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Description

- TRCHNICAL FiELR

The present invention relates to @ method for reducing the Influence of fading of a Viterbi-receiver having
ot inant two antenngs. which recelver recelve ragic signais over a channel which is liable to disturbancs, said
method comprising the steps of.

- raqeiving the signale on the antenngs, which ere mutually spaced apart,
- agmpling signgis mceived from the antannas to regeived anisnna signals,
- forming 4 channyl galimale. an satimate of the channel transmission function, and
- signal proceesing 1 the squeiizer of the ViterbLrecelver in accordance with the Viterbi-aigorithm, where-
in symbole gre assurmed far the state treneitions of the Viterbl-algorithm.

BACKGROUND ART

A cammon probiem thet ogcurs in radio transmission of signals is that the signals are extinguished as a
result of interferenqs. fagding, This problem is evident In moblle radio tranamissions in which a mobite receiver
maves in an intarferange flsld with frequently recurring fading. One known method of reducing the influence
of fading is 10 uae 8 receiver which hes two or more mutually spaced antennas, for instance as described in
Electronics Lattera, 20th July 1889, Vol. 25, No. 15, L.B. Lopes: Combined Space/Time Diversity Technique
for Narrowband TOMA Mobile Radio Systams. A tranemitted digital radio signel is received by a first antenna
and is delayed in time by a syitgble ssiected time intervel. The radio signal is aleo received by s second antenna
whose signal lo added to the daleyed signal and the summated signal Is processed in an equalizer, which may
be 8 Viterbleaqualizer. The article discioses that the bit error content decreases in accordance with the length
of the delay intervel. An sitarnative method is one of uaing recaivers that are equipped with several antennss,
anMMhWQmmWMnFmdmnhlsbyWﬂlthY Les, Howard W. Sams & Co,
indiana, USA. In aagtion 3.5.1 of this book seversi axamples are given as to how signeis from two recelver
empiifigrs with aeparats aniennas can be addad in arder to counteract fading. In the case of digital signal trans-
mviasion this addition raaults in the difficulty of negassitating phaae correct addition of the signals. The signals
received by the individual sntennss may be in counter-phase gnd extinguish ane gnother, even when the sig-
nals reqeivad by the srtennas have 8 satisfeciorily high strength.Consaquently, it ls necesesary to phase-lock
the signajs, which i ditficult to aghieve, partioulerly with a rapidly fading channel which le subjectsd to noise
disturbances. Siow, verigble phase-logking ls ysed advantageously in the case of such noise disturbances,
wharess the rpid taging requires rapid. veriable phess locking.

DISCLQSURE: QF THE INVENTION

The gfaremantionsd probisme of processing in a recelver signals which are obtained from mutually sep-
arate anignnas in order to reduce to effect of fading s solved in the following manner in accordance with the
invention. There is estimated for aach antenna @ transmission function for the channel extending to the an-
tenna. Thare s Galuiied for each siate traneition between an old and a new state In the Viterbi-aigorithm a
part metric valus for agoh antenna signal, with the aid of respective channel estimatss. The part metric values
for individual antenng signals are mutuelly weighted and ussd to calcuiate the matric values at the transition
baiween the.old and the new siate.

The inveniion is charectarized by the features set forth in the following claime,

? QEGCRIPTION OF THE DRAWINGS
MWWMMdHnWww now be described in mare detail with reference to the

m 1 M achpmatically e redio tranamission system comprising a tranemitter, a receiver and an
Intormediate distusbad chennek

Figyre 2 tiugirgtes time slats for a time shared transmission system, and a time siot signal sequence;
Figue 3ina m which liustratas the individual values of a transmitted symbol;

Figure 4 liygtrates @ mobiie recaiver which moves In a signal interference pattern between two bulldings;
Figure 5 Ia 8 blesk aghematic fHustrating & racelver which processss signals in accordance with the inven-

tive methd; end
Figyre 8 Is 8 Plogk schematic which llustrates parts of the receiver in Figure % In more detall.
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PEST MODE OF CARRYING OUT THE INVENTION

A radio tranamiasion system for time shered radio communication is illustrated schematically in Figure 1.
A tranpmittor hae 9 ynit 1 which receives an information carrying signsl and generates corresponding digital
symbols 3. These symboia are aubjected to digital/snslogue conversion and modulstion and are transmitted
o9 on anglogue aigne) Y from & unit 2, in accordance with known techniques. The signal Y is intercepted by 2
receiver having racelving units 3 which are R in number. Each of the recelving units has an antsnna 4 and is
gonnecied 10 2 reepective engiogue/digitel converter 5. These converters convert the signais recetved from
the antennga 4 i receivad antenna signaie s, (k). The reference k identifies a sampling time point with number
k, while reference r indigates thet the signel arives from the rith antenna, 15rSR. The received antenna signals
8 (k) are sent to & unit 8 in which aignals are processed in accordance with the inventive method. The unit 6
ingludes masng whigh grry out the Viterbi-gigorithm and means for estimating a channel transmission func-
tion. The unit produces estimeted symbais § which carrespond to the digital symbols 8. The transmitted signal
Y is disturbed during tranamission, emong other things by fading, the disturbing influence of which on the ss-
timated symbols § s recyged in the receiver. This Is achleved by the fact that the antennas 4 are at least two
in number, RE:2, and i thet the received antenne signals s,, (k) are processed in agcordance with the inventive
methad in the unit &, gp deecrived in mare detall herebslow.

As beforemantipnag, the radic transmisgion system according to the present embodiment is time-shared
with sepasste time alofs 1N agegrding to Figyre 2, in which t represents time. Each time siot f can transmit a
signal sequence S8, which includes a synchronizing sequence SO and a dsta sequence DO containing the
information to be tranamitted. The aignel ssquence SS contains binary Information, although the aforesaid
symbols can be mogulated In accordance with quadrature modulation for instance, as IHustrated in Figure 3.
In 8 complex numeric plgn with the gxes referenced | and Q, the four possible values of the modulated symbols
are marked one in each guadrant with the binary number 00, 01, 10 or 11. That time taken to transmit one
such moguisied symbol s deaignated aymbol time TS.

The afcresgid signgl fading, so-called Rayleigh-fading, occurs in the following manner. Figure 4 lilustrates
two byilding 7 and 8 which reflact the tranamitted signal Y. The reflected signals interfers with one another
hetween the bulldinge end, ss @ result of « phase shift, there may occur a regular interference pattern with
alternating buiges ang nodes of the signal atrength. A moblie recelver & which moves through the interference
pattern will rapeaindly pass the nodes where the signal strength Is very low. A more exhaustive description
of signat faging is glien in the sfaressid referance Moblle Communications Design Fundamentals by Willlam
C.Y. Lee, Chapter 1.

The afaresaid unkt & is lystrated in mare detall In Figure 5, where for the sake of simplicity the number of
antennas R has been resatricted to three. The Figure also shows a block 10 which symbolizes a tranemission
function h for the aetusl transmiasion channal which infiuences the digital signel 8. The transmission function
h includes the trengenitting urits 2, the redio transmiasion of the signal Y, the recaiving units 3 and the analo-
gue/digitel aonvertere 5. The ynit € Includes a symbol seguence generator 9, channsl estimating circulte 17
for the reapsctive artennas 4, & metric caloylating unit 11 and an analyzer 12 which effects signal processing
in accgrdsnge with the Vitgrbl-slgorithm. A part channel estimate h,,, Is calculated in each of the channel es-
timating sirouits 1T. Eagh part channe! eatimate la calculated In a known manner, by comparing the synchron-
kzing sequence SO genarsted by the symbol sequence generator 9 with the received antenna signals s,, (k)
for the trangmitted synchronizing sequence SO. It is assymed in the present embodiment that the part channel
polimatan huy - 8re csiguigtad QNce with aach signel sequence SS, with the aid of the synchronizing ssquence
80, and are held conptant during the data sequence DO. It Is possible, however, to adapt the part channel
eatimaias hy, in 8 kKngwn manner, for inatance in the manner described In I[EEE Transations on Information

g TROGEY, JENUSrY 1973 F.R, Mages Jr. and J.G. Proskls: Adaptive Maximum-Likelihood Sequence Estimation
k0 for Digial Signaling in the Pressnce of intersymbol Interference.

When the daie saquance DO la tranemitied, the received antsnna signals sy, (k) sre obtained for the in-
famation to be trengmitied. Thase signals are snalyzed In accordance with the aforesald Viterbl-algorithm,

* whigh hap 8 number of sistas M=V 1.V deaignates 8 number of values which a symbol can assume, this value

baing Vmd i the oeee 9! the symbale shown in Figure 3. D designates the time dispersion for the transmission
ohanng in the number of aymbol timee TS end it ls sesumed in the lilustrated embodiment that D equals 2.
Thia maang thet the Viterblagigorithm shall have Mad states In which it is able to carry out the desired proc-
oaning of the raceived sntenna signale 8,.(k). Amgre detailed deacription of the Viterbi-aigorithm is given, for
ingtance. in Procpeding of the IEEE, Vol. 61, No, 3, Maych 1973, G.D. Forney, Jr.: The Viterbi Algorithm. The
symbal scuenge geneestor D sssumes saquences of symbols S(AT,) for a state trasition ATy in the Viterbi-
aigorithm from an old siate T 1o now state T, With the aid of the channel eetimates hy,,, assumed input sig-
nals are calcuisted i ageordence with a relationship
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8,,(ATpk) ® hey, * S(ATy)
in whigh the symbpl * indicates a convalution. The part metric values m{(ATy,k) for a future selection of the

© gigte tranaltion AT, is calgujated with the aid of the assumed input signals s, {AT),k) and the received antenna

aignels o (k). #s will be described with reference to Figyre 6.

Thia Figure liystrates the Viterbl-analyzer 12 and the metric calculating unit 11. This unit includes for each
of the part shannel satimales h,,., an erithmetic circult 13 and a coefficient circult 14. The arithmetic clrcuits
13 funetion to eicyiste the part matric veluss in accordance with a relationship

m{ATK) = |8, 00 - s, (ATyX) |2
§imilgr to the aforegoing, the reference k designates an indicated sampling time, the index r designates one
of the antennas, and A‘I‘, designates the “state transitions according to the Viterblalgorithm, in the case of the
Hiystrated mhammt, thia glggrﬂhm hag M=4 states designated by binary numbers CO, 01, 10, 11, having
foyr transitions to emch new state, as illustrated In the Figure, and thus a total of 16 state transitions. Ametric
value is calcuiated for gach of thase siate transitions in accordance with a relationship

R
um“,m - M(Tj,k-l) + T K, om (A’rij,k).
r=1

K. designates, in this case, the coefficients in the circuits 14 and the weighted summation is carried outin a
summator 15 for all of the R antennaa. In accordance with the Viterbi-algorithm, the magnitude M{T,k-1) relates
to a selacted metric value for the old state T, at a sampling time polint k-1 one symbal time TS prior to the in-
dicated sampling point k. The old matric value is increased with the weightad sum of the part mstric vaiues in
a summator 18, Aoeo:djng to the Viterbi-algorithm there is selected the smallest of the metric vaiuse at the
tranaition to the new state T, actarding to a relationship

The matric valus M(T)k) is thus the value selected for the new state at the indicated sampling time point
k. The metric value M(T, k) is used In accordance with the Viterbi-algorithm, in order to determine the estimated
aymbola 8, The metric value is aiso stored for continued csiculation of the metric vaiyes at the subsequent
sampling time peintk + 1,

The cosffigients K, for weighting the part metric valuss can be selected in various ways. According to one
simple siternative, ail of the coefficients are constant and mutually equal and in the case of the example illu-
atrated In Figyre 8 where R=3, K, will equal P/3 whers P is a chosen constant. This method implies that the
radio signal on gne of the antennas 4 with fully developad fading will have the same weighting In the metric
caleuiation as the signal on onie of the antennae where the signal strength is good. According to a more com-
plicated aliprnative, the atrmngth of the moslved antenns signals according to 8y, (k) is measured by a control
sircuit 18 and the vajue of the coefficients K, are assumed by the control circuit in depandence on this signal
strangth, Acgording to one advantageous embediment, K, is proportional to the energy in respective received
antsnna signgls K. s ¢ - lam oK) {2, 1n thias case, ¢ deeignates a constant- which is chosen so that the sum of

 $he coefficlents 3 K. will squal P in accordance with the aforegoing.

The invantion has bean described with reference to a time shered system for radic communication. It is

Mbh hpwwer 1o apply the invertion alac to other systems, for instance systems for frequency shared radio

unlggﬂgm Insych mte,ma jtin sufficient to transmit a synchronizing sequence used in forming a channel

m; onca st mmmlng of 8 massage. The channe! estimate is thereafter adapted during the whole of

the measage, with the aid of the signal transmitted unbrakenly during this time period. H thers is Ilmited demand
on the apesd of the system, it is slso possible to form a channel eetimate in the complete absence of & syn-
chronizing sequence, for instance in the manner described in IEEE Transactions on Communications, Vol.
COM-28, N, 11, November 1980, D.N. Godard; "Self-Recovering Equalization and Carrier Tracking in Two-
Rimensional Riate Communicetion Systam”.
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Claims

1. A method for reducing the influence of fading of a Viterbirecsiver having at least two anterinas, which re-
e celverregelve r&gllo signaie over & channel which is liable to disturbance, said method comprising the steps
a of:

- roeolving the signais on the antennas, which are mutually spaced apart,

- sampling aignals recelved from the antennas to received antenna signals,

- farming a channel eatimate. an eplimets of the channel transmission function, and

- signel pmcpoulng In the equelizer of the Viterbi-raceiver in accordance with the Viterbi-algorithm,

10 ‘wherein aymbola sre assumed for the state transitions of the Viterbl-sigorithm,

' _mmm km that the channel estimate includes at least two (R) part channel estimates (e,
belgnging to Ingividual anteannas (4), wharoln the method In an indicatad sampling time point (k) in-
cludes the further stepe of;

- forming assumead input signats {s, (AT, X)) from the assumed symbols (S(ATy)) with the aid of the

15 part ghanng! ootimaten (e ). Wherein an assumed input signal (s, (ATyk)) for the individual part
channel egtimates (he,) i farmed for each state transition (AT) of the Viterbl-algorithm,

- forming part matric values (m{(AT k) for the individuai part channel astimates (h..) in dependence
on the received antenna signal (s, (k)) which belongs to the part channei estimate and the corre-
aponding assumed input signals (s, {(ATyk)),

2 - forming for gn indioatad state trensition (AT,) between an old (T)) and & new (T} state In the Viterbi-
algorithm a metric valus (M(AT) k), such as a metric value (M(T,k-1)) chosen in accordance with
the Viterbl-algorithm for the old state (T)) at a sampling time point (k-1) preceding the indicated sam-
pling time point (k) incressad with a waighted (K;) sum of the part metric values (m{ATy.k)) belonging
to the Individust part channel estimates (h,, ). and

25 - forming matric valusa, cormesponding to the mstric value (M(AT k) for the indicated state transition

(AT}), for sl state transitions (AT,) to the new state (T)) and selecting, In accordance with the Viter-
blajgorithm, the smailest (M(T k) of thess metric valuss (M(AT, k) at the transition to the new state
Mk

30 2 Amathod sccording to Claim 1, characterized by forming the individual part metric values (m (AT, k)) in
dependence on an abagiute velue of the difference between the recelved antenna signal (s, (k) and the
correspanding agaumed input signals (s, (ATy,k)).

3. Amethod acgording to Glaim 1 or Glaim 2, characterized in thatall of the coefficlants (K;) for the weighting
35 of the part metric values (m{(ATyK)) have mutualy the same values (K.=P/R).

4. Amethed acoording to Glaim 1 or Claim 2, charscterizad by choasing the cosfficients (IK,) for the weight-
ing of the part metric velues (m(ATyk)) In dependence on the amplitude of the corresponding received
antenna signals (s, (k).

0 5 Amethod according to Claim 4, characterized in that the coefficients (K,) for the weighting of the part
metric valyes (m{(ATy.k)) are proportional (c) to the energy of the received antenna signais (8, AK)).

Patentapspriiche

‘‘‘‘‘‘

;ggmgn, nggpgl gor g,mpt ger Fanslgnqla ﬂbe,r sinen Kanal empfangt, der Stbrungan unterworfen lst und
das Verfahren dis Schritte aufwsist:
- Empfangen des Signals an den Antennen die wechselssitig beabstandet sind,
- Abtasten von den Antenngn empfangener Signale in empfangene Antennensignale,
- Bliden einer Kanalabgch&t;ung. einer Abschitzung der Kanalijbertragungsfunktion, und
‘ Vergrhelten das Signals in dem Entzerrer des Viterbi-Empfangers nach dem Viterbl-
Algor‘lthmua. wobel Symbaole flir die Zustandsiibergange des Viterbi-Algorithmus angenommen wer-
den,
~ dedurch gekennzeichnet, daf die Kanaiabschatzung mindestens zwel (R) zu individusiien An-
tennen (4} zugehdrige Teil-Kanalabschatzungen (h,,,) einschiielt, wobel das Verfahren zu einem

angegebensn Abtastzeitounkt (k) die weitaren Schritte sinschlleRt:
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- Bilden sngenommener Eingangssignale (s, (AT, k)) aus den angenommen Symbolen (s(AT,)) mit
Hife der Teil-KanalabschBtzungen (hy ), wobel sin angenommenss Eingangssignal (s, {ATy,k)) fir
die Individusiien Tell-Kanalabschatzungen (he.,) fir jeden Zustandsibergang (AT,) des Viterbi-

Algorithmus gabildet wird,

8 - Bilden telimatriacher Werte (m{ATy,)) fir die individuellen Kanalabschiitzungen (he,) In Abhdingig-

' keit von dem empfangenen Antennensignal Sy, (k}, welches zu der Teil-Kanalabschiitzung und den

entsprechendsn angsnommenen Eingangssignalen (s, (AT k)) gehdrt,
- Bliden einss metrischen Wertes (M({(AT,,k)) fir einen angegebenen Zustandsibergang (ATy) zwi-
schen einem alten (T)) und einem neuen (T} Zustand Im Viterbi-Algorithmus, wis beisplelswelise sines
10 metrischen Wertes (M((AT,k-1)), der gemiiR dem Viterbi-Algorithmus flr den alten Zustand (T zu
einem Abtsetzeitpurkt (k-1}, der dem angegebenen Abtastzeitpunkt (k) vorhergeht, gewahit wurde,
der mit siner ngichtatgn (K,) Summe der teilmstrischen Werte (m{AT,,k)), weichs zu den Individu-
ellen Teil-KanalabachBtzungen (he) gehdren, vergréRert ist, und
- Bliden metrischer Werte, welche dem metrischen Wert (M(AT,k)) fir den angegebenen Zustands-
15 Gbergang (ATy) entsprechen, f{ir alle Zustandsiiberglinge (AT,) auf den neuen Zustand (T)) und Aus-
wihien des kisineten Wertes (M(T,k)) disaer metrischen Werte (M(AT,k)) am Ubergang zu dem neu-
on Zustand (T)) nach dem Viterbi-Aigorithmus.

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, da die individuellen teilmetrischen Werte (m,-
20 (ATy,K)) In Abhlingigkeit von einsm absoluten Wert der Differenz zwischen dem smpfangenen Antennen-
signal (8,,.{(k)) und den entsprechenden angenommenen Eingangssignalen (s, (ATyk)) gebiidet werden.

3. Verfahren nach Anspruch 1 oder Anspruch 2, dadurch gekennzeichnet, daft aile Koeffizienten (K, fGr die
Wichtung der teiimetrischen Werte (m{AT,K)) wachselseitig dieselben Werte (K, = P/R) aufweisen.

2 4. Verfahren nach Anspruch 1 oder Anspruch 2, dadurch gekennzeichnet, dafi die Kosffizienten (K,) fir die

Wightung der telimetrischen Warte (m{ATyk)) in Abhdingigkeit von der Amplitude des entsprechenden
smpfangsnen Antaonansignals Sy, (k) gewihit werden.

5. Verfahren nagh Angpruch 4, dagyrch gekennzeichnat, daf die Koeffizientan (K,) flir die Wichtung der teil-
o mairisghan Visrte (mdATyk)) preportional (¢) zu der Energle des empfangenen Antennensignals sy, (k)
sing.

Reavendications

1. Unprocédé pour réduire I'Influsnce de I'évanouissement dans un récspteur de Viterbi ayant au moins deux
antennes, ce récepteur recevant des signaux radioslectriques sur un canal qui est sujet & des perturba-
tions, ce procédé comprenant las dtapes suivantes :

- qn ragolt les signaux sur les antennes, qui sont mutuellement aspacées,

“0 - on.échantiionne les signaux regus & partir des antennes, pour donner des signaux d’antenne regus,

- on forme une estimation de canal, qui est une estimation de la fonction de transmission du canal,
et

- on effectue dans I'égaiiseur du récepteur de Viterbi un traitement de signal, conformément & |'algo-
rithme de Viterbi, dans lsquel on suppose des symboles pour les transitions d'états de I'algorithme
de Viterbi,
caractérisé en ce que 'estimation de canal comprend au moins deux (R) estimations de canal par-
tielles (N} appartenant & des antennes individuelles (4), ie procédé compranant ies étapes sup-
pi4mentaires sulvantes, 3 un instant d'échantilionnage indigué (k) :

- on forme des signaux d'entrée supposss (s,(ATyk)) & partir des symboles supposés (S(ATy)), &

‘I'aide des estimations de canal pertisiies (h,,,). un signal d'entrée. suppoaé (8, (AT k)) pourles es-
timations de canal partielles individuelles (h,,,,) étant formé pour chaque transition d'états (AT,) de
I'sigorithme de Viterbl, -

« on forme das valsurs de métrique partielle (m{AT, k)) pour les estimations de canal partieiies indi-
vlduen;oq‘(hw). sous |2 dépendance du signal d'antenne regu (s, .(k)) qui correspond & 'estimation
de canal partisiie et aux signaux d'entrée supposés correspondants (3 ATy k),

- on forme pour une transition d'états indiquée (AT,) entre un ancien état (T) ot un nouvel état (T)
dans I'sigorithme de Viterbl, une valeur de métrique M(AT, k), tells qu'une valeur de métrique
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{M(T,.k-~1)) cholsle conformément & I'algorithme de Viterbl pour I'ancien état (T)) & un instant d'échan-
tilonnage (k-1) qui précéde I'inetant d’échnantillonnage indiqué (k), augmentée par une somme pon-
dérés (K,) des valeurs de métrique partislle (m(ATy k) correspondant aux estimations de canal par-
tialles Individyelien (hyy,), ot

- onforme des veleurs de métrique, correspondant a la valeur de métrique (M(AT X)) pour la transition
d'étate indiquée (AT,). pour toutes les transitions d'états (AT,) vers le nouvel état (T)) et on sélec-
tipnne, canformément & I'aigorithme de Viterbi, la plus petite (M(T)k)) de ces valeurs de métrique
(M(AT,, X)) & ia transition vers le nouvel état (T)).

Un procgdé asion lg revandication 1, caractérisé en ce qu'on forme les valsurs de métrique partielle in-
dhviduelies (m.(A Ty,k)) sous la dépandance d'une valeur absolue de la différence sntre le signal d’antenne
regy (s, (k) ot las signaux d'sntrée supposés correspondants (s, (AT,.k)).

Un progédé seion a revendication 1 ou la revendication 2, caractérisé en ce que tous les coefficlents
{K,) powr la pandération des valeyrs de métrique partielle (m{ATy,k)) ont mutueliement ise mémes valeurs
(KRR[R),

Un procédé selon la revendication 1 ou larevendication 2, caractérisé en ce qu'on choisitles coefficients
(K,) poyr la pangésation das valaurs de métriqus partiells (m,(ATyk)) sous la dépendance de 'amplitude
des signaux d’antenne regus correspondants {8y (k))-

Un procédé selon la revendication 4, caractérisé en ce que les coefficlents (K,) pour la pondération des
vailayrs de métrique partisiie (m,(ATy,k)) sont proportionnelles (¢) 4 I'énergle des signaux d’antenne regus
(8in.(K)).-
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