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Introduction

Non-linear effect of power amplifier results in

e Clipping of signals = distortion of the trans-
mitted signals and adjacent channel interfer-
ences.

e Methods to compensate the loss due to non-
linear charactersitcs

e Back-off of the transmit power = linear char-
acteristic, but less power



Amplifier

Base band signal
S(t) = I(t) +jQ(¢) (1)
RF signal
s(t) = I(t) coswt — Q(t) sinwt = R[S (2)

where w is the RF frequency.

Model of Amplification:

Power amplifier

Pout(t) = G[Py(t) = S*(1)] (3)

Signal amplifier

Sa(t) = F[S(1)] (4)



Hard Clipping

The clipped signal has the envelop

[ 8@) for |S(t)] < A
Salt) = { A-el?®)  for |S(t)| > A (5)

when normalized by /g, where
e g. power gain of the amplifier,
e S(t): input signal,
e 0(t) = arg[S(¥)],
e A > 0O: ceiling of the output amplitude,

e S4(t): normalized output signal.



Back-off against Hard Clipping

e Metric for saturation r := S, /A

— Sm = max{|S(t)

¢ € [0,T1},
— r2 — 1: saturated power fraction

— Linear r < 1; Clipping r > 1.

e S2: maximum input power within the obser-
vation window

e AZ2: maximum output power of the amplifier.

e A: amplitude amount of back-off

r=(Sm—A)A=r—A/A<r (6)

e Complete back-off achieves ' = 1. In general,

Sm—A<A < r<i1



Soft Clipping

(O for |S(t)| < A
A = (AT b5 = A)) - O for |S()| > A

where

e b(z) = a- (1 — e F2l) characterizes the non-
linear region,

e o determines the size of non-linear region and

e (3 determines the speed of (never !) reaching
the

e upper bound A + «a.



Back-off against Soft Clipping

e Metric for soft saturation
Sm
A4 a- (1 — e BISm—Al

rs . =

— Relation r¢ < r holds for o« > 0O

— Range between linear and " clipping’ :

A S| < A
< @ Pl < At

= 1/(1+a/A) <rs <1: Soft-clipping.
e Back-off with 1 </ <,
A=@r—-7r) A< (r—1)-A (7)

e Corresponding soft metric

/
/ r

T 14 (a/A) - (1 — e FATTI

(8)



Summary

e Choose target saturation metric r’or rg

e Measure current saturation metric

max{S({)|t' € [t,t +T)}

r= 1 (9)

or

_ max{S({)It' € [t,t +T)}

A+« (10)

S

e Determine the input transmit signal

Sa(®)g - (r'/r) (11)

where r’,r > 0, or

Sa(t)g - (rs/rs) (12)
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