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What happens online in 60 seconds?
 www.rethink-wireless.com

(January 2012)
 “[…] iPhones caused 

disastrous performance 
problems on AT&T networks”

 “Verizon Wireless blamed 
similar factors for several 
outages on its LTE network”

 A decade of research on 4G/4G+
 5G will be more data hungry

http://www.rethink-wireless.com/
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5G: Rise of Autonomous Things
 All these services connect people
 Next decade….

 We need to connect autonomous things….

 …..for the well-being of people
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Driver behind 5G (and beyond)

 Data hunger (always) + Internet of Things

 Massive number of devices with services that are 
more critical than Facebook/Instagram posts!
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The Internet of Things: A key 
driver for 5G

Data-centric services IoT services
Key goal • High data rates • Reliability (99.999%) and 

Low latency (few ms)
Links • Few transmissions ( 

< 100 simultaneous)
• Massive (1000+)

transmissions
Direction • To users • From IoT devices

Devices • Human-centric: 
Smartphones, tablets

• Machine-centric: 
sensors, drones, etc.

 A shift from data rate (i.e., Gbps) centric communications 
towards reliable low latency communications!



 Massive number of 
antennas 
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5G: Satisfying Hunger for Rate
 Higher (millimeter wave) frequencies)

 A lot of available bandwidth
but very limited range

 Wireless physical layer: A lot of acronyms 

 The gist: Innovative ways to get more “bits” on a wireless medium
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5G: Satisfying Hunger for Rate

 So many records!
 What’s the truth?

 Rates at low frequencies:
3.6 Gbps typical can go  up 
to 10 Gbps

 Rates with millimeter wave:
10 Gbps to 40 Gbps but 
static  users only



 Grant free access
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5G: Managing Latency

 Network slicing

Core
InternetOver the

air delay
Backhaul and core delay

 Reduced “hops” for transmission, shorter time to build frames, etc.
 Target/trial latency: 1 ms, Reality: closer to 5-10 ms range when 

looking at end-to-end latency



 Physical layer: improve how we: a) “code” information and b) 
exploit frequencies so as to reduce errors and retransmissions

 Improving redundancy: packet redundancy and node redundancy 

 Core network: Virtualization and slicing (again)
 Achievable reliability? Five 9s observed in very limited trials, 

no clear view on what happens in the real world 9

5G: Reliability



Will there be a 6G?
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 (Radical) industry view:
5G is all there is or was
or ever will be

 (Radical) academic view:
5G is bad, really bad, we 
need 6G funding 

 Realist view:
5G provides substantial 
rate and latency gains, but
has several limitations
 Beyond 5G (5 yrs) vs 6G (10 yrs)

 Wireless 
research
is “dead”



5G Limitations
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 Coverage: the never 
ending rural area 
conundrum 

 Reliability (99.999% low 
latency/error free links): 
achieved in trials but still 
hard to achieve in practice

 High speed, high
mobility, high 
frequency

 Emerging and foreseen 
technologies



6G: Quick Vision
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 Rate: 1 Terrabit per 
second

 Latency < 1 ms
 Reliability (beyond 

five 9s)
 1000X improvements
 W. Saad, M. Bennis, 

and M. Chen, "A 
Vision of 6G Wireless 
Systems: 
Applications, Trends, 
Technologies, and 
Open Research 
Problems", IEEE 
Network, to appear, 
2019.

https://arxiv.org/pdf/1902.10265.pdf


Trend 1: More bits, More 
Spectrum
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 From millimeter wave to terahertz: more bandwidth, shorter distances

 Going from the Gbps to the Terrabit per second (Tbps)
 Challenges

 Understanding propagation properties at THz frequencies
 Overcoming short range and molecular absorption
 Reliability, reliability, reliability!

 Important note: 6G is NOT a case of just using THz!



Trend 2: 3D Networks
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 Communications in 3D: rate, latency, reliability
 Volumetric spectrum efficiency (bps per Hz per cubic meter)
 Rural coverage with drones



Trend 3: Rise of AI
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AI as fiction:
Talos – the “bronze” 
man of Greek myths

AI to compute:
Computers – can do 
arithmetic, math, etc

AI to be smart:
Intelligence – can 

mimic human brain

 Artificial intelligence enabled by machine learning



Trend 3: Rise of AI
Smart city:
Devices and

People

Observe and 
Connect
 Monitor 

environment
 Monitor people
 Generate data

………..

Understand
 Residents’ needs
 Devices parameters
 City information
 Environment status

………..

Act and adapt
 Self-optimize
 Self-organize
 Provide 

recommendations 
to authorities

………..

Sense

Knowledge
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 Self-sustaining
networks

 Analytics
 Smart

optimization



Trend 3: From Big Data to 
Massive Small Data

 Cloud big data was the norm but data is private and 
distributed

 Edge, on-device 
AI/learning

 Can users collaboratively 
learn a task of interest?

 Learning (at the edge) to 
communicate?

 Communicate to enable 
edge learning
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 Control a drone

Trend 4: “Brain” over 
Wireless 

 Immerse in a 
virtual world

 Can brain-like processing occur over 
wireless networks?

 Brain-in-the-comm.-loop
 Recent result: very low latency

cannot be perceived by a 
human brain

 Save resources via brain-aware
communication



Trend 5: Smart Surfaces
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More antennas

 From massive antennas to antenna surfaces

 End of the smartphone – base station communication era
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Trend 6: Convergence
 Why did we come up with all of the “G”s?
 6G will go beyond communications to provide…

Communications Control Localization

Sensing Energy

6G:
A multi-purpose

System!
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Interdisciplinary Foundations

Human
and QoPE
foundations

Large 
intelligent surfaces

foundations

Networking
foundations

Intelligence
foundations

Data analytics
foundations

Risk
foundations

Autonomy
and sensing
foundations

Optimization
foundations

Communications
foundations

Physics
foundations

Computing
foundations

Communication & 
Information 

TheoryAI/Machine learning

Game Theory

Control Theory

Microeconomics &
Statistics

Physics Stochastic
Optimization & 

Optimal Transport

Network Science 

3D Stochastic 
Geometry

Electromagnetics

Psychophysics
& Physiology

6G System



Conclusion
 2G: Voice
 3G: Basic multimedia
 4G: Heavy data/streaming
 5G: Internet of Things
 6G: Internet of Everything?
 7G: Quantum Internet of Everything?
 The “G” principle: “Odd numbered Gs explore 

new ideas, even numbered Gs perfect them”
 Wireless is not dead 22



Finally….

Thank You
Communications

Connect

Autonomy
Act (intelligently)
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