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H ELD The present invention relates to a nmethod and to an arrange-
ment for extending the dynam c range of a signal receiver in 5 a digital
signal transm ssion system i.e. for enhanting the ability of the
recei ver to reproduce correctly signals of di.fferent strengths.
BACKGROUND ART In the transm ssion of signhals between a transmtter

and a 10 receméghodSHAA agrdfhéfentinal &, trhnsmseseﬁszéxefnor the .
receiver to have a certain dynamc range in order for t

correctly reproduced. Signal strengths can vary - mar kedl y when received
by the receiv dynam c range contri butes towards better
si gnal reprodiﬁwwﬁg receiver. For instance, U S. Patent No.
5,276, 685 teaches a - met hod of adapting the strerfgth of an incom ng
signal to the mhe n‘{:ein’irgn’i:%na{’éié{ﬂsof:ot@iné \é‘?{d 3°) EﬁCE?‘Sn&EE

Si gnal so- cal automati c galn_contro en trengt

si gnal recei veRemy %%&3@3@9 @m@%ms%mwp QPPH‘I receiver in
5 a digltal signal transmission system, i.e. for enhancing the

ability of the receiver to reproduce correctly signals of
~different strengths.

BACKGROUND ART

In the transmission of signals between a transmitter and a

10 receiver., such as voice signals, it is necessary for the -
receiver to have a certain dynamic range in order for the
signals to be correctly reproduced. Signal strengths can vary
markedly when received by the receiver, and a wide dynamic
range contributes towards better signal reproduction in the

15 receiver. For instance, U.S. Patent No. 5;276,685 teaches a
method of adapting the strength of an incoming signal to the
receiver to the ability of the receiver to receive the signal,
so-called automatic gain control. When the strength of the
signal received by the receiver is greater than an upper limit

20 value of the dynamic range of the receiver, the signal is
. attenuated. When the strength of the signal received by the
receiver is beneath a lower limit value of the dynamic range

of the receiver, the signal is amplified. One drawback with

. the method taught by the U.S. patent resides in the require-
25 ment of such complicated equipment in addition to the equip-
ment normally available in the receiver. This additional
equipment adds to the cost. Problems also occur when the
strength of the received signal varies very abruptly. U.S.
Patent No. 4,893,316 teaches another method of extending the

30 dynamic range. The patent describes dithering. By dithering
is meant briefly the application of known noise to a signal
which is too weak to be detected. The signal superimposes the

signals to be
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DISCLOSURE OF THE INVENTION

A signal receiver of a .digital system receives an analog
signal after the signal has first passed through a certain
15 analog signal processing stage. The signal is then digitalized
' so as to enable the digital information in the signal to be
extracted. The problem relating to the dynamic range is solved
by allowing an extended dynamic range over and above a normal
limit value during the analog sighal processing stage. The
20 amplitude of the signal is then restricted in the digitalizing
process. This digitalized signal contains amplitude infor-
mation that would have been lost if the signal had already
been restricted in the analog signal processing stage. The
present invention also relates to an arrangemént for implémen-

25 ting the aforesaid method. |

A prime object of the present invention is to obtain amplitude
information from the signal even when the signal is stronger
than said limit value.

Another bbject is to enhance the transmission of information
30 when the transmitted signal is subjected to serious distur-
- bances and interference. )
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receiver of a digital systemreceives an anal og signal after the signal
fras first passed through a certain 15 anal og signal processing stage. The
signal is then digitalized so as to enadble the digital information in
the signal to be extracted. -The problemrelating to the dynam c range
is sol ved by allow ng an extended dynani c range over and above a nornal
limt value during the anal og signal processing stage. The 20 .anmplitud
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digitalized si n&Rtéd e Piddpride infor- mat i on that would have
been lost if the signal had al ready been restricted in the anal og

signal processing stage. The present invention also relates to an
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It:]?gf][neﬁ gﬁges'ﬂﬁf‘bugﬁ aulotpads! FiidoUwKest Signal tkafnsnisslidn takes
place on a high-carrier frequency, the signal processing stage
is preceded by mixing down a received high-frequency signal
with a synthesizing freguency so as to obtain an intermediate

10 frequency signal. The low-pass filtered signal is applied to
an analog/digital converter, which is overextended by the low-
pass filtered signal. The signal is down-mixed in a further
stage downstream of the analog/digital converter to obtain a
baseband signal which is divided into a real and an imaginary

15 part. The amplitude of each of these two signals is restricted
and the pair of signals contain the digital information to be
transmitted. Despite the amplitude limitation that results
from overextending the analog/digital convei:ter, the real and
the imaginary signal together contain certain amplitude

20 information up to an amplitude value that corresponds to the
analog amplitude limitation. Overextending the analog/ digital
converter generates digital harmonics and a phase error,
although the phase error has relatively small effect on the
‘continued processing of the signal.

25 One advantage afforded by the invention is that certain
amplitude information can be obtained from the received signal

even in the case of signals whose amplitudes have been
limited. '

Another advantage is that existing signal receivers can be
30 used without requiring complicated modification to or
restructuring of the receivers.
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Figure 3 is an I/Q-diagram illustrating the principle of GMSK

modulation. '

Figure 4 is an amplitude diagram showing the amplitude of the
received signal when the receiver is located close to the
transmitter. ”

Figure 5 is an I/Q-diagram showing the principle of GMSK

demodulation.

Figure 6 is a phase diagram showing the phase error when over
modulating the receiver.

Figure 7 is a frequency diagram showing different fregquency
components that occur when overextending the receiver.

Figure 8 is a block schematic illustrating an inventive

- arrangenment.

20

25

BEST MODE OF CARRYING OUT THE INVENTION -

Figure 1 is an overview of a transmission system TS in a
mobile telephornie system of the GSM kind (Global System for
Mobile Communication). In the illustrated embodiment, the
transmission system TS includes a transmitter TX in a base
station in a public land mobile network PIMN, and a receiver

"RX in a mobile station MS. In the illustrated case, the.

converter

w
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the case. Only those components that are most essential to the
invention have been shown in Figure 1, arid the Figure does not
claim to illustrate a transmission system TS in detail. A
microphone MC housed in a telephone unit is connected to a
primary A/D-converter 1 in the public land mobile network
PILMN. The primary A/D-converter 1 is connected to a coder 2 in
the transmitter TX in the base station. In the illustrated
case, the coder 2 includes a channel coder and an interleaver.
Several other types of coding are conceivable, for instance

‘speech coding and encryption. The coder 2 will be explained in

more detail further on and is used mainly to generate a
redundant signal, i.e. a signal which is more resistant when
transmitted from the transmitter TX to the receiver RX than
the original signal. The coder 2 is connected to a modulator
3 which generates from an incoming signal a phase-modulated
analog carrier wave having a connection-selected carrier
frequency. The modulator 3 is connected to a transmitter
amplifier 4, which is connected to a transmitter antenna 5.
The receiver RX in the mobile station MS includes a receiver
antenna 6 which is connected to a receiver amplifier 7.

The receiver amplifier 7 includes a signal amplifier AMPL

- which adapts signal strength to following components and

25

compensates for power losses. The receiver amplifier 7 is

- connected to a demodulator 8. The demodulator 8 includes a

30

35

frequency mixer MIX which extracts a signal of predetermined
frequency from information received from the air interface
between the transmitter TX and the receiver RX. The frequency

“mixer MIX is connected to a signal limiter LIMIT, which limits

the strength of incoming signals. The signal limiter LIMIT is
connected to an A/D-converter ADC which converts the extracted
signal from analog to digital form. The A/D-converter ADC is
connected to a quadrature divider I/Q. The function of the
A/D-converter ADC and the gquadrature divider I/Q are highly
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Figure 2a is a diagram in which the ordinate represents a
signal strength [SS] expressed in decibels in relation to a
reference level 1mW [dBm], and the abscissa represents the
length [1] i metres [m]. The length 1 = 0 metre corresponds to

10 the position of the base station. A full-line power curve FS (
corresponds to the strength of a signal transmitted from the
transmitter TX and received in the receiver RX. The strength
of the signal is thus greatest when the mobile is located in
the vicinity of the base station, and becomes weaker with

15 increasing distances of the mobile from the base station.
Figure 2a will be explained in more detail further on.

Similar to Figure 2b, Figure 2b is a diagram in which the
ordinate represents signal strength [SS] expressed in
decibels relative to a reference level 1nW [{dBm] and the

20 abscissa represents length [1] in metres (m]. The length 1 =
0 metre corresponds to the position of the base station. A
full-line power curve JS1 corresponds to the strength of the
signal received by the mobile station MS in the A/D-conirerter
ADC subsequent to the signal being processed in the receiver

25 amplifier 7. Figure 2b will be described in more detail
further on. - |

Signal processing in the case of speech infof_mation- transmis-
 sions will now be explained, wherein signal processing is
described when speech information is transported from the

. 30 microphone MC to the loudspeaker LS via the radio transmitter
TX and the radio receiver RX, all in accordance with present-

day known techniques. A method of processing signals in the
receiver RX in accordance with the invention will be described
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connected to a t t gk a AN i | t
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- The analog signal B is converted to a pulse-code modulated
signal, a so-called PCM-signal C, in the public land mobile

10 network PIMN. The PCM-signal C is transferred to the trans-
mitter TX in the base station, via a PCM-link. The signal is
transmitted at a rate of 64 kbit/s.

- The PCM-signal C is coded in the coder 2 in the transmitter
TX. As before mentioned, the coder 2 includes a channel coder
15 and ‘an interleaver. It can be mentioned 'bz_'iefly that the
channel coder multiplicates the information in the PCM-signal
so as to obtain redundancy in the transmitted signal. This
redundancy enables errors that occur in the transmission from
the transmitter TX to the receiver RX to be. detected more
20 readily. If the values of single bits are changed during the
transmission, the redundant transmission enables the original
signal to be regenerated more readily. The interleaver
distributes bits so that bits which are mutually sequential
upstream of the interleaver are separated and spread-out from
25 one another in the interleaver. Air~-carried interferences .
between the transmitter TX and the receiver RX often occur in
bursts. The total loss of coherent information can be preven-
ted by spreading-out the information with the aid of the
interleaver. The functions of the channel coder and the
30 interleaver are well known to the person skilled in this
perticular art and will not therefore be explained in more
detail. The coder 2 generates a digital baseband signal D. As
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| osses. The receiver anplifier 7 is connected to a denodul ator 8. The
-denodul ator 8 includes a frequency m xer M X which extracts a signal of
pr edet er m ned frequency frominformatigon received fromthe air .

I nterface between the transmtter TX and the receiver RX. The frequency
30 mixer MX is connected to a signal linmter LIMT, which limts t he
strength of incomng signals. The signal limter LIMT is connected to
an A/ D- convera eresmttwpifcichasnedr eoding and ainterleavingnather basebhandg to

digital formgilhgaytVild ﬁBQ&eféﬂsﬁﬁﬁ: han theBY¥Esinkh tF%Ma-s& ﬂﬂ'.‘laé ‘ir?the

divider I/Q The fupctjon of the 35 A/ID converter. Al uadrature
di vi der 1/Q FEARFRISgion f1gm $he fagmenitler 1 to the Tecelvel BX.
PCT/ SE95/ 01094 ' si gni ficant to t he

on The demod) 05 BasBBaRagtimar ¥ i ge@é*"éd?cﬂﬁﬂ @d‘?%&%ié‘é'abﬁ §hpee’
connected %0 @Pll!)lmea toaranalog phasemmoditiated canniervsaveng. This
D/ A-convert ermé&’ulétﬁoﬁ OEQGEEQ@cEQda irPL&@é@ﬁi%céSw;th thE , @Méﬁ- 8thaqd
diagramin which the or ate re resentis. icq{] sstren i[n hethod
expressed in E@%‘i‘%%?‘%n "l' un PB4 fEKeying) , which is a modulating meth
that permits a relatively narrow bandwidth. Briefly, modula-
tion in accordance with the GMSK-method involves bits in the
10 baseband signal D representing a certain phase position of the
geherated carrier wave E. Figure 3 shows with the aid of an
I/Q-diagram how the phase position of the carrier wave E is
changed from a first position P1 to a second position P2 when
the modulator receives a new bit from the baseband signal D.
15 GMSK-modulation is a modulation technique commonly used in the
field of telecommunications and is known to the person skilled
in this technical field. The phase position of the carrier
wave E thus varies in accordance with the information con-
" tained in the baseband signal D. The amplitude of the carrier
- 20 wave E is constant and the carrier frequency chosen in
accordance with the GSM-specifications is also constant and
in the illustrated example has been chosen at 900.2 MHz.

- A maximum received signal strength is determined in
accordance with a predefined value in the system specification
25 of the GSM-system. According to ‘the illustrated example, the
maximum signal strength SS is -15 dBM, as shown in Figure 2a.

~ The carrier wave E is forwarded to the transmitter ampli-
fier 4 and converted to a radio signal F, and then transmitted
at the chosen signal strength via the transmitter antenna 5.

30 - There is established a minimum accepted signal guality
' specified in the system requirements, after processing the
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‘The signal strength +10 dBm is shown in Figure 2b with an
upper limit value OG for the A/D-converter ADC.

- Selection of a number of quantizing levels with regard to
the A/D-converter ADC. In the case of the illustrated em-

15 bodiment, the quantizing levels are 4095 in number, since a
12-bit A/D-converter has been selected to implement the A/D-
converter ADC. The choice is made in accordance with the
dynamics desired in the A/D-converter ADC.

~ 'The radio signal F is received via the receiver antenna 6
20 .and transported from the antenna 6 to the receiver amplifier
7. The received total radio signal includes a plurality of
other frequencies in addition to the frequency of 900.2 MHz
transmitted from the transmitter TX. The total received radio
signal F is amplified in the signal amplifier AMPL. Because
25 the maximum signal strength SS is ~40 dBM in accordance with
GSM-specifications, an amplification of 50 dB is required to
attain the selected upper limit value OG of +10 dBm in the
A/D-converter ADC (-40 dBm plus 50 dB = +10 dBm). The 50 dB
amplification is therewith adapted so that the radio signal
30 will be amplified without exceeding the earlier mentioned
upper limit OG of the selected A/D~converter ADC. Subsequent
to amplification in the receiver amplifier 7, a maximum signal
strength must be below the upper limit value 0G if the A/D-
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tion will be particularly illustrated and the effects achi eved by the

i nvention explained in nore detail. The net hod of processing signals
in the transm ssion of speech 5 informati@n includes the follow ng steps:

- A voice signal Afroma user is converted to an anal og signal B in the
m crophone MC. - The anal og signal B is converted to a pul se-code
nodul at ed signal, a so-called PCMsignal C, in the public land nobile 10

networ k PLMGonvertan isqgmet (ko s ber ovexextended hFher fntal rereivedTX in
the base St%ﬂ‘{fi\#} &:ﬁ\ﬁ IF ] réf&rféar@é asa frbhenéﬂghafdcat a rate of

64 kbit/s. si gha I's coded in the coder
transmtter TX. As before nentloned the coder 2 includes a channel

coder 15 and- aghenfrontaitmal & £8Msdet e thedrécéetiey duptitiwr 7 to
cbeain odur e Pe e Hs s 3 RhieC Rl teaE 3 AR krey effifcs
errors that mmmoned.t ehe rtnenti sdignalf Goincludeise fmqnencu.esr tlﬁa(tt arehe
recei ver RX {43{&onlff @J eHle"PEéquency transmitted from the transmitter
TX, i.e. 900.2 MHz. A desired so-called first intermediate
frequency H of 75 MHz can be obtained by mixing the front
signal G with a so-called synthesized frequency SYNTH of 825.2
10 MHz (the intermediate frequency of 75 m{z corresponding to
- (900.2 minus 825.2). The reason for choosing the synthetic
frequency SYNTH, and therewith the intermediate fregquency
corresponding to 75 MHz, is chosen because filters in the
_ receiver RX are dimensioned for a selected first intermediate
15 frequency H cprresponding to 75 MHz. The function of the
frequency mixer MIX is well known to the person skilled in the
telecommunications field and will not therefore be described
in detail. |

- The first intermediate frequency H is sent from the -
20 frequency mixer MIX to the signal limiter LIMIT. The signal
limiter LIMIT prevents further transportation in the receiver
RX of signals whose strengths are above -40 dBm. Figure 2a
shows that the received signal is limited when the mobile is
in the vicinity of the base station, according to the GSM-
25 specification when the signal strength exceeds -40 dBm.
Undesirable frequency components that result from this signal
limitation are filtered-out in the signal limiter LIMIT. The.
signal limited and filtered in the signal limiter LIMIT is
referred to as a limited intermediate frequency J. The signal
30 strength SS for the _1imited intermediate frequency J is shown
‘in Figure 2b with the aid of a full-line power curve JS1. As
before mentioned, the position of the base station is sym-
bolized in Figure 2b by the ordinate. The upper part of the
full-line power curve JS1 shows signal strength in the limited




&
20 readily._If the values of single bits are changed during the :
transmi ssi oWWO2HE868cdundant transmi ssion enabl ps the ori gi naPCI/SESS018%al t o
be regenerated nore readily. The interleaver distributes bits so that
bits which are nutually sequenti al upstream of the interleaver are
separated and spread-out fr.om 25 one anoth®l in the interleaver.
Air-carried interferences between the transmtter TX and the receiver
RX often occur in bursts: The total |oss of coherent information can be
preven- ted by spreadi ng-out the information with the aid of the
i nterl eaver. Tirtexmediate Brequeancshihen thedmebihe station Mi ds lacgakedr e

wel | known to i:hetﬁerwa;ﬁktyl o¢ ithd lhase stdeidn CUi'Hé Qién&].\dsﬂ’réhgﬁﬁf,
t herefore be e>&9 al_lln din nore detg%hll The Cﬂj ener at di al
baseband si gnaf*1¥ creasfs yithyass symbo signal stren

PCT/ SE95/ 01094at the input of the A/D-converter ADC & the mobile axvies aWvay

channel cods nge Al dypl Blusatgs ohhonheutiUMLea a/BL8BAVe-B DS, HEPLBIEN
5 eI { Frafe A aRIg,

than the origin ransm Ssi on from ransm
TX to the r ecetqeqowert the limiﬁedbagtsmedsagnafrmgn%rﬁrqnb aphanalog

Eodghat or.-3 ané’otilﬁri%iiaqofﬁ?ﬁht 8 Proviaéd st %@ﬁéﬁﬂ&“ﬂé"&ﬁ%ﬁ@é&aﬁétﬁéeﬁaw
L o Wl L G5! et BESOLERNES 1o ULl PIRCIELIGG o
permts a rel atndeﬂ.y =nar.:tpwl:henalazhn:ﬂ!xigtl'Brmﬁf the mdcgmads received by the
10 antenna is greater than <40 dBm and the maximum signal
strength MXS is received in the A/D-converter. The maximum
signal strength MXS is then _reproduced in the A/D-converter
with the highest quantization level, i.e. the twelve bits in
the A/D-converter exhibit the quantization level #4095. A
15 minimum receivable signal strength can be regenerated in the
A/D-converter when the mobile is located at length (distance)
1 = L2. The signal strength-fhen corresponds to a so~called
lower limit value UG. The signal strength at the lower limit
value UG is regenerated in the A/D-converter with the lowest
20 quantization level, i.e. the twelve bits in the A/D-converter
- exhibit quantization level #0. Figure 4 is an amplitude
diagram in which the amplitude of the limited intermediate
frequency J as a function of time is shown with a full-line
amplitude curve JAL. The amplitude curve JAl shows the
25 amplitude of the intermediate frequency J when the signal
- strength SS of the intermediate frequency is in the proximity
of maximum signal strength, i.e. when the mobile station is
located in the vicinity of the base station. The ordinate in
the amplitude diagram shown in Figure 4 symbolizes amplitude
30 . [A] in volts [V], and the abscissa symbolizes time [t] in
seconds [s] . The full-line amplitude curve JAl shows that part
of the intermediate frequency J which can be regenerated in
the A/D-converter ADC. Since in accordance with known techni-
ques the upper limit value 0G of the A/D-converter ADC is not
35 exceeded when receiving maximum signal strength MXS in the
A/D-converter, the intermediate frequency J in the vicinity



tion in accordance with the GVBK-method involves bits in the 10  baseband
si gnal DWO@6/e868ti ng a certain phase position of the REHEZIOWM carri er
wave E. Figure 3 shows with the aid of an | / Q di agram how t he phase
position of the carrier wave E is changed froma first position Pl to a ~
second position P2 when t he nodul at k2 recei ves a new bit fromthe
baseband signal D. 15 GVBK-npdulation is a nodul ation technique comonly
used in the field of tel ecommunications and is known to the person

skilled in this technical field. Th h iti f th ri
wave E thus O EhesmARLREE & A SHFERTERIOR o e xrp s rated fidy.Bh, |
; Eg ?ﬁsebanc\.ﬁé _ -cfbn\?aiﬂ'-éﬁfmh@ wilklobe t $een frome Figtirerdyethei intenst ant
e carrier, frequency chose Cc '
GSM speci fi C‘&?‘hﬁée %ﬁﬂ%&c_@o S{Ea.h:ﬂegﬁa' 1th Plégé‘ﬁﬁga%ﬂ}l& ra uetd tgxe aﬁ%?]ec has
l(:j)e;an chosen val@éd ¢ e amplitude/being el ippeddy yigtie ofr ewgraxrs
eternmn [ : r C | b I ' h 3
e? 'Eexga.ongcﬁ? hmw&&%ﬁéﬂeﬂb@?drﬂé VYémifed hent¥shediate

speci fication system -According to.the_illustrated | e,
the mexi FEATEeRRE|T PreERgERdSin the B4DagRRveTteRAhC: If EederEete”
- The carri eggWgvai§italiseaasiest t Intérmédbatei frequencyj -a so-taklded and

converted to,a tadjo_.signal F,. and then transnmtted at the chosen
signal st ren@ﬂ"ﬁ}g?% £ K tter antenna 5. 30 - There is
established a mi nimum accepted signal quality specified in the system

L%?-}J ISrESrSr?(r)]ELSdé 4a£flfeeﬁi@'i‘ﬂﬁisffgéuéﬁ@y K is@ﬁ“:%_the A/D-converter ADC

10 to the quadrature divider I/Q, as shown in Figure 1. The ‘
digitalized signal K includes a multiple of frequency com-
ponents on both sides of the digital intermediate frequency.
A folding effect occurs when the intermediate frequency is
mixed down to zero frequency, i.e. those frequency components

o 15 that are theoreﬁic_ally located in the negative frequency range
| are folded down in practice over the zero axis to the positive
frequency range. A real part of the signal is obtained, by

mixing the resultant frequency qomponénts_ with a sine signal.

An imaginary part of the signal is obtained, by mixing the

20 resultant frequency components with a cosine signal. The
signal obtained by mixing the resultant frequency components
with the sine signal is referred to as an I-component and the
signal obtained by mixing said resultant frequency components
with the cosine signal is referred to as a Q-component. The

25 two signal components obtained can be represented in a so-
called I/Q-diagram, shown in Figure 5. Figure 5 shows the I-
component with a first full-line curve I1, the value of which
is read-off on the I-axis, and shows the Q-component with a
second full-line curve Ql, the value of which is read-off .‘on

30 the Q-axis. By permitting the two components together to form
‘a vector V1, the envelope of the original baseband signal,
i.e. the maximum amplitude of the baseband signal in each
period, can be regenerated by reading-off the amplitude of the
vector V1. The emielope is used by an equalizer in the decoder

35 9 in a later method stage. Phase-displacement FI1 of the



9 ' signal in the receiver. The system requi rerrents are specified in
t he GSM sp&¥Q P¢/10868 ons. - The reference voltage of the PAI/SEISPINA4 ¢ or
ADC is sel ected. This selection is nmade in accordance with a desired
spaC| ng 5 between the maxi mum and ni ni nrum anplitude of a signal inconing

to the A/D-converter. In the case of the {4 ustrated em bodi ment, the
maxi mum anpl i tude of received signal s cor- responds to +1 Volt. At 50
ohnms, +1 Volt corresponds to a signal strength SS =[err] + 30 [dBn] =
+10 dBm 10 R The signal ‘strength +10 dBmis shown
in Figure 2b wddtoxv1. isum@a Fudnﬁeg&ieﬁ@m Bite Jﬁdﬁmwmrte.tnﬁﬂfe

- Sel ection of nur;ﬂ. nt|2| ng |l evels wtl %&3 a

Al D- convert er B8t i 13 RTERES ré‘f# %}mn% o33k
quanti zing | e\misx-qnelnw&ﬂa desarﬁbed sbave with refergnce\to Fdguret 3¢ Aas
been sel ect ed ﬂﬁ%&ﬂ%}fi‘\{m& gﬂstéﬁ{?an ousfglgéléélé{gé?cﬁf R rriadidondsS 8B4 €

I.n accordance eSI

D- convertér
- The radi & suwetemneécgﬂee of 2 bd& inkerval HhmaaaebenérQPgnal-
transported fmaa oaadzataraadfvider /g ehtisVeeganprateain ideal case from

the digital frequency K, the original baseband 51gna1 D which "~
entered the modulator 3 in the transmitter TX earlier on in
the process. The regenerated baseband signal is referred to as

10 a resultant baseband signal L. Quadrature division mentioned
briefly in the aforegoing is known to the person skilled in
the radio communications field and will not therefore be
described in detail. '

~ The resultant baseband signal L is sent from the quadrature

15 divider I/Q in the demodulator 8 to the decoder 9. The decoder -
regenerates from the resultant baseband signal L the PCM-
signal C incoming to the coder 2 at an earlier process stage.
The resultant baseband signal L is processed in the aforesaid
equalizer in the decoder 9. The envelope earlier illustrated

20 with the aid of the I/Q-diagram in Figure 5 is used in the
equalizer to separate the signal component in the radio signal
F that has been received directly from the transmitter TX to
the receiver RX from the signal components in the radio signal
F that have not been received in the receiver RX until after

25 reflection. The PCM-”s_ighal fegenerated subsequent to the
channel decoding, de-interleaving and equalizing processes is
referred to as a resultant PCM-signal M.

- The resultant PCM-sign'ai M is sent from the decoder 9 to the

"D/A'-converter 10. The D/A-converter regenerates from the PCM-

30 signal the analog signal B arriving at the A/D-cbnverter 1 at

an earlier stage. The regenerated signal is referred to as a
resultant analog signal N.



7. The received total radio signal includes a plurality of ot her o
frequenciV@9¢/H86&idi ti on to the frequency of 900.2 Mz RCTRESHP0L from
the transmtter TX The total received radio - signal Fis anplified in
the signal anplifier AMPL. Because 25 the maxinmum signal strength SSis  ~
-40 dBMin accordance with GSM speciqfg cations, an anplification of 50 |
dBis required to attain the selected upper Ilimt value OG of +10 dBm

in the Al D-converter ADC (-40 dBm plus 50 dB = +10 dBm). The 50 dB
anplification is therew th adapted so that the radio signal 30 wll be
anplified wid hope @erAdiang: tarmlaay |signalem iisnesent  fxqupethe i DAA-@Rof t he

amplifrer 7V ”Veﬁhuﬁ?%ﬁ%%%é% e e PG AR

val ue OG if Hdhehe Drlcropm,a;oaagearl er stage is regenerate

PCT/ SE95/ 01
. d £6 red S not
to be over e%%fahncfgcf a reLS 'l‘he regenerated speech gnal is ﬁ“gfhﬂ _

t ot al recejve anplified signal Fis referred
to as a ¥ orRS & gREMlEAnt speechi§ignal, Q. signal Gis sent fromthe

'rbgcel ver arrlpl ifier 7 to the frequency m xer M X in the denodul at or 8.
R et e
TX, i.e. 900ir addnrdamesiwidh smecd.nveatﬁpnswilht newWebe described e TRecy H
of 75 Mz cyfledfeddii{i5dh Rétibdl stepd'@rreetld in the transmitter TX are
the same as those carried out when practicing the invention.
10 When practicing the invention, the signal is changed in the (
receiver RX. This change will be illustrated with reference to
F:Lgures 2, 4 and 5. In an endeavour to clarify the descrip-
tion, the names or designations given to the signals in the
description and the reference signs shown in Figure 1 will be
15 kept the same as those used above. On the other hand, the
contents of the earlier-named signai_s will be changed when
carrying out the invention. This change is shown in Figures
2b, 4 and 5 with the aid of broken-line signal regenerations

in the various diagrams.

20 The inventive method is thus concerned solely with the
receiver RX and includes the following steps:

- The establishment of the minimum accepted signal quality, ,
‘the selection of the A/D-converter reference voltage and the o |
number of quantization levels are the same as those earlier _ |
25 described. o

-  The radio signal F is received via the receiver antenna 6
and then transpor_ted from the antenna 6 to the receiver
amplifier 7.

The received total radio signal F is received in the signal
30 amplifier AMPL. The signal is ampl:.f:.ed to 50 dB, as in the
earlier case.




si gnal cal |l ed synthesized frequency SYNTH of 825.2 10 (the
m?ermedl at ea?&g%g%ncy of 75 MHz corresponding to (900. MWS“?S 2) .
khe reason for choosing the synthetic frequency SYNTH, and therewi th
the internedi ate frequency corresponding to 75 MHz, is chosen because
filters in the receiver RX are dinmensipmed for a selected first

I nternmedi ate 15 frequency H corresponding to 75 MHz. The function of the
frequency mxer MX is well-known to the person skilled in the _ _
tel econmuni cations field and will not therefore be described in detail.

- The first iTt E‘Pﬁeﬁrati‘é signalefcissent £xom thenreceiver anplifiey hitoer
M X to the sigeagé Fir&ih g MikerTErsi ﬂﬁaltl%? déinaaﬁf{atbi-MsT pxévsatfaﬁe

further transpgrtatjon.in,he whose stren

are above - 40IO #—l?ﬁ%'r e éir%tho&@tFF&th‘-ﬁﬁer &@W%Y gRdgnad |H nilged
when the nobi |ebtained by ntilkd ng-diownt ¢hef £+ént hesgnal aj on, according to -
the GSM 25 specification when the signal strength exceeds -40 dBm '
Undesi rabl e_frequency, conponents that result fromthis signal -

limtation &re f%%é@s‘éuxntmm@grfmequemsesmmm issent friomihe

limted and fitt&qeéndy hiked Mt tbMdd kilhdll Snmifhéng E.;:fai% L agnd

et e o o TEdg ey PR Rocsediiy,Fe St riensions s sdomat
ful I -1ine powelimiter piiveris fur_'mefrOtraﬁprrQaedont mﬁd?%)éltﬁeé&h@fj t he
boee St her EXENE atodid e s luAUEC dhaonl REG, i, T RBS.
limted 10 V@ma}ﬁ;@gmse signal strengths exceed the earlier permitted
PCT/ SE95/ 01094signal strength by up to 3 dB are thus allowed to pass. Figure
2a shows that the received signal is limited when the mobile
is located in the vicinity of the base station, in accordance
with the embodiment where the signal strength exceeds -37 dBm.
15 The extra signal trength obtained therewith is utilized in
the equalizer when evaluating the envelope of the signal. The
possibility of also receiving signal strengths above -40 dBm
in the equalizer is highly significant, particularly in the
" case of complicated transmission conditions. It is true that
20 the A/D-converter will be overextended as a result of the
elevated signal strength, but the information obtained in
spite of this overextension the A/D~converter will be suf-
ficient to marginally meet performance requirements.

This will be made apparent further on in the text. The
25 undesirable frequency components that have risen as a result
of this signal limitation are then filtered-off in the signal
limiter LIMIT. The signal strength SS of the limited interme-
diate frequency J is shown in Figure 2b with the aid of a
broken-line power curve JS2. The broken-line power curve JS2
30 shows the signal strength in the limited intermediate frequen-
'~ ¢y J when the mobile station MS is located in the v1c1nity of

- the base station..



11 I nt ernedi ate frequency when the nobile station M5 is | ocated

in the viWOf6{1868f t he base station. The signal strength, PCT/SE010p4
decreases with length 1 synbolizes the signal strength at the input of
the A/D-converter ADC as the nobile noves away 5 fromthe base station. The
sel ected A/D-converter ADC is able tojgonvert the linmted internediate
frequency from an anal og to a digital formprovided that the nobile is

| ocat ed bet ween 1 =LOand 1 = L2. Wen the nobile is | ocated between 1
= LO and 1 = L1, the strength of the signals received by the 10 antenna
is greater tWhen-4hedmobdle tike Jovdtrednisetween 1 =srLoecagdhlM<STils e ved

opr oduced | RIRBL MY AL fbkreq, 3ndite /BTG Sabd o b
i .e. the twekarliersmentionedhoveraxtenstonrofxbhei conmrqeanwhsat itive
| evel #4095 ugﬁ& E‘iﬂh@“%&ﬁ@eb&a'&'fetﬂeg p-tdi L ADDPY & eeIaLd I n

t he verter the nobil e ocate | ength (d| stanc 1

= L2. The55| HJpuever, eﬁ&?hefﬁﬁﬁtcﬁfrgbﬁn@ s?% %’6 can I’&I overqomg.dn @y t
val ue UG Thaigi¢aldl systanaiswill Heappatenti fitdm the 6l lewiky idescrip-

o The tweFyehy TAowRE AHRRbR g bip) 1Pual'SE pnd ) BhiEes iR nedikgs

#0. Figure 4frequengypld (Widkh thedaidr #f ian vmphitude aqprveudAZOfwndsG
limted int e&ﬂgih@hﬁe is hiGREEEYar @ﬁeaaxfl BIEEREE O drdard 13010 th a

full-1ine de curVe JAL. i tude curve JAL shows t
anpl i t ud&%of a%“RéltHfiér VR JHY eﬁﬁeﬁc}'%?%n‘-’? hEhe;. Qﬁ&FesaidstrPé\'@eﬁl SS

of the Ih nt er Ieslieheibhedife e Iﬁadibt@jagmpxr"m Tlie amplfitGaei Burvel ml (
strengt

the base sltég}‘8§gegﬂtﬁh%? P escfftéh%nt"h‘gem%at %Flgg?}é%fs%d'a}f‘ |gure
4 synbol i zesmabyplliet lsd:ettz.on 1s located in the vicinity of 1 = L0. The
. broken part JA21 of the amplitude curve JA2 shows the level of
15 the intermediate frei;uency J that can be regenerated in the
. A/D—=converter ADC. Since the upper limit value 0G of the A/D-
converter ADC is exceeded when receiving the maximum signal
strength of the intermediate frequency, the intermediate
frequency J cannot be regenerai:ed correctly in the A/D-
20 converter. The signal is distorted because the peak amplitude
values are "clipped" as a result of overextehding the A/D-
converter ADC. This "clipping" is evident from the broken
parts JA21 in Figure 4. '

- The digital frequency K, i.e. the limited intermediate

25 frequency J processéd in the A/D-converter, is sent from the
A/D-converter ADC to the quadrature divider I/Q. Both of the
signal components obtained are represented in the I/Q-diagram
shown in Figure 5. A first broken-line curve I2 in Figure 5

- shows clipping of the I-component in accordance with the
30 inventive method, while a second broken-line curve Ql shows
clipping of the Q-component. The two components shown in
Figure 5 together form a broken-line vector V2. Because the

two components have been formed from the digital frequency K
distorted in the A/D-converter, the amplitudes of the two

35 components are "clipped" at its peaks. This means that the



30 [A] in volts [V], and the abscissa symbolizes time [t] in seconds

[s]. The f W096/10868 anpl i tude curve JAl -shows that part (HCT/SR95/01094
internedi ate frequency J which can be regenerated in. the A/ D converter
ADC. Since in accordance with known techni - gues the upper limt value
OG of the A/D-converter ADC is not 35 excegded when receiving maximm
signal strength MXS in the Al D-convertéer, the internedi ate frequency J
in the vicinity WO 96/ 10868

PCT/ SE95/ 01094 12 of the maximm
i FTohe L0, Dbt PO e b Wbk o fodl8 o tee b
regener at ed wi FR8uY® pagybeen created Eroma ARy fﬁ(}eo%e¥$éntfﬁ§m5?é§\%%y
virtue of over gxeqghentgnsiThe byehdgth AoE canthditdr v oxTh¥3| iim tBigure 5
[T oL | pepkbRNEACkd BRUAESRECyA ublSe R SVEHIEL oy e o0
“digital frefuene}exant phase pesigiign Af rfhe ueertok V3. sThe Lepgthhof a
e CONYG o AR vhF gukegeaiungs tad dncelofe pebarcad ducuivad.
ponents on ) bot RigPads agf the erﬁfﬁY?‘HF Pﬁ?gg rﬁ‘lag’aﬁag? r%{} %?ngf é’c'ccoormAY 40 ™%
ef fect occurs eheelope wvalaenegdi the thindcvegtos V3 is the same as though
the A/D-converter were not overextended when receiving a
10 signal strength corresponding to -37 dBm, i.e. the shown
envelope value is correct. The envelope value of the fourth
vector V4 is the same as though the A/D-converter was overex-
tended to a maximum when receiving a signal strength cor-
responding to -37 dBm, i.e. the given envelope value is
15 maximally wrong. By way of comparison, it can be mentioned
that if the A/D-converter is not overextended when receiving
a signal strength corresponding to -40 dBm, as in the case of
the exemplifying embodiment first described, the amplitude
will be constant and follow the inner -circle EV dotted in
20 Figure 5. By overextending the A/D-converter ADC, certain
~©  amplitude information is obtained when ‘receiving signai
strengths corresponding to -37 dBm. Although the amplitude
information is not complete, it is better than the amplitude -
information that would be obtained if the A/.D-converter ADC
25 were not to be overextended, i.e. when receiving a signal
strength which is limited to -40 dBm. As previously mentioned,
the phase-shift FI2 of the vector V1 is used to regenerate the
bit information of the original baseband signal D. A predeter-
mined instantaneous phase-shift FI2 corresponds to a prede-
30 termined value of a bit interval in the baseband signal. Since
the vector V2 is shorter than the earlier mentioned vector V1
created from a non-distorted intermediate frequency, a phase
error FIE has occurred in addition to the earlier mentioned
clipped amplitudes. The phase error has been shown in Figure
35 5. The phase error can be calculated with the following
formula: FIE = FI1 - FI2 = FI1 - 90 + arctan(X * cosFIl). In



m xed down to zero frequency, i.e. those frequency corrponenté 15 that are

t heor et i cCWOI9/188at ed i n t he negative frequency range BCHSEW01084 down
in practice over the zero .axis to the positive frequency range. A real
part of the signal is obtained, by m xi ng the resultant frequency
conponents wi.th a sine signal. An i inary part of the signal is

obt ai ned, by m xing the 20 resultant frequency conponents with a cosine
signal. The signal obtained by m xing the resultant frequency
conponent s with the sine signal is referred to as an |-conponent and

WEh the cos e e, K B e g A o Tal
si gna
conponent s oUB&Fﬁe%’ zﬂ’) ey %g@uovgrg% nded’ gﬂl ‘F%@f‘??z%ﬁy%

shown in Fi goe SnskEapceec ﬂxesresw-sym:ém, therenpsnantiargesta tolextated
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whi ch is Peafastpronfid.dhtimesxwillpgenenate: anphase wearan fiidhaf six
together to ﬁ@bﬁ‘ees. & pRakE’ e¥ror! FIEC RGP ie 'ﬁﬂ‘@edﬁ':é%beﬂgj

signal , mum anpl i tude of t aseban nal in
peri od, can BECFBSEHéFa:}%(? erlpéé(&ltﬁ& oFFo Yﬂée‘grﬁ:ﬂ?’i \Fg@ B apﬁeerror \Fe"iﬁ or
VI . The enveliepsmaklesethary thre aplavated errors theoamoulRt &f icorrdatiler

met hod st agegﬁ&ﬁé%ﬂhﬁ%f&eﬂ?f‘érﬂh&ﬁ v;:ﬂ.el be a@?g%@aiﬂ%ﬁs

PCT/ SE95/ 010
to regenerate the bit information in the

10 With an overextension factor corresponding to 1.4 times, the
signal quality will also be acceptably high because the effect
"of overtones will not be sufficiently disturbing to create
problems in the detection of the signal. The effect of the
harmonics is made apparent further on in conjunction with the
‘15 description of Figure 7.

Figure 6 illustrates a phase error value measured in the GSM-
'system as a function of the phase shift when overextending the
A/D-converter by a factor of 1.4, corresponding to 3 dB. The
abscissa shows the phase shift FI in degrees and the ordinate
20 shows the phase error FIE also in degrees. Of the total
poss:.ble phase shift (0~-360 degrees) only a part (45-90
degrees) has been shown in the Figure. Figure 6 shows that a
maximum phase error corresponding to six degrees occurs in the
Gsn-systen at the selected overextension. A phase error
25 corresponding to six degrees is acceptable in a GSM-system.
However, the mean error value is much lower. This enables the
tange of the A/D-converter to be extended by 3 dB be effected
in the absence of disturbing influences on the part of a

~ system user..

30 Figure 7 illustrates the configuration of the clipped ampli-
tude curve JA2 shown in Figure 4 when measuring the signal in
the frequency plane. The abscissa M shows frequency and the
ordinate Z shows signal strength in d&B. The fundamental

gPor V1 is used

(



ori gi nal baseband signal, in accordance with the aforesaid

GVBK- pri nCYQPHII6/ ¢ i bed above with reference to Figure 3. BCT/SEISN1094
predet erm ned instantaneous phase-shift FI1 corresponds to a 5

predeterm ned value of a bit interval in the baseband signal. The
quadrature divider I/Q thus regenerate ansgdeal case from the digital
frequency K, the original baseband signal whi ch entered the nodulator
3 in the transmtter TX earlier on in the process. The regenerated
baseband signal is referred'to as 10 a resultant baseband signal L.
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radi o signal F that - have not been received in the receiver RX until
after 25 reflection. The PCM signal regenerated subsequent to the

channe] decodTRgSumBaryy; ¢kt €an ke neatiguedthaly theodynamici sange afother ed

to-as a regul s:aa&iBSM 85 Ghetended with thE'aidess! £198t i rrdtsi diflaa1¥hicthighe nt
fromthe decoder

onyerter 10, The A-converter, -
regener at es fFSﬁtFFIQ é&%?rgﬁtlgf‘gi’r ﬁ@lélﬁgl 8’5“"‘§‘i engding, %&’anyé’(mﬂ'ﬁe
Al D-convert er range by amameanti eorsespendihg tededs, athils sinfmatmatsiorefier r ed

to as a not complete. The extended envelope information obtained is
used in the equalizer when the receiver is located in terrain
15 that is particularly unfavourable to reception.

Figure 8 illustrates an inventive device 100 in the receiver

RX. The device includes the signal limiter LIMIT, the A/D-

- converter ADC, which is connected to the signal limiter LIMIT,

and a detector connected to the A/D-converter. The device 100

20 is connected via the frequency mixer MIX and the signal

amplifier AMPL to a receiver antenna 6 to which a radio signal

(F) is applied. The Figure also shows a synthetic frequency

generator SG connected to the frequency mixer MIX. The signal

limiter LIMIT is shown to include a low-pass filter LP which

25 functions to filter-out those harmonics that occur in the

signal limiter. The A/D-converter has a dynamic range whose

upper limit corresponds to the aforesaid upper limit value 0G.

The detector includes the quadrature divider I/Q and the

decoder 9. The quadrature divider I/Q includes means for

30 restructuring the signal so as to enable it to be processed in

the decoder 9, in which a measurement of signal quality can be
detected.



resul tant anal og signal N WD 96/ 10868 S :
PCT/ SE95/ OWEH/1 | 14 - PGHEESOI0M: ant

anatog signal Nis sent fromthe D/ A-con- verter 10 to the | oudspeaker
LS. The speech signal A incom ng to the m crophone at an earlier stage
I's regenerated in the | oudspeaker LS. Bloe regenerated speech signal is
referred to 5 as a resultant speech signal O. A net hod of extending.
the dynami c range of a signal receiver in accordance with the invention
wi |l now be described. The af oredescri bed nethod steps effected in the

transmtter TThersignalldmidex hmmcmmeﬁ vaaoatfmquirtdm thegadio
I nventi on. 10 ﬁ.%%'ih ggi:b&ff@% ' R 5 Pgnal e ﬂfﬁef SAMPANGRA i¢hd he

receiver I ustrated wth ference’ Fi qur es
2, 4 and 5 ﬁrmwwrtl‘gw Epl is reqprdy the s:.gng]. m%ﬁ%rrhﬂ&m or
desi gna:] i ons wigﬂm:st thh%:l.@hﬂgab& thathe¢he upieic mmwwm idee wilensece
signs shown in r t a

t he ot herV\%an& cFﬁée% ar\@) %%ngg%gf "{i}fo g4 gﬁ?i %ﬂﬂtﬁl&l%ﬁ%#é@%l ?'%bethe
changed when deteckorywill exceedeaiprasatamingd piniaugcaccephabhekinit

~ Figures 2Rra1te2nd 5 with the ai d of broken-1ine signal regenerations
I n the various diagrans. -

It will be understood that the invention is not restricted to
the aforedescribed and illustrated exemplifying embodiments

10 thereof and that modifications can be made within the concept
of the invention. For instance, the radio signal may be sent
from the mobile and received in the base station. Furthermore,
the invention can be applied in 5ystems other than the
aforesaid GSM-system. The invention is thus not restricted to

15 the described and illustrated embodiments since modifications
can be made within the scope of the following Claims.



20 The inventive nethod is thus concerned solely with the recei ver RX

and i ncl ud O P6{1986%,| | owi ng st eps: - The establ i shnment RSTSESO4i num
accepted signal quality, the selection of the A/D converter reference
vol tage and the nunber of quantization |levels are the sane as those
earlier 25 described. - The radio sigmal F is recerved—viathe

receiver antenna 6 and then transported fromthe a :
receiver anplifier 7. The received total radnmmlm .lﬁm ﬂlll
: : : . A

received in the signal 30 anplifier AMPL. The signal 18 afrp

dB, as in the "~ earlier case. WO OCLATNES _ .
PCT/ SE95/ 01094 ' S . 15 - The front
signal Gis sent fromthe receiver lifier t he frequency mixer
M i the denbiuP-BEFReS O exEenAing tha SXRanid ranas FF 3 rabn iR ARt

frequency signih H idigitalohtzdi®dtbinsinissdonowystien f (T8}, swhepeifs. the
. receiver (RX) receives a radio signal (F) sent from a trans-
5 mitter (TX) and includes an A/D-converter (ADC), and wherein
the method comprises the following steps:
- selecting an upper limit value (0G) for the dynamic range of
the A/D-converter (ADC): '
. = determining a minimum accepted signal quality for a radio
10 signal process in the receiver (RX):
- overextending the range of the A/D-converter so as to exceed
the upper limit value (0G); : |
- generating a signal quality value downstream of the A/D-
converter; : -
15 - comparing the generated signal quality value with the
rinimum accepted signal quality; and’
- limiting overextension of the A/D-converter so that the

- minimum accepted signal guality will be exceeded when the A/D-
converter is overextended.

20 2. A method of extending the dynamic range of a receiver (RX)
in a digital radio transmission system (TS) in accordance with
Claim 1, wherein the receiver includes a signal limiter
(LIMIT) to which the A/D-converter (ADC) is connected, and
wherein the method comprises the following steps:

25 - limiting the signal incoming to the signal limiter in said
signal limiter (LIMIT) so that the signal strength will exceed
the upper limit value (0G) of the A/D-converter; and
- filtering the signal limited by the signal limiter (LIMIT)
in said limiter (LIMIT) with the aid of a low-'-pass' filter

30 (LpP).

3. A method of extending the dynamic rahge of a receiver (RX)
in a digital radio transmission system (TS) in accordance with
Claim 1 or Claim 2, wherein the receiver includes a quadrature



5 - The first internediate frequency signal His sent fromthe
‘frequencVO96i0868\] X to the signal linmter LIMT in the  PCTSENIM

anplifier 7. According-te—the—nvention, the signal limter prevents
further transportation cei ver RX of signals whose signal
strengths are a E“DHN‘ B“TSi‘gnal S agose signal strengths exceed the
earlier permtt rength by up to 3 dB are thus allowed to
pass. Figure 2a shovvs that the received signal is |linmted when the

nobi | e is located in the vicinity of the base station, in accordance
wi'th the endiridey (T/Q)e thc':h'tsldonnectegttoe:hemm-eaﬁvéeterl&nma, extra

signal streng§0bl 3bd&F (J)efRiLhlid & e'dtéﬁdtb%e Reatapd aFfiagpen
?‘5 € 0 tﬁ naI |1lxtfin 8‘%? ?'%?

eval uati ng the env

e
" receiving si Q) .starégghngeanome methndn includes mbeeagélwéngu %uﬁtlgﬂ:y

signi ficant ,sﬁg;t;g.l cul arI y in the case of corrpl | cat ed transm ssi on
conditi ons IS tru 3:5%%2 t he ,A/ D- conv ir% overex {;.j d_as
result of® the °m"é‘} 81% ms"t“rgeﬁd’gﬁa bP AERFS N %\5 §?’ﬁed in
spite of thl(s[,qy)eltu(bbnau.nnatbe-ééne@rhaséhzndméﬂgdad sahd ficient to

fur ther on 1n byl YE il Ol SIGRAE mavery WIS I\ sindCefdiiy Spnd’ OO0
risen as a rpaxitly withhlm cosine gagnali aotasitm Mhﬁﬁ&hef signpddterbein

t he signal anailti&i 8n khi aecgagrsggpal strength SS of the limted
I nt er me- e frequency J Is shown in Figure 2b with the aid of a

br oken-1ine power curve JS2. The broken-line power curve JS2 30 shows the
si gnal sioengi haimetisd lofrekcednddhgr theidyrmanficctange of a epcéivieen(RXe (

mobil'e statign M §fed PLAAS tPahlfii¥kibR'dystin (Ts) 1) aB88Fa3hAe @ftn -
Claim 1, 2 or 3, wherein the method includes the further step
of overextending the A/D-converter such as to exceed the upper
limit value (OG) by a factor of 1. 4.

15 5. A device (100) for extending the dynamic range of a
receiver (RX) in a digital radio transmission system (TS),
wherein the device (100) includes a signal limiter (LIMIT), a
limiter-connected A/D-converter (ADC) having a dynamic range
whose upper limit is limited by an izpper limit value (0G), and

20 a detector (I/Q, 9) which is connected to the A/D-converter
(ADC) and which includes means for detecting the signal
quality of a signal processed in the A/D-converter, wherein
the signal limiter (LIMIT) includes means for limiting an
incoming signal so that the signal strength of a signal

25 delivered by the signal limiter will exceed said upper limit
value (OG) and so that the signal quality detected in the
detector (I/Q, 9) will exceed a predetermined minimum accepted '
signal quality when the signal strength of the signal delive-
red by the signal limiter (LIMIT) exceeds the upper limit

30 value (0G).
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16 WhBIO 96/188680bi | e is | ocated between 1 = LO.and 1 = LRCT/SE5/01094
signal will be distorted in the A/D-converter due to the earlier

menti oned overextension of the converter when the upper limt value OG
of the A/D-converter ADC is exceeded. 15 ver, the effect of this
distortion can be overcone in -a di di‘t a~ systemas will be apparent from
the foll owi ng descri p- tion. Figure 4 shows the anplitude of the limted
i nternedi ate “frequency J with the aid of an anplitude curve JA2 whose
anplitude is higher than the anplitude in the earlier shown 10 anplitude
curve JAI as a result of the aforesaid reduced limtation of the radio
signal F. The anplitude curve JA2 sho I"'—'t'-%'e':é'ﬂ’?ﬁ:tzéa'é:éﬁzt:ﬁﬁ

i nt er medi at g frequency J when the nobiil e statlgn—i-s—‘ DC. 'Ed“ n the
vicinity of|—i = LO. The br okent gpl fyde cufve JA2
shows the | evel\Nof 15 the internedi ate frie ¢an beitegenerated

in the A/ D-comnerter ADC. Since the upgx of ﬁhe Al D
converter ADC is eXdeeded when receivingAth al :r,,irength of
the internediate frequency, the interngdifte requency J canmbt be

regenerated correctly in the AAD 20
because the peak anplitude val u
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~ The digital frequency K, i.e. the limted internediate 25 frequency J

processed in
t he quadrature divider

curve 12 in Figure 5
with the 30

together forma

§§ﬁh§g-l
been formed from the di
Al D-converter, th npl
its peaks. This 'n‘gég‘
PCT/ SE95/ 01094

ti mes be shorter than wg
froma non-distorted int
vector V3 in Figugede
signal at the 5 3@
fourth vector V4 gé
at the rel evant phase pdg

the third vector V3 is t
over ext ended when recei.\

converter,
|/ Q Both of the
represented in the I/ Q diagram

i nventive nethod, while a s
clipping of the Q conmponent.

is sent fromthe A/ D- conv @CTSEIS1094 O

si gnal "conmponents obtai ned are

in Figure 5. Afirst broken-line
gggng§§

| - conponent in accordance
roken-line curve QL shows

The two conponents shown in
i ne vector V2. Because the

shown
shows cli ppi ng

Figure 5
two conponents have

ital frequency K distorted in the
udes of the two 35 conponents are "clipped" at
at the WD 96/ 10868
_ 17 vector V2 wll at
| d be the case if the vector had been created

rmedi at e frequency. The length of a third
epresents the envel ope val ue of the received
hase position of the vector V3. The length of a
ntq the envel ope value of the received si gnal
sithon of the vector V4. The envel ope val ue of
he syme as though t he A/ D-converter were not
ing a :
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10 signal strength corresponding to
val ue is corWO®6/1088¢c envel ope val ue
sajve as though the A/ D-converter was
receiving a signal strength cor-

envel ope value is 15 maximally wong. By 23%/
if the AAD-converter i o]
strength corresponding to -40 dBm as in the case of
exenplifying enbodi nent first described, the anplitude

ment i oned t hat

a signal

-37 dBm i.e. the shown envel ope
of the fourth vect or pefhskdxinhéda
over ex- tended to a maxi mum when

to -37 dBm i.e. the given
conparison, it can be

over ext ended when recei ving
t he

be const ant

respondi n

will

and follow the inner circle EV dotted in 20 Figure 5. By overextending the

A/ D-converter ADC, certain
recei ving signa
anpl i tude

information is not conplete,

anplitude information i s obtai ned when
strengths corresponding to -37 dBm Although the

it is better than the anplitude

informati on that would be obtained if the A/ D-converter ADC 25 were not to

be overextended, i.e. when receiving
to -40 dBm As previously nentioned,
VI is used to regenerate the - bit
signal D. A predeter-
to a prede- 30
Si nce

The phase error
calculated with the foll ow ng
arctan(X * cosFIl). In
PCT/ SE95/ 01094

term ned value of a bit
the vector V2 is shorter than the earlier
created froma non-distorted internediatelf requency, a phase
has occurred in addition to the earlier nengi oned

has been shown in Figure 3 5. The phase error can be
formul a:
WO 96/ 1086

a signal strength which is limted
t he phase-shift FI2 of the vector
information of the original baseband

m ned i nstantaneous phase-shift FI2 corresponds

interval in the baseband signal.
menti oned vector VI
error FIE
clipped anplitudes.

FIl -

FIE = FIp2- FI2 = 90 +

P1

- FIG. 3



18 the fornmula, X corresponds to the overextension factor by whi ch
the A/ D- con/WP96/10868 overextended. In digital systens, f orp¢ISEdRIdER4t NE
GSM system there is a largest tolerated phase error. In the case of the
GSN- system an overextension 5 factor of 1.4 times will generate a phase
error FIE of six degrees. A phase erroz1?(§300rresponding to six degrees
IS acceptable in a GSM system Provided™fh the phase error FIE IS
smaller than the tolerated error, the amount of correctly regener at ed
bit information will be acceptably high. 10 Wth an overextension factor
corresponding to 1.4 tines, the signal quality will also be acceptably
hi gh because the effect of overtones will not be sufficiently
disturbing to create problens in the detection of the signal. The
effect of the harmoni cs i s nade apparent further on in conjunction with
the 15 description of Figure 7. Figure 6 illustrates a phase error

val ue neasured in the GSM systemas a function of the phase shift when
over extendi ng t he Al D-converter by a factor of 1.4, corresponding to 3
dB. The absci ssa shows the phase shift- FI in degrees and the ordinate
20 shows the phase error FIE also in degrees. of the total possi bl e
phase shift (0-360 degrees) only a part (45-90 degrees) has been shown
in the Figure. Figure 6 shows that a - maxi mum phase error correspondi ng
to six degrees occurs in the GSM system at the sel ected overextension.
A phase error 25 corresponding to six degrees is acceptable in a

GSM system  A(y)
| i JA2

VLY.

tis)

FIG. 4



¥

However, the WVowss/mggpr val ue is nuch [ower. This enables the t ange of
the ,A/D-converter to be extended by 3 dB be effected in the absence of
di sturbing influences on the part of a system user. 30 @FMW
illustrates the configuration of the clipped anpli - tude curve JA2
shown in Figure 4 when neasuring the signal 578 t he frequency plane. The
absci ssa M shows frequency and the or di e shows signal strength in
dB. The fundanent al W06/ 10868 _

PCT/ SE95/ 01094 19 frequency of
the digital frequency Kis shown with a first frequency stack Sl.

Har noni cs, which occur after "clipping" in the A/D-converter ADC, are
shown with separate frequency stacks S2 at |lower |evels than the
fundanmental frequency. The 5 so-called noise mat is shown in Figure 7 by a
dar kened regi on S3. The received fundanental frequency is acceptable
provi ded that a certain ratio dZ prevails between the power in S1 and
the power in the noise mat S3 and the harnonics S2. In sunmmary, it can
be nentioned that the dynamc Qange of the 10 receiver is extended wth
the aid of the invention. At hou?h

Il
_ Vand
' I2
=L
<< |
Q1
G2
—

FIG. 5



certain information is obtained when extending the dynanic range by an
anmount cor rwssndsesg to 3 dB, this information is ‘not CORPT/SESS/1093c
extended envel ope information obtained is used in the equalizer when
the receiver is located in terrain.15 that is particularly unfavourable to
reception. Figure 8 illustrates an@ ive device 100 in the
receiver RX. The devi ce includes the gn limter LIMT, the A/D
converter ADC, which is connected to the signal limter LIMT, and a
detector connected to the A/D-converter. The device 100 20 is connected
via the frequency m xer M X and the signal- anplifier AVPL to a receiver
antenna 6 to which a radi o signal (F) is applied. The Figure al so shows
a synthetic frequency generator SG connected to the frequency m xer

M X. The si gnal limter LIMT is showmn to include a | owpass filter LP
which 25 functions to filter-out those harnonics that occur in the

signal limter. The A/D-converter has a dynam c range whose ~ upper limt
corresponds to the aforesaid upper limt value OG The det ector

i ncludes the quadrature divider 1/Q and the decoder 9. The quadrature
divider I/Q includes neans for 30 .restructuring the signal so as to enable
it to be progsjﬁgd i‘rj the decoder 9, in which a neasurenent of signal
quality can eg0dt ectged. WO 96/ 10868 _ PE

PCT/ SE95/ 01094 f 20 /

6

—
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FIG. 6



The signal limter LIMT includes neans for limting the radio signal- F

processed WO 948868 gnal anplifier AMPL and the f requencyrCIVSEISIOIDK. | n
this regard, the signal limter LIMT limts the signal so that the
upper linmit value OGwill be 5 exceeded and so that the signal quality
detected in the detector wll ex??&predet erm ned m ni num accept abl e
limt val ue. It wll be unde¥¢s d that the invention is not
restricted to t he aforedescribed and illustrated exenplifying

enbodi nents 10 thereof and that nodifications can be nmade within the
concept of the invention. For instance, the radio signal may be sent
fromthe nobile and received in the base station. Furthernore, t he

i nvention can be applied in systens other than the af oresai d

GSM system The invention is thus not restricted to 15 the described and
i llustrated enbodi.nents since nodifications can be made within the
scope ofztd® foll owi ng d ai ns. WO 96/ 10868

PCT/ SE95/ 01094 21

CLAI M5 ‘ 1. A nethod of extending the dynam c range of a receiver (RX)
in a digitpl radio transm ssion system (TS), wherein the
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- receiver (RX) receives a radio signal (F) sent froma tran (TX)
‘and i ncl uW@P6HMB68/ D- converter (ADC), and wherein t he rrémg%@(':ogrrprl ses

the foll ow ng steps: - selecting an upper limt value (O for the

¢ dynam ¢ range of the A/ D converter (ADC); - determning a mninmum
accepted signal quality for a radio nal process in the receiver (RX)
- overextending the range of the A ofMVerter so as to exceed t he
upper limt value (OQ; - generating a signal quality val ue downstream
of the AAD converter; 15 - conparing the generated signal quality
value with the m ni num accepted signal quality; and - limting
overextension of the A/D converter so that the m ni mum accepted si gnal
quality will be exceeded when the A/ D converter is overextended. 20
2. A nethod of extending the dynam c range of a receiver (RX) in a
digital radio transm ssion system (TS) in accordance with Claim1,
wherein the receiver includes a signal limter (LIMT) to which the

Al D-converter (ADC) is connected, and wherein the method conprises the
following steps: 25 - limting the sig‘%@ incomng to the signal limter
in said signal limter (LIMT) sg/that the signal strength will exceed
the upper Iimt value (OG5 of the A/ D converter; and - filtering the
signal limted by the signal limter \(LIMT) insaidlimter (LIMT)
with the aid of a lowpass filter 30 \(LP). 3. A nethod of extending
the dynanmi c range of a receiver (RX) in adigital radio transm ssion
system (TS) in accordance with - Cam1l or Claim2, wherein the rggeiver
i ncludes a quadrature

- -

L K J H G\
(¢ (
3 e 1/0 —}- ADC 'LPELIMIT%l MIX < AMPL
SYNTH 7
8 SG|

FIG.
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(57) Abstract

A method of extending the dynamic range of a receiver (RX) in a digital radio transmission system (TS), wherein the receiver (RX)
receives a radio signal (F) sent from a transmitter (TX) and includes an A/D-converter (ADC), and wherein the method compnses the
following steps: selecting an upper limit value (OG) for the dynamic range of the A/D-converter (ADC); determining a minimium accepted
signal quality for a radio signal process in the receiver (RX); overextending the A/D-converter so as to exceed the upper limit value
(OG); generating a signal quality value downstream of the A/D-converter; comparing the generated signal quality value with the minimum

accepted signal quality; linunng the overextension so that the minimium accepted signal quality wﬂl be exceeded when the A/D-converter
is overextended.




20 a detector (1/Q 9) which is connected to the A/ D converter (ADC)
and whi ch includes neans for detecting the signal quality of a signal
processed in the A/ D-converter, wherein the signal limter (LIMT)

i ncludes nmeans for limting an i ncom ng signal so that the signal
strength of a signal 25 delivered by the signal limter will exceed said
upper limt value (OG5 and so that the signal quality detected in the
detector (1/Q 9) will exceed a predeterm ned m ni mum accept ed . signal
qgqual ity when the signal strength of the signal delive- red by the
signal Iimter (LIMT) exceeds the upper limt 30 value (OG) .
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