterizes the quality of the linear path is the value of the dy-
namic range to reduce the transmission coefficient by 1 dB.

The paper [1] evaluates the degree of influence of compres-
sion distortions on the noise immunity of digital signal reception.
However, the expressions obtained in this paper for calculating
the probability of bit error are limited to considering signals with
quadrature amplitude modulation with a positionality of no more
than 64. The disadvantage of the analytical model proposed in
[1] is that not only the amplitudes of the quadrature components
of the signal are subjected to compression distortions, but also
the decision thresholds, which is not the case in practice. In addi-
tion, a significant increase in the amount of computational costs
with an increase in the positionality of quadrature-amplitude
modulated signals significantly limits the possibilities of using
the analytical model used.

Materials and research methods

The value of the dynamic range of the radio receiver by re-
ducing the transmission coefficient by 1 dB Db_, 45 can be esti-
mated from the amplitude characteristic of its linear path, the
typical form of which is shown in Figure 1.
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Figure 1. Typical form of the amplitude characteristic of the linear path
of the receiving device

The dashed line indicates an idealized characteristic that has a
slope of n/4 radians and an offset along the ordinate axis by an
amount equal to the power gain of the linear path K,; solid — a
real characteristic that has a deviation from the linear depend-
ence in the range of small and large values of the power of the
amplified signal.

The deviation of the amplitude characteristic from the linear
one in the region of large power values (P_ > P_ ) leads to
the appearance of compression distortions of signal realizations,

the peak power of which falls into the specified region. As a rule,
at peak power values below the upper limit of the dynamic range

by 10 dB, the level of compression distortion is reduced so much
that they can be ignored [2, 3, 4].

To evaluate the influence of the dynamic range on the noise
immunity of radio receiving systems, we find the dependence of
the bit error probability on the degree of non-linearity of the am-
plitude characteristic, for which we use the method described in
work 5. In this case, the degree of non-linearity of the amplitude
characteristic will be evaluated by the relative change in the
transmission coefficient of the linear path.

Without violating the generality of reasoning, we set in the
model of radio receiving facilities equal to zero

e () wy (1) (1), (8). 6, (1)

Then, taking into account the assumptions made, the enve-
lopes of the quadrature components of the distorted signal
Ux(t),Uy(t) and the decision rule can be written, respectively,

in the following form:
U, (t) =1, dG, (t)m, + Ny, (t); ()
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where Gy, =G, (To) — the value of the envelope of the impulse
response of the channel at the time of decision-making;
Neo = NRX(To)a Neyo = NRy(To) — the values of the enve-

lopes of the quadrature components of the noise at the time of
decision-making;

to— nominal transmission coefficient of the linear path;

oo by ~ the transmission coefficients of the linear path, re-

spectively, for the common-mode and quadrature components of
the r-th signal realization.

The decision in the radio receiving system is made for each
of the envelope quadrature components of the signal implemen-
tation separately in accordance with the following inequalities:

(M, =m,)[ 0,505 (M, +Mm,) = pem, |> (M, =M )Ngo /dGy,,
(n, —n,)[O,Suo(np Jrn,)—uyrnr}(np —1)Ngo/dGyy, T p

or

sgn(m, — mr)[O,S(mp -m, )+ ermr] > Npyo / 1,0Gy,
sgn(n, — nr)[O,S(np -n, )+ kyrnr] > Npyo / Ho0Gyq, T # P,
(4)

where 1, x>0, —sign function;
sgn(x)= {—1 X <0

T-Comm Tom |5. #6-2021




K o= MomHw, o _ Ho “Hyr — relativ changes in the
Xr yr
Mo Mo

transmission coefficients of the linear path for the common-mode
and quadrature components of the r-th signal realization.

Assuming that the quadrature channels are identical, we ob-
tain an expression for the conditional probability of error in re-
ceiving a symbol in the form

P.(k) zZP(sgn( p—r)[O,S( p—r)+krr]<§),r zp 9
where

r,p={-(L-1),-(L-3),...,(L-D}:

€= Ngy/1,dGs,~ centered normally distributed random
variable with dispersion GE =N, /uid’GZT -

Therefore, the conditional probability matrix of size L (L-1)
in the considered case will be equal to

Pf L-1)~(L-3) (k ) Pf L1 —(L—S)(k ) . Pf L-1), L—l(k )
PL3(L1)(k)PL3(L5)(k) L3L1(k)
p,r
PL—l,—(L—l) (kr) PL—l,—(L—S) (kr) PL—l,L—3 (kr)
£ P (6)

where

Pp,r(kr):P(p/r ) Q{Q thn p I' |:05 p-r +k|’:|}

— the probability that when transmitting the implementation of a
signal with the parameter r, will be accepted the implementation
of a signal with the parameter p.

Omitting the intermediate transformations and assuming the
elements of the matrix (6), for which |0,5( p— r)| -1 equal to

zero, we obtain an expression for the conditional probability of
error per bit:

/ (7
Fﬁ(h |1 Llogz ZQ{ 1h[1+k|-1(|_1)]}

or
1 15 . (8)
P(hk_)=——>erfcs,[——h|1+k (-1
)= ] 22010k,
where K., ~ linear path transmission coefficient for signal reali-

zations with the level of amplitudes of quadrature components

001 ={~(L=2)~(L=4),... (L-2)}
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Results and discussion

Figure 2 shows the dependence of the equivalent energy loss-
es of receiving signals QAM-16, QAM-64, QAM-256, QAM-
1024 respectively, on the values of the dynamic range for the
probabilities of bit errors 107, 10°, 10, calculated by the itera-
tive method in MathCad 11 using the expression (7). In the cal-
culation, it was assumed that the relative deviation of the trans-
mission coefficient of the linear path in the range of values
P.>P, .. is minus 1 dB per decade of change in the input sig-

nal power.

From the analysis of the obtained graphs, it follows that to
ensure high-quality reception of digital signals, the minimum
value of the dynamic range in the linear path of the radio receiver
device should be at least 35, 42, 49 and 55 dB, respectively, for
the signals QAM-16, QAM-64, QAM-256, QAM-1024. When
justifying the requirements for radio receiving devices, the above
values should be adjusted upwards to the level of the predicted
resulting equivalent energy losses of reception.

For engineering calculations, the minimum required value of
the dynamic range for compression by 1 dB can be estimated
using an empirical dependence [7]

Db ,,, =h? (P, ) +20lg(L ~1) + AhZ +10 ©)

where hb?(pbo) — the ratio of the bit energy E, to the one-way

spectral noise power density Ny, required to obtain the required
bit error probability in the limit, dB;
Ahzz — predicted resulting equivalent energy losses when re-

ceiving signals, taking into account interference on the combina-
tion channels of reception, dB.

The correction factor in expression (9), equal to ten, charac-
terizes the difference of 10 dB between Py max # Pyx.-1 15

Given that the signal-to-noise ratio per bit and per symbol of
information h? and h? are related by the expression [8, 9]

he =S p (10)
M -1
let's rewrite the expression (9) in the following form:
Db, =h?(Py) + 10Ig3(L 11) LARZ+10- (D)
For multi-position signals, we have:
2
L-1° 4 (12)
M -1

Then the minimum required value of the dynamic range is

Db_,,; =h?*(R,)+Ah +14,8. (13)
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Figure 2. Dependence of the equivalent energy loss on the dynamic range value for the signal:
a— QAM-16; 6 — QAM-64; B — QAM-256; r —- QAM-1024

If you set the probability of a bit error of 107 (Figure 2) and
the value of the expected equivalent energy losses at the level of
4 to 6 dB (which corresponds to the technical requirements for
signals of the QAM-256 and QAM-1024 types), then the mini-
mum value of the dynamic range of the linear path of the receiv-
ing device should be from 52 to 54 and from 58 to 60 dB, respec-
tively for signals of QAM-256 and QAM-1024.

Conclusion

The developed analytical model and the obtained graphical
dependencies allow us to assess the degree of influence of com-
pression distortions on the noise immunity of receiving multi-
position signals, as well as to theoretically justify the require-
ments for the value of the dynamic range of radio receiving sys-
tems. For high-quality (with an acceptable level of equivalent
energy losses from 0,2 to 0,3 dB) reception of signals with com-
plex types of modulation (up to QAM-1024) in the receiving
device, it is necessary to provide a dynamic range for compres-
sion of the transmission coefficient by 1 dB of at least 60 dB.
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AHHOTauuA

CoBepLueHCTBOBaHNE LMPPOBbIX JIMHAN CBA3WM PaAMOCUCTEM Mepefadiv MH(POPMALMM B HAMPaBNEHUU YCNOXHEHUA WUCMOMb3YEMbIX CUrHaNbHO-KOAOBbIX
KOHCTPYKLM, BO3pacTaHUA CKOpPOCTel MHPOPMALIMOHHOrO 06MeHa, UCMOMb30BaHNA COBPEMEHHbIX TEXHONOMUI YNNOTHEHWsA KaHaoB, C OAHON CTOPOHbI, U
BbICOKaA C/IOXKHOCTb OKPY>KatOLLel 351EKTPOMArHUTHOM OBCTaHOBKM, C APYroi CTOPOHbI, OGbEKTUBHO 0DYCNOBNBAET HEOOXOANMOCTL COBEPLLEHCTBOBAHMSA
PaAMONPUEMHBIX CUCTEM LMPPOBbIX JIMHWA CBA3M B HAMpPaBNEeHUM MOBLILLIEHWUA UX MOMEXOYCTOMYMBOCTU. B cBA3M € 3TUM Ans 06OCHOBaHMA TEXHUYECKUX
TpebOoBaHMI MO MOMEXOYCTOMYMBOCTU K PaAUONPUEMHbIM CUCTEMAM MPOEKTUPYEMbIX JIMHWIA MepeAayn LenecoobpasHo yuuTbiBaTb 6a3oBbie nokasatenu
KayecTBa yHKLUVMOHUPOBAHUA PaAMONPUEMHOIO YCTPOWCTBA, AJIA TOrO, YTOObI MOJyHYUTh aHAIMTUHECKME BbIPAXKEHWUA U rpacduyeckue 3aBUCUMOCTU Ans
OLIEHKM MOMEXOYCTOWYMBOCTU MPpUEMa CUrHanoB c 6Gonee CNOXHbIMA KOMOWHMpOBaHHbIMK BuAamMu mogynauun (KAM-64 v Bbiwe), npuMeHAeMbIX U
NMaHUpyeMbIX K MpuMeHeHuto. M3 Gonbluoro 4ucria nokasateniei, XapaKTepusyloLmMx AWHAMUYECKUN [ManasoH, Havbonee MHGOPMATUBHBbIMUA U B
[IOCTaTOYHOMN CTEMeHU XapaKTepU3yoLLMMU Ka4eCTBO JIMHEMHOrO TpaKTa ABMAIOTCA: AWHAMUYECKUIA AManasoH Mo yMeHblUeHWo ko3dduumeHTa nepegaiv
(koMnpeccun) Ha | b U AMHaMUYEcKWit AManasoH NO MHTEPMOAYNALMOHHBIM UCKaXKEHWUAM TpeTbero nopsgka. BosaeinictBue nomex, npuHUMaeMbiX Mo
NMo60o4HbIM (K KOTOPbIM OTHOCATCA KOMOWHALMOHHbBIE U 3epKasibHbIi), 2 TAKKE MO COCEAHUM KaHaslaM, OrpaHUYMBAET HUXKHIOKO FPaHWLy AWHAMUYECKOro
[ManasoHa MPUEMHOro YCTPOMCTBA W, KaK CEACTBME, YMEHbLUAeT Pe3ynbTUpylolliee OTHOLUeHWe curHan/tiyM Ha Bbixoge. CreneHb nopasneHus
KOMOWHALMOHHBIX KaHaIOB OMPEeAensAeTca, MPEeXAe BCEro, YaCTOTHbIM MIAHOM M JIMHEMHOCTBIO aMMIUTYAHOM XapaKTepUCTUKU CMECUTENsA MEpBOro
rpeobpasoBartens 4acToThbl, 3epKaIbHOrO KaHaiia — KayecTBOM (ULTPALMM 3€pKasibHbIX YacTOT BO BXOAHOM MPECENeKTOpe, COCeAHero KaHama —
136MpaTenbHOCTbIO UNLTPOB OCHOBHOW cenekuuu. B aaHHOM cTaTbe paspaboTaHa aHanMTMYecKas MoAenb U Mosy4eHbl rpaduyeckme 3aBUCUMOCTH,
NMO3BONAOLLME OLEHUTb CTEMEHb BJIMAHWA KOMMPECCUOHHbBIX UCKKEHUI HA MOMEXOYCTOMHYMBOCTL MPUEMA MHOTOMO3ULIMOHHBIX KBaApaTypPHO-aMMIUTYAHO
MOZYNMPOBaHHbIX CUrHAIOB, a TaKXKE TEOPETUYECKN OBOCHOBaHbI TPEBOBaHMA K 3HAYEHWIO AVHAMUYECKOrO AMana3oHa paAuorpUEMHbIX CUCTEM.

Knioyeebie cnoea: paduonpuemHoe ycmpoiicmeo, OUHAMUYECKUl Ouand3oH, NOMEX0ycmoUYUu8OCMb, 3KEUSASIEHMHblE 3Hepzemuyeckue nomepu,
uucgposble UHUU nepedaydu uHgopmauuu.
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