When Does
Cooperation Have

Better Performance In

Sensor Networks?
IEEE SECOM 2006

Po-Yu Chen

2007.10.31



Outline

m Introduction

m System Model

m Performance Analysis

m Experimental and Simulation Results
m Discussions

m Conclusions

2007.10.31



" A
Introduction

m “Diversity”’= “state of being varied, variety”

m The basic concept of diversity: transmit the
signal via several independent diversity
branches to get independent signal replicas via

time diversity
frequency diversity
space diversity
polarization diversity
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Introduction

m Frequency diversity
Multi-carrier communications

Multi-path diversity in spread spectrum
communications.

m Space diversity
Antenna diversity
E.g. Multiple-Input Multiple-Output (MIMO)
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Introduction

m Original MIMO

R
m Cooperative diversity : : i
iMS/Relay
i <> OR

Virtual antenna array
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Introduction

m Cooperation takes the advantage of the
broadcast nature of the wireless channel

Overhearing

m The previous works studies the gain of
cooperation diversity under ideal model of
negligible listening and computing power.

In WSNSs, these two power are the same order
as the transmit power.
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Introduction

m This paper takes into account the extra:
processing
receiving
power consumption at relay and destination.
m There will be a tradeoff between the gains
INn the transmit power and the loses when
applying cooperation.
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System Model

Relay

o / Channel fading gain
hi.d

Source Destination

m Considering a single hop in the network between
two nodes.

m Three node model
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System Model

m Direct transmission
Source = Destination

m Cooperative transmission
Phase 1: Source - Relay
Success 2 ACK

Failure > NACK - phase 2
Phase 2: Relay - Destination
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System Model

m Outage Probabillity
Po = P(SNR < 3).

S Is a threshold which depends on the QoS
requirement.
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System Model

m Wireless channel

Narrow band Rayleigh fading

Propagation loss

AWGN

Channel fades are independent for different links
m Antenna

One antenna

Half-duplex mode
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System Model

m Power consumption

Transmitting power: P
m P(1- o) Is actually used for RF transmission
m ¢ . power amplifier loss

Processing power: P,
Receiving power: P,
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System Model

m [he received signal strength

1. Direct mode Q r @

source destination

Yol = \/PD 1 — a)r _ﬁhﬂdi + 1244,

2. Cooperative mode

Ysd = \/ Pe(1 — a)'f*;; hegr + nsg,
Yid = \/Ps L — a)ry hige + nyq.

Ysl = \/ Pe(1 — a)rThgx + ng,
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Summary

m Cooperation provides a new means to
achieve signal reliabllity via spatial
diversity.

m The drawback of the cooperation mode is

the extra processing and receiving power
required at the relay and destination.
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Performance Analysis

m This paper formulates a constrained
optimization problem to minimize the total
consumed power subject to a given
outage performance.
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Direct Transmission

Channel fading gain

-
@ - ©

source destination

): yszd _ ‘hsd‘zrsayPsD(l_a)

SNRI(T
(sd No No
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Direct Transmission

m Outage probability

P, = P(SNR(r,, )< ) =1 exp| - o/
OD rsd —ﬂ) eXp (1—0[)PD (6)

m Total transmission
power

P>=P°+P.+P

tot

Fixed
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Direct Transmission

m Optimization problem

- D *
I’T;!)ﬂ Ptot’ S.t. POD < Pout

m LetPo, =P, *

out

PD* — _ ﬁNOrsG \
S (1-a)Infl-P.,)
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Direct Transmission

m The minimum total power required for direct
transmission:

_P-|-P— /BNOrsd

o (1-a)in(l-P.,)

tot
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Cooperative Transmission

m Two possible power allocation scenarios

Source and Relay have different
transmission powers

o Complex and infeasible

Source and Relay have equal transmission
powers
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Cooperative Transmission
relay

@
rsd

source destination

m Calculate each SNR value in each phase
Phase 1: SNR_,, SNR (11)
Phase 2: SNR, (12)
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Cooperative Transmission

m Outage conditions

2 relay
@XSX@

source destination
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Cooperative Transmission

1
Poc = P ((SNRyy < 3) N (SNRy; < 3)) +

P ((SNRSd < .,3) M (SNRM < ..-8) M (SNRSl > 3))
2

(1= f(rea, P)) (1 = f(rq, PS))
+ (1 _ f('r.ﬂflr Pf“)) (1 _ f('rld-; Pl)) f('rsl? Pa(ﬁf)

NoBxY
fla.y) = exp(—75=5)
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Cooperative Transmission

m Simplification

Poc = (1= f(rsa, PS)) (1 = f(rsa. P) f(rg. P))

m The total consumption power

P = (PY + P.+2P.)P(SNRy > [3)

+ (PY + P, +2P)P(SNR.q < B)P(SNRy < )
+(PY + P +2P.+2P,)
x P(SNR.; < B)P(SNRy > 3),

(15) =
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Cooperative Transmission
m Simplification

Py = (Py 4 Po42P,) f(r5d, P;) + (Py + P
+28,) (1~ f(ra. Py)) (1= f(ra, PY))
+ (P + P+ 2P, + 2P,) (1 — f(rea, PC))

x f(rq, PY).

(16)

2007.10.31 25



"
Cooperative Transmission

m Optimization problem

min Prgt(Pq(j FR), S.t. P()(_?(ch? P) < P:

Pffpf. out-
et PSC =P =P,
1}1)1111 P, (1:)(__‘3'13')T S.1. P()(_j(P(_jE) < P ..
CE
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Cooperative Transmission

m The minimum total power required for
direct transmission

(kl ko + kq kg) - k1 kgkgl‘f = P

out"*

BNyr! BNor! BNyr)
where k1 = ——24, ko = ——>=t, and k3 = ——<.
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Experimental Results

m Assumptions
Channel independence
Channel error exhibits strong time correlation

-

Office Environment _
Receiver 1

5m 20cm

5m Q

Receiver 2

source

Saquencs of arorfor card 2
= = o |
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Simulation Results

m Parameters
a=0.3, 5=10
N,=10-3
P.= 10* watts
P .= 5*10~ watts
Q0S= P tage= 10
Coop. Gain = I:)Coop./l:)direct
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Simulation Results

10

m Different P,

10

10'

Gain(coop.) > Gain(direct)

Cooperation Gain

0

Gain(coop.) < Gain(direct)
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Simulation Results

m The effect of SNR

10

threshold S

T og = 100m
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Simulation Results

m Power amplifier
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Simulation Results

m The effect of the relay _ .
_ Optimal power allocation
location o T I T

[] 3 Cases """"""""" == Coop—relay nearD |~ == r = """""""""" """"""""" ' i
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Simulation Results
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Summary

m The r, will affect the cooperation gain
<20m, direct transmission IS better

<100m, the equal power allocation can
approximate the optimal power allocation

m The relay location also affects the
cooperation gain.
Closing to the source has better performance

<100m, the relay location does not affect the
performance much
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Conclusions

m This paper investigates the gains of cooperation
INn WSNs by taking the extra overhead of
cooperation into account.

m |t formulates a constrained optimization problem
to minimize the total consumed power.

m |t shows that the distance between source and
destination, and the relay location will affect the
cooperation gain.
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