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@ A set s of radio devices transmitting to its respective receiver
s e S={1,...,S} subject to mutual interference.

@ Each AP s operates in a specific frequency band with bandwidth Bs.
@ Bands do not overlap with each other.
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Regarding the individual spectral efficiency, what if...

(;o

@ the number of users increases non-uniformly over the three systems?.
@ a transmitter is very far from its AP?
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One idea is to open the infrastructure to all devices... and let them to
connect to any system. [1], [2], [3], [4]
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Then, each transmitter can be connected to any Access Point (AP).
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or connected to several APs.
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Motivation

Motivation: Two Scenarios

Then, we identify two scenarios:
@ Each device connects to a unique AP: AP Selection .

@ or, each device simultaneously connects to several APs: AP
Sharing .

S.M. Perlaza, E.V Belmega, S. Lasaulce, M. Debbah AP Selection Self-Configuring Networks. 11



Motivation

Motivation

@ How can radio devices autonomously connect to the network in
a decentralized way with a limited feedback?

@ There exists a gain (bps/Hz) by letting each transmitter to
simultaneously connect to several APs?
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A Network Association Game

Our scenario can be modeled as a non-cooperative game G =
(K, (Pi)kerc » (Ukkex) with

@ A set of K players (transmitters):
K={1,...,K}, (1)

@ A set of actions (strategy) for each player:

P« = {(pk,17~~~,pk,s) €R®:Vs €S, prs =0, and Zpk,s < pmax}~

seS

@ A utility function for each player:

B Pi,s 9k,
U (P P—ks) = > Es log, (1+ ZJrSS:;g) bps/Hz. )
sES @5 j,s9,s
jeX\k
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Towards the Solution of the Game (1)

We are looking for a Nash equilibrium.

Definition (Nash Equilibrium)

In the strategic game G = (K, (Px),cx » (Uk )kex, @ strategy profile p € P is
an NE if it satisfies, for all k € K and for all p; € Pk, that

Uk (Pks P—k) = Uk (Pk, P—k)- (3
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Towards the Solution of the Game (2)

Our game is a potential Game.

Definition (Exact Potential Game)

Any strategic game G = (K, (P« ) » (Uk )kex iS an exact potential game
(PG) if there exists a function ¢ (p) for all p € P such that for all players
k € K and for all p; € P, it holds that

Uk(Pks P—k) — Uk (Pk, P—k) = &(p) — o(p’), 4)
where p’ = (p1, ..., Pk—1, Pk, Pk+1s - - -, Pk )-
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Towards the Solution of the Game (3)

Proposition

The strategic game G = (/C, (Px), c« > (Uk Jkex is an exact potential game with
potential function

K
¢(p) = Z % Ion (0'52 + Z pk,sgk,s) . (%)

k=1

Then, from Corollary 2.2 in [5],

Proposition (Existence of the NE)

The AP selection game G = (K, (P« ) » (Uk )kex always has at least one
NE in pure strategies.
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The Solution of the Game

In the strategic game G = (K, (Px)ycx » (Uk )kex the strategy profile
p* = (pi,...,Pk) With pg = (Pg1,-..,Pi.s), Where forall (k,s) € K x S,

. Bs (ks } -
= — =5 , 6
Pls {B ﬁk Ok,s ( )
S}
is the unique NE of the game. The constant j is set to satisfy Z Pk,s = Pmax
s=1

and (s =0+ D PisGis.

JEK\K

Proof.

| A\

B
The proof follows by solving the OP: max > = log, [ o2 + > pjsYis O]
PEPics B JESs o
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How to reach such an NE?

A fully decentralized algorithm:

@ REQUIRE Yk € K,

MAI Vector: ¢« (0) = (¢k,1(0), - .., ¢k s(0))
Channel Realizations: gk = (9k,1,---,0k,s). Vk € K
t — 0.

@ REPEAT

ot—t+1
@ FORk =1toK

@ pi(t) < arg max ¢(p)
Pk €Pk
o ENDFOR
@ UNTIL p(t) = p(t — 1)
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How to reach such an NE?

i
5 10 15 20 25 30
Steps

Figure: Evolution of the potential at each update of the players using the AP Sharing. Number of players

K = 6, Number of APs S = 3, 5 = 0.75, 52 = 0.21, and 33 = 0.04. SNR = 10logy, (Bmas ) = 10,
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Is the NE Efficient and Fair?

Is our solution efficient from a network (global) point of view?:

AP Pareto Optimal. S = 6.
AP Sharing. § =6, 1
- AP Pareto Optimal. § = 8.
. -y-AP Sharing. § =8,
V.. ]
®,
V..
=,
V... ]
V-
Y-

8 10 12 14 16 18 20
Number of Players K

Figure: Network spectral efficiency as a function of the number of players K for the case of S = 6and S = 8
) =10dBandB = 1Hzand Vs € S, as = é The SCALE algorithm is described

APS. SNR = 1010y, (518
in [6]
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Is the NE Efficient and Fair?

What is the cost of such efficiency?:

09r
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Number of Players K.

Figure: Outage probability as a function of the number of players K for the case of S = 6 and S = 8 APs.
SNR = 10log, (‘:\"T‘Tag) =10dBandB = 1Hzand Vs € S, as = é The SCALE algorithm is described in [6]
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AP Selection Games

Each transmitter is constrained to only one Access Point...

Then, the set of actions of each player is for allk € K

P« = {pPmax€s: VSE€S, es=(€s1,--.,6s3)
and Vr € S\'s,es;, =0, and ess = 1}. @)

and note that P = P; x ... x Pk is a set of points in a subspace RX S
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AP Selection Games

We can see the strategy set as a graph:

p(2)

(®) A(”
p |
p(5) p(s)

(a) (b)

Figure: (a) Non-oriented graph and (b) oriented graph representing the AP Selection game withK = 3, S = 2,
under the condition ¢(p(®)) > ¢(p(®) > B(p™) > ¢(p®) > ¢(P®) > 6(p")) > ¢(P®) > ¢(p)). Total
number of vertices: SX = 8, number of neighbors per vertex: K(S — 1) = 3. Maximum Number of NE: sk=1—4
Number of NE: 2 (red vertices in (b)).
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AP Selection Games

Definition (Random Walks)

A walk through an oriented graph G is an ordered list of vertices Vig, -+ Viy
such that vertex v;, ., is adjacent to vertex vi,, with in € Z for all
ne{l,...,N},and N < Sk, We say that a walk is random if given a vertex

Vi,, the vertex v;_, is chosen randomly from the set of neighbors V.

Proposition

Any random walk in the oriented graph G ends in a vertex representing an
NE.

S.M. Perlaza, E.V Belmega, S. Lasaulce, M. Debbah AP Selection Self-Configuring Networks. 25
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AP Selection Games
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S K ~6-Random Updates. Trial 1
g A Random Updates. Trial 2.
[ & Random Updates. Trial 3.
===NE1
K NE 2
; ==NE3

Potential ¢

10
Steps

Flgure: Evolution of the potential at each update of the players using the AP Selection. At each step one player
is randomly chosen to update its strategy. All the sequences are obtained using the same set of channel realizations

he.s» V(K, S) € K x S. Number of players K = 5, Number of APs S = 3, 5 = 0.14, 52 = 0.40, and
Ei = 0.46. SNR = 10logo (2% ) = 10 d.

S.M. Perlaza, E.V Belmega, S. Las e, M. Debbah onfiguring Network



Network Association Games Access Point Sharing
Access Point Selection

AP Selection Games
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Figure: Potential associated with each strategy profile p(i) as a function of i € Z. The set of channel
realizations hy s, V(k,s) € K x S is identical to that one used in Fig. 5. Nash Equilibria are pointed by arrows.

Number of players K = 5, Number of APs S = 3, l%l = 0.14, %2 = 0.40, and %3 = 0.46.
Pmax | _—
SNR = 10l0g; ((§p% e %) = 1048,
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Is the NE Efficient and Fair?

Is our solution efficient from a network (global) point of view?:

Noumber of Playess K v N
K K
rg%a%ZUk(p) ,Q“Ga;zuk(m
Flgure: Price of anarchy k:iKl and price of stability (| ——*=L | as a function of
min u max u
. *kZ:l k(P) peP*Z k(P)

the number of players K for the case of two and three APs, S = 2and S = 3. SNR = 10log;o (Pmax

g ) — 10dB.
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Figure: Sum spectral efficiency as a function of the number of players present in the network. Players operate

at a transmit SNR 10 log,q (P,\‘mTan> = 10 dB and the fractions BFS = é Vs € S. SNR = 10log,q (’?\‘"(‘J%) =10
dB.
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Figure: Sum spectral efficiency as a function of the number of players present in the network. Players operate
at a transmit SNR 10 logyo (PmaX) = 10 dB and the fractions E:B ,Vs € S. SNR = 10logo (Pmax) —10
dB.
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Conclusions

Conclusions

@ Itis possible to solve the problem of network association with limited
feedback in a decentralized fashion.

@ For full-loaded and over-loaded systems, there is no gain by increasing
the strategy space of each transmitter.

S.M. Perlaza, E.V Belmega, S. Lasaulce, M. Debbah AP Selection Self-Configuring Networks. 33



Conclusions

References

Kl
[
Kl
[
El
[

P. Mertikopoulos and A. Moustakas, “Correlated anarchy in overlapping wireless networks,” IEEE Journal on
Selected Areas in Communications, vol. 26, no. 7, pp. 1160-1169, September 2008.

E. Altman, V. Kumar, and H. Kameda, “A Braess type paradox in power control over interference channels,”
Symposium on Modeling and Optimization in Mobile, Ad Hoc, and Wireless Networks - WiOPT, Apr. 2008.

E. Belmega, S. Lasaulce, and M. Debbah, “Decentralized handovers in cellular networks with cognitive
terminals,” 3rd Intl. Symp. on Communications, Control and Signal Processing - ISCCSP, March 2008.

C. Singh, A. Kumar, and R. Sundaresan, “Uplink power control and base station association in multichannel
cellular networks,” GameNets, May 2009.

D. Monderer, “Potential games,” Games and Economic Behavior, vol. 14, pp. 124-143, 1996.

J. Papandriopoulos and J. Evans, “Low-complexity distributed algorithms for spectrum balancing in
multi-user dsl networks,” IEEE International Conference on Communications, June 2006.

S.M. Perlaza, E.V Belmega, S. Las e, M. Debbah onfiguring Network



