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The NGMN Alliance is supported by ngm
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key industry players
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NGMN 5G White Paper finalised

ngmn
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NGMN 5G White Paper

Executive Summary

Introduction

5G Vision

Requirements

Technology & Architecture

Spectrum

IPR

© N O JOalR|eld B

Way Forward

NGMN 5G White Paper,
Version 1.0, 17t February -2015

§ Global view
§ End-to-end scope

§ Specific, comprehensive
requirements

§ High quality
§ Timely delivery

§ Business perspective,
operator led

g thie engina a1 broadband
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NGMN Board Members
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ngmn

the engina of broadband

Business context beyond 2020 Rt

Customer Context Operator Context

Infrastructure /
Technology

Consumer

Virtualization
Access Enhancements
Automation

Massive Traffic Growth

High Density Demand
Seamless User Experience

Enterprises

Security and Privacy & g - Variety and Variability
_—

Cloud Based Services = v Quality, Consistency

Increased Productivity B 2 u New Markets, Use Cases

Verticals

Partnerships

MTC and IoT Proliferation
Enablers: Big data, ...

Reliability, Latency,
Throughput

3d Party Integration
Reduced Time-to-Market
QoS, Location, Authentication
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o ngmn
5G Characterization e pae o s

The End-To-End Ecosystem

Business context beyond 2020

CUSTOMER CONTEXT OPERATOR CONTEXT
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5G Vision

Value Creation
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5G Vision:

Overview 5G Use Case Families

ngmn

the engina of broadband
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communications

TACTILE
INTERNET

communications

NATURAL
DISASTER

communications

E-HEALTH
SERVICES
g | }

Ll -

Broadband access| |Broadband access Higher user Massive Internet
in dense areas everywhere mobility of Things
PERVASIVE 50+ MBPS HIGH SPEED SENSOR
VIDEO EVERYWHERE TRAIN NETWORKS
Extreme real-time Lifeline Ultra-reliable Broadcast-like

services

BROADCAST
SERVICES
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5G Vision:

ngmn

the engina of broadband
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XaaS: laaS, NaaS, PaaS Network Sharing

Asset
Provider

Connectivity

Provider

Partner
Service
Provider

Ability to offer to and operate for a 3rd party
provider different network infrastructure
capabilities ( Infrastructure, Platform,
Network) as a Service.

Ability to share Network infrastructure
between two or more Operators based on
static or dynamic policies (e.qg.
congestion/excess capacity policies)

Basic Connectivity

Best effort IP connectivity in retail
(consumer/business) & wholesale/MVNO

Enhanced Connectivity

IP connectivity with differentiated feature
set (QoS, zero rating, latency, etc..) and
enhanced configurability of the different

connectivity characteristics

Operator Offer Enriched by Partner

Operator offering to its end customers,
based on operator capabilities
(connectivity, context, identity etc.) enriched
by partner capabilities (content, application,
etc.)

Partner Offer Enriched by Operator

Partner offer to its end customers enriched
by operator network and other value
creation capabilities (connectivity, context,
identity etc.)




ngmn

5G Vision:  Value Creation
§ Available Anywhere-Anytime § Delivered in a personalised and
Operators’ § Delivered with consistent experience contextual fashion
Value_ § Accessible on multiple devices / interfaces & Enabled by trusted & reliable
creation § Support multiple interaction types communications
proposition g Supported transparently across 5 Highly reliable and resilient network
technologies 5 Responsive and real-time
)
5G Value > > - - ? 0 52 B, &

- = = Q = L - = O O X
creation e - < = - < Oxg £ [
capabilities o & = 2 E 5 x < Jk _ z
— integrated %) 2 a o T o EO | 30 S
into the 5G & =5
system and
easily
exposed

through APIs HIGHLY RELIABLE AND FLEXIBLE NETWORK



ngh { broadband
Vision and Requirements e

. drives ... NGMN 5G

NGMN 5G Vision )
and shapes ... Requirements

“5G is an end-to-end ecosystem to enable a fully
mobile and connected society. It empowers value
creation towards customers and partners, through
existing and emerging use cases, delivered with
consistent experience, and enabled by sustainable
business models.”

User Experlence

/ :
G,

/ System Performance N\

N

Device Capabllltles

("‘C—"" }
Enhanced Services /

Business Models

Use Cases

Support countless emerging use cases

Value Creation

Leverage key strength and assets to
provide value to customers

J_‘_,..-""

Business Models

Enable evolution of current and
development of new business models

Management &
Operations

llll
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Excellent and consistent ng 1
User Experience

§ Consistent user experience across time and service footprint in a
highly heterogeneous environment, dependent on use case

§ Much higher user data rates, required to be available in at least
95% of locations (including cell-edge) for at least 95% of the time:
- Dense urban: 300Mbps DL
- Smart office: 1Gbps DL

- Multi-Mbps data rates everywhere — including in stadiums, airplanes and
areas currently not connected to the Internet

§ Much lower latency: Less than 1ms E2E latency for certain car-2-
car and industry automation communication needs

§ Seamless service experience to moving users (up to 500 km/h) and
also static/nomadic users/devices

Note: Requirements are defined ‘per use case category’ instead of ‘one-fit-for-all’

10
Photos: © iStockphoto.com



n
System Performance g e

Significantly expanded network capabilities to cope with
the variety and variability of use cases

§ Connection/Traffic Density:

- Users in acrowd: Several tens of Mb/s for tens of thousands
of users in crowded areas

- Smart office: 15Tbps/km2 traffic density for smart office
- Massive sensor deployments: Up to several 100,000s
simultaneous connections per km2

§ Significantly enhanced spectral efficiency (average and
cell edge, across bands) to keep number of sites reasonable

§ Enhanced resource and signaling efficiency to minimise
resource and energy consumption

Note: Requirements are defined ‘per use case category’ instead of ‘one-fit-for-all’

11
Photos: © iStockphoto.com



Smart Devices with Growing n m

m Capabilities (HW, SW and OS) i

§ High degree of programmability and configurability of any
device by the network (OTA)

§ Flexible and dynamic device capability handling

§ Devices to support of multiple bands simultaneously and
multiple modes (FDD, TDD, mixed) for true global roaming

§ Significantly increased battery life: at least 3 days for
smartphones, up to 15 years for low-cost MTC device

12
Photos: © iStockphoto.com



: n
Enhanced Services g enin ot wrons

er'él

Value creation towards customers and partners through
capabilities enhancing today’s overall service delivery

8
8

Seamless and always-best-experience connection without user
Intervention, across existing, new and non-3GPP RATs

Unnoticeable mobility across existing, new and non-3GPP RATs

Network based positioning with accuracy from 10 mto <1 m
outdoor and <1m indoor, in real time

Strengthened security for services and network in highly
heterogeneous environments, working also when user is roaming.
Protection of users’ trusted information

Ultra-high reliability rate of 2 99.999% for specific use cases

13
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- n
New Business Models g

Expansion of current and creating opportunities for new business
models within the 5G eco-system

§ Partner Service Provider, XaaS Asset Provider:
Configure and manage services e.g. via Open APl — exposing NW
capabilities in a flexible, configurable and programmable manner

§ Connectivity provider:
Connectivity delivered using only necessary NW functions —
provisioning and configuration on demand and in a
programmable manner

§ Network Sharing Model:
Enabling various sharing schemes to maximise overall synergies
of sharing agreements and to allow for flexible / rapidly changing
models and relationships

_ 14
Photos: © iStockphoto.com



Highly Efficient Network ngmn <

Operation

High efficiency in cost, energy, innovation, deployment and O&M
while minimizing Total Cost of Ownership

§ Half of total network energy consumption for 1000x traffic growth
§ Significant reduction of O&M complexity and cost
§ Ultra low cost for very low-ARPU areas and/or MTC services

§ Flexible and fast introduction of new services and technologies
§ Ease of deployment: Plug&Play, Self-configuration/heal etc.

§ Flexibility and scalability: Openness and multivendor capability
at all levels, modular provisioning, functional split of Core/RAN
network domains / elements, decouple HW and SW

§ Fixed-mobile convergence, for seamless user experience and
unified subscriber management

15
Photos: © iStockphoto.com
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gine of broadband

Technology and Architecture e

Use cases Architecture
Business models

Value propositions \ Design principles

A\

7 .
Technology Innovations

Gap analysis

Baseline
(LTE Rel-12)

2015 2020

16



n
Step change performance increase requested gm 2 lireuton

Connection
density

Data rate Latency Mobility

> 10X

(avg & peak)
> 100X > 10X >1.5X > 100X

(cell edge)

vs Rel-12

§ Not a single solution will satisfy all extreme requirements at the same time

- § However, several use cases to be active concurrently: High degree of flexibility and scalability of
the network required

17
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Pillars of the design ngrgnm

RADIO NETWORK OAM
§ Leverage spectrum § Common § Simple OAM
§ Densification composable
§ Managed interference core
§ Dynamic topology

§ Flexible functions
§ Value creation features
§ Security & privacy

18
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Flexible and scalable architecture
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5G system
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Use cases, business models, value proposition

Enterprise Vertical
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Library of modular network functions

& value enabllng capabllltles

“0
& CP
&

RAT State
unction unctlon confi info

E2E management & orchestration

_ ~" External public &
# private IP networks

5G devices 5G RAT famlly

R

' Access node
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. Cloud node (edge & central)

. Networking node
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Key 5G building blocks

ngmn
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Enabled by

, §
Consllzstent_Customer Efficiency, Sustainability
xperience

Foundational shifts in cost and

Seamless and consistent user energy efficiency

experience across time and

service footprint to be Sustainability in the
delivered in a highly deployment and management §
heterogeneous environment of ultra-dense, multi-layer
scenarios
Flexibili Innovation, Value
exibility Creation
Modular NW functions to . §
accommodate wide range of Open eco-system enabling

use cases — agile and efficient Innovations mvolvmg Aty
partners and providing

capabilities of value creation
for the operators

End-to-end system with high
level of convergence (today/
future access PLUS fixed)

Photos: © iStockphoto.com/ Peopleimages, mevans, Devonyu, Dimitrii_Guzhanin

Spectrum: Additional
spectrum for mobile
broadband and needs to be
supported by flexible
spectrum management
capabilities

IPR Regime: More
transparent and predictable
IPR eco-system for 5G, to
foster innovation, enable new
use cases and business
opportunities, and at the
same time, reward
innovators appropriately

Roaming and Interconnect:
Roaming and interconnect in
a way that allows faster and
more cost-efficient
implementation, and global
reach

20



NGMN 5G Roadmap
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2015 2016 2017 2018 2019 2020

QM(

irst release White

‘ M1: De

5G White

Paper

desig

Detailed

Requirements

Initial System

In, Pre
3: Stzttria

unctignality

M4: Is finalised| (15t release)

0 Mb: Ready for loTests

M6: loTests
completed

M7: Rejady for
deployment

Standards
Ready

Commercial Systems
Ready

Launch of 5G on an
operator and country
specific basis
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NGMN to reach out and co-operate with all ngT o
ecosystem stakeholders relevant for 5G

5G Industry Initiatives

Regulators, Standardisation
Governments Bodies, Fora

ngmn

llﬂgmu breasmand
nnnnnnnnnnnnn

Research

Institutes “

“ Vendors

Definition of
requirements and
performance targets

Analysis of technical
solutions

Industry alignment

and guidance Internet Players

Operators

Tracking and driving
of standardization

Eco-system: Truly global, free of fragmentation, open for innovations




NGMN 5G White Paper successfully

delivered and positioned

NGMN 5G White Paper

Executive Summary
Introduction

5G Outlook
Requirements
Technology & Architecture
Spectrum

IPR

Way Forward

© N o g s 0 DNPRE

NGMN 5G White Paper,
Version 1.0, 17-February-2015

Communicated and
presented

§ Press conference MWC

§ NGMN Industry
Conference

§ NGMN Forum and 5G
workshops

§ Press releases, twitter,
linkedin

ngmn

the engina of broadband
wireless inmovalion

Internationally recognized
and appreciated as
guidance

Referenced
§ in Vendor publications

Alcatel-Lucent @

ERICSSON Z &2 Huawe

§ by SDOs, industry association

< IEEE % tmisrum

§ by analysts, press and other
public sources

" Fian:aWireI:ﬁs

@ LightReading "=
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5G Work Programme launched e

NGMN 5G Work Programme: E2E
guidance to the industry for the
coming years

Business Principles

E2E Req. &
Architect. IPR Forum

% lb' 9 | | i
-\ S i » 5 -
oe\'b\ GQ?Z | '
. . 0\06\\)@\' e
NGMN 5G White Paper o x©
. Q/(\\(\

Performance
targets

Use cases

Business
models &
Value creation

Design
principles

24



5G Work Programme overview T i

Business Principles Group BPG

Bdl & : fl&':orn-n
Verticals Forward Ca?\t;l;)lld gles
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"4::1 o 8] % P Architecture “"“| Spectrum

Req' [ ' :: L )
Verticals Req' BBTS TS otk j-%“ Igllls::;lf_:al SDO Allgn-
E2E
Arch. Secur.‘ NWMO
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Work-programme achievements s hgmn
and events --- wireless innovalion

w W W W W

Project P1 WS3 “Better Broadband Telco Requirements”:

— Input to 3GPP 5G RAN workshop September

— Face-to-face workshops July, Germany and November, China

— Input to 3GPP RAN meeting December
Project P2 Spectrum — first external deliverables finalised and published:

— NGMN Press Release for WRC-15

— Briefing paper on “Future IMT mobile spectrum goals for ITU WRC-15"
Co-operation, discussion with GSMA, ETSI, TM Forum, |IEEE
IPR Forum meeting September, US — next meeting December, Austria
NGMN Forum and Board meeting review of end-to-end work-programme in October , Canada
5G Board Committee set-up and launched

P1 WS2 “Verticals Requirements”/ BPG “Verticals” interaction with vertical industry representatives
and face-to-face meeting December, Taiwan

Liaison to 3GPP on “NGMN view of 5G as an end-to-end ecosystem - Alignment of 3GPP SA and
RAN” 26



P1 WS3 “Requirements BBTS” | | ng

iInput to 3GPP

Deploymentscenarios (1/2)
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Input to 3GPP 5G RAN workshop September

Summary use cases

Deployment scenarios, requirements framework

List of requirement metrics

Key aspects eMBB

Input to 3GPP RAN meeting December
- High level description of deployment scenarios

- Key performance indicators

27



P1 WS2 “Verticals Requirements”: |-DD| ngmn

Input from vertical representatives

Service description Service requirements B

sdevices one to many vs. one
to one

. (mainly) outdoor vs.
geographic spread indoor

bit rate speed / mobility

handover

latency (UP, CP) interruption

frequency / timing of device to device vs.
usage device to NW
traffic generated /
densit
device power

Potential similar services consumption

reliability security

resilience density

user experience

Shortcomings, improvement potential, ... operations

Role of the operator and value proposition Operator capabilities to be provided

Dynamic negotiation of parameters (e.g.
QoS), ability to receive information on
device reachability, user presence, ...




Project P2 Spectrum: | | ngmn
Achievements [ .

§ Synthesis of company positions on options for

WRC-19 agenda item proposal, including spectrum
bands.

§ First external deliverables finalised and published:
— NGMN Press Release for WRC-15

— Briefing paper on “Future IMT mobile spectrum
goals for ITU WRC-15"

Note 1: The briefing paper has been published on the NGMN website and mentioned in the press
release

29



N_GMN Liaison to 3GPP on “NGMN ] ng
view of 5G as an end-to-end ]

ecosystem *©

NGMN has reviewed the summary of the 3GPP TSG RAN workshop on
5G. NGMN notes that the summary broadly takes into account the
views of NGMN, however NGMN would like to emphasise the
importance for the 5G RAN studies and SA studies to be synergetic
and believes that the whole design should focus on the e2e service
level requirements and goals for the whole 5G system. Therefore,
we kindly request 3GPP to ensure continued inter-TSG coordination
toward this goal as 5G studies progress.

30



Today’s business environment: Major ng,, SR
transformation ongoing

barriers to entry that have
stood for decades are melting away.

Every incumbent business is vulnerable

to competition and disruption.

Source: E. Schmidt (google)
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Questions?
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