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(57) ABSTRACT 

The invention concerns a transmission equipment for a 
telecommunication system operating on a Wide frequency 
band, Which comprises: 

a signal branch (32) including an analog chain (12'), 

a poWer ampli?er (14') associated to a feedforWard 
lineariZation circuit including: 

a ?rst substractor (16') having a ?rst input (16'2) 
receiving a signal representing the input of the 
ampli?er and a second input (16'1) representing the 
output of this ampli?er, 

residual error ampli?er (20') Which ampli?es the output 
of the ?rst substractor, and 

a second substractor (22') Which subtracts the output of 
the residual error ampli?er from the output of the 
poWer ampli?er (14'), 

the signal branch comprising predistortion means (40) 
Which provide correction signals depending on the 
output signal of the poWer ampli?er. 

The equipment comprises a reference branch (30) providing 
to the ?rst input (16'2) of the ?rst substractor (16'), a signal 
Which is independent from the predistortion of the signal 
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METHOD FOR LINEARIZING, OVER A WIDE 
FREQUENCY BAND A TRANSMISSION CHAIN 

COMPRISING A POWER AMPLIFIER 

BACKGROUND OF THE INVENTION 

[0001] The invention relates to a method for lineariZing, 
over a Wide frequency band, a transmission chain compris 
ing a power ampli?er. 

[0002] The constant increase of traf?c in the ?eld of 
telecommunications raises neW problems Which are not easy 
to solve for the equipments. More particularly the transmis 
sion equipments must operate over an increasing frequency 
bandwidth in order to be able to transmit simultaneously a 
great number of channels Which operate at different frequen 
cies and/or With different codes. In fact in telecommunica 
tion systems each transmitter may operate either on a 
frequency division multiple access (FDMA) mode or on a 
coded division multiple access (CDMA) mode or on a 
combination of both. In the case of CDMA the modulation 
is spread over a frequency band of several MHZ. It is 
recalled here that in CDMA to each symbol, such as a bit, is 
superimposed a code Which is a sequence at a higher 
frequency. 
[0003] The consequence of the increase of the number of 
channels to be transmitted is also an increase of the trans 
mission poWer of the transmission equipments. 

[0004] The most dif?cult problem to solve With such 
increase of poWer together With the increase of the fre 
quency bandWidth is the lineariZation of the transmission 
chains, more particularly the lineariZation of poWer ampli 
?ers. 

[0005] Generally poWer ampli?ers are used near satura 
tion in order to obtain the most ef?cient use of such 
ampli?ers. HoWever near saturation each ampli?er has a non 
linear behavior, i.e. the gain decreases sharply for high input 
signals compared to small input signals; moreover the output 
signal is phase distorted due to the Well knoWn AM-PM 
conversion, i.e. the conversion of amplitude modulation into 
phase modulation. 

[0006] When several channels are transmitted simulta 
neously the dif?culty of lineariZation is increased by the fact 
that the sum of signal corresponding to these different 
channels, i.e. different frequencies, presents generally a 
non-constant envelope, i.e. the sum of such signals varies 
With time. The non-constant envelope must be transmitted 
correctly, i.e. With an ampli?er Working linearly in order, on 
one hand, to transmit signals With a good quality and, on the 
other hand, to prevent the transmission of interferences that 
Would pollute the spectrum of same or other operators. 

[0007] The difficulty of the problem is also increased by 
the fact that the higher the frequency, the loWer is the yield 
of the ampli?ers. 

[0008] Several technologies are used for lineariZing poWer 
ampli?ers. HoWever none of the conventional technologies 
is able to provide a transmission chain Which may be 
manufactured at reasonable costs and/or With a reasonable 
volume, and Which is able to minimiZe the transmission of 
interferences. 

[0009] For a Wide band ampli?er the ability to minimiZe 
the transmission of interferences is characteriZed by the 
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SFDR parameter, i.e. the “spurious free dynamic range”. 
This parameter is expressed in dB. It is the ratio betWeen the 
highest of the useful transmitted poWers and the maXimum 
stray signal in the useful frequency band. In the GSM 
standard this SFDR parameter must be at least equal to 75 
dB and in the UMTS future standard this SFDR gain is set 
to be at least 70 dB. 

[0010] The main solution Which is knoWn, up to noW, for 
the lineariZation over a Wide frequency band of a non 
constant envelope signal is the feedforWard technology 
Wherein no feedback loop is provided. This technology 
corrects, in real time, the non-linearities, even if they are 
frequency dependent. The non-linearities are measured by a 
comparison With a linear signal before ampli?cation and 
they are substracted in phase opposition from the output 
signal of the ampli?er to lineariZe. 

[0011] A conventional feedforWard lineariZation circuit is 
represented schematically on FIG. 1: 

[0012] The digital signals to transmit are ?rst processed by 
a digital input processor 10 and the processed digital signals 
are transmitted, through an analog chain 12, to the input of 
a poWer ampli?er 14. For the lineariZation of such ampli?er 
the output signal is transmitted to the ?rst input 161 of a ?rst 
substractor 16 through an attenuator 18. The second input 
162 of substractor 16 receives the input signal of ampli?er 14. 
The output of the ?rst substractor 16 is ampli?ed by a 
residual error ampli?er 20, the output of Which is connected 
to the input 221 of a second substractor 22, the other input 
222 of Which receives the output of ampli?er 14 through a 
delay device 24. 

[0013] The purpose of the feedforWard circuit, With sub 
stractors 16 and 22 and ampli?er 20, is to lineariZe the 
ampli?er 14 itself. 

[0014] HoWever in the transmission equipment non-lin 
earities are also introduced by the analog chain 12 and error 
ampli?er 20, limiting the overall lineariZing effect. 

[0015] In order to correct the non-linearities introduced by 
analog chain 12 it is knoWn to provide the circuit 10 With 
digital correction means Which realiZe a digital predistor 
tion. These correction means comprise, for instance, look-up 
tables Which, in vieW of the output of ampli?er 14 provide 
predistortion values. As shoWn on FIG. 1 the output of 
ampli?er 14 is connected to a corresponding input 101 of 
circuit 10. 

[0016] As the goal of the predistortion means in circuit 10 
is to correct the nonlinearities of the combination of analog 
chain 12 With ampli?er 14 but not to correct independently 
the distortions introduced by the analog chain 12, the 
ampli?er 20 receives non lineariZed signals because the 
signals at the input of the ampli?er 14 are distorted by 
analog chain 12. Therefore the input signal of residual error 
ampli?er 20 is at a relatively high level, about 10% of the 
level of signals at the input of ampli?er 14. Moreover, as 
already mentioned, the ampli?er 20 itself, Which is nonlin 
eariZed, may introduce non-linearities. 

[0017] In brief the circuit represented on FIG. 1 is poWer 
consuming and is unable to provide a quality Which is 
suf?cient for Wide band transmissions. 

[0018] The invention overcomes these draWbacks. 
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[0019] The invention provides also a transmission equip 
ment for a base station of a cellular telecommunication 
system Which can transmit, and receive, signals according to 
different standards, for instance signals With a multiplicity of 
carriers and With a multiplicity of codes. 

SUMMARY OF THE INVENTION 

[0020] The transmission circuit according to the invention 
comprises: 
[0021] input digital processing means With predistortion 
means receiving input signals from the output of a poWer 
ampli?er, 
[0022] these digital processing means being connected to 
the input of the poWer ampli?er through an analog chain, 
and 

[0023] the poWer ampli?er is associated With feedforWard 
lineariZation means including a ?rst substractor Which gen 
erates the difference betWeen a signal representing the input 
signal of the ampli?er and a signal representing the output 
signal of this ampli?er, this difference being ampli?ed by a 
residual error ampli?er in order to be substracted from the 
output signal of the poWer ampli?er. 

[0024] This transmission circuit is characteriZed by the 
fact that it comprises a reference branch for generating a 
signal representing the input signal of the ampli?er Which is 
provided to the ?rst substractor of the feedforWard means, 
this reference branch providing a signal Which is indepen 
dent from the output signal of the poWer ampli?er. 

[0025] In other Words the reference Which is used for the 
feedforWard circuit is independent from the predistortion, or 
precorrection, of the signal, or poWer, branch comprising the 
digital processing means and the analog chain. Therefore the 
reference signal provided to the ?rst substractor is not 
distorted by the predistortion in the signal branch and the 
output of the ?rst substractor may be at a loWer level (for 
instance about 20 dB) than the output of the corresponding 
substractor 16 in the conventional circuit represented on 
FIG. 1. Moreover the error represents the residual difference 
betWeen the reference signal and the predistorted ampli?ed 
signal; therefore the better is predistortion, the loWer is this 
residual error. For these reasons the poWer of the residual 
error to be ampli?ed may be drastically reduced and the 
quality of the output signal of this residual error ampli?er is 
improved With a loWer poWer class error ampli?er. 

[0026] The reference branch may be similar to the signal 
branch, i.e. it may comprise digital processing means and an 
analog chain. 

[0027] In an embodiment, the digital signal processing 
means of the reference branch comprise predistortion means 
Which receive their input signal from the output of the 
analog chain of this reference branch. It is to be pointed out 
here that these predistortion means of the reference branch 
keep the independence betWeen the feedforWard circuit and 
the predistortion means of the signal branch. These predis 
tortion means of the reference branch may further decrease 
of 20 dB (from —60 to —80 dBc) the level of spurrii at the 
reference output. 

[0028] Although the signal, or poWer, branch and the 
reference branch are independent they preferably have com 
mon elements such as, for instance, sampling oscillators 
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and/or local oscillators to guaranty phase matching of sig 
nals at the output of the ?rst substractor and, therefore, 
minimiZe the residual signal representation (for eXample 50 
dB beloW input level) on top of the error. Compared to the 
conventional feedforWard, this feature contributes to the 
reduction of dimensioning of the error ampli?er. 

[0029] In a preferred embodiment the poWer branch com 
prises equalization means for the ampli?er and/or attenua 
tor(s) of the transmission channels. These equalization 
means are advantageously included in the digital processing 
means of the poWer branch. They provide a correction for 
each frequency, or each frequency subband, in order to 
minimiZe the contribution of the useful signal to the residual 
error signal. These equaliZation means may also be used to 
adjust the level of each carrier or subband, in line With the 
reference signal. 

[0030] These equaliZation means may be preadjusted in 
factory. HoWever, preferably, they are adjusted from time to 
time, i.e. updated through a comparison betWeen, on the one 
hand, the input signal of the digital processing means and, on 
the other hand, the signal at the output of the poWer 
ampli?er. 
[0031] This updating may be improved by a selection of 
the data Which are used for the adjustment of the equaliZa 
tion means; this selection is performed by an analysis of the 
residual error, Which consists in an analysis of the spectrum 
of this residual error or in an analysis based on correlation. 
For instance the data Which Will be selected for updating are 
those for Which the intermodulation interference signals are 
present at frequencies Which are distinct from the useful 
frequencies. 
[0032] The predistortion means may also be periodically 
updated in a similar manner. 

[0033] Although the feedforWard circuit is independent 
from the lineariZation of the transmission channel, this 
circuit may be used in order to improve the lineariZation 
provided by the equaliZation or predistortion means. For 
instance the operational range of the feedforWard circuit 
may be selected in order to compensate the effects of drifts 
in the signal branch. In this case the period separating tWo 
successive updatings of the predistortion and/or equaliZation 
means may be increased. 

[0034] The operational range of the feedforWard circuit 
may be also selected to compensate for other defects of the 
poWer branch such as DC offsets, defects of insulation of 
local oscillators and frequency images, as Well as quadrature 
defects. 

[0035] In a further embodiment, the contribution of the 
useful signal to the residual error may be decreased by 
adjusting the phase of the reference signal provided at the 
input of the ?rst substractor of the feedforWard circuit. This 
phase adjustment is obtained for instance by the provision of 
a programmable delay circuit Which may be installed at the 
output of the digital signal processing means of the reference 
branch. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] Other features and advantages of the invention Will 
appear With the description of certain of its embodiments, 
this description being made Which reference to the herein 
appended draWings Wherein: 
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[0037] FIG. 1, already described, is a schematic diagram 
of a conventional transmission device, 

[0038] FIG. 2 is a diagram similar to FIG. 1 for a 
transmitter according to the invention, and 

[0039] FIG. 3 shoWs a more detailed embodiment of the 
invention. 

MORE DETAILED DESCRIPTION OF THE 
INVENTION 

[0040] In the schematic representation of the invention 
Which appears on FIG. 2 the elements Which are similar to 
those of FIG. 1 have the same reference numerals With a 
prime 
[0041] As shoWn the main difference betWeen the conven 
tional transmitter represented on FIG. 1 and the transmitter 
according to the invention Which is represented on FIG. 2 is 
that the reference input 16‘2 of the ?rst substractor 16‘ does 
not receive the input of the poWer ampli?er 14‘ but the 
output of a reference branch 30. 

[0042] This reference branch 30 provides a signal Which is 
a faithful representation of the input signal S applied to the 
signal, or poWer, branch 32, upstream of the ampli?er 14‘. 
The signal branch comprises digital signal processing means 
10‘ and an analog chain 12‘ betWeen the output of digital 
processing means 10‘ and the input of the poWer ampli?er 
14‘. 

[0043] The reference branch 30 is similar to signal branch 
32, i.e. it comprises a digital signal processor 34 and an 
analog chain 36 connected betWeen the output of processor 
34 and the input 16‘2 of substractor 16‘. 

[0044] As in the embodiment of FIG. 1, in the signal 
branch 32 the digital processor 10‘ comprises digital predis 
tortion means including, for instance, look-up tables, With an 
input 10‘1 connected to the output of poWer ampli?er 14‘. 

[0045] Due to the presence of such predistortion means in 
the signal branch 32, the role of Which is to correct the 
non-linearities introduced by the combination of the analog 
chain 12‘ and of the poWer ampli?er 14‘, the input of poWer 
ampli?er 14‘ (i.e. the output of analog chain 12‘) is not a true 
representation of input signal S. 

[0046] The reference branch 30 provides at its output, i.e. 
at the input 16‘2 of substractor 16‘, a true representation of 
input signal S. 

[0047] Therefore the reference signal of the feedforWard 
circuit comprising substractor 16‘, ampli?er 20‘ and the 
second substractor 22‘ is also a true representation of the 
input signal and provides a perfect, or an almost perfect, 
reference signal for this feedforWard circuit. With respect to 
the conventional equipment (FIG. 1) the signal at the output 
of substractor 16‘ is considerably reduced and the poWer of 
the ampli?er 20‘ may be much smaller than the poWer of the 
corresponding ampli?er 20. 

[0048] The digital processor 10‘ has, in addition to pre 
distortion means 40, equalization means 42 for equalizing 
the level and the phase of all channels in poWer branch 32. 
Achannel corresponds either to a carrier frequency (FDMA) 
or to a frequency band or sub-band (CDMA). Moreover the 
equaliZation means 42 may be used for adjusting the level of 
each carrier or sub-band. 
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[0049] These equaliZation means may be preadjusted in 
factory or adjusted periodically, i.e. updated. This updating 
is based on a comparison betWeen the input signal and the 
output of ampli?er 14‘. This updating is preferably per 
formed only on selected data, i.e. only on data Which provide 
a correct updating. This selection is based on an analysis of 
the spectrum of the residual error signal at the output of 
substractor 16‘ or at the output of ampli?er 20‘. The selection 
criteria are based on the total poWer of transmitted signal 
because it is not necessary to update calibrations of predis 
tortion or feedforWard on small signals Where intermodula 
tion products might be too loW. The selection rejects also 
intermodulation products felling into other useful signal 
subbands and leading to measurement errors. 

[0050] A corresponding updating is also performed for the 
predistortion look-up tables of the signal branch and of the 
reference branch (Which Will be described herein after). 

[0051] This periodic updating of equaliZation and/or pre 
distortion may be realiZed as folloWs: from time to time the 
signals at the output of ampli?er 14‘ and at the input of 
substractor 16‘ (for predistortion of reference branch) are 
compared to signal S. 

[0052] The selection of data to be used for the updating is 
performed by comparison of the spectrum of signal S With 
the spectrum of the output of substractor 16‘ or through a 
correlation. 

[0053] For instance if an intermodulation signal is at the 
same frequency as a useful signal the corresponding mea 
surement data Will not be selected. It is also possible to make 
the selection through a prediction of the instant When the 
measurement Will provide correct results. The selection may 
also take into account the total poWer of the transmitted 
signals: the measured data Will be selected only When this 
total poWer Will be higher than a given threshold. 

[0054] The digital processor 34 of the reference branch 30 
comprises also predistortion means 46 With a look-up table 
With an input 461 connected to the output of the analog chain 
36. 

[0055] In this embodiment a delay device 48 is inserted 
betWeen the output of digital processor 34 and the input of 
analog chain 36. This delay device 48 is programmable in 
order that the reference signal R2 applied on input 16‘2 of 
substractor 16‘ has the correct phase, taking into account 
possible additional delay of signal ampli?cation chain. 

[0056] The feedforWard circuit, although independent 
from the signal branch 32 may be used to compensate the 
residual non-linearities of signal branch 32. In other Words 
the feedforWard circuit is a “post cleaner” of defects of the 
signal branch 32. 

[0057] In the embodiment represented on FIG. 3 a com 
mon sampling oscillator 50 is used for the digital to analog 
converters of branches 32 and 30. The same local oscillator 
52 is also used for branches 30 and 32. 

[0058] In this embodiment the feedforWard circuit 54, the 
signal branch 32 as Well as the reference branch 30, are 
modules Which may be used independently from the poWer 
ampli?er 14‘. 

[0059] The transmission equipment represented on FIG. 2 
or FIG. 3 may be used for a digital telecommunication 
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system of the second and/or third generation, ie of the GSM 
type and/or of the UMTS type. It transmits correctly a 
multiplicity of channels on a Wide frequency band, each 
channel corresponding either to a given frequency (carrier) 
or to a sub-band in case of CDMA. This transmitter may be 
especially used in base stations Which have the possibility to 
transmit several kinds of standards, for instance base sta 
tions Which may, from time to time, be reprogrammed by 
radio programming in order to be adapted to different 
standards. 

[0060] An additional advantage of embodiment of FIGS. 
2 and 3 is the fact that any implementation error in the signal 
chain before the poWer ampli?er Will be corrected by the 
feedforWard chain “post cleaner” because it is seen, Without 
any a priory model, as a difference With respect to the 
reference signal. For eXample if a baseband to RF direct 
conversion is used With a complex digital modulator, the 
inherent local oscillator feedthrough and gain and phase 
mismatch of the modulator Will be corrected as far as they 
are Within the SFDR “gain” of the feedforWard calibration. 

[0061] This feedforWard calibration is obtained through 
the use of feedforWard calibration elements, comprising an 
adjustment element for the delay device 24‘ and gain and 
phase adjustment means for ampli?er 20‘. These adjustments 
are controlled by a comparison betWeen the output signal of 
substractor 22‘ and the input 16‘1 of substractor 16‘. 

[0062] In an embodiment means are provided for adjusting 
the gain of ampli?er 20‘ in vieW of the output of ampli?er 
14‘, means are also provided to adjust the attenuation of 
attenuator 10‘ in vieW also of the output of ampli?er 14‘. 
Therefore, it is possible to use the feedforWard lineariZation 
circuit With poWer ampli?ers 14‘ having different poWer 
outputs Without changing the reference level and its predis 
tortion. 

[0063] In a further embodiment, equalization means are 
provided in the reference branch in order to compensate 
defects, such as a non-?at frequency response of the analog 
chain of this reference branch. 

[0064] It is also possible to provide adjustment means for 
the group delay, the gain and the phase of the feedforWard 
lineariZation circuit. 

[0065] Preferably the adjustment of the feedforWard lin 
eariZation circuit is based on measurement(s) of signals at 
the output of the residual error ampli?er and/or at the output 
of the second substractor. 

[0066] In that case the signals at the output of the residual 
error ampli?er and/or at the output of the second substractor 
(22‘) are measured When a loW level and long pseudonoise 
sequence is injected in the reference or signal branch. 

1. A transmission equipment for a telecommunication 
system operating on a Wide frequency band, this equipment 
comprising: 

a signal branch (32) including digital signal processing 
means (10‘) and an analog chain (12‘), 

a poWer ampli?er (14‘) associated to a feedforWard lin 
eariZation circuit including: 
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a ?rst substractor (16‘) having a ?rst input (16‘2) 
receiving a signal representing the input of the 
ampli?er and a second input (16‘1) representing the 
output of this ampli?er, 

residual error ampli?er (20‘) Which ampli?es the output 
of the ?rst substractor, and 

a second substractor (22‘) Which subtracts the output of 
the residual error ampli?er from the output of the 
poWer ampli?er (14‘), 

the signal branch comprising predistortion means (40) 
Which provide correction signals depending on the 
output signal of the poWer ampli?er, 

characteriZed in that it comprises a reference branch (30) 
providing to the ?rst input (16‘2) of the ?rst substractor 
(16‘) of the feedforWard circuit lineariZing the poWer 
ampli?er (14‘), a signal Which is independent from the 
predistortion of the signal branch. 

2. A transmission equipment according to claim 1, char 
acteriZed in that the reference branch comprises predistor 
tion means (46) in order to correct the non-linearities of this 
reference branch. 

3. A transmission equipment according to claim 2, char 
acteriZed in that the predistortion means comprise a look-up 
table. 

4. A transmission equipment according to claim 1, char 
acteriZed in that the reference branch includes digital signal 
processing means (34) and an analog chain (36). 

5. A transmission equipment according to claim 1, char 
acteriZed in that the reference branch comprises an adjust 
able delay device (48) for adjusting the phase of the refer 
ence signal applied to the ?rst input of the ?rst substractor 
(16‘) of the feedforWard lineariZation circuit of the poWer 
ampli?er. 

6. A transmission equipment according to claim 1, char 
acteriZed in that the signal branch (32) comprises equaliZa 
tion means for adjusting individually the channels to be 
transmitted reference signal and for minimiZing the residual 
error energy at the input of the residual error ampli?er. 

7. A transmission equipment according to claim 1, char 
acteriZed in that it comprises updating means for periodi 
cally adjusting the predistortion means of the signal branch 
and/or of the reference branch and/or for periodically adjust 
ing the equaliZation means (42), these updating means 
comprising means for comparing the input signal to the 
output signal of the poWer ampli?er. 

8. A transmission equipment according to claim 7, char 
acteriZed in that it comprises means for selecting the data at 
the output of the poWer ampli?er (14‘) Which Will be used for 
the updating. 

9. A transmission equipment according to claim 8, char 
acteriZed in that the frequency spectra of the input signal(s) 
and of the output signal of the poWer ampli?er are compared 
in order to make the selection of the signal Which Will be 
used for the updating. 

10. A transmission equipment according to claim 1, 
characteriZed in that the poWer ampli?er (14‘) is a module 
removable from the rest of the transmitter. 

11. A transmission equipment according to claim 1, char 
acteriZed in that it comprises a local oscillator (52) and/or a 
sampling oscillator (50) Which is common to the reference 
branch and to the signal branch. 
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12. A transmission equipment according to claim 1, 
characterized in that it comprises means for adjusting the 
gain of residual error ampli?er (20‘) in vieW of the output 
poWer of the poWer ampli?er (14‘). 

13. A transmission equipment according to claim 12, 
characteriZed in that it comprises an attenuator (18‘) betWeen 
the output of the poWer ampli?er (14‘) and the second input 
(16‘1) of the ?rst substractor (16‘), this attenuator including 
means for adjusting its attenuation in vieW of the output 
poWer of the poWer ampli?er (14‘). 

14. A transmission equipment according to claim 4, 
characteriZed in that it comprises equaliZation means in the 
reference branch in order to compensate defects, such as a 
non-?at frequency response of the analog chain of this 
reference branch. 

15. A transmission equipment according to claim 1, 
characteriZed in that it comprises adjustment means for the 
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group delay, the gain and the phase of the feedforWard 
lineariZation circuit. 

16.A transmission equipment according to claim 15, char 
acteriZed in that the adjustment of the feedforWard linear 
iZation circuit is based on measurement(s) of signals at the 
output of the residual error ampli?er and/or at the output of 
the second substractor (22‘). 

17. A transmission equipment according to claim 16, 
characteriZed in that the signals at the output of the residual 
error ampli?er and/or at the output of the second substractor 
(22‘) are measured When a loW level and long pseudonoise 
sequence is injected in the reference or signal branch. 

18. Application of the transmission equipment according 
to claim 1, to a base station for a cellular telecommunication 
system. 


