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2238120‘- 1. - EQUALI ZER TRAI NI NG | N A RADI OTELEPHONE SYSTEM FI ELD OF THE

| NVENTI ON The present invention relates to equalization in 458120

radi ot el ephone system to conpensat e for distortion introduced by a
transm ssi on nedium and nore particularly to inproving equalization by
retraining an equalizer during a transm ssion burst wthout incurring
any additional transm ssion overhead. 10  BACKGROUND OF THE | NVENTI ON From
the early days of radio, the non-idealit?lﬁf the Earth's atnosphere as a
transm ssi on medi um pRAL £ dia eneray..J LLfeave
uniformy from 15 gﬁhéﬁﬁﬁgiy 2 N?hi@uéhhg 2 ﬁﬁgﬁ? Yoy sent a
uni fied wave front to the receiver. On the contrary, portions of the
radi at ed ener f t ' y different directions by features of
the terrain, %ﬁﬁﬁaﬁﬂégr%§€i§§vFﬁT?§§ atnosphere itself, and b ]
man- made struct ur éBhe2@resery f isventipor trehates the emiadiigpteleingyn a
reach the recgly ‘ro@él%gllf:{)ﬁ engbétBr alohg Uddsdseiteat Nbof esuisfdrt fod
time-varying nulti-pat characteristic that, produces, alterpatively,
destructive afdBRR¥FeltPY e itHanTReHien mef SumARe X, miih%‘tl%§¥'%¥i Eo

causes a trani’ii}ﬁﬁ@ﬂiﬁé equaladaeipyl txceﬁig&ﬁwx@gd'ghf@ Al iGRIr cﬁfhdirﬁk‘g’laae
variations resulting, in reception qf. a,  distorte ul se. e
Gistortion frQRATETLREARRI © Fot i cHaSBeNn; eiPerEReadber ABEn AESLERPD2L
sanpl es of thearavemiedishgaakrheadl.ting in a phenonmenon known as
inter-aprol I nterference. Inter- 30 synbol interference can be

viewedas a snearing of the transmtted pulse by the nulti-path, causing
overl ap bet weBACKRREENDVEFpUHBEeINVENTEONer ence with a particul ar pul se can

occuyr as a result of - bgty aglara9d datfairds ALl 9LS, $hECHOIARUAINRY ot the
deteCted at the receiver after a "nean path delay 35, when, the pul se is
recei ved with Epxlrtst 3tpesphRre pdfti Bnstransmission wmedium has been

apparent. Radiated energy does not travel uniformly from

15 the transmitter through the atmosphere to present a unified

wave front to the receiver. On the contrary, portions of

the radiated energy are reflected in many different

directions by features of the terrain, non-uniformities in

the atmosphere itself, and by man-made structures.

20 - Different portions of the radiated energy reach the receiver

at different times along different paths resulting in a

time-varying multi-path characteristic <that produces,
alternatively, destructive and constructive interference.

This mnulti-path characteristic causes a transmitted

25 radio puise to undergo different gain and phase variations

resulting in reception of a distorted pulse. Pulse

distortion from the channel medium causes interference

between adjacent samples of the received signal resulting in

a phenomenon known as inter-symbol interference. Inter-

30 symbol interference can be viewed as a smear.ing of the

transmitted pulse by the multi-path, causing overlap between

successive pulses. Interference with a particular pulse can

occuxr as a result of both past énd future pﬁlses, since the

~ pulse is detected at the receiver after a mean path.delay

35 when the pulse is received with greatest strength. Portions



-2- of pulse energy froma past pul se that have experienced a greater than
" average delay may therefore interfere with a subsequent pul se, and portions
of energy froma "future" pulse, i.e., a pulse that the radio receiver is
not ready to 5 detect, experiencing a |less than average path del ay may
interfere wwth the present pul se being detected by the radio receive. As is
known in the art, inter-synbol interference may be greatly reduced u3|ng an
adaptive equalizer. In one type 10-2- of equalizer, for exanple,
time-shifted versions of the received signal are conbined with the re;élved
si gnal @(fCQdeim tnegpp’ @riamte pesyhimlise cevael hauéureeqﬁmhméd a

|nterferenc Su an_e uallze CQns ted us transyverse
filter PAER Ihggﬁapaﬁg 453§ & ef&%eg%y %ﬁe ore éﬁkﬁﬁg‘frﬁ "’l\i\}éu hts
accor di sgbstesyuentt chuldel, aysstd pogrtalonsemf csmeangty chrbmned WEehutrbd

present S%llilcel veéj sgg% 1Y 'ﬁ’t?éjax?.%( ié@e%@f i§ ‘ngﬁg ?ayeggal I zer =

trainin ri ng’ equal i‘zer, tral ning, nown sequence of s
tBansni Cedecind expeslep@ing 2hd esfialthaey aﬁne:eggormthodgaay male known

sequencq Hife SO wi 415 WA ELA© SiEs K NOUNIng CgRie8ELeql byCthe rahmoan
Iterative process, an adaption algorithmoptimzed to mnimze the

di f f er eF@EPNSween the det ect ed synbol sequence and the actual synbol

sequence set ad hﬁsV\RhghhS iof the a0upl iﬁéér—syhboﬂ.hﬁ.n&ﬁéﬁeﬂéet ﬁa?r
the error ced to evel

equal i zer_ are ;) _
ot he P et Haduded wi 1% R AhEive st i Foror LonkPrchEBhc the
wei ght s ceff eequalptz@p:erl yosetexaﬂr@ler r d:rrmmysla:cftledl wenirares e cehdthke

equal i Z&le é’g 'vlec?e §f¢ﬂa£’| & 19&9 xggth the réé‘?f@%heélﬁﬁkh known

' -type of equa | Zer, equa I zer, a Set ex-val Ued Wei ghts
r epr esemdaRFd R | hpuaeprpeyp@ﬁge A iahies chmmaaneali GhwrmaRd baster | Vet

using a ji{tansFereRcél | t 8hchNanubghantizad Y f@;é%é@ﬂ{@ie&%§§ﬁ§rébed
above. LBlng the channel estimate, receive
transverse filter including a tapped delay line. The -
15 appropriate weights accordlng to which delayed signal
' replicas are combined with the presently received signal are
arrived at during ‘what is known as equalizer training.
Durlng equalizer tralnlng, a known'sequence of symbols is
transmitted and the output of the equalizer in response to
20 the known sequence of symbols is compared to the known
‘sequence itself. In an iterative process, an adaption-
algorithm optimized to minimize the difference between the
detected symbol sequence and the actual symbol sequence sets
the weights of the equalizer. If the weights of the
25 equalizer are properly set, the error will be reduced to a
minimum level and the ‘equalizer 'will be said to have
converged. If for some reasons'the weights are not properly
set, the error may actually increase and the equallzer will
be said to have dlverged
30 In another well-known type of equalizer, the Viterbi
equalizer, a set of complex-valued weights representlng the
impulse response of the communications channel is derived
using a transverse filter in substant1ally the same manner
as described above. Using'the channel estimate, received
35 pulses are detected according to the Viterbi algorithm to



35 pul ses are detected according to the Viterbi algorithmto ™ -3<:.
yield synbols of nmaxi mumlikelihood given the channel estimate. Radie -
channel conditions do not remmin constant fromone .time to the next but are
al ways changi ng according to,5 at mospheric condltlons as affected by
the weat her, etc. Accordingl y,_ ‘'t he equal igzer vei ghts’have to be continual ly
updat ed Radl o channel conditions change especially rapidly in a nobile
radi of ol ephong; aYa! © iy oleNenpRi kO™ Phel BRobACCLYFen CLAE! VEnkantie
transmter const a 0 angi ng, perhaps at h| ghr

Frequent retrashnn@t@f the equal i zer therefore becones |rrportant |n or der

to maintain sufficirgRid eoephhel adakityondt d&%éerr&esnlarm ddstant from
transm ssi on of knovvn trai n| ng sequences i n he conmmuni Ca,tl ons stre m

di spl aces theCBesitigte 150 t i (AR %%Y’Rk,‘én Wgc%ﬁﬁ’??%?l%dt°

recei veg so.agthes ﬁ@ecohaaniﬁh‘ESIﬁl agreicall. by ﬂiﬁ@nWaS:&hleQﬂ etc.
over head reduces t he effect ve avai | abl e co%%| ons, bandw dt

Bandwi dt h i sAC6PT pPEERGAEST ¥ Aveate, %t%?’é?)ﬁ%‘ﬁ%ny
system 20 updatedAccaadu.bgbyannbatcomdneednd changeagspéciadiyerdpidly

retraining an, gaualy 2t LN 28009 pRREOTPLL G LALSLIHS 1B WhdSion o

m ni mi zi ng trk SSi On~ over di ng aspec
t he present |hhentreqe1wee'r eretapivei el thea Hrgnsamitden uigr constantly

radi otfh ephongLgygal ?é)gﬂ?ﬁs bage asShalnon-An, a Fre@ldidie ﬁé@ééﬁ?}%ase

exchangi ng conmuni catl ‘o sts of a specified fqQrmat, one
station and sthe nBEPR izex | SheFafiong cBaarres: ARRRT tRgt ré&ucPﬁéer to

, maintain sufficient receptlon quality. _
N\ at the same tlme, the transnnssmn of known traln:mg
sequences in the communlcatlon_s stream displaces the desired
15 communications between the transmitter and receiver so as to
increase transmission_' overhead. Transmissien overhead
reduces the effective available communications bandwidth.
Bandwidth is of course a precious resource in a
radiotelephone system.
20 Accordingly, what is needed is a way of frequently
retraining an equalizer in a radio telecommunications system
while minimizing transmission overhead.



I nter-synbol interference during said conmunications bursts, a nethod. of
further reducing said inter-synbol 10 interference, conprising the steps
of : training said equalizer nmeans using a known synchroni zation pattern
occurring at the beginning of said specified format; and retraining said
equal i zer neans during said 15 commigi-6ations bursts usi ng a second known
pattern accordi sai d spe%lfled f or mat, iiald second known pattern

having an addlegﬁggngngpl HESti@spest a ®*h said second known
pattern isneefyfibal thekd Wi @Irdvadéndf fier mﬂtdﬁgmabrmebmmﬁt ation 20%to

anot her and.i.s, kno onst amt jng,a dral Ssi on between said nobile

station aﬁadééta mggngtg s&% gﬂ?lﬁg%ﬁ? W%Hﬂnag gc? of the present

|nvent$onmobhéeestatppnveds@amghmghqgmmunnnadnﬂns bﬁrstadoﬁtelephone -

syst.em haybBgs 21085 ¢oshat], 0BrN G 22 U lastl Adeify X haRILRgq cOmuni cati ons
sai ase station_an

bursts of eC| or fmt, one o said nobil e
station hBOPH ee&ﬁéFF?&rhﬁﬁaﬁg roualdges MeanR s Feducinger f er ence

during saifteeuByhbeat ua&&r%rewesasma@ mai Qidiﬁnﬁ:@ici@iéﬂ@r reduci ng
said inte nbol |nt§r g%n%e r|s n means, f or- tralnlng sai d
é%

equallzergﬁﬁﬁﬁ§ +u8i R§ta° FaidrirteEwymhet at t he
beginn@nglﬂtesﬁeﬁeapeclEbm@ﬁmmmmy:th&5steps ofeans for retraining said

equal i zer nean Is Is icati sts u5|n a second known
pattern provi dgaggéé‘% d§% (a[%@lgligzs%ec%% ed )§ T8 second known
pattern haynqgremaaanpno@arttfamctqc@mrxxesxgj@é: rtéte: abemngnmdofreans for

|nsertlngsggadsﬁge@@qe&nqw&mggtt%hg in 5 each communi cations burst during a
articular ca
P retralnlng said equallzer means durlng sa1d

15 communications bursts using a second known pattern ~
according to sa1d spec1f1ed format said second known
pattern hav1ng an addltlonal function bésides _
retraining, whereln said second known pattern is a
symbol field which is different from one base statlon
20 to another and is known and constant during a
transmission between said mobile station and said base
station. | o
According to a second aspect of thé_present
invention, there is provided in a digital cellular
25 radiotelephone system having a base station and a
mobile station exchanging communications bﬁrsts of a N
specified format, one of said base station and said ';)
mobile station having equalizer means for reducing
inter-symbol interference during said communications
30 bursts, an apparatus for further reducing said inter-
symbol interference, comprising: t
means for training said equalizer means using a
known synchronization pattern occurring at the
beginning of said specified format;
35 means for retraining said equalizer means during
said communications bursts using a second known péttern
provided according to said specified format, said '



According to a third aspect of the present invention, there is provided a_
nmet hod of inproving the reception of a transmtted signal in a :
radi ot el ephone system including an equalizer, conprising the steps of: 10
training said equalizer using.a.synchronization porti:on of said

transm ssion having a data pattern chosengfoer its correlation properties;

and retraining said equalizer using a portion of said signal, said signal

havi ng Qp_addﬁﬁqmmﬂ knawn iRAt terpeaviend ran r addi hgonahefaingetd®ind porti on

of said’si gnal,dgs faessWiiola fhBhgl; Whgh is different fromone base station
t o anot her ang I's known and conSt ant durig&,the transm ssion. According to

a fourth aspect of WS MR ININERLR, SERERE KROWPoPRFESTEN Hppar at us
1‘orI i gprovisng éa@f@dn@r&rﬁfcaﬁ;ié:@@%ﬁiéedd?iﬂﬂ@ ai pa@tﬁ@dhg&eb%ﬂ:lgne system
i ncludi ng an equalizer conprising:_peans_for train sai d equalizer using
a synchronization|§599§#¥3§ Eﬁﬂ% Y?ﬁﬂ@n?%%?%ﬁ'ﬂgv#ﬁg Rr55€84t a pattern
chosen for itdanventdcat, dthegrepestpesyvided avmathbdr ofetimproviggs dlee
equal i zer usi rii : ' | , L dq signal i j tional
function besi%%saégrégtﬁgf% %ﬁéﬁ%ﬁ%ggg?dsﬁgét%o% Qg,ggg o%%&%gﬂaﬁ?ea
symbol field wystien sirgdluti¥ngramt equahi 2pe. bagEPsLaingnthe sterrerofand is
known and ygpnst ant t‘l‘&'i'ﬂhﬁmél@aiaaé‘é\rﬂéﬁﬂé’ﬁu,sin&RhEEy%ﬁ%hEya@ﬂog:_ THE
DRAW NGS 5 . Fig. ,1s a répresentation of "a cellular nobile
r adi ot el ephon®oFAMOTigp1id txanshi $2koRi BV ARFoR 92K8pPPELSER i on t hat
may be used i gHdwerRSENt s NYEPteDaL ion aseopdabtesw bhdFig. 1; Fig. 3 is a
bl ock di agram of a base station_t hat .ge 10 i used %3 theffrese t
i nvention in acconfé%ﬁ?%ﬁ%49F§%+ 1?q£$£?_%5.?§ B9 afPEm e &% P
strugture thatsigmalhe said signal having an additional function
15 besides retraining, wherein said portion of said signal
is a symbol field which is different from one base
station to another and is known and constant during the
transmission.
According to a fourth aspect of the present
20 invention, there is provided an apparatus for improving
reception of a transmitted signal in a radiotelephone
system including an equalizer comprising:
means for training said equalizer using a
synchronization portion of said transmission having a
25 data_pattérn chosen for its correlation properties; and
means for retraining said equalizer using a
N portion of said signal, said signal having an
additional function besides retraining, wherein said
portioh of said signal is a symbol field which is N
30 different from one base station to another and is known
and constant during the transmission.



used for communications between the base station and the-nobile stafion;
Fig. 4b is a diagram of a slot format for 15 communi catiohs
fromthe nobile station to the base station; Fig. 4c is a diagramof a slot
format that nmay be used for comunications fromthe nobile station to the
base station; Fig. 5a is a block draﬁrén1of an equal i zer that may be 20
used in the base station or nobile station; and Fig. 5b is a block

di agram of a portion of the equalizer of Fig. 5a. 25 DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Bef ore describing the detallsibf
the present invention, an exanple of the construction of-a cellular nobile
radio systemin which the present invention can be used will be described.
30 Fig. 1 i's BRIBHDESCRIPT NaOFi rhes braWINGd en cel | s, Cl to
Cl0, in a cell,ul ar -mohile_radiotele syste Il y. the od
actording to %ﬁg “or dsedt | ﬁ\/eﬁFP5ﬁs\ﬁ8& é¥ rﬁﬁmer?entc ]1'%‘3}' c&9

nobi | e rndamotyibghanﬁnsystﬂ@.nany nore cells than ten. For purposes of
this descripti it &%%# ere (@ re

i sol at ed port?g%'og %znger Syst Lo ﬁ?hésh§8%§ef%§%F§ 3 égch
cel| Cl be wsed tllﬂiier’télei @@smfpem‘?%tbagelgt appgwds.nqeo wisto Flg-Fllg

il lustrates b@&g 3t ald ANPrdck ditlgrisd &F id) Ydse \§tfa€lh&z¥ tHat %a\{ %%Oect lve

cell centers and havi ng omni -direct’ onal antennas base stations of

af acent UEeR| éW%m@mbel%eaPéen. ATt RECAYSANAS Wit Figpokders and
have di rectlopa.k; anf @ sa Ena ramalofoa IfxtaﬁéaéEﬁuéeﬁraolahla% madl s ML
to MLO, 10 whi ch_are ,novabl e mg F qﬁh ﬁnd for one ceII t Q anot her
cel|. ThEeHetiRi SORBMBLRE HAONSH ‘éggﬁt v eRBPEN R ApReddif ed in
a cel | ul mobirdki ls¢artddiro; syst em conpri si ng many nore nobil e statlons thaq_/
ten. In partk:.g_gj.ar,‘iﬁheries a diagram- of a slot format for

15 communications from the mobile station to the base station;

Fig. 4c is a diagram of a slot format that may be used
for communications from the mobile station to the base
station; ' _ _

- Fig. 5a is a block diagram of an equallzer that may be
20 used in the base station or mobile statlon, and '
Fig. 5b 1is a block diagram of a portlon of the
equallzer of Fig. 5a.

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS _
Before describing the details of the present invention, o/
an example of the construction of a cellular mobile radio
system in which the present invention can be ﬁsed will be
described.- _ .
30 Fig. 1 is a schematic diagram illustrating ten cells,
Cl to C10, in a cellular mobile radiotelephone system.
Normally the method according to the present invention would
~be implemented in a cellular mobile radio system comprising
many more cells than ten. For purposes of this description,



are normally many nore nobile stations than there are base 15 stations.
Also illustrated in Fig. 1 is a nobile swtching center MSC. The nobile
swi tching center is connected to all ten illustrated base stations by

cabl es. The nobile switching center is also connected by cables to a fixed
public 20 swi tching tel ephone network PSTN or simlar fixed network
with I SDN facilities. Not all cables fromthe nobile swtching center to
base s&gtlons and cables to the fixed neffwrk are illustrated. Further,

ot her dia may be used instead of cables for base to nobile swtching
center 25 thwnsystent depdctedy hexeimdisadonsiiderad The bel hnl dsoleltidde

radio syst empdluiniy 3 £% | fakbly Lyd gneﬁﬂ@aﬁ%%&?«o@raﬁaﬂ&é&anne' s

for communi cdtion. The system’is ana rmat i on
e.g., speech, di glﬁ'?‘éeaa&hal%ll nFadr feR | 6RO e thereli §Bt |azeﬁe§Be°t1V§p@@(§¢

and pure di gidedtidhorgmt k), BA@. . P¥ig.di qi t&hlqéft%at'éb t BRALON PR Qs
t he pr esent i nvent i on, the ter m Qonnect ifon.is used fo a comrunl cation

channel® bet weshtuaredi iR that VoRiRAEYa R fdie rﬁﬁﬁ?%CE%Xlﬁl 661y cemtessh@nd

system or andideingy dmeri-dietyeehiohad faxxwh:haekephoms; Obaker nett@tSoRd of
in a fixed net rk c nneﬁltled t hr ouah 1;\, I Iar ike radl.oteég hg)%e

system or be? AR nbbrirE PR hﬂ)ﬂethe Notsfild
may be a cal |lcehkrizotdwerpeapte hiawiek dl(resabipmheantbnhasay al so be a data

conmuni cati on chanl.n é V‘feé s80gﬁﬁttfsrt§' g&@%]rac;&gerﬂ%ﬁf%anﬁtatlons Pﬁh%% M10

cellular systemis parti cul over wh it cad
operatld® A @exc@fa’é%rﬁm‘éhﬁl ‘dhtbhanﬁepglilsaaldl 6@&%@“@0 ceddh teelanother

exanpl e, betwegm 10 el ROtdbaf se%tr‘mgcec&wgnsegaﬂtllﬁowtqloxpmgn@e

mayibe allocated to _any  given rent sets
Comitfni cat | orMRHERREFES it AENILAEe MoRiLe aF 2E10; ¥k Rb SR LednGs
SI nce, in ordgdn Omwenwmwlétaadbﬁscamrrﬁgeencel I oygrtaputagh ehkate

Using the samaré; rqgr.rlx%afly many more mobile stations than there are base
15.  stations. _

Also illustrated in Fig. 1 is a mobile switching center

MSC. The mobile switching center is connected to all ten

illustrated base stations by cables. The mobile switching

center is also connected by cables to a fixed public

20  switching telephone network PSTN or similar fixed network

with ISDN facilities. Not all cables from the mnmobile

switching center to base stations and cables to the fixed

network are illustrated. Further, other media may be used

L instead of cables for base to mobile switching center
25 - communications, e.g., fixed radio links.

The cellular mobile radio system illustrated in Fig. 1

includes a plliral-ity of radio channels for cqmmunication.

The system is designed both for analog information, e.gq.,

speech, digitized analog information, e.g.,  digitized

30 speech, and pure digital information, e.g., pure digital

' data. In the context of the present invention, the term

connection is used for a communication channel between a

mobile station and another mobile station in the same system

or another systen, between two fixed telephones or terminals

35 in a fixed network connected through the cellular mobile



L

‘i n adjacent cells would cause co-channel interference in these overl appi ng
areas. 15 Referring now to Fig. 2, an enbodinent of a nobile ’
station that can be utilized in a cellular telephone systemthat operates
in accordance with the present invention is illustrated. This particular
exanple pertains to a nobile station that can be used in a digital

comuni cati ons system -20 . e., one in which  digitized voice
information is transmitted between bse and nobile stations. Furthernore,
the operation of the systemis explained in the context of full-rate o

t ransni ss¥Fadd atiekepheore disyissieih nort betvestreasmokEOWG systéon iandwhach
each packel ,Qfa dtanbﬁhdﬂa‘ or ey i ean%éctlon' Sma !t @{4 esveéafy% %\i%hseésed

time slots 1n_a frang of data. be readi reciate owever

that the PRPEXS orf3tXeghel |§asbp| PEHSF@ t Budt hé\ayty of kel lal sdatadio

syst ens, &%ﬁiﬂuﬁﬁléé@ﬁ@nléh%héh wab&err&bm@mﬂes‘ré r@pSHh hi8dahBaan anal og

f t, t d di | 30 hal t t tted
ot BT hoceas MARRD ST REF) SRHERR A ARSI DA F CL AR LR A PNRCSr

code di vi damad noverplvhictitesis (@DMAppetratehe nabidet sb&t Idﬁmﬂ@@i@é'@bmn

Fi 2, a ) r t an erate b a
550 2 oy GPESELS X a1iocar SONE ey (1 200 aafEfe . fEPeCS ooy
di vi ded iamdo 3@atdd ffesients Vo'a@%cﬂlmlngeft% amd ll'mm\‘prohcchhnnel néy lﬁelst

associ atedy 1t &annghy. gegeRrator 1@ ﬁ% o Q%grq$fand
supervi si on si aII|ng nessages hat are transmtte rom no

st4Pi on t SOFHR tienng gherieks st BRst 'ﬂﬂ#?@tf}iHﬁ%sa@élp@pMﬂiw ‘o user
frame (Spexeqhymﬁnaing\hemuer sints, thbQ)ﬁdéiflSEbt tr@@:.ntafnyfﬁﬂlasﬁ%%@t ed
control channel‘é CI%# ener at or V|des signal]ing nessages t
transm tt S8VEFA% ST RUBEE ﬂBn‘?\%ﬁ: f ?:ﬁe Qig%h%fsﬁﬁ?d%%ﬁl?%l*ﬁ

bet ween thia badpadlnt ceslhsi euddl ¢deseDlid-ehummie DN iane rfedened’ Sin A
fixed nunQ%%ég Jueélaﬁpgng ggggge;_is_allocated to the SACCH for

15 Referring now to Fig. 2, an embodiment of a mobile
statlon that can be utilized in a cellular telephone system'
that operates in accordance with the present invention is
illustrated. Thisfparticular_example pertains to a mobile
station that can be used in a digital communications system,

20 + i.e., one in which digitiied voice . information is-
transmitted between base and mobile stations. Furthermore,
-the operation of the system is explained in the context of
full-rate transmissions in a time division multiple access
(TDMA) system, in which each packet of digital information

25 is interleaved 0ver.two-spaeed time slots in a frame of -
data. It will be;readily'appreciated, however, that the
invention is equally applicable to other types of cellular
radio systems, such as those  in which information is
transmitted in an analog format, transmitted digitally at a
30 half rate, or transmitted in other access modes such as
frequency division multiple access (PDMA) or code division

multiple access (CDMA).

In the mobile station deplcted in Fig. 2, a speech
coder 101 converts the analog signal generated.'by a
35 microphone into a blnary data stream. . The data stream is



each time slot of a nessage train. Channel coders 104 are respectively
cconnected to the speech coder 101, FACCH generator 102, and SACCH gener at or
203 for manipul ating the 15 incom ng data in order to carry out error
‘detection and correction. The techni ques used by the channel coders 104 are
preferably convol utional encoding, which protects inportant data bits in
the speech code, and cyclic redundancy check (CRC), wherein the
perceptual ly significant 20  bits |n_L9e speech coder frame, e.g. twelve
bits, are used for conputing a seven-bit CTheck. A selector 105 is connected

to the channekhemdeadvi@édasdatioat adtwnhtbablhetspeesbcsed&thOﬁo?nﬁéé herDMAZS
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generator 102, and SACCH generator 103 for manipulating the

15 - incoming data in order to carry out error detection and .
correction. The techniques used by the channel coders 104
are preferably  convolutional encoding, which protects
important data bits in- the speech code, and cyclic
redundancy check (CRC), wherein the perceptually significant

20 bits in the speech coder frame, e.g., twelve bits, are used -

for computing a seven-bit check.

A selector 105 is connected to the channel coders 104
associated with the speech coder 101 and the FACCH generator
K/; ' 102, respectively.  The selector 105 is controlled by a
25 - microprocessor controller 130 so that, at appropriate times,
~user information over a particular speech channel is
replaced with system supervision messages over the FACCH.
A two-burst interleaver 106 is coupled to the output:of the
selector 105. Data to be transmitted by the mobile station

30 is interleaved over two distinct time slots. - A packet of’
' 260 data bits, which constitute one transmitting word, is
divided into two equal parts and is interleaved over two
different time slots. The effects of RAYLEIGH fading are
reduced in this manner. The output of the two-burst
35°  interleaver 106 is provided to the input of a modulo-two



word.(Sync Wrd) and DVCC (digital verification color code) to be

associated with a particul ar connecti on. The Sync Wrd is a 28-bit word
used for time slot synchronization and identification. The DVCC is an 8-bit"
code which is sent by 15 the base station to the nobile station and

vi ce-versa, for assuring that the proper channel is being decoded. A burst
generator 110 generates nessage bursts for transm ssion by the nobile
station. The burst generator 110 is cofhected to the out puts of the .-

nmodul o-t wo- adder 107, the 20 22-burst interleaver 108, the Sync

Wor d/ DvVCC gédemmlﬂ71£® thatthaltzensml¢teﬁuﬂ&t¢on$rohpbhxnﬂeblneﬁsage
generator 332, 4y iBLe6R3! Guddif oA B T LERRLORAbBGH iR
respective units intd a single nessage urst according to

t he publ i sR&¥e@MS. standard EIA/ TIA 25 | S-54, a nessage burst conprises
data (260 bits) rHAGURHWR d¥ e cAKARMOCAEES 10idl Bls SalAbAVEEH the
bits and 12 delimter bits onbi ned f a total of 324 bits. Under the
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synchroni zed w t he transm ssion I'me slotsy whic
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ovarding ialalle Sl 23 eThlEE L ey LELoEeAe M IRds e By
15 the base station to the moblle station and v1ce—versa, for -
assuring that the proper channel is being decoded.

A burst generator 110 generates message bursfs for
transmission by the mobile station. The burst generator 110
is ‘connected to the outputs of the modulo-two-adder 107, the

20 22-burst intetleaver 108, the Synec Word/DVCC geherator 109,
an equalizer 114, and a control channel message generator
132, to integrate the various pieces of information from
these respective units into a single message burst. For
example, according to the published U.S. standard EIA/TIA
25 - IS-54, a message burst comprises data (260 bits), SACCH (12
bits), Sync Word (28 bits), coded DVCC (12 bits), and 12
- delimiter bits, combined for a total of 324 bits. Under the
control of'the-microprocesSor 130, two different types of
‘message bursts are generated by the burst generator 110:

30 ~control channel message bursts from the control channel -
message generator 132 and voice/traffic message bursts. The
- control channel message replaces the SACCH as well as the

speech data normally generated in a voice/ttaffic burst.

- The transmission of a burst, which-is-equivalent to one

35. time slot, is synchronized with the transmission of other



10 assigned.to the same assignee. Briefly, the base station functions
as the master and the nmobile station is the slave with respect to frane
timng. The equalizer 114 detects the timng of an incomng bit stream from
t he base station and synchronj zes the burst generator 110. The equali zer
114 is 15 al so operabl e for checking the Sync Word and DVCC for

i dentification purposes. A frame counter 111 is coupled to the burst -
generator 110 and the equalizer 114. ThelkTame counter 111 updates a

ci pherim™g code,utilized by the nobile station for each 20 transmtted

frame, e.g., oHe® 848F§F.2 nﬁFh/$Q9?ﬁEﬁFnBaﬁﬁ|PFif§ fxape o9fgdptpgpation.
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nodul at'or 122 ul‘at or s oper abl étlng a carrier
frequency acce@dahizabicpemgthod {%rprowsﬁ imetarster (ter ipprovehstigagl
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_ synchronizes the burst generator 110. The equalizer 114 is
15 . also operable for checking the Sync Word and DVCC for
identification purposes. ' o

A frame counter 111 is coupled to the burst generator

. 110 and the equalizer 114. The frame counter 111 updates a
ciphering code utilized by the mobile station for each
20 transmitted frame, e.g., once every 20 ms. A ciphering unit
112 is provided for generating the ciphering code utilized
by the mobile station. A pseudo random algorithm is
preferably utilized. The ciphering unit 112 is controlled
by a key 113 which is unique for each subscriber. The
25 ciphering unit 112 consists of a sequencer which updates the
. ciphering code. _

The burst produced by the burst generator 110, is
forwarded to an RF modulator 122. The RF modulator 122 is
operable for modulating a carrier frequency according to the

30 7n/4-DQPSK method (w/4 shifted, Differentially Encoded.
Quadrature Phase Shift Keying). The use of this techhique
implies that the information is differentially encoded,
‘i.e., 2-bit symbols are transmitted as four possible changes

. in phase: + #w/4 and + 37n/4. The transmitter carrier
35 - frequency supplied to the RF modulator 122 is generated by



~accordance with the sel ected receiving channel by a receiving frequency
synt hesi zer 125. Incomng radio 10 frequency signals are received
by a receiver 126, the strength of each signal being neasured by a signal °
| evel meter 129. The received signal strength value is then sent to the

m croprocessor controller 130. An RF denodul ator 127, which receives the
receiver carrier frequency signal 15 fromthe receiving frequency

synt hesi zer 125 and the radio frequd@by signal fromthe receiver 126, ..
denodul ates the radio frequency carrier signal, thus generating an 5w
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15 from the receiving frequency synthesizer 125 and the radio

frequency signal from the receiver 126, demodulates the

radio frequency «carrier signal, thus cgenerating an

intermediate frequency. The intermediate frequency signal

is then demodulated by an IF demodulator 128, which restores
20 ‘the original w/4-DQPSK-modulated digital information.

The restored digital -information provided by the IF
demodulator 128 is supplied to the equalizer 114. A.symbol
detector 115 converts the received two-bit symbol format of

- the digital data from the equalizer 114 to a single-bit data
25 stream. The symbol detector 115 in turn produces three
distinct output signals. Control channel messages are sent
to a control message detector 133 which supplies detected
control channel information to the microprocessor_controiler
130. A modulo-two adder 107 and a two-burst deinterleaver
30 116 reconstruct the speech data/FACCH data by assembling and
rearranging information from two time sléts of the received
data. The symbol detector 115 supplies SACCH data to a 22-
burst deinterleaver 117. The 22-burst deinterleaver 117
reassembles and rearranges'thé SACCH data spread-over 22

35 consecutive frames.



detects the distinction béetween the speech channel and any FACCH
i nformation, and directs the channel decoders 118 accordingly. A speech

decoder 119 processes the received 10 speech data fromthe channel
decoder 118 in accordance w t:h.a speech coder al gori.thm(e.g., VSELP), and
generates the received speech signal. The analog signal is finally
enhanced by a filtering technique. Messages on the fast associated control
channel, -are detected by a FACCH detect or! 120, and the

i nf or mat on is transferred to_ .the mcroprocessor controller 130. The
out put of the 22- bF& HEPTRRFPEafeinterieaveByildsd RRPVAELARTaFBBe FRARER
decoder 118.  gafaph@Ecdiletg@ster 13l dekect ehaBneagedstbddes sl awsassoci ahed
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Fig. 3 illustrates an ment o base station that can be utilized
a cel lul ar t eFARREheliBforBatiRa: opBRatdr¢FtacddIRiafBBNRRLL dAECEPESent 18

i nvention. -Thacl&m'ﬁiﬁaty.on AN @ codBYMBIBSpro6o8BesCthe #kd Sved
whi ch _ _are substanti all dentical Jjn constructjon d.unction to 35
conpontfit par £BeECH ﬁi@trﬁv)béll'%”‘ SR | ORI R L s PELEET rﬁ i g0 Bccordppce with
described in aorjpewdh oootiber @ligdrithmbu¢h . gdentVSELP)c,onpndegengxaitesarthe
' the desor | BECOH VAt ROSRON | & 167 on. BUF aFLearpr o bAUFEL ot et et B
by 5 ‘nmeanenbiarecest i by @ )fikséyingi dechnique. Messages on the fast
associated control channel are detected by a FACCH ‘detector

15 120, and the information 'is transferred to the:
microprocessor controller 130. : ,

The output of the 22-burst deinterleaver 117 is
provided to a separate. channel decoder 118. A SACCH
detector 121 detects messages on the slow associated control

20 channel and transfers that information to the miecroprocessor:
controller 130. .

The microprocessor controller 130 controls the mobile
station activity and the base station communication, and

U ' ' also handles the terminal keyboard input and display output

25 - 131. Decisions by the microprocessor controller 130 are .
made in accordance with received messages and measurements
that -are made. The keyboard and display unit 131 enable
information to be eichanged between the user and the base
station. _ :

30 . Fig. 3 illustrates an embodiment of a base station that
can .be utilized in a cellular telephone system that operates
in accordance with the present invention. The base station
-incorporates numerous ' component . parts which are
substantially identical.  in construction and. function to

35 component parts of the mobile station illustrated in Fig. 2 .



£

- There are, however, sone distinctions between the nobile and base stations..’
For instance, the base station has two receiving antennas. Associated with,
each of these receiving antennas are a receiver 126', an RF denodul ator 10
127", and an | F denodul ator 128'. Furthernore, the base station does not
i nclude a user keyboard and display unit 131 as utilized in the nobile
station. TDMA conmuni cati-ons between the base station and a plurality of
mobi | e stations may be structured acdbrding to 15 the frame structure

illustrated in Fig. 4a. Six tine slaots of equal, duration conbine to ™rm
one franm@ndadesimided otlrbeFﬁQJ HRESdane dthergvditdiyer erfuehbildendigalon.

In a pref&sheoneAbog tamafaégaghﬁ&e@ Qﬁeflﬁ.{ .dy agiien ofndOggmfor a
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sI?% format_from.t he_nnbil e s¥zaécn1go thg base station, whereas Fig. 4c
i | IFust r at®S2PRe4 Bt de'Pr?at( P IR HFREER 05 -station to the nobile
station. Prmheedlngremnthoweherdesscmpt|dnsummcﬁjansflhﬁtkeenﬁ thiE g.
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15 the frame structure illustrated in Fig. 4a. Six time: slots
of equal duration combine to form one frame, each time slot
being allocated to a different mobile station. In a
preférred'embodimeht; the frame has an overall duration of
.40 ms for a frame rate of 25 frames per second.
20  ° The slot format for TDMA communications between the
base station of Fig. 2 and the mobile station of Fig. 3 may
‘be ‘as illustrated in Figs. 4b and 4c. Fig. 4b illustrates
the slot format from the mobile station to the base station,
whereas Fig. 4c illustrates the slot format from the base
25 “station to the mobile station. Proceeding with the -
description of the fields of Fig. 4b, each field
representing an area.containing-specified information, the

field G represent a'guard_time used to separate the present
transmission burst from the previous transmission burst, and
30 the field R represents a ramp time  necessary to fully"
activate the radio transmitter. A short data field then
precedes a synchronization field, followed again by a longer
data field. The field SACCH is used to realize a slow’
associated control channel for transmission of control or
35 - supérvision'messages'between the mobile station and the base:



57 rarrp fi'el ds, the base station to nobile station slot format contains
substantially the same fields but arranged sonewhat differently. The
equal i Zzer 114 of the base station of Fig. 2 and the nobile station of Fig.

3 may be of a construction 10 illustrated in Fig. b5a. A Viterbi
(maxi mum | i kel i hood) detector receives pulses r(n) fromthe conmunications
channel , n . denoti ng a synbol timg,;g-and produces corresponding

maxi rrum«l i kel i hood symbol s d(n=L), deI ayed L synbol :t.imes with respect to

the recefved %%F%eisd usi n?hg 1§le e G egt U?te% [&%h]trfanoéﬂit e chgngel

esti mat or 505 channel “€stTTa € of erqirTYent Shptf
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recei ved pul ses r( are ore I nput to annel t1 mat
505 via a del &indlefeirldols RE: by & %’Tr%lyfb?ld L Byaert f@ﬁﬁ%hea‘ﬁ‘dat—‘ﬁeand

out put g(n-L) g ei&de) bbndebasbosta®dons i pEpdid Q@ialﬁ/lérp d1et Cféﬁﬂs’t
estimator 505 through a swi The Viterbi éget ecto

realized usi nGoRtRARS b?‘bb?%antlai}xg‘:%ﬁr@ﬂmal 5ie s’?‘@?‘naﬂr’ﬁ?‘%%‘ggs%‘?m?ﬂhﬁt

manner wel | - kidd@fdwentkyarf. During equalizer training, a known symbol

sequence D(n) is |%¥é dé(ﬁﬁéf]fzgpafggloﬁ iagaf:r%%o Qﬁaf,%ﬁug? %ES SW Lﬁg éR%

i nstead of the dete nmuny | rkel i
some errors i mokileyl ysbatden e Fig<h :507masr chetr ofl ecr byCQm@tructlon

af oreng tloneglglgggﬁétéagfﬁ{ BigcessRl (nﬁt @PQ&P%J.' RS EANE £ iﬁo%@? |

preesta | i she rane structure o & based on a conti nuously up ate
synbol count edeRAGHF neBeBFIVRE dPYLEES sidill FResddie commwslcations

symiol s i nput ctrﬁriﬁtﬁpharwel RS RPT 54)5 sq;aimﬁtedtllﬂet he. andcaZﬁr&ﬁuces
normal reception or kno in the ca zer | esi ted
[err]. Duri n§ETFMOLED ?&5&%‘5 vﬁéimbﬁﬁ QQ?‘(ﬁs rarfift ed I
known patterns@(nnéonre:mes with respect to the received pulses, using a
15 . channel estimate c(n|n-L) from the channel estimator 505.
- The channel estimate is an estimate of the current impulse
response of channel at symbol time n given pulses received
- L symbol times previously and the corresponding detected
maximum-likelihood symbols. The received pulses r(n) are
20  therefore input to the channel estimator 505 via a delay
element 501 having a delay of L symbol times, and the
output d(n-L) of the Viterbi detector 503 is input dii‘ectli(
to the channel estimator 505 through a switch 507. The
Viterbi detector 503 may be realized using a. suitably
programmed digital signal processor ._in a manner well-known
-in the art. _ | : .
During equalizer training, a known symbol sequence D(n)
is input to the channel estimator 505 through the switch 507
instead of the detected maximum-likelihood symbols d(n-L),
30 - in which some errors inevitably occur. The switch 507 is.
controlled by the aforementioned digital signal processor
(not shown) in accordance with the preestablished frame
structure of Fig. 4 based on .a continuously updated symbol
. counter maintained by the digital signal processor. The
35  symbols input to the channel estimator 505, detécted in the. .



input to the channel estimator wthout any delay. During 5 traini ng,
the Viterbi detector 503 does not detect synbol values. During nornal’
reception, L=M a non-zero integer determ ned by the particul ar

i npl ementation of the Viterbi detector 503 in a manner well-known in the

art. The channel estimator 505 is shown in greater detail in 10 = Fig. 5b.
A transversal filter 506 is used to del the inpul se-response of the
comuni cati ons channel . Conpl ex- “vidf ued synbols [err] are input to &
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15 - period. A set of complex-valued weights €,-C, representing
the channel impulse response estimate is applied to the ta?s
through amplitude-~and-phase controlled amplifiers 5090-n’ a
controlled amplifier ("complex" amplifier) being connected
to each tap. The weighted tap values are summed in a series
20 of summers 511, _n one fewer in number than the number of -
taps. '

During training of the equalizer, the known symbol
sequence D(n) is fed into the input of the channel estimator
at the same time the known sequence is scheduled to occur in

25 the ‘communications - data stream r(n). As -previously
mentioned, during training, L=0 such that r(n) = r(n-L),
identically representing the pulses. carrying the Xknown
sequence. In the prior art, the synchronization word
occurring at the beginning of each communications slot as

30 shown in Fig. 4 has been used for'equalizer training, being -
chosen so as to have good correlation properties. According
to the present invention, both the synchronization pattern
and the coded digital verification color code CDVCC are used
for equalizer training. Referring briefly again to Fig. 5a

35 - therefore, SYNC and CDVCC are both indicated beneath D(n) as



occurs md-burst at a tinme when the equalizer is likely to require

retraining. 5 Referring again to Fig. 5b, the output of
the transversal filter 506 is subtracted fromthe input signal r(n-L)
resulting in an error signal [err]. This error signal is used by an
adaption algorithmindicated by block 515 to iteratively calculate
successive sets of weights that 10 ??L.the |npulse response of the
comunieati ons channel w th si'ncreasing accuracy. ;.. The adaption
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in r&lation to Flgie and 3, digital t @ n1ss I n ul ar npobil e
radi ot el ephone®3% Ehet SANherEi P h gf@gﬁﬁ t?B A%ﬂiﬁ?%nﬁﬁ&%&}
are - 18 - processor used to realize the Viterbi detector 503. A
15 = number of suitable adaption algorithms are well-known in the
ért and are described, for example, in Widrow & Stearns,
"Adaptive Signal ProceSSing“, Prentice-Hall, 1985, and
Haykin, "Adaptive Filler Theory", Prentice-Hall, 1986. 1In
this manner, the equalizer converges so as to minimize the
- 20 error signal € and to accurately model the impulse response
of the communications channel N |
Two alternative retraining methods may be used in
accordance with the present invention. According to a first
alternative, the _complex weights C~C, of the impulse
response estimate,are reset by grounding respective signal
lines through a switch'517 pnder'control of the digital
signal processor such that training starts anew. According
to a second alternative, the complex weights_C;%% already’
obtained are kept but updated during retraining so as to
30 take adventage of what may already be a good set of weights.
This alternative is more .complicated than the previous
alternative for the following reason. |
| As previously described in relation to Figs. 2 and 3,
_ ‘digital transmissions in a cellular mobile radiotelephone
'35 system wherein the present invention may be employed are



~nodul ated according to [err]-shifted differential phase shift keying
wherein synbols are transmtted as the phase difference between a .
previ ous synbol and a next subsequent synbol . Accordi ngly, the sequence
CDVCC that will be 5 - transmitted is known in terns of differential
synbols only, not in terns of absolute synbols. . In order to conpare the
known sequence CDVCC to the sanpl ed-absol ute synbols r(n) in the channel
estimtor 505, CDVCC nust first be-tiafislated to absol ute synbols. |pithe
previ ously described alternative 10 wherein the weights are reset™an
arb|trarwoduAaMadgqdmﬂmﬁiﬂgwt@xah®+ehiétep)dlﬁﬁyrbetaaéu@hasau$hmft
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15 however, the starting phase cannot be arbltrarlly assumed
but must be correctly detected accordlng to the symbol
transmitted immediately previous to the'beginhing of the
cpvce field, i.e, the last symbol transmitted in' the SACCH
field of Fig. 4b or the first data field of Fig. 4c. Using

20 ‘this detected symbol to indicate the correct starting phase,
CDVCC can then be translated to absclute symbols for input -
to the channel estimator. 'The-danger exists, however, that
the last symbol before CDVCC may be incorrectly detected.
In this case, the adaption algorithm attempts to compensate

25 for the unintentionally introduced phase discrepancy by
changing the weights defining_the impulse fesponse estimate.
The result may be less favorable than if the weights had

_ been reset altogether according to the first alternative.
One of the foregoihg'alternatives may be used in a

30 system to the exclusion of the “other in view of the
characteristics of the particular systeﬁ, or the two
alternatives may be used in conjunction with one another,
for example using the first alternative wherein the weights
are reset when a biﬁ—error_rate is detected to be high and



using the second alternative wherein the weights are retai ned when the
bit-error rate is detected to be low. In conjunction with the first
‘retraining alternative (resetting the weights), it may be useful to conduct
several 5 retrainings to achieve better convergence as disclosed in
Swedi sh Patent No. 8703407-0 to Bjorn Gudnundson. Thi s techni que invol ves
buf fering sanpl es received during the expected occurrence of the known
sequenege for repeated use ih‘hétrainingr’ : 2By retraining the
equal i 2et during the niddle of a transm ssion burst using CDVCC, Dbetter
equal i zat i on mednigenthebetsesorsheeditequmtive cavheérednhi thed. welightiser ruree,
si nce CDVCC i Iz ) 14 thed for. al - rg : Iy d
t ransm ssion g\?grlaﬁg%giylﬁ{ﬁcsélﬂér é% %ﬂi?oi%g%\mE%Sag%%cﬁ%% ﬁsﬂ%gﬁd'es.
CDVCC may al so be dgecroriunetienniWagh the SArstr aphrainimgi alteanathiye
pattern be kngwasetHigifededwdighta)) ,var hh¢abeOlse®al tePerdddeCseveral
particularly well- suited for retralnk%ﬁLS|nce.|t IS a recurrent Eatterq
that isPthe sERETEHIGRGRHUEO t RENUBY &t IGT AT CORURREPNESN ATt HofRCloged 1n
g_r fe; erably, tbereaatsmerpawéht ld)_&:.pnsvbbabﬂ-s at & e RN Oﬁhdgﬂmrdgorﬁ“ g.‘his
ITTerent purpose t.o avoLd agalitiqQnal.transmssiqQn overnead. t.w
appr eci at el bYSEHRIEE ERUPRSPS SUESET NG nERREL SSaTorRa hfbodiFing " the

i nventi on canelpestecdicxturrariderofbthe kspen fdeaqudnceasfon rlepehted use
departing fr e :Spi.ljt or essential character thereof. - The
presently digg}ggéﬁﬂgﬂiﬁ ments are therefore considered in all respects
to be 3®| ustrative Byantetrainipgstthet paalizemedusinge the migedlienveht idon

i s indicated Ryatagiakneifeduekai NBsirghaiptd@) Ittert RRMILAM L ang
desc¢ription, and all changes which copg within_the neanlng and range of

: e
equival ents t BENEEF RSN TRRRN t UBLLENHFARe P RFRIGVed. CERFeFmOTe)n
a digital cel kihde restict el £phDr€adysteAnsmitted for another purpose, no

additional transmission overhead is incurred. Other known
15 patterns besides CDVCC may also be used for retraining. The
only requirement is that the pattern be known. The coded
digital verification color code CDVCC is particularly well-
suited for retraining since it is a recurrent pattern that
is the same throughout the duration of a channel connection.
20 Preferably, the pattern will be one that is already provided
for a different purpose to avoid additional transmission
overhead.

It will be appreciated by those of ordinary skill in
the art that the present invention can be embodied in other
25 - specific forms without "departing from the spirit or
essential character théreof. ' The presently disclosed
embodiments are thereforeﬁcOnsidered in all respects to be
illustrative and not restrictive. The scope of the
invention is indicated by the appended claims rather than
30 the foregoing descriptibn,'and all changes which come within
" the meaning and range of equivalents thereof are intended to

be embraced therein.



havi ng a base station and a nobil e station exchangi ng communi cati ons bursts -
~of a specified format, one of 5 said base station and said nobile station
havi ng equal i zer means for reducing inter-synbol interference during said
-conmmruni cations bursts, a nethod of further reducing said inter-synbol

i nterference, conprising the steps af2p0 10 training said equalizer
means using a known synchroni zation pattern occurring at the beginning of
sai d specgfpesgf ormat; and retraining said equalizer means during sai g

comuni cations_bursts usi ec ter according to st
speci fied forn&t, s&PdaEégﬁhi%éauﬁé# geéﬁ°ﬁﬂdFY?Bﬁ§I function
besi des rRavangi agba\sieerseuat:.m chr&iacaombﬂqrﬂmwswﬁonnexehangyn@ol field

which is dlfferenta froom é;l__assefstat on tés) %%er nd is k own and
constant GOFFHE 5§25 PR TS SiF bet i saT *sPBTi Bh and said base
stati of. @aid EheemaﬂamiQﬁ anéusaxBAMQh¥%e1sﬁathencbadlhgomn pattern

occurs in &é‘?i‘i?%m i\%%te'f?ﬁs Mu?u&b‘”' ﬁrﬁt&éf“iﬁée :8LLendd 3.

The netho% alm rei n sai secon attern |st|nQU|shes a
traffic cAaEhBE ééﬁﬂyﬂ?@%l@aﬁdﬂ%&%sw |afm%ﬁhe¢1h@f fusthexr channel s.

4.  The pehfhednef salid m&mﬁ%pmﬁtmwowﬂ?ﬂem gl 8n@ coded

digital verification color 30 code . A nethod as clained in any
precedlngSE?H?nP Wherein said comuni cations bursts are exchanged using a
formpé quadratwaénihaseasid fdquedyiizey meitdaitusing6a kndke net hod of claim

gwggh??iﬁi':gréﬁ l&?‘%é’} é&f“e[ ase%%é&e@%ﬁ%e%ﬁﬁ?ﬁgigﬁ * C L
M S said specified format; and _
retraining said equallzer ‘means durlng said AU
communications bursts using a second known pattern

15 according to said specified'format, said second known
pattern having an additional functlon besides |
retraining, wherein said second known pattern is a

symbol field which is different from one base station
te another and is known and constant during a |

20. transmission between said mobile station and said base
station. _ _ - '

2. The me;hodeoﬁ'claim 1 wherein said second
known pattern occurs in each communications burst
durlng a particular call. _

25 3. The method of claim 2 whereln said second )
known pattern dlstlngulshes a traffic channel carrylng : -/
said particular call from other traffic channels.

4. The method of claim 3 wherein said second
known pattern is a coded digital verlflcatlon color

30 code. o

5.. A method as claimed in any preceding elaim,
wherein said communications bursts are exchanged using .
a form of Quadrature phase shift keying modulation. |

6. The method of claim 5 wherein said modulation

35 is w/4-DQPSK shlfted leferentlally -Encoded Quadrature
Phase Shift Keylng modulation.
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7. The, met hod of claim6 wherein said. second known pattern i-s known-in
terms of differential symbols and said retraining step conprises: -detecting
a synbol value of a synbol imrediately 5 preceding said second known
pattern; calculating a representation of said second known pattern in terns
of absolute synbols after said synbol valzz _of the synbol imediately
precedi ng said second known pattern has €en detected and 10

tralnlqkﬁsald equaL}zer PR éHﬁb gabﬁagﬁa E%%x%?%%ﬁ%? ’F?éOf sai d

second own pattern. mhere sa| i ni ng
step conpri segcnqve'g@atttr@rza setko@mnghtgrmeeefbyhﬁmeemml mmlicslsreans

and deriving g eSSl fgtygiﬂbﬁé ggé?gcgﬁbglgggond known pattern. 9. I'n
a digital cellular radiotel ephone system having a base _station and a nobile

station exchang|mg@ﬁﬁ?ﬁ#ﬁﬁﬁlia?YBhgleP§P§ Bﬁ & sysbed damestinfelne of

sai d base ¢ atg:tedithg as4lidobetenat Rhoai batteg‘nequal i zer means for
reduci ng |nter-synboll?éiﬁ:ference duri

t|ons
apparatus for furt et B39 §aF8PFﬁFEﬁt§§ﬁ88| F g@‘
conprising: ngmttdmn inaterms eﬁldbsqmatezsymbaassaﬁ$eugsaﬂdusymbol
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format; neans for éﬁzu ni ng salg eq uapgzer
connunlcatlon§ﬂmwnnﬁatﬁ¢n© basebeﬁu QﬁeﬂﬁtQQVténd prOV|ded according to

sai d speciyfg ed forngta s sohd §§§8”Qqﬁ§§?%eﬂa¥n¥:§h§ B3\ hid s @ddi ti onal

function besides retraining; and méans for inserting sai d second known
pattern in 35 GHINIRIRANTERFEEAREBEISR Bfir PAdda SEEONE: HRAWT RAtterm- The

apparatus of clai m@, whergé nmeéeh8dse€otlaim 6 wherein said retraining
- step comprises: ’
resetting a set of weights used by said equalizer
15 means; and
deriving a new set of weights using said second
known pattern. '
9. In a digital cellular radiotelephone system
having a base station and a mobile station exchanging -
20 communications bursts of a specified format, one of
said base station and said mobile station having
equalizer means for reducing inter-symbol interference
during said communications bursts, an apparatus for
further reducing said inter-symbol interference,
25 comprising: '
means for training said equalizer means using a
known synchronization pattern occurring at the
‘beginning of said specified format;
means for retraining said equalizer means during
30 said communications bursts using a second known pattern
provided according to said specified format, said
second known pattern having an additional function
besides retraining; and _
‘means for inserting said second known pattern in
35 each communications burst during a particular call.
10. The apparatus of claim 9 wherein said second

* C L M S *




* C L M .S * known pattern distinguishes a traffic -channel
carrying said particular call fromother traffic channels in said system
11. The apparatus of claim 10 wherein said second 5 known pattern is a
coded digital verification color code. 12. The apparatus of claim9, 10 or
11, wherein said second known patterzs known in terns of differential
synbol s, further conprising: |lo nmeans- for nodul ati ng said

comuni ca rl n cod
@adraturﬁhéﬂ’?s?gstﬁ%%@%%tﬁi%‘i%%ﬁi@ e, CheaRe s P YA 8

symbol i nfadCaPan isieka HEPR BRr Kbkt bﬁt?@?ﬁné}§ in ~ neans for
cal cul ati gai& =s¥ReeNt ation. of said second known pattern in terns of

bsol ut nmbol s aft d nmbol f h mpol di at
pr ecedi ng. vai d Reconhe MHRFTRIMEIE Hals HCh) (RSERER; sand REAREY o

trai ni Bg kaiosme graedtiezar mmsc@&gimﬂa?Overﬁftuamed cepoesent at i on of
sai d seco g %nomn pattern. 13. . The apparatus of claim 12 wherein said
means for Tetraining conprises: nmeans for resetting a set of weights used
by said equal i 2&-. mé&hes;appRratBis of chadinsdf ot0deri ¥ingwhemeinset of

Wei Ght S Ugixig SAIchrRP RSk MU 9 185 Nenddn £ BABRY GE 1 NProving the

receptlon of a transmitted signal 1n a radi otel ephone system i ncluding an
equal i zer ! H@ﬁﬂﬁq IRy thERQ s Tirther Compr%?bP%rng sai d equalizer using
a synebroni zat im@ar¥orid® madu ket the roasdi somainbext fens Bakacpgattern chosen

for 11 COLLelat.n oy Opfy thden Wi ELEELOLDR 520 5043 2o Usino
Quadrature Phase Shift Keying; . :
means for detecting a symbol value of a symbol <
immediately preceding said second known pattern;
15 means for calculating a representation of said
second known pattern in terﬁs of absolﬁte_symbols after
said symbol value of the symbol immediately preceding
said second known pattern has been detected; and
means for training said equalizer means using said
20 calculated representatlon of said second known pattern
13. The apparatus of claim 12 wherein said means
for retraining comprises:
means for resettlng a set of welghts used by said
equallzer means; and _
25 means for deriving a new set of welghts using said .
second known pattern. . : : _ o -/
14. A method of improving the reception of a
transmitted signal in a radiotelephone system 1nc1ud1ng
an equalizer, comprising the steps of:
30 training said equalizer using a synchronization
portion of said transmission having a data pattern
chosen for its correlation properties; and
retraining said equalizer using a portion of said
signal, said signal having an additional function
35 besides retraining, wherein said portion of said signal
is a symbol field which is different from one base
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5|gnal sai d signal having an-additional function 35 besides retr:aining,
mhereln said portion of said signal is a synbol field which is different
from one base station to another and is known and constant during the
transm ssion. 15. The nethod of claim 14 wherein said portion of said
transm ssion transmtted for a different2®-purpose is a channel -identifying
portion of said transm ssion: 16. -An apparatus for inproving reception of a

transnﬁ ted %Itsﬂaoﬂ NG 496LREL! 8REODS ﬁﬂé&ﬁnahacwﬁ»sean%n RIUHS 28l
conpri means for training said equalizer using a

synchronlzatF&ﬁﬁﬁﬂ%?%ﬁP%f sai d transmi'ssion having a data pattern chosen
for its correlati %proneétmeshodmlf nehasmfDE whRératin Bgidhipdreddeal i zer

using a porti d SI n a aying . addi ti ona
function be3|3£ g%%%ﬁ #ﬁa§%8h€%%$t 82 g%%%&r?Pﬁnal is a
synbol f|SIdpandsesnshdfehQMMelfnde@nEfwasg portion bd aadther and is
known and con: &Y the transm ssion. 17. The apparatus of claim 16
wherein sald poﬁtlon of said transmission transnitted-for a different

purpose is a chanrd - i RmtRPPRFILWSrEPHnimpPradiagt réﬁsmtggm@f 8. A nethod
of reduci ng iRlanBA Y é{@ﬁéieiﬁngeraalat@lwphahecew%ﬁr m%%@tﬁlgephone

25 system substantially as hereip described wth reférence to the
acconpanyi ng 38 &F4RIsE 290 CHPRLISIRE: for reducing inter-synbol interference
in a dighbal cell wedng afbpt eraphinmg sysd esguabbséanusdnky aas herein

described with 39 I&lELA0EE  BorfiofSof "W e’ Lrahlfi BEEAAPATYAY draw ngs.
data pattern chosen for its correlation properties; and

\— means for retraining said equalizer using a

portion of said signal, said signal having an
15 additional function besides retraining, wherein said

portion of said signal is a symbol field which is

different from one base station to another and is known

and constant during the transmission.

17. The apparatus of claim 16 wherein said

20 portion of said transmission transmitted for a
different purpose is a channel-identifying portion of
said transmission.

18. A method of redﬁcing inter-symbol
interference in a digital cellular radiotelephone

25 system, substantially as herein described with
reference to the accompanying drawings.

19. Apparatus for reducing inter-symbol
interference in a digital cellular radiotelephone
system, substantially as herein described with

30 reference to, or as shown in, the accompanying
drawings. o

20. A method of improving the reception of a -
transmission in a radiotelephone system, substantially
as herein described with reference to the accompanying

35 drawings.
21. Apparatus for improving the reception of a
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20: A nmethod of inproving the reception of a transmssion in a
radlotelephone system substantially as herein described with referencé to .
nthe acconpanyi ng 35 drawi ngs. 21. Apparatus for inproving the reception of
?a 11111111 111111 111111111111111 * C L M S * transm ssion in
!;ﬁﬁa radi ot el ephone system substanti a4 ~as herein described with reference
" to, or as shown in, the acconpanying draw ngs. _
transmission in a radiotelephone system, substantlally ' i;}

- as herein described with reference to, or as shown. in,
the accompanying drawings.
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