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m 3GPP Roadmap
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m Testing areas in Moscow

Launched

Area «VDNKH Park» @ MITC 2 HUAWEI
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Area «Luzhniki stad.» &= 6unain 2 HUAWEI

Will be launched in a few months

Area «Zaryadie Park» TE'.E:)-
Area «Moscow-city» €» Mera®on
Area «Gorky Park» OMITC
Area «Vorobievi gori» €» Mera®oH
Area «Skolkovo centre» = GunaliH
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m Possible categories of skills development students

COURSE PARTICIPANTS

Engineers of cellular operators and

Engineers . L .
large providers of telecommunication services
Algorithms and hardware Developers of signal processing algorithms, developers of hardware for
developers cellular networks

Service managers, product

Sales managers of different levels
managers

Government staff Public administration in the field of telecommunications

» 5G mobile networks basics

Directions of skills * Management in 5G mobile networks
development

» Technical specialist in the field of 5G mobile networks

* Legal issues in the field of 5G mobile networks
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Possible approaches to education (skills improvement)

Narrowly focused approach

v
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E Known wireless | Technologies of 4G Technologies of 6G Technologies of
o) systems wireless systems wireless systems future wireless
§ systems
o
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o
Fundamental
approach

Chapters of educational program

Narrowly focused approach — deep study of 5G key technologies regardless of known wireless systems standards

Fundamental approach — study of communication systems in progression from traditional technologies to 5G systems and their future development
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m Services in 5G wireless systems

EXPANDING THE SCOPE OF APPLICATION

O TELEMEDECINE (IT in the medecine domain)

a SELF-DRIVING TRANSPORT

B cCcTV CAMERAS

0 INTERNET OF THINGS

D BIG DATA, MULTIMEDIA SERVICES

GROWTH OF MOBILE DATA
HUGE NETWORK CAPACITY

@9 VOICE, CELLULAR DATA
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m Technologies of 5G wireless systems

KNOWN TECHNOLOGIES

NEW TECHNOLOGIES

Orthogonal-frequency division multiplexing OFDM

Orthogonally spaced overlapping subcarriers

Subcarrier Peaks.___
- » Closely spaced subcarriers overlap

* Note that subcarrier nulls correspond
to peaks of adjacent subcarriers for
Zero Inter-Carrier-Interference.

Sinc function
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Non-orthogonal multiple access NOMA
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Multiple antenna systems advanced: Massive MIMO,
Multiuser MIMO, Precoding
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m Technologies of 5G wireless systems

NOMA (Non-orthogonal multiple access) is a CORE technology of 5G wireless systems

— User 1 User 2 User 3
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} 1hHz | Frequency domain Frequency domain
Demodulation in NOMA Power domain user multiplexing

1G...4G core technologies - orthogonal multiple access OMA (CDMA, TDMA, OFDMA)
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m Standardisation of 5G wireless systems

(unlike previous generations of mobile communication systems)

5 ¥ : UNIFIED standard 3GPP Release 15 NR (New Radio)

Import substitution = Participation in international standardisation

Participation in Development of Implementation of
international solutions for signal Patents registration developed solutions in
standardisation processing standards

IMPORT SUBSTITUTION + COMPETITIVE POSITION
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m Specificity of 5G wireless systems

TECHNICAL DIFFICULTIES

Technology of non-orthogonal multiple access NOMA have very complex mathematical base:

1.Function theory
2.Vector-matrix signal processing (linear algebra)
3.Difficult interference situation (mnmWave)

4.Difficult channel models (probability theory)

5.High computational complexity of signal processing algorithms (theory of computational complexity)

CONCLUSION: Fundamental mathematical training of specialists is required

LEGAL COMPLEXITY

1.More complex legal regulation of Telecom operators

2.There is very IMPORTANT - mandatory participation of industry organisations, including Universities, in

international standardisation in the field of 5G and subsequent generations
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m Cooperation between MTUCI and Huawel in the field of engineers training

On July 25, 2019, Moscow technical University of communications and Informatics (MTUCI) and Huawei signed a
Memorandum of understanding, according to which the University plans to establish the first National Academy in
the field of information and communication technologies (ICT).

Together, We Create the Future .
MTUCI & Huawei MoU Signing Ceremony 7' ‘5. r' V‘ Crgte le FU > .~ A3 " \
\ \ ! 1 (4 {
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m Educational program of skills improving proposed be MTUCI and Huawei

Section 1. Basic Course: Overview of 5G Wireless Technology and Features

Wireless systems technologies basics
Requirements for 5G wireless networks
Business models, use cases and possibilities of new 5G wireless systems

Evolution of E2E-networks and key technologies of 5G wireless networks

Section 2. Advanced Course: Technical Specialist for Operation and Deployment of 5G Wireless Systems

Increasing of spectral efficiency of wireless systems
MIMO systems. Possibilities, principles and algorithms
New modulation and coding schemes in wireless systems
Technologies of multiple access used in 5G wireless systems

Actual tasks and issues in the field of digital signal processing algorithms development
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m Educational program of skills improving proposed be MTUCI and Huawei

On September 24, 2019, at the Trainings-2019 award within the framework of the twentieth anniversary forum HR-
Expo, the joint educational program of the Moscow technical University of communications and Informatics (MTUCI)

and Huawei "Specialist in the field of 5G wireless communication systems" received a quality mark in the nomination
"Training of digital industry professionals" of the direction "Personnel for the digital economy"

OEPA30OBAHME| O6pazoeatensHan nporpamma «Cneumnanuct B obnactv cucrem 6ecnpoBoaHon ceAsu 5G»

Bl KPATKOE ONMUCAHME PELLEHUA

CoemectHan obpasoearensHan nporpamma MTYCU 1 Huawei Hanpaenesa Ha nonyvyeHwe
COTPYAHMKaMM HOBLIX KOMNETEHLMA, HEOBXOAMMBIX ANA NPOGECCHOHANLHOK ABATENLHOCTH
8 chepe palsepTLiBaHHA U IKCNAYaTaumm obopyaoeanna cucrem BecnpoBogHOM CBA3N 56,
BHKOHEA CUCTEMBI MODKNLHON CBA3K U PAAKOAOCTYNA, ABNRIOWMXCA HeobXxoaumon
TEXHONOrM4ecKon 63301 ANA POCTa puiHKE Undpoasix yonyr. Mporpamma nveer MoaynbHy
CTRYKTYPY ¥ NOAXOAMT ANA NOSLILEHHA KBANHPUKALMK KaK MHMEHEPOB, Tak U MeHeKepoa
KPYNHBIX TENSKOMMYHUKALMOHHLIX KOMN3HWIA.

N YC/10BUA PEAZIU3ALUUU U UCNONTIb3YEMBIE AAHHBIE

*  [porpamma paccyuTasHa Ha L, MMEKLWKX CpeaHee NPoPEeccHOHANLHOE | (UnK) esicwee
obpazosanne; N1l NONYHIOLWMX CpeaHee NPoheccuoHanbHoe U (Mn) Bbicluee
obpazosanne (Bakanasprar, CNeUUaNUTET, MaruCTPaTYPa), MEeN30WMX NONYHHTE
npodeccuoHansHoe obpa3osaHue 8 obnacti crcrem BecnpoBoAHOM CBA3N NATOrO
NOKONEHNA

*  OWMHAHCOBO-3KOHOMHYECKEA MOAE/b: roc3aKynka & pamkax 44-@3.

e
*  JaHHbie: #«63a308bIMY 00paz0BaTENLHLIN MOAYNL PACCHUTAH HA NOAYHEHHE HOBBIX \%
KOMMNETEHLMIA NPeACTaBUTENAMM KOMNIHNH-ONepPaTopoB, Begywmx BuaHec 8 chepe 'g‘
NPeaoCcTaBNeHna yonyr 6ecnpoBogHOM CBA3N HOBLIX NOKONEHNA, ¥yrnyONeHHLINA» ==
06paz08aTentHLIN MOAYNL OPUEHTMPOBAH Ha NOATOTORKY BLICOKONPOGECCHOHANLHBIX =1
UHKeHepoa B chepe 56, KOHKYPEHTONOCODHLIX Ha POCCHACKOM M MEMOYHAPOAHOM
PLIHKEX
B NPOBNEMHAS CUTYALMUA >OO>>D — CPOKM > > > W PE3YNIbTATbI LUWOPOBU3ALUU
. OTC“,’TCTB‘ME KOomMnere HL.Hb.i, HEO{)XCQMMbLX AR pEf]OTbl C HOBbLIMM TEXHONOIrHAMM . nolly\{eHMe CAYWaTeNAMM HaBbIKOB NEPBUYHOIO KOHTPONA COOTEETCTBUA paapaGamsaeMux
cucrem BecnpoBoaHoi CBA3N ! NPOSKTOE M TEXHUHECKON JORYMEHTALMM HALMOHANLHBIM M MEMAYHAPOAHLIM CTaHA3PTaM KU
*  Mcnons3oeanue Ha ceTH ceazn Hoeenwero oBopyA0BaHKA CT3HAAPTOB CUCTEM oT H Eﬂ,Eﬂ b TEXHWYECKMM pernameHTam
BecnposoaHon ceAzun 56 *  BnageHwe gedcTeyroumMmKn 8 OTPACAM W H3 NPEANPUATHN CTAHAAPTAMM U TEXHHYECKUMAM
*  CNOMHOCTY 8 3KCNAyaTaumu 080pyA0BaHHA, CBRIAHHEE C MCNONL3083HWEM HOBBIX « Cpox obyuenns YENOBHAMM
[WaENaz0H0Be HacToT *  BnapeHue HOBbIMM TEXHONOTUAMMK CETEN MODMNLHOM CBA3M, P3AKOCEAIN M PaaHoaocTyna
. Orcyrcreme 0Dpaz0earenbHeX NPOrPamm U KyPCoB NOBLIWEHKUA KEANWDURILMM, . BnanexHne HasbiKamm NNaHWPOBAHWA CETEN CBA3N COMNACHO YacTOTHOMY NnaHy ceten 5G
NOCBALLEHHLD CKucTEMaM DecnpoBoaHON cBA3KM 56 *  BnagesHue METOAaMM 3HaNKU3a KaYecTBeHHbLIX NoKasatenex pabotel ceten BecnposogHon

CBA3M KaK Ha OCHOBE AaHHLIX CTaTUCTUKMK, TaK M Ha OCHOEE PaauoN3MepeHUit
*  BOZMOMNHOCTL MHTErPHMPOBaTL, NPUHUMATL HoBoe 0bopyAoeaHne, pacluMpAT: U
MOAEPHUINPOBaTL gencTayrowee obopyaosaHue ceT ceasu

N ONbIT PEAJIU3ALUU

Anexcaugap 30puH Cepreit Epoxuu -
AupekTop No perdoHansHon NoAKUTHKE B Pexktop MOCKOBCKOID TEXHUYECKOTO YHUBEpCHTeTa
AHO «lUudporan 3koHOMMKA»

1 1 nudopmaTikm (MTYCH)

’ esd@mtucl.ru

azonn@data-economy.ru

Mocksa

*iOBbILIJEHME KAYECTBA ¥WU3HU IPAXAAH
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KEY FEATURES OF 5G WIRELESS SYSTEMS ENGINEERS EDUCATION

Thank you for your attention!

Speaker: Taoufik BEN REJEB
Ph.D, Associate Prof., MTUCI
t.benrejeb@mtuci.ru
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