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Objectives (1/2)

Green Communication:

o The growing demand of data from mobile
networks users = greater energy consumption
and greater C0, rejections.

o Researchers presented a concept called "Green
communicafions”.

o The key technigues of Green Communication are:

o Cognitive Radio: improve the spectrum utilization efficiency
and the network tfransmission performance.

o Network coding: remove the redundant routes mmp optimize the
throughput the effect of energy and bandwidth saving.

o Smart Grid: the combination of new communication
techniques, hardware and software optimization to save
energy.




Objectives (2/2)

oThis work is a part of the third category of green
communications fechniques.

oThe UWB system is chosen:
o low energy consumption
o low complexity.

oUsing on.Anoly’ricol model to compare the energy
consumption of modulation techniques.

oComparing the energy efficiency of some commonly
used UWB modulations in a mulfi-path environment.

< efficient modulation for future
applications.




UWB modulations descriptive
(1/3)

PPM (Pulse Position Modulation):

o Transmitting a short pulse with a delay in fime
if the transmitted bitis 1.

o The PPM signal:

= o EZwp(t = jTf = ¢Te = d[j/N]6)
o The duration of a pulse T, and the
bandwidth: B= —

p

o T;=pT, (B > 100), the symbol duration:
Ts = NgT;




UWB modulations
descriptive(2/3)

PAM (Pulse Amplitude Modulation)

o Transmitting a short pulse with different level
of Amplitude for 0 and 1.

o The PAM signal:

S = %Zjﬁ_wAd[j/Ns]p(t —JTf — ¢;Te), \/f,:zAd[j/Ns] is one of the
possible amplitude, Agpj/n, = 2d[j/Ns] —3 and E; = Eav/,
o Parameters are defined like the PPM case.




UWB modulations descriptive
(3/3)

PSM (Pulse Shape Modulation):

o Transmitting a short pulse with two different
waveforms for O and 1.

o The PSM signal:
5= \/5:22;5—00 Paj/ng(t — jTr — ¢T.) with Pgpj/ng is one of the

possible waveforms.
o Parameters are similar to the PPM’s ones.




The system Model (1/2)

o The time duration to tfransmit N bit: T =T, +
Tsl + Ttr
o The energy needed to transmit N bift:
E = PTac + PaTsi + Py Tyr  (Pae > Py = Py = 0)

o The total energy consumed to transmit 1 bit :

_ (Pe+Po)Tac+PerTer
Ea —
N
P,: the transmission power, P.=P..+P.,. . the power of the
transceiver circuitry.
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The system Model (2/2)

o For transmission: Pey = Py + Pymp + Prirt
Pomp = @P, (o = E —1)

o For PAM and PPM:

Per = Puna + Prix + Pine + Pog + Pritr + Papc

o For PSM:
Pcr — PLNA + 2(Pmix + Pint) + Ppg + Pfilr + PADC




UWB modulations
comparative (1/10)

The average BER in a UWB channel for PPM
and PSM: P, = f0+°°Q(\/SNR.x)fh(x)dx

After approximations:

n—1., 2 0.2
exp(n 5~

. 2
o In case of non-severe fading: F, < ——

nu) VvneN (Lognormal approximation)

. A+ (1=p)A .
o In case of severe fading: P, ~ 22 S(NRP) 2 (coxian
approximation)




UWB modulations
comparative (2/10)

O Ty = N,T;, 50 Ty = L. Tpe = NTy thus Tpe =2 (N, = 1)
o In case of non- severe fading for n=1:

P. = sz exp(5 — 1) 50 SNR=-exp(%- — k)

Es _ E P.Ty
SNR= N = GdItVO = G; o then P.T, = NO—exp(— — )Gy (G4 = M;d*G,)

) PTye = Nop-exp(5 — 1)GaN

o Total energy consumption:
1 a?
> Eqppy = (1 + )Ny P_eeXp(j —u)Ggt

1 2
> Eapsu = (1+ Ny o-exp(5 = 1)Ga+

(P c,PPM_Pamp)Tac
N
(PC,PSM_Pamp)Tac
N




UWB modulations
comparative (3/10)

o In case of severe fading:
P~ pA1+(1-p)A;
e ~

AM+(1-D)A
SNR P,
SNR=Zs = E BT yhen  p1 = N, 2atUDh g
No GgNg GgNg ths 0 Pe d

) T, = No PRGN

e

o Total energy consumption:
A+(1-p)A -
> Ea,ppM _ (1 + (X)NO pPA+(1-p)A, Gd+(Pc,PPM I:amp)Tac
e
pA1+(1-p)A, Gd+(Pc,PSM_;amp)Tac

> Egpsy = (1 + )N,

e




UWB modulations
comparative (4/10)
The average BER in a UWB channel for PAM:

P, = j Q(V2SNR.x)f, (x)dx

0

After approximations :

Tl—ln! 2

. 2
o In case of non-severe fading: . < - exp(n® - — nu)

vneN (Lognormal approximation)

. A +(1-p)A .
o In case of severe fading: P, ~ 21X0=Phz o 5yiqn

. . 2SNR
approximation)




UWB modulations
comparative (5/10)

o we have T, = NTy, 50 Ty = £. T,c = NT, thus T, = =£
o In case of non-severe fading for n=1:

P,=— 2 _ 1) Alors SNR=—- -
e = Sonp EXP(5 — 1) =25, &XP(G — 1)

SNR= =% = 2t = Mths
NO GdNO GdNO

2

donc P,T,= N, Z—Ilaeexp (67 — u) Gy

1 2
‘ PTqc = NOZ_PeeXp(%_ﬂ)GdN
o Total energy consumption:

1 z (PC, _Pam )Tac
Eq = (14 a)No5-exp(5 — i) Gat—F




UWB modulations
comparative (6/10)

o In case of severe fading:

P, ~ pA1+(1-p)A; SNR = pA1+(1-p)A,

SO

2SNR 2P,
E E P:T. A+(1-p)A
SNR= ==L =5 fhen  PTy = N, P2 g,
0 daiVo daivo e

m) P.T,. =N, p)\1+2(113;p)7\2 Gy4N

o Total energy consumption:

pA1+(1-p)A, Gd+(Pc,PAM_Pamp)Tac

> Eqpam = (1 +a)Ng 2P, N




UWB modulations
comparative (7/10)

Simulation parameters:




UWB modulations
comparative (8/10)

Non-severe fading Severe fading
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UWB modulations
comparative (?2/10)

Non-severe fading Severe fading
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UWB modulations
comparative (10/10}
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Conclusion and perspectives

» PAM is a good candidate for green

modulation:

Energy Effeciency.
Low hardware complexity.

Perspectives

» Short term:
Testing the model in multi-user environement
finding the energy efficient spreading sequences.

» Long term:
Using the results to design an energy efficient railway balise.
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