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5G Research & Policy initiatives
. Ewope W nda_

= |n 2013, EC established
to accelerate R&D in 5G technology.

=  funded by
in 3 phases:

and is being organized

= Phase 1: The future 5G network architecture
(2015-2017):

= Phase 2: Move towards demonstration and
experiments with the involvement of the
vertical industries (2017-2019):

= Phase 3: End to end 5G platforms,
connected and automated mobility, trials
across vertical industries and long term 5G
evolution:

= EC launched to
start launching 5G services by end of 2020 in all EU
member states,

= |n 2018, EC launched
to monitor the progress of the 5G Action Plan
and to focus on 5G developments in Europe.

Government has set up a High Level Forum (HLF) to
articulate the Vision for 5G in India.

v' HLF has published a report “

: three-year
program began in March 2018 to advance R&D in 5G

» This program has been awarded to IIT Madras, IIT
Hyderabad, IIT Delhi, IIT Kanpur, CEWIT, SAMEER
and lISc Bangalore.

Telecom Regulatory (TRAI) released White Paper on

= highlights the specifications of the 5G
technology, architecture of 5G network,
spectrum requirements for 5G networks, the
regulatory issues & challenges and areas that
will require investment for 5G deployment.

=  Emphasizes on Hi-speed internet, 10T/M2M by
rollout of 5G technologies



http://5g-ppp.eu/
https://ec.europa.eu/programmes/horizon2020/
https://ec.europa.eu/digital-single-market/en/news/eu-unveils-19-projects-selected-under-5g-public-private-partnership
https://5g-ppp.eu/5g-ppp-phase-2-projects/
https://5g-ppp.eu/5g-ppp-phase-3-projects/
https://ec.europa.eu/digital-single-market/en/5g-europe-action-plan
https://ec.europa.eu/digital-single-market/en/european-5g-observatory
http://dot.gov.in/whatsnew/making-india-5g-ready-report-5g-high-level-forum
http://5gindia.co.in/img/5GTestBedWriteUp.pdf
https://main.trai.gov.in/sites/default/files/White_Paper_22022019.pdf
http://dot.gov.in/sites/default/files/Final NDCP-2018.pdf?download=1
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3GPP standards eco-system
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Formal External

= Participation in 3GPP is made possible by companies Other Standards bodies HIEISons

Developing Organizations (SDOs) - from China, Europe, s e Pota s st 01) o
Global Certification Forum (GCF)

and organizations becoming members of one of the s
. . ¥ band Broadband Forum (BBF)

3GPP Organizational Partners, the seven Standards - S o et
Y- &> o 1Z5GACIA

. . )*i Expert Group for Emergency Accesé u(s.:m
India, Japan, Korea and the United States. coma Y _ Ko v resmommncton com L
7”"‘ Fixed Mobile Convergence Alliance (FMCA)

Global TD-LTE Initiative (GTD)

GSM Association

: Y
~ atis‘é \ S51a HomeRF Forum
e o 1D Forum

TCCA ) \EEE
Internet Engineering Task Force (IETF)

= Specific inputs, in the form of market requirements ARIB ﬁ i ———
may also come in to the Project via any of the 18 e T g
Market Representation Partners in 3GPP. These | @) con? e e
organizations have all signed up to the 3GPP Project i

LTE/SAE Trial Initiative (LSTI)

ENA

. . B NGMN (Next Generation Mobile Networks)

scope and objectives. TIN  tsdsi ctia o o S

s
PSC€urope
A o e Metro Ethernet Forum (MEF)
Open Networking Foundation (ONF)

nggn_ Open IPTV Forum

Obiject Management Group (OMG)
PCS Type Certification Review Board (PTCRB)

. . . - . \ Portable ‘C.omputer ﬂiﬂﬂ&'ﬁnng
=There is also a lot of external cooperation with other GSA B e sty M

Sun Micro Systems Inc

standards bodies and a broad variety of other groups, s@ - = OFGCF ' -

Forum Trusted Computing Group (TCG)

i i .ﬁw TeleManagement Forum 1(:22?
by way of formal Liaisons. 5GARD " G 2030 R By

ngmn . TV-anytime Forum
o Voice eXtensible Mark-up Language (VXML) Forum

“ Wi-Fi Alliance
S551a BCir irsss Brosdbans ALery ooree

WLAN Smart Card Consortium
. c . Wireless World Research Forum (WWRF)
Cert|f|cat|on Bod 1es World Wide Web Consortium (W3C)

’m OGCF ‘ © 3GPP 2019
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Project Coordination Group (PCG

TSG RAN
Radio Access Network

ranwct @

Radio Layer 1 spec

ranwc2 @

Radio Layer 2 spec
Radio Layer 3 RR spec

I
TSG CT

Core Network & Terminals

CTWG1
MM/CC/SM (lu)
(end-to-end aspects)

RAN WG3
lub spec, lur spec, lu spec
UTRAN O&M requirements
(Radio CN Interfaces)

CT WG3 113 |

Interworking with external
networks

RANWGE @D

Radio Performance
Protocol aspects

CT WG4
MAP/GTP/BCH/SS
(protocols within the CN)

CT WG6 55

Smart Card Application Aspects

RAN WG5 145

Mobile Terminal
Conformance Testing

RAN WG6 .

GSM EDGE
Radio Access Network

TSG SA

Service & Systems Aspects

SAWG1
Services

SA WG2
Architecture

SA WG3
Security

SA WG4
Speech, audio, video, and
multimedia Codecs

SA WG5
Telecom Management

SA WG6
Mission-Critical Applications

© 3GPP 2019




Membership

3GPP Member Companies (2019 list)

450connect, 7LAYERS, Academy of Broadcasting Science, AccelerComm, Accuris, Acer, Acorn, Adare, Adtran, Adva Optical Networking, Aeroflex, Affirmed Networks, Airbus,
Airwave, Alcatel-Lucent, Alibaba, Altan Redes, Altiostar, Amdocs, Analog Devices, Andrew Wireless Systems, Anemone, Anritsu, Apple, Applied Communication Sciences,
AQSACOM, ARCEP (FR), AREA, ArgoNET, Aselsan, Asia Pacific Telecom, Asialnfo, ASTRI (HK), ASTRID, Asustek, AT&T, AT4, Australian Government, Austrian Federal Ministry
for Transport, Innovation and Technology, Autotalks, Avanti, Azimuth, BAE, BankID Norge, BBC, B-Com, BDBOS (DE), Beijing Jiaotong University, Bell Mobility, BfV (DE),

Bharti Airtel , Bittium, BKA (DE), BlackBerry, Bluetest, BMWi (DE), Bolloré, Bostwana Communications Regulatory Authority, Bouygues, Broadcast Networks Europe,
Broadcom, Brocade, BT, BTL, Bull, BUPT (CN), Bureau Veritas (TW), C Spire, CableLabs, Cadence, Cambium, Canon, Carnegie, Casa Systems, Catapult, China Academy of
Telecommunication Research of MIIT, C-DOT (IN), Cellnex, Center for Internet Security (US), Centre tecnologic de Telecomunicacions de Catalunya, Ceragon, CENC (CN),
CETECOM, CEWIT (IN), Charter Communications, Chen Si Electronics, China Academy of Information and Communications Technology, China Academy of Telecommunication
Technology, China Mobile, China Southern Power Grid, China Telecom, China Unicom, Chongging University, CHTTL (TW), CICT (CN), Cisco, CITC (CN), CITICSAT (CN), CISC
Peter-Service (RU), CKH 10D (UK). CNES - Centre National d'Etudes Spatiales (FR), Cobham, Cohere, Coherent Logix, Comcast, Commissariat a I'Energie Atomique et et aux

Energies Alternatives '~ s Global Certificatic ‘ity Group, Comprior ~tal Automotive,
Conversant, Conv’ * Telecommunici 2kra, Denso, Der Media and Sport (UK),
Department of ), Deutscri. DFH Satellite o wmériques (V zework, DOC. vy, DSPG Edinburgh,
DTS Licensin’ . China Institute o . Emite, Empirix, Enensys, Entreprise des Pc Aecommunicati cricsson, Etelm, Ev Rl (KR),
ETS-Lindgre .om, European Commit ropean Communications Office, Europe? Jrganisation, Eur pace Agency, Eutelsat mpliancy
Solutions, , Fabasoft, Facebook, Fair.....um, Fastweb, FCC (USA), Federated Wir (nnovation, Fiberh ‘ORA (Fl), Finmeccanic: 1 Transport and
Commun’ Agency, FirstNet, France Brevets, Fraunhofer, Friedrich-Alex-Universit” University, Fujitsu, F. ', Gemalto, Genband, ' rech Research
Corporat secke & Devrient, Gigaset, Gilat, Globalstar, Gohigh Data Networks, ¢ oogle, HangZhou H3C, | University, Harman (arting, HCL, Head,
Hepta 7. on, Hew" “arprise, Hisense, HiSilicon, Hitachi, Home C 4, HTC, Huawei, Hughes, Hu Yytera, Hyund~ .aho National
Laborat: viIA” “~chnology, Infineon, Infoblox, Inmars* .t Mines-Telecom (FR), Institute . : ), Institute

Vedecol r _ay, INtEI. “k, IPCom, Irdeto, IRT (DE), Iskrat’ , ITL (KR), Itochu, ITRI (TW), Itron, J>~ “A Wireless, John Deere,
Johns H sity, Juniper, Kapsc n, KDDI, Keysight, Korea Railrr arch Institute, Korea Testing Lab- RV T, Kymeta, Kyocera,
Legranc z2novo, Leonardo, LG, b, tester, LKA Niedersachsen :d Martin, Marben, Matrixx, M oIT (ID), MediaTek, ‘etaswitch,
Microel Microsoft, MINECO (ES), | ' (ES), Ministere de I'Ecor :I'Industrie et du Numerique / stere de I'Interieur (FR), ‘e Economie

et Finan Ministerio de Industria (ES, 'y of Economic Affairs (P stry of Transport, Constructior ,ional Development (SK), M “RE, Mitsubishi,
Mobi, M rre, Motorola, MTCC (KR), N Iti-Tech, Murata, MVG | Chung Cheng University, Nati er Security Centre (UK), Nat fence Radio
Establish %), National Institute of Infc and Communications ogy (JP), National Institute of St and Technology (US), Natior iments,
National \ Assistance (UK), Nationa nmunications and Infc Administration (US), nbn, NEC, | stComm, Netscout, Neul, N 1, Nexign,
NextNav, N m, Nokia, Nomor Reses dic Semiconductor, N¢ :com Systems, Novamint, NSI-MI vies, NTC, NTT, NTT DOCC Jia, Nufront, NXP,
Oberthur, O. ‘' Ofcom (UK), Offir rgency Com. (US), Oge' ectric, OMESH Technologies, one2n. ®lus, OnFace, OnStar Joredoo, Openet,
Operational Te Sivision (US* acle, Orange, P.I. Works, isonic, PCCW Global, PCTEST, Peking L. ~ocheng lak~ specta Labs,

Peter-Service, Ph. .nware, Polaran, Polaris, Pc 1e Netherlands, Polisen, Polizia di Stato (1. , Prisma, Proximus,

PT Portugal, Public Sa.. _v 360, Qorvo, Qualcomm, Quix¢ 1diSys, Rakuten, Ranzure, RED Technologies, ke . ~epublic Telecommunication
Agency (RS), RN-CI (CA), Robert Bosch, Rogers, Rohde & Schwarz, Ruckus, RunEL, Saankhya Labs, Sagemcom, Saguna, SAICT (CN), Samsung, Sandvine, Sanechips, Sasken,
Secrétariat Général de la Défense et de la Sécurité Nationale (FR), Semtech Neuchatel, Sennheiser, Sensus, Sepura, Sequans, SES, SGS Wireless, Shanghai Jiao Tong University,
Sharp, Shenyang Institute of Automation (CN), Siemens, Sierra, Sigfox, Sigos, Sisvel, SK Telecom, Skyworks, Slovenian Institute for Standardisation, SoftBank, Softel, Softil, Sony,
SouthernLINC, Southwest Jiaotong university, SP Technical Research, SpaceX, SpiderCloud, Spirent, Sporton, Spreadtrum, Sprint, SRG Research and Consulting, SRTC (CN),
Starpoint, STMicroelectronics, Sumitomo Elec., Suomen virveverkko, Swedish Post and Telecom Authority, Swedish Security Service, Swisscom, SyncTechno, Syniverse, Sysoco,
Taipei University, Tait, Taiwan University, TCL Communication, TCT Mobile, TD Tech, TDF, Tech Mahindra, Technicolor, Tejas, Tejet Com, Telecom ltalia, Telefonica, Telekom,
Telenor, Teleste, Telia, TeliaSonera, Telit, Telkom, Telstra, Telus, Tencent, Teoco, Teradyne, Texas Instruments, Thales, Tianjin Samsung, T-Mobile, TNO, Tongji University, Toshiba,
Toyota, Trafikverket, Tsofun, Turk telecom, Turkcell, TUV SUD British Approvals Board for telecom, U.S. Department of Commerce, U.S. Department of Transport, Uangel,
Ubiwhere Lda (UW), u-blox, UL VS, Union Internationale des Chemins de Fer (UIC), Union Telephone Company, University of Electronic Science and Technology of China,
University of Surrey — ICS, University of Tokyo, UPV/EHU (ES), US Cellular, Utimaco, Valeo, Valid Soluciones Tecnologicas, Vasona, Vencore Labs, Veolia, Verint, Verizon,

Viavi, Virtuosys, vivo, VMware, Vodafone, VoiceAge, Volkswagen, Volvo, VT iDirect, VTT Technical Research Centre of Finland, WE Certification, Wilus, Xiaomi, Xidian University,
Xilinx, Xura, Yaana, Yonsei University, YZF, Zhejiang University, Zhongxing Shitong, ZITiS, Zollkriminalamt (ZKA), Zonson, ZTE, ZXNE

A GLOBAL INITIATIVE

rminals CcT Lionel Morand
CT 1 Peter Leis
CT 2 lan Harris
CcT 3 Susana Fernandez
CcT 4  Peter Schmitt
CT 6  Heiko Kruse
s Networks RAN Balazs Bertenyi
RAN 1 Wanshi Chen
RAN 2 Richard Burbidge
RAN 3 Gino Masini
RAN 4 Xutao Zhou
RAN 5 Jacob John
RAN 6 Juergen Hofmann
s and System Aspects SA Georg Mayer
Almodovar
SA 1 Jose Luis Chico
SA 2 Puneet Jain
SA 3 Noamen Ben Henda
SA 4 Frederic Gabin
SA 5 Thomas Tovinger
SA 6 Suresh Chitturi
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3GPP Work Plan -&i@

™

A GLOBAL INITIATIVE

=~ Release-based work T—————
|

* Releases are major packages of Features 10000 .ﬁ(f( //Nf

lllllllllllllll

* Work plan built using Work Items that deliver %000 o S
the Features

* Work Item Description exists for each of these
« WI may cover more than one specification o
*  WI may cover more than one TSG or WG
* WI Description document exists for each WI

= Multiple releases maintained in parallel
= 3GPP WorkPlan:

*  http://www.3gpp.org/Work-Plan
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http://www.3gpp.org/Work-Plan

Multiple breakthrough
technologies ‘ﬁ{?

Perfect storm of :

= Low latency radio with fully flexible
network

4

Artificial Intelligence and Automation

4

Device revolution for AR/VR

)

Vertical industries going cellular

© 3GPP 2019




The IMT vision

Enh A SIS BrEEEBERE < Initial driver for early
n <«
RS IR adopters of 3GPP 5G

Gigabytes in a second
3D video, UHD screens

ildi
Sermnt Homm/ Wi Work and play in the cloud

Copyrignt Dave Simonds and the Economist P
=

Augmented reality

Industry automation

Voi
oice Self Driving Car

Mission critical
application
e.g. e-health

Smart City

—

Ultra-reliable and Low Latency
Communications

Future capabilities
will tip the balance
of network load
towards loT

Massive Machine Type
Communications

© 3GPP 2019



Work on 5G NR K vk
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)

Operation from low to very high bands: 0.4 —
100Ghz

* Including standalone operation in unlicensed bands

Ultra wide bandwidth

* Up to 100MHz in <6GHz
* Up to 400MHz in >6GHz

)

Set of different numerologies for optimal 3GPP will standardize
the Radio Access

operation in different frequency ranges Architecture and Interfaces

for a New Radio
Technology for 5G.

)

© 3GPP 2019
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)

)

)

)

5G NR

Native forward compatibility mechanisms

New channel coding

* LDPC for data channel, Polar coding for control

channel

Native support for Low Latency and Ultra
Reliability

Flexible and modular RAN architecture: split
fronthaul, split control- and user-plane

Native end-to-end support for Network Slicing

A GLOBAL INITIATIVE

> New RAN

TR 38.801 - New RAN architecture

© 3GPP 2019




)

)

)

Where are we now on 5G? Ite

3GPP continues to expand the LTE platform to improve its efficiency to meet the
mobile broadband demand

3GPP is on schedule with the standardization of 5G, addressing the expanded
connectivity needs of the future

Phases for the normative 5G work

e  Phase 1 (Rel-15): Addresses the more urgent subset for commercial deployments
e  Phase 2 (Rel-16): Completes the IMT 2020 submission, addresses all identified use cases & requirements

Release 15 Release 16 PEEE W

Freeze date Freeze date
March 2020 Target June 2021

© 3GPP 2019




Adjusted schedule for 2nd wave of 5G specifications (As at TSG RAN#82):

2017 2018 2019 2020
Rel-15 / \
Non Standalone Rel-16 Rel-16
Accesf(g:?e"“" 3 Package Approval RAN1 freeze
Rel-16
freeze
o Rel-16
(including shifted by 3 months AEL16
5G Standalone ASN.1
Access) Tod ay \ ]

Rel-15
Non Standalone
Access (Option 3)

Rel-15

ASN.1
(including
5G Standalone
Access)

Rel-15
late drop
freeze
o ™

e Rel-15 late drop
A GLOBAL INITIATIVE shifted by 3 months

Rel-17

Package Approval

RAN#78 RAN#79 RAN#80 RAN#81 RAN#82 RAN#83 RAN#84 RAN#85 RAN#86 RAN#87 RAN#88 RAN#89 RAN#90




Network Transformation &ﬂ?

A GLOBAL INITIATIVE

= One Network fits all > Open & Flexible Enabler
= Telecom Operators—> Multiple Stakeholders

= Phones = Things

Procedures - Services

)

L)

)

= Static Topology > On-demand Resources

L)

Dedicated Hardware = Orchestrated Resources

. Network Function > Virtualization

. Single Network > Slice

© 3GPP 2019




Future outlook

)

5G Vertical support

* Vehicle Communication, Mission Critical
Communications, Industrial 10T, Audio Visual
Production...

)

Enhancements for the system
coming:

* 5G LAN, High Precision Positioning, Cellular loT
for 5G, URLLC capabilities, Fixed and Satellite as
3GPP accesses, ONAP interworking, QoS

Monitoring, Network Automation, protocol and
core network improvements...

)

5G will span several releases, look
out for the Rel-17 work plan soon

—
S—
N

A GLOBAL INITIATI

-y ™~
’”}? Release 17 Functional Freeze: June 2021*

@ TSG SA content & prioritization
discussion at SA#85 (september 2019):

® TSG RAN Work Areas under discussion

For final decision on the Rel-17

5G System Enhancement for Advanced Interactive Services content at RAN#86 (December 2019):
Cellular loT enhancement for the 5G System

System enhancement for Proximity based Services in 5GS .

Enhancement of support for 5G LAN-type service * NR Light

Integration of Satellite in 5G Systems Small data transfer optimization
Architectural enhancements for 5G multicast-broadcast services
Support for 5G Wireless Wireline Convergence

Application Awareness Interworking between LTE and NR
Extended Access Traffic Steering, Switch and Splitting support
in the 5G architecture

Enhanced IMS to 5GC Integration

Enhancement to the 5GC LoCation Services Phase 2

Enablers for Network Automation for 5G Phase 2 ¢ Coverage enhancements
Enhancement of support for Edge Computing in 5GC
Enhanced support of Non-Public Networks

Enhancement of Network Slicing Phase 2

Enhancement of 5G UE Policy

Architecture enhancements for 3GPP support of advanced V2X
services - Phase 2

Supporting Flexible Local Area Data Network

Supporting Unmanned Aerial Systems Connectivity,
Identification, and Tracking

Enhanced support of Industrial loT - TSC/URLLC enhancements

¢ Sidelink enhancements
e NR above 52.6 GHz (inlc 60GHz
unlicensed)

Multi SIM operation
¢ NR multicast broadcast

e NB-loT and eMTC enhancements

Industrial loT & URLLC enhancements

¢ MIMO enhancements

e NR for Non Terrestrial Networks
Integrated Access and Backhaul
enhancements

¢ Generic enhancements to NR-U

.
* Multimedia Priority Service (MPS) Phase 2 * Power saving enhancements

*. ;support for Multi-USIM Devices * RAN data collection enhancements
» System architecture for next generation real time

communication services Positioning enhancements

Service-based support for SMS in 5GC

Smarter User Plane

UPF enhancement for control and SBA

Usage of User Identifiers in the 5G System

Enhancements for cyber-physical control applications in vertical
domains

Support for Minimization of service Interruption

Complete Gap Analysis for Railways Mobile Communication

™
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Conclusions .%@

Y

3GPP is an industry driven standardization activity with truly global reach

Y

Standardization of interfaces enables an interoperable, multi-vendor approach
to deployment and generates mass market economies of scale

4

NR remains high focus for RAN groups

Y

IMT-2020 ‘5G’ process progressing — 3GPP leading the way

Y

Release 16 focus continues to expand towards new use cases and new sectors

)

The 3GPP processes are necessarily complex, but we need to adapt to bring
new sectors in to the work

Y

5G will be a multi-Release technology (beyond Release 16), Rel-17 in the
planning stage

© 3GPP 2019



For more Information
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info@3gpp.org

‘ﬁ@ Qrtal

A ciomaL mITIATIY

Select TSG/IWG - Home @ Directory Browse FTP Help

This site is 3GPP working area. Log in to access full features. Foi

m Change Requests Liaison statements Work Plan Specifications

.

The Mobile sl
x@ Broadband Standard

About 3GPP Specifications Groups Specifications. 3GPP Calendar Technologies News & Events Home Sitemap Contact Type |LSIN v Meeting * Search Meetings... 1=

WWW.3gpp.org portal.3gpp.org

3
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