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RECEIVER AND RECEPTION METHOD

FIELD OF THE INVENTION

[0001] The invention relates to a receiver and reception method util-

izing multipath-propagated signal components of a signal to be received in
order to maximize signal energy to be received.

BACKGROUND OF THE INVENTION

[0002] In radio systems, such as cellular radio systems, the condi-
tions under which radio waves propagate typically vary continually, which
causes variation as a function of time and place, i.e. fading, in a radio signal.
Changes occurring in the impulse response of a channel may be caused either
by physical changes in the medium (e.g. variation of the refractive index of the
medium as a function of temperature, pressure and partial pressure of water
vapour) or changes in the geometry of the connection (movement of the
transmitter or receiver or obstacle on the connection).

[0003] Fast fading of a signal, which is one form of signal fading, is
caused by multipath propagation characteristic of the cellular radio environ-
ment, wherein the signal propagates via several different routes between a
transmitter and a receiver. Such a channel is called Rayleigh fading channel
(comprises only multipath-propagated signal components) or Rice fading
channel (a received signal also comprises a stable part, i.e. a directly propa-
gated part or a strongly mirror-reflected part).

[0004] At the receiver, the multipath-propagated signal components
have different phases because of the different propagation paths. A RAKE
receiver utilizes these signal components having different phases. Combining
the signal components received by different fingers enables the energy of the
received signal to be maximized. A RAKE receiver typically comprises several
fingers whose delays are set e.g. to correspond with the delays of different
signal components measured from the impulse response of the channel.
Methods for setting the delays of RAKE receivers are called code phase ac-
quisition or code acquisition methods and code tracking methods. Typically,
code acquisition is carried out first, after which code tracking will follow,
wherein the delay values set in code phase acquisition are adjusted. A prior art
method for RAKE receiver code phase acquisition is disclosed in patent speci-

fication F1982856, which is incorporated herein by reference, or in patent
specification W0O00/41327.
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[0005] RAKE receivers are used e.g. in a Universal Mobile Tele-
communications System (UMTS), which is a wideband data transmission sys-
tem wherein frequency resources are assigned using a Code Division Multiple
Access (CDMA). In a wideband system, a narrowband user data signal is
modulated over a relatively wide band by a spreading code that is more wide-
band than the data signal. In the UMTS system, several users simultaneously
transmit over a single frequency channel, and data signals are separated from
each other at the receivers on the basis of a pseudo-random spreading code.

[0006] A spreading code usually comprises a long pseudo-random
bit sequence. The bit rate of the spreading code is much higher than that of a
data signal, and in order to distinguish data bits and data symbols from
spreading code bits, the latter are called chips. Each user data symbol is mul-
tiplied by spreading code chips. The narrowband data signal then spreads
over the frequency band used by the spreading code. The spreading code
may be one or more data bits long.

[0007] In CDMA systems, a RAKE receiver is synchronized with a
spreading code sequence signal-component-specifically. Then, In order to
carry out code phase acquisition and code tracking, a spreading code genera-
tor of the receiver is typically synchronized according to delay values obtained
from maximum points of the impulse response. The problem with synchroniza-
tion, I.e. setting delays, is that code phase acquisition and code tracking take a
lot of calculation capacity because of the large number of samples. Further-
more, when the impulse response does not have distinct maximum points but
a wide maximum power range, i.e. a 'fat finger' situation, it is difficult to
achieve synchronization on the basis of the impulse response determined,
according to the prior art, from a signal component received by one finger, and
usually some of the energy of the signal to be received is lost.

BRIEF DESCRIPTION OF THE INVENTION

[0008] An object of the invention is to provide an improved method
for setting delays of RAKE receiver fingers, and a receiver whereto the inven-
tion can be applied. This is achieved by a method for code tracking RAKE re-
ceiver fingers, in which method delay values have been set for the RAKE re-
ceiver fingers by using a code phase acquisition method. The method com-
prises taking several successive samples from a received signal, combining
sample values measured in different fingers into measurement value sets,
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comparing the measurement value sets with each other and selecting the
measurement value set having the highest value from among the measure-
ment value sets meeting a minimum delay distance condition for the fingers, if
any one of the sample values of the selected measurement value set is earlier
than an on-time sample value determined on the basis of code phase acquisi-
tion, advancing the sampling and/or code phase of the particular finger, if any
one of the sample values of the selected measurement value set is later than
an on-time sample value determined on the basis of code acquisition, delaying
the sampling and/or code phase of the particular finger.

[0009] The invention also relates to a method for code tracking
RAKE receiver fingers, in which method delay values have been set for the
RAKE receiver fingers by using a code phase acquisition method. The method
comprises taking several successive samples from a received signal, combin-
Ing sample values measured in different fingers into measurement value sets,
comparing the measurement value sets with each other and selecting the
measurement value set having the highest value, if any one of the sample val-
ues of the selected measurement value set is earlier than an on-time sample
value determined on the basis of code phase acquisition, advancing the sam-
pling and/or code phase of the particular finger, ensuring, however, that a
minimum delay distance condition for the fingers is met, if any one of the sam-
ple values of the selected measurement value set is later than an on-time
sample value determined on the basis of code phase acquisition, delaying the
sampling and/or code phase of the particular finger, ensuring, however, that a
minimum delay distance condition for the fingers is met.

[0010] The invention also relates to a receiver implementing the
method, the receiver being arranged to code track RAKE receiver fingers
when, using a code phase acquisition method, delay values have been set for
the RAKE receiver fingers. The receiver comprises means for taking several
successive samples from a received signal, the receiver comprises means for
combining sample values measured in different fingers into measurement
value sets, the receiver comprises means for comparing the measurement
value sets with each other and for selecting the measurement value set having
the highest value from among the measurement value sets meeting a mini-
mum delay distance condition for the fingers, the receiver comprises means
for advancing the sampling and/or code phase of a finger if the sample value
of the particular finger belonging to the selected measurement value set is ear-
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ier than an on-time sample value determined on the basis of code phase ac-
quisition, the receiver comprises means for delaying the sampling and/or code
phase of a finger if the sample value of the particular finger belonging to the
selected measurement value set is later than an on-time sample value deter-
mined on the basis of code phase acquisition.

[0011] The invention also relates to a receiver implementing the
method, the receiver being arranged to code track RAKE receiver fingers
when, using a code phase acquisition method, delay values have been set for
the RAKE receiver fingers. The receiver comprises means for taking several
successive samples from a received signal, the receiver comprises means for
combining sample values measured in different fingers into measurement
value sets, the receiver comprises means for comparing the measurement
value sets with each other and for selecting the measurement value set having
the highest value, the receiver comprises means for advancing the sampling
and/or code phase of a finger if the sample value of the particular finger be-
longing to the selected measurement value set Is earlier than an on-time sam-
pie value determined on the basis of code phase acquisition, ensuring, how-
ever, that a minimum delay distance condition for the fingers is met, the re-
celver comprises means for delaying the sampling and/or code phase of a fin-
ger if the sample value of the particular finger belonging to the selected meas-
urement value set is later than an on-time sample value determined on the
basis of code phase acquisition, ensuring, however, that a minimum delay dis-
tance condition for the fingers is met. '

[0012] Preterred embodiments of the invention are disclosed in dependent
claims.

[0013] The idea underlying the invention is that the samples, power
or amplitude taken in the vicinity of impulse response maximum points in each
RAKE finger are combined into different measurement value sets, on the basis
of which each RAKE receiver finger is synchronized separately. In the follow-
ing, the principle of the invention will be described in closer detail by means of
an imaginary example: if three samples (early, on-time, late) are taken and if
the number of receiver fingers is four, this gives 3°, i.e. 81, different measure-
ment value sets. The one of the measurement value sets having the highest
value, Il.e. the one having the largest amplitude added from the samples, is
selected. Next, if in the selected amplitude sample combination the amplitudes
of fingers 1 and 2 are late samples and the amplitudes of fingers 3 and 4 early
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ones, the inaccuracy of timing being greater than or equal to the length of a
spreading code chip, the code phases of the fingers 1 and 2 are delayed while
the code phases of the fingers 3 and 4 are advanced, retaining, however, a
minimum delay distance between the fingers in order not to lose diversity gain.
The above example in no way restricts the application of the invention but has
only been shown to illustrate the invention.

[0014] The method and system of the invention provide several ad-
vantages. Delays of the RAKE receiver fingers become quicker to set and cal-
culation capacity will be saved since only a few, e.g. three, samples are used
for determining the impulse response of a channel. In addition, if the impulse
response does not comprise clear maximum points but a wide maximum
power range, using an impulse response measurement result set determined
on the basis of multipath-propagated signal components received by several
fingers enables the RAKE fingers to be synchronized in a more optimal man-
ner, i.e. signal energy received from the radio channel can be maximized. The
method further comprises keeping the delays of different fingers at least at a

minimum delay distance from each other, in which case the diversity gain will
not be lost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The invention is now described in closer detail in connection
with the preferred embodiments and with reference to the accompanying
drawings, in which

[0016] Figure 1 shows an example of a telecommunication system,

[0017] Figure 2 shows a second example of a telecommunication
system,

[0018] Figure 3 is a flow diagram showing method steps for code
tracking,

[0019] Figure 4 shows an example of a RAKE receiver,

[0020] Figure 5 an example of the structure of a RAKE finger for
code tracking.

DESCRIPTION OF EMBODIMENTS

[0021] The following example describes preferred embodiments of
the invention in a UMTS (Universal Mobile Telecommunications Systems) sys-
tem without, however, restricting the invention thereto.
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[0022] Referring to Figure 1, the structure of a mobile telephone
system will be described by way of example. The main parts of the mobile
telephone system are a core network (CN), UMTS Terrestrial Radio Access
Network (UTRAN) and user equipment (UE). The Interface between the CN
and the UTRAN is called lu, and the air interface between the UTRAN and the
UE is called Uu.

[0023] The UTRAN comprises radio network subsystems (RNS).

The interface between RNSs is called lur. An RNS comprises a radio network
controller (RNC) and one or more nodes B (B). The interface between the
RNC and a B is called lub. In the figure, C designates the coverage area, i.e.
cell, of node B.
[0024] The description shown in Figure 1 is quite a general one, so Figure
2 shows a more detailed example of a cellular radio system. Figure 2 only
comprises the most relevant blocks, but it will be obvious to one skilled in the
art that a conventional cellular radio network also comprises other functions
and structures, which need not be described in closer detail herein. The details
of a cellular radio system may differ from those disclosed in Figure 2; such
differences are, however, irrelevant to the invention.

[0023] Typically, a cellular radio network thus comprises a fixed
network infrastructure, i.e. a network part 200, user equipment 202, which can
be fixedly located, positioned in a vehicle or portable terminals to be carried
around, such as mobile telephones or portable computers enabling communi-
cation with a radio telecommunication system. The network part 200 com-
prises base transceiver stations 204. A base transceiver station corresponds
to node B in the previous figure. Several base transceiver stations, in turn, are
controlled in a centralized manner by a radio network controller 206 connected
thereto. The base transceiver station 204 comprises transceivers 208 and a
multiplexer unit 212.

[0026] The base transceiver station 204 further comprises a control
unit 210, which controls the operation of the transceivers 208 and the multi-
plexer 212. The multiplexer 212 is used for placing the traffic and control
channels used by several transceivers 208 in a single transmission connection
214. The transmission connection 214 constitutes the interface lub.

[0027] The transceivers 208 of the base transceiver station 204 are
connected to an antenna unit 218 for implementing a bidirectional radio con-
nection 216 to the user equipment 202. The structure of frames transmitted in



10

15

20

25

30

35

CA 02424995 2003-04-04

/

the bidirectional radio connection 216 is specified system-specifically, and it is
called an air interface Uu.

[0028] The radio network controller 206 comprises a group switch-
Ing field 220 and a control unit 222. The group switching field 220 is used for
switching speech and data and for combining signalling circuits. The radio
network subsystem 224 comprising the base transceiver station 204 and the
radio network controller 206 further comprises a transcoder 226. The
transcoder 226 is usually located as close to a mobile services switching cen-
tre 228 as possible since speech can thus be transmitted in the cellular radio
network mode between the transcoder 226 and the radio network controller
206 using as little transmission capacity as possible.

[0029] The transcoder 226 converts the different digital speech en-
coding modes used between a public switched telephone network and a radio
telephone network into compatible ones, e.g. from the mode of the fixed net-
work into another mode of the cellular radio network, and vice versa. The con-
trol unit 222 performs call control, mobility management, collection of statistical
data and signalling.

[0030] Figure 2 further shows the mobile services switching centre
228 and a gateway mobile services switching centre 230, which is responsible
for connections of the mobile telephone system to the external world, in this
case to a public switched telephone network 232.

[0031] The flow diagram of Figure 3 shows method steps for code
tracking. The method starts in block 300. In block 302, RAKE receiver fingers
are code tracked using a prior art method, preferably by determining the high-
est values of the impulse response of a received signal at an accuracy allowed
by the selected method.

[0032] In block 304, several successive samples are taken from the
received signal, preferably in the vicinity of the highest values of the impulse
response of each finger. Preferably, the samples are amplitude values or
power values. The samples can be taken e.g. at intervals of a sample time or
a multiple thereof. The number of samples may vary according to the applica-
tion. However, the same number of samples is taken in all receiver fingers so
that a subsequent comparison gives a correct result. If the receiver fingers are
to be weighted differently, a different number of samples can, however, be
taken from different fingers. A possible number of samples is three, in which
case one sample is taken at a point in time at which, on the basis of code ac-
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quisition, the maximum point of the impulse response is assumed to be. This
sample is herein called an on-time sample. A second sample is taken e.g. one
sampling moment earlier, and this sample is herein called an early sample. A
third sample is taken e.g. one sampling moment later, and this sample is
herein called a late sample. The difference between the sampling moments of
successive samples may also be greater than one sampling moment, in which
case the missing samples are obtained by interpolating.

[0033] In block 306, the sample values measured in different fin-
gers are combined into measurement value sets. Preferably, all possible sam-
ple value combinations are produced. In the above case containing three
samples and four receiver fingers, an illustrative example of measurement
value sets includes the following measurement value sets: early sample (first
finger), early sample (second finger), on-time sample (third finger) and late
sample (fourth finger), or late sample (first finger), early sample (second fin-
ger), late sample (third finger) and on-time sample (fourth sample). The differ-
ent sample values are preferably combined by adding, but another combina-
tion method may also be used.

[0034] In block 308, the measurement value sets are compared
with each other, i.e. for instance the sum amplitudes or sum powers of differ-
ent measurement value sets calculated in block 306 are compared. As a re-
sult, the set having the highest value, i.e. for instance the set having the larg-
est sum amplitude or sum power, is selected from among the measurement
value sets. According to a second embodiment, the set having the highest
value is selected from among the measurement value sets meeting a mini-
mum delay distance condition for the fingers. A minimum delay distance refers
to the smallest delay difference between different fingers by which the different
fingers synchronize with different signal components, and it can be set appro-
priately in each application.

[0035] Block 310 describes a selection to be made as a result of
the comparison on the basis of the elementary units of a selected measure-
ment value set, i.e. the sampling moment of different samples. If a sample is
earlier than an on-time sample determined on the basis of code acquisition,
the sampling or code phase of the particular finger is advanced for the next
sample, block 312. If, on the other hand, a sample is later than an on-time
sample determined on the basis of code acquisition, the sampling or code
phase of the particular finger is delayed for the next sample, block 314. If the
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minimum delay distance condition is not met in the selected measurement
value set, the sampling moment or code phase is changed only within the lim-
its defined by the minimum delay condition.

[0036] If the sampling moment deviates from the on-time sampling
moment determined on the basis of code acquisition by less than the duration
of one spreading code bit, i.e. chip, the sampling moment is moved. If, on the
other hand, the sampling moment deviates from the on-time sampling moment
determined on the basis of code acquisition at least as much as the duration
of one spreading code bit, i.e. chip, the code phase of a code generator is
moved.

[0037] Next, an example of synchronizing a sampling moment or a
code phase will be described. If, in a selected measurement set, which can be
e.g. a combination of amplitude samples, the amplitudes of the fingers 1 and 2
are late samples and the amplitude of the finger 3 is an early one, the inaccu-
racy of timing being greater than or equal to the length of a spreading code
chip, the code phases of the fingers 1 and 2 are delayed while the code phase
of the finger 3 is advanced. While adjusting the delays of the fingers, it should,
however, be remembered that the minimum delay distance between the fin-
gers Is to be retained in order not to lose diversity gain.

[0038] Arrow 316 describes how the method can be repeated start-
Ing from code acquisition. The code acquisition and impulse response estima-
tion possibly required for the code acquisition can be repeated e.g. at certain
Intervals or when the quality of a received signal deteriorates too much.

[0039] Arrow 318 describes the repeatability of the code tracking

method. Code tracking enables the interval at which code acquisition is re-
peated to be extended.

[0040] The method ends in block 320.

[0041] Figure 4 illustrates a RAKE receiver code tracking part by
way of example. The RAKE receiver described in the example comprises three
correlator fingers 404, 406 and 408. The number of fingers may differ from the
shown one. Each signal component differently delayed, received by an an-
tenna or an antenna array 400, filtered in radio frequency parts 402 and down-
converted to baseband is supplied to a receiver finger of its own. The de-
scribed receiver also comprises a diversity combiner 412, which combines the
differently delayed signal components of different fingers. In the exemplary
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solution of the figure, a control unit 414 comprises a code tracking facility for
controlling code delays or sampling moments.

[0042] Signals 416, 418 and 420 deliver the samples taken in each
finger to the control unit. If necessary, signals 422, 424 and 426 deliver a code
tracking control signal to each finger for controlling the code delays or sam-
pling moments.

[0043] Next, an example of the structure of a RAKE finger for code
tracking will be described by means of Figure 5. The receiver is a spread-
spectrum receiver for receiving a DS (Direct Sequence) signal, i.e. a direct-
spread signal.

[0044] In the receiver finger of the disclosed example, three sam-
ples are taken from a signal component. It is to be noted, however, that the
number of samples may differ from the shown one. A complex, broadband
signal, which is typically baseband and which is preferably decimated by taking
one sample from each chip, is supplied to sampling means 508, 510 and 512.
On the basis of code phase acquisition, the sampling means 510 is assumed
to be on-time, i.e. a sampling moment has been determined for the sampling
means 510 such that sampling takes place at a point in time which, on the ba-
sis of code phase acquisition, has been determined as a probable time of oc-
currence of one of the highest values of the impulse response. The sampling
moment of the sampling means 508 is preferably delayed by one sampling
moment in comparison to the sampling moment of the sampling means 510,
and the sampling moment of the sampling means 512 is preferably advanced
by one sampling moment in comparison to the sampling moment of the sam-
pling means 510. This gives three samples, which are herein called early, on-
time and late samples.

[0045] In order to despread a narrowband signal from the received
signal, the sampled signals are multiplied by a spreading code sequence gen-
erated by a code generator 500. For each sample, early, on-time or late one,
the spreading code delay can be determined separately. The example of Fig-
ure o also shows integrate-and-dump filters 524, 526 and 528, in which the
signal is integrated over a certain moment, e.g. a symbol time, the result is
outputted and the integrator reset to zero, and the integration is restarted. The
filters 524, 526 and 528 can also be implemented using low-pass filters.

[0046] Next, in the solution disclosed in Figure 5, pilot symbols are
separated from the signals by demultiplexers 532, 534 and 536. Next. the pilot
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symbols are multiplied in multipliers 540, 542 and 544 by complex conjugates
of the pilot symbols that are formed in block 546, and integrated in blocks 550,
5992 and 554 by the number of time-slot-specific pilot symbols, i.e. the pilot
symbols are filtered by a matched filter in order to determine the multi-path
delay profile of a radio channel. The multi-path delay profile can also be aver-
aged. Envelope detectors 556, 558 and 560 are used for determining the am-
plitude or power of the complex signal. Instead of an envelope detector, a
square-law detector can be used.

[0047] In blocks 562, 564 and 566, integration is carried out in order
to remove noise. The three samples obtained, i.e. the early, on-time and late
samples, are supplied to the control unit 414, which is responsible for combin-
Ing the samples acquired from all receiver fingers, in the example of Figure 5,
the amplitude values or power values of the samples determined by the enve-
lope detector or square-law detector, into different measurement value sets,
for comparing these sets and for selecting the largest one and, on the basis of
this, for giving synchronization commands to the different receiver fingers. For
Instance, assume that three samples are taken and the number of receiver
fingers is also three, as in the example of the figure. This gives 33, lL.e. 27, dif-
ferent measurement value sets. The one of the measurement value sets hav-
Ing the highest value, i.e. the one having the largest amplitude added from the
samples, is selected. If in the selected amplitude sample combination the am-
plitudes of the fingers 1 and 2 are late samples and the amplitude of the finger
3 Is an early one, the inaccuracy of timing being greater than or equal to the
length of the spreading code chip, the code phases of the fingers 1 and 2 are
delayed while the code phase of the finger 3 is advanced. While adjusting the
delays of the fingers, it is, however, to be remembered that the minimum delay
distance between the fingers is to be retained in order not to lose diversity
gain.

[0048] According to the second embodiment, the largest measure-
ment value set is selected from the measurement value sets meeting the

minimum delay distance condition.

[0049] A channel estimator 568 estimates the quality of the radio
channel by means of pilot symbols. A state estimate is used for removing
symbol phase rotation caused by the radio channel from data symbols.

[0050] A sampling means 514 is used for sampling a data signal.
Also the data signal is wideband, so it is composed by means 522 and 530.
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The data symbols are multiplied by the channel state estimate in a multiplier
048, after which the data bits are conveyed to decoding means, which, not
being expressly relevant to the invention, are not shown in the figure.

[0051] It is to be noted that the described code tracking method can
also be applied without using a pilot signal such that the information necessary
for synchronizing the sampling moment or code phase is obtained by process-
Ing the data signal in a manner corresponding to that in connection with the
pilot signal above.

[0052] The above-described functional blocks of the user equip-
ment, such as the code tracking control unit, can be implemented in many
ways, e.g. by software executed by a processor or by hardware implementa-
tion, such as a logic built using separate components or an ASIC (Application
Specific integrated Circuit).

[0053] Although the invention has been described above with refer-
ence to the example according to the accompanying drawings, it is obvious
that the invention is not restricted thereto but can be modified in many ways
within the scope of the inventive idea disclosed in the attached claims.
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CLAIMS

1. A method for code tracking RAKE receiver fingers, in which
method delay values have been set for the RAKE receiver fingers by using a
code phase acquisition method,

characterized bythe method comprising

(304) taking several successive samples from a received signal,

(306) combining sample values measured in different fingers into
measurement value sets,

(308) comparing the measurement value sets with each other and
selecting the measurement value set having the highest value from among the
measurement value sets meeting a minimum delay distance condition for the
fingers,

(312) if any one of the sample values of the selected measurement
value set is earlier than an on-time sample value determined on the basis of
code phase acquisition, advancing the sampling and/or code phase of the par-
ticular finger,

(314) if any one of the sample values of the selected measurement
value set is later than an on-time sample value determined on the basis of
code phase acquisition, delaying the sampling and/or code phase of the par-
ticular finger.

2. A method for code tracking RAKE receiver fingers, in which
method delay values have been set for the RAKE receiver fingers by using a
code phase acquisition method,

characterized bythe method comprising

(304) taking several successive samples from a received signal,

(306) combining sample values measured in different fingers into
measurement value sets,

(308) comparing the measurement value sets with each other and
selecting the measurement value set having the highest value,

(312) if any one of the sample values of the selected measurement
value set is earlier than an on-time sample value determined on the basis of

code phase acquisition, advancing the sampling and/or code phase of the par-
ticular finger, ensuring, however, that a minimum delay distance condition for
the fingers i1s met,

(314) it any one of the sample values of the selected measurement
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value set is later than an on-time sample value determined on the basis
of code phase acquisition, delaying the sampling and/or code phase of the
particular finger, ensuring, however, that the minimum delay distance condi-
tion for the fingers is met.

3. A method as claimed in claim 1 or 2, characterized in that the

sample values are impulse response amplitude values.

4. A method as claimed in claim 1 or 2, characterized in that the

sample values are impulse response power values.

5. A method as claimed in claim 1 or 2, characterized by taking

three successive samples, the samples being early, on-time and iate ones.

0. A method as claimed in claim 1 or 2, characterized by combining
the sample values measured in different fingers into measurement value sets

by adding the sample values.

/. A method as claimed in claim 1 or 2, characterized in that if a
sampling moment deviation from an on-time sampling moment determined on
the basis of code phase acquisition is less than the duration of one spreading

code bit, the sampling moment is moved.

8. A method as claimed in claim 1 or 2, characterized in that If a
sampling moment deviation from an on-time sampling moment determined on
the basis of code phase acquisition is more than or equal to the duration of
one spreading code bit, the delay of a code generator of a receiver is

changed.

9. A computer readable medium encoding a computer program of

Instructions for executing a computer process comprising:
taking several successive samples from a received signal,

combining sample values measured in different fingers into measure-

ment value sets,
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comparing the measurement value sets with each other and selecting
the measurement value set having the highest value from among the meas-

urement value sets meeting a minimum delay distance condition for the fin-

gers,

if any one of the sample values of the selected measurement value set
is earlier than an on-time sample value determined on the basis of code
- phase acquisition, advancing any of the sampling and the code phase of the

particular finger,

if any one of the sample values of the selected measurement value set
is later than an on-time sample value determined on the basis of code phase

acquisition, delaying any of the sampling and the code phase of the particular

finger.

10. A computer readable medium encoding a computer program of

instructions for executing a computer process comprising:
taking several successive samples from a received signali,

combining sample values measured in different fingers into measure-

ment value sets,

comparing the measurement value sets with each other and selecting

the measurement value set having the highest value,

If any one of the sample values of the selected measurement value set
IS earlier than an on-time sample value determined on the basis of code
phase acquisition, advancing any of the sampling and the code phase of the

particular finger, ensuring, however, that a minimum delay distance condition

for the fingers is met,

' if any one of the sample values of the selected measurement value set
IS later than an on-time sample value determined on the basis of code phase

acquisition, delaying any of the sampling and the code phase of the particular
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finger, ensuring, however, that the minimum delay distance condition for the

fingers is met.

11. A computer readable medium as claimed in any one of claim 9 or
claim 10, characterized by taking three successive samples, the samples be-

ing early, on-time and late ones.

12. A computer readable medium as claimed in any one of claim 9 or
claim 10, characterized in that if a sampling morhent deviation from an on-
time sampling moment determined on the basis of code phase acquisition is
less than the duration of one spreading code bit, the sampling moment is

moved.

13. A receiver arranged to code track RAKE receiver fingers when,
using a code phase acquisition method, delay values have been set for the

RAKE receiver fingers, the receiver comprising:

a sampler configured to take several successive samples from a re-

ceived signal,

a combiner configured to combine sample values measured in different

fingers into measurement value sets,

a comparator configured to compare the measurement value sets with
each other and for selecting the measurement value set having the highest
value from among the measurement value sets meeting a minimum delay dis-
tance condition for the fingers, an adjustor configured to advance any of the
sampling and the code phase of a finger if the sample value of the particular
finger belonging to the selected measurement value set is earlier than an on-

~ time sample value determined on the basis of the code phase acquisition,

an adjustor configured to delay any of the sampling and the code
phase of a finger if the sample value of the particular finger belonging to the
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selected measurement value set is later than an on-time sample value deter-

mined on the basis of code phase acquisition.

14. A receiver arranged to code track RAKE receiver fingers when,
using a code phase acquisition method, delay values have been set for the

RAKE receiver fingers, the receiver comprising:

a sampler configured to take several successive samples from a re-

ceived signal,

a combiner configured to combine sample values measured in different

fingers into measurement value sets,

a comparator configured to compare the measurement value sets with
each other and for selecting the measurement value set having the highest

value,

an adjustor configured to advance any of the sampling and the code
phase of a finger if the sample value of the particular finger belonging to the
selected measurement value set is earlier than an on-time sample value de-
termined on the basis of code phase acquisition, ensuring, however, that a

minimum delay distance condition for the fingers is met,

an adjustor configured to delay any of the sampling and the code
phase of a finger if the sample value of the particular finger belonging to the
selected measurement value set Is later than on-time sample value deter-
mined on the basis of code phase acquisition, ensuring, however, that a

minimum delay distance condition for the fingers is met.

15. A receiver as claimed in claim 13 or 14, characterized in that the

sample values are impulse response amplitude values.

16. A receiver as claimed in claim 13 or 14, characterized in that the

sample values are impulse response power values.
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17. A receiver as claimed in claim 13 or 14, characterized in that
three successive samples are taken, the samples being early, on-time and

late ones.

18. A receiver as claimed in claim 13 or 14, characterized in that the
sample values measured in different fingers are combined into measurement

value sets by adding the sampie values.

19. A receiver as claimed in claim 13 or 14, characterized in that if a
sampling moment deviation from an on-time sampling moment determined on
the basis of code phase acquisition is less than the duration of one spreading

code bit, the sampling moment is moved.

20. A receiver as claimed in claim 13 or 14, characterized in that if a
sampling moment deviation from an on-time sampling moment determined on
the basis of code phase acquisition is more than or equal to the duration of
one spreading code bit, the delay of a code generator of the receiver moment

is changed.



CN

CORE NETWORK

U

U

TRAN

RNS

CA 02424995 2003-04-04

1/5

: O
=
O
Z
id
-
=
: '
=
O
Z
"
| ‘
=

Uu

Uu
UE

Fig. 1



CA 02424995 2003-04-04

002
......................................................................................................... A W
e 1LNO b | TINO Y |

e 012 o 444 m

e - w m HSIND
BN vy - M m

. ' YLT | m m

a ) —{ 2 |
e XA Fan - \9zZ |

. ZX¥l w w w w

| e . |

m m m q 80¢ AT m WOZW_ 0cc w _m/
L 102 o0z gy [>T



CA 02424995 2003-04-04

3/5

STAR'I:'3 0

316

RECEIVER FINGER
CODE ACQUISITION

302

318

SAMPLING

304

h 4

PRODUCING MEASUREMENT
VALUE SETS 4,4

4

COMPARING MEASUREMENT VALUE
SETS, AND SELECTING LARGEST g)d\éE

NOT, BUT EARLY NOT BUT LATE

1S SAMPLE IN-TIME?
310

\ 4 Yy

YES

DELAYING SAMPLING
OR CODE PHASE

31

ADVANCING SAMPLING
OR CODE PHASE

312

FIG. 3




CA 02424995 2003-04-04

4/5

Z W

O O 2 m

A e

TOHLNOD
ONIMIVYHL

My =il ppu Sge S sk fpm GEE EF Taat O AN AR :

"lllll‘l[l'l'llll

17457

£ 43ONI3
¢ 439ONI3
l S4ONI

cOv

J4



CA 02424995 2003-04-04

G "bi4
ST10INAS

V1iv{
900G 096G

89¢

8vG

—
-
_l.ltll._
ot
pil

0€G

CCY

02S

906

JO1VHINTD

400D

006G

43




200

502 414 B
576 L e
\J"""77] coDpE | -
504 | :,] GENERATOR 1 CONTROLL |

o, G ol sl S—— — S B S S — -.-—.—-.-l

)08

544
554 560 566
CHANNEL
ESTIMATOR
568
DATA
@ SYMBOLS
-— T T

948



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - abstract
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - abstract drawing

