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5G Picking up 
steam
Klaus Doppler, Director Radio 
Communications, Nokia LABS
WINNCOMM, 2015
March 25, San Diego, CA
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Overview

• Technology drivers

• Age of 5G

• 5G requirements

• Enabling technologies

• Timeline
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NOKIA 
NETWORKS

NOKIA 
TECHNOLOGIES

NOKIA REINVENTED
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OUR GOAL IS TO BE A 
LEADER IN TECHNOLOGIES 
IN A WORLD WHERE 
EVERYBODY AND 
EVERYTHING WILL BE 
CONNECTED
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THE WORLD IS CHANGING

* Illustrative data only, from industy and Nokia internal sources.

Dramatic technological advances…

Processor cost
declining 

Power consumption
improving

Cost of delivering 
mobile data falling

Smartphones become 
ubiquitous

Big data accelerates Location based 
services 
increasingly 
pervasive

Networks  improve 
dramatically

driving dramatic usage

Connected devices 
everywhere
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Networks play a key role in expanding the human possibilities
Bridging our physical, virtual & social worlds

1990 2000 2010 2020

Programmable 
World

Smart Apps

Sensors driving
automated life

M2M

IoT

Public
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CONNECTED
CAR
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SENSING THE 
WORLD
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<Change information classification in footer>

Courtesy of Rethink Robotics, Inc.

Next Generation 
Manufacturing
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Connecting
the real and 
virtual worlds 
with location 
intelligence

THIS NEW WORLD REQUIRES 
MANY ENABLERS

Improved lives

Connecting
massive 
amounts of 
data for 
analysis and 
action

Connecting 
development 
in technology 
to regulatory 
and social 
environment

Connecting 
tens of 
billions of 
devices

Trust & 
Security
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Looking ahead to 5G
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5G will expand the human possibilities of the connect world

Ultra-dense
(Low power) Wide area Crowd Outdoor 

Mission-critical wireless control and automationGB transferred in an instantA trillion of devices with different needs

10 years
on battery

10-100 10 000

<1 ms

M2M

100 Mbps>10 Gbps
avg. goodput

Ultra                         
reliabilityultra low cost 

x more devices

peak data rates

x more traffic

latency

Throughput

# of Devices;
Cost; Power

Latency;
Reliability

3D video – 4K screens

Sensor NW

Industry & vehicular automation

Gigabytes in a second

Self Driving Car

Augmented realitySmart city cameras

Work and play in the cloud

Voice

Mission critical broadcast
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5G might have one UDN access technology 
leveraging mmW to complement other lower 
band wide area/cellular access technologies

Myth #2
5G = utilizes above 6 GHz only

5G will use existing and new IMT spectrum 
below 6 GHz as well as above 6 GHz (WRC2019)

Myth #4
5G will be fully specified by 2018

Myth #1
5G = millimeter wave only

3GPP 5G releases 14 and 15 last into 2018/19 
World Radio Conferences takes place in 2019
IMT process for “5G” runs till 2020.
First commercial 5G deployments in 2020

What 5G is ...What 5G is NOT

Myth #3
5G = will use totally new access 

5G is expected to leverage OFDM and cyclic-
prefix single carrier for best massive-MIMO and 
beamforming support as well as cost and 
energy efficiency
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5G system vision
A symbiotic integration of novel and existing access technologies

Integration enabling seamless user experience and efficient 
operation with cloud and SDN technologies as underlying 
principles

4G ‘massive mobile data and M2M’
3G ‘voice, video and data’

Wi-Fi ‘best effort data’
2G ‘high quality voice and M2M’

Fixed access

Zero perceived latency and 
GB experience
5G Ultra dense deployments

5G Wide area deployments

Scalable service experience 
anytime and everywhere For end user:

Ubiquitous connectivity and 
consistent user experience

Unified solution

For operator: 
tight integration, simplified 
network mgmt and gradual 
introduction of 5G
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5G radio access to match the available new and old frequency bands

1 GHz 2 GHz 6 GHz 10 GHz 20 GHz 30 GHz 60 GHz
100 GHz

LTE-A evolution

5G below 6 GHz 5G cmWave 5G mmWave

Within WRC2015 
scope 

Expected to be within WRC2019 scope 

A new RAT may be motivated by new spectrum allocation (bands above 6GHz), lower latency, or 
specific use cases.

LTE-A will be essential foundation of the integrated 
5G system – must continue to evolve in parallel to 5G
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5G is to optimize below 6 GHz access and enable above 6 GHz access 
Expanding the spectrum assets to deliver capacity and experience
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Interference
conditions

Antenna 
technologies

Spectrum 
availability

cmWave
solid area
(< 30 GHz)

mmWave
local area
(e.g. 70-90 GHz)

Cell size
LOS/NLOS

Availability
LOS

300 MHz

3 GHz

30 GHz

300 GHz

10 GHz

90 GHz

10 cm

1m

Several
~100 MHz

~1 GHz
carrier bandwidth
 High data rates

High Rank
MIMO

 higher data rates

Low Rank 
MIMO/BF

 efficient beam 
steering

Interference 
coordination/ 

rejection

More noise 
limited

(70-90GHz)

Below 6GHz
wide area
(<6.5GHz)

Low latency support with flexible air interface
High Rank MIMO, limited by the size of antennas

Carrier aggregation essential
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5G technology verification
Nokia is actively engaging with most advanced operators globally to bring 5G to reality

http://blog.networks.nokia.com/mobile-networks/2015/01/16/5g/

http://networks.nokia.com/innovation/5g

http://blog.networks.nokia.com/mobile-networks/2015/01/16/5g/
http://networks.nokia.com/innovation/5g
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16.4%
Outage Probability

3.2%
Outage Probability

1%
Outage Probability

mmWave – 5G requirements can be met even in challenging environments

Performance in outdoor 
environments
Enabled through

• flexible backhaul

• RFIC/antenna integration  

2.1 Gbps
Average UE Throughput

<1 Mbps
Edge Throughput

4.1 Gbps
Average UE Throughput

222 Mbps
Edge Throughput

5.1 Gbps
Average UE Throughput

552 Mbps
Edge Throughput

AP density
75 AP/km2 150 AP/km2 187 AP/km2

Network capacity

Multi-connectivity
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5G from research to standards

2013 2014 2015 2016 2018 2019 2020 2021 2022

WRC-15 (<6GHz) WRC-19

R15R13

2017

“5G starts early 2016 in 3GPP 
with  Release 14 and then into 
Release 15”

“ITU-R processes for IMT2020
run in parallel in close synch”

Note: Future 3GPP release timing uncertain

Release 14: The 5G study phase
leading to Rel-15 work item phase

Release 15: The first phase of ‘The Real 5G’; 
completion between 2018 and 2020

Release 13: Clean LTE-A evolution release
5G research progressing outside 3GPP

System
design & 

pre-study
Exploration

Standard definition
phase 1

5G commercialization 

Rel-12 completion R14
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The Nokia way for the 5G Marathon
“If you want to go fast, go alone but if you need to go far, go together”

Inside out 5G

Outside in 5G • Collaborative research
e.g. 5G PPP, 

• Customer collaborations 
• Drive regulatory and 

industry work e.g. ITU-R

• University collaborations 
e.g. NYU, TUD, Aalto etc.

• Holistic  systems research, 
prototyping & development

• Leverage Nokia strength 
across all businesses

Technical University of Dresden
Integrated Self-Organization Techniques for Uplink 

using Force Field  Network efficiency & quality

Prof. Gerhard Fettweis 2 PhDs

Technical University of Munich
Analysis of Cooperating Schemes and Massive 

MIMO in Local Area Scenarios

Prof. Gerhard Kramer 2 PhDs

Poznan University of Technology
Investigations of communication options and related 

5G MAC/RRM design aspects for vehicular safety

Prof. K. Wesołowski 2 PhDs

Aalborg University
Wide range of 5G radio research topics

Prof. Preben Mogensen 5 PhDs

Aalto University
5G radio system research on HetNet and mobility

Prof. Olav Tirkkonen 1 PhD

Universities in Beijing
5G  radio research

Tampere University of Technology
cmWave concepts and algorithms

Prof. Mikko Valkama 1 PhD

University of Kaiserslautern
5G network architecture

Prof. Hans Schotten 1 PhD

Oulu University/CWC
cmWave channel modelling and measurements, 

cmWave algorithms, spectrum sharing

Prof. Matti Latva-aho 1 PhD + joint project

Bristol University
Antenna and RF propagation modeling for HetNet

Prof. Andy Nix 1 PhDs

Purdue University
mmWave access and backhaul

Prof. David Love 1 PhDs

New York University
mmWave channel modelling and measurements 

Prof. Ted Rappaport 2 PhDs

University of CA, Santa Barbara
IC technologies for large antenna arrays at 

mmWave band

Prof. James Buckwalter 2 PhDs

University of Texas
5G modelling, D2D

Prof. Jeff Andrews 2 PhDs

Collaboration

http://networks.nokia.com/innovation/5g

http://networks.nokia.com/innovation/5g
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Thank you!




