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Abstract - The effeed of the transmitter gain transient 
when the power-amplifier is switched on and off (to conserve 
battery power) is investigated for OFDM systems. A simple 
receiver-side correction teehnique is proposed for the 
HIF'ERLAN/Z OFDM system, and the improvement in 
performance is demonstrated. 

I. INTRODUCTION 

By its nature, any wireless communication system is 
likely to be battery powered. Therefore it is important to 
consider means of conserving the batteries power. The 
most obvious technique is to turn off parts of the system 
when they are not in use. If we turn off only the most 
power hungry of the components, the gain in terms of 
battery life can be similar, but the system can be 
simplified. For instance, the RF component that consumes 
the most power is the power-amplifier in the transmitter. 
By only switching this component on when transmitting, 
the power consumption can be greatly reduced. 

However, when an amplifier is switched on it has a 
settling time before its gain is stable. Understanding the 
effects of this gain transient on the system performance is 
critical when evaluating performance. OFDM systems 
such as IEEE 802.11a and HIPERLAN/2 (HL/2), which 
have almost the same physical layer, are particularly 
sensitive to such non-linear gain. This paper, studies the 
effect of a power-amplifier gain transient with a 
commercially available amplifier; shows that the HL/2 
standard can be met in the presence of this transient, 
measures the performance degradation due to this gain 
transient, and suggests a simple correction scheme. 

11. TWICALPOWR-AMPLIFIER TRANSIENTRESPONSE 

We chose to measure the transient behavior of the 
commercially available ARAFTEK 7501 power-amplifier 
module. This GaAs amplifier is suitable for 5GHz 
applications and bas a IdB compression point of 23dBm. 
To simulate a typical mobile application within the context 
of a HL/2 system the AFL4FTEK amplifier was switched 
on and off with a cycle of 2ms, to simulate the HW2 

frame-rate. The power-amplifier was switched on for only 
0.4111s of that time. As we wished to see a worst-case 
situation, we drove the amplifier with a 7dBm CW input, 
which gave a compressed output signal. -.~ _ .  
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Fig. 1. Transient response of ARAFTEK 7501 power- 
amplifier with cycle of 0.4111s On, 1.6111s OFF. 

Fig 1 demonstrates the transient behavior of this 
amplifier. Two major effects can be seen: an overshoot as 
the amplifier is tumed on, and a gradual reduction in the 
gain of the amplifier due to thermal effects. The HL/2 
standard, allows 6 p  switching time between receive and 
transmit modes, and so only the thermal effect needs to be 
considered when modeling the effect of the power- 
amplifier transient. 

111. EFFECT OF POWER-AMPLIFIER TRANSIENT ON 
PERFORMANCE 

The gain transient of the power-amplifier is in fact a 
non-linearity that causes inter-modulation of the OFDM 
carriers, introducing an additionally noise effect. 
Additionally, after passing through the channel, this non- 
linearity affects the cyclic nature of the OFDM coding. 

803 
0-7803-7239-5/02/$10.00 D 2002 IEEE 2002 IEEE MTT-S Digest 



The power-amplifier adds a gain that varies with the time 
index of the transmitted blocks. This destroys the diagonal 
property of the transmission channel when inserting the 
cyclic prefix, thus creating inter-camer interference (ICI). 

When adopting a digital modeling of the gain transient, 
its effects can be described by the following equations: 

x(nT)=(I+ob"k(nT)  (1) 

where x ( r )  is the time domain signal sent through the 
channel. Matching the above parameters a and b to the 
curves in Fig 1 we find that (I = 0.0839 and b = 0.9997 
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To complete the notation, the classical operations for 
OFDM [l]  modulation of a vector S(k)  ( k  being the 
block index) generating the time domain samples s(k)  and 
cyclic prefix insertion transforming s(k) into s'p(k)  are 
shown below and depicted in Fig 2: 

s,(k) = s((W + n)T),O I n < N 

S(k) = (k)>" ' 3  sN-l (k)Y 
s w  = (S N-D(kXSN.,+l(kl...rSN.,(k)rSg(k),S,(k)....,SN.l(klY 

s (k)=(so(k) , '" ,~~_, (k)Y = F,"S(k) (2) 

where N denotes the FFT size, D the duration of the 
cyclic prefix, in number of samples, and T the sampling 
rate. For HU2 1/T = 2OMHz. N = 64 and D = 16. 

After some calculus, it can be shown, after guard 
interval stripping, that the matrix in equation (3) models 
the filtering by the transmission channel 

h = (4 ..... h , . , , ~  ..... oy with I 6  D. All the components of 
the matrices are blocks of size D x D : 

0 . . . . . .  0 [ ;  '., '__ 

(4) 

and p = bNI4, The received time domain vector r(k) to 
be demodulated is thus expressed as (noiseless case): 

= ( H ,  + H,,(k))s(k) ( 5 )  

Note that H,, is circular and corresponds to a circular 
convolution [2] by the channel (yielding no ICI) whereas 
Hwan,(k) includes the effect of the power-amplifier 
transient Finally, the received symbols at the FFT output 
are: 

R(k) =diadFNh)S(k)+aLf(N+@FNHm~k,G' (6) 

For typical values of a and b, such as those provided 
before, it can be observed that B = I, (identity matrix of 
size D) and p = 1. Thus, equation (6) is approximated by: 

R(k)  = (1 + ub"N'D')diag(FNh)S(k) (7) 

According to equation (7), the effect of the power- 
amplifier transient can be viewed as a simple scalar gain 
g(k)=l+ahm'" affecting the channel, and varying along 
the frame or burst (as k increases). In HU2 and 802.11a, 
the channel is estimated in the preamble of the burst. Thus, 
neglecting the variation of g(k) leads to an error in Viterbi 
metrics computation [ l ]  which degrades the performance. 
Another source of degradation comes from the 
approximation in equation (7), which assumes that 
ff,,(k)is circular thus neglecting the ICI. This second 
effect is produced by the variation of the gain inside the 
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OFDM symbol, whereas the first effect is due to the gain performance degradation due to the power-amplifier 
variation from one OFDM symbol to the next. The first transient with a realistic model of the RF components. A 
can be easily compensated if g(k) is known or estimated, system that conforms to the HU2 standard must have a 
whereas the IC1 will be much harder to compensate. transmitter EVM that is better than 24dB [3]. The exact 

The average Euclidean norm ofH _... ( k )  over the method to measure the conformance is not defined yet 141, - I"% 

realizations of the channel corresponds to the Error Vector 
Magnitude (EVM) that would be measured at the receiver 
when no compensation method is applied. It is plotted as a 
function of the OFDM symbol in Fig 3. The limiting value 
of the error (about -24 dB) is sufficient to cause 
degradation in the bit error rate performance of the higher 
order modulations, such as QAM64. We also plotted on 
Fig. 3 the error due to IC1 only, assuming g(k) is perfectly 
known, and it can be observed that this error is negligible. 
Therefore, in the following we introduce a compensation 
scheme based on the estimation of g(k). 
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Fig. 3. 
with and without correction. 

Theoretical influence of the power-amplifier transient 

IV. CORRECTION SCHEME FOR POWER-AhfF'LETER 
TRANSIENT 

The analysis of the effects of the power-amplifier 
transient above shows that it does adversely affect the 
system performance. We propose a correction scheme in 
the receiver, based on the fact that power-amplifier 
transient causes little ICI. However, before investigating 
such a scheme it is important to show that the transmission 
system remains compliant to the HU2 standard, even. in 
the presence of the power-amplifier transient. 

The basic parameter in the HU2 standard that must be 
respected is the modulation accuracy, which is equivalent 
to EVM. We implemented a HU2 simulator including the 
effects of the RF components (such as noise and non-linear 
effects) on the performance, which we used to estimate the 

and for this reason we chose to measure the conformance 
to the EVM specification in a manner similar to the 
802.1 l a  specification [SI. Thus the EVM is averaged over 
at least 20 HU2 frames that contain 16 symbols. As 16 
OFDM symbols is relatively short in comparison to the 
transient seen in Fig 1, we also present the EVM for 
frames containing 128 OFDM symbols. The EVM as 
measured by our simulator can then be seen in Table 1. 

TABLE I : EVM with and without power-amplifier 
transient 

OFDM Symbols I No Transient I With Transient 
16 I 30.5dB I 29.ldB ~~ 

128 I 30.0dB 1 24.2dB 

It can be seen that the power-amplifier transient bas little 
effect on the EVM when the HU2 frame contains only 16 
symbols. The degradation due to the transient is however 
clearly visible with 128 OFDM symbols. In both cases, the 
EVM specification of HL/2 is respected, and so the use of 
a correction scheme for the power-amplifier transient in 
the receiver can be justified. 

The correction scheme involves measuring digitally the 
power level of the pilot carriers of the OFDM signal. This 
average power level is then used to normalize the 
constellation decision levels on an OFDM symbol by 
symbol basis. The advantage of this scheme is that the 
power level measurement can reuse existing micro-code 
that is used for OFDM phase tracking, and the correction 
itself involves only a single vector multiplication. Thus the 
cost to implement this scheme is minimal. The correction 
scheme is formally described in the following equations: 

H(0) = R(O)@S'(O) 

Z ( k ) =  a(k)H'(O)@R(k) (8) 

where 8 denotes the Schur product of 2 vectors 
(component wise product) and * the conjugate operator. 
The first equation represents the simplest means to obtain 
an initial channel estimation, performed on symbol 0 of the 
frame. All these operations are illustrated Fig 2. 

In the correction scheme it is important to note that it 
basically amounts to changing the equalization taps in the 
frequency domain, that are normally fixed, to a vector that 
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needs to he weighted by the variable gain dk), updated as 
each new OFDM block is received. Of course, the Viterbi 
metric used in the decoder needs to be weighted 
accordingly. Thus this scheme is preferred to a simple gain 
multiplication by I/a(k) of all the carriers in the receiver. 
This correction is similar to a previously proposed pilot 
tracking scheme [6] for channel tracking. However, 
additional OFDM pilots are not needed for the case of 
power-amplifier transient tracking and so this correction 
scheme can he applied to the HW2 and 802. I la  standards . 
as they are. 

Fig 3 underlines the theoretical efficiency of the 
proposed power-amplifier transient canceling scheme in 
the noiseless case under perfect synchronization 
assumption and justifies its use in the practical case. It can 
he noticed that power-amplifier transient rejection is 
almost complete. It should be noted that this scheme 
assumes a perfect synchronization and so only the gain of 
the transient bas been taken into account since normally 
the phase component should he cancelled by the phase 
tracking algorithms of the synchronization algorithms. 

We have implemented this scheme in OUT HIJ2 
simulator and run simulations with realistic RF models. As 
the chaMel model plays an important part in the overali 
effect of the power-amplifier transient, the simulations 
were run using a BRAN-A [3], channel model. 
Propagation losses were treated with the model proposed 
by the ITU [7]. Fig 4 then shows the performance in terms 
of the error rates for various transmit powers. It can be 
clearly seen that the power-amplifier adversely affects the 
system performance. It can also be seen that the proposed 
correction completely recovers the lost performance. 

V. CONCLUSIONS 

We have identified the adverse effect of the power- 
amplifier transient, due to the switching on and off of the 
amplifier during operation to conserve power. It has been 
shown that a noise floor of roughly 23dB is introduced 
into the system with a commercially available amplifier, 
driven to simulate a typical mobile application. This level 
of error is sufficient to adversely affect the performance of 
QAM64 modulation in IEEE 802.11a and HIPERLAN/2. 
However, the effect of the transient on the transmitter 
EVM is acceptable under the existing specifications 

A receiver based correction scheme for this effect has 
been proposed and shown to he effective in completely 
correcting the effect of the power-amplifier transient. This 
scheme is simple to implement and reuses much of the 
existing phase tracking micro-code in existing 5GHz 
systems. 
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Fig. 4 a) bit ermr rate (BER), b) packet ermr rate (PER) of a 
QAM64 signal on a BRAN-A channel [3], with an ITU-P1238 
[7] propagation model and 5m between receiver and transmitter. 
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