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Presentation Outline

* Overview of 5G
— Including requirements
— Key technologies
— Impact and relevance of new verticals and markets
— Status in ITU & 3GPP

« 5G-Xcast Project
— Introduction
— Status of Xcast standards evolution
— Key use cases and future outlook
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5G
Introduction

=a A CAST

« 5G enables extreme mobile broadband data rates with ultra-reliability and low-
latency

— Designed to meet very challenging technical requirements to support new use
cases derived from several vertical industries, not just for mobile broadband

— Note: Total capacity of network is still limited

Lt e " ] o i Peak Data Rate > 50 Gbps
connections 2 e il e Data Rate
' A 50
50 Gbps
More than x50 over 4G 5G
4G
LE)ctremely . g 2 1Gbps 3G
ow-power I I
Objects ) ‘00 0r 10 20 Year
Ultrov (1) Theoretical Peak Data Rate
Critical End- reliable (2} Data Rate of First Commercial Products
to-End latency \
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ITU IMT-2020 /N
Key Capabilities and Usage Scenarios

5G
services

User Experienced

Peak Data Rate

. Data Rate
(Gbit/s) (Mbit/s)
Latency/Reliability Number of devices
) Peak : oh importan,.. User experienced
Enhanced mobile data rate M data rate
broadband
Area Traffic Spectrum
Capacity Efficiency
(Mbit/s/m?) 10 Spectrum
Area traffic efficiency
capacity
Network < \N\, « \ /-.___.- Mobility
Energy Efficiency (km/h) Network Mobility

energy efficiency
Ultra-reliable

and low latency
communications

Massive machine
type communications

Connection Density Latency

(devices/km?) (ms) Connection density Latency

M.2083-04
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ITU IMT-2020 - Setting Stage for 5G %%XC AST
Minimum Technical Performance Requirements

#__-’_

Peak Data Rate . 20 Gpbs DL"' 10 Gbps UL

"-_--‘
——

Peak Spectral Efficiency (§O bps/Hz Dt‘i 15 bps/Hz UL
~— 'I"""

User experienced datarate < ~00 Mbps D > 50 Mbps UL
5th percentile user spectral efficiency 0.225 bps/Hz DL eMBB in dense urban (0.12 rural)
Average spectral efficiency 9/7.8/3.3 bit/s/Hz/TRxP for eMBB

hotspot/urban/rural
Area traffic capacity 10 Mbit/s/m2 in the Indoor Hotspot for eMBB
Bandwidth ._a?least 100 MHZ N 1 GHz above 6 GHz

—-—--——

IMT — International Mobile Telecommunication
ITU — International Telecommunications Union [ o o -
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ITU IMT-2020

Minimum Technical Performance Requirements

P
=5 X CAST
4

Latency

Connection density

Reliability

Mobility
Mobility interruptiontime

Energy efficiency
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User plane latency:

* 4 ms for eMBB;

* 1 ms for URLCC

Control plane latency:

* 20 ms (10 ms encouraged)

1.000.000 devices per km?2

1-107 success probability of transmitting a layer 2 PDU
of 32 bytes within 1 ms in channel quality of coverage
edge for URLLC

Up to 500 km/h
0 ms

High sleep ratio and long sleep duration for eMBB

NOKIA Bell Labs



ITU IMT-2020
Timeline

P
=5 X CAST
Z

* Proposal submission opened in October 2017 and closes in July 2019

“IMT-2020" Standardization Process Detailed Timeline & Process for IMT-2020 in ITU-R
2014 2015 2016 2017 2018 2019 2020
WRC-15 WRC-13
) &
cgslssslssslasslace
2012-2015 2016-2017 2018-2019 2019-2020
Y |
Setting the stage for the future: Defining the -
vision, spectrum, and technology Note: Meeting #31bis — if needed focus meeting towards WRC-19 (non-Technology), Meeting #33 — focus meeting on Evaluation (Technology)

technology views Nate: While not expected to change, details may be adjusted if warranted.
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5G 24 A CAST

Key Technologies / Features

A Spectrum Ultra-Dense Deployments Antenna
90 GHz
B o e bands, wider bandwidth (up Small cells, self-backhaul, coordinated Advanced receivers, beamforming,
to 1 GHz), higher frequency bands RRM, interference coordination 3D-MIMO, massive MIMO
(cmW / mmW)
30 GHz 1l
_ - g - _p= -
] Waveform Availability Flexibility Architecture
10 GHz I
] Multi-carrier OFDM, advanced Connectionless operation, Lean carrier, flexible frame Flexible functionality split,
- filtering, robust grant-free, asynchronous structure, numerology, cloud-native architecture,
uplink, reliability dynamic UL/DL service-based
3GHz N
— Forward compatibility  Integrated framework Mission-critical transmissions
—— R With support for That can support diverse Designed so other traffic can
I @0\0 ‘blank’ resources’ deployments sustain puncturing’
— 25
— 2 :
300 MHz —— ARy A——————

Single radio interface for a

multitude of frequency bands Source:
" - Qualcomm
Scalable transmission time interval (TTI)  Self-contained slot structure Dynamic uplink/downlink
8 © 2018 Nokia Public capable of latencies an order of UL/DL scheduling info, data and Faster switching for more NOKIA Bell Labs

magnitude lower than LTE ACK in the same slot flexible capacity allocation



5G Spectrum
Global Availability

5G standards roadmap

3GPP 5G Phase 1

Mobile Broadband,
Low latency & high ,%

3GPP 5G Phase 2 3GPP 5G Rel 17 Optimized standard

Massive loT e com!;:lfeting full
Shared and un- ﬁ " 5G vision 53
licensed spectrum &892

5GTF / KT SIG
Industry specs

reliability

Future-X-like new core

e !

5G industry Pre-standards First standard based Standards-based
roadmap 5G start 5G deployments 5G mass rollout
= ‘o B e o W= 62
US 28, 39 GHz Korea Japan Korea EU US <6GHz Global
28 GHz 45GHz 35GHz /00MHz 600MHz availability
EU/CN 26GHz ~ 25GHz > 24 GHz
5G spectrum usage 35 GHz

*] NSA: Non standalone; SA: Standalone J, functional freeze J,..proto-:-::l (ASN.1) freeze
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5G — Key Drivers 55 Y CAST

New Verticals and Markets

FACTORIES OF THE FUTURE <@ ENERGY

O Time-critical process control O Grid access

® Non time-critical factory automation ® Grid backhaul
s : 2 © Assets and interventions
© Remote control _ : © Grid backbone . ' management in Hospital
O Intra/Inter-enterprise & p g
= S . s
communication > i ® Robotics

© Connected goods © Remote monitoring

© Smarter medication

MEDIA &
ENTERTAINMENT

@ Ultra High Fidelity Media

® On-site Live Event Experience
© User/Machine Generated Content
© Immersive and Integrated Media
© Cooperative Media Production

AUTOMOTIVE | T —

—.
© Bird's Eye View

O Automated driving O Digitalization of Transport and Logistics

@ Share My View © Information Society on the road Source:5G-PPP White Paper, “5G Vertical Sectors,” Feb. 201¢
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Network Slicing 55 Y CAST

Service-specific Network Optimizations

5G networks need to serve customers with very different needs

IENCUNr
@ @q:
5G Network

Source: GSMA, “An Introduction to Network Slicing,” Feb. 2016

5G networks subdivided into virtual networks each optimised for one business case

Utilities

Automotive
Manufacturing

56 Network . Ec

laT slice / Broadband slice / Low latency slice
12 © 2018 Nokia Public NOKIA Bell Labs




Nokia’'s 5G Vision
The Future X Network

. Dynamic

Digital Value = e .

6 Platforms =— ANP, CISP, ICP, Data Security
I I :& Vertical apps
External data sources
» New trust framework

Augmented . » Ecosystem sharing

e Cognition Systems @ Analytics @ I’\gg?rnwge * Mass edge monitoring
Open
APIs .
Dynamic Management & ~ Dynamic Multi-
Programmable clstomer Orchestration network operator
Network OS service ‘ optimization federation
SDN NFV
@ = C
. = ommon data

6 Universal /\ 1/_\[ - =) [E] = layer

Adaptive Core Access-agnostic  Modular,

convergence decomposed network
functions.
Self-optimized e Smart Network Fabric Short
waves
& wires

coverage
& capacity @
Long
/\ fibers

Access

Software-defined, Remote

Humans e Massive- Converged
& Machines Scale Access e Edge Cloud end-end

Source: M. Weldon, The Future X Network: A Bell Labs Perspective. CRC Press, March
13 © 2018 Nokia Public 2016. NOKIA Bell Labs



5G Standards
Current 3GPP Status

5G NR NSA Late drop
completion 5G NSA
architectures

4 and 7

5G NR NSA 5G late drop
ASN.1 ASN.1

NSA: Non- StandAlone

14 © 2018 Nokia Public NOKIA Bell Labs



5G Standards
Various Architecture Options

3 EPC 3a EPC 2 NGC
s1-C S1-U S1-C | | s1-U | s1-U NG- NG-
C U
LTE eNB gNB LTE eNB gNB gNB
X-X
X-X
7 NGC 7/a NGC
NG NG NG- | NG | NG
C U C U U
eLTE eNB gNB eLTE eNB gNB
Xn Xn
4 NGC 4a NGC
NG- NG- ' .| NG
NG- NG- NG
C U U C U
eLTE eNB gNB eLTE eNB gNB
Xn Xn
15 © 2018 Nokia Public Source: 3GPP, http://www.3gpp.org/news-events/3gpp-news/1929- INOKIA Bell Labs
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5G-Xcast
Consortium

% TURKU AMK

N TR U
\_ APPLIED SCIENCES

CONTENT GENERATION

DISTRIBUTION

CONSUMPTION

Systems (5G-Xcast)

— Start and end date: June 2017 — May 2019 (24 months)
— European Union funded project; Call H2020-1CT-2016-2; Grant Number: 761498

16 © 2018 Nokia

Public

Broadcast and Multicast Communication Enablers for the Fifth-Generation of Wireless

NOKIA Bell Labs




5G-Xcast 7
Introduction =] XCAST
A

« A unified framework for multiple verticals
— Converged and use case independent architecture for Xcasting

—

\\\

- R 7 It -~

v ~ ~

[ Multimedia& \/  Automotive |/  Internetof  \/
Entertainment Things

o~

Public Warning

1 Autonomous driving
: : , i Software &
IUHDTV delivery information I Disaster alerts (e.g
o . . firmware updates "o
IVR, AR, 360" video IInfotainment tsunami, earthquake)
L L 1 Common control ’
1 Content prepositioning 1 Safety applications , 1Emergency alerts (e.g
. . . , /| messages to devices | | e
\ BPush to X (talk/video) / \ #Signageinformation / \ / "\ hazar, amber alerts)

Source: D. Gomez-Barquero, et al., ” Point-to-Multipoint Communication
17 © 2018 Nokia Public Enablers for the Fifth Generation of Wireless Systems,” vol. 2 (1), March 2018. NOKIA Bell Labs
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=5 X(CAST
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OPPORTUNITY FOR THE
/ CONVERGENCE OF FIXED,
MOBILE AND BROADCAST

UNPRECEDENT

NETWORKS
COMMUNICATION 5G-Xcast
CAPABILITIES Vision NETWORK SLICING

FOR BROADCAST

PTM & CONTENT POSITIONING AS/ SERVICES
BUILT-IN NETWORK DELIVERY
OPTIMISATIONS. NOT AS A
SERVICE, FOR ALL VERTICALS

18 ©2018 Nokia Public PTM: Point-to-Multipoint  nyeicyA Bell Labs



5G-Xcast
Convergence Vision &G X CAST

« The converged media delivery architecture of 5G-Xcast
— Over fixed broadband, mobile broadband and terrestrial broadcast networks

— Allowing a seamless, uninterrupted service to be offered to the users as they move.
TV Transmission

Mobile Network
Broadcast ﬂﬂm (Q‘/’*\
r'.

- Seamless q. .. _____ - |]|] @

|
DSL DSL
19  © 2018 Nokia Public NOKIA Bell Labs




Background

PTM in 4G LTE A L CAST

20

Originally included in Rel’9 (eMBMS), based on 3G MBMS from Rel'6

It has been significantly enhanced in the latest releases of LTE-Advance Pro for different types
of communications:

— Television services (EnTV) — based on broadcasters’ requirements

— Mission critical / public-safety communications

— Vehicular communications

— Machine-type communications

Two major trends and main technology enhancements:

— Dedicated broadcast networks for TV services

* Receive only, shared network infrastructure, external interface towards content providers, ...
eMBMS: evolved multicast

— PTM as delivery optimization feature broadcast multimedia service

* MooD, SC-PTM, ... enTV: enhanced TV
But built on top of an initially conceived basic and static TV-like service MooD: MBMS operation on-
demand

— Following LTE backwards-compatibility design principle _
SC-PTM: Single Cell PTM

© 2018 Nokia Public NOKIA Bell Labs



Background

PTM In 4G LTE

« Two major trends from Rel’'12 enhancements:

— Dedicated broadcast networks for TV services

— PTM as RAN delivery optimization feature

2008 |

2009

2016 @ 2017

InitiaIELTE stand?:.ard i
m LTE Broadcast (eMBMS :i\/IBSFN)

21 © 2018 Nokia

2010 2011 2012 2013 = 2014 2015

Allocation ar:1d retention priority, RAN coun

LTE
Advanced

Rel’13

Digital TV (RO[\/I, free- to+a|r
SC-PTM for VZX NB- IoT eMC

Public

y deploym

ting

ents

LTE
Advanced
Pro

NOKIA Bell Labs



Background
Rel'14 EnTV - Towards Stand-alone eMBMS Broadcast Netwo&a X CAST

22

Content

Radio Enhancements T L ;
— Dedicated carriers with up to 100% MBMS allocatio (A'I’P) Il |
— Self-contained system information and MBMS-APL, MBMS/Unicast e

synchronization signals ¢ delivery (MooD) D LI H
— 200 ps long cyclic prefix to support large MBMS BM-SC Provider

inter-site distances Client

< < >
Unicast delivery xMB
User Plane

Architecture Enhancements XMIB

Interface

Receive-Only Mode (ROM) for devices without SIM card or 3GPP subscription

New service types to enable free-to-air content broadcast that can be received by ROM devices and also
interactive services

Open standardized broadcasting application programming (xMB) external interface towards the TV
content providers to simplify access to complex eMBMS procedures

Transport-only (pass-through) MBMS bearer service type to use the eMBMS network as content delivery
platform in the native format without transcoding

Shared networks among several MNOs to avoid broadcasting the same content at the same time over
different networks

© 2018 Nokia Public NOKIA Bell Labs



Broadcast in 5G
Brief Industry Outlook G X CAST

» Broadcasters interest in 3GPP technologies is increasing

— EBU broadcast requirements taken into account in Rel’'14 (EnTV)
Not fully clear that eMBMS can be fully deployed in existing HPHT DTT broadcasting infrastructure

— Rel’'l4 has a long legacy from Rel’8 — detailed gap-analysis required (e.g. CAS)

— 5G is an opportunity for broadcasters to define a 5G broadcast mode using the latest 3GPP
technology

« Many 5G use cases require PTM transmissions, not just TV broadcast
— Treat PTM transmissions and caching as delivery optimization tool
« 5G Broadcast not included in the first 5G release (Rel’15) and probably neither in Rel’'16

— Good opportunity in Rel’l7 for a solution for all relevant verticals, but important to ensure forward-
compatibility

« 5G-Xcast is performing pre-standardization investigations on 5G Broadcast
— Consensus building for 3GPP activities

23 © 2018 Nokia Public NOKIA Bell Labs



Source: 5G-Xcast Deliverable D3.1 Technology Antenna Peak BICM Peak sPectraI Overhead Peak data
21 U spectral efficiency rate (Mbps)
Background efficiency (bpc) | _(bits/s/Hz)
5.6

SIMO 10.36 9.76 58.7

A Deeper LOOk at Legacy ATSC30 MIMO 2x2 20.72 19.56 5.6 117.3
SIMO 7.09 4.89 30.9 97.9

SC-PTM MIMO 2x2 14.16 9.79 30.9 195.8

« Complex architecture MIMO 4x4 28.36 19.58 30.9 391.6
MBSFN (200ps) ~ SIMO 1x2 7.06 4.13 41.5 82.6

— Significant UE impacts - Limited

technology adoption (15° / ~24000 commercial Android device models) 7
=5 XCAST
12 %
« Sub-optimal performance for MBSFN —e />
— Significantly higher overhead with significantly lower spectral | & wecsommoz o x AR
efﬁCIency ;g 8 L O SC-PTM (MIMO 2 ><2) " |
7 " o A0 %
— Limited device support, no significant motivation to adopt e A&@&"A 1
this solution s . 8%
g ¢ I
« Observations: )
— Delivering TV broadcast content using mobile networkisnot =~ " ° " fawe 7 T T TS

Link-level results, Source: 5G-Xcast Deliverable D3.1

currently efficient

24 © 2018 Nokia Public °GSA: LTE Broadcast (eMBMS) Market Update, Nov. 2017 TNIGIKLA Bell Labs



Viewing Trends
Non-Linear Broadcasting G X CAST

« Linear TV audiences are decreasing \A’\\
-«

— Younger audiences shifting to online / on - demand N1
« Time spent by 16-24 years old on BBC linear channels fell by 32% from 2012 - EBU Forecast 2017

— Subscriptions to online TV platforms increasing, both premium and free content

Figure 2.2: Use of on-demand and streaming services to watch TV programmes/films Figure 2.3: On-demand/streaming service subscription numbers: 2014-2016 (000s) Figure 2.13: Online audio visual revenues

m2014 m2015 m2016 Growth
m Adults = Teens Lyear 5 year

CAGR

£1,653m 23% 43% Total

66%
63%
4 5995
o 5111
El — i) 15% 8% MW Adfunded
video
2% 31% . -
1 £903m 43 117% mwoTT
Subscription
Do, 18% 18% ,
ey o £594m 400m
1 o %%  20% mDigtd Rental
v 1 £367m £264m £461m o o gtal Fel
I I rd - 2 1,082 £252m £267m
=" - B e - e
. £128m e50 : £107m
T e - B B = 7 o woome

| F6/m | | F83m | E16I8m
BBC ITVHub YouTube Netflix  All4 Amazon My5 SyGo NOWTV BTTV WWE Disney 2011 ! 012 ! 013 ! 2012 ! 015 ! 016
iPlayer Online Network Life Netflix Amazon Prime

Ofcom, Communications Market Report 2017
https://www.ofcom.org.uk/ data/assets/pdf file/0017/105074/cmr-2017-uk.pdf
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Viewing Trends
Linear TV remains Relevant &5 L CAST

« The shift to online TV is happening slowly
— People are spending more and more time on media
— The growth of Internet time has limited impact on media consumption

* Online viewers are “live TV hungry”
— Netflix users dedicate two thirds on their daily viewing to linear TV

« Particularly important for Public Service Media with coverage and cultural obligations
« Major sport events strong use case

+ 10% +1 5 »
: : e @
Linear TV B/ mapacie - Qe
L] Radio ose
TV Radio 7 Internet

Online TV

1:30

26 © 2018 Nokia Public P. MacAvoc, EBU Forecast 2017 NOKIA Bell Labs
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Viewing Trends

User Experience 6 X CAST

27

TV marketplace is actually thriving and user experience is continuously evolving thanks to
new technology improvements and online Internet delivery

— Qo0S/QoE of new media content better than ever, and constantly improving
— Choice of content larger than ever, and constantly increasing

More money than ever spent on Premium content (10M$/h)

— Personalization: Right content for the right person at the right moment and the right device

Changing user habits and expectations
— Quality, Variety and Interactivity while user having the Control

© 2018 Nokia Public NOKIA Bell Labs



Technology Trends
Online / On-demand Media &5 L CAST

« Main Technology Trends
— Internet infrastructure enhancing — both at home and mobile
— Over-the-top (OTT) content increasing
— Ability to tailor audience experiences

— Online Tech-Giants a ! and
« With very different business models J

— User-generated content increasing and improving

 Enabling technologies:
— UHD (4k/8k), HFR/HDR/WCG, AR/VR, 360°, H266, immersive audio, object-based broadcasting, ...
— What about distribution technologies?
— And convergence?

28 © 2018 Nokia Public NOKIA Bell Labs



K tl
ey Question == Y CAST

Wil 5G create a disruption in broadcasting?

« Likely yes, since the relevance of mobile/personal devices is increasing for consumption

of media services
— TV wireless production is also a very good use case for 5G
— Role of stakeholders along the broadcast value chain will probably change

Content

metadata,
content right Service
creation .
aggregation Reception
Service o
Distribution Navigation & J

decomposition

selection i

« Will digital terrestrial TV continue being an appealing platform by itself?
— New win-win business arrangements and regulations needed for a commercial success of new
convergence scenarios

29  © 2018 Nokia Public NOKIA Bell Labs



5G-Xcast System
Design Principles

—* e2e 5G System [

Mixed Mode /

f2eMBMS

True-XCast

« Target Use-Case: Efficient new media /
content delivery using 5G-RAN
« Support efficient over-the-air transmission

|
|

[

[

[

|

: « Target Use-Case: Further extending
[

[

: of common / Xcast content
[

[

[

|

|

[

[

|

|

[

[

|
|
|
|
|
|
|
: traditional cellular-based broadcasting
: « Standalone MC/BC network, extending
I Release-14LTEENTV
« Reusing unicast 5G-RAN PHY layer and I
protocol architecture :
« Target Scenario: All 5G scenarios, including |
mmW deployments :
|
|
|
|
|

« Adapting to 5G-RAN PHY layer and protocol
architecture
« Target Scenario: Wide area deployments

5G-ghB EPC
NGC < > UE > 5G-gNB UE
LTE-eNB NGC

30 © 2018 Nokia Public NOKIA Bell Labs




System Archtitecture %% XC AST
Legacy — eMBMS & SC-PTM Y

Source: Kim, et al., "Group Communication Over LTE : A
Radio Access Perspective,” IEEE Comm. Mag

________________________________________________________________

,,,,,,,,,,,, MBSFN Area 3GPP Network \
,//Terrestrial Broadcast Q Q / Q
/ (@) BS (@) (E) O
-8 e A
! H sc- i
M1, J‘J PTM |
----------------- BS |
MBMS- |
_________ ?W----', i
T !
| BMSC :

-------------- MCCH: MBSFN Area Configurations

~~~~~

Come nt’ ™ SC-PTM: Multicasting eMBMS: Multicasting
= Provider through PDSCH through PMCH

‘‘‘‘‘‘

31 © 2018 Nokia Public NOKIA Bell Labs



Source: 3GPP
TS 23.501

© 2018 NDESSION Public

5G/NR PTP - PTM Architecture?
N7/N15
__________________________________ AMF/ ¢  N/ANL PCE
N1 SMFE
" IN4 N5
NG-CIN3 .~
_______ . NG
5G-UE g | °CG-ONB ! UPF — Content Server
A NG-UN2
UC PDU
Session Cvee L AMET NTINIS e
' NX ' SME
NX N5
_______ ("""""‘I I/"“"‘I TS
5G-UE o °G-gNB MBMS- & BMSC | —— Content Server
----- GW-~~ " e
e NG-U/N2
XC PDU

NOKIA Bell Labs



Source: 5G-Xcast Deliverable D2.1

Disruptive Use Cases Broadcast Delivery

Towards Interconnected
Social Experiences

« Latency and reliability critical

— With high user density @ Low Latency ggt?;;e

— <7 ms OTA latency

33

5G VR User
Devices

VR Content
Creation

Edge Cloud / Transport Link 7

CUﬂtent Server ......................
|

VR Viewing Arena
The current state-of-the-art (which could be called pre-VR) would require several 10s of
Mbit/s. Here the content could be clearly distinguishable from reality.

Fully immersive VR content delivery would require in the order of several Gbit/s, e.g. 5
Ghit/s.

© 2018 Nokia Public =6 A CAST NOKIA Bell Labs



Enabling New Media Delivery
Towards Interconnected Social Experiences

* Interconnected social experiences such as augmented /

virtual reality (AR/VR)

Immersive content.

« Current networks have limited peak data rate capabilites

for delivering such traffic.

— With current system performance benchmark, significant
spectrum scaling required for delivering fully-immersive VR —
even under ideal conditions

« New media delivery requires
near-unicast spectral efficiency

for Xcasting

« Agile and flexible architecture,
with minimal latency inducing

elements

34 © 2018 Nokia
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requires

Spectrum Scaling for VR
()

%)
o

mass-delivery of

Indoor VR Theater

UF UF

UF

n += n
T T

n 4
T

2 Links Co-Op

All Links Co-Op

Over the air delivery
@ using broadcast

-~ Edge Cloud/ Content -,
Server R

_______ ’

Source: A. Prasad, M.A. Uusitalo, D. Navratil, and M. Saily,

71 "Challenges for Enabling Virtual Reality Broadcast Using 5G
| Small Cell Network," IEEE WCNC Workshops, Barcelona, April

2018.

NOKIA Bell Labs



Source: 5G-Xcast Deliverable D2.1

Remote Live Production

. . ] Camera Streams
Downlink & Uplink Intensive ﬁ?ﬂ ) ) Broadcast N WI’
\D / S ‘ 2 |
Commentry Fiel d ,\,\ }

Feed (6@ Presenters\“*"(\ 56 Base
7 ' N
4 / L) Station
« Latency and reliability critical J Camera % X @ H
— <10 ms OTA latency = /

#® ) e W
— Very low bit error rates = A @ \ = ; - J  Production &
% S
On-Site Studio Live Sports Event

Camera With Production Viewing
Camensl) hu:oCuclUUUl]@ Monilr (0L @ —.

Very high-quality audio and video to be transported such that it is
suitable for later processing within the production chain:

~100 Mbit/s for mezzanine quality (i.e. lightly compressed) per
video stream; and

~9 Gbit/s for uncompressed quality (UHD p50) per video stream

35 ©2018 Nokia Public =6 A CAST NOKIA Bell Labs



5G-Xcast

Conclusions and Future Work

» Unified framework for mass delivery of common content

« Impacting a multitude of new verticals and use cases

LTE loT

3GPP Rel-14+
/g

o5

& 4+

Single-cell multicast to eMTC

and NB-loT devices

Coexisting with LTE
unicast services

36 © 2018 Nokia

C-V2X

3GPP Rel-14+

fffl . -\\II

VZN communications
for vehicles

] \ Also communicating directly
via D2D in broadcast mode

Public safety
3GPP Rel-12+

Broadcast to a wide
variety of devices

sell]

Also communicating
directly via D2D broadcast

Source: Qualcomm, "Accelerating the mobile ecosystem expansion in

the 5G era with LTE-Advanced Pro,” Jan. 2018 link

Venue broadcast
3GPP Rel-9+

.

Delivering shared content
(e.g., instant replay)

NOKIA Bell Labs


https://www.qualcomm.com/documents/accelerating-mobile-ecosystem-expansion-5g-era-lte-advanced-pro

Public deliverables, scientific papers, presentations: Website:
http://5g-xcast.eu/documents/ WWW.Sg-xcast.eu

=G A CAST

Twitter:

@s0cast NOKIA
LinkedIn:

https://linkedin.com/company/5g-xcast

Videos:
https://www.youtube.com/channel/lUCCI2iISqTDx42UiLoRcDyDBq
https://youtu.be/daFOf30NG2U

DISCLAIMER: This work was supported in part by the European Commission under the 5G-PPP project
Broadcast and Multicast Communication Enablers for the Fifth-Generation of Wireless Systems 5G-Xcast
(H2020-I1CT-2016-2 call, grant number 761498). The views expressed in this contribution are those of the
authors and do not necessarily represent the project.
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