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A GLOBAL INITIATIVE

&8  self-driving Cars

Industry Automation

Release 18

SA2 led - System Architecture &
Services

XR (Extended Reality) & media services

Edge Computing Phase 2

System Support for Al/ML-based Services
Enablers for Network Automation for 5G Phase 3
Enh. support of Non-Public Networks Phase 2
Network Slicing Phase 3

5GC LoCation Services Phase 3

5G multicast-broadcast services Phase 2
Satellite access Phase 2

5G System with Satellite Backhaul

5G Timing Resiliency and TSC & URLLC enh.
Evolution of IMS multimedia telephony service
Personal loT Networks

Vehicle Mounted Relays

Access Traffic Steering, Switching & Splitting
support in the 5G system architecture Phase 3
Proximity-based Services in 5GS Phase 2

UPF enh. for Exposure & SBA

Ranging based services & Sidelink positioning
Generic group management, exposure &
communication enh.

5G UE Policy Phase 2

UAS, UAV & UAM Phase 2

5G AM Policy Phase 2

RedCap Phase 2

Support for SWWC Phase 2

System Enabler for Service Function Chaining
Extensions to TSC Framework to support DetNet
Seamless UE context recovery

MPS when access to EPC/5GC is WLAN

Early Release 19 Studies

SA1 - Services

Network of Service Robots with Ambient Inteligence

Energy Efficiency as service criteria

Upper layer traffic steering, switching and split over dual 3GPP access

Uncrewed Aerial Vehicles (Phase 3)
Satellite Access (Phase 3)

Roaming value added services

Al/ML Model Transfer (Phase 2)

Integrated Sensing and Communication
Ambient power-enabled Internet of Things
Localized Mobile Metaverse Services
Network Sharing Aspects

Future Railway Mobile Communication System (Phase 5)

Supporting Railway Smart Station Services

The detailed content of Rel-19 will be decided in September 2023 (TBC)

'O Paboumun nnaH 3GPP no pa3paboTke HOBbIX penn3oB

The 5G standard

Since the completion of 3GPP Release 15 - the first phase of 5G specifications - the cellular industry is expanding the capability of the network
to deliver on the full promise of the Internet of Everything. Release 18 will deliver 5G-Advanced, as the mid-point of 5G standardization.

Smart Cities

Work & Play in the Cloud

A
Smart Homes ﬁ Augmented Readlity

SA3 led - Security & Privacy

Privacy of identifiers over radio access

SECAM and SCAS for 3GPP virtualized network
products and Management Function (MnF)
Mission critical security enhancements Phase 3
Security and privacy aspects of RAN & SA features

SA4 led - Multimedia Codecs, Systems
and Services

Systems & Media Architecture:

5G Media, Service Enablers

Split-Rendering

5G AR Experiences Architecture

Media:

Video codec for 5G

Media Capabilities for Augmented Reality Glasses
Al / ML Study

Real-Time Communications:

XR conversational services

WebRTC-based services and collaboration models
Immersive Voice & Audio:

EVS Codec Extension for Immersive Voice and
Audio Services (IVAS_Codec)

Terminal Audio quality performance and Test
methods for Immersive Audio Services (ATIAS)
Streaming & Broadcast Services:

5GMS Enh. (Network slicing, Low latency,
Background traffic, SGMS Uplink)

Further MBS Enh. (Free to air, Hybrid unicast/
broadcast)

© 3GPP - October 2022

Release Timelines

SAS5 led - Management, Orchestration
& Charging

Intelligence and Automation:

Self-Configuration of RAN NEs, Enh. and evaluation
of autonomous

network levels, Enh. intent driven management
services,

Al/ ML management, Enh. of the management
aspects related to NWDAF, Enh. of MDA, Fault
supervision volution, Management support of RAN
intelligence

Management Architeciure and Mechanisms:
Network slicing provisioning rules, Enh. service
based management architecture, URLLC/5GLAN/
Cloud native VNF/MOCN/IOT NTN/Edge
computing management, 5G PM and KPIs; QoE,
MDT/Trace, Data collection management

Support of New Services:

Enh. Energy Efficiency for 5G Phase 2, Network
slice management capability exposure, Enh.
management of Non-Public Networks, Network
and Service Operations for Energy Utilities, Key
Quality Indicators (KQls) for 5G service experience,
Deterministic Communication Service Assurance
Charging Management:

Enhancement of Network Slicing Phase 2, Nchf
charging services phase 2, 5G roaming charging
architecture for wholesale and retail scenarios,
Enhanced support of Non-Public Networks,

Time Sensitive Networking

https://bit.ly/3GPP-Work-Plan

1SG SG 1SG G
#98 #99 #100 #101
Dec Mar Jun Sep

Q1 | Q@ | Q3 | Q4

@ 3D Video, UHD Screens

. @ Gigabytes per second

SAé led - Application Enablement &
Critical Communication Applications

Critical Communications:

MCX Enhancements — MC over 5GS (5MBS, ProSe)
Adhoc group comm., MCPTT Enh.

Railways - Gateway UE, Inferworking

Service Frameworks:

Edge App Architecture Enh., SEAL Enh., Subscriber-
Aware API (CAPIF Enh.)

Fused location, Application Data Analytics, App
Layer NW Slicing

Enablers for Vertical Applications:

Enhancements to V2X, UAS application-
enablement, 5G Messaging, Future Factories,
Personal loT networks, Capability exposure for loT
platforms

RANT1 led - Radio Layer 1
(Physical layer)

MIMO Evolution for Downlink and Uplink

Study on Artificial Intelligence (Al)/Machine
Learning (ML) for NR Air Interface

Study on Evolution of NR Duplex Operation

NR sidelink evolution

Study on expanded and improved NR positioning
Further NR RedCap UE complexity/cost reduction
Study on nefwork energy savings

Further NR coverage enhancements

NR Network-Confrolled Repeaters

Enh. of NR Dynamic spectrum sharing (DSS)

Study on low-power Wake-up Signal and Receiver
for NR

Multi-carrier enhancements for NR

SG TSG

#102 #106 #107

Dec Dec

1SG

Mar

5.1B

Mobile Subscribers

10B

loT Connections

RAN2 led - Radio Layer 2 & Layer 3
Radio Resource Control

NR Mobility Enh.

Study on XR Enh. for NR

NR sidelink relay enh.

NR NTN (Non-Terrestrial Networks) enh.

loT NTN enh.

NR Support for UAV

Dual Tx/Rx MUSIM

In-Device Co-existence (IDC) enh. for NR and MR-
DC

Mobile Terminated-Small Data Transmission (MT-
SDT) for NR

Enh. of NR Multicast and Broadcast Services

RAN3 led - UTRAN/E-UTRAN/
NG-RAN Architecture & Related
Network Interfaces

Mobile IAB

Artificial Intelligence (Al)/Machine Learning (ML)
for NG-RAN Further enh. of data collection for SON
(Self-Organising Networks)/MDT (Minimization of
Drive Tests) in NR and EN-DC

Enh. on NR QoE management and optimizations
for diverse services

Study on enh. for resiliency of gNB-CU

RANA4 led - Radio Perfformance &
Protocol Aspects*

Further RF requirements enh. for NR Frequency
Range 1 (FR1)

NR RF requirements enh. for Frequency Range 2
(FR2), Phase 3

- 1SG CT
- Ql | Q@2 | Q3 | Q4 | Core Network
56 SG and Terminals
#108 #109
Jun Sep 11 User Equipment -
Core Network
Protocols

17 Interworking with

Source: GSMA

—

ADVANCED

5.8B

Mobile Subscribers

25B

loT Connections

Req. for NR Frequency Range 2 (FR2) multi-Rx chain

DL reception RRM enh. for NR and MR-DC

Enh.on NR and MR-DC Measurement Gaps and

Measurements without Gaps

NR demodulation performance evolution

Study on simplification of band combination

specification

Study on enh. for 700/800/900MHz band

combinations

NR BS RF requirement evolution

Study on NR Frequency Range 2 (FR2) Over-the-Air

(OTA) testing enh.

Support of infra-band non-collocated EN-DC/NR-

CA deployment

Enh. NR support for high-speed train scenario in

frequency range 2 (FR2)

BS/UE EMC enh.

Air-to-ground network for NR

NR support for dedicated spectrum less than 5SMHz

for FR1

* There are other approved items related to Rel-17
continuation; more spectrum-related items are
expected to be approved later.

TSG CT Stage 3 work

CT will wait for stable output from the stage 2 work
in SA and RAN before initiating the stage 3 work on
Rel-18 - expected by TSG#99, March 2023.

In parallel, CT will work on technical improvements
and enhancements to APIs and protocols under
the CT remit, to add new capabilities, improve
efficiency and flexibility.

Completion of stage 3 work is targeted for TSG#103
March 2024.

Specification Groups

TSG RAN TSG SA

Radio Access Service and
Network System Aspects
RANT Radio Layer 1 SAT services

(Fhysicol layen) SAZ2 system Architecture
RANZ Radio Layer 2 and Services

and Radio Layer 3 Radio
Control SAZ3 security & Privacy

&
Policy and Charging

SA4 Multimedia Codecs,
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OO0 HeobxoauMOCTb OOpa3oBaHUsA, B T.4. NOBbILWLEHUSA KBanndpukaumm 5/22

CNYLWATEIJIN KYPCOB

COTpYAHUKM ONeEpaTOPOB CBA3N N KPYMHbIX
UHXXeHepbl 3KcnnyaTauum TenekoMMYHMKaLMOHHBIX KOMMaHUNA, UHXEHEPbI PbIHKa
TENEeKOMMYHUKALMOHHbIX YCIyT

Pa3paboTyunku anropntMmoB obpaboTKmn CUrHarsnos,

UHXXeHepbl-pa3paboTymnku
pa3paboTUMKN TENEKOMMYHUKALMOHHOIoO 0bopyaoBaHns

MeHe,D,)Kepbl TEJICKOMMYHUKALNOHHbLIX
ycnyr

CoTtpyaHuku cdepbl ynpaBrieHUsA U
perynupoBaHusi B 0651acTn CBA3U

=l
HanpaBneHus »

NoBbILLEeHUSA
KBanuunkaumm

MeHemxepbl N0 NPoAaXKam pas3HOro ypoBHS

[ocypapcTBeHHble cryXKallime, YUHOBHUKM

ba3oBble cBegeHUs o cucrtemax becnposogHou cBa3mn 5G

MeHeOXMeHT B cuctemax becnpoBogHoun cBA3n 5G

» TexHU4YeCcKumn cneuyunanucTt B obnactm cuctem 6ecnpoBoaHou cBaA3n 5G

->

IOpnanyeckune Bonpockl B 0651acTM cuctem 6ecrnpoBoaHOUN CBA3MU
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j ~ U0 BOo3MOXHbIe NnoaxoAabl y 00y4YeHuto 6/22

A
«Y3KOHanpas/1IeHHbIX» noaxoAa
=
§ TpaguUMUOHHbIEe TexHonoruu TexHonorum TexHonoruu TexHonoruu
@ | cMcTeMbl CBA3U cuctem 4G cuctem 5G cuctem 6G CUCTEM CBA3M
o GyAaywmx
(C NOKONEeHUNn
I
>
O
S~
=
h L
«PYyHAQAMEHTANIbHbIUY»
noaxoa
|

Paspenbl obpasoBatenbHOMU
nporpammbi

«Y3KOHanpaBrieHHbIN» noaxon — yrrnyoneHHoe ulyyeHme HOBbIX TEXHOSIONMU, He KaCasACb U3BECTHbIX TEXHONOrMun
OecnpoBOAHOU CBA3U U UX PAa3BUTUSA

«PyHOaAMeHTanbHbINY NoAXoa — U3y4YeHUue CUCTEeM CBSA3U B NPOrpeccumn ot TpaauUNOHHbIX TEXHOSTOMM A0 CUCTEM
5G u nx dyaywero passutus
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U3BECTHbIE TEXHOJIOI' W HOBbIE TEXHOJ1OI' N

OpToroHanbHoe mynbTuUnnekcmposaHue OFDM HeopToroHanbHbI MHOXecTBeHHbIN goctyn NOMA
Orthogonally spacg‘t_jn overlapping subcarriers Power Power 4
Subcarrier Peaks._ ) R
A A * * Closely spaced subcarriers overlap
Sinc function * Note that subcarrier nulls correspond
side lobes to peaks of adjacent subcarriers for
N Zero Inter-Carrier-Interference.
4
AL _/ > >
: - Frequency _ Time, Code, Freq. _ Freq.
ANy N (a) Orthogonal Multiple Access (b) Non-Orthogonal Multiple Access
subcarrier Nulls
OFDM Signal Frequency Spectra MHoroaHTeHHble cuctembl Massive MIMO n Multiuser

MHoroaHTeHHble cuctembl MIMO ]
MIMO, Precoding

SISO SIMO
B
MISO

B @

i =

<l
an
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000 HoBble TexHonornu, dpyHaamMmeHTanbHble U3MeHeHUS 8/22

HoBas doyHaAameHTanbHaa TeEXHONOrNrMA - HEOPTOroHasribHbI MHOXXECTBEHHbIN AO0CTYN
NOMA (Non-Orthogonal Multiple Access)

U
User2!__>___>
signal e —_—>f User 1 User 2 User 3

hy @
Pi=PS, , P,=Pf; /
(a) - U <7\h‘) @ " U1 Signal = ! OFDMA
Signal T~ ImmllmmS
2 Base ol h | f _ NOMA/SOMA
PN | Stion A1 User c <
T
- 1Hz | £ E
o ©
User 2 U, E T
SN g :
OMA V % f § 2
(b) l-a h+ : : :
g . | T %_—L_) : .
Pl Uz rito) | Base t f , | .
—-——)f User 1 Frequency domain Frequency domain

} 1 Ha I Stationi

MynbTunnekcupoBaHue aboHeHTOB

Cxema gekoampoBaHua curHanos NOMA g
B MOLLUHOCTHOM obnactu

OcHoBa cuctem 1G...4G - opTtoroHanbHbI MHOXecTBeHHbIU goctyn OMA (CDMA, TDMA, OFDMA)
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OO0 BaXHOCTb MHTeNNeKTyanbHOU COOCTBEHHOCTU, CTaHAApPTM3aUus 9/22

ot
B5G rereLin EOUHLIW ctanpapt 3GPP Release 15 NR (New Radio)

(B oTAMYMeE OT NpeaplayLWmx NOKOIEHUN CUCTEM MOBOUNBHOM CBA3MK)

MMnopTo3amelleHune = Y4yacTtme B MexayHapoaHou ctaHgapTusaymm?

Y4yacTtue B Paspabotka meTonoB Pernctpauun BHegpeHue B

MEXOYyHapoaHOW N anropMTMOB MHTENNEKTYyaribHOW MEXOyHapoaHble
cTaHgapTu3auum 0bpaboTkn curHanos COOCTBEHHOCTU cTaHOapThl

MMIMOPTOSAMELLEHWE + KOHKYPEHTHOCIOCOBHOCTb

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,




000 CneumnduKa U CNOXHOCTH 10/22

TEXHUYHECKHUE CNNOXHOCTU

TexHonorus HeopToroHanbHoro MmHoXxecteeHHoro gocrtryna NOMA nmeeT CroXxHy0 MaTeMaTU4eCKyro

OCHOBY:

1. Teopua pyHkunn (pyHKUMOHaANbHbIU aHaNN3) - 00bLIYHO He NpeayCMOTPEH NyIaHOM OakasnaBpoB

2. BekTopHO-maTpuyHaa obpaboTka curHanoB (MMHenHaa anreodpa)
3. CnoxHaa nomexoBasa obcTaHOBKa

4. CnoxHble moaenu KaHanoB (Teopusi BepOSATHOCTEMN)

5. BbiCOKasa CNoOXHOCTb anroputTMoB 00paboTku curHanoB (Teopusa CrI0XKHOCTU anropuTMoB)

BbIBO/[l: TpebyeTtca dhyHAamMeHTanbHaa mateMmaTtuydecKkasa noarotoBka crneyumanmcroB

IOPUOANYHECKUE CITOXKHOCTW

1. Bonee cnoxHoe NpaBoBoOe perynupoBaHMe AeATeNIbHOCTU OonepaTopoB CBA3M

2. CNOXHOCTK CTaHAapTU3aumm
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j 000 Mporpamma ANO MTYCU ans wmnpokoro Kpyra crneumanucToB 11/22

ba3oBbiu Kypc: O630p TeXHONMOrMm u BO3MOXHOCTEN cuctemMm becnpoBogHou cBsa3un 5G (36 yacoB)

Cuctembl becnpoBoagHou cBA3N. OCHOBHbIe cBeaeHus. O630p HOBbIX TEXHONOrUMU

OCHOBHbIe Tp96OBaHI/I$I K CUcrtemam CBA3N NATONO noKoJsfieHns

BusHec mopgenun, Keucbl U BO3MOXHOCTU HOBbIX cuctem 5G

PaszButue E2E-ceten n KnwoyeBble TexHonornmm cucrtem 5G

YrnybneHHbIn Kypc: TeXxHn4eCcKuu cneumarniucTt no pasBeprtbiBaHUIO cuctem becnposoaHou cBsA3n 5G (36 yacoB)

[NMoBbiWeHne cnekTpanbHoOU 3P PEeKTUBHOCTU cUcTemMm 6ecnpoBoaHOUN CBA3U

TexHonorna MIMO: BO3MOXHOCTU, NPUHLUUMNbI U aNTOPUTMbI

HoBble meToabl MoaynsauuMu U KOAUPOBaHUA B cucTemMax 6ecnpoBogHOW CBA3M

MeToabl MHOXECTBEHHOIro AocTyna, npuMmeHsieMblie B cuctemax 5G

AKTyanbHble NpobnemMbl pa3padboTKu anropuTMoB 06paboTKU CUrHaNoB B BbICOKOCKOPOCTHbIX CUCTeMax




Cnacubo
332 BHMUMaHue!

ROHTaAKTHAaS
AHOPMAUMAS

111024, r. MocKBa,
yanua ABMamMoTOpHaA, 8a

AOPEC OPTAHU3ALUUMN

mtuci@mtuci.ru
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