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Speaking to a diverse audience

What does the trick (as per Google search):

1. Learn the demographics of the audience
2. Do not use humor that puts down any particular group
3. Do not try and share your religious beliefs

4. Be comfortable with silence

5. Reflect on nature of one's activity
6. Find common models

7. Identify opportunities for cross-disciplinary work



Heinrich Hertz (1857-1894)

"I do not think that the wireless
waves | have discovered will have
any practical application." (H.R.Hertz)



From digital to digital...




Explaining wireless progress

| Adaptivity
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The revenge of the brains

Five fundamental trends in wireless

Densification, miniaturization,

Machine dominated traffic (50B machines vs. 7B humans)
Cloud-radio

Aggressive frequency reuse

Self-organization
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The service & interference graph
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Modeling autonomous behavior with games

Key idea: Let autonomous transmitting devices interact to solve
their interference conflicts

Players -> fransmitters

Actions -> Transmit decision (power,
frequency, beam, ..)

Strategy -> Utility maximization (max
rate, min power, min delay,..)

Timing -> simultaneous, sequential,..

Equilibrium -> Nash, Stackelberg,
Nash Bargaining,..



The price of selfishness

A two-device beamfoming game
TX1 TX2

A  The two-device utility region
User 1 utility
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Social optimum
Looming danger:

o
Sl
(o) NP
R
autonomy -> selfishness! .E """"
Nash (selfish) equilibrium: Nash
Blast your terminal! (ignore interf)
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The price of selfishness

A two-device beamfoming game
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From wireless games to wireless teams

1. Wireless devices wish to cooperate towards
maximizing a common utility

2.Each device has its own limited view over the system
state (via local measurements)

3.Devices must come up with consistent strategies,
which take into account the
incompleteness/inaccuracy of one's and other’s
measurements

* Related to Bayesian game theory (Harsanyi,
Nobel '94)



Team decision theory: Buying a baguette or not?

In 1936, a french couple returns separately from work and

wants baguette for dinner. Personal cost for stopping at
the baker is c; .

Each person knows its own cost c;. We assume that the c;
are uniformly distributed over [0,1]

Goal: maximize expectation of joint utility given by:

Person 2\Person 1 Stop at Bakery Go home
Stop at Bakery a-c,-C, 1-c,
Go home 1-c, 0

Who should stop for bread?



Team decision theory: Buying a baguette or not?

In 1936, a french couple returns separately from work and

wants baguette for dinner. Personal cost for stopping at
the baker is c; .

Each person knows its own cost c;. We assume that the c;
are uniformly distributed over [0,1]

Optimal decision 7i () of threshold form

, Buy bread if ¢, <c
7i (G) = : th
Go home if ¢, >c




Team decision theory:
The distributed Rendez-Vous problem

Angel and his secret lover arrive in Chantilly separately
seek o meet in minimum time

* They're allowed one short call to exchange (inaccurate)
position information, after which they start walking...

(i)
pi Estimated position of person j available at person i



Application to wireless:
Coordination over a signaling graph

q® Allocating prior info?
Riz TX2{Qi=1,.. K} Exchanging prior info?
TX1 & Decision making?
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A priori information: Coordination link rates:

H® Local state knowledge

Q; Information quality indicator From node i fo node j: R;;



Example 1: Team decisional power control

+ Binary power control in wireless networks “5) ‘B’

- Direct links are known individually
- Only statistics of the interfering links

[P ]
G, G,

- Transmit with P.=Pm or remain silent P.=0

+ Competitive approach:

P =R"™

» Result: Team power control
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Example 2: Coordinated Precoding

Discussed in LTE-A standard forum (CoMP)

Basic assumption: R;; » 1L,H® =AY =~ H
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Transmitter cooperation: Myth and reality
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* A. Lozano et al, “Fundamental limits of cooperation”, IEEE Trans. On Information Theory, Sept. 2013.



Transmitter precoding using team decision

Spectral Efficiency

Some lessons learned:
A
« Optimal spatial allocation of
High P knowledge
< .. Scale knowledge according to
| Saturation interference strength
|

Regime

* Who knows more does more
(Active-Passive coordination for two

nodes) X2

TX1 PRl




Merci

Open Source over-the-air radio experimentation

www.openairinterface.org

References available upon request at
gesbert@eurecom.fr



