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DATA TRANSMISSION METHOD AND RADIO 
SYSTEM 

FIELD OF THE INVENTION 

[0001] The invention relates to a data transmission method 
used in a radio system comprising a subscriber terminal and 
at least one base station transmitting signals to the subscriber 
terminal by means of its antenna. 

BACKGROUND OF THE INVENTION 

[0002] In transmitting signals, prior art radio systems use 
various diversity methods to improve the quality of data 
transmission. Diversity methods include, for instance, 
orthogonal transmit diversity (OTD), time sWitching trans 
mit diversity (TSTD) and selective transmit diversity (STD). 
The above-mentioned diversity methods can be used in 
future WCDMA systems, for instance. Said methods 
improve BER performance, for instance, in data transmis 
sion. Of the above-mentioned methods, especially the STD 
method provides the greatest advantages as compared With 
the OTD and TSTD methods, for instance. 

[0003] In FDD systems, the STD method can be used in 
selecting antennas, for instance. In this case, in a radio 
system, a subscriber terminal, Which can be a mobile phone, 
for instance, selects and advises the base station to select an 
as optimal antenna as possible for the base station to use in 
a doWnlink signal transmission. The selection of antennas is 
based on measuring the quality of signals transmitted by the 
base station antennas and comparing the obtained measure 
ment results With each other. 

[0004] HoWever, the use of STD methods causes load 
problems in the poWer ampli?ers of the transceiver. The 
problems are caused because the load of the poWer ampli 
?ers is not alWays distributed evenly betWeen the various 
poWer ampli?ers, and the differences in loads may be 
relatively big. In a CDMA-type radio system, for instance, 
a situation may arise in practice Where a given transmission 
branch of a base station is selected to transmit signals to a 
large number of subscriber terminals Which establish simul 
taneous connections by means of the signals. Such a selec 
tion method calls for extensive dynamics of the poWer 
ampli?er at the transmission branch. Extensive dynamics 
call for using a high crest coe?icient in designing the poWer 
ampli?ers, Which coef?cient is determined by the ratio of the 
maximum output required of the poWer ampli?er and its 
average output. 

[0005] Let us assume that the base station comprises a ?rst 
and a second transmission antenna Which transmit a signal 
to the same subscriber terminal. Let us further assume that 
the base station comprises a ?rst poWer ampli?er feeding its 
signal to the ?rst transmission antenna and a second poWer 
ampli?er feeding its signal to the second transmission 
antenna. If the subscriber terminal is advantageously located 
With respect to the ?rst transmission antenna, for instance, 
the subscriber terminal receives a signal of at least slightly 
better quality from the ?rst transmission antenna. In prac 
tice, it may Well be possible that the signal transmitted by the 
second antenna is also received as a relatively good-quality 
signal. If the antenna is selected to transmit a signal to 
mobile phones, of Which there are K and to each of Which 
the base station poWer ampli?er transmits the signal at P 
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poWer, the dynamics of the base station poWer ampli?er 
must achieve a poWer level of at least KP. 

[0006] Because the selection of antennas is based solely 
on measuring the absolute quality of the signal, the sub 
scriber terminal sends to the base station a command to use 
the ?rst transmission antenna. If suf?ciently many sub 
scriber terminals command the base-station to use the ?rst 
transmission antenna, it is possible that the nominal load 
ability of the ?rst poWer ampli?er is exceeded. If the 
subscriber terminal has had to select the better of tWo base 
station antennas, for instance, the subscriber terminal can 
transmit information on the selection by using one selection 
bit. In the above-mentioned situation, the value of the 
selection bit may be ‘ l ’, for instance, indicating the selection 
of the ?rst transmission antenna, for instance. The value ‘0’ 
of the selection bit Would then have indicated the selection 
of the second transmission antenna. 

[0007] The selection method is, hoWever, not optimal 
from the point of vieW of the poWer ampli?er load, since the 
used method may lead to overload in the poWer ampli?er 
feeding the selected transmission antenna. The load of the 
poWer ampli?ers is thus too uneven in some situations. Said 
problems are at least partly caused by the fact that measuring 
the signal quality is based on absolute values Which does not 
lead to the best possible solution for the operation of the 
system. 

BRIEF DESCRIPTION OF THE INVENTION 

[0008] The object of the invention is thus to implement a 
method and an apparatus implementing the method in such 
a manner that the above-mentioned problems can be solved. 
This object is achieved by a data transmission method as 
described in the speci?cation, characterized by determining 
the quality of the signals received by the subscriber terminal 
by comparing the received signals With at least one signal 
quality threshold level, sending to the base station, Which 
transmitted the signal that exceeded the threshold, informa 
tion on the antennas Which transmitted the signals that 
exceeded the threshold, or information on the transmission 
direction, from Which the signal that exceeded the threshold 
Was received, selecting from the antennas, Which transmitted 
the signal that exceeded the threshold, an antenna or anten 
nas to continue the transmission of the signal to said 
subscriber terminal, or selecting from the transmission 
directions, from Which the signal that exceeded the threshold 
Was received, a transmission direction or directions, to 
Which to continue the transmission of the signal to said 
subscriber terminal. 

[0009] In addition, the object is achieved by a data trans 
mission method as described in the speci?cation, character 
iZed by determining the quality of the signals received by the 
subscriber terminal by comparing the received signals With 
at least one signal quality threshold level, and When only 
one-signal exceeds the threshold, sending to the base station 
Which transmitted the signal that exceeded the threshold a 
command to use, When transmitting a signal to said sub 
scriber terminal, the antenna With Which the signal that 
exceeded the threshold Was transmitted, or the transmission 
direction to Which the signal that exceeded the threshold Was 
transmitted. 

[0010] The invention also relates to a radio system com 
prising at least one subscriber terminal and at least one base 
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station comprising an antenna With Which the base station 
transmits signals to the subscriber terminal. 

[0011] The radio system of the invention is characterized 
in that the subscriber terminal comprises a measuring means 
Which determines the quality of the signals received by the 
subscriber terminal by comparing the received signals With 
at least one signal quality threshold level, the subscriber 
terminal sends to the base station, Which transmitted the 
signal that exceeded the threshold, information on the anten 
nas from Which the signal that exceeded the threshold Was 
transmitted, or information on the transmission directions 
from Which the signal that exceeded the threshold Was 
received, the base station comprises a means Which selects 
from the antennas, Which transmitted the signals that 
exceeded the threshold, an antenna or antennas Which con 
tinue to transmit a signal to said subscriber terminal, or the 
means selects from the transmission directions of the sig 
nals, Which exceeded the threshold, a transmission direction 
or directions to Which the base station continues to transmit 
a signal. 

[0012] In addition, the radio system of the invention is 
characterized in that the subscriber terminal comprises a 
measuring means Which determines the quality of the signals 
received by the subscriber terminal by comparing the 
received signal With at least one signal quality threshold 
level, and When only one signal exceeds the threshold, the 
subscriber terminal sends to the base station, Which trans 
mitted the signal that exceeded the threshold, a command to 
use, When transmitting a signal to said subscriber terminal, 
the antenna With Which the base station transmitted the 
signal that exceeded the threshold, or the transmission 
direction to Which the signal that exceeded the threshold Was 
transmitted. 

[0013] The preferred embodiments of the invention are 
disclosed in the dependent claims. 

[0014] The invention is based on the idea that the sub 
scriber terminal measures the signals transmitted by the base 
station by comparing them to a threshold level, and the 
transmission antenna, transmission direction or beam used 
by the base station is selected case by case either in the 
subscriber terminal or base station. 

[0015] The data transmission method and radio system of 
the invention provide several advantages. With the method 
of the invention, the load of the ampli?ers in the base station 
of the radio system can continuously be distributed as evenly 
as possible betWeen each ampli?er. Since the load remains 
even, the dynamics of the ampli?ers need not be as extensive 
as in ampli?ers used in prior art radio systems, thus facili 
tating the design of ampli?ers. 

[0016] The method minimiZes the unevenness of load 
betWeen poWer ampli?ers by letting the base station select 
the transmission antenna of a doWnlink transmission, When 
necessary. If the base station uses adaptive antennas, the 
method of the invention makes it possible to select a 
transmission direction Which causes as little interference as 
possible to the other signals in the radio network. 

[0017] In addition, the method makes it possible to imple 
ment a ?exibly operating radio system. In a receiver, Which 
is a subscriber terminal, of the radio system of the invention, 
the received signals are categoriZed by means of threshold 
levels into different signal groups. Using several thresholds 
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makes it possible to allocate channels more ?exibly to 
receivers. In addition, using thresholds improves the reli 
ability of the antenna selection. The solution of the invention 
is relatively easy to implement by altering signalling, for 
instance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The invention Will noW be described in greater 
detail by means of preferred embodiments With reference to 
the attached draWings, in Which 

[0019] FIG. 1 shoWs a radio system of the invention, 

[0020] FIG. 2 shoWs the structure of a base station of the 
radio system, 

[0021] FIG. 3 shoWs a more detailed description of the 
base station, 

[0022] FIG. 4 shoWs the structure of a subscriber-terminal 
in the radio system, 

[0023] FIG. 5 illustrates the purpose of use of the thresh 
old levels, 

[0024] FIG. 6 illustrates the selection process used in the 
radio system. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] FIG. 1 shoWs a radio system comprising a base 
station 100, subscriber terminals 200, a base station con 
troller 300 and a mobile sWitching centre 400. The sub 
scriber terminals 200 can be mobile phones, for instance. 
The base station comprises transmitters 130, 131 and receiv 
ers 160, 161. In addition, the base station comprises anten 
nas 140, 141 With Which the base station transmits and 
receives signals. The base station transmits to a subscriber 
terminal and receives from a subscriber terminal a signal 
150 by means of its antenna 140. In addition, the base station 
transmits to a subscriber terminal and receives from a 
subscriber terminal a signal 151 by means of its antenna 141. 
The ?gure shoWs that the subscriber terminal comprises a 
transmitter 201 and a receiver 202. The subscriber terminal 
can receive signals transmitted from the various antennas of 
the base station. The signals containing the same informa 
tion received by the subscriber terminal can also be trans 
mitted by different base stations. 

[0026] FIG. 2 shoWs in greater detail the structure of the 
base station 100 in the radio system of the invention. The 
base station comprises antennas 140, 141 acting in practice 
as transceiver antennas. In addition, the base station com 
prises an ampli?er 111, a radio frequency part 112, a 
demodulator 113 and a decoder 114 on the receiving side. 
The base station can use antenna diversity, for instance, in 
transmission. The antennas must be located far enough from 
each other When using antenna diversity. The distance of the 
antennas can be at least 10 to 20 fold, for instance, in relation 
to the used Wavelength. 

[0027] The antennas can also be adaptive antennas, for 
instance, in Which case they alloW the use of angle diversity 
in transmitting signals. The base station forms beams With 
the adaptive antennas to use in transmitting signals. The 
adaptive antennas are located at a distance of at most half of 
the used Wavelength, for instance, in relation to each other. 
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[0028] The radio-frequency signal received by the base 
station is forwarded from the antenna to the ampli?er 111 
Which ampli?es the level of the received signal. The ampli 
?ed signal is forwarded to the radio frequency part 112 
Which transfers the signal to an intermediate frequency. The 
radio frequency part 112 is connected to the demodulator 
113 Which returns the broadband signal to a narroWband data 
signal, if the signal in question is a CDMA signal. The 
invention is, hoWever, not in any Way restricted to the 
CDMA system, and the system can, for instance, be a TDMA 
system or a radio system operating according to another 
principle. 

[0029] The data signal is forWarded from the demodulator 
113 to the decoder 114 Which decodes the data signal in a 
suitable manner. The signal coming in to the decoder 114 can 
be convolution-coded, for instance. The operation of the 
decoder 114 can be based on the V1terbi algorithm, for 
instance. Typically, the decoder 114 decrypts and deinter 
leaves the signal. 

[0030] On the transmission side, the base station com 
prises an ampli?er 121, a coder 122, a modulatory 123 and 
a radio frequency part 124. The coder 122 receives a signal 
and, after coding it, transmits the signal to the modulator 
123. The coder 122 can use convolution coding, for instance. 
In addition, the coder 122 encrypts the signal, for instance. 
The coder 122 also interleaves the signal bits or bit groups. 
In practice, the modulator 123 can act as a symbol modu 
lator, for instance. If the transceiver is of CDMA type, the 
signal received from the modulator 123 is pseudo-random 
noise-coded into a broadband spread-spectrum signal. After 
this, the spread-spectrum signal is converted into radio 
frequency according to prior art in the radio frequency part 
124. The radio-frequency signal is forWarded to the ampli 
?er 121 Which ampli?es the signal. The ampli?ed signal is 
transmitted via the antenna to the radio path. The base 
station also comprises a means 102 Which controls the 
operation of the above-mentioned base station blocks, and a 
means 103 Which stores data on the load status of the 
ampli?ers, for instance. The means 103 can be implemented 
With a memory circuit, for instance. 

[0031] In practice, the receiving side of the base station 
comprises several receiver branches. Correspondingly, the 
transmitting side of the base station may comprise several 
transmitter branches and each transmitter branch can be 
connected to its oWn antenna, for instance. In addition, the 
signals going through each transmitter branch are typically 
forWarded to different ampli?ers for ampli?cation. FIG. 3 
illustrates the above-mentioned base station Which has sev 
eral ampli?ers acting as poWer ampli?ers on the transmitting 
side. 

[0032] FIG. 4 shoWs in greater detail the structure of the 
subscriber terminal used in the radio system of the invention. 
The subscriber terminal comprises an antenna 240, an 
ampli?er 211, a radio frequency part 212, a demodulator 
213, a decoder 214, an ampli?er 221, a coder 222, a 
modulator 223 and a radio frequency part 224, and a control 
means 202. In principle, the above-mentioned subscriber 
terminal parts function in the same Way as the parts corre 
sponding to said parts in the base station. In addition, the 
subscriber terminal comprises a measuring means 230 Which 
measures the quality of the signals received by the sub 
scriber terminal. Measuring the quality can be based on 
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measuring signal strength, amplitude-to-poWer ratio, S/N 
ratio, signal energy or signal bit error ratio, for instance. The 
measuring means can measure the signal quality continu 
ously or periodically. 

[0033] The subscriber terminal can simultaneously receive 
signals from either the same base station or from several 
base stations. The measuring means 230 in the subscriber 
terminal measures the received signals. The purpose for 
measuring the signal quality is to select the most optimal 
antenna for the radio system to transmit the signal to the 
subscriber terminal. The transmission direction or the beam 
used in transmission can also be selected on the basis of the 
signal quality measurement. The base station can use the 
load situation of an ampli?er, for instance, as a selection 
criterion. Another purpose is that the ?nal selection decision 
on the transmission antenna, transmission direction and/or 
ampli?er is made either in the subscriber terminal or the base 
station. 

[0034] The measuring means 230 compares the measured 
signal With one or more threshold levels. FIG. 5 shoWs a 
diagram illustrating the purpose of use of the threshold 
levels used in the subscriber terminal. Let us assume that the 
subscriber terminal receives a signal 150 transmitted by an 
antenna 140, AMENDED SHEET and a signal 151 trans 
mitted by an antenna 141. There is at least one threshold 
level for the received signals, With Which the signal quality 
is compared. The threshold levels can be pre-set at ?xed 
values, for instance. In measuring the received signal, the 
placement of the signal being measured is examined in 
relation to the threshold level. The signal being measured 
can be either beloW or above the threshold level. In some 
special cases, the signal being measured may be at exactly 
the threshold level. In the radio system of the invention, a 
method knoWn as the B-STD diversity method (Balanced 
Selective Transmit Algorithm) is used to help select the 
transmission antenna and transmission direction of the base 
station. The signals of different antennas or beams can be 
distinguished from each other in the subscriber terminal on 
the basis of different codes, their pilot signal or training 
sequence code. 

[0035] Let us assume that in FIG. 5, the subscriber 
terminal receives a signal S1 and S2. Let us further assume 
that the base station antenna 140 transmits the signal S1 and 
the antenna 141 transmits the signal S2. When the quality of 
both signals exceeds the pre-set level Th, the subscriber 
terminal sends information on the quality of the signals to 
the base station, and consequently, either the antenna 140 
Which transmitted the signal S1 or the antenna 141 Which 
transmitted the signal S2 can be selected as the ?nal trans 
mission antenna. In the above situation, both antennas 140, 
141 can be selected as ?nal transmission antennas. The same 
principle can also be used When selecting the beam or the 
transmission direction. In the situation described above, the 
base station makes the ?nal decision on the transmission 
antenna, transmission beam or transmission direction on the 
basis of the information sent by the subscriber terminal. In 
practice, the means 102 in the base station makes the 
decision. 

[0036] If the signal S1 exceeds the threshold, but the 
signal S2 is beloW it, the subscriber terminal sends infor 
mation on the quality of the signals to the base station. After 
receiving the information, the base station continues to 
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transmit the signal S1 through the antenna 140. If the signal 
S1 is below the threshold, but the signal S2 exceeds it, the 
subscriber terminal sends information on the quality of the 
signals to the base station, and having received it, the base 
station continues to transmit the signal S2 through antenna 
141. In the above-mentioned situations, the ?nal decision on 
the transmission antenna, for instance, is already made in the 
subscriber terminal. 

[0037] If both signals S1, S2 are beloW the threshold level, 
the subscriber terminal sends information on the quality of 
the signals to the base station Which can, for instance, stop 
transmitting both signals. Therefore, the setting of the 
threshold level has a high signi?cance. The threshold level 
can be set to a level, for instance, that When the signal 
received by the subscriber terminal is beloW it, the base 
station antenna Which transmitted the signal Will not be 
taken into consideration in the selection process. HoWever, 
When the quality of the signal received by the subscriber 
terminal is above the threshold level, the base station 
antenna Which transmitted the signal is considered in the 
selection process. In the case described above, the subscriber 
terminal can send the information on the signal quality or 
antenna selection in one bit. If the subscriber terminal 
receives signals With M antennas, M bits are required to send 
all above-mentioned information to the base station. 

[0038] FIG. 5 shoWs that on the basis of the quality 
measurement made by the subscriber terminal, preliminary 
candidates are selected for the transmission antenna, trans 
mission direction or transmission beam of the base station. 
The ?nal selection is made on the basis of the preliminary 
selection, and the ?nal selection can be made either in the 
subscriber terminal or the base station depending on the 
case. 

[0039] FIG. 6 illustrates the selection process. FIG. 5 
shoWs areas 250 and 252 Which are ellipse-shaped. The 
areas 250 and 252 overlap slightly. The overlapping area 
251, Which is common to the areas 250, 252, is marked With 
lines. When the area 251 common to the areas 250 and 252 
is subtracted from the area 250, an area A remains. When the 
area common to the areas 250 and 252 is subtracted from the 
area 252, an area B remains. Let us assume that the antenna 
140 transmits a signal S1 and the antenna 141 a signal S2. 
When the signals received by the subscriber terminal ful?l 
the quality condition (S l<Th, S2>Th) in the area A, the 
antenna 141 is selected. When the signals received by the 
subscriber terminal ful?l the condition (Sl>Th, S2<Th) in 
the area B, the antenna 140 is selected. In the tWo previous 
cases, the subscriber terminal makes the ?nal decision on the 
transmission antenna used by the base station. 

[0040] If the signals received by the subscriber terminal 
are in the area 251, the subscriber terminal sends informa 
tion to the base station that both signals exceed the thresh 
old. After receiving the information, the base station can, if 
necessary, select the antenna 140 and/or 141. In this situa 
tion, the base station makes the ?nal selection on the 
transmission antenna. In addition to the antenna, it is also 
possible to select and make a decision on the transmission 
direction or the beam the base station uses for transmission. 
When the subscriber terminal transfers the decision selection 
to the base station, it simultaneously informs the base station 
of suitable antenna candidates. When the ?nal decision on 
the selection is made in the base station, the means 102 in 
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the base station selects the transmission beam causing the 
least interference. When the ?nal decision on the selection is 
made in the subscriber terminal, the means 202 in the 
subscriber terminal selects the transmission beam causing 
the least interference to be the beam for the base station. 

[0041] When the base station has been given the right to 
decide on the diversity antenna selection, the base station 
can make the decision on the transmission antenna on the 
basis of the load in the ampli?er that feeds the antenna. The 
decision can, for instance, be based on the load of the 
netWork or ampli?er at the moment on hand, or on a 
short-time or long-time load of the ampli?er. The means 102 
in the base station preferably selects the ampli?er With the 
loWest load to feed the selected transmission antenna. This 
Way, the load distribution of the ampli?ers remains as even 
as possible all the time. 

[0042] The actual load distribution of the ampli?ers can be 
continuously estimated by various means. The means 102 
can keep a record of the selections made during a longer 
period of time. In addition, the means 102 can keep a record 
of the current and short-term selections. The estimation can 
easily be done by means of tWo counters. The counter 
keeping track of the longer-term selections, can, for 
instance, calculate an average poWer for each ampli?er. The 
counter keeping track of the short-term selections can 
instead monitor the maximum loads, for instance. The latter 
counter can, for instance, keep a record of the load situation 
of a time slot being transmitted at a given time. If several 
counters are used, the incidence probabilities of various load 
situations can be calculated by different statistical methods. 

[0043] The load situation data can be utiliZed When updat 
ing the utiliZation rate data of the ampli?ers. The data being 
updated can be Weighted taking into consideration the data 
transmission rate used in transmission, because the data 
transmission rate is comparable With the required transmis 
sion poWer. In practice this means that When transmitting a 
signal burst at a basic rate, the counter is incremented by one 
unit, for instance. When a burst is transmitted at q times the 
basic rate, the counter is incremented by one q unit. 

[0044] Because the data transmission method is based on 
using a closed loop, the bene?t derived from the use of the 
method is slightly reduced When the subscriber terminal 
moves at a high speed. When the radio system has detected 
that the rate of movement of the subscriber terminal exceeds 
a prede?ned limit rate, the base station can send to the 
subscriber terminal a command, on the basis of Which the 
subscriber terminal stops transmitting the antenna selection 
bits to the base station. The radio system can utiliZe another 
diversity method for the doWnlink direction during the time 
that the subscriber terminal moves at a high speed. If the 
subscriber terminal can measure its oWn speed, the sub 
scriber terminal can send information on a suitable trans 
mission antenna to the base station. The selection of an 
antenna transmitting in the doWnlink direction can also be 
based on a combined selection in Which the decision on the 
antenna is made on the basis of the decisions made by the 
subscriber terminal and the base station. 

[0045] If there are M antennas, for instance, to select from, 
the amount of antenna selection information sent by the 
subscriber terminal depends on the capacity reserved for the 
transmission of said information at a given time. If the data 
?eld in the signal frame is large enough, information on the 
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best antennas and their order of priority can be sent to the 
base station. It can be generalized that the more transmission 
antennas are used in the doWnlink direction, the more 
probable it is that the most optimal transmission antenna is 
selected. On the other hand, the subscriber terminal must 
then have enough capacity to transmit several selection bits 
to the base station. 

[0046] A subscriber terminal acting as a receiver uses one 
or more threshold levels, the application of Which enables 
the division and grouping of the signals in received chan 
nels. By means of the division, the doWnlink channels can be 
divided into different groups, such as ‘good’, ‘average’ and 
‘poor’. 

[0047] The threshold or thresholds are set in such a 
manner that they divide the operating area as appropriately 
as possible so that the different channel spaces can be 
distinguished. When using only one threshold, special atten 
tion should be paid to selecting the threshold, because the 
channels are then divided relatively roughly. If the threshold 
is set too loW, antenna selection can be made on the basis of 
a channel having a high attenuation, Which is not advisable. 
If the threshold is set too high, even good-quality channels 
may be rejected during the division process. PoWer control 
commands sent earlier can also be taken into account When 
setting the threshold. 

[0048] If several channels are acceptable to the subscriber 
terminal for doWnlink transmission, the subscriber terminal 
lets the base station select the most suitable transmission 
antenna. The selection is based on the load of the poWer 
ampli?ers in the base station. In the above situation, the base 
station can balance the load situation of the base stations 
Within its oWn capability. 

[0049] If signals, Which When received are of ‘poor’ 
quality, are transmitted to the subscriber terminal on tWo 
different channels, the information on the quality of the 
channels can be sent to the base station in tWo bits by a 
signalling combination of ‘11’, for instance. Using signal 
ling, the subscriber terminal informs the base station that, in 
principle, none of the measured doWnlink channels are good 
for transmission, and consequently the transmission of said 
signals can be interrupted. Transmission interruption can be 
used When transmitting data in packets, for instance. When 
using real-time transmission and When all signals received 
by the subscriber terminal are beloW the threshold level, the 
antenna Which transmitted the best signal is selected to 
continue transmitting the signal. 

[0050] If the base station is sending data or non-real-time 
data, for instance, the base station can, if necessary, interrupt 
the transmission until better channel conditions are again 
available. This Way, it is possible to avoid a situation in 
Which the base station tries in vain to establish a connection 
by increasing its transmission poWer, thus increasing inter 
ference to other signals in the radio system. It is thus 
possible to prevent the occurrence of common channel 
interference, for instance, by means of the method. In 
real-time, transmission, in Which the signalling How should 
be continuous, a base station can transmit a signal to the 
subscriber terminal through several antennas. 

[0051] Even though the invention has been explained in 
the above With reference to an example in accordance With 
the accompanying draWings, it is obvious that the invention 
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is not restricted to it but can be modi?ed in many Ways 
Within the scope of the inventive idea disclosed in the 
attached claims. 

1. A data transmission method used in a radio system 
comprising a subscriber terminal and at least one base 
station Which transmits signals to the subscriber terminal by 
means of its antenna, the method comprising: 

determining the quality of signals received by the sub 
scriber terminal by comparing the received signals With 
at least one signal quality threshold level, 

sending to the base station, Which transmitted a signal that 
exceeded the threshold, information on the antennas 
Which transmitted the signal that exceeded the thresh 
old, or information on transmission directions from 
Which the signal that exceeded the threshold Were 
received, and 

selecting from the antennas, from Which the signal that 
exceeded the threshold Was received, a transmission 
direction or directions, in Which to continue transmis 
sion of the signal to said subscriber terminal. 

2. A data transmission method used in a radio system 
comprising a subscriber terminal and at least one base 
station Which transmits signals to the subscriber terminal by 
means of its antenna, the method comprising: 

determining the quality of signals received by the sub 
scriber terminal by comparing the received signals With 
at least one signal quality threshold level, and 

When only one signal exceeds the threshold, sending to 
the base station, Which transmitted the signal that 
exceeded the threshold, a command to use, When 
transmitting a signal to said subscriber terminal a 
transmission direction in Which the signal that 
exceeded the threshold Was transmitted. 

3. A method as claimed in claim 1, Wherein When the 
quality of several signals is Within acceptable levels, infor 
mation on the quality of the signals is sent to the base station, 
and the base station can, on the basis of the information, 
decide Which antenna or direction it Will use to continue 
transmitting signals. 

4. (canceled) 
5. (canceled) 
6. A method as claimed in claim 1, Wherein if the quality 

of a signal received by the subscriber terminal is beloW a 
loWest acceptable quality level, information on the quality of 
that signal is sent to the base station Which, after receiving 
the information, interrupts transmission of that signal. 

7. A method as claimed in claim 1, Wherein signals are 
transmitted to the subscriber terminal by means of beams, 
and a ?nal decision on the transmission antenna, transmis 
sion direction or beam to be used by the base station is made 
in the base station. 

8. Amethod as claimed in claim 2, Wherein the signals are 
transmitted to the subscriber terminal by means of beams, 
and a ?nal decision on the transmission antenna, transmis 
sion direction or beam to be used by the base station is made 
in the subscriber terminals. 

9. A method as claimed in claim 1, Wherein the transmis 
sion beam of the base station causing the least interference 
is selected and the selection decision is made in the base 
station. 



US 2006/0135063 A1 

10. A method as claimed in claim 2, wherein the trans 
mission beam of the base station causing the least interfer 
ence is selected and the selection decision is made in the 
subscriber terminal. 

11. A radio system comprising at least one subscriber 
terminal and at least one base station comprising an antenna 
by means of Which the base station transmits signals to the 
subscriber terminal, Wherein 

the subscriber terminal comprises a measuring means 
Which determines the quality of signals received by the 
subscriber terminal by comparing the received signals 
With at least one signal quality threshold level, 

the subscriber terminal sends to the base station, Which 
transmitted a signal that exceeded the threshold, infor 
mation on the antennas by Which the signal that 
exceeded the threshold Were transmitted, or informa 
tion on transmission directions from Which the signal 
that exceeded the threshold Were received, 

the base station comprises a means Which selects from 
transmission directions of the signal, Which exceeded 
the threshold, a transmission direction or directions in 
Which the base station continues to transmit the signal. 

12. A radio system comprising at least one subscriber 
terminal and at least one base station comprising an antenna 
by means of Which the base station transmits signals to the 
subscriber terminal, Wherein 

the subscriber terminal comprises a measuring means 
Which determines the quality of signals received by the 
subscriber terminal by comparing the received signals 
With at least one signal quality threshold level, and 

When only one signal exceeds the threshold, the sub 
scriber terminal sends to the base station, Which trans 
mitted the signal that exceeded the threshold, a com 
mand to use, When transmitting a signal to said 
subscriber terminal, a transmission direction in Which 
the signal that exceeded the threshold Was transmitted. 

13. A radio system as claimed in claim 11, Wherein When 
the quality of several signals is Within acceptable levels, the 
subscriber terminal sends to the base station information, on 
the basis of Which the base station can decide Which antenna 
or direction the base station Will use to continue transmitting 
the signal. 

14. (canceled) 
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15. (canceled) 
16. A radio system as claimed in claim 11, Wherein if the 

quality of a signal received by the subscriber terminal is 
beloW a loWest acceptable quality level, the subscriber 
terminal sends information on the quality of that signal to the 
base station Which, after receiving the information, stops 
transmitting that signal With the antenna by Which the signal 
that Was beloW the threshold Was transmitted. 

17. A radio system as claimed in claim 11, Wherein the 
base station transmits signals to the subscriber terminal by 
means of beams, and a ?nal decision on the transmission 
antenna, transmission direction or beam to be used in the 
base station is made in the base station. 

18. A radio system as claimed in claim 12, Wherein the 
base station transmits signals to the subscriber terminal by 
means of beams, and a ?nal decision on the transmission 
antenna, transmission direction or beam to be used in the 
base station (is made in the subscriber terminal. 

19. A radio system as claimed in claim 11, Wherein the 
base station comprises a means Which selects as the trans 
mission beam of the base station the transmission beam 
causing the least interference. 

20. A radio system as claimed in claim 12, Wherein the 
subscriber terminal comprises a means Which selects as the 
transmission beam of the base station the transmission beam 
causing the least interference. 

21. A base station, comprising: 

means for receiving information on transmission direc 
tions from Which a signal that exceeded at least one 
signal quality threshold Were received, 

means for selecting from the transmission directions of 
the signal that exceeded the at least one signal quality 
threshold, a transmission direction or directions in 
Which to continue to transmit the signal. 

22. Abase station, comprising: 

a receiver con?gured to receive information on transmis 
sion directions from Which a signal that exceeds at least 
one signal quality threshold is received, 

a controller con?gured to select from the transmission 
directions of the signal that exceeds the at least one 
signal quality threshold, a transmission direction or 
directions in Which to continue to transmit the signal. 

* * * * * 


