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57 ABSTRACT 

A method for estimating a channel in a receiver of a cellular 
radio System, and a receiver in a cellular radio System, the 
receiver comprising means (22) for Subjecting the received 
Signal to elimination of multiple acceSS interference. To 
obtain good channel estimates, the receiver of the invention 
comprises means (23) for computing channel estimates from 
a signal that has undergone elimination of multiple access 
interference. (FIG. 2) 

2 Claims, 2 Drawing Sheets 
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METHOD FORESTIMATING A CHANNEL 
AND A RECEIVER 

This application is a continuation of copending applica 
tion Ser. No. 08/548,335, filed on Nov. 1, 1995. 

FIELD OF THE INVENTION 

The invention relates to a method for estimating a channel 
in a receiver of a cellular radio System in which the received 
Signal is Subjected to elimination of multiple acceSS inter 
ference. 

The method of the invention can be generally applied in 
any cellular radio System in which elimination of multiple 
access interference is applied, but it is particularly Suited for 
use in a cellular radio system utilizing the CDMA multiple 
access method. 

BACKGROUND OF THE INVENTION 

CDMA is a multiple access method based on a spread 
Spectrum technique, and it has been recently put into use in 
cellular radio systems in addition to previously used FDMA 
and TDMA. CDMA has many advantages over the prior 
methods, Such as Simplicity of frequency planning, and 
Spectrum efficiency. 

In a CDMA method, a narrow-band data signal of a user 
is multiplied to a relatively broadband by a spreading code 
having a much broader band than the data Signal. Band 
widths used in known test systems include e.g. 1.25 MHz, 10 
MHz and 25 MHz. The multiplication spreads the data 
Signal over the entire band to be used. All the users transmit 
Simultaneously on the same frequency band. On each con 
nection between a base Station and a mobile Station is used 
a different spreading code, and the Signals of the users can 
be distinguished from one another in the receivers on the 
basis of the spreading code of the user. If possible, the 
Spreading codes are Selected in Such a way that they are 
mutually orthogonal, i.e. they do not correlate with one 
another. 

Correlators in conventionally implemented CDMA 
receivers are Synchronized with a desired Signal, which they 
recognize on the basis of the spreading code. In the receiver 
the data Signal is restored to the original band by multiplying 
it by the same spreading code as in the transmission Step. 
Ideally, the Signals that have been multiplied by Some other 
Spreading code do not correlate and are not restored to the 
narrow band. In view of the desired signal, they thus appear 
as noise. The object is to detect the Signal of the desired user 
from among a number of interfering Signals. In practice, the 
Spreading codes correlate, and the Signals of the other users 
make it more difficult to detect the desired signal by dis 
torting the received signal. This interference caused by the 
users to one another is called multiple access interference. 

The more Simultaneous users there are in the System, the 
greater the multiple access interference. Thus the capacity of 
the CDMA cellular radio system is limited by the above 
described interference that the users cause to one another. 
Interference can be reduced by maintaining, if possible, the 
power levels of the Signals transmitted from the terminal 
equipments as equal as possible in the base Station receiver 
by means of accurate power adjustment. The base Station 
observes the power levels of the received signals and 
transmits power adjustment commands to terminal equip 
ments. Another known way of reducing interference is to use 
different active methods of eliminating multiple acceSS 
interference and methods based on Simultaneous detection 
of a plural number of users. 
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The essential feature in a multipath channel is that the 

complex amplitude and the delay of each received signal 
component having a significant power level can be estimated 
So that the corresponding interference component can be 
eliminated from the desired signal. This determination of the 
amplitude and delay is called channel estimation. 

In the prior art Solutions of channel estimation, elimina 
tion of interference has not been taken into account but these 
two actions have been considered as mutually independent 
Solutions. Due to this, the estimation results have been based 
on a signal that comprises interfering Signals from a plural 
number of users, and So the estimation results are not ideal. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide a method 
of estimating a channel in which elimination of multiple 
acceSS interference is taken into account. 

This is achieved with a method of the type described in 
the introduction, which is characterized in that the channel 
estimation is based on a signal that has undergone elimina 
tion of multiple access interference. 
The invention also relates to a receiver in a cellular radio 

System, the receiver comprising means for eliminating mul 
tiple acceSS interference from the received signal. The 
receiver of the invention is characterized by comprising 
means for computing channel estimates from a signal that 
has undergone elimination of multiple access interference. 

In the method of the invention, a channel estimator takes 
into account the elimination of the multiple access 
interference, and Since the estimation is based on an 
interference-free Signal, the channel estimates obtained are 
of much better quality than before. 
The method of the invention is applicable for use with any 

channel estimation algorithm. Also, the Solution described in 
the present invention does not define the method used for 
eliminating multiple access interference. 

In one advantageous embodiment of the invention, chan 
nel parameters are estimated both before and after interfer 
ence is eliminated. The channel estimates computed from 
the interference-free Signal can be Supplied as feedback to a 
first estimator, where they can be utilized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention can also be applied in multi-stage receivers: 
channel parameters can be estimated in the Second and later 
Stages after elimination of interference in the earlier Stages. 

In the following the invention will be described in greater 
detail with reference to the examples illustrated in the 
attached drawings, wherein 

FIG. 1 shows part of a cellular radio system in which the 
method of the invention can be applied, 

FIG. 2 is a block diagram illustrating the Structure of a 
receiver according to the invention, 

FIG. 3 is a block diagram illustrating an alternative 
Structure of a receiver according to the invention, 

FIG. 4 is a block diagram illustrating the Structure of a 
multistage receiver according to the invention, 

FIG. 5 illustrates the structure of one receiver stage, and 
FIG. 6 illustrates shifting of frame structures in asynchro 

nic traffic. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In the following the invention will be described using a 
CDMA cellular radio system as an example, but without 
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limiting the invention thereto. It is not essential to the 
invention what multiple acceSS System is used. The only 
condition is that Some method of eliminating multiple acceSS 
interference is employed. Multiple acceSS interference elimi 
nation methods can be applied e.g. in TDMA Systems, as 
well as in CDMA systems, for eliminating interference from 
a given channel. 

FIG. 1 shows part of a cellular radio system in which the 
method of the invention can be applied. The figure shows a 
base station 10 which communicates with Subscriber equip 
ments 11-14 located within its coverage area. In the CDMA 
System, each Subscriber equipment transmits its own signal 
15-18 to the base station on the same frequency band, and 
thereby interferes with the other subscriber equipments to 
Some extent, depending on the cross-correlation character 
istics of the spreading codes used. Likewise, the base Station 
transmits a Signal to all Subscriber equipments on the same 
frequency band. The receivers may also receive signals from 
a neighbouring cell. 

FIG. 2 is a block diagram illustrating the essential parts of 
the general Structure of a receiver according to one advan 
tageous embodiment of the method of the invention. The 
receiver comprises first estimation means 20 whose trans 
mission is a received and digitalized signal and where 
preliminary channel estimation is conducted by a known 
estimation method. The features of the channel that are 
estimated are usually the complex amplitude and the delay. 
The receiver further comprises detection means 21, in which 
preliminary Symbol estimates are computed for the received 
transmission. The receiver of the invention also comprises 
means 22 for eliminating interference from the received 
Signal by a known interference elimination method. The 
receiver of the invention further comprises Second estima 
tion means 23, in which channel parameters of the 
interference-free Signal are estimated, whereby more accu 
rate estimates are obtained than in the first estimation means, 
which conduct the preliminary estimation. Also in the Sec 
ond estimation means the estimation can be conducted by a 
known estimation method. 

In the receiver, it is also possible to utilize feedback 24 
from the Second estimation means 23 to the first estimation 
means 20. Estimation results obtained from the second 
estimation means can thus be utilized when preliminary 
estimates are computed, e.g. by Supplying the channel 
parameters obtained from the Second estimation means 
concerning Sample b, to the first estimation means as default 
values for computing preliminary channel parameters for the 
next Sample b, . 

FIG. 3 is a block diagram illustrating the essential parts of 
the general Structure of a receiver according to another 
embodiment of the method of the invention. The receiver 
comprises a number of matched filters or RAKE receivers 
31, 37, 44, each being arranged to receive and demodulate 
the Signal of one user, and the Signals being distinguishable 
by their spreading codes. The received transmission is 
Supplied to a first estimation means 30, where preliminary 
channel parameters are estimated. From the estimation 
means the Signal is Supplied to a first matched filter 31, 
where the desired signal is demodulated, and further to a first 
detector 32, where a bit decision is made. A signal 33 
obtained from the detector 32 and comprising an estimate of 
the transmission of the first user is supplied further to the 
other parts of the receiver and to a first regeneration means 
35, where the detected Signal is regenerated, i.e. multiplied 
by the spreading code. The regenerated Signal obtained is 
supplied further to a first adder means 36, where it is 
extracted from the received transmission Supplied to the 
adder means 36 via a first delay means 34. 
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The signal obtained from the first adder 36 thus comprises 

the received transmission from which the effect of the signal 
demodulated by the first matched filter 31, i.e. typically the 
Strongest Signal, has been extracted. The Signal is Supplied 
to a Second estimation means 38 and a Second matched filter 
37. In the second estimation means 38, the channel param 
eters are re-estimated from the Signal which has undergone 
interference elimination, i.e. from which the effect of the 
Strongest Signal has been extracted. The So obtained esti 
mates are naturally of better quality than the estimates 
obtained from a signal that includes interference. The 
re-estimated Signal is demodulated in the Second matched 
filter 37, which is typically matched with the second stron 
gest Signal. AS above, the Signal obtained is detected in a 
second detector 39, and a detected signal 40 is supplied 
further to the other stages of the receiver. The signal 40 is 
also Supplied to a Second regeneration means 42, in which 
the detected Signal is again regenerated, i.e. multiplied by 
the Spreading code. In the regeneration, estimation results 
obtained in the second estimation means 38 are utilized. The 
regenerated Signal is Supplied further to a Second adder 
means 43, where it is extracted from the received 
transmission, which is Supplied to the adder 43 via a Second 
delay means 41. 

All the Signals are estimated, demodulated, detected and 
regenerated in a similar manner in the receiver, until all the 
Signals have been processed. Typically the Signals are pro 
cessed in the order of intensity So that the weakest Signal is 
processed in a last matched filter 44 and detector 45, but the 
processing order may also be different. The essential feature 
of the receiver according to the invention is, however, that 
the channel parameters of the Signals are estimated on the 
basis of a signal which has undergone interference 
elimination, i.e. from which the effect of the Signals that are 
Stronger than those of the user concerned has been extracted. 
The method of the invention can also be applied in a 

multistage receiver in which all the users received are 
processed in parallel, and in which Symbol estimates are 
Specified in Successive receiver Stages by repeating the 
receive procedure after the interference elimination a desired 
number of times. Likewise, channel estimates can be speci 
fied iteratively in each Stage. FIG. 4 illustrates the general 
Structure of a multistage receiver. In the figure, the receiver 
comprises three Successive receiver Stages 47-49, and in 
each Stage are estimated the Symbol estimates of the incom 
ing Signal. The later Stages always produce a more accurate 
result than the earlier Stages. In the receiver of the invention, 
multiple access interference can be eliminated and channel 
parameters of the ingoing Signal can be estimated in each 
Stage. In the later Stages, the parameters are thus estimated 
from a signal of better quality than in the earlier Stages, and 
the estimates obtained are more accurate. 

FIG. 5 is a block diagram illustrating one possible Struc 
ture of one receiver Stage in greater detail. Each Stage can in 
principle be identical in Structure. A receiver Stage comprises 
a number of matched filters 51a-51c and estimation means 
52a-a-52c, their input 50 being either a received signal or 
a signal obtained from the preceding Stage. In each estima 
tion means and matched filter, a Signal of one received user 
is processed. If the Stage is a Second or a later Stage, channel 
estimation is thus conducted after interference has been 
eliminated in an earlier Stage. From each matched filter 
51a–51c, the Signal is Supplied to a corresponding detector 
53a–53c, in which a symbol estimate is computed for the 
received signal. The detected Signal is Supplied further to 
regeneration means 54a-54c, in which the detected Signal is 
regenerated, and in which data obtained from the estimation 
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means on the complex amplitudes and phases of the Signals 
are utilized. The regenerated Signals are Supplied further to 
interference elimination means 55a-55c, which can be 
implemented e.g. by means of adders to which a transmis 
Sion received via a delay means 56 is Supplied and in which 
interference caused by Signals from the other users is 
extracted, if desired, from the transmission concerned. The 
Signal obtained is Supplied further to the other Stages of the 
receiver. 

The solution of the invention is applicable for use in 
connection with any known channel estimation algorithm. 
Channel estimation can be implemented e.g. by a correlator 
tracking the peaks of the impulse response of a simple 
channel or by a decision-feedback estimator utilizing the 
received bit estimates. 

The channel estimator may also involve filtering, whereby 
Successive channel estimates are e.g. averaged to level the 
Stochastic variation of the channel estimates. The filtering 
may comprise processing of the Signal e.g. by linear, non 
linear, adaptive or time-variant processing methods. 

It is also possible to utilize a prediction procedure in the 
channel estimator, whereby the estimator tracks and 
predicts, if possible, changes concerning the channel. The 
prediction procedure can be implemented e.g. by a signal 
processor which computes default values for parameters on 
the basis of the estimates obtained. 

For the sake of simplicity, the method and receiver of the 
invention are described above by an example concerning 
primarily synchronic traffic. The solution of the invention, 
however, can also be used in a similar manner in asynchro 
nic traffic. The requirements Set by asynchrony must natu 
rally be taken into account. Asynchronic traffic is illustrated 
in FIG. 6, which shows parts of two simultaneously received 
signals that comprise time slots 60-63 and 64-67 respec 
tively. Since different transmissions are not Synchronized 
with one another, the time slots are not in Sync, this is 
different from Synchronic transmission, in which the time 
Slots are in Sync. For example, when interference in time slot 
61 is determined and eliminated, those parts of time slots 65 
and 66 which coincide with time slot 61 must be taken into 
acCOunt. 

Although the invention is described above with reference 
to an example illustrated in the attached drawings, it is to be 
understood that the invention is not limited thereto but can 
be varied in many ways within the inventive idea disclosed 
in the attached claims. 
We claim: 
1. A method for estimating a channel in a receiver of a 

cellular radio System that operates in accordance with a code 
division multiple access technique, comprising Steps of: 

1O 
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receiving a code division multiple acceSS Signal that is 

Subject to multiple acceSS interference; 
operating a first channel estimator to compute a first 

channel estimation on Samples of the received Signal to 
provide preliminary channel estimation results; 

Substantially eliminating multiple acceSS interference 
from the Samples of the received signal; 

operating a Second channel estimator to compute a Second 
channel estimation on the Samples of the received 
Signal from which multiple acceSS interference has 
been Substantially eliminated, the Second channel esti 
mator providing improved channel estimation results, 
and 

feeding back the improved channel estimation results 
from the Second channel estimator to the first channel 
estimator Such that an improved channel estimation 
result for a Sample b, is used by the first channel 
estimator when computing a preliminary channel esti 
mate for a Sample b. 

2. A Subscriber equipment for use in a cellular radio 
System that operates in accordance with a code division 
multiple access technique, Said Subscriber equipment com 
prising: 

a receiver for receiving and Sampling a code division 
multiple access signal that is Subject to multiple access 
interference; 

a first channel estimator for determining a first channel 
estimation on Samples of the received signal to provide 
preliminary channel estimation results, 

a multiple access interference eliminator for Substantially 
eliminating multiple access interference from the 
Samples of the received signal; 

a Second channel estimator, coupled to an output of Said 
multiple access interference eliminator, for determining 
a Second channel estimation on the Samples of the 
received signal from which multiple acceSS interfer 
ence has been Substantially eliminated, the Second 
channel estimator outputting improved channel estima 
tion results, and 

a feedback path for feeding back the improved channel 
estimation results from the Second channel estimator to 
the first channel estimator Such that an improved chan 
nel estimation result for a Sample b, is used by the first 
channel estimator when determining a preliminary 
channel estimate for a Sample b, . 
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