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l Growth In the number of connected devices

THE NUMBER OF CONNECTED DEVICES WILL EXCEED 50 BILLION BY 2020
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Connected devices In 2010
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Connected devices today
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How 1t all fits in 57

Enhanced Mobile Broadband

Gigabytes in a second
3D video, UHD screens

Smart Home/Building Work and play in the cloud

Augmented reality

Industry automation
Voice

Self Driving Car
Smart City Mission critical
application
e.g. e-health

Massive Machine Type Ultra-reliable and Low Latency
Communications Communications

IN5060




| S

5G Mobile Network Expected Performance

10000 X more traffic v
10 '100 X more devices performance

11 millisecond Performance
latency requirements
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M2M ultra low cost

Flat ener
gy Critical machine type

'10 Gbit/s of communications
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10 Mbit/s
wherever needed Ultra
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Global
standard
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“ Back in the day...
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' Network Flexibility: Virtualization
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4G networks

do not enable
the range of

services that
the future
requires.
5G will be
faster and

more flexible.

4G

network
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5G network slicing

5G network slicing enables service providers to build virtual
end-to-end networks tailored to application requirements.

loT: Internet of things
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I oG Bands and its impact on Cell size
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VWhat is mm\Wave”?

Most wireless

operates in this Millimeter Wave Bands
range \

—

Hz ZOGHz SOGHz 40GHz SOGHz 60GHz 70GHz 80GHZ 90GHz 100GHz
Frequency Spectrum
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' VWhy mm\Wave?

Shannon-Hartley Theorem

S
C = Blog, (1 +N)

®  (C—channel capacity (bps]),

= B—channel bandwidth [Hz],

= S—average signal power, and

® N— average noise and interference power.

100-1000 times faster than existing wireless networks
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How does mmWave work?

mm\WVave: High attenuation at high frequencies -> very short range
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To address high attenuation: Beamforming

- Beamforming is a signal processing technique used for directional
signal transmission or reception.

- Elements of an antenna array is combined in such a way that signals
at particular angles experience constructive interference while others
experience destructive interference.

| — <Case1> <Case2>
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An antenna radiates energy like....

gifs.com

from Mark Hickle https://youtu.be/viPPANnvJS6c
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‘ Forming a beam
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“ Transmit beam and recelive strength

All directions
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“ Transmit beam and recelive strength

one side
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“ Transmit beam and recelive strength

2 deg conical beam
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' Beamforming and steering

S Antenna Array ’a UE1
Stream1
{0000
-~ m .
g § O O Stream2’auE2
g3 OO :
3t >~100 '
Stream N
Base Station

>

IN5060



How does mmWave work?

To address high attenuation, beamforming is used!
Challenge: Beam alignment
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‘ How does mmWave work?

Line of sight exists
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“ How does mmWave work?

Line of sight blocked
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' Beamforming Training
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Still quite a challenging problem
especially under mobility scenarios!
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.Spectrum Sharing: Multi-connectivity

5G /4G / 3G/ Wi-Fi
multimode device

Small cell Macro

~ 9G Carrier aggregation

4G LTE, LTE Unlicensed and Wi-Fi
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' Ultra high reliability and Low Latency

| ‘ Centralized Cloud Computing (4G)
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' Multi-access Edge Computing (5G)
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.Ultra high reliability and Low Latency

URLLC Enablers for
Edge Computing
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‘ summary and Conclusion

= 90 Is a paradigm shift in the networking ecosystem:
Network as a Programmable Platform

“ Flexible software based architecture to support many
different applications with diverse requirements

" Several techologies are proposed: network function
virtualization, network slicing, edge computing,
mmwave, etc...

® Does this flexibility and virtualization comes at a cost?
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