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e Introduction to Vertical Applications (VA)
—ITU-R IMT-2020 Vision: eMBB, uRLLC and mMTC

—3GPP Use Cases and Requirements

 3GPP Standards for VA

—Toward 5GS: NR + 5GC
—Unified Architecture: QoS + CAPIF
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» Protocols (Specifications)
—3GPP LTE-Advanced Pro, 5G
—I1TU IMT-2020
—NGMN, ACIA, 5G Americas, 5G PPP
* Programs (Codes)
—SISLTE: srsUE/srsENB/srsEPC
—NUkxDC/nukxGC
* Platform
—PC / Raspberry Pi 4 + USRP B210 (LimeSDR, HackRF)

* Papers
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e Introduction to Vertical Applications (VA)
—ITU-R IMT-2020 Vision: eMBB, uRLLC and mMTC

—3GPP Use Cases and Requirements

 3GPP Standards for VA

—Toward 5GS: NR + 5GC
—Unified Architecture: QoS + CAPIF
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5 GHZ?
— WIFi 6
5 GB?
* 5th Generation

— ITU-R IMT-2020 Requirements
— 3GPP Release 15/16~ Specifications

Welcome to the Invention Age (Qualcomm, Jan 2019)
https://www.youtube.com/watch?v=TNIg5YelLaQU
Qualcomm presents: A History of 5G
https://www.digitaltrends.com/?page 1d=2285944

What is 5G? | CNBC Explains
https://www.youtube.com/watch?v=2DG3pMcNNIw

HLESG LRI FL(HA)
https://www.youtube.com/watch?v=IDJC yJTXIc

< Wi-Fi

FEX

incosyslab_5G
BT

iINUK_DEV
Bf#EF

ASUS_10_2G
ASUS_68_2G
incosyslab2
LWIPEP_5G
ASUS_10_5G

dlink-4408

% .l 85% I} 08:14
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https://www.youtube.com/watch?v=lDJC_yJTXIc

What is the Difference between 4G and 5G?

There are several differences between 4G vs 5G

» User’s Views — Human Centric
— 5G is faster than 4G

— 5G has lower latency than 4G

« System’s Views - Human + Machine Centric

— 5G uses spectrum better than 4G More Kiflf_lCVS of
— 5G has more capacity than 4G Applications

— 5G is a unified platform that is more capable than 4G

Source: https://www.gualcomm.com/invention/5g/what-is-5¢g
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Vertical Applications

* Wikipedia — Vertical Market
— A vertical market is a market in which vendors offer goods and services
specific to an industry, trade, profession, or other group of customers with

specialized needs
https://en.wikipedia.org/wiki/Vertical market

* 5G PPP - 5G Verticals

— Previous generations of mobile technologies primarily satisfied human
communications in the form of voice, data and Internet

— 5G on the other hand equally aims for industrial communications to help
digitize the economy and contribute towards global digital transformation

— Vertical sectors such as transport, media, and manufacturing will likely be
the leading adopter
https://5g-ppp.eu/verticals/

« 3GPP TS 22.104 — Vertical Domain

— An industry or group of enterprises in which similar products or services are
developed, produced, and provided

12
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ITU-R IMT-2020 Vision

(International Mobile Telecommunications)

User and Application Trends
« Supporting very low latency and high reliability human-centric
communication
— Maintaining high quality at high mobility
— A key factor for the success of cloud services and virtual reality and augmented
reality applications
« Supporting very low latency and high reliability machine-centric
communication
— The design of new applications is envisaged based on machine-to-machine (M2M)
communication with real-time constraints
« Supporting high user density
— Exploit the public communication networks in crowded environments and machine-
centric devices
« Convergence of applications
— Enhanced multimedia services
— Internet of Things
— Ultra-accurate positioning applications
Growth in IMT Traffic: global IMT traffic will grow in the range of 10-100 times

from 2020 to 2030 13



Estimation of Global Subscriptions
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Estimation of Mobile Traffic by
Different Service Types Globally

traffic/month

6000

5000

EB

4000

3000

2000

1000

0

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

B Non-Video B Video = M2M

» Mobile internet traffic and M2M traffic will grow dramatically after year 2020

—Video traffic will be 4.2 times than non-video in 2025 and 6 times in 2030
— M2M traffic will be 7% of the total in 2020 and 12% of the total in 2030

15



Drivers for Future Traffic Increase

Accelerated
Deployment

of new IMT
technologies

FBB
Replacement
by MEB

Subscriber
behaviour

Traffic
asymmetry

Source: ITU-R M.2370

Growth of Enhanced
M2M Screen
applications Resolution

Drivers for
Traffic Increase

beyond 2020

Shifti
Evolution in ming

usage/ traffic Urbanisation
characteristics trends

demography:

Cloud
Computing

Growth in
Audio/visual
and media
streaming and
unicast media
consumption

Proliferation
of ambient
screens

Deployment
timescale
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Three Dimensions to Performance Improvements with
Usage Scenarios for 2020 and Beyond

Enhanced Mobile Broadband ICapacity Enhancement eMBB

(enhanced
Mobile
Broadband)

Gigabytes in a second

3D Video — 4K screens

Work & play in the cloud
Smart city cameras

Voice F— ‘_i-’
Sensor NW/ / , . . +

Augmented reality

Industrial & vehicular automation

Mission critical broadband

Self Driving Car
Massive loT Low Latency
| Massive Connectivity l Ultra-high reliability & Low Latency
mMTC URLLC

(massive Machine Type

(Ultra-Reliable and Low Latency
Communications)

Communications)
https://www.youtube.com/watch?v=IDJC yJTXIc

Source: ITU-R IMT 2020 Requirements (ITU-R M.2083, 2015) 17
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Usage Scenarios for IMT-2020 and Beyond

 Enhanced Mobile Broadband (eMBB)

—For the hotspot case, i.e. for an area with high user density
*Very high traffic capacity is needed
* The requirement for mobility is low and
« User data rate is higher than that of wide area coverage

—For the wide area coverage case
« Seamless coverage
* Medium to high mobility are desired
* Much improved user data rate compared to existing data rates
« Ultra-reliable and low latency communications (URLLC)
—Stringent requirements for capabilities such as throughput, latency and
availability
« Massive machine type communications (mMTC)
—Characterized by a very large number of connected devices typically
transmitting a relatively low volume of non-delay-sensitive data
—Devices are required to be low cost, and have a very long battery life

18



Better 4G - Enhanced Mobile Broadband

 Mobile Broadband addresses the human-centric use cases for access to

multi-media content, services and data

— The demand for mobile broadband will continue to increase, leading to enhanced Mobile
Broadband

— The enhanced Mobile Broadband usage scenario will come with new application areas and
requirements in addition to existing Mobile Broadband applications for improved performance
and an increasingly seamless user experience

This usage scenario covers a range of cases, including wide-area coverage

and hotspot, which have different requirements

—For the hotspot case, i.e. for an area with high user density, very high
traffic capacity is needed, while the requirement for mobility is low and user
data rate is higher than that of wide area coverage

—For the wide area coverage case, seamless coverage and medium to
high mobility are desired, with much improved user data rate compared to
existing data rates. However the data rate requirement may be relaxed
compared to hotspot

19



Capabilities Maybe Required for IMT-2020

Future IMT becomes more flexible, reliable, and secure

» Spectrum and bandwidth flexibility
— The flexibility of the system design to handle different scenarios, and
— The capablility to operate at different frequency ranges, including higher frequencies and
wider channel bandwidths than today
* Reliability
— The capability to provide a given service with a very high level of availability
* Resilience
— The ability of the network to continue operating correctly during and after a natural or man-
made disturbance, such as the loss of mains power
» Security and privacy
— Encryption and integrity protection of user data and signaling
— End user privacy preventing unauthorized user tracking
— Protection of network against hacking, fraud, denial of service, man in the middle attacks, etc.
« Operational lifetime

— Operation time per stored energy capacity
* This is particularly important for machine-type devices requiring a very long battery life (e.g. more than 10
years) whose regular maintenance is difficult due to physical or economic reasons

20



Importance of Key Capabillities
In Different Usage Scenarios

Enhanced mobile dalzgargte | pigh IMPOTtance USGLZTS ?zﬂgn%d
broadband

_ Spectrum
Area traffic efficiency
capacity
Netwc_)rk Mobility
energy efficiency
Ultra-reliable

Massive machine

and low latency
type communications

communications

Connection density Latency

M.2083-04

Source: ITU-R M.2083-0 21



Capabillities of IMT-2020

Eight parameters as key IMT-2020 capabllities
* Peak data rate
— Maximum achievable data rate under ideal conditions per user/device (in Gbit/s)
» User experienced data rate
— Achievable data rate that is available ubiquitously across the coverage area to a
mobile user/device (in Mbit/s or Ghit/s)
e Latency
— Time when a packet sent from the source to the destination (in ms)
» Mobility
—Maximum speed at which a defined QoS and seamless transfer between radio
nodes can be achieved (in km/h)
« Connection density
— Total number of connected and/or accessible devices per unit area (per km?)
» Energy efficiency
—On the network side: quantity of information bits transmitted to/ received from users,
per unit of energy consumption of the RAN (in bit/Joule)
—on the device side: quantity of information bits per unit of energy consumption of
the communication module (in bit/Joule)
« Spectrum efficiency
— Average data throughput per unit of spectrum resource and per cell (bit/s/Hz)
 Area traffic capacity
— Total traffic throughput served per geographic area (in Mbit/s/m?) 22



Enhancement of Key Capabillities
from IMT-Advanced (4G) to IMT-2020 (5G)

B User expenenced
eak data rate data rat .
(Ghitfs) bitlsy - High data rate

High data rate

* Low latency
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100« TR

Network
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Source: ITU-R M.2083-0 (Sep 2015) AIRH ~ (RIEE ~ SHI5E 23



International Mobile Telecommunications-2020

(ITU-R IMT-2020 Standard)

* The requirements issued by the ITU-R in 2015 for 5G networks, devices and services

Capability Description 5G Target Scenario
Peak data rate Maximum achievable data rate 20 Ghit/s eMBB
Achievable data rate across the :
User experienced coverage area (hotspot cases) 1 Ghit/s emMBB
data rate Achievable data rate across the :
coverage area 100 Mbit/s eMBB
Radio network contribution to packet
Latency travel time 1 ms URLLC
- Maximum speed for handoff eMBB/
Mobility and QoS requirements 500 km/h URLLC
Connection density | Total number of devices per unit area 106 Devices/km? MMTC
. Data sent/received per unit energy
Energy efficiency consumption (by device or network) Equal to 4G eMBB
Area traffic capacity | Total traffic across coverage area 1000 (Mbit/s)/m? eMBB
Spectrum efficiency Throughput per unit wireless bandwidth 34y 4G cMBB
and per network cell

24
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Third Generation Partnership Project (3GPP)

« A global partnership created and managed by regional

standards organizations
—Established in Dec 1998 with the goal of developing a specification for a
3G mobile phone system based on the 2G GSM system

* Members
—Organizational partners: Seven regional telecommunication associations

as primary members
*ETSI

—Market representation partners: other organizations as associate members
*GSMA

* Work in Working Groups (WGSs) of three Technical Specification
Groups (TSGs)
—Radio Access Networks (RAN) x @ //?

—Services and Systems Aspects (SA)
—Core Network and Terminals (CT)

https://en.wikipedia.org/wiki/3GPP
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3GPP 5G Requirements

Network Slicing
& Reconfiguration #

Connectivity

Routing Industrial
Migration Control
& Interworking
Drones
& Robotics

Network Operation

Mission
Critical

eHealth/eFarm
/eCity, etc.

Enhanced Mobile Broadband

Wearables Invento Ultra-high-definition
Managemem Augmented Hologem High Mobility
& Virtual Reality (Trains, Planes, etc)

TR22.891 with 70s different user cases of four groups (SA1 finalized June 2016)
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http://www.3gpp.org/DynaReport/22891.htm

5G Requirements by 3GPP

 Looking at potential 5G requirements, 2015
— More than 70 difference use cases
« TR 22.891 - Feasibility Study on New Services and Markets Technology Enablers
« Completing its study into 5G requirements, June 2016
— 3GPP SA#72 approved four new technical reports that outline the New
Services and Markets Technology Enablers (SMARTER) for next
generation mobile telecommunications (5G)

— Categorized the use cases into four different groups
TR 22.861 - massive Internet of Things

TR 22.862 - Critical Communications

TR 22.863 - enhanced Mobile Broadband

TR 22.864 - Network Operation

 Normative Stage 1 requirements for next generation mobile

telecommunications, 2017

— Consolidating 4 TRs into a single technical specification
« TS 22.261 - Service Requirements for the 5G System (17.3.0)

https://www.3gpp.org/news-events/1786-5g reqs sal

27


https://www.3gpp.org/news-events/1786-5g_reqs_sa1

3GPP Feasibility Study on new
Services and MARKkets Technology enablERS

TR 22.861: FS_SMARTER -
massive Internet of Things

*Massive Internet of Things focuses on use cases with massive
number of devices (e.g., sensors and wearables)

*This group of use cases is particularly relevant to the new
vertical services, such as smart home and city, smart utilities, e-
Health, and smart wearables

TR 22.862: FS_SMARTER -
Critical Communications

*The main areas where improvements are needed for Critical
Communications are latency, reliability, and availability to enable,
for example, industrial control applications and tactile Internet

» These requirements can be met with an improved radio
interface, optimized architecture, and dedicated core and radio
resources

TR 22.863: FS_SMARTER -
enhanced Mobile Broadband

Enhanced Mobile Broadband includes a number of different use
case families related to higher data rates, higher density,
deployment and coverage, higher user mobility, devices with
highly variable user data rates, fixed mobile convergence, and
small-cell deployments

TR 22.864: FS_SMARTER -
Network Operation

The use case group Network Operation addresses the functional
system requirements, including aspects such as: flexible functions
and capabilities, new value creation, migration and interworking,
optimizations and enhancements, and security

P8



https://www.3gpp.org/DynaReport/22861.htm
https://www.3gpp.org/DynaReport/22862.htm
https://www.3gpp.org/DynaReport/22863.htm
https://www.3gpp.org/DynaReport/22864.htm

Three Main 5G Cases and Examples

eMBB

URLLC mMTC

eMBB (enhanced Mobile Broadband)
MMTC (massive Machine Type Communications)
URLLC (Ultra-Reliable and Low Latency Communications)

29
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Pre-history of Cellular/Mobile Networks

« Motorola announced DynaTAC 8000x in 1984
— 4,000 USD, 30-min talk/8hr standby, 30 entries
— First prototype in 1974
—SCR-300 in 1941 (16kg/12.9km, FM)

« Advanced Mobile Phone System (AMPS)
developed by Bell Labs on October 13, 1983
—1989# S HRUNMTFRAHIE > 2 PEFLF <

2 EW
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History of Cellular/Mobile Networks — GSM Era

European Conference of Postal and Telecommunications Administrations
(CEPT) set up the Groupe Special Mobile (GSM) committee in 1983

* Feb 1987 - produced the first GSM technical specification
— GSM renamed as Global System for Mobile Communications
— 1989 transferred to European Telecommunications Standards Institute (ETSI)

« Dec 1991 - first deployed in Finland

— 1995 GSM Association (GSMA) formed
* MoU signed in 1987, Mobile World Congress (MWC) began

*1996# CHUET G 2% BETEAD gt
- (R KRE) B & <<in€'3?,7§§'§;%7\£’_%‘”,$:;|]>> Bk~ (¢ g.eg»d;gg;fj},ﬁw

AN SH D
_199TE R F B T RRT A RS BN ERT AL TR
¥ix
« 1990& 7% » 2% - Baermer T L8 e (TANet) | = >
—1991#12* 1 64KbpsE st 2 B & AL H HRErHE + B i@ 3 F%Internet
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History of Cellular/Mobile Networks — 3GPP Era

Third Generation Partnership Project (3GPP) started in Dec 1998
—Seven organizations including ETSI and GSMA

* Release 99 standardized UMTS 3G in 2000
—2002# 5 &R %3G

* Release 10 (LTE-A) met ITU IMT-Advanced (4G) in 2011
—2013# 5 #AGHIE ¥ 322014 B &

* Release 15 (5G NR phase 1/NSA) Finalized in Q1 2019
— Drafted in Q4 2017
— - A2019/12% 4% ~ 2020/01% & ~ 2020/06 % =

* Release 16 (5G NR phase 2/SA) Frozen in July 2020

33



Mobile Phone Generations

1G (1979) AMPS
2G (1991) GSM, PHS

2G transitional (2.5G, 2.75G)(GSM/3GPP - GPRS, EDGE, CDMA2000
3G (2001) 3GPP R99 - UMTS, W-CDMA

3GPP - HSPA, LTE (E-UTRA);

3G transitional (3.5G, 3.75G, 3.9G) IEEE WIMAX 802 16e

3GPP R10 - LTE-A, LTE-A Pro (4.5G-4.9G);

4G (2013) (IMT-Advanced) IEEE WIiMAX 802.16m

Under development (IMT-2020) 3GPP R15/R16 - 5G (2020)

Source: https://en.wikipedia.org/wiki/Template:Cellular_network standards

34




Features of 3GPP 5G System (5GS) Architecture

 Service Based Architecture
— The architecture elements are defined as network functions
— Adopts principles like modularity, reusability and self-containment of
network functions
« Common Core Network
— Enables to operate with different access networks
* Network Slicing
— Allows for controlled composition of a PLMN from the specified network
functions with their specifics and provided services that are required for a
specific usage scenario
* Application Support

— A new QoS model enables differentiated data services to support
diverse application requirements

35



3GPP TSGs and WGs

Project Co-ordination Group (PCG)

TSG RAN TSG SA TSG CT

Radio Access Network Service & Systems Aspects Core Network & Terminals
RAN WG1 SAWG1 CTWG1

Radio Layer 1 spec Services MM/CC/SM (lu)

RAN WG2 SAWG2 CT WG3

Radio Layer 2 spec
Radio Layer 3 RR spec

Architecture

Interworking with external
networks

RAN WG3 SAWG3 CT WG4

lub spec, lur spec, lu spec Security MAP/GTP/BCH/SS
UTRAN O&M requirements

RAN WG4 SAWG4 CT WG6

Radio Performance Codec Smart Card Application
Protocol aspects Aspects

RAN WG5 SAWG5H

Mobile Terminal
Conformance Testing

Telecom Management

RAMNIWGE-(closed June 2020)
GSM EDGE RAN

SAWG6
Mission-critical applications

TSG: Technical Specification Group

https://www.3gpp.org/specifications-groups 36



https://www.3gpp.org/specifications-groups
https://www.3gpp.org/Project-Coordination-Group-PCG
https://www.3gpp.org/specifications-groups/ran-plenary
https://www.3gpp.org/SA
https://www.3gpp.org/rubrique34
https://www.3gpp.org/RAN1-Radio-layer-1
https://www.3gpp.org/SA1-Services
https://www.3gpp.org/CT1-MM-CC-SM-lu
https://www.3gpp.org/RAN2-Radio-layer-2-and-Radio-layer
https://www.3gpp.org/SA2-Architecture
https://www.3gpp.org/CT3-Interworking-with-External
https://www.3gpp.org/RAN3-Iu-Iub-Iur-S1-X2-and-UTRAN-E
https://www.3gpp.org/SA3-Security
https://www.3gpp.org/CT4-MAP-CAMEL-GTP-BCH-SS-TrFO-IMS
https://www.3gpp.org/RAN4-Radio-performance-and
https://www.3gpp.org/SA4-Codec
https://www.3gpp.org/CT6-Smart-Card-Application-Aspects
https://www.3gpp.org/RAN5-Mobile-terminal-conformance
https://www.3gpp.org/SA5-Telecom-Management
https://www.3gpp.org/specifications-groups/ran-plenary/ran6-legacy-ran-radio-and-protocol/home
https://www.3gpp.org/specifications-groups/sa-plenary/sa6-mission-critical-applications/home
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3GPP 4G - EPS (Evolved Packet System) / SAE

Evolved Packet
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 EPC (Evolved Packet Core): main component of EPS, includes
— MME: key control-node for LTE — UE paging; chooses S-GW for UE during attach and handover
« Authenticating the user (by interacting with HSS - Home Subscriber Server)
— S-GW: manages and stores UE contexts; routes and forwards user data packets
— P-GW: provides connectivity from the UE to external packet data networks
— ePDG: secures data transmission with UE connected to EPC over untrusted non-3GPP access
— ANDSF: provides information to UE to discover available access networks (either 3GPP or not$8



3GPP 5GS - R15 and R16 NR Milestones

- I - - - [

[Dec 2017]

Non-standalone

(NSA) 5G NR

mode for eMBB |

(Optlon 3) \shifledb‘ysmomhs /

[Dec 2018] Late
SRS |shifted by 3M

Rel-15 late drop
shifted by 3 months

lllllllllllllllll

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

——————

(C) 3GPP, December 2018.

[June 2018] Standalone (SA)
5G NR (Option 2) approved by
TSG #80 Plenary Meeting

*5G Non-Standalone (NSA): The existing LTE radio access and core network (EPC) is
used as an anchor for mobility management and coverage to add the 5G carrier

*5G Standalone (SA): Anew 5G Packet Core comprising of 5G New Radio (5G NR) and
5G Core Network (5GC/NGE) is introduced with several new capabilities built inherently



3GPP 5G Releases

2017 2018 2019 2020

Release 14 | Technlcal
: | | | ' | | Spemﬂcaﬂons

Group (TSG)
\Plenary Meeting

Release 15 {5G Phase 1)

Earlydrop here
1

Reilease 16 (:SG Phase 2:)

Stage 1: an overall service description from the user’s standpoint

Stage 2: an overall description of the organization of the network functions to map service requirements into
network capabilities

Stage 3: the definition of switching and signalling capabilities needed to support services defined in stage 1

ASN.1: Standard interface description for defining data structures

https://www.3gpp.org/specifications/67-releases 40
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3GPP Ongoing Releases

2020 2021 2022

Mar. Jun. Sep. Dec. Mar. Jun. Sep. Dec. Mar. Jun. Sep. Dec.  Mar.
TSG#83 1SG#84 TSG#85 TSG#86 TSG#87 TSG#88 TSG#89  TSG#90 TSG#91 TSG#92 TSG#93 TSG#94  TSG#95

. | . |

s ~ Release 16
2 Rel-16 RANA § |
|

fel17 50001 | ~ Release 17
| : j |

 ASNT RAM4

Rel-16 Stage 2

Rel-17 Stage 2

} Rel-17 Stage 3

Release 18

B

A GLOBAL INITIATIVE

Source: 3GPP TSG SA#87e, 17-20 March 2020, e-meeting document SP-200222 © 3GPP 2020

41



5G Radio Access Roadmap

Gradual migration

Existing spectrum New spectrum

111 I 11—
1GHz 3GHz 10GHz 30GHz 100GHz 1GHz 3GHz 10GHz 30GHz 100GHz

* Two tracks
— Evolution of LTE (Non Standalone)
— New Radio (NR, LTE-5G)
* Free from backward compatibility requirements / network slicing
» Targeting spectrum at high (mm-wave) frequencies
* Two main features
— FD-MIMO (Full-Dimension)
— Unlicensed operations 42




5G NR

* Frequencies

— FR1: Lower frequencies (below 6 GHz)
— FR2: Higher Frequencies (above 24 GHz)

* Enabling Technologies

Scalable Numerology Flexible Frame Advanced Channel Enhanced MIMO Beam Forming
Structure Coding

Single framework for Forward compatible LDPC for high through- Higher spectral mmWave support
f.=sub 1-GHz — 50+ GHz  design put low latency data efficiency Enhanced coverage
Low latency* Flexible TDD channels. MU-MIMO support
* One way latency ~ 1ms Polar codes for control
channels.
*R17 work areas under consideration
NR Light Multi-SIM lloT/URLLC NR-U
enhancements Enhancements
Small data NR Multicast/ MIMO Power saving
Enhancements Broadcast Enhancements Enhancements
Sidelink Coverage NTN Enhancements Data collection
Enhancements Enhancements Enhancements
Above 52.6 GHz NB-loT IAB Enhancements  Positioning
Enhancements Enhancements

https://www.3gpp.org/news-events/partners-news/2061-atis-webinar-%E2%80%93-5g-standards-development 43
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Rel-17 Prioritized Headline Features

© NR MIMO
© NR Sidelink enh.
@ 52.6 - 71 GHz with existing waveform

@ Dynamic Spectrum Sharing (DSS) enh.

@ Industrial loT / URLLC enh.
© Study - loT over Non Terrestrial Networks (NTN)

2 NR over Non Terrestrial Networks (NTN)

@ NR Positioning enh.
o Low complexity NR devices
» Power saving

© NR Coverage enh.

@ Study - NR eXtended Reality (XR)

@ NB-loT and LTE-MTC enh.

@ 5G Multicast broadcast

© Multi-Radio DCCA enh.

@ Multi SIM

¢ Integrated Access and Backhaul (IAB) enh.

®

NR Sidelink relay

RAN Slicing
Enh. for small data

SON / Minimization of drive tests (MDT) enh.

L

@

® ©

NR Quality of Experience

@

eNB architecture evolution,
LTE C-plane / U-plane split

@

Satellite components in the 5G architecture

@ Non-Public Networks enh.
© Network Automation for 5G - phase 2
© Edge Computing in 5GC

@ Proximity based Services in 5GS$

@ Network Slicing Phase 2
@ Enh. V2x Services
@ Advanced Interactive Services

@ Access Traffic Steering, Switch and Splitting
support in the 5G system architecture

« Start of work: January 2020

» Detalls: https://www.3gpp.org/specifications/work-plan

@ Unmanned Aerlal Systems

5GC LoCation Services

Multimedia Priority Service (MPS)

5G Wireless and Wireline Convergence

© 5G LAN-type services

® ¢

o

@ User Plane Function (UPF) enh. for control
and 5G Service Based Architecture (SBA)

These are some of the Rel-17 headline
features, prioritized during the
December 2019 Plenaries

(TSG#86)

Start of work: January 2020

a4


https://www.3gpp.org/specifications/work-plan

Some Release 17 Feature or Study ltems

* Enhancements for cyber-physical control applications in vertical
domains (eCAV)

* 5G Enhancement for UAVS

« Complete Gap Analysis for Railways Mobile Communication
System (MONASTERYEND)

 Audio-Visual Service Production (AVPROD)

— Requirements for using 5GS for the production and contribution of audio-
visual content and

* Network Controlled Interactive Service (NCIS)
— Specify KPlIs for interactive service

 Support for Multi-USIM Devices (MUSIM)
» Multimedia Priority Service (MPS) Phase 2 (MPS2)

Full list: https://www.3gpp.org/dynareport/TSG-WG--S1--wis.htm?ltemid=438

Source: https://www.atis.org/01 _news_events/webinar-pptslides/5g-slides7312019.pdf
45
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5G Service-Based Architecture

 Service Based Architecture: the architecture elements are defined as

network functions

— That offer their services via interfaces of a common framework to any network functions that
are permitted to make use of these provided services

— Network Repository Functions (NRF) allow every network function to discover the services
offered by other network functions

— Network functions may store their contexts in Data Storage Functions (DSF)

Network

Slice Network Network  Policy Unified Network

Selection Exposure Repository Control  Application Data Repository

Function Function Functions Function Function Management Functions
NSSF ™ NEF NRF PCF AF Eggg“ty UDM NRF

Protection

Nnssf Nnef Nnrf Npcf Proxy

Nudm Nnrf

hSEPP

Namf Nausf Npcf Nnef

[ |
Access and Session : AUthentication
%j’,f’;'{%nma I Mj;‘g%imem | Eﬁ;ﬁgn AusF ™ PCF NEF
r | Policy Networ
N1 N4 VPLMN | HPLMN Control  Exposure
(Visited PLMN) ! (Home PLMN) Function  Function
UE _ UPF (M Public Land MobilelNetwork (PLMN)
N3 N6 I

User Plane Data
Function Network 46



5G System Architecture
(Non-Roaming Service-Based)

NSSF NEF NRF PCF UDM AF

ansJ NnefT_ Nnrf‘ NpCfT NUme ‘ Naf
Nausfl Namfl Nsmf!

AUSF AMF SMF

UE / (R)AN N3 UPF —N6—

DN

Lo

The non-roaming reference architecture with service-based interfaces used

within the Control Plane (TS23.501)




5G Architecture Options (TR38.801)

/Option 1 (legacy) I /Option 3 EN-DC Option 3a O
EPC EPC EPC
S1-C ':‘ T Si-U Sl-C‘g— TS1-U Sl-C‘g— TS1-U - S1-U
| I I

LTEeNB LTE eNB oNB LTEeNB | ————- gNB

~
N\

ﬂ eLTE eNB eLTE eNB “

eLTEeNB eLTEeNB eLTEeNB “




E-UTRAN for Dual Connectivity (DC) (TS36.300)

MCG Split SCG
Bearer Bearer Bearer
S1 S1
4 ) 4
X2
PDCP PDCP PDCP
] ] |
RLC RLC RLC RLC
] ] | |
MAC MAC
9 MeNB ) 9 SeNB

Radio Protocol Architecture

* Three bearer types exist

— MCG bearer (Master Cell Group)

— SCG bearer (Secondary Cell Group) and

— Split bearer

* Network Interfaces
— C-Plane: by means of X2 interface signalling

((6)

SeNB

X2-U

* There is only one S1-MME connection per DC UE between the MeNB and the MME

— U-Plane: two different user plane architectures are allowed
* One in which the S1-U only terminates in the MeNB and the user plane data is transferred from MeNB to

SeNB using the X2-U, and

» A second architecture where the S1-U can terminate in the SeNB

U-Plane

((6)

SeNB

49



EN-DC Overall Architecture

MME/S-GW MME/S-GW

> EPC

© E-UTRAN

en-gNB: node providing NR user plane and control plane protocol terminations

towards the UE, and acting as Secondary Node in EN-DC (TS 37.340 Clause 4)
50



DC and EN-DC

DC

MCG Split SCG
Bearer Bearer Bearer
S1 S1
4 N 4
X2
| pocp || Pocp | | PDCP |
|
[ rc |[ ric | [ ric |[ ric |
] I I
| MAC | | MAC |
S MeNB ) S SeNB
EN-DC
MCG 5CG Split Split MCG SCG
Bearer Bearer Bearer Bearer Bearer Bearer
E-UTRA/ | NR PDCP | | NR PDCP | | NR PDCP | | NR PDCP | | NR PDCP |
NR PDCP X2
/1 T\
A" 1\ T\
+ ]
E-UTRA E-UTRA | |eutrall EUTRA NR NR
RLC RLC RLC || RLC ree | ric NR RLC NRRLC
| | | | | | | |
E-UTRA MAC | NR MAC |
MN SN

Radio Protocol Architecture

MME

C-Plane

X2-U
MeNB SeNB
S-GW
ﬂ\@z\
((é)F O ((é))
X2-U
MeNB en-gNB
U-Plane
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Non-roaming Architecture for Interworking
between 5GS and EPC/E-UTRAN

——————————————————————————————————————————————————————————————

(
| HSS +
: UDM
:
: N10 PCF +
| S6a PCRF
: Llﬁ
: ( SMF+ | |
| N4 |
|
: UPF +
: SGW S5-U
| S11
|
|
|
: MME
\ -------------------------------------------------------
S1-MME Si-u EPC + SGC
E-UTRAN
l
UE

TS 23.501 (Clause 4.3 - Interworking with EPC)

N8

N15

AN . N N N SN BN SN NN BN BN BN N BN S NN N S S N e e

|
|
\

UE
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Non-roaming Architecture for Interworking

between 5GC via Non-3GPP Access and EPC/E-UTRAN

——————————————————————————————————————————————————————————————

SGW

N10

S5-C

S5-U

N15

N11

N8

AN . N N N SN BN SN NN BN BN BN N BN S NN N S S N e e

an - . N N NN BN BN SN NN NN BN SN BN BN B SN SN N BN SN SN BN B B S S N BN BN SN B B S B B S . -

(
|
|
|
|
|
|
: S6a
|
|
|
|
|
|
|
|
|
|
|
|
i S11
|
|
|
| MME
\
S1-MME St-U
E-UTRAN
I
UE

TS 23.501 (Clause 4.3 - Interworking with EPC)

EPC + 5GC

N2

N3IWF

1
|
|
\

UE

53



Outline

 Syllabus

e Introduction to Vertical Applications (VA)
—ITU-R IMT-2020 Vision: eMBB, uRLLC and mMTC

—3GPP Use Cases and Requirements

 3GPP Standards for VA

—Toward 5GS: NR + 5GC
—Unified Architecture: QoS + CAPIF

o4



Verticals in 3GPP
Cmm o w0 m s s e o w2 m

Broadcasting (wews) Cem)

loT oD

Crit Comms

ehn2MCPTT)
(v2xure{MBMS Moservices | MBMSAPI MCS )

Vv2X (sz‘)(@)ﬁ (J@ (_I?

Industrial Automation

General @

https://www.3gpp.org/ftp/Information/presentations/presentations 2019/2019 06 erik EUTC-5G-Workshop-Standards-Overview-01.Erik-Guttman.pdf 55
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Support Verticals with QoS

* The 5G QoS model is based on QoS flows

— A QoS Flow is associated with QoS requirements as specified

by QoS parameters and QoS characteristics

* The 5G QoS model supports the following QoS flows

— GBR QoS flows: require Guaranteed flow Bit Rate
— Non-GBR QoS flows: do not require guaranteed flow bit rate

— Reflective QoS (TS 23.501 clause 5.7.5)
« Enables the UE to map UL User Plane traffic to QoS flows without SMF
provided QoS rules and

* It applies for IP PDU session and Ethernet PDU session
56



QoS Flow

* The QoS flow Is the finest granularity of QoS differentiation in
the PDU Session
* Within the 5GS, a QoS flow is controlled by the SMF and may

be preconfigured, or established via

— the PDU Session Establishment procedure (TS 23.502 clause 4.3.2), or
— the PDU Session Modification procedure (TS 23.502 clause 4.3.3)
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QoS Flow ID (QFI)

* A QoS Flow ID (QFI) is used to identify a QoS Flow in the 5G
System

— User Plane traffic with the same QFI within a PDU Session receives the
same traffic forwarding treatment (e.g. scheduling, admission threshold)

— The QFl is carried in an encapsulation header on N3 (and N9) i.e. without
any changes to the e2e packet header

— QFI shall be used for all PDU Session Types

— The QFI shall be unique within a PDU Session

— The QFI may be dynamically assigned or may be equal to the 5QI (clause
5.7.2.1)
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QoS Flow Characteristics

Any QoS Flow is characterized by
— A QoS profile provided by the SMF to the AN
* via the AMF over the N2 reference point or preconfigured in the AN
— One or more QoS rule(s) and optionally QoS Flow level QoS

parameters (TS 24.501) associated with these QoS rule(s)

* Provided by the SMF to the UE via the AMF over the N1 reference point
and/or
 Derived by the UE by applying Reflective QoS control

—One or more UL and DL Packet Detection Rules (PDRs)
provided by the SMF to the UPF

59



Classification and User Plane Marking for
QoS Flows and Mapping to AN Resources

Application /Service Layer >

Data packets from applications
QoS rules \
(mapping UL packets to QoS flows
and apply QoS flow marking)

UE

(all packets marked with
the same QFI)

QoS Flow

SRy

\

PDRs

’Mapﬁ Ing QoS (classify packets for
ows ™ QoS flow marking
to AN and other actions)
Resources

(U

PDU Session

AN Resources

AN UPF
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5G QoS Parameters

*5QI — 5G QoS Indicator

— A specific QoS forwarding behaviour for a 5G QoS Flow
(similar to the QCI value used for LTE)

* ARP - Allocation and Retention Priority

* RQA - Reflective QoS Attribute

«T7523.203 Policy and Charging Control Architecture
(PCC)
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5QI to QoS Characteristics Mapping —

GBR Resource Types

TS23.501 Table 5.7.4-1

50! Default | Packet | Packet | Default
Value Priority | Delay Error | Averaging Example Services
Level | Budget| Rate Window
1 20 100 ms| 1072 2000 ms |Conversational Voice
2 40 150 ms| 103 2000 ms |Conversational Video (Live Streaming)
Real Time Gaming, V2X messages (TS 23.287).
3 30 50 ms 103 2000 ms |Electricity distribution — medium voltage, Process automation
monitoring
4 50 [300ms| 10° 2000 ms |Non-Conversational Video (Buffered Streaming)
65 7 75 ms 102 2000 ms |Mission Critical user plane Push To Talk voice (e.g., MCPTT)
66 20 100 ms 102 2000 ms |Non-Mission-Critical user plane Push To Talk voice
67 15 |[100 ms 103 2000 ms |Mission Critical Video user plane
71 56 150 ms| 10° 2000 ms |'Live" Uplink Streaming (e.g. TS 26.238)
72 56 300 ms 104 2000 ms |'Live" Uplink Streaming (e.g. TS 26.238)
73 56 300 ms 108 2000 ms |'Live" Uplink Streaming (e.g. TS 26.238)
74 56 500 ms| 10° 2000 ms |'Live" Uplink Streaming (e.g. TS 26.238)
76 56 500ms| 10* 2000 ms |'Live" Uplink Streaming (e.g. TS 26.238)
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5QI to QoS Characteristics Mapping —

Delay Critica

GBR Resource Types

501 Default| Packet | Packet |Default Max| Default
Value Priority| Delay | Error | Data Burst |Averaging Example Services
Level [Budget| Rate Volume Window

82 19 [10ms | 10% | 255 bytes | 2000 ms | Discrete Automation (TS 22.261)
Discrete Automation (TS 22.261);
V2X messages (UE - RSU Platooning, Advanced

-4

83 22 |10ms | 10 1354 bytes | 2000 ms Driving: Cooperative Lane Change with low LoA.
TS 22.186, TS 23.287)

84 24 | 30ms | 10° |1354 bytes| 2000 ms | Intelligent transport systems (TS 22.261)
Electricity Distribution- high voltage (TS 22.261)

85 21 5ms 105 | 255 bytes | 2000 ms | V2X messages (Remote Driving. TS 22.186,
TS 23.287)
V2X messages (Advanced Driving: Collision

86 18 5ms 10+ | 1354 bytes | 2000 ms | Avoidance, Platooning with high LoA. TS 22.186,

TS 23.287)
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5QI to QoS Characteristics Mapping —
Non-GBR Resource Types

50! Default | Packet | Packet
Value Priority | Delay Error Example Services
Level | Budget| Rate
5 10 |100ms| 10% [IMS Signalling
6 60 300 ms 106 Vldeg (Buffe_red Streamlng), T_CP-based (e.g., www, e-mail, chat, ftp,
p2p file sharing, progressive video, etc.)
7 70 100 ms| 102 | Voice, Video (Live Streaming), Interactive Gaming
8 80 + |Video (Buffered Streaming), TCP-based (e.g., www, e-mail, chat, ftp, p2p
300ms| 106 |. : : :
9 90 file sharing, progressive video, etc.)
69 5 60 ms 10¢ | Mission Critical delay sensitive signalling (e.g., MC-PTT signalling)
70 55 200 ms 106 Mission Critical Data (e.g. example services are the same as 5QI 6/8/9)
79 65 50 ms 102 | V2X messages (TS 23.287)
80 68 10 ms 106 | Low Latency eMBB applications Augmented Reality
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3GPP SA6 Working Group -
VA via CAPIF and SEAL

« Enables rapid deployment of new vertical applications, with access to the

common SEAL services provided by MNOs
— SEAL services (e.g. location, group, etc.) exposed as Northbound APIs
— CAPIF used for publishing and discovery of SEAL services by the Vertical applications

Operator-Centric Solution
Y

) S = * Benefits
ertical . . .
a;::)Ii:::ation Vertical application server(s) — Vertical Service Provider
client(s) (e.g. V2X, UAS, Factories of the Future) .
J * Reduced time to market
carte apis—— — Mobile Network Operator
\

@ « Maximize reuse of their

existing deployments

_/
Vertical application enabler layer(s)
(e.g. VAE layer for V2X, UAS, Factories of the Future)

SEAL APIs

\
SEAL 7 -
(e.g. Group, Location, Configuration, Identity, Key,
Network resource)

Service Enabler Architecture Layer

Northbound APIs

CAPIF

T
CAPIF compliant entities and interfaces

Common APl Framework

C

3GPP system (Core network)
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Leveraging SAG6 for 5G Verticals with EdgeAPP

‘ Vertical
application |+
client(s) ‘ Vertical application server(s)
£ =/ ; (e.g. V2X, UAS, Factories of the Future) J
B I T S e — T s Bt ot et — e ——
l ‘ Northbound APl — - l
> CAPE APW -~
l - | | S l
' } Vertical application enabler layer(s) § § ( \ 7 I
| (e.g. VAE layer for V2X, UAS, Factories of the Future) % —
| : T I 2 . |
SEAL AVl <
. ‘ e L& |
l SAG { SEAL e ¢ E CAPIF l
‘ (e.g. Group, Location, Configuration, Identity, Key, =
I \ Network resource) L‘-: l
I ; I
| £ I |
— a
Edge Computing 3
| (Edge Enabler Client, Edge Enabler Server) |
U i i T b i i i i s ol e e i Sl | o . . . o, S 1
Northbound APY ‘
o y——l
UE | 3GPP system (Core network)

» CAPIF to expose the API to 3GPP functions

« SEAL to allow quick on-boarding for verticals

» Vertical Application Enablers for support for the creation of actual applications
(work and studies ongoing for V2X, UAS and Future Factories)

« EdgeAPP Enablers for support 5G verticals
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Summary

* Introduction to Vertical Applications (VA)

— IMT-2020 key capability parameters

— Three main usage scenarios: eMBB, URLLC, mMTC
« 3GPP for Vertical Applications

— Use cases and requirements
— 5GS: NR+5GC by Rel-15 and above
— QoS networks supporting CAPIF
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