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DESCRIPTION

Radio receiver comprising analog dynamic compression and digital expansion.

This Sheet Has Been Replaced

The invention relates to a radio receiver for a phase or frequency
modulated information signal, comprising' an analog receiving section which provides a

non-linear dynamic compression, an analog-to-digital converter and a digital signal
processing section. '

Radio receivers of this type can be used, for example, in the Pan-
European mobile radio system GSM. In this mobile radio system speech signals in
digitized form are transmitted together with other digital signals in a Time-Division
Multiple Access mode (TDMA).

DE 39 25 305 Al has disclosed a radio receiver of the type mentioned in
the opening paragraph. In that document the frequency of the received information
signal is selected in an analog receiving section of the radio receiver and converted into
an intermediate frequency by means of a mixer. An IF amplifier which performs non-
linear dynamic compression is connected to the IF mixer. As a result, the output signal
of the IR amplifier is either compressed or limited, depending on the input signal level.
The output signal of the IF amplifier is applied to a baseband converter which produces
thefefrom two quadrature components. These quadrature components are sampled and
applied to an analog-to-digital converter. Subsequently, the sampled digital values are
buffered in a digital signal processing section, a channel estimate is made and an
equalization and a decoding is performed. The non-linear dynamic compression and
limitation achieve that a more cost-effective analog-to-digital converter can be used
which has a small number of quantization steps, whereas even at the largest possible
input levels of the information signal there is no overload of the analog-to-digital
converter, and, nevertheless, even at the smallest possible input levels usable sample
values are still produced. In practice is found that the output signal of the digital signal
processing section has bit errors.

It is an object of the invention to improve a radio receiver of the type

mentioned in the opening paragraph so that the bit error rate of the output signal of the
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The invention rel ates to a radio receiver as claimed in the pre-
characterising part of laiml1. Radi o receivers of this type
can be used, for exanple, in the Pan- European nobile radio system GSM In
this nobile radio system speech signals if digitized form ar epggpaysin4g gped
together with other digital signals in a Tine-Division Miltiple Access node

( TDMVA) . ‘&d‘“ signal p%ceg’s?ngzéecﬁgélﬂmﬁfis di scl osed a radi o receiver of the

type nention
This object is achieved in a radio receiver of the type mentioned in the

opening paragraph, in that the digital signal processing section comprises an expansion
section to compensate for the non-linear dynamic compression of the analog receiving
5 section.

The invention is then based on the recognition that on account of the
dynamic compression the radio receiver is capable of processing information signals
which have a large dynamic range, but that the dynamic compression also causes non-
linear distortions to occur, as a result of which bit errors may be produced in the output

10 signal of the digital signal processing section. These non-linear distortions may be
compensated with the aid of the expansion section accommodated in the digital signal
processing section, so that the bit errors caused by the non-linear distortions are
compensated in the output signal of the digital signal processing section.

The analog receiving section comprises, for example, an input circuit

15 which selects the frequency of the received information signal, and includes one or
more intermediate frequency mixers for converting the information signal to one or
more intermediate frequencies. The analog receiving section further includes an
arrangement for non-linear dynamic compression. The input signal to this arrangement
for dynamic compression is either compressed or limited, depending on the input signal

20 level. Such a compression characteristic for dynamic compression is represented and
described in, for example, DE 39 25 305 Al. The compression characteristic therein
has a logarithmic behaviour in a first region, and a limiting behaviour in a succeeding
second region. Then there is a conversion to the baseband where two quadrature signal
components are produced. These components are then subjected to analog-to-digital

25 conversion, and the thus obtained digitized quadrature components are processed in the
digital signal processing section. In order to compensate for the non-linear distortions
caused by the dynamic compression, the analog-to-digital conversion in the expansion
section is followed by an expansion of the two digitized quadrature components. The
thus produced expanded quadrature components are subsequently processed in known

30 fashion by the digital signal processing section which is formed, for example, by a
channel estimator and an equalizer. Consequently, it is possible to use a cost-effective
analog-to-digital converter to process information signals which have a large dynamic

range, without causing qdlsmrbmg_n@:htr__caiglstomons to occur. As a result of the
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t he openi ng paragraph. In that docunent the frequency of the received
information signal is selected in an anal og receiving section of the radio
recei ver and converted into an internedi ate frequency by neans of a m xer.
An | F anplifier which perforns a non- |ingar dynam c conpresspgD 915124 EP
connected to the IF mxer. As a result, the input signal of the IF
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performed. Said non-linear dynam c conpression and |imtation enable the
use of a foinversely propbrivnal/te the ghaygeteristiai ofithe horcdynamic compiession ames a
determined in the expansion section for each pair of sample values of digitized
quadrature components of the information signal, and are used for the linear
equalization of digitized quadrature components. The non-linear characteristic of the
analog dynamic compression is described, for example, by a mathematic function for
10 which also the inverse value may be determined. In the expansion section the pairs of
inverse values may thus, for example, be calculated on the basis of the pairs of sample
values of the digital quadrature components. With the aid of these pairs of inverse
values a linear equalization of the pairs of sample values of the digitized quadrature
components may be effected in the expansion section, so that the non-linear distortions
15 of the dynamic compression are cancelled.

In an advantageous embodiment the expansion section comprises a Table
in which a pair of inverse values can be stored for each pair of sample values of the
digitized quadrature components resulting from the non-linear dynamic compression.
This is advantageous in that for each pair of sample values the inverse value need not

20 be calculated each time, because the pair of inverse values for each pair of sample
values of the digitized quadrature components is stored in the Table of the expansion
section. This certainly results in a relatively large need for storage capacity for the
Table.

In one embodiment, the expansion section comprises a Table in which an

25 expansion factor can be stored for each pair of sample values of the digitized quadrature
components. Since the non-linear dynamic compression affects the value of the
information signal, for each pair of sample values, only one expansion factor need be
stored in the Table instead of a pair of inverse values. The expanded quadrature
components at the output of the expansion section are then shown as the product of the

30 relevant expansion factor and each digitized quadrature component. Consequently, the
need for memory capacity for the Table may be considerably reduced.

In a further embodiment the memory cells of the Table can be addressed
by a pair of sample values of the digitized quad}'ature components. The pair of sample
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smal | nunber ,of quantization steps, whereas even with the | argest input

| evel s possible of the information signal there is no overload of the

anal og-to-digital converter and, nevertheless, with the smallest input

| evel s possible still usable sanple val ueg are produced. Pracpypeoigx gpown
that the output signal of the digital signal processing section has bit
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pul se- code at e pre-di st | n accor dance
pseudo- | ogaraﬂdﬂcnﬂing emhpauuorry cehiznfbe Fable; incwhigh eiilérithe pairbef inversevalieyment s
are suppl i e gn an -to-d converter. Wien the data words

suppl i ed by GTRSCNES 195 et Pal'ﬁ?'t %COE%Weﬁx‘?&fi are reconverted to
correspondi ng anal og fj §fdtter advinthgeaiiscenibiditfiert tife MEMYEY 8N JfAhATHSIE Ran

5 be addressed by only a predeterminable number of most significant bits of a pair of
sample values of the digitized quadrature components. The address of a specific
memory cell is thus not obtained from the full word size of the pair of sample values of
the digitized quadrature components, but only from the most significant bits of each
digitized quadrature component value. As a result, the size of the Table is considerably

10 reduced without resulting in appreciable distortions of the information signal.

The invention will be further explained in the following with reference to
the exemplary embodiments shown in the drawing Figures, in which
Fig. 1 shows a radio receiver; _

15 Fig. 2 shows a digita! information transmission system comprising a radio receiver;
Figs. 3a, 3b each show an exemplary embodiment for an expansion section of a radio
receiver; and
Fig. 4 shows a compression characteristic of a non-linear dynamic compression.

20 The radio receiver represented in Fig. 1 comprises an analog receiving
section 10, an analog-to-digital converter 25 and a digital signal processing section 30.
A phase or frequency modulated information signal e is applied to the analog receiving
section 10. The analog receiving section 10 comprises an input section 20 for frequency
selection, an IF mixer 21, an IF amplifier 22 having non-linear dynamic compression, a

25 baseband converter 23, and a sample-and-hold circuit 24. Quadrature signal components
I and Q available at the output of the sample-and-hold circuit 24 are applied to the
analog-to-digital converter 25, at whose output digitized quadrature components Id, Qd
are available. The digitized quadrature components Id and Qd are applied to the digital
signal processing section 30, which comprises an expansion section 29, a random-access

30 memory 26, a channel estimator 27 as well as an equalizer 28. At the output of the
expansion section 29 expanded quadrature components Iex and Qex are available,

whereas the output of the equalizer 28 presents a decoded information signal.

~ In the input circuit 20 the information signal e received from the radio
This Shect Has Been Replaced
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2 word in accordance with the inverse function of the conpandor
characteristic, equalized anal og signals being recovered fromsaid data
word hy nmeans of a digital-to-analog converter. The conversion of data
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receiver shown in Fig. 1 is first frequency selected and then converted to. an
intermediate frequency by means of the IF mixer. The signal thus converted is
subsequently subjected to a non-linear dynamic compression in the IF amplifier 22. The
variation of such a dynamic compression characteristic is denoted in block 22 of the IF
amplifier. The IF amplifier has in a first region 1 of its power transmission

characteristic a dynamic compression, and in a subsequent region II a limitation, of the
input signal. Such a dynamic compression characteristic has been shown and described
in DE 39 25 305 Al (as well as in Fig. 4) already mentioned in the introduction of the
description. As a result of the non-linear dynamic compression of the IF amplifier 22 it
is possible to utilize a cost-effective analog-to-digital converter while, nevertheless,
processing signals which have a large dynamic range, but at the cost of introducing non-
linear distortions. In the analog receiving section 10, subsequent to the dynamic
compression, the information signal is subdivided by the baseband converter 23 into two
quadrature components I and Q, which are finally sampled in the sample-and-hold
circuit 24 and applied to the analog-to;digital converter 25.

For equalizing the distortions caused by the dynamic compression in
amplifier 22, the digitized quadrature components Id and Qd are expanded in the
expansion section 29. A first possibility is that in the expansion section pairs of inverse
values are determined for each pair of sample values of the digitized quadrature
components Id, Qd which will linearly equalize the digitized quadrature components Id,
Qd. The pairs of inverse values may then be calculated from the inverse value of the
non-linear characteristic of the IF amplifier 22 as described by a mathematical function.
The expansion is then effected in accordance with the calculated pairs of inverse values.
Since the dynamic compression of the amplifier 22 affects the value of the quadrature
components I, Q, the inverse value of the dynamic compression characteristic and thus
also the pairs of inverse values depend on the values of the quadrature components I
and Q.

A recalculation of the inverse value for each pair of sample values Id, Qd
of the quadrature components requires much calculation circuitry and consequent high
cost. For this reason, in a section option, the inverse value is not calculated again for
each pair of sample values, but the expanded quadrature component values Iex, Qex for
each pair of sample values of the digitized quadrature components Id, Qd are stored in

the Table in the expansion section 29. The memory cells of the Table are then
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conpandor_char acteristic tales place with the aid of a suitably programed
st.orage matri x. The inverse function of the conpandor characteristic

(expander characteristic) corresponds to a partially |inear characteristic.

How t he storage matrix is progranmed evengual |y and how t he p@page;2qsEpi X
converts the expander characteristic is not explained in said docunent. It
mer el y gi VegqdredsabIE Hyndphir fof $8mple vVaRies bf the! dipitidedPfuddift !%W énts 1d, Qd.
characteri st?c. vt US§14, 282,578 dtlhgicl 0583 a gyst em for tHeQd

| i neari zat i dhe disadvantdge of ghis solution iscthe seerhfran eBarmbitsgoemenytcapacitye For

th I ts, w[pe-strain- i d d,. . I
of o 11 neBkeelf o abi 61 el Rk of Prciiog v L ot P At & 1BIOPPE ©o
an anal og-t @iz@iogitﬁ@éxgﬁﬁdéﬂe\hﬁ&%-leﬁ Qe thd TH1OHEPEkizRTor:mOSt significant bits

of the data vvorgls produced by the anal og-to-digital converter are used
5 28+ 2% % 2 % 16 bits = 2 097 152 bits.

This need for methory capacity may be reduced if instead of storing the

actual expanded signal values of quadrature components Iex, Qex, the Table stores only

an expansion factor F(Id, Qd) which depends on the values of the quadrature

components Id and Qd. The expanded quadrature component values Iex, Qex are then
10 calculated according to the following instruction:

Iex = F(Id, Qd) * Id

Qex = F(ld, Qd) * Qd.

Consequently, for example, for an 8-bit word size the analog-to-digital
converter 25 and an 8-bit word size of the expansion factor, the size of the Table is:

15 2% * 2% * 8 bits = 524 288 bits.

A further reduction of the Table size may be achieved in that the address
of the memory cell of the Table is not based on the full word size of the quadrature
components I, Q, but only the most significant bits of a pair of sample values of the
digitized quadrature component values Id, Qd are used for the addressing. The

20 calculation of the expanded signal values is then represented as follows:
Iex = F(Im, Qm) * Id
Qex = F(Im, Qm) * Qd.

In this representation Im and Qm signify the most significant bits of a pair

of sample values of the quadrature components I and Qo. A detailed representation of
25 such a form of instruction is described and represented in Fig. 3. For an 8-bit word size

of the analog-to-digital converter 25, and with a calculation of the expansion factor on

the basis of the 5 most significant bits (m=3), the size of the Table will be:

25 25 * 8 bits = 8192 bits.

In this manner there will only be very small residual distortions left of the

30 information signal which, however, do not have a disturbing effect on the further digital

signal processing. The further digital signal processing of the thus expanded quadrature

component values Iex, Qex is effected in known fashion by means of buffering in the

random-access memory 26 and subsequent channel estimation 27 and equalization 28 as

This Sheet Has Been Replaced ———
1 : ! THIS SHEET HAS BEEN |
: ' : _EEPI_,ACED !

ol
i

R S,



for addressing data words stored in the formof a table in a ROM (' read
only nenory"). A specific nunber of nost significant bits of the data words
stored in the ROM serve to determ ne the angul ar points of a curve having a
partially linear trend, which curve descrijbes the interconnecgipbgisepn
the non-linear data supplied by the anal og-to-digital converter and the

l'ineari zed @@&ﬁb@dj%}ieﬁgn ¥. ifBEl19@RsdZALI on system The other, |east
‘of t

significant, bits ata words, stored in the ROM each descri be the
sl ope of the part i al | Figl 2rsbaws aligital lmiummmxmorswstesmn phichtthe informationeast
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si gni fi caft byiansarrow.t The tiatsmities signal isoreceived! by atradio aeceivey-2t Thdirgdioal
converter b¥ecte1hv%r9 cto%lprises an analog receiving section 20, 21, 22, 23, 24, an analog-to-digital
converter 25 and a digital signal processing section 30.
The functions of individual components of the digital transmission system
have, in essence, already been described in connection with Fig. 1 and are also
10 contained in DE 39 25 305 Al. In contradistinction to the digital transmission system
described in DE 39 25 305 Al, the digital signal processing section 30 comprises an
expansion section 29. This effects a compensation for the non-linear dynamic
compression 22 of the analog receiving section 20, 21, 22, 23, 24 as this has already
been described in connection with Fig. 1.
15 Figs. 3a, 3b show each an exemplary embodiment of an expansion section
29 used in the digital signal processing section of a radio receiver. The expansion
section 29 determines expanded quadrature component values Iex, Qex based on a pair
of sample values of digitized quadrature components Id, Qd. For this purpose, Fig. 3a
show that the digitized quadrature component values Id, Qd are applied to the expansion
20 section 29 which, in essence, is constituted by a Table. At the output of the expansion
section 29 the expanded quadrature component values Iex, Qex are available. As
already described in connection with Fig. 1, the Table of the expansion section 29
stores for each pair of sample values of the digitized quadrature components Id, Qd a
pair of inverse values, i.e., the expanded quadrature component values Iex, Qex, or an
25 expansion factor. For addressing the individual memory cells of the Table T, each time
he pair of values Id, Qd is used.
Fig. 3b shows a further exemplary embodiment of an expansion section
29. The digitized quadrature component values Id, Qd have an 8-bit word size in the
exemplary embodiment represented in Fig. 3b, i.e., in the radio receiver an analog-to-
30 digital converter with an 8-bit word size is used. This is symbolized in Fig. 3b by
means of /8 at the individual signal arrows. To reduce the size of the Table T, only the
most significant bits, for example, the 5 most significant bits, are used for addressing

the Table T to obtain the expanded quadrature components Iex, Qex from the 8 bits
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words conposed of the least significant bits of the data words stored in
the ROM A specific nunber of nost significant bits of the product data

wor ds .produced by the nultiplier circuit and the nost significant bits of
the data words stored in the ROM are addegl together so as topHDYYICI24EP
correspondi ng nunber of nost significant bits of the data words supplied by

o ovens.! 1 RENRI NGACESURSRARAl oo piiae AR 0 b
t he |ineari sigsifioantdyts mesrdizcagdéh 'Thisistilustratedoinig, 36 byiseans ghtheisigmal , bits
of the pr odgrcr(t)wgl ttaﬁaotg&) lr))g ?5. For each pair of individual digitized quadrature components Id,
Qd an expansion factor is stored in the Table, which factor can be selected by using the
5 digitized quadrature components Id, Qd which also serve as addresses. The expansion
factor may only adopt positive values. The expansion factor is multiplied by the
digitized quadrature components Id, Qd and thus produces the expanded quadrature
components Iex, Qex. The maximum word size of the expansion factor may be selected
at random and determines the total word size of the expanded quadrature components
10 Iex, Qex. In this manner, with an analog-to-digital converter having an 8-bit word size
and with a maximum expansion factor of 255 there is a final word size of the expanded
quadrature components Iex, Qex of 16 bits each. As a result, in the exemplary
embodiment shown in Fig. 3b the Table T has a size of:
25 * 25 * 8 bits = 8192 bits. .
15 Fig. 4 gives a diagrammatic representation of a characteristic which has a
logarithmic behaviour in a specific region for non-linear dynamic compression, as has
already been explained with respect to the IF amplifier 22 described in Figs. 1 and 2
and also in DE 39 25 305 Al. The characteristic shows an eutput signal denoted Ua of
the IF amplifier 22 shown in the Figs. 1 and 2, in mV, plotted against an input signal
20 1level denoted Pe of the IF amplifier 22, in dBm. The characteristic has a linear region
111, a logarithmic region I and a limitation region II. On the basis of the selected semi-
logarithmic representation, the region II appears to be correctly shown. The
characteristic shown in Fig. 4 is aiso used for calculating the inverse values or
expansion values respectively, for storing these values in the Tables shown in the Figs.
25 3a and 3b. For this purpose, first the equation of the characteristic has to be
determined. This corresponds to the calculation of the compression values of the IF
amplifier 22 (Figs. 1, 2). Subsequently, its inverse value is calculated, which is
additionally digitally approximated and quantized, as required.
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CLAIMS: -
L
1. Radio receiver (2) for a phase or frequency modulated information signal (e),

comprising an analog receiving section (10) which provides a non-linear dynamic
compression (22), an analog-to-digital converter (25) and a digital signal processing
section (30), characterized in that the digital signal processing section (30) comprises an
expansion section (29) to compensate for the non-linear dynamic compression (22) of
the analog receiving section (10).

2. Radio receiver as claimed in Claim 1, characterized in that inverse values
which are inversely proportional to the characteristic of the non-linear dynamic
compression (22) are determined in the expansion section (29) for each pair of sample
values of digitized quadrature components (Id, Qd) of the information signal (e), and
are used for the linear equalization of digitized quadrature components (Id, Qd).

3. Radio receiver as claimed in Claim 1, characterized in that the expansion
section (29) comprises a Table (T) in which a pair of inverse values can be stored for
each pair of sample values of the digitized quadrature components (Id, Qd).

4, Radio receiver as claimed in Claim 1, characterized in that the expansion
section (29) comprises a Table (T) in which an expansion factor can be stored for each
pair of sample values of the digitized quadrature components (Id, Qd), expanded
quadrature components (Iex, Qex) being formed from the product of each expansion
factor and each digitized quadrature component (Id, Qd).

5. Radio receiver as claimed in one of the Claims 3 or 4, characterized in that the
memory cells of the Table (T) can each be addressed by a pair of sample values of the
digitized quadrature components (Id, Qd).

6. Radio receiver as claimed in one of the Claims 3 or 4, characterized in that the
memory cells of the Table (T) can be addressed by only a predeterminable number of

most significant bits of a pair of sample values of the digitized quadrature components

(d, Qd).
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Tﬁ}s obj ect i.s achieved in a radio receiver of the type nmentioned in the
openi ng paragraph by the features of the characterizing part of Caiml.

The irvention is then based on the recognition that on account of its
dynam c conpression the radi o receiver igQcapabl e of processipyD BNf1IQ4/BR | On
signal s which have a | arge dynam c range, but that the dynam c conpression
al so causesAB%EBAr?Hear distortions as a result of which bit errors may be
produced in the oufput signal of the digital signal processing section.
These non-linear distortions can be conpensated for with the aid of the
expansi on section accommodated in the digital signal processing section, so
that the bit errors caused by the non-linear distortions are conpensated
for in the output signal of the digital signal processing section.

The anal og receiving section then conprises, for exanple, an input circuit

1. Radio receiver comprising analog dynamic compression and digital expansion.

2.1 The invention relates to a radio receiver (2) for a phase or frequency modulated
information signal (€), comprising an analog receiving section (10) which provides a

5 non-linear dynamic compression (22), an analog-to-digital converter (25) and a digital
signal processing section (30). As a result of the non-linear dynamic compression, non-

linear distortions of the information signal occur.

2.2 For avoiding these non-linear distortions there is proposed that the digital signal

10 processing section (30) comprises an expansion section (29) for compensating for the
non-linear dynamic compression (22) of the analog receiving section (10). For this
purpose, inverse values are determined for each pair of sample values of digitized
‘quadrature components (Id, Qd) of the information signal (¢) which function values are
inversely proportional to the characteristic of the non-linear dynamic compression (22)

15 and which function values are used for the equalization in the expansion section (29).
2.3 radio receiver for mobile radio transmission systems.

3. Fig. 1.
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whi ch sel ects.the frequency of the received information signal, and one or
nore intermedi ate frequency m xers for converting the information signal t
one or ‘nore internediate frequencies. The anal og receiving section furthe{i:.
i ncl udes an arrangenent for non-linear_dynam c conpression. The input

signal of this arrangenent for dynaﬁ‘ﬁZconpression I's then either

conpressed or limted depending on the input |level. Such a conpression
characteristic for dynamc co ession is represented and described in, for
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I n order tOACOGpensate for the non-linear distortions caused by the dynamc
conpression, the analog-to-digital conversion in the expansion section is
foll owed by an expansion of the two digitized quadrature conponents. The
t hus produced expanded quadrature c nents are subsequently processed in
known fashion by the digital signal &frécessing section which is fornmed, for
exanpl e, by a channel estinmator and ag,@aualizer. Consequently, it is
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4 linear distortions occurring. As a result 0%513@,_ ar n]" the
di stoftions caused by the dynam c conpressio 2 é@?@l’l%ﬁg@np t hus al so
thé bit errors occurring in the output signalf @f the di s| gnal

I tal
processing section are avoi ded, which bij er orsﬁff‘_aV!'eEﬂgﬁgﬂ tied| fromthese
di stortions w thout an expansi on. In_accordancel Wyth the

I nventi On’gﬁﬁ&gﬁéﬂaﬁi on section conprises a{Table

Radio receiver comprising analog dynamic compression and digital expansion.

st
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The invention relates to a radio receiver for a phase or frequency

modulated information signal, comprising an analog receiving section which provides a
non-linear dynamic compression, an analog-to-digital converter and a digital signal
processing section.

Radio receivers of this type can be used, for example, in the Pan-
European mobile radio system GSM. In this mobile radio system speech signals in

. digitized form are transmitted together with other digital signals in a Time-Division
Multiple Access mode (TDMA).

DE 39 25 305 A1 has disclosed a radio receiver of the type mentioned in
the opening paragraph. In that document the frequency of the received information
signal is selected in an analog receiving section of the radio receiver-and converted into
an intermediate frequency by means of a mixer. An IF amplifier which performs non-
linear dynamic compression is connected to the IF mixer. As a result, the output signal
of the IR amplifier is either compressed or limited, depending on the input signal level.
The output signal of the IF amplifier is applied to a baseband converter which produces
therefrom two quadrature components. These quadrature components are sampled and
applied to an analog-to-digital converter. Subsequently, the sampled digital values are
buffered in a digital signal processing section, a channel estimate is made and an
equalization and a decoding is performed. The non-linear dynamic compression and
limitation achieve that a more cost-effective analog-to-digital converter can be used
which has a small number of quantization steps, whereas even at the largest possible
input levels of the information signal there is no overload of the analog-to-digital
converter, and, nevertheless, even at the smallest possible input levels usable sample
values are still produced. In practice is found that the output signal of the digital signal
processing section has bit errors.

It is an object of the invention to improve a radio receiver of the type

mentioned in the opening paragraph so that the bit error rate of the output signal of the
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The invention is then based on the recognition that on account of the
dynamic compression the radio receiver is capable of processing information signals
which have a large dynamic range, but that the dynamic compression also causes non-
linear distortions to occur, as a result of which bit errors may be produced in the output
signal of the digital signal processing section. These non-linear distortions may be
compensated with the aid of the expansion section accommodated in the digital signal
processing section, so that the bit errors caused by the non-linear distortions are
compensated in the output signal of the digital signal processing section.

The analog receiving section comprises, for example, an input circuit
which selects the frequency of the received information signal, and includes one or
more intermediate frequency mixers for converting the information signal to one or
more intermediate frequencies. The analog receiving section further includes an
arrangement for non-linear dynamic compression. The input signal to this arrangement
for dynamic compression is either compressed or limited, depending on the input signal
level. Such a compression characteristic for dynamic compression is represented and
described in, for example,' DE 39 25 305 Al. The compression characteristic therein
has a logarithmic behaviour in a first region, and a limiting behaviour in a succeeding
second region. Then there is a conversion to the baseband where two quadrature signal
components are produced. These components are then subjected to analog-to-digital
conversion, and the thus obtained digitized quadrature components are processed in the
digital signal processing section. In order to compensate for the non-linear distortions
caused by the dynamic compression, the analog-to-digital conversion in the expansion
section is followed by an expansion of the two digitized quadrature components. The
thus produced expanded quadrature components are subsequently processed in known
fashion by the digital signal processing section which is formed, for example, by a
channel estimator and an equalizer. Consequently, it is possible to use a cost-effective
analog-to-digital converter to process information signals which have a large dynamic

range, without causing disturbing non-linear distortions to occur. As a result of the
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determined in the expansion section for each pair of sample values of digitized
quadrature components of the information signal, and are used for the linear
equalization of digitized quadrature components. The non-linear characteristic of the
analog dynamic compression is described, for example, by a mathematic function for
which also the inverse value may be determined. In the expansion section the pairs of
inverse values may thus, for example, be calculated on the basis of the pairs of sample
values of the digital quadrature components. With the aid of these pairs of inverse
values a linear equalization of the pairs of sample values of the digitized quadrature
components may be effected in the expansion section, so that the non-linear distortions
of the dynamic compression are cancelled.

In an advantageous embodiment the expansion section comprises a Table
in which a pair of inverse values can be stored for each pair of sample values of the
digitized quadrature components resulting from the non-linear dynamic compression.
This is advantageous in that for each pair of sample values the inverse value need not
be calculated each time, because the pair of inverse values for each pair of sample
values of the digitized quadrature components is stored in the Table of the expansion
section. This certainly results in a relatively large need for storage capacity for the
Table.

In one embodiment, the expansion section comprises a Table in which an
expansion factor can be stored for each pair of sample values of the digitized quadrature
components. Since the non-linear dynamic compression affects the value of the
information signal, for each pair of sample values, only one expansion factor need be
stored in the Table instead of a pair of inverse values. The expanded quadrature
components at the output of the expansion section are then shown as the product of the
relevant expansion factor and each digitized quadrature component. Consequently, the
need for memory capacity for the Table may be considerably reduced.

In a further embodiment the memory cells of the Table can be addressed

by a pair of sample values of the digitized quadrature components. The pair of sample
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values of the digitized quadrature components are thus simultancoﬁsiy used for
addressing each memory cell of the Table, in which either the pairs of inverse values
themselves or the expansion factors are stored.

In a further advantageous embodiment the memory cells of the Table can
be addressed by only a predeterminable number of most significant bits of a pair of
sample values of the digitized quadrature components. The address of a specific
memory cell is thus not obtained from the full word size of the pair of sample values of
the digitized quadrature components, but only from the most significant bits of each
digitized quadrature component value. As a result, the size of the Table is considerably

reduced without resulting in appreciable distortions of the information signal.

The invention will be further explained in the following with reference to
the exemplary embodiments shown in the drawing Figures, in which
Fig. 1 shows a radio receiver;
Fig. 2 shows a digital information transmission system comprising a radio receiver;
Figs. 3a, 3b each show an exemplary embodiment for an expansion section of a radio
receiver; and .

Fig. 4 shows a compression characteristic of a non-linear dynamic compression.

The radio receiver represented in Fig. 1 comprises an analog receiving
section 10, an analog-to-digital converter 25 and a digital signal processing section 30.
A phase or frequency modulated information signal e is applied to the analog receiving
section 10. The analog receiving section 10 comprises an input section 20 for frequency
selection, an IF mixer 21, an IF amplifier 22 having non-linear dynamic compression, a
baseband converter 23, and a sample-and-hold circuit 24. Quadrature signal components
I and Q available at the output of the sample-and-hold circuit 24 are applied to the
analog-to-digital converter 25, at whose output digitized quadrature components Id, Qd
are available. The digitized quadrature components Id and Qd are applied to the digital
signal processing section 30, which comprises an expansion section 29, a random-access
memory 26, a channel estimator 27 as well as an equalizer 28. At the output of the
expansion section 29 expanded quadrature components Iex and Qex are available,
whereas the output of the equalizer 28 presents a decoded information signal.

In the input circuit 20 the information signal e received from the radio
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receiver shown in Fig. 1 is first frequency selected and then converted to. an
intermediate frequency by means of the IF mixer. The signal thus converted is
subsequently subjected to a non-linear dynamic compression in the IF amplifier 22. The
variation of such a dynamic compression characteristic is denoted in block 22 of the IF
amplifier. The IF amplifier has in a first region I of its power transmission

characteristic a dynamic compression, and in a subsequent region II a limitation, of the
input signal. Such a dynamic compression characteristic has been shown and described
in DE 39 25 305 A1 (as well as in Fig. 4) already mentioned in the introduction of the
description. As a result of the non-linear dynamic compression of the IF amplifier 22 it
is possible to utilize a cost-effective analog-to-digital converter while, nevertheless,
processing signals which have a large dynamic range, but at the cost of introducing non-
linear distortions. In the analog receiving section 10, subsequent to the dynamic
compression, the information signal is subdivided by the baseband converter 23 into two
quadrature components I and Q, which are finally sampled in the sample-and-hold
circuit 24 and applied to the anaJog—to;digital converter 25.

For equalizing the distortions caused by the dynamic compression in
amplifier 22, the digitized quadrature components Id and Qd are expanded in the
expansion section 29. A first possibility is that in the expansion section pairs of inverse
values are determined for each pair of sample values of the digitized quadrature
components Id, Qd which will linearly equalize the digitized quadrature components Id,
Qd. The pairs of inverse values may then be calculated from the inverse value of the
non-linear characteristic of the IF amplifier 22 as described by a mathematical function.
The expansion is then effected in accordance with the calculated pairs of inverse values.
Since the dynamic compression of the amplifier 22 affects the value of the quadrature
components I, Q, the inverse value of the dynamic compression characteristic and thus
also the pairs of inverse values depend on the values of the quadrature components I
and Q.

A recalculation of the inverse value for each pair of sample values Id, Qd
of the quadrature components requires much calculation circuitry and consequent high
cost. For this reason, in a section option, the inverse value is not calculated again for
each pair of sample values, but the expanded quadrature component values Iex, Qex for
each pair of sample values of the digitized quadrature components Id, Qd are stored in

the Table in the expansion section 29. The memory cells of the Table are then
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This need for memory capacity may be reduced if instead of storing the
actual expanded signal values of quadrature components Iex, Qex, the Table stores only
an expansion factor F(Id, Qd) which depends on the values of the quadrature
components Id and Qd. The expanded quadrature component values Iex, Qex are then
calculated according to the following instruction:

Iex = F(d, Qd) * 1d
Qex = F(Id, Qd) * Qd. .

Consequently, for example, for an 8-bit word size the analog-to-digital
converter 25 and an 8-bit word size of the expansion factor, the size of the Table is:
28 % 28 * 8 bits = 524 288 bits.

A further reduction of the Table size may be achieved in that the address
of the memory cell of the Table is not based on the full word size of the quadrature
components I, Q, but only the most significant bits of a pair of sample values of the
digitized quadrature component values Id, Qd are used for the addressing. The
calculation of the expanded signal values is then represented as follows:

Iex = F(Im, Qm) * Id
Qex = F(Im, Qm) * Qd.

In this representation Im and Qm signify the most significant bits of a pair
of sample values of the quadrature components I and Qo A detailed representation of
such a form of instruction is described and represented in Fig. 3. For an 8-bit word size
of the analog-to-digital converter 25, and with a calculation of the expansion factor on
the basis of the 5 most significant bits (m=5), the size of the Table will be:

25 %25 * 8 bits = 8192 bits.

In this manner there will only be very small residual distortions left of the
information signal which, however, do not have a disturbing effect on the further digital
signal processing. The further digital signal processing of the thus expanded quadrature
component values Iex, Qex is effected in known fashion by means of buffering in the

random-access memory 26 and subsequent channel estimation 27 and equalization 28 as
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converter 25 and a digital signal processing section 30.

The functions of individual components of the digital transmission system
have, in essence, already been described in connection with Fig. 1 and are also
contained in DE 39 25 305 Al. In contradistinction to the digital transmission system
described in DE 39 25 305 Al, the digital signal processing section 30 comprises an
expansion section 29. This effects a compensation for the non-linear dynamic
compression 22 of the analog receiving section 20, 21, 22, 23, 24 as this has already
been described in connection with Fig. 1. |

Figs. 3a, 3b show each an exemplary embodiment of an expansion section
29 used in the digital signal processing section of a radio receiver. The expansion
section 29 determines expanded quadrature component values Iex, Qex based on a pair
of sample values of digitized quadrature components Id, Qd. For this purpose, Fig. 3a
show that the digitized quadrature component values Id, Qd are applied to the expansion
section 29 which, in essence, is constituted by a Table. At the output of the expansion
section 29 the expanded quadrature component values Iex, Qex are available. As
already described in connection with Fig. 1, the Table of the expansion section 29

. stores for each pair of sample values of the digitized quadrature components Id, Qd a
pair of inverse values, i.e., the expanded quadrature component values Iex, Qex, or an
expansion factor. For addressing the individual memory cells of the Table T, each time
he pair of values Id, Qd is used.

Fig. 3b shows a further exemplary embodiment of an expansion section
29. The digitized quadrature component values Id, Qd have an 8-bit word size in the
exemplary embodiment represented in Fig. 3b, i.e., in the radio receiver an analog-to-
digital converter with an 8-bit word size is used. This is symbolized in Fig. 3b by
means of /8 at the individual signal arrows. To reduce the size of the Table T, only the
most significant bits, for example, the 5 most significant bits, are used for addressing

the Table T to obtain the expanded quadrature components Iex, Qex from the 8 bits
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each of the digitized quadrature components Id, Qd, whereas the remaining least
significant bits are discarded. This is illustrated in Fig. 3b by means of the signal
arrows denoted by /5. For each pair of individual digitized quadrature components Id,
Qd an expansion factor is stored in the Table, which factor can be selected by using the
digitized quadrature components Id, Qd which also serve as addresses. The expansion
factor may only adopt positive values. The expansion factor is multiplied by the
digitized quadrature components Id, Qd and thus produces the expanded quadrature
components lex, Qex. The maximum word size of the expansion factor may be selected
at random and determines the total word size of the expanded quadrature components
Iex, Qex. In this manner, with an analog-to-digital converter having an 8-bit word size
and with a maximum expansion factor of 255 there is a final word size of the expanded
quadrature components Iex, Qex of 16 bits each. As a result, in the exemplary
embodiment shown in Fig. 3b the Table T has a size of:

25 * 25 * 8 bits = 8192 bits.

Fig. 4 gives a diagrammatic representation of a characteristic which has a
logarithmic behaviour in a specific region for non-linear dynamic compression, as has
already been explained with respect to the IF amplifier 22 described in Figs. 1 and 2
and also in DE 39 25 305 Al. The characteristic shows an output signal denoted Ua of
the IF amplifier 22 shown in the Figs. 1 and 2, in mV, plotted against an input signal
level denoted Pe of the IF amplifier 22, in dBm. The characteristic has a linear region
111, a logarithmic region I and a limitation region II. On the basis of the selected semi-
logarithmic representation, the region II appears to be correctly shown. The
characteristic shown in Fig. 4 is also used for calculating the inverse values or
expansion values respectively, for storing these values in the Tables shown in the Figs.
3a and 3b. For this purpose, first the equation of the characteristic has to be
determined. This corresponds to the calculation of the compression values of the IF

amplifier 22 (Figs. 1, 2). Subsequently, its inverse value is calculated, which is

additionally digitally approximated and tized, as ired. T
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1. Radio receiver (2) for a phase or frequency modulated information signal (e),

comprising an analog receiving section (10) which provides a non-linear dynamic
compression (22), an analog-to-digital converter (25) and a digital signal processing
section (30), characterized in that the digital signal processing section (30) comprises an
expansion section (29) to compensate for the non—l{near dynamic compression (22) of
the analog receiving section (10). '

2. Radio receiver as claimed in Claim 1, characterized in that inverse values
which are inversely proportional to the characteristic of the non-linear dynamic
compression (22) are determined in the expansion section (29) for each pair of sample
valués of digitized quadrature components (Id, Qd) of the information signal (e), and
are used for the linear equalization of digitized quadrature components (Id, Qd).

3. Radio receiver as claimed in Claim 1, characterized in that the expansion
section (29) comprises a Table (T) in which a pair of inverse values can be stored for
each pair of sample values of the digitized quadrature components (Id, Qd).

4. Radio receiver as claimed in Claim 1, characterized in that the expansion
section (29) comprises a Table (T) in which an expansion factor can be stored for each
pair of sample values of the digitized quadrature components (Id, Qd), expanded
quadrature components (Iex, Qex) being formed from the product of each expansion
factor and each digitized quadrature component (Id, Qd).

5. Radio receiver as claimed in one of the Claims 3 or 4, characterized in that the
memory cells of the Table (T) can each be addressed by a pair of sample values of the
digitized quadrature components (Id, Qd).

6. Radio receiver as claimed in one of the Claims 3 or 4, characterized in that the
memory cells of the Table (T) can be addressed by only a predeterminable number of

most significant bits of a pair of sample values of the digitized quadrature components

(id, Qd).
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digitized quadrature corrponents ?d Qd. The di sadvantage of this solution
Is the need for an enornous nenory capacity. For exanple, for an 8-bit word
size of the agsbogate-digital converter 25 and a 16-bit word size of the
expanded val ues lTex, Qex, the Table has a size of: 2[err] * 2[err] * 2 * 16
bits = 2

1. Radio receiver comprising analog dynamic compression and digital expansion.

2.1 The invention relates to a radio receiver (2) for a phase or frequency modulated
information signal (e), comprising an aﬁalag' receiving section (10) which provides a
non-linear dynamic compression (22), an.an_a;lqg;to-digital converter (25) and a digital
signal processiﬂg -section:(30),.»A-s a result of the non-linear dynamic compression, non-

linear distortions of the information signal occur.

2.2 For avoiding these non-linear distortions there is proposed that the digital signal
Pprocessing section (30) comprises an expansion section (29) for compensating for. the
"non-linear dynamic compression (22) of the analog receiving section (10). For this
purpose, inverse values are determined for each pair of sample values of digitized
quadrature components (Id, Qd) of the information signal (e) which function values are
inversely proportional to the characteris_ticl of the non-linear dynamic compression (22)

and which function values are used for the equalization in the expansion section (29).
2.3 radio receiver for mobile radio transmission systems.

3. Fig. 1.
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but”only an expansion factor F(d, Q) which al so depends on the quadrature
conmponents Id and Q. The cal cul ation of the expanded quadrature conponent
-values-lex, Qex is then perforned acc$rd|ng to the followi ng instruction:
lex= F(Id, Q) =1d Qex F(Id, Qd) 4 Consequently, for
exanple for an 8-bit word size of the analog to drgltal converter 25 and
‘8-bit word size of the expapsi@n factor, the size of the Table is: 28
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The invention relates to a radio receiver as claimed in the pre-
characterising part of Claim 1.

Radio receivers of this type can be used, for exar;'lple, in the Pan-
European mobile radio system GSM. In this mobile radio system speech signals in
digitized form are transmitted together with other digital signals in a Time-Division
Mﬁlﬁple Access mode (TDMA).

DE 39 25 305 Al has disclosed a radio receiver of the type mentioned in
the opening paragraph. In that document the frequency of the received information
signal is selected in an analog receiving section of the radio receiver and converted into
an intermediate frequency by means of a mixer. An IF amplifier which performs a non-
linear dynamic compression is connected to the IF mixer. As a result, the input signal
of the IF amplifier is either compressed or limited depending on the input level, The
output signal of the IF amplifier is applied to a baseband converter which produces
therefrom two quadrature components. These quadrature components are sampled and
applied to an analog-to-digital converter. Subsequently, the sampled digital values are
buffered in a digital signal processing section, 2 channel estimate is made and an
equalization or decoding is performed. Said non-linear dynamic compression and
limitation enable the use of a more cost-effective analog-to-digital converter which has a
small number of quantization steps, whereas even with the largest input levels possible
of the information signal there is no overload of the analog-to-digital converter and,
nevertheless, with the smallest input levels possible still usable sample values are
produced, Practice has shown that the output signal of the digital signal processing
section has bit errors.

DE-31 26 148 Al discloses an arrangement in which pulse-code
modulated signals pre-distorted in accordance with a pseudo-logarithmic compandor
characteristic approximated by linear segments are supplied to an analog-to-digital
converter. When the data words supplied by the analog-to-digital converter are

reconverted to corresponding analog signals, said data words are converted to a data
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matrix. The inverse function of the compandor characteristic (expander characteristic)
corresponds to a partially linear characteristic. How the storage matrix is programmed
eventually and how the storage matrix converts the expander characteristic is not
explained in said document. It merely gives a formula which describes the trend of the
expander characteristic.

US-4,282,578 discloses a system for the linearization of non-linear
converter signals. Said document states thermoelements, wire-strain-gauge bridges and
pressure sensors as examples of non-linear converters. The non-linear converter
signals are supplied to an analog-to-digital converter. A specific number of most
significant bits of the data words produced by the analog-to-digital converter are used
for addressing data words stored in the form of a table in a ROM (“read only
memory"). A specific number of most significant bits of the data words stored in the
ROM serve to determine the angular points of a curve having a partially linear trend,
which curve describes the interconnection between the non-linear data supplied by the
analog-to-digital converter and the linearized data supplied by the linearization system.
The other, least significant, bits of the data words, stored in the ROM each describe the
slope of the partially linear curve between two salient points. These least significant bits
are supplied to a multiplier circuit, and the least-significant bits of the data words
produced by the analog-to-digital converter are supplied to the further inputs of said
multiplier circuit. The multiplier circuit multiplies the data words composed of the least
significant bits of the data words supplied by the analog-to-digital converter by the data
words composed of the least significant bits of the data words stored in the ROM. A
specific number of most significant bits of the product data words produced by the
multiplier circuit and the most significant bits of the data words stored in the ROM are
added together so as to produce a corresponding number of most significant bits of the
data words supplied by the linearization system, which correspond to the linearized data
to be produced. The other, least significant, bits of the data words supplied by the
linearization system are formed by the other, least significant, bits of the product data

words.
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This object is achieved in a radio receiver of the type mentioned in the
opening paragraph by the features of the characterizing part of Claim 1.

The invention is then based on the recognition that on account of its
dynamic compression the radio receiver is capable of processing information signals
which have a large dynamic range, but that the dynamic compression also causes non--
linear distortions as a result of which bit errors may be produced in the output signal of
the digital signal processing section. These non-linear distortions can be compensated
for with the aid of the expansion section accommodated in the digital signal processing
section, so that the bit errors caused by the non-linear distortions are compensated for in
the output signal of the digital signal processing section.

The analog receiving section then comprises, for example, an input circuit
which selects the frequency of the received information signal, and one or more
intermediate frequency mixers for converting the information signal to one or more
intermediate frequencies. The analog receiving section further includes an arrangement
for non-linear dynamic compression. The input signal of this arrangement for dynamic
compression is then either compressed or limited depending on the input level. Such 2
compression characteristic for dynamic compression is represented and described in, for
example, DE 39 25 305 Al. The compression characteristic has a logarithmic behaviour
in a first region, whereas there is a limitation in a subsequent second region. Then there
is a conversion to the baseband where two quadrature components are produééd. These
components are subjected to an analog-to-digital conversion and the thus obtained
digitized quadrature components are processed in the digital signal-processing section.
In order to compensate for the non-linear distortions caused by the dynamic
compression, the analog-to-digital conversion in the expansion section is followed by an
expansion of the two digitized quadrature compénent.s. The thus produced expanded
quadrature components are subsequently processed in known fashion by the digital
signal processing section which is formed, for example, by 2 channel estimator and an
equalizer. Consequently, it is passible to process with a cost-effective analog-to-digital
converter information signals which have a large dynamic range without disturbing non-
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linear distortions occurring, As a result of the cxparLsion, the distortions caused by the

dynamic compression are cancelled and thus also the bit errors cccurring in the output
signal of the digital signal processing section are avoided, which bit errors have resulted
from these distortions without an expansion.

In accordance with the invention, the expansion section comprises a Table
in which an expansion factor can be stored for each pair of sampie values of the
digitized quadrature comnponents, Since the non-linear dynamic compression affects the
value of the information signal, each time not more than one expahsion factor may be
stored in the Table instead of 2 pair of inverse function values. The expanded
quadrature components at the output of the expansion section are then shown as the
product of each expansion factor and each digitized quadrature component.
Consequently, the need for memory capacity for the Table may be considerably
reduced.

In a further embodiment the memory cells of the Table can be addressed
by a pair of sample values of the digitized quadrature components. The pair of sample
values of the digitized quadrature components are thus simultaneously used for
addressing each memory cell of the Table in which either the pairs of inverse function
values themselves or the expansion factors are stored.

In a further advantageous embodiment the memory cells of the Table can
be addressed by only a predeterminable number of most significant bits of a pair of
sample values of the digitized quadrature components. The address of a specific
memory cell is thus not obtained from the full word size of the pair of sample values of
the digitized quadrature components, but only from the most significant bit of each
digitized quadrature component value, As a result, the size of the Table is coh;iderably
reduced without appreciable distortions of the information signal occurring.

The invention will be further explained in the following with reference to
the exemplary embodiments shown in the Figures, in which

Fig. | shows a radio recejver;

Fig. 2 shows 2 digital information transmission system comprising a radio
receiver;

Figs. 3a, 3b each show an exemplary embodiment for an expansion
section of a radio receiver; and

Fig. 4 shows a compression characteristic of a non-linear dynamic-
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selection, an IF mixer 21, an IF amplifier 22 having non-linear dynamic compression,
as well as a baseband converter 23 and a sample-and-hold element 24. Quadrature
components I and Q available at the output of the sample-and-hold element 24 are
applied to the analog-to digital converter 25 at whose output digitized quadrature
components Id, Qd are available. The digitized quadrature components Id and Qd are
applied to the digital signal processing section 30 which comprises an expansion section
29, a write-read memory 26, a channel estimator 27 as well as an equalizer 28. At the
output of the expansion section 29, expanded quadrature components Iex and Qex are
available, whereas the output of the equalizer 28 presents a decoded information signal.

In the input circuit 20 the information signal e received from the radio
receiver shown in Fig. 1 is first frequency selected and then converted to an
intermediate frequency by means of the IF mixer. The signal thus converted is
subsequently subjected to a non-linear dynamic compression in the IF amplifier 22. The
variation of the characteristic of such a dynamic compression characteristic is indicated
in block 22 of the IF amplifier. The IF amplifier has in a first region I of its power
transmission characteristic a dynamic compression and in a subsequent region If a
limitation of its input signal. Such a dynamic compression characteristic has been shown
and described in DE 39 25 305 Al (as well as in Fig. 4) already mentioned in the
introduction of the description. As a result of the non-linear dynamic compreés.ion of the
IF amplifier 22 it is possible to utilize a cost-effective analog-to-digital converter while,
on the other hand, processing signals which have a large dynamic range, but at the cost
of non-linear distortions. In the analog receiving section 10, subsequent to the dynamic
compression in the baseband converter 23, the information signal is subdivided into two
quadrature components I and Q which are finally sampled in the sample-and-hold
element 24 and applied to the analog-to-digital converter 25.

For equalizing the distortions caused by the dynamic compression 22, the
digitized quadrature components Id and Qd are expanded in the expansion section 29. A
first possibility is that in the expansion section pairs of inverse functions are determined
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I, Q, the inverse function for the dynamic compression characteristic and thus also the
inverse function values of the inverse function value pair depend on the quadrature
components I and Q.

A recalculation of each inverse function for each pair of sample values Id,
Qd of the quadrature components requires much calculation circuitry and cost. For this
reason, in a second option, the inverse function is not calculated again for each pair of
sample values, but the expanded quadrature component values Iex, Qex for each pair of
sample values of the digitized quadrature components Id, Qd are stored in a Table of
the expansion section 29. The memory cells of the Table are then always addressable by
means of a pair of sample values of the digitized quadrature components Id, Qd. The
disadvantage of this sclution is the need for an enormous memory capacity. For
example, for an 8-bit word size of the analog-to-digital converter 25 and a 16-bit word
size of the expanded values Tex, Qex, the Table has a size of: 2% * 2% * 2 * 16 bits = 2
097 152 bits,

This need for memory capacity can be reduced if, in accordance with the
invention, the Table does not store the expanded signal values for the expanded values
of quadrature components Iex, Qex, but only an expansion factor F(ld, Qd) which also
depends on the quadrature components Id and Qd. The calculation of the expéhded
quadraturc component values Iex, Qex is then performed according to the following
instruction: |
Iex = F(Id, Qd) * Id
Qex = F(ld, Qd) * Qd.

Consequently, for example, for an 8-bit word size of the analog-to-digital
converter 25 and an 8-bit word size of the expansion factor, the size of the Table is: 28
* 28 * 3 bits =.524 288 bits.

;'& further reduction of the Table size may be achieved in that the address
of the memory cell of the Table is not obtained on the basis of the full word size of the
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pair of sample values of the quadrature components la and Qa. A detailed
representation of such a formation instruction is described and represented in Fig. 3.
For an 8-bit word size of the analog-to-digital converter 25 and with a calculation of the
expansion factor on the basis of the 5 most significant bits (m=35) the size of the Table
will be:

25 %25 = 8 bits = 8192 bits.

In this manner there are only very small residual distortions of the
information signal left now which, however, do not have a disturbing effect on the
further digital signal processing. The further digital signal processing of the thus
expanded quadrature component values Iex, Qex is effected in known fashion by means
of a buffering in the write-read memory 26 with subsequent channel estimation 27 and
equalization 28 as this has been described, for example, in DE 39 05 305 Al.

Fig. 2 shows a digital radio transmission system in which the information
to be transmitted is ransmitted in the form of a binary signal b via a transmitter 1.
Between the transmitter 1 and the receiver 2 there 1s a radio transmission path denoted
by an arrow. The transmitted signal is received by a radio receiver 2. The radio
receiver 2 comprises an analog receiving section 20, 21, 22, 23, 24, an analog-to-digital
converter 25 and a digital signal processing section 30. h

The functions of individual components of the digital transmission system
have, in essence, already been described in connection with Fig. 1 and are also
contained in DE 39 25 305 Al. In contradistinction to the digital transmission system
described in DE 39 25 305 Al, the digital signal processing section 30 comprises an
expansion section 29. This effects 2 compensation for the non-linear dynamic
compression 22 of the analog receiving section 20,21, 22, 23, 24 as this has already
been described in connection with Fig. 1.

Figs. 3a, 3b show each an exemplary embodiment of an expansion section

29 for the digital signal processing section of a radio receiver. The expansion section 29
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determines expanded quadrature component valueésms'af a pair of
sample values of digitized quadrature components Id, Qd. For this purpose, Fig. 3a

shows that the digitized quadrature component values Id, Qd are applied to the
expansion section 29 which, in essence, is constituted by a Table. At the output of the
expansion section 29 the expanded quadrature component values Iex, Qex are available.
As already described in connection with Fig. 1 the Table of the expansion section 29
stores for each pair of sample values of the digitized quadraturg components Id, Qd a -
pair of inverse function values i.e. the expanded quadrature éompdnem values Jex, Qex
or an expansion factor. For addressing the individual memory cells of the Table T, each
time the pair of values Id, Qd is used.

Fig. 3b shows a further exemplary embodiment of an expansion section
29. The digitized quadrature component values Id, Qd have an 8-bit word size in the
exemplary embodiment represented in Fig. 3b, i.e. in the radio receiver an analog-to-
digital converter with an 8-bit word size is used. This is symbolized in Fig. 3b by
means of /8 at the individual signal arrows. To reduce the Table size of the Table T,
only the most significant bits, for example, the 5 most significant bits, are used for
addressing the Table T to form the expanded quadrature components Iex, Qex from the
8 bits of the digitized quadrature components Id, Qd, whereas the remaining least
significant bits are discarded. This is illustrated in Fig. 3b by means of the signal
arrows denoted by /5. For the individual digitized quadrature components Id, Qd an
expansion factor is stored in the Table T which factor can be selected with the aid of
the digitized quadrature components Id, Qd which also serve as addresses. The
expansion factor may only adopt positive values. The expansion factor is multiplied by
the digiﬁzed quadrature components Id, Qd and thus produces the expanded qﬁ;drature
components fex, Qex. The maximum word size of the expansion factor may be selected
at random and determines the total word size of the expanded quadrature components
Iex, Qex. In this manner, with an analog-to-digital converter having an 8-bit word size
and with a maximum expansion factor of 255 there is 2 final word size of the expanded
quadrature components Iex, Qex of 16 bits each. As a result, in the exemplary
embodiment shown in Fig. 3b the Table T has a size of:
25 *2° * 8 bits = 8192 bits.

Fig. 4 gives 2 diagrammatic representation of a characteristic which has 2

logarithmic behaviour in a specific region for non-linear dynamic compression as has
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selected semi-logarithmic representation the region II appears to be a straight line. The
characteristic shown in Fig. 4 is also used for calculating the inverse function values or
expansion values for storing these values in the Tables shown in the Figs. 3a and 3b.
For this purpose, first the equation of the characteristic has to be determined. This
corresponds to the calculation of the compression values of the IF amplifier 22 (Figs. 1,
2). Subsequently, its inverse function is calculated, which is additionally digitally
approximated and quantized, as required.
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1. Radio receiver (2) for a phase or frequency modulated information signal
(e), comprising an analog receiving section (10) with a non-linear dynamic compression
(22), an analog-to-digital converter (25) and a digital signal processing section (30),
characterized in that the digital signal processing section (30) c;)mprlses an expansion
section (29) to compensate for the non-linear dynamic compression (22) of the analog
receiving section (10), and in that the expansion section (29) comprises a Table (T) in
which an expansion factor can be stored for each pair of sample values of the digitized
quadrature components (Id, Qd) of the information signal, expanded quadrature
components (Iex, Qex) being formed from the product of each expansion factor and
each digitized quadrature component (Id, Qd).

2. Radio receiver as claimed in Claim 1, characterized in that the memory
cells of the Table (T) can each be addressed by a pair of sample values of the digitized
quadrature components (Id, Qd).

3. Radio receiver as claimed in Claim 1 or 2, characterized in that the
memory cells of the Table (T) can be addressed by only a predeterminable number of
most significant bits of 2 pair of sample values of the digitized quadrature components

(1d, Qd).



(4 1

CLAIMS 1. Radi o receiver (2) for a ph 1T e Tpdul at ed
¢nformation signal (e), conprising an anal og rec-ﬁpﬁ;écé’@ %ISE wth a
non-| i near dynam c conpression (22), an anal og-t b-%ﬁgl talr converjter (25)

and a digital signal processing section (30), characpeyilitiigs9 that the
digital signal processing section (30) conprises{af expansion sefctjon (29)
to conpensate for the non-linear dynam gy conpresgion (22) of the anal og
receiving section (10), and in that the expansi op section (29) conprises a
Table (T) in which an expansion factor can be stored for each ‘Joai r &f
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I nformati on signal, expanded quadrature
ABSTRACT

1. Radio receiver comprising analog dynamic compression and diéital expansion.

2.1 The invention relates to a radio receiver (2) for a phase or frequency modulated
information signal (e), comprising an axialbg' receiving section (10) which provides a
non-linear dynamic compression (22), an.an_a_lqg__-to-digital converter (25) and a digital
signal processiﬁg secﬁon:GO):.-A-s -2 result of the non-linear dynamic compression, non-
linear distortions of the information signal occur.

2.2 For avoiding these non-linear distortions there is proposed that the digital signal
processing section (30) comprises an expansion section (29) for compensating for, the
non-linear dynamic compression (22) of the analog receiving section (10). For this
purpose, inverse values are determined for each pair of sample values of digitized
quadrature components (Id, Qd) of the information signal (e) which function values are
inversely proportional to the characteristic of the non-linear dynamic compression (22)
and which function values are used for the equalization in the expansion section (29).

2.3 radio receiver for mobile radio transmission systems.

3. Fig. 1.
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