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Background. LDPC codes research is performed in the paper. The influence of LDPC codes on channel information
efficiency is studied in scope of MCS and the benefit of using LDPC codes is specified in digits as a result of research.

Objective. The purpose of the paper is LDPC correcting abilities research in modern telecom systems and their comparison
to other known error-correcting codes, and research of their influence on information efficiency of telecommunication system.

Methods. Simulation modeling algorithm is implemented in Matlab using Java language, what helps generating corrective
matrices and allows us to find out the corrective abilities of LDPC codes with different set of parameters. Many experiments
make a statistic that shows a maximum and the best corrective abilities of LDPC codes, what is the aim of applying the
simulation modeling approach.

Results. The programmable simulation models to generate LDPC codes and errors number determining corrected LDPC
codes with different parameters are developed. It’s the first time the method is proposed of determining the ultra-long block
LDPC codes to ensure the reliability characteristics specified in the channel with known parameters, characterized in that the
analysis parameters LDPC code is implemented using the original statistical model and to evaluate corrective ability to code at
a significant increase in the length of the block LDPC code. Also, the LDPC codes influence on channel information efficiency

is researched, and shown 9...52% improvement.
Conclusions.

The important scientific problem is solved in the paper, — construction and use of advanced wireless

transmission systems with increasing information efficiency using LDPC coding. Stages of channel resources redistribution
include LDPC, OFDM, modulation, described and presented in the information efficiency coordinates and transmission system

performance.

Keywords: information efficiency; channel resources; low density parity check codes (LDPC); modulation-coding

schemes (MCS).

Introduction

Wireless transmission systems occupy a significant
part of the global telecommunications space. Voice,
data, video streaming and other services is an integral
part of services provided by the wireless communication
systems. Any wireless transmission system uses the
limited resources link: power, frequency, time. Number
of users of wireless transmission systems is growing,
while wireless channel resources are limited.

The most significant features of the advanced and
emerging wireless communication systems is the use of
ultra-long redundant block noise immune LDPC codes
(low density parity check) to provide a necessary
reliability, — that distinguishes them from the means of
previous generations wireless transmission systems [1-
2]. Modulation and coding types are combined into
modulation-coding schemes (MCS), allowing a high
data rate transmission for each user, with needed
information transmission reliability, and the maximum
wireless transmission systems information efficiency.

Many papers are already devoted to LDPC codes
research [3-9]. The task of current study is to develop a

method of ultra-long block codes parameters control to
ensure the needed performance reliability. The research
object is the information efficiency of wireless
transmission systems. The research subject is the
performance improvement of wireless communication
systems based on the use of noise immune block LDPC
codes.

Scientific novelty of the results is the following: the
parameters determination method of ultra-long block
LDPC codes to provide the specified reliability
characteristics in channel with known parameters. This
method is characterized by the original statistical model
to evaluate a corrective ability of LDPC codes when
increasing the length of LDPC block codes significantly.

Information efficiency of communication
channel

The assumption thesis of the research is that a certain
set of frequency and power resources are needed to send
information over a wireless communication channel on
the same frequency with a given speed and reliability.
The study conditions for reallocation of frequency and
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energy resources remain unchanged while maintaining
the requirements for reliability and transmission speed.

To restore the needed information reliability, the
ultra-long block LDPC codes are proposed to use, as one
of the most effective means of improving the
information transmission reliability. Codes are called as
ultra-long if the length of block exceeds several
thousand bits as opposed to common codes (e.g., BCH)
with thousands of bits per block.

Thus, the strategy comes from the study of the latest
trends in wireless communications, entrusted with the
task of maximizing the amount of information
transmitted with high reliability to a large users number.
To implement this strategy, the use of ultra-long LDPC
codes is discovered, typical for technical solutions to
wireless communication systems the fourth and fifth
generations.

The resources efficiency usage measure is
transmitted information amount that relates to channel
resource unit. Accordingly, channel resources efficiency
usage assessment are following; frequency efficiency,
energy efficiency and information efficiency.

Frequency efficiency y (1) shows the information
amount transmitted per frequency resource unit AF:
= Ra
y="2 (1)
Energy efficiency f (2) shows the information
amount R, transmitted per energy source unit « :
= Ra _ RaNo
b= =% ()
where a = Pgy/Ny — the ratio of signal power to the
spectral density noise power at the admission point;
Prx = x - Pry, where Pry — the transmitter signal level,
0<x<1.

Information efficiency 1 (3) shows the ratio extent of
channel information channel capacity bandwidth R; to
information throughput capacity C., and frequency
parameters expressed in terms of performance y (1) and
energy efficiency f (2):

n=gt=—t—s 3)

cc log2(1+%)‘

The amount of transmitted information is estimated
via the performance indicator channel Ry (4), which
according to Shannon's formula for a discrete
communication channel depends on the source speed Vs
and bit error probability p, in the recipient's information:

Ry =Vs-(1+pplogypp + (1 —pp)log,(1 -
pb))' 4)

Information channel capacity is determined by the
bandwidth of the communication channel C. (5)

according to Shannon's formula for continuous
communication channel with bandwidth AF:
Cy = AF -log,(1 + hZpw). (5)

where energy parameter channel h2, (6) is defined as the
ratio of signal power E; to the noise power spectral
density N, at the receiver point:
2 E_C _ PryxTc — Pry
hix = No N NoV¢’ (6)

where B, — the signal power at the receiving point, T, —
symbol length, V. =A4F — symbol rate of
communication channel.

Development of analytical equations to describe
the corrective abilities of LDPC codes

The study foundation is to restore credibility
benchmarks proposed to use ultra-long block LDPC
codes class, as one of the most effective means of
improving the information transmission reliability.
LDPC codes length exceeds several thousand bits as
opposed to common codes (e.g., BCH) with thousands
of bits length blocks.

The first stage of equations development for ultra-
long LDPC codes is associated with the synthesis of
optimal structures for a given LDPC code block length
n, usually more than a million possible combinations
(19) - (22).

e =1- Wr-l_ _— (19)
_Ha
H= #l (20)
W e-1(H1)
H = [A|l—], 21)
G =[] —A"], (22)

where 73, — encoding rate, H — verifying matrix of LDPC
code, G — generating matrix of LDPC code, W — the
number of ones in columns of matrix H, Wr — number of
ones in a row of matrix H, m;(H;) — submatrices formed
permutations column base submatrices, I,,_, — single
diagonal matrix.

Based on the established simulation model, the tens
of thousands LDPC codes verifying matrices are
generated. The best correcting ability value of LDPC
codes is obtained by analyzing the generated matrices —
code length d = 2t + 1 is found, where t — a number of
corrected bits in the code word for the lengths n < 1000

(Fig. 1).
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Fig. 1. The provisions of LDPC codes in the noise immunity
codes boundaries existence

Fig. 1 shows that LDPC codes have better correction
ability than other known noise immune codes, for
example, BCH codes that exist on the Varshamov-
Hilbert line.

The first phase result of equations development for
ultra-long LDPC codes is the analytical dependence and
equations that link LDPC corrective ability t with code
length n at a given coding rate 1y, (23), (25):

n T
t= In k -1, (23)
0,0004n-8,2657 1,5354-0,085Inn

Atery = |texp — tanal| = 0...3 bits, (24)

_ —(2ky+nky)—/ (2k1 +nk;)2 =4k, (kg +nk; +n2kz—n?1y)

t 2k, ’
(25)
ky = 11,887¢%0011n: k. = —0,719 Inn — 3,4317
ks = —0,022 Inn + 1,1336, (26)
Aterr = |texp — tanal| = 3...6 bits, (27)

where kq, k,, k3 — coefficients that are the functions of
the code length n. The results of analytical
approximation and experimental results differ by no
more than 0.3%.

Thus, first time it became possible to determine
the ability of correcting LDPC codes analytically for
a given length of code length and encoding speed.

The second stage of research the correction abilities
of LPDC codes is devoted to study LDPC codes with
known parameters. These ultra-long LDPC codes are
investigated with the length of the block more than
60,000 characters. Such ultra-long LDPC codes bring
information encoding efficiency to the theoretical limit
defined by Shannon's theorem for coding in channel with
noise. The study used the original input receiving

artificial false bits in the code word, and comparing the
decoded codeword with the correct source code word.

Fig. 2 presents the research results of 64800 bits
LDPC code block length correction abilities used in a
standard DVB-T2/S2. The first time the analytical
expression (28) is proposed for assessment the ultra-long
LDPC codes corrected errors number ¢ on codeword
length n as a function of coding rate 7}, for a fixed length
block: n = 64800:

t = —39780r2 + 89947r% — 764577, + 25431.
(28)
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Fig. 2. LDPC code errors correction ability in fixed-length
coding at different speeds

Thus, when LDPC code parameters are known,
namely, the length of the block » and the coding rate
Iy, it becames possible to determine the corrective
capacity LDPC code ¢, bits.

The general result of the method development for
ultra-long block LDPC codes control parameters are the
defined code characteristics to ensure regular LDPC
codes reliability using the found analytical equations and
obtaining new scientific results related to the fact that the
synthesized ultra-long LDPC codes parameters provide
greater encoding rate (better information efficiency) to
12-20%, even than some of the best known codes — BCH
with length of the block of code to 1000 characters.

The research of LDPC codes influence on
information receiving reliability

At the same time, to assess the efficiency of wireless
information transmission systems, it’s necessary to
investigate the modulation-coding schemes (MCS),
which combine the properties of multiposition
modulation and noise immunity LDPC codes.

The modulation-coding scheme includes modulation
(QAM-64, QAM-16 or QPSK) as a signal component,
and noise immunity LDPC coding with specific
parameters — as a code component. MCS is used in the
study as a tool to increase rate and achieve the required
reliability of information transmission.

Fig. 3 reflects the way of the MCS parameters
research based on channel resources redistribution
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mechanisms: OFDM mode, modulation and LDPC
coding. The method is supposed to use these tools for
channel resources redistribution under certain power and
frequency resources in communication channel. The
method assumes the definition of the following
parameters set:

e the best gain mode of the OFDM signal with N
OFDM subcarriers;

e appropriate MCS type;

e noise immunity encoding parameters: code words
length n, encoding rate r,, code correcting
capability ¢, which will ensure the reliability of
reception.

Fig. 3 shows the reliability dynamics of the channel
resources redistribution. Fig. 3 shows that for a certain
modulation type in the single-carrier transmission (Fig. 3
point #1*), focus mode OFDM (Fig. 3 point #2%)
accompanied by a significant deterioration in signal and
power characteristics deteriorating reliability —of
receiving information. Optimum gain improves energy
and increases channel reliability (Fig. 3 point #3%*).
Noise immunity LDPC code with the right parameters
compensates a transmission reliability (Fig. 3 point #3).

The task is formalized as noise immunity code search
(29):

r(n, h%x' pbit)k_max~ (29)
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Fig. 3. MCS parameters research using LDPC coding and
OFDM

Fig. 4 presents the algorithm of MCS parameters
research to satisfy the required reliability.
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Fig. 4. The algorithm of MCS parameters research
to satisfy the required reliability

The LDPC influence on the communication
channel effectiveness

Fig. 5 presents an evaluation of information resources
efficiency in the allocation of channel resources using
OFDM, modulation and LDPC. Fig. 5 shows that the
point p,=10" defines the starting point for a single-
carrier mode, and the point #=2000 reflects the
efficiency of resources reallocation when use LDPC
coding. As shown in Fig. 5, information efficiency
improved from 0.67 (point 107) to 0.73 (point #7=2000),
i.e. by 9%. You can also see a gain in energy efficiency
and a slight loss of frequency efficiency.
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Fig. 5. The evaluation of information efficiency using the tools
for channel resources reallocation

So, it’s the first time the method is proposed for
forming MCS with known parameters when using
channel resources redistribution tools such as OFDM
and LDPC for a given type of modulation, what
increases information efficiency rate 7 of wireless
transmission systems by 9...52%, as shown in Fig. 6.
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Fig. 6. Information efficiency evaluation for different MCS
types

Thus, by the totality of the proposed methods of of
wireless channel resources reallocation, it becomes
possible to increase the efficiency of wireless
information transmission systems by 9 ... 52% through
the use of modulation and noise immunity LDPC coding
within the same channel dedicated resources compared
with single-mode transmission.

Conclusions

The important scientific problem is solved in this
work, — the construction and use of advanced wireless
transmission systems with increasing information
efficiency using LDPC coding. Stages of channel
resources redistribution include LDPC, OFDM,
modulation, described and presented in the information
efficiency coordinates and transmission system
performance.

The following main results obtained:

e The programmable simulation models to generate
LDPC codes and errors number determining
corrected LDPC codes with different parameters
are developed. It’s the first time the method is
proposed of determining the ultra-long block
LDPC codes to ensure the reliability
characteristics specified in the channel with
known parameters, characterized in that the
analysis parameters LDPC code is implemented
using the original statistical model and to evaluate
corrective ability to code at a significant increase
in the length of the block LDPC code,

The LDPC codes influence on channel
information efficiency is researched, and shown
9...52% improvement.
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Ypuecovkuii J1.0., Mowuncka A.B., Ocunuyk C.O.
IMinBuuenns ingopmaniinoi epekTUBHOCTI 6€3APOTOBUX CHCTEM 3 BUKOPHCTAHHSIM KoayBanHs ldpc

IMpobdaemaruka. Y cTarTi NPOBOAUTHCS JOCIIKEHHS BILIMBY K napamerpiB koaiB LDPC Ha indopwmariiiny epeKTUBHICTH
KaHaJly 3B'SI3Ky, SIKE€ BHBYAETHCS B KOHTEKCTI (JOpMyBaHHsSI CHUTHaIbHO-KOHOBHUX KoHcTpykuiii (CKK), mpu npomy mnepeBaru
BuKopucTaHHs koaiB LDPC B pe3ynbTaTi JOCHIHKEHD OLIIHIOIOTHCS KITBKICHO.

MeTta pocaimkenb. Merolo naHoi poOOTH € JOCHIDKEHHS KOpUTyBallbHUX 3ai0HocTedt koxmiB LDPC B cydacHUX
TEJICKOMYHIKAIIfHUX CHUCTeMaxX Ta IX IOPIBHSHHS 3 IHIIMMH BIJOMHMHM KOJAaMH, IO BHUIIPABIISIIOTH IOMHJIKH, a TaKOX
JIOCIIIJDKEHHS X BIUIMBY Ha iH(opManiliHy eQeKTUBHICTb KaHAJIB TEJIEKOMYHIKaLIHOT CUCTEMU.

MeToaunka peaJizamnii. AJTTOpPUTM IMITAIIHHOTO MOJICIIOBAaHHS peali3oBaHui sik B Matlab, Tak i Ha MoBi Java, 1o goriomarae
TeHepyBaTH KOPWUTYBaJIBHI MaTpHINl 1 JO3BOJISIE 3'SICyBaTH KOPUTYBaJlbHI MOXiIMBOCTi LDPC-komiB 3 pi3HUMH Habopamu
napamerpiB. 3HauHa KUIbKICTh EKCIIEPUMEHTIB 103BOJISIE OTPUMATH CTATUCTHKY, sIKa BHUSIBIISIE MAKCUMAJIbHI 1 Kpallli KOPUTYyBaJIbHi
3natHocTi koaiB LDPC, 1m0 € MeToro 3aCTOCYBaHHSI MiAXO/IY A0 JOCTI/DKSHHS Yy BUIIISAl IMITAI[IHHOTO MOJICITIOBAHHSI.

Pe3syabTaTn mocaimkenb. Po3po6ieHo mporpaMoBani imiTamiiHi Mmozeii mist reHepanii koaisB LDPC mpu pi3Hill KijTbKOCT1
MOMMJIOK, 1[0 BU3HAYAIOTh BHUIIPABIIIOTE MOXKIUBOCTI koaiB LDPC 3 pisHumu nmapamerpamu. Brepiiie 3anponoHOBaHO METOM
BU3HAYCHHS KOPUI'YBaJIbHUX 3A10HOCTeH HannoBrux OnokoBux koaiB LDPC s 3a0e3neueHHs XapaKTepPUCTHUK HaIiHHOCTI,
3aJJaHUX U1 KaHAJly 3 BIIOMUMH TapaMeTpaMu. MeTon BiApi3HSETHCS THM, IO aHai3 mapaMmerpiB koxy LDPC peanizoBanuii 3
BHUKOPHCTAHHSIM BHUXIJHOI CTATHCTHUYHOI MO JUTSl OLIHKH KOPHUTYBaJIBbHUX 3AI0HOCTEH KOMYy IpHU 3HAYHOMY 30UIBIICHHI
noexuHu 610ouHoro xony LDPC. Takox nocnipkeno BruiuB koniB LDPC na indopmaniiiny edexruBHicTs kanamy. [Ipu npomy
OOrpyHTOBaHO 301IBIICHHS TTOKa3HUKA iH(popmariiiHoi epekTuBHOCTI Ha 9 ... 52%.

BucnoBku. Y 1iii poOOTi BHUpPINIY€THCS BadJIMBAa HayKOBa IPOOJIeMa — CTBOPEHHS 1 BHKOPHUCTAHHS CYYaCHHX CHCTEM
0e31npoBOIOBOT Iepedadi 3 MiABUIICHOK iHGOpMaLiiiHOl e()eKTUBHICTIO HA OCHOBI BHKOpHcTaHHs koAiB kiracy LDPC. Eranu
MepepOo3IOIiTy PECypCiB KaHAITy 3B'SI3KY BKIIOUAIOTH B cede komyBaHHss LDPC, po3noais notoky no migHecyuynx OFDM, BuGip
BHU/IY MOJYJISILIT, SIKi IPEACTABIICHI B KOOpAMHATaX iH(pOpMAaIiifHOT epeKTUBHOCTI Ta MPOAYKTUBHOCTI CUCTEMH IIepeaadi.

Kurouosi cioBa: iHdopmariiiHa epeKTUBHICTD, peCypCH KaHally; KOAW 3 HHU3bKOK MIUTBHICTIO 1 MEPEBIpKOI Ha IMAapHICTh
(LDPC); curnanbHo-k010B1 KoHCTpyK1ii (CKK).

Ypwieckuii J1.0., Mowunckan A.B., Ocunuyx C.A.
IloBpimenne nHGopManuoHHOM 3¢ PeKTHBHOCTH 0eCNIPOBOAHBIX CHCTEM € MCIOJIbB30BaHUEM Koauposanus ldpc

Ilpobiemaruka. B crarbe NDPOBOIMTCS UCCICAOBAaHUE BIHMSHUSA napameTrpoB koaoB LDPC Ha wuHpOpManMOHHYIO
9 (HeKTHBHOCTH KaHajla CBSI3HU, KOTOPOES U3y4YaeTcsi B KOHTEKCTEe (OPMHUPOBAHUSI CUTHAIBHO-KOMOBbIX KoHCTpykiuii (CKK), npu
9TOM MPEUMYIIECTBa Hcnonab30BaHus kogoB LDPC B pesynpTare nccieoBaHnui OIEHUBAIOTCs KOJIMYECTBEHHO.

Henb ucciaenoBanmii. Llenbio naHHO paboOTHI SBISIETCS MCCIENOBAHUE KOPPEKTUPYIOLIUX criocodHocrei kogos LDPC B
COBPEMEHHBIX TEJICKOMMYHHUKAIIMOHHBIX CHCTEMaX U UX CPaBHEHHE C APYTHMH M3BECTHBIMHM KOJAMU, UCIIPABIISIOMIMMH OIIHOKH,
a TaK)Ke UCCIIeIOBaHNEe UX BIMSIHUS Ha HHOOPMAITMOHHYIO 2P ()EKTUBHOCTH KAaHAJIOB TEJICKOMMYHHMKAIIMOHHOI CHCTEMBI.

Meroauka peaju3anuu. AJIrOpUTM UMUTALMOHHOTO MOJIEIIMPOBAHUS peaan3oBaH kak B Matlab, Tak u Ha si3bike Java, 4To
IIOMOTaeT I'eHepUpPOBaTh KOPPEKTHUPYIOIINE MATPHUIBI U MO3BOJISIET BBISICHUTH KOpPpPEKTHpYyromue Bo3MoxxHoctn LDPC-konoB ¢
pasnmuaHBIMEM  HabopamMu mapaMeTpoB. MHOMKECTBO JKCIIEPUMEHTOB MO3BOJSET IOIYyYUTh CTAaTHUCTHUKY, KOTOpas BBIABIISCT
MaKCUMAaJbHbIE M JIyYIIHNe KOppeKTupylomue crnocobHoctu konoB LDPC, uro sBisiercss LEnbl0 NMPUMEHEHHUs IMoaxona K
HICCJICIOBAHUIO B BHJIE MMUTAIIMOHHOTO MOJACINPOBAHHUSI.

PesyabTaThl HccjenoBanuii. PaspaboTansl mporpaMMupyeMble UMHUTAIMOHHBIE MOJENN i TeHepaunu kojgos LDPC npn
Pa3IMYHOM YHCIIe OIIMOOK, ONPEAEISIONINX UCTIPaBIISIONiue Bo3MoKHOCTH ko108 LDPC ¢ pasnnuneiMu napamerpamu. Bniepseie
MPEUIONKEH METOJI ONPEJEIICHNSI KOPPEKTHUPYIOIIHNX CIIOCOOHOCTEH CBEPX UIMHHBIX OJ04YHBIX KO0J0B LDPC s obGecnieueHus
XapaKTEePUCTHUK HAAEKHOCTH, 3aJaHHBIX Ui KaHalla C M3BECTHBIMHU IapaMeTpamMu. MeToja OTINYaceTCsl TEM, 4YTO aHalIu3
napametrpoB koga LDPC peanmn3oBaH C HCIOJIB30BaHHEM HCXOJHOM CTaTHUCTUYECKON MOJENH ISl OUEHKH KOPPEKTHPYIOIINX
CIIOCOOHOCTEH KOJa IIPU 3HAYUTEIBHOM yBEJIIMYCHHUU JUINHBI 011049HOoro kojna LDPC. Takske ucciienoBano Biausinue kojgos LDPC
Ha WHPOPMAIMOHHYIO 3((PEeKTHBHOCTh KaHana. IIlpum >TOM OOOCHOBAaHO YyBEIWYCHHE nokasareiss HMH()OPMAIMOHHOM
s¢dexTuBHOCTH HA 9 ... 52%.

BeiBoabl. B orToli paGore pemraercs BakHasi HaydHasi NpoOjaeMa — CO3JaHME U HMCIIOIb30BAaHHE COBPEMEHHBIX CHCTEM
OecrpoBOAHON Iepenavu C MOBBIIICHHOW MH(GOPMaIMOHHON 3(h(EKTUBHOCTHIO Ha OCHOBE MCIIOJIL30BaHMUs KO0B kilacca LDPC.
Oranel TIepepacrpeaeiIeHuss pecypcoB KaHaja CBsS3M BKIIOYAOT B cebst kommposanme LDPC, pacmpeneneHne 1moTOKa Mo
noauecymuMm OFDM, BbIOOp BuIa MOIYJISIIUHM, IPEICTABICHHBIE B KOOpPAMHATaX HMHMOPMALMOHHON 3G(eKkTUBHOCTH H
MPOU3BOAUTEIBLHOCTH CUCTEMBI MTEpPEeaayH.

KuaroueBble caoBa: nHbopManuoHHas 3()GEKTUBHOCTh; PECypChl KaHajla; KOJBI C HU3KOH IJIOTHOCTBIO M IIPOBEPKOM Ha
getHOCTH (LDPC); curnansHO-K010BBIe KOHCTpYKIHH (CKK).



