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Forward Projection: Mobile Web Browsing vs. Desktop Web Browsing
(2007-2015)
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Tactile Internet
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Autonomous Driving
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AR/VR -

augmented reality / virtual reality °
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Ultimately, this becomes
an imperceptible device that
replaces nearly all others
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2 Mbps 5 to 25 Mbps 00 to 200 Mbps

Video conferencing Two-way telepresence Next-gen 360° video (8K, 90+
I ' FPS,-HDR. stereoscopic)

Bandwidth

1 Mbps 2 to 20 Mbps 10 to 50 Mbps 200 to 5000 Mbps

Image and workflow 3D model and data  Current-gen 360° 6 DoF video

downloading visualization video (4K) or free-viewpoint
—_—

Critical for immersive experiences
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Remote Healthcare

@MBNRGY www.mobilebroadband.ir - ol Wi g Ao oBails - 03l S9ub ), 3030 dyw



ko ple

Sl 31

V.,E.c <laosly ©

@@» www.mobilebroadband.ir - oloal weis g Ao ol8usls - 03l 9B, 3050 S



5G ol

Jiuii g

sipl = pan

www.mobilebroadband.ir - ol wais g Ao ol8ails - 03l S9us, 3030 Sgu




5G (59,0 sy sl

Enhanced Mobile Broadband

Gigabytes in a second _l—ﬁ

3D video, UHD screens

Work and play in the cloud

Smart Home/Building
Augmented reality

Industry automation

Voice Mission critical application,
e.g. e-health
Smart City — Self Driving Car
Future IMT
Massive Machine Type Ultra-reliable and Low Latency
Communications Communications

ITU
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¢ 100 Mbps always
* 10Gbps peak data rate

200

¢ 10-100x more devices
¢ 1,000,000 devices per km”2

bm\ (:)(b(ﬁ)\ e 10000x more traffic

* 500 GB/month/user (up to 30 TB)
* 10% of todays energy consumption- 10 years battery life

e <1 ms latency

63\)_&_) D‘bw)\ e Ultra reliability < 107-5 E2E outage

e Zero mobility interruption
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Global Mobile Data Traffic Growth / Top-Line
Global Mobile Data Traffic will Increase 7-Fold from 2016—2021

7% CAGR

60 201 6—2021
= 49 EB
40

Exabytes SS EB

per Month 30 24 EB
20 17 EB

11 EB
10 7 EB
vty 0 = ﬁ

CISCO 2016 2017 2018 2019 2020 2021
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Connected devices (billions)

. 2016 2022  CAGR
25 Wide-area lo]

20 (& srotrangelor 52 155

15

PC/laptop/tablet

10

@; Fixed phones 1.4 1.3 0%

billion  billion

w

2014 2015 2006 2017 2018 2019 2020 2021 2022
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5G Core Network

Network Function Software Defined

Virtualization (NFV) Network (SDN) BT S

Multi-Access Edge

Computing (MEC) Cloud computing Heterogeneous network
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Network Spectrum -
Spectrum Utilization

WESIE
MIMO FBMC
3DBF NOMA

www.mobilebroadband.ir

Densification Extension

Super
Wideband

Small Cells

HetNets
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HetNet

Ref: IEEE Spectrum
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Ultra-Dense
Tx/Rx Paints

Capacity Enhancement

6 GHz

Celiutar Ceflular  Unlicensed ave/|

Source: ETRI
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Spectrum

i
100 GHz

60 GHz

30 GHz

20 GHz

10 GHz

5G is not a replacement
technology. LTE
longevity is expected.

& GH=z

Current Focus

5G

mmwave

2 GHz
1 GHz

0 3000 39 US
Lowe Eank b IHO, BF
5G 32 Europe
28 Korea Olympics, US Fixed
Cf””Va?e Access, Japan, EU
12-30GH) :
| Levweeer Rank MIMC, BF
4,5 Japan Olympics, China
3.5 China, Europe, Korea, Japan
i 2.5 Europe, US
5G | 17,18 1.9,2.1 China, US

<6GHz | 900 China
High Yank MIMO, BFE 700, 800 Europe

600 US

NOKIA Gell | abs
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Large bandwidth ‘

Leveraging higher spectrum bands
(e.g., at 28 .GHz) previously not dols —
availableto LTE
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* Three dimensional Beamforming (elevation & azimuth)

* Full dimensional array

SN | Massive MIMO BS

[>
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* Carrier aggregation

* Coordinated Multipoint
* Cognitive Radio

* In-band full duplex
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2012-2015 2016-2017 2018-2019 2019-2020
\ J | J
! |
Setting the stage for the future: Defining the
vision, spectrum, and technologies

technology views
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3GPP
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Peak Spectral efficiency * 30bps/Hz - 15bps/Hz
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WIRELESS

Pioneering Research in Wireless Communications

www.nyuwireless.com
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Experimental Results for Massive MIMO

Lund University - Sweden
128 antennas freq. 1.2 ~ 6 GHz
10 users R
National Instrument Plataform - USRP
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March, 2017

L1E

World's First Gigabit Phone
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|IEEE International 5G Summit

Upcoming 5G Summits

Trento, Italy
Tuesday, March 6, 2018

1 summits in 20 summits in 8 summits in 3summitsin
2018 2017 2016 2015
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Main domestic and international participants
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Welcome to the Mobile Broadband Networks Research Group (MENRG) at the Iran
University of Science and Technology (IUST). The group is dedicated to research and
teaching in the broad area of wireless and cellular mobile communication systems. The
research in the group focuses on broadband mobile wireless systems and networks.
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Massive MIMO -
Millimeter-Wave —
3D beamforming —
Energy Efficiency and transmission —

Physical Layer Security —
el s o@\:\gs)&m .

KOREA

MUNIVERSITY

f’@"@ CHALMERS

o UNIVERSITY OF TECHNOLOGY

)) www.mobilebroadband.ir - oloal weis g Ao ol8usls - 03l 9B, 3050 S



www.mobilebroadband.ir




