
EP 0 518 835 B1 Description TECHNICAL FIELD 5     The present invention
relates to a method of compensating the dependence of the useful
transmitter signal on the transfer function of a combiner filter in a
mobile radio communication system. BACKGROUND OF THE INVENTION 10
Combiner filters, usually of cavity or dielectric type, are used to connect
output signals from several power amplifiers and with different frequencies
to a common antenna. The combiner filters are tuned to the frequen- cies
that are used in the respective power amplifiers. Since the transfer
functions of the combiner filters are not ideally rectangular unacceptable
phase and amplitude distortion of the signal that passes through a com-
ibiner filter can arise. As an example the frequency dependant group delay
in the combiner filter induces a 15   phase error. Furthermore, the
non-constant amplitude response within the modulation band width generates
an amplitude pulsation. This means in particular that single pole filters
cannot be used if a very large channel distance, that allows wide filters,
is not used. Atransmitter in a mobile radio communication system is shown
in US-A-4868810. The transmitter has sev- eral different bandpass filters
connected to a common antenna. The problem addressed by this document con-
20   cerns the strict requirements on the frequency spacing of signals fed
to the antenna. Adigital coupler enabling dynamic channel assignment is
used to link the various transmitters in groups to the bandpass filters.
The dig- 



ital coupler carries out base band filtering. SUMMARY OF THE INVENTION 25
An object of the present invention is to provide a method of compensating
the dependence of the useful transmitter signal on the transfer function of
a combinerfilter in a mobile radio communication system in such a way that
the above phase and amplitude errors can be reduced or eliminated. In
accordance with the present invention this object is achieved by filtering
the useful transmitter signal 30  in connection with carrierfrequency
modulation in the base band with afilter, the total transferfunction of
which atleastapproximately comprises the inverted value of the
transferfunction of the combinerfilter(COMB) trans- formed to the base
band. BRIEF DESCRIPTION OF THE DRAWINGS 35 The invention, together with
further objects and advantages thereof, may best be understood by making
reference to the following description taken together with the accompanying
drawings, in which: FIGURE 1  shows the transfer function of a distortion
free combiner filter; FIGURE 2   shows the transfer function of a single
pole combiner filter; 40   FIGURE 3   shows an apparatus for performing a
preferred embodiment of the method of the present inven- tion. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 45      Figure 1
diagrammatically shows the transfer function of a distortion free combiner
filter. This distortion free filter is characterized in that it is a band
pass filter with the amplification 1 within the pass band and the
amplification 0 outside the pass band. Furthermore, the filter exhibits a
phase shift that varies linearly with frequency (the dashed line in Fig.
1). Since the useful transmitter signal is frequency modulated the
amplitude and/or phase shifts that correspond to frequency shifts within
the pass band will not be distorted by such a 50  distortion free combiner
filter. However, in practice it is not possible to obtain the distortion
free combiner filter of Figure 1. Figure 2 shows the transfer function of a
combiner filter that is often used in practise, namely a single pole
filter. In this case the pass band will contain a varying amplification and
also a phase shift that varies non linearly with frequency (represented by
the dashed curve in Fig. 2). For this reason the frequency shifts
corresponding to amplitude 55   and/or phase shifts of the useful
transmitter signal will lead to distortion of the modulated signal.
However, the distortion caused by the combiner filter is known since the
transfer function of the filter is known. Therefore, in accordance with the
the basic idea of the invention, the distortion caused by the combiner
filter can be compensated by filtering the transmitter signal before it is
fed to the combiner filter, in a filter, the 2   



EP 0 518 835 B1 transfer function of which within the frequency range
occupied by the transmitter signal at least approximately comprises the
inverted value of the combiner filter transfer function within the same
frequency range. Figure 3 shows an apparatus for performing a preferred
embodiment of the method of the invention. A controller CONT in the
transmitter feeds, in accordance with known phase modulation techniques
(see 5   for instance "Reference Data for Engineers: Radio, Electronics,
Computer, and Communications", 1985, 7th. edition, Editor E.C. Jordan,
Howard W. Sams & Co., Inc, Indianapolis, US; chapter23, page 23-5, Fig. 6),
blocks of digital signals that are to be recoded for modulation to two
PROMs, that in Figure 3 are designated Q and I. The output signals from
these PROMs correspond to a complex number, the phase of which in this
embodi- ment is used for phase modulation. These output signals are
converted in respective D/A-converters and fed 10  to a modulator MOD,
which is also fed with a carrier signal with a frequency of the order of
for instance 900 MHz. The modulated signal is fed to a poweramplifier PAand
thereafterto the combinerfilterCOMB and finally to the antenna. The system
as described so far works in accordance with known principles. One
possibility would be to insert an inverted filter in accordance with the
above between the modulator MOD and the combiner filter COMB. However,
since a combiner filter has a transfer function with a narrow 15  peak at a
very high frequency (900 MHz in the example) such a solution is hard to
implement. For this reason the transfer function of the combiner filter
COMB is, in accordance with the the invention, first transformed 



down to the base band of the useful signal. There it will resemble the
transfer function of a low pass filter. If the inverted value of the
transfer function of this low pass f ilter is calculated, the transfer
function for a high pass filter is obtained. The unmodulated signal can
therefore be fed through such a filter to compensate the 20  distortion of
the combiner filter. A derivation of a compensating filter for compensation
already in the base band follows below. Assume that the combiner filter has
the transfer function: [err] 25                                   [err]
where w is the angular frequency of the combiner signal, [err] is the
angular frequency of the carrier and Q is the Q-value of the combiner
filter. Typical values for [err] and Q are [err] rad/s and 2000,
respectively. Sought is a compensating filter with the transfer function
[err] that has the same phase and amplitude 30 properties as [err]is the
base band angular frequency. That is, the sought filter has a transfer
function that is formed by the transfer function for the combiner filter
transformed to the base band and thereafter inverted. Since in practice
[err] rad/s this condition has to be fulfilled only within the given range.
In the given example, considering that [err] 35
[err] 45 where [err] is the transfer function of the combiner filter
transformed to the base band. The sought transfer 



function [err] can therefore be approximated with: [err] In a preferred
embodiment this high pass filter can be implemented by modifying the coding
tables I,Q of the carrier modulation in such a way that the filter function
is simulated already in the modulation coding (it is to be noted that Q
here designates a table and is not to be confused with the Q-value of the
filter mentioned above). In this case no further hardware is required.
These coding tables are defined in non-corrected form 55   as: [err] where
[err](t) is defined for instance in accordance with European standard GSM
05.04 section 2.5. An example 3    EP 0 518 835 B1 of sampled tables for
I,Q can be found at the end of this specification. One row in these tables
represents 8 samples during one bit time. The controller CONT chooses one
of the 64 rows for each new bit depending on the quadrant in which the
modulation is located and on the data content of the new bit and the three
last bits. This procedure is standardized and is not an object of this
invention. 



5      The above functions are now to be corrected in such a way that the
distortion of the combiner filter is com- pensated. For this reason the
instantaneous frequency deviation of the useful signal is defined according
to: [err] Furthermore, the group delay distrotion of the combiner filter as
a function of the angular frequency is 10  defined as: [err] By the
substitution 15  this group delay distortion can be expressed as a function
of t, that is as [err](t). The phase error generated by the combiner filter
is thereafter transformed to the base band according to: [err] The
amplitude error generated by a combiner filter is calculated according to
the formula: [err] 20      Using the above expressions the tables for the
corrected I- and Q-values can now be calculated according to: [err] 25
Corrected tables corresponding to the above mentioned tables for I,Q can be
found at the end of this spec- ification. These tables generate a
correction for the above exemplified combiner filter. 



Due to the general form of these correction formulas the correction can
also be performed in two steps. First a phase correction is performed in
the IQ-modulation step. In this case the amplitude correction is per- 30
formed in the transmitter instead, suitably as late as possible in the
same, preferably in the final stage itself. The reason for this is that a
normal transmitter often contains several more or less saturated amplifier
stages, which would eliminate or reduce the amplitude correction that has
been added in the IQ-modulation step. Pre- ferably a final stage with
variable amplification that is controlled by the signal [err](t) is used.
In this embodi- ment the I,Q-tables which are only phase corrected, are
given by: [err] It is appreciated that the method in accordancewith the
invention can also be used with multiple pole filters, although the
necessity for compensation is less since such filters have a transfer
function that is flatter near the central frequency of the filter. 40
It will be understood by those skilled in the art that various
modifications and changes may be made to the present invention without
departure from the scope thereof, which is defined by the appended claims.
46 50 55 4  
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EP0518835B1 [err]    EP 0 518 835 B1 [err] 16    EP 0 518 835 B1 Claims 5
1.  A method of compensating the dependence of the useful transmitter
signal on the transfer function of a combiner filter (COMB) in a mobile
radio communication system, characterized in that the useful trans- mitter
signal in connection with carrier frequency modulation is filtered in the
base band with a filter, the total transfer function of which at least
approximately comprises the inverted value of the transferfunction of the
combiner filter (COMB) transformed to the base band. 



10 2.  The method of claim 1, characterized in that the coding tables (I,Q)
of the carriermodulation are modified such that the filtering is performed
in the modulation step itself. 3.  The method of claim 1, characterized in
that the useful transmitter signal, before the carrier modulation. 15
is filtered in the base band with afirstfiltersection, the transfer
function of which has a constant amplitude and a phase that at least
approximately comprises the sign reversed value of the phase of the
combiner filter (COMB) transfer function transformed to the base band, and
in that the transmitter output signal is filtered with a second filter
section, the transfer function of which has constant phase and an amplitude
that at least approximately comprises the inverted value of the amplitude
of the combiner filter (COMB) 20      transfer function. 4.  The method of
claim 3, characterized in thatthe coding tables (I,Q) of the
carriermodulation are modified such that the first filter section is
implemented in the modulation step itself. 25  5.  The method of claim 3 or
4, characterized in that the second filter section is implemented by
controlling the amplification of the final stage of the transmitter. 6.
The method of any of the preceeding claims, characterized in thatthe
combinerfilter is a single pole filter. 30 Patentansprilche 1.  Verfahren
zum Kompensieren derAbhingigkeltdes nftzlichen Sendersignals von der
ibertragungsfunk- 



tion elnes Kombinierer-Filters (COMB) in einem
Mobilfunk-Kommunikationssystem, 35       dadurch gekennzeichnet, dag das
nitzliche Sendersignal in Verbindung mit einer Tragerfrequenzmo- duiation
in dem Basisband mit einem Filter gefiltert wird, dessen
Gesamtibertragungsfunktion wenig- stens ngherungsweise den invertierten
Wert der Oibertragungsfunktion des Kombinierer-Filters (COMB) transformiert
in das Basisband umfal~t. 40  2.  Verfahren nach Anspruch 1, dadurch
gekennzeichnet, dafl die Kodierungstabellen (IQ) der Tragermodulation so
modif iziertaind, da E die Filterung in dem Modulationsschritt selbst
durchgefahrt wird. 3.  Verfahren nach Anspruch 1, 45       dadurch
gekennzeichnet, dalf das nutzliche Sendersignal, vor der Tragermodulation,
in dem Basisband mit einem ersten Filterabschnitt gefiltert wird, dessen
Obertragungsfunktion eine konstante Amplitude und eine Phase aufweist, die
wenigstens ndherungsweise den Vorzeichen-invertierten Wert der Phase der
Kombinierer-Filter-(COMB)-Obertragungsfunktion transformiert in das
Basisband umfaat, und dal& das Senderausgangssignal mit einem zweiten
Filterabschnittgefiltertwird, dessen Obertragungsfunktion 50       eine
konstante Phase und eine Amplitude aufweist, die wenigstens niherungsweise
den invertierten Wert der Amplitude der
KOmbinierer-Filter-(COMB)-Obertragungsfunktion umfagt. 4.  Verfahren nach
Anspruch 3, dadurch gekennzeichnet, daf& die Kodierungstabellen (l,Q) der
Tragermodulation derart modifiziert sind, 



55       dalI der erste Filterabschnitt in dem Modulationsschritt selbst
implementiert ist. 5.  Verfahren nach Anspruch 3 oder 4, dadurch
gekennzelchnet, dal derzweite Filterabschnittdurch Steuern derVerstArkung
derletzten Stufe 17 * ~  ~~~~ I 1111111111111111    EP 0 518 835 B1 des
Senders implementiert ist. 6.  Verfahren nach einem der voranstehenden
Anspruche, dadurch gekennzeichnet, dals das Kombinierer-Filter ein
Einzelpol-Filter ist. Revendications 1.  Un procede de compensation de la
d~pendance du signal d'emetteur utile vis-A-vis de la fonction de trans- 10
fert d'un filtre de combinaison (COMB) dans un systeme de
radiocommunication mobile, caracterise en ce que le signal d'emetteur
utile, en relation avec une modulation de frequence d'une porteuse, est
filtre dans la bande de baso avec un filtre dont la fonction de transfert
globale est, au moins approximativement, la valeur inversee de la fonction
de transfert du f l1tre de combinaison (COMB) transposee dans ia bande 



S     de base. 15' 2.  Le procede de la revendication 1, caracterise en ce
que les tables de codage (I, Q) de la modulation de porteuse sont modifibes
de fgaon que le filtrage solt accompli dans l'btape de modulation
elle-meme. 3.  Le procede de la revendication 1, caracterise en ce que 16
signal d'emetteur utile, avant la modulation de 20      porteuse, est
filtre dans la bande de base avec une premiere section de filtre dont la
fonction de transfert presente une amplitude constante et une phase qui est
au moins approximativement egale a la valeur resultant de l'inversion de
signe de la phase de la fonction de transfert du filtre de combinaison
(COMB), transposee dans la bande de base, et en ce que le signal de sortie
d'emetteur est filtre avec une secondo section de filtre dont la fonction
de transfert a une phase constante et une amplitude qui est au moins 25
approximativement egale A la valeur Invers6e de l'amplitude de la fonction
de transfert du filtre de combi- naison (COMB). 4.  Le procede de la
revendication 3, caracterise en ce que les tables de codage (I, Q) de la
modulation de porteuse sont modifi6es de fagon quo la premiere section de
filtre soit realisee dans l'etape de modulation 30      elle-meme. 5.  Le
procede de la revendication 3 ou 4, caracterise en ce que la seconde
section de filtre est realisoe en commandant l'amplification de i'6tage
final de l'emetteur. 35 6. Le procede de l'une quelconque des
revendications precedentes, caracterise en ce quo le f iltre de combi- 



naison est un filtre A un seul p6le. 40 45 50 55 18 * C  L  M  S *    


