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AND ARRANGEMENT OF SI GNAL TRACKI NG AND A RAKE- RECEI VER UTI LI ZI NG SAI D
ARRANGENT TECHNI CAL FI ELD The present invention relates to a

met hod and an _arrangenent of 5 tracking signals in a radio é%ﬁﬁﬁhﬁ?nd a
RAKE- r ecei veWO BB | i zi ng sai d apparattis. Mre specificalP?? e :

I nvention relates to a nethod and an arrangenent of tracking signals

t hat are received by a RAKE-receiver of a CDVA-systemin very close

ti me- di speygegon chfbi ARRANGEMENT! ORI SIGUAT MORACKING gAMD A ARPKE FRECEIVER
positions separated in tine. BACKGROUND OF THE | NVENTI ON In a
nobi | e r adPELETZTNG, SATR: ABRPNGEMENT of such si gnal refl ecting surfaces

as walls, building structures, hills, nountains etc. are liable to
cause the pREAkYSAL rdty adio 15 signal perceiving the signals to be
di spersed 1n tinme, wherewith

The present invention relates to a method and an arrangement of
5 tracking signals in a zradio receiver and a RAKE-receiver
utilizing said apparatus. More specifically, the invention
relates to a method and an arrangement of tracking signals that
are received by a RAKE-receiver of a CDMA-system in very close
time-dispersed relationship, and maintaining the signal . sampling

10 positions separated in time.
BACKGROUND OF THE IRVENTION

In a mobile radio system, the existance of such signal
reflecting surfaces as walls, building structures, hills,
mountains etc. are liable to cause the receiver of a radio
15" signal perceiving the signals to be dispersed in time, wherewith
signals that carxy the same information will arrive at the
receiver at different time delays. For instance, the signals
received may comprise a strongly dominant signal component, e.g.
a direct wave, and weaker reflected signals belonging to the
20 dominant signal component, so-called rays, or a spread of rays
of essentially uniform strength. In general, there exists a ray
which is stronger than the remaining rays and this ray can then

be considered as the main ray.

Time dispersion is generally disadvantageous, since the signals
25 are able to interfere with one another and therewith create
interference fading. Time dispersion can, however, also be of
benefit. The reflected signals transmit the same information as

the main signal. When fading has caused pronounced attenuation



signals that carry the sane information wll arrive at the recei ver at
differéent tinme delays. For instance, the signals recei ved nay conprise
a strongly dom nant signal conponent, e.qg. a direct wave, and weaker
reflected signals belonging to the 20 dom nant signal conmponent, so-called
rays, or a §§ rays of essentiZally uniform strendGI/SEPTRRNer al ,
there exists a ray which is stronger than the remaining rays and this
ray can then be considered as the main ray. Time dispersion is
gener al | y off satirant agaous, sigmede t bessifinal 8h@5 n&;iﬁdaMi@;nhQ i r%aﬁffebé wi'th
one another and therew,th create _ . interference fading, Tine dispersion
can, howevéiecopstyugtedf or mpldfied e cerseriedve giididionaefn thehe
same i nf ordiRdd- t in gignal en;kading us noynced
S o ispersed %\%‘?97/%86%08 thden;fady tlé@%mgg %1&&9199

PCT/ SE97/ Goxddfied. of the main signal itself, the min signal

can "reconstructed” or anplified by constructive addition of the
ti me-dl spersed rays, i.e. the signal beconmes diversity

anpl i fi ed A RAKE-reBeBHKE- 16C8I ¥8did Srerdid@rOwheER! EL1 UL NI Irbaart i s
feature of tinme dispersed signals. The RAKE-receiver includes a
of time dispersed signals. The RAKE-receiver includes a
plurality of independent receiver units, so-called RAKE-
branches, each of which receives and tracks, or locates, a
10 respective ray. The RAKE-receiver also includes means for
combining the received signals, and means for delayiné these
signals so that they will be brought into phase prior to
combining the signals. In order to be able to utilize diversity
it is necessary to detect a plurality of incoming time-dispersed
15 rays, which places commensurate demands on the resolution

sensitivity of the receiver.

Receivers for multi-path spread rays based on the RAKE-principle
are known from US-patent specification 5 305 349,and 5 237 586,
and from International patent applidation WO094/28640. These
20 publications describe wvarious ways of combining the received
signals to obtain diversity amplified output signals. In the
known RAKE-receivers, the RAKE-branches each track respective
rays independently of one another. The drawback with the known
RAKE-receivers is that when two incoming rays are located so
25 close together that the RAKE-receiver is unsuccessful in
resolving the signals, each of the two branches responsible for
tracking a respective ray will track one and the same ray, &o

that one of the rays will not be tracked.

The published patent application GB 2 286 509A describes a

30 method of measuring the impulse response of a received signal in



plurality of independent receiver units, so-called RAKE- br anches,
each of which receives and tracks, or locates, a 10 respective ray. The
RAKE-receiver also includes neans for conbi ning the received
signals, and_neans for del aying these signals so that }%@%ﬂ@@b be
brought int o Wh¥&88, i or to conbininy the signals. In o abl e
to utilize diversity It IS necessary to detect a plurality of incom ng
ti me-di spersed 15 rays, which places commensurate demands on the
resol uti ona radsensystemi yT'hdf reheiveremwgroperate Receiccordahos wikl itheat h

spread rays based, on, the RAKE-pri.nciple . are kno from US- pat ent
speci fi cat RORESOEHACIPIS o Thes npimamgand min{pin {FRYbReSPREPPRTR SNt

appl i cati 09, WORELZBELY . byl NESfeptid at BURLEE 4é P Nndl @t oireble iMak | Rétfopy STHef
conbi ning the received signals to obtain diversity anplified out put

si ghal s. | himhesettingowh thakbraaches erfs theh BARBKEe¢rivesh arecaent nald@d

respective, ra | ndependent | f one another.. .The drawback with the
known > ﬁﬂKl%crcé%glaf}ng %lls?gt %é\}eyv#eoffﬁamva} e r?ﬁ‘einay%‘ear u?epc%\ftse%ns% 25
close togpgek@kent helio tRELuL¥WF- rebRIceBt IaxiMASUESESShAllled Nthan a
resolving the signals, each of the two branches responsible for

tracki ng apredpterpired Shxgshold: yakuenconhi anfe fakbe spxiggn instaRks one
o i he S eMbbanel dedlticne time MLt iU bf NEHe A AheBOPIRE Bty B 2

286 509A describes a od of mneasuring the rnpulse response o
recei ved sisjgakli is not then tracked. This is a disadvantage, because the

10 diversity cannot be utilized.
SUMMARY OF THE INVENTION

The present invention is concerned with the problem of how to
track time-dispersed rays incoming to a RAKE-receiver in very
close succession individually so as to enable frequency
15 diversity to be utilized. When two rays incoming to a RAKE-
receiver have very little time dispersion in relation to one
another, the receiver may perceive the two rays as being only
one single ray. The RAKE-receiver is unable to resolve rays of
all incoming densities, meaning that the frequency diversity

20 between the two rays will be lost.

Furthermore, the bit error rate of the receiver output signal.
will be greater when two incoming rays cannot be separated from

one another.

In the earlier known RAKE-receivers, each branch shall endeavour
25 to track its allocated ray irrespective of the sampling
positions of the remaining branches. This can result in one or
more branches confusing its ray with another ray that arrives at

the receiver at almost the same time. This means that certain
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radi o system The receiver nay operate in accordance with the

RAKE- pri nci pl e. The maxi num and m ni mum i mpul se-response val ues are
nmeasured by a separate receiver and stored in a nmenory. The

ti me-setti ngv@P7288 br anches of the RAKE-receiver are cont RETU/SES?/®I1
accordance wth the stored val ues. Wen the tinme distance bet ween two
mut ual |y adjacent maxinma is smaller than a predet erm ned threshol d

val ue, omtayeneilll ridrvebenkraviced retdnhat theiantieipatedddieens ity tdadnt | me
setting of the branches. The ot her signal is not then tracked. This is
a di sadvasibheothhefO&aiRed410 diversity cannot be utilized. SUMVARY
OF THE | NVENTI ON The present invention is concerned with the problem

of how tOppe dpjaek (616 tHESBIVERR ikAY SmdthedT 1S tumis RAKEcoaeebYercady very
close succession individually so as to_enable frequency 15 diversity to be
utilized. txdciningoin o3 smannresivig oho wilkarroid lopirgi the Hasking wiiatle
time dispersion.n relatiok receiver may perceive
the t rﬁ?% %satbe? r?g c%‘r’ﬁkggbﬁeeg{r)i)g tslﬁengggg%ggﬁyﬁ% KE-recei ver is unable

to resol VRoéa¥@ing to tie | préwsnt nigvieitibh| ethemadbiragaid aproblends enency
diversity 20 between the two rays wll be |ost. Furthernore, the bit

error rat8obyed hBYr 888PTERT obhphit tRe ghapnch sagpling, Pofiddoss \iFeh 1o
. . ; _ ) ¥
I ncom ng@g%ﬁ@% cq%sgeggég%lg% ;ﬂ%ﬂ ugﬁaemggn%&g’erﬁ this &&&f@ Barlier

known RAl etel vers, each eavour to track Its
al | ocat edforaingi ihespbranck sampliing pesitiiong apaposi tInonthdé tway,

T Pl FERITH S AR LR peSeen, alit,tare Lo bt iad, drdar g AL The
sane tiMeor THhe SRR lH1ghateis aiproved.
More specifically, the problem is soclved by detecting and
correlating incoming signals, and initiating the RAKE-receiver
branches with appropriate sampling positions when good
i5 correlation is obtained. The updating values are determined
prior to updating the branch sampling positions. Before actually
updating these sampling positions, a check is made to ascertain
that the time distance between the sampling position updating
values determined with respect to two branches is sufficiently

20 large. If this is not the case, the branches are forced to take

sampling positions that are sufficiently separated in time.

The advantage afforded by the inventive method is that rays
which arrive at a RAKE-receiver in a very dense seguential
relationship can be tracked by maintaining their sampling
25 positions separated in time and therewith enable the frequency

diversity between the rays to be utilized.

Another advantage is that the signal quality of the output

signals from the RAKE-receiver are improved, because the bit
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w Il not be tracked and that the anticipated diversity gain w ll not be
obt ai ned. One object of the inventive method is thus to control ray

tracking in which will avoid |osing the tracking o t hat
can contrlbusgg?%Q e diversity gain. 3 According to thegﬁﬁgggﬁﬁﬁz ‘

I nvention, the aforesaid problens are sol ved by ensuring that the
branch sanpllng positions _are not brought too cl ose together when

updat i ng, éﬁﬁmﬂ‘ﬁopﬁp§to€€Lﬁhﬁlﬁ?celve¢dP%ﬁQquﬁhélspaﬁcﬂl%%uﬁﬂ|1ﬁUeﬁo§P??ons
apart. In 4y Schwmégn{gé%%%yhga% 'deerPSippagagthe rays is obtained

and the qua e out put S|gn IS | oved Mor e
speci fically, the problemis sol ved by detecting and correl ating
i ncom ng siTreal $nvemeiomi widli mth h‘@e RAKEcreb@d védn greaheancéetaidi t with

appropriate_s oSit ons C rrelat on s o

updating vd#ﬁ%ggﬁﬁ BgtBF exe Eﬁb&y ﬁﬂggpﬁ ﬁethﬁﬁﬁ? haggn%}?%g
positi ogs. vﬂ@j}p&%fészbﬁaéWo the WRdainbasly iﬂge&ﬁasaﬁgbl ng positions, a check
is made to ascertain that the time distance between the sanpllng

posi ti on updating
BRIEF DESCRIPTION OF THE DRAWINGS

Figures la and 1b are diagrammatic illustrations of two time-
dispersed signals. .
10 FPigure 2 is a block schematic illustrating part of a CDMA-system
including a RAKE-receiver and an inventive arrangement.
Figure 3 is a block schematic illustrating an inventive
arrangement.
Figure 4a-c are diagrams of the so-called early/late-algorithm
15 used when applying the inventive method.
Figures S5a-d illustrate three separating strategies applied when
using the inventive method.

Figure 6 is a flowchart illustrating the inventive method.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

20 Figures la-b are diagrams illustrating two rays that have been
received by a RAKE-receiver very close together in phase
accorﬁing to a known technique. In the illustrated case, there
is no control of the allocated branch sampling positions. Branch
1 of the RAKE-receiver shall track ray 1 and branch 2 shall

25 track ray 2 independently of one another. Figure la shows the
two signals and the origimal branch sampling positions P, and
P,. In the illustrated case, the time distance Ap between these
positions is too small for the rays to be resolved by the RAKE-

receiver., Figure 1b shows the total signal received in the



val ues determned with respect to two branches is sufficiently 20 |arge.
If this is not the case, the branches are forced to take sanpl i ng
positions that are sufficiently separated in tine. The advant age
afforded by the inventive nethod is that rays which arrive at a
RAKE- r ecei veVYOPH28%, o1y dense sequenti of rel ati onshi p REF/ERIcked by
mai ntai ning their sanpling 25 positions separated in tine and therewith
enabl e the frequency diversity between the rays to be utilized.

Anot her agyaséagechsef haithheapi gnahdquali 2y f phesoutPedause tdiegrades from
t he RAKE-r eceiver are inproved, because the bit , WO 97/ 28608
PCT/ SE97/ sbanals appear: dio cBfit SMlYof OBe SAERBILy SthasEBaRtVed gh¥l W8 1 be

lover thap, .ivel! %}tée CFWQ:V edi%’n. égs”EEHHgt hgg ?@éo#@%@' @PRMeed11ust ratdie
i nventi on*%F1" now be described In greater detall wth reference to
preferredcaseoplifying enbodi nents thereof and also 5 with reference to
t he a%corrpanyi ng draw ngs.
If, when updating, the branches are allocated new sampling
values according to a so-called early/late-algorithm {described
in more detail below) , the two sighals will be allocated the
optimal sampling positions p,, corresponding to the peak of the
10 total signal (see the Figure). They will thus adopt the same
position and after having taken this position the branches will
then both track solely one ray in time. Tracking of the other

ray is lost in this case, and therewith the frequency diversity.

The situation would have been different if the same signals, ray
15 1 and ray 2, had been received just as densely as in the
illustrated case but in counterphase. It would then have been
possible to distinguish two peaks and therewith enable the two

signals to be resolved.

Figure 2 is a block schematic illustrating part of a mobile
20 radio system which includes a RAKE-receiver which utilizes the
inventive method. A signal received by an antenna 21 arrives at
a tracking block 24, which implements the inventive method, and
a RAKE-receiver 25, subsequent to radio frequency division in
block 22 and A/D-convertion in block 23. The RAKE-receiver 25
25 includes a number of receiving units, so-called branches 25a,
25b, and means 25c¢ for combining the branch output signals. When
signals arrive at the RAKE-receiver 25 at different arrival
times, each of the signals is received separately by respective
branches 25a, 25b. The sampling position allocation of the

30 branches is controlled and checked from the tracking block 24,



‘BRI EF DESCRI PTI ON OF THE DRAW NGS Figures la and 1b are diagrammtic
illustrations of two tine- di spersed signals. 10 Figure 2 is a block
schematic illustrating part of a CDVA-system i ncluding a

RAKE- r ecei ver, i nventive arrangenept. Figure 3 i
schematic il IWUQPMQ an inventive d arrangenent . s’éf%hﬁ@%%a-c
are diagrans of the so-called early/late-algorithm 15 used when applying

the inventive nethod. _Figures 5a-d illustrate three separatin .
strat egi esiappcceddanes thhu§hﬁglmenth%rfﬂ¢wc}mt%.ﬂgnalsFifg&ﬂ%\e S s a

flowchart []] %Eﬁ @9“{5!35 __| ent.i.v t ; : L EQnbEniy dddld OF
PREFERRED ER@@ |%\uér e%grlel %T%%a:&gggﬁgaﬁaﬁgizﬁ%ust rating two rays
that have heenin adcecdaved bwth BAKDawacdiechnigeey sbose ttogeidtérini mrphase
according to a known technique. In the illustrated case, there IS no

control of cuRBuE| shmale o Hgﬁhg’érﬁb‘}"?‘??gqsﬁﬁgi tpohe EMAISHSTeNn. | of {he
RAKE- 1 gcel }egéuggai 34 rétrﬂt%?:y séhéas’tﬁf aﬂq%s%ratbﬁiég RS donpblehf¥ &F the

i ndependen one ano . Figure la shows two signals and the
origi nal braackisanpllogl posi tshows Ricesr rsabhdblock Bsergonneptedhg&o the

illustrate as the ti di_st ance rr et n_t hese . i L S
Loo o | FRRETREsteliRs « (s, CPaChTRa oI R RARELSREE °f ang, jaPESLHADE | D
shows the tat ehgstdnglidacRiekcd b8afd€ unit 24a, a processor unit 24b and

two tracking units 24c and 244. These units are mutually

10 connected by means of two-directional bus connections with the
signal flows 8;-8, illustrated in Figure 3 and described in more

detalil below.

The search unit 24a and the two tracking units 24c, 24d are
comprised of signal processors. In particular, the search unit
15 24a is a correlator which correlates an incoming signal with a
code sequence Kknown in the receiver for detecting correct
signals incoming to the RAKE-receiver. The search unit 24a and
the two tracking units 24c and 24d are controlled by an
algorithm from the process unit 24b, as described in more detail

20 below.

Although the tracking block 24 has been shown divided in Figure
3 into the aforesaid units, inorder to improve clarity, it will
be unterstood that the tracking block 24 may be designed as one
single integrated circuit (ASIC). The arrangement may also
25 include more than one search unit. These search units then
search at different time intervals, to increase the speed of the

search,

As shown in Figure 3, the RAKE-receiver 25 of Figure 2 includes
the two branches 25a and 25b and the combining means 25c. Each

30 of the branches 25a and 25b is connected to a respective
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present case, with ray 1 and ray 2 in phase. Because the two signal s
appear to be only one signal when received by the receiver, the two
signals cannot be resolved in the illustrated case. [ f, when
updat i ng, t¥EOBV28MEnes are all ocated nefv sanpling val u@STSE¥SOM2Ng to a
so-called early/late-al gorithm (described In nore detail below) , the
two signals will be allocated the optimal sanpling positions Plerr]

corr espontiragktingt haigeaR4of ande 2401, t andl tdiegnedmbiuiadg HeeatisyuRrdy. IFhey:

i1l th d | ti d, af ' k hi I ti
the br ancRBESRFEPd £S5 MaropSERaR WL 301 575 SREATSYPYER (PRE SHrdiTng of |

t he ot her ray is lost in this case, and therewith the frequency

di versit yas befof8edestribbéedyn avemiltiRpath bepreat fdigmmit ibf colhprissed of
signals, ray 15 1 and ray 2, had ggﬁn éeceived | ust, as densely s in the
i | [ ustrat 8douabexpaf PRt driggashitted YRy ateinyEhpeEdy thab &y e

?gsg: \S/':'te id.nggll;;élivE&D £eaks 23R8 Hher Wi BRD! eht &R est patidN@bs dne be
receiver can be considered as being the main ray. The main ray
may be the direct ray that has not been spread, or a rxay that
has been spread by some form of object when the direct ray has
been attenuated out. The first incoming signal having a signal

10 strength which exceeds a predetermined minimum strength, My,, is
received by the search unit 24a in the tracking block 24. The

gearch unit 24a searches for a time interval within which one or

more echoes (rays) of the main ray can be expected to be found.

The search unit 24a correlates input data with the correct code
15 sequency at different time points, and a signal peak is obtained
when a signal is found. Otherwise only noise is obtained. A
decision that the correct signal has been received is made by
the processor unit 24b on the basis of information, signal S;,
derived from the correlation in the search unit 24a. The
20 processor unit 24b then informs the search unit 24a of its
decision, signal S,, and the search unit 24a continues to search
for more rays. The search unit 24c or 24d functions to provide a
branch 25a, 25b with its sampling positions, and if the
correlation is good indicating that a xay has been found,
25 tracking of the signal is commenced by virtue of the processor
unit 24b initiating the tracking unit with sampling start
positions, signal S;. The tracking units 24c and 24d then
command their respective branches 25a and 25b, signal S,, to

sample the first values at their start positions.



Figure 2 is a block schematic illustrati ng part of a nobile 20 radio
system whi ch i ncludes a RAKE-recei ver which utilizes the I nventive
met hod. A signal received by an antenna 21 arrives at a tracking bl ock

24, which i ts the inventive nethod, and a RAKE-receiver ,
subsequent w&%&frequency division ith bl ock 22 and ngwpﬁion
I n block 23. The RAKE-receiver 25 25 includes a nunber of receiving units,

so-cal | ed branches 25a, _25b, and neans_25c for conbining the branch
out put si gRefere \\sach updatipm| of arhe veampling: Pexitian f gt oganches

di fferent rival tijmes, .each o i das T LV t by
respecti vegga Oﬁrﬁm‘ne"’é %cfklggb}m %eag(gn%f %‘5& 3'6131?1 if‘é%ggl ﬁ%%éaﬁﬁ%éo@e{he
30 branchggst ssapliny | € hxdinak ellel B2EhabepéaRCEE Nghd| Kiggnadd to be

VO 97/ 28608 7 " T PCT/ SE97/ 00132 i n
accor dancet#heked heln hetiljastzahed casry sitgrid SS5UmRe; FRat the Seaxmh

RAKE- brsancngﬂ_.arz%at 'B%é\sor%.t]&?paéé] LiE ERID! n%ﬁﬂoﬁ&fﬁ@ly, tHe Cptcessor

accordance W th a known technique, so as to obtaln an out’put si gnal
for furtheunpt oz4ls simit iiateshbotbMrasksingnunibs FR4o 241 ivsith dpprépsiatenmatic
illustrating the conponents of the tracki ng, bl ock and_shows how sai d

bl ock i s cBAMBLIRY t §OBREions RARE. thSchddWo ThEXRRCRES ngzgﬁ‘oc? 4 of&

Figure 2 apdshLLusedas ed in Figure 3 includes a search unit 24a, a
processor unf;%) 24b ala%l two tracking units 24c and 24d. These units are

mutual |y 10 connected by nmeans of two-directional bus connections with the
Before updating the sampling positions of the branches 25a, 25b,

10 the tracking units 24c, 24d determine the updating wvalues of
sampling positions according to an early/late-algorithm
illustrated in Figures 4a-c. This algorithm is stored in the
tracking units 24c and 24d. The signal strength is determined at
two different positions, firstly in a position earlier than the

15 sampling positions concerned and secondly in a position later

than said sampling position.

In Figure 4a, the earlier position is referenced T,, the current
or prevailing position is referenced T, and the later position
is referenced T,. The strength of the signal at these time
20 points is referenced M,, M, and M, respectively. The sampling
position updating value is determined as the position in which
the strongest signal strength is measured. When the strongest
signal strength is measured in the current sampling position T,
this position is maintained until the next updating occasion
25 when the same procedure is carried out. This case is shown in
Figure 4c. In other cases, the sampling position is moved either
to the position T, or the position T, in which the strongest
signal strength is measured. In the case of the Figure 4a
illustration, the strongest signal strength is measured in the

30 later position T; and conseguently the updating value of the



signal flows S[err]-Serr] illustrated in Figure 3 and described in nore
det ai | ~ bel ow. The search unit 24a and the two tracking units 24c, 24d
are conprised of signal processors. In particular, the search unit 15
24a is a correlator which correlates an inconmng signal with a code
sequence knd¥P%1386@Bne receiver for detdédting correct s IPGRBESTNORRO N ng
to the RAKE-receiver. The search unit 24a and the two tracking units
24c and 24d are controlled by an al gorithmfromthe process unit 24b,
as descri Bgfipl IngOdsdetiahl B0 ideligw. this cAbkhosiirddae t6 agkengidiack 24
has been shown divided in Figure = 3 into the aforesaid units, inorder to
i nprove cPaEityoniTi.nids shownpin Rigwse otk tThe updatingcNahves| Kk Bhe nay

be des! Ongdr 33100 posir 80 £, | ML AR Gl ko (ABlidnesT f2aATdN SIEPN!

may al so incfutle nore t hah ‘one Search unit. se search units then
search at agef Getenhinédein nhesvehg, to increase the speed of the
sear ch. As shown in Figure 3, the RAKE-receiver 25 of Figure 2

i ncl udes the two anches ,25a, and 25b.and t he, conbi ni_ng, neans_25c. Each _
20° o "t REEOFanERESAT IS SRR 59, tPE EANRBEIS POR L PR 5o LhP  BFandss
WO 97/ 286985, 25b with the updating values T, anBCH,SESYéAMhEd by the

tracking unit 24c and 24d, and the conbi ni ng neans 35¢ i s
early/late-algorithm, the processor unit 24b is informed by the

tracking units 24c and 24d of the result of the performed
early/late-algorithm signal S;. The processor unit compares the
10 time difference between the two updating values of "sampling
positions |T,-T,| determined for the two branches with a

predetermined minimum distance T.,.

When the time difference between the determined sampling-
position updating values is greater than the minimum distance,
15 the processor unit 24b informs the tracking units 24c and 24d
that the determined updating values are acceptable, signal S;.
The tracking units 24¢, 24d then update the branches 25a, 25b

with the determined updating values T,, T,, signal S,.

On the other hand, if the time difference is smaller than the
20 minimum distance T,,, the processor unit 24b forces at least one
tracking unit 24c, 244 to move its specified sampling position
updating value so that the difference will thereafter exceed the
minimum distance T,;,, Signal S,. The specified sampling position
updating values can be separated in accordance with any one of

25 the following three strategies which involve respectively:

1. Mutually separating both updating values so as to obtain

two new updating values.

2. Moving the sampling position updating wvalue for the



connected to a downstreamunit in the CDVA-system (not shown). As
before described, a multi-path spread signal is conprised of a nunber
of mutually tinme-shifted rays, wherein the ray that is 5 received first
and has trav shortest path to the receiver canl,Qﬁ. %'ﬂered
as being the main ray. The main ray 1r’r’ay be the direct ray at has not
been spread, or a ray that has been spread by sone form of object when
the direct ray has been attenuated out. The first incom ng signal

havi ng a si gnktaich shesndwackhi theewankesta g398adt AAhSFMR nFEIM

strength, Merr i Leceiv, . 1 h rc g . 2 | e I ng

bl ock 24. Thesakplﬁ’i%rgﬁsﬁﬁf a Zgédal}yé'gﬁcﬁéa?ﬁor%%yt#’r% fslg.f%%ézﬂ% V\Aé{t i n ‘whi ch
one or MOYB 188 N0 Smé {1Eined ahleunBhdnday. @iushe iaxphis echden ke rfeound.
The search unit 24a correlates input data with the correct, cqde_15

sequency at dFRWBIERG (PORLLIODN:UPdaLinNG IPdHEI RakdSEIEPERnetPT  thfhen a

signal ds fou eL W only noise is obtained. A deci sion that the
correctg Si gnapgﬁléé%geée%&%gic’ei ved i s made by t he processor unit 24b on
the basis of information, signal S[err], derived fromthe correlation

in the seaBchMowihg2tbe Sawplitg pesitisyompdacingsvpalusfamtbens t he search
unit 24a of i{s eci sio jgnal_Slerr]..and.the search, uni

continues to EEQPEH chat l'fxi?r&'ﬁogbgr% 'Igﬂ% Bigpal WY ef%g@ Stieééfﬁgﬁ%g
functions to peg¥tiéna updatibganediuwbaro2Shiid t vekestargilgnag, phschi ans,

and if the correlation is good indicating that a ray has been found,
25 tracking aetapeed grghangedemBrted B vEPife @8S¢ hé pRBYestdyPPling

uni t I nitiati h My ' Lt éﬁ_{g}(i-i start hdd NS,
signal™ S[err] .k’g%%gg?{lagﬁ%%&é |tgvsébr2uﬂ.etc \gﬁdk%4 t 13%% %af_cg%?anﬁ t eéll‘
respecti ve braigha3.25a and 25b, signal S[err], to sanple the first

val ues at their start positions.
Figures S5a-5d illustrate the different strategies for mutually
separating the updating values of sampling positions. Figure 5a
shows the optimal sampling positions T; and T,. In this case,
15 the first branch 25a tracks the strongest signal and the second
branch 25b tracks the weakest signal. Strategy 1 is shown in
Figure 5b, with which two new sampling position T, and T,  are
determined. Pigure 5c shows strategy 2 wherewith there is
determined a new sampling position T, ~ for the second branch
20 25b which tracks the weakest signal. Figure 5d shows the third
strategy wherewith the sampling position for the first branch

25a that tracks the strongest signal is moved to position T,,”.

After separating the updating positions, the signal strength is
checked at the new updating value or values of the sampling
25 positions T,", T;”, Ty;", Ty . If the signal strength M;", M,”,
M;,", My~ at one position is below the predetermined minimum
strength M,;,, the current or prevailing sampling positions are
retained wuntil the next wupdating occasion. If the signal
strength exceeds the minimum strength in both of the sampling

30 positions, the branches are updated with the sampling position
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Bef ore' each updating of the sanpling position of its branches 25a or
25b, a tracking unit 24c or 24d will first determ ne the best sanpling
val ue around the signal peak of the signal to be tracked. In the
i|lustrated \E’QM is assuned that th¥search 5 unit 24ECH¥EIH0BH0 rays
and that, accordingly, the processor unit 24b initiates both tracking
units 24c, 24d with appropriate sanpling positions for the two branches
25a and 2%fpdatingespatiueyeldetermineBel e apstatdanget heisknmneng ofostheons
of the branches 25a, 25b, 10 the tracking units 24c, 24d determ ne the
updat i ng \Afioresadfl strakegdsnFigpddi fions according to an
early/late-al gorithm illustrated in Figures 4a-c. This algorithmis

stored in dm‘ﬁée three rs?&ﬂt@gieai idpR@Ccerad 24 sidiatsiwingl nokr ®R0AmpIed
det erm ned at two di fferent positions, firstly in a position earlier
than the 1 shepbphimabssanphing opesition abfl thisnwbyld nresyplsi inofhprat er

th id Li ition.,. . I ' | It [
o or chco PR HiiRe gRRshion tob(eihidl Eodfendds AndiEn RATLL wil1 S
T[err] andddiat! aifr POosohie@Rat poorer’ esFeilc ectallier rdhanThes Stgpedgial , of

the signal at these time 20 points is referenced Merr], Merr] and Merr]

respect | veiseaquemeys siveraity ispgainedbdngiead r§ Japies i%}‘%é’t’@r"%ﬁlﬁ@dogs t he

position i | h Iga e ' r engthy Jigs as t he

st rongest d %éﬂggg‘lnél T?%rgl gt wlag ?ggghgggéi ﬁtst he cuﬁpeﬁmsa%pﬁgﬁg%%gg?’t I on

Tlerr], duriics apedghabntraciiigpaioeedsunti| the next updating occasion 25

when the sane procedure is carried out. This case is shown in | Fi gure
ition is moved either

Bosi 118 THibriHE REQTRSTEABEan CTPRR T R IE e BT ggaired by Ewo
branches. It will be understood, however, that the inventive
method and inventive arrangement alsc function in the
aforedescribed manner when more than two rays are received. For
instance, when three rays are found by the search unit, three

15 tracking units will provide three branches with appropriate
sampling positions. In this case, the strategies applied in
mutually separating branches that lie closely adjacent one
another will be slightly differxent than in the case of two
branches. In this case, the sampling positions of the first and

20 the second branches cannot simply be compared with one another
and the sampling position of the second branch then compared
with the sampling positions of the third branch. Such a
comparison procedure may result in the sampling position of the
second branch being moved forwards and backwards. It is

25 therefore necessary to check both time distances independent.

of one another. One strategy is never to move the second branctl

but only the first and the third branches if so required.

Figure 6 illustrates the different steps of an inventive method
when two rays are found. Incoming signals are detected in step

30 1, and whether oxr not a ray has been found is determined in step



signal strength is neasured. In the case of the Figure 4a il lustration,
the strongest signal strength is neasured in the 30 l|ater position T[err]
and consequently the updating val ue of the WO 97/ 28608

10 PCT/ SE97/ 00132 sanpling position .5 1IN
this case shiNQTH8 (he I ater posittdbn T[err], as shomﬁ&ﬁﬁ |gtre 4Db.
The updating values for the sanpling positions T[err] and T[err] for
the two branches 25a and 25b are determned in this way. 5 Before.
actual |y updabyngorirelasingi neceiosid iimpatofatheabr dbffiment tim@5peitH, with

th dat i | T d.T .det ined Qy th
car | v/ | at o APEBoA-{ TFH e GRGISSIPRLAPT PRRE (8% HoStER B} FRe search
tracking urngs s ?L%d.&q‘ﬁiﬁgrﬁhel{' eshe t cQfrd Nt iRR FiY fRdged to be good

early/l ate-al'gorrthm signal err]. The processor unit "conpares the 10
time differigeese inetstepn 2 he at wayupdat bagn viburd. ofn skaml3ang trackpagi ©f ons

Tlerr]-Tleng), detiermned Lor, e o ArAnghes Wil ffnon wREUS! LSS
sampling position start value.

In the case illustrated in Figure 6, there is found a further

ray which passes through steps 1 and 2 in accordance with the

aforegoing. Another branch is then allocated to search for this

16 ray, and accordingly this branch is initiated with an

appropriate sampling position start wvalue for tracking this

further xray, step 3b. A sampling position updating value is

determined in accordance with the earlier described early/late-

algorithm, steps 4a and 4b, prior to updating the current

15 sampling positions of the branches. This is effected by

determining the signal strength in an early position upstream of

the current sampling position and in a late position downstream

of said current sampling position. When the signal strength in

the current position is the greatest strength, this position is

20 retained until the next updating occasion. If the signal

strength is greatest in the early position, the new sampling

position wupdating value is determined as this wvalue. If,

instead, the signal strength is greatest in the later position,

this position becomes the new updating position. The updating

25 values of the sampling positions Tl and T2 for both branches are

determined in this way.

Prior to updating with the updating wvalues determined by the
early/late-algorithm, a check is made to ascertain that these
values are sufficiently spaced in time. This check is carried

30 out by comparing the time difference betweer the determined



When the time difference between the determ ned saapli-ng --»—u} I on
updati ng values is greater than the m ni num di stjange, SHET HAmBEﬁN essor
unit 24b inforns the tracking units 24c and 24d o i

updati ng val ues are acceptable, signal S[err] A
24d t hen up¥@8728488 br anches 25a, 25b with the determmsuwiﬁl ng

values T[err], T[err], signal S[err]. 14 On the other hand, if the tine
difference is small er than the 20 mninmumdistance T[err], t he processor

unit 24b f n t ckln unlt 24c,_ 24d to ve its -
speci fi ed Qé&g’? g% §%§§t9°gs TH 1%2 Wal G RFaeiermiBed; 1 FERLLRSE wi | |
t hereaft er d&scandethan, stepisni lmm:ﬂé Sttiiié: dififerehce SidNHea®e® than TPEe
specified s | i ng position updati ng val ues can be separated in

accor dance heghy PsrBiBEed ﬁlsﬁwaol (nsni Hy #heReSki r Beegbrancies hare
I nvol ve re e I Tﬂ?ﬁq[ t h dat val ues so
as to obt aﬁ%ﬁﬁié& hXtaotﬁgwd%B %%Hngé V%. g’ﬂ‘ﬂ ng%%k ' hg aﬁb‘r’? ng
posi ti ons updagndgébal I iy tiilme difference is smd1&r/ &?ﬁ)&n step 5}, at

PCT/ SE97/ 0Q132 ranch that tracks the weakest signal away from
tﬁ-(la- east one updatgng value is moved to another samplg.ng pos:.t):ln.on.

so that the distance between the thus determined positions is

greater than the smallest permitted distance, step 7.

Separation of the sampling position updating values is effected
10 in accordance with one of the earlier described separation
strategies. A check is then made to ascertain whether or not the
signal strength at the position that has been moved is higher
than the lowest permitted signal strength M., steps 8a and 8b.
If the signal strength is too low (no in steps B8a and 8b), the
15 current sampling positions are retained until the next updating
occasion. If the signal strength is acceptable, {yes in steps 8a
and 8b), the branches are updated with the sampling positions

determined in step 7, steps 9a and 9b.

As beforementioned, the method can be applied with more than two
20 incoming time-shifted signals. According to simulations, a
suitable minimum distance Ty, may be of the order of one chip
duration. When practicing earlier known techniques, the RAKE-
receiver has been unable to resolve signals that follow one
another at such densities, and hence frequency diversity has
25 been lost. The inventive method thus improves the quality of the

received baseband signal.
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sanpl i IIﬂII uLng val ue for the strongest signal, which is
mai nt alnﬁma IIII“III B Thus, in this case, a new sanpl i ng

posi tion*updati nd val ué is determi ned for the 5 weakest signal .

3. Moving tth§ | ng position updating value for the branch that
tracks the strongest signal away from thd8anpling po YO MPfat i.ng
val ue for the weakest signal,which is retai ned unchanged. Thus, in
this case a new sanpling 10 position updating value is determned for
t he strongest si gnal . coiagsses 5a-5d illustrate the different
strategies for nutually separating the updating values of sanpling
positions. Figure 5 shows the optimal sanpling p03|t|ons T[err] ,and

Tlerr]. In thi® '&%’é’é"d 1°of tRekipgspighaly ninseping, tRs 2t KRdLR rERRAME s ignal
and . the secg @Iﬂ_y clod¥ %Ee%@gv\’hl gﬁ&sc&ﬁﬁri’ﬁ %t maidN2hy Did 8l §Miradit

shown in lgure 5b, with two new sanpl i ng p05|t|on T[err] an
Tlerr] are of xdgwerphaiedarei gume-8biSteds int tmﬂagy.oﬁ \Mmerel\mttuamemm.s

det | t d, b h
S oh Poci ottt S AdtRaRY] (OF, 58 S dapadlp, i REERRFInS B & nei2h,
wherew th thgoSaapki WBiBRSEhiPP £RE é&sefiﬁﬁérnwﬁw and whight %&tn%aales

the strongest signal is noved to position T[err] After separating the
updating poshei seseivhe simgnbimet shhfted relaticomaitiedwith t leaenanalhdati ng

I I 25 t T T T
I?eIJrG] o I I‘/a #%é%%ena efigﬁglt Rgl\/[ errIOOSI\/[ Ia(r)II]S terrl, I\/[ eI re]r " I\/[ eI re]r rIﬁtt one

posi tion isibetiaeide (B£dedlsl nbeprtkatienithadking S *aghh oY e .ddterted

current or revailin Sa lin ositions are
o0 PLev: g sanpling p

determining (4a, 4b) a respective updating value of the sampling
position for each tracked ray;
determining (5) the time difference between two mutually
adjacent sampling position updating values;

15 comparing (5) said time difference with a predetermined minimum
value; and
changing (7) at least one of said updating wvalues in accordance
with said time difference, such that the time difference between
the sampling positions will thereafter be greater than the

20 minimum value.,

2. A method according to Claim 1, characterized by continuocusly

updating (6a, 6b, 9a, 9b) said updating values.

3. A method according to Claim 1 or Claim 2, characterized 3in
that determination (4a, 4b) of a respective updating value
25 includes calculating the signal strength in the current sampling
position of a tracked ray and in two separated sampling
positions of which one position is earlier than the current
value of the sampling position and the other position is later

than the current value of the sampling position;



retaine updating occasion. If the signal strength
exceedsﬂlmmm“ﬂ“mmungt h in both of the sanpling 30 positions, the
branches*ar® upddted wth the sanpling position VO 97/ 28608
12 PCT/ SE97/ 00132 updating val ues determned in
accor dance WQ¥/286M8 of the af oresajg strategies, signZCTBE®H0]32
The three strategies inply that the signal will not be sanpled in the
optimal sanpling position if this would result in the 5 branches bei ng

positi on to Cl Of:ﬁaI:O & uei)datA%x%;h9$9@ th' \@erml Ssrfﬁat %tiSHE%at

poor er U -t han 155 op re uency I VEr Si y i'STgai ned

i nst ead ofsahas ithgetheanpdihg Nipgdftions iAa whfonl thd hsestpdaignag Bt@eﬂdtmie is
carried out continuously during a signal tracking process. 10 1In the
af or edesch@ScbeernOBFaEM3: two rays are received by two branches. It

wi || be understood, homever that the inventive met hod and inventive

arrangement, Aahaeho&uae&mngoeo Elgim 3, HaHaRHe2ELbAWY THHARInYNGBa O €

than two rays are recelved
5 6b) with the determined updating values of sampling positions
when the time difference between these wupdating values is

greater than the predetermined minimum wvalue.

S. A method according to Claims 1-4, characterized by changing
(7) at least one of said updating wvalues when the time
10 difference between the determined updating value is smaller than

the predetermined minimum value.

6. A method according to Claim 5, characterized by determining
{7) the new updating values for both rays when the updating
values of the sampling positions lie closer together in time
15 than the predetermined minimum wvalue, such that the time
difference between the new updating wvalues is greater than the

predetermined minimum value.

7. A method according to Claim 5, characterized by determining
{7) a new updating wvalue of the sampling position for the
20 weakest ray when the updating values lie closer together in time
than the predetermined minimum wvalue, so that the time
difference between the new updating value for the weakest ray
and the updating wvalue for the strongest ray will be greater

tha.: the predetermined minimum value.

25 8. A method according to Claim 5, characterized by determining
(7) a new updating value of the sampling position £for the
strongest ray when the time difference between the updating

values of sampling positions lie closer to one another in time



I nstanc are found by the search unit, three 15 tracking
units V\Aﬂ"mmuulmﬂﬁmmrbranches W th appropriate sanpling positions.
n this dasé, the"styat*egies applied in mutual ly separating branches

that lie dj acent one another will be slig ' ent
8%7 hibdi51

than in the case or two branches. |I# this case, the sanpling positi-ons
of the first and 20 the second branches cannot sinply be conpared with
one anot her and the sanpling position of the second branch then
conpared thann tthd hepreaigtlerngnedsi wimmamof vadlmet, hi md braaeh. thachtame
conpari son_, procedure in the sa second

| t [ It f th
branch beiq?gfqﬁﬁ?éﬂ’ef S?&é?é’gs ; mmﬁ& If’ggggo%rléglfeorsé’frﬁeﬁécﬁggary
to check hgid dy ﬂa%tiﬁBC$§lﬁé‘dfc%erﬁi@‘beakestoi*afn@iﬁ‘cﬁé“%rma%% ghaat egy

i s never to nove the second branc but only the first "and the third
br anches itfhes predgterained minimuguvelgeil | ustrates the different steps of
an i nventive nethod when two rays are found. Incomng signals are

Qorocted ¥ ¥ epdd adeoRithy™S! URG B0e 198 ALiHY 828, PGRRe1]568 by

g_?:tT/e rSEg_g/e MEhFilating 2(8a)y 8M)r redeat signdecetvatbtpat thé anatv dipbheiagt
time pOIr“églues of sampling positions;
comparing (8a, 8b) said signal strength with a predetermined
minimum strength;

10 reinitiating (3a, 3b) with the current values of the sampling
positions when the signal strength is smaller than the wminimum
signal strength; and
updating (9a, 9b) the sampling positions with the determined
updating values when the signal strength is greater than the

15 predetermined minimum strength.

10. A method according to Claims 1-9, characterized in that the

predetermined minimum value is one chip duration.

11. An arrangement for tracking rays incoming to a radio
receiver in very close succession, comprising at least one
20 search unit (24a) which functions to search input data within a
given time interval and to correlate the received input data at-
different time points, a plurality of tracking units ({24b, 24c)
which function to determine the updating values for the current
sampling positions and to continuously update the current
25 sampling values, and a processor unit (24b), characterized in
that the processor unit (24b) is constructed
a) to decide whether the correlation of input data is good or
bad, wherein the search unit (24a) is ordered to continue its

search for incoming rays when the correlation is bad, and a



step 2. Ll!ummmm.ﬂgltlwﬂn I's poor (no in step 2), the search for rays
Is conti c i scokl el ation is judged to be good (yes in step 2),

a'ray has been found. In step 3a, tracking of 5 the rays is conmmenced, by

initiating h with a suitable sanpling position start val ue.
In the case‘%?%%at ed in Figure 6, tH&e is found a furtHEySEIT003% 5
whi ch passes through steps 1 and 2 in accordance with the af or egoi ng.

Anot her branch is then allocated to search for this 10 ray, and _
accor di ngtyackimg uhitan¢idc, s24d)niis alreitiametih with a saappiogrpasitzanpl i ng
position start value for tracking this , further ray, step 3b. A sanpling
posi ti on Bp&&EEi FRtueIwhen the coprelatiqn.ds go98¢or dance with the earlier

descri be arly/ | ST | ri . n [ to ?'?ﬁ g the
current gg? sgér!rplt?éntgemplgsﬁtihgﬁs {%&?@ t 13%5@23%32&’%% s%ulcs mg ecjf}gd by .
det er m ni adgjatentsi gpdhtingenvglihesn cfn smmplingospositiansst ndsewedin said he

current sappl | nQ. gsi tion and in a | a%e f(.)étlét i on dovgwt ream of, said
current sGiPPi n‘glg SYETSh. WheFAREYEP gn t rengeFeqarermingd e BERWRE
posi tion §gstiifcd) CAME@SWh&tdONH, 1dd¥tS dRRSIdH thel TrdBkihGt @hies (244, |

the next updating occasion. |If the signal . Strength is greatest in
t he earl y24dki ieowrderedndn SifEi ifs sampdangi pesipioni wpdating: value

determ ned, as thi.s, value. .k i nst ead h i,qnal . strength is greatest
o the | aPast sl ofidE aibrerencd 8hCTuaaags SR cie) BRaretn | 701
The updat mpgindm waluwes agfd t he sanpling positions T1 and T2 for both
branches are determ ned in_this way. Prior to updating with the

updafiPng Gkl tescRRtlerthatefhpysigRal strendth ig; esek ptarmired BAREATS nmade
to ascertgihitlal 1dehRater LAnN%R SldactuihlifLaNYinRAGRIshGCh! 8. Thi s

check is carried 30 "out by conparing the tinme dif ween t he
det er m ned
12. An arrangement according to Claim 11, characterized in that

the search wunit (24a) includes a signal processor and a

plurality of correlators.

15 13. An arrangement according to Claim 11, characterized in that

the tracking unit {24c, 24d) includes a signal processor.

14. An arrangement according to Claim 11, characterized in that
the search unit {(24a) and the tracking units (24c, 24d) are
connected to the processor unit (24b} by means of two-

20 directional bus connections.

15. A RAKE-receiver (25) which utilizes the arrangemenﬁ
according to Claims 11-14, comprising a plurality of free-
standing receiver units, so-called RAKE-branches (25a, 25b),
characterized in that each branch ({25a, 25b) is connected to a
25 respective tracking unit (24c, 24d}; and in that the allocation
of sampling position updating wvalues to the branches {25a, 25b)

is controlled by the tracking units (24c, 244;.
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are retained until the next updating
A
Ray 1 Ray 2
B \i;/ \\%/ i
pl p2
. FIG la
Ray 1 + Ray 2
e
NS TT N4 — i

piz

FIG 1b

RECTIFIED SHEET (RULE 91)



occasion. If the signal strength is acceptable, (yes in steps 8a and
8b), -the branches are updated with the sanpling positions determned in
step 7, steps 9a and 9b. As beforenentioned, the nethod can be applied
with nore thyp,é48sos20 i nconming tine-shifted signals. Accor ¢cneEd7io1sz
sinmulations, a suitable mninmmdistance T[err] may be of the order of
one chip duration. Wen practicing earljer known techni ques, the RAKE-

recei ver has been unable to resolve ¢ that foll ow one anot her at
such densities, and hence frequency drverSity has 25 been |ost. The
inventive nethod thus inproves the quality of the recei ved baseband

si gnal . WD 97/ 28608 PCT/ SE97/ 00132
CLAI M5 1. A nethod of tracking signals incomng to. a radio receiver
in, very cl ose successi on and conpri sing main ray and a plurality

of rays that are tinme-shifted in relation to tlhe main ray,
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5 conprising searching (1) for signals and detecting (2) at |east

two rays which carry the sanme information and which arrive at t he
receiver in time shifted relationship with one anot her, characterized
by initiatin 3a, 3b) separate tracking of each of th 10
rays; d%?&ﬁﬁéﬁng (4a, 4b) a respective updating valuquﬁéﬁﬂﬁﬁ&

sanpl i ng position for each tracked ray; determning (5) the tine
di fference between two nutually g;%;gfnt sanpling position updating
val ues; 15 conparing (5) said tinme & ence with a predeterm ned

m ni num val ue; and changing (7) at |east one of said updating

val ues i n accordance with said ting difference, such that the tinme

di fference between the sanpling popitions will thereafter be greater
than the 20 m ni num val ue. iptt A het hod according to Caiml,
characterized by continuously updating (6a, 6b, 9a, 9b) said updating
val ues. 3. JA nethod according to aiml or Caim2, chafacterized in
t hat det er m nat ijon:{4a;---4b)---of ---a--r-espeptive-updating: wval-e- 25 i ncl udes

cal cul ating the signal strength in the¥current _sanpling : ppsition of a
tracked ray and{i n: two separated sanpl i ng 4p05|t|ons of mh ch one
position is earlfier thgn the cfirrent val ue Oftgxgsanpllng position and
the other positilon:is lfater t han t he currerpﬁxgyuq of tihefj sanpling

posi tion; : :

24d
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WD 97/ 28608

PCT/ SE97/ 00132 and in that the updating value is determ ned as that
position of said three sanpling positions in which the best signal
strength ﬁ n obt ai ned. 4. A method accordi ng gig, o323,
characterizec?v y updating (6a, 5 6b) with the determ ned updating values
of sanpling p05|t|ons when the tinme difference between these updating
val ues is greater than the predeternined m ni mum val ue. 5. A .
met hod according to Clains 1-4, charact d by changi ng (7) at |east
one of said updating val ues when the t 0 difference between the

det erm ned updatithg value is smaller than the predeterm ned m ni num

val ue. 6. A phethod according to daimb5, characterized by determ ning
(7).the new updatj ng values for both rays when the updating val ues of
t he sanpling pmslnangnLLgmgLoser together intime 15 than the

pr edet er m ned j.mum...val : that the tine di fference

bet ween t he new updating vafiues:i reater than the

Me..it .............. f
+—— > 1
Te To TI
' FIG 4a
»
&
o=
€]
Ml —
—— X
Te To Tt

FIG 4c



predet erm ned m ni num val ue. 7. A nmethod according to Caimb5,
characterized by determ ning (7) a new updating val ue of the sanpling
pesition for the 20 weakest ray when the updating values lie closer

together in ti t han the predeterm ned m ni mrum val ue, s tinme
e  SgeshBibls

di fference between e new updating value for the weakest t he
updating value for the strongest ray will be greater that the
predeterm ned m ninumvalue. 25 8. A nethod according to Caimb5,
characterized by determ ning (7) a new updating value of the sanpling
position for the strongest ray n e tinme difference between the
updati ng val ues of sanpling posi {§ ie closer to one another in
time WD 97/ 28608
PCT/..SE97/ 00132 than the predeterm ned m ni mum val ue, so that the
tinme di fference between the new updating value for the strongest ray
and the updating value for the weakest ray will be greater than t he

I 3

pr edet er m ned @ ni num val ue.
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5 9. A nmethod according to any one of Clains 5-8, characterized by
calculating (8a, 8b) the signal strength at the new updating val ues of
sanpl i ng positions; conparing (8a, 8b) said signal strength with a
predeterninqu inimnumstrength; 10 reinitiating (3a, 1 t he
current val ue 3@% sanpl i ng positi ons when the si gnaIPCé%{?%’b:g)rfldg?ti IS
smal l er than the m ni num signal strength; and updating (9a, 9b)
the sanpling positions with the deterpgin updati ng val ues when the
signal strength is greater than the E;/Eééedeternined m ni mum st rengt h.
10. A method according to Clainms 1-9, characterized in that the
predeterm ned m ni mum val ue is one chip duration. 11. An arrangenent
for tracking rays incomng to a radio receiver in very close
succession, conprising at |east one 20 search unit (24a) which functions
to search input data within a ' brval and to correlate the
received i nput data at- reDétéamnaygl nt go\.a [SI urality of tracking
units (24b, 24c) whi dh functilon to deternlne t he updating val ues for
the current sanpl i ng fposi ti ons a : uously update the current
25 sanpling val ues, and{a processor uni haracterized in t hat
the processor unit (24b) lis constructed t deci de whet her the
correlation of input dat 4 i s gpod or wherein the search unit (24a)
is ordered to continue it --rRhnybuud@co >hg rays when the
correlation is bad, and a
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'\t racking unit (24c, 24d) is |POTtntamatons! tAipplicatmml i ng posi ti @i -g7- 199Art
val ue when the correlation is good; - b) to determne the tine
di fference between two nutually adj acent updating val ues of sanpling
posi tions, wherein said 5tinme difference is conpared with a
pr edet er rupdedtirigni npesitiodsst diseT2landwishbier eien aprédmtstrmimedf s$hwellest

tracking units (24c, 2 ' der.ed t hift it | it
updat i ng AR Toypmerie 1 e et EAFENCLERETEREP| 37 SHERLPReEhAR The
predet er gned oot d%ameeggvgggeaneeg 180 G tor&hesk tha t Al are

strength 1'n each determn ating position is greater than a
pr edet er RigdRctad Nviit $hieer@itermined skinplAmcarpesigeioand BCcnidling tordpai m
11, characterized in that the search unit (24a), includes a signal

proces$§or6aarahd 6b. Ff khe i tipeidifdierengeodis. smedlex3 (vag arrahgen®ht at

according to Claim11l haracterized in a t ki unit.(24c,
24d) inc%lﬁfe%t one gﬂ%ﬁiag?'%% egig?? is mové& Eo anoEﬁgr Egz%pifxgg p&élélon,
so that the distance between the thus determined positions is

greater than the smallest permitted distance, step 7.

Separation of the sampling position updating valges is effected
10 in accordance with one of the earlier described separation
strategies. A check is then made to ascertain whether or not the
signal strength at the position that has been moved is higher
than the lowest permitted signal strength Mp,, steps 8a and 8b.
If the signal strength is too low {no in steps 8a and 8b), the
15 current sampling positions are retained until the next updating
occasion. If the signal strength is acceptable, (yes in steps 8a
and 8b), the branches are updated with the sampling positions

determined in step 7, steps 9a and 9b.

As. beforementioned, the method can be applied with more than two
20 incoming time-shifted signals. According to simulations, a
| suitable minimum distance Ty, may be of the order of one chip
duration. When practicing earlier known techniques, the RAKE-
receiver has been unable to resolve signals that follow one
another at such densities, and hence frequency diversity has
25 been lost. The inventive method thus improves the quality of the

received baseband signal.
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14. An arrangenent according to Claim11,

search unit
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so-cal |l ed RAkE—

2
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4a) and the tracking units (24c, .
P4b) by means of two- 20 directional bus connections.

25) which utilizes the arrangenent =V s

urality of free- st andi ng re.J“b 
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(57) Abstract

The invention relates to a method for tracking closely adjacent
and time-shifted signals incoming 1o a RAKE-receiver (25). Accord-
ing to the method, the sampling positions of the RAKE-branches (253,
25b) are not permitted to come closer to one another in time than by
a predetermiend minimum value when updating the branches. The
invention ko relates to an arrangement (24) for putting the method
into effect. The ent includes a search unit (24a), a plurality
of tracking unite (24c, 24d) and a processor unit (24b), The invention
also relates to a RAKE-receiver utilizing said apparatus,
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