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5G

From Wikipedia, the free encyclopedia

5G (5th generation mobile networks or Sth generation wireless systems) is a term used in some
research papers and projects to denote the next major phase of mobile telecommunications standards to
be introduced approximately in the early 2020s. However, still no transnational 5G development
projects have officially been launched, and|there is still a large extent of debate on what 5G is exactly

about.
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MASSIVE INCREASE IN WIRELESS TRAFFIC
AND IN NUMBER OF CONNECTED DEVICES



TRAFFIC

«  Smartphones
« The Cloud

- M2M

DEVICES

VAST RANGE OF BIT RATE
& LATENCY REQUIREMENTS

WWW.qualcomm.com/1000x
www.ericsson.com/res/docs/whitepapers/wp-58.pdi
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MASSIVE

MIMO EXTREME

DENSIFICATION NEW SPECTRUM
(INCLUDING D2D)  (INCLUDING MM-WAVE)

INTERFERENCE MANAGEMENT
NEW SIGNAL WAVEFORMS
FULL-DUPLEX RELAYS

DATA CACHING

ETC...



International activities on 5G getting momentum

EU

— Framework Program 7, e.g. METIS and 5GNow projects
— 5G PPP in Horizon 2020

UK — 5G Innovation Centre (5GIC) at University of Surrey

US
— Intel Strategic Research Alliance (ISRA)
— NYU Wireless Research Center

China
— 863 Research Program
— Future Forum

— IMT-2020 (5G) Promotion Group

@® Japan - 2020 and Beyond Ad-Hoc Group under ARIB's Advanced Wireless
Communications Study Committee

Korea — 5G Forum as PPP
Taiwan — Ministry of Economic Affairs, National Science Council

Russia — 5GRUS by Russia’s lcom-Invest

NGMN — White paper on future requirements
. Company internal research

Source: 5G Infrastructure Association.
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European
Commission

5G Infrastructure PPP: The next generation of
communication networks will be “Made in EU”.

- Building the foundations of the next
decade communications networks

- Addressing the future “connectivity”
needs in key societal and economic
domains

- Boosting European industrial

leadership in telecommunications
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IEEE Communications Magazine, Special Issue on “5G Wireless Communication
Systems: Prospects and Challenges,” Feb. 2014

IEEE Signal Processing Magazine, Special Issue on “Signal Processing for the 5G
Revolution,” Nov. 2014

IEEE JSAC, Special Issue on “5G Wireless Communication Systems,” Dec. 2014



5 Research Reflections
(Inspired by 5G)

OO

Beware of hype

Interference is not the problem
Embrace messiness
Virtualization is coming to town
Cutting the wireless wire



(1 Beware of Hype

“It i a good morning exercise for a researcher fo discard
a pet hypothesis every day before breakfast

K. Lorenz



@ Beware of Hype

VISIBILITY

Peak of Inflated Expectations

Plateau of Productivity

Slope of Enlightenment

Trough of Disillusionment

Technology Trigger TIME




1 Beware of Hype

Assume a spherical cow of uniform density.

...while ignoring the effects of gravity.

...in a vacuum.

CAN'T,
BREATHE .

bastard theoretical physicists

How do you sleep at night?




@ Beware of Hype

Wnate the problem and

. The choice of modil
( ntherwise be

maximize insight,
distracting

= Only distractions on the result can be

avoided!

“Everything should be made as simple as possible, but not simpler”

Albert Einstein



@ Beware of Hype

Tractability Relevance




@ Beware of Hype

Peak of Inflated Expectations

= Massive MIMO?
-  Mm-Wave Communication?

Trough of Disillusionment

Technology Trigger



@ Interference is not the Problem



2 Interference is not the Problem

N modern wireless communication systems, interference
has become the major factor that limits performance.

Cellular networks are fundamentally limited by inter-cell interference.

NTERFERENCE management is a fundamental challenge
in wireless cellular systems.

Intercell interference is arguably the most severe impairment
in contemporary wireless systems

ADING and interference are the two key challenges faced
by designers of mobile communication systems.




2 Interference is not the Problem
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2 Interference is not the Problem
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2 Interference is not the Problem

Some examples...

Qualcomm < 20% CTW 2011 Keynote
Alcatel-Lucent < 10% ICC 2012 Keynote
Huawel < 8% [2013]

Lnterference 1S a problem
T bul it s not the problem



@ Interference is not the Problem
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2 Interference is not the Problem

“We should join the noise, rather than fight it”

Tom Cover



@ Embrace Messiness

“For every complex problem there is a simple solution,
and it's wrong

U. Eco



@ Embrace Messiness
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Cellular Service Trial — Chicago

Cellular testbed — Newark

Figure 3. Coverage maps for the Chicago and Newark trials.




@ Embrace Messiness

CoMP

Separate uplinkdownlink routes
Direct D2D

Figures courtesy of Prof. Jeff Andrews (UT Austin)
and Prof. Martin Haenggi (U. of Notre Dame)



@ Embrace Messiness
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STOCHASTIC
GEOMETRY

FOR WIRELESS NETWORKS

Random Networks
for Communicati
Fram Statistic

Massimo Franceschettl, Ronaid Mees

Evgeny Spodarev Editor

Stochastic
Geometry, Spatial
Statistics and
Random Fields

Q) Springer



@ Embrace Messiness

Embrace Messi-ness




@ Virtualization is Coming to Town

“He that will not apply new remedies
must expect new evils:
for time is the greatest innovator ~
Francis Bacon



@ Virtualization is Coming to Town

= Extreme densification
= Massive MIMO



@ Virtualization is Coming to Town




@ Virtualization is Coming to Town

ANTENNAS

AMPLIFIERS



@ Virtualization is Coming to Town

« Physical structures get blurred
» Virtual structures rule

e
?“C’P
INDOOR
RADIO HEAD f
+ ANTENNA W
P,\/
<\©
O?

OUTDOOR LOW-POWER :
RADIO HEAD + ANTENNA MASSIVE MIMO

RADIO HEAD + ANTENNA



@ Virtualization is Coming to Town

How fast can we reconfigure?
(Average Google query < 200 ms)
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Caching at
the Edges



® Cutting the Wireless Wire



® Cutting the Wireless Wire
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Low on power?
Hop on and

recharge your
battery!

Lheck-in




® Cutting the Wireless Wire




® Cutting the Wireless Wire

b/s

b/s / High energy efficiency

Lo ) Low spectral efficiency

&

bits/s =

MOBILE USER PERSPECTIVE

bits/s

- antennas - Hz
Hz - antenna

Careful with the high-SNR infatuation...



Final Remarks



= Watch out for hype
« Let's not lose sleep over inferference

= There are no cells, only nodes
« Think messy, think virtual
« Energy efficiency also matters



DON'Ts of Mathematical Modeling

‘6 9
Cum grano salis
(Don't believe the 33" order consequences of a 15" order model)

6k : »”
Use only as directed
(Don't apply any model 1ill you understand the simplifying
assumptions on which it's based, and can test their ability)

“Don't go off the deep end”
(Don't extrapolate beyond the region of fit)

“Don't beat a dead horse”
(Don't retain a discredited model)

Solomon W. Golomb, 1970



