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(57) ABSTRACT 

A method for managing transmission conditions in a mobile 
telecommunication system according to movement of a 
mobile terminal is provided. The mobile terminal is having a 
communication link with a base station. The movement of the 
mobile terminal is monitored, and then a database is checked 
for the most optimal transmission conditions for the moni 
tored movement of the mobile terminal, and action is taken to 
change the transmission conditions of the communication 
link upon detecting, in the database, transmission conditions 
providing a more optimal communication link for the current 
movement of the mobile terminal than the transmission con 
ditions currently being used for the communication link. 
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400 START 

402 MEASURE RECEPTIONSIGNALLEVEL OF SIGNAL RECEIVED FROM MOBILETERMINAL 

404 0BTAINKNOWLEDGE ONGEOGRAPHICAL LOCATION 
OF MOBILETERMINAL ANDTRANSMISSION CONDITIONS 

406 STORE GEOGRAPHICAL LOCATION ANDTRANSMISSION CONDITIONS INTODATABASE 

408 LINKSTOREDTRANSMISSION CONDITIONS TO STOREDGEOGRAPHICAL LOCATION 

40 STORE RECEPTIONLEVELINTODATABASE 

412 LINKSTORED RECEPTION LEVELTOTRANSMISSION CONDITIONSSTORED IN410 

Fig. 4 
500 START 

502 MONITOR LOCATION OF MOBILETERMINAL 

504 PREDICT MOVEMENT OF MOBILETERMINAL ON BASIS OF RECENT 
MOVEMENT AND SELECTLOCATION FROM DATABASEACCORDINGLY 

506DETERMNEAVAILABLE TRANSMISSION PARAMETERS 

508 SELECT TRANSMISSION PARAMETERSACCORDINGTO DETERMINED CRITERION 

50 TAKE AN ACTION TO CHANGETRANSMISSION PARAMETERS 

Fig. 5 
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LINK ADAPTATION IN MOBILE 
TELECOMMUNICATION SYSTEM 

FIELD 

0001. The invention relates to radio link adaptation in a 
mobile telecommunication system. 

BACKGROUND 

0002 Radio link adaptation is an important factor in a 
mobile telecommunication system in order to react to varia 
tions in a radio channel environment. One reason for the radio 
link adaptation is to overcome attenuation of information 
signals in a radio channel. The attenuation is typically caused 
by path loss, shadowing, and fading. Path loss is a function of 
a distance between a transmitter and a receiver, shadowing is 
caused by objects between the transmitter and the receiver, 
and fast fading results in a multipath propagation of informa 
tion signals. Transmit power control is a known Scheme to 
combat all types of attenuation. Modulation and coding 
schemes may also be changed according to radio channel 
properties, or a diversity transmission and/or reception may 
be initialized to improve the reliability of transmission. 
0003. A reaction to changing radio channel properties is 
typically carried out by performing a channel estimation pro 
cedure based on a pilot sequence transmitted from the radio 
transmitter to the radio receiver. On the basis of the result of 
the channel estimation, the radio receiver instructs the radio 
transmitter to change the transmission parameters to ones that 
are more optimal for the current radio channel environment. A 
problem with the known scheme lies in the reaction to the 
changes in the radio channel properties. In other words, action 
is taken after the radio channel properties have changed, i.e. 
the quality of a transmitted information signal has degraded 
before action is taken to remedy the degradation. 

BRIEF DESCRIPTION OF THE INVENTION 

0004 An object of the invention is to provide an improved 
Solution for radio link adaptation. 
0005 According to an aspect of the invention, there is 
provided a method, comprising: monitoring movement of a 
mobile terminal having a communication link with a base 
station of a mobile telecommunication system, checking a 
database for transmission conditions of the communication 
link that are the most optimal according to a determined 
optimality criterion for current movement of the mobile ter 
minal, and taking action to change the transmission condi 
tions of the communication link upon detecting, in the data 
base, transmission conditions providing a more optimal 
communication link for the current movement of the mobile 
terminal than the transmission conditions currently being 
used for the communication link. 
0006. According to another aspect of the invention, there 

is provided an apparatus, comprising an interface configured 
to receive information on a geographical location of a mobile 
terminal having a communication link with a base station of a 
mobile telecommunication system. The apparatus further 
comprises a processing unit configured to check a database 
for transmission conditions of the communication link that 
are the most optimal according to a determined optimality 
criterion for current movement of the mobile terminal, and to 
take action to change the transmission conditions of the com 
munication link upon detecting, in the database, transmission 
conditions providing a more optimal communication link for 
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the current movement of the mobile terminal than the trans 
mission conditions currently being used for the communica 
tion link. 

0007 According to another aspect of the invention, there 
is provided an apparatus, comprising: means for monitoring 
movement of a mobile terminal having a communication link 
with a base station of a mobile telecommunication system, 
means for checking a database for transmission conditions of 
the communication link that are the most optimal according 
to a determined optimality criterion for current movement of 
the mobile terminal, and means for taking action to change 
the transmission conditions of the communication link upon 
detecting, in the database, transmission conditions providing 
a more optimal communication link for the current movement 
of the mobile terminal than the transmission conditions cur 
rently being used for the communication link. 
0008 According to another aspect of the invention, there 
is provided a computer program distribution medium read 
able by a computer and encoding a computer program of 
instructions for executing a computer process, comprising: 
monitoring movement of a mobile terminal having a commu 
nication link with a base station of a mobile telecommunica 
tion system, checking a database for transmission conditions 
of the communication link that are the most optimal accord 
ing to a determined optimality criterion for current movement 
of the mobile terminal, and taking action to change the trans 
mission conditions of the communication link upon detect 
ing, in the database, transmission conditions providing a 
more optimal communication link for the current movement 
of the mobile terminal than the transmission conditions cur 
rently being used for the communication link. 
0009. According to another aspect of the invention, there 
is provided a data structure, comprising: a first data field 
comprising a plurality of location values representing differ 
ent geographical locations, a second data field comprising a 
plurality of transmission condition sets, wherein each trans 
mission condition set is linked to one of the plurality of 
location values and each transmission condition set com 
prises one or more transmission condition groups, compris 
ing one or more transmission conditions, and a third data field 
comprising a plurality of transmission property values repre 
senting quality of transmission, wherein each transmission 
quality value is linked to a transmission condition group. 

LIST OF DRAWINGS 

0010. In the following, the invention will be described in 
greater detail with reference to the embodiments and the 
accompanying drawings, in which 
O011 
0012 FIG. 2 illustrates block diagrams of a mobile termi 
nal and a base station of a mobile telecommunication system; 
0013 FIG. 3 shows an exemplary structure of a database 
according to an embodiment of the invention; 
0014 FIG. 4 is a flow diagram illustrating a process for 
constructing and updating a database used in adaptation of a 
communication link according to an embodiment of the 
invention; and 
0015 FIG. 5 is a flow diagram illustrating a process for 
managing transmission conditions according to an embodi 
ment of the invention. 

FIG. 1 illustrates a typical radio environment; 
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DESCRIPTION OF EMBODIMENTS 

0016 A radio signal propagating through a radio channel 
Suffers from attenuation caused by path loss, shadowing, and 
fast fading. The path loss is an overall decrease in the strength 
of the radio signal as the distance between a radio transmitter 
and a radio receiver increases. The physical processes causing 
path loss include outward spreading of waves from a trans 
mitter antenna and obstructing effects of trees and buildings. 
A typical radio system may involve variations in path loss up 
to 150 dB over a coverage area of the system. The degree of 
the actual path loss is also a function of a type of environment 
between the transmitter and the receiver. In an urban environ 
ment, path loss is significantly higher than in Suburban or 
rural areas. 
0017 Shadowing is superimposed on path loss, and it 
changes more rapidly than path loss and with significant 
variations over distances of hundreds of meters. Generally, 
shadowing involves variations up to 20 dB, and it arises due to 
the varying nature of the particular obstructions between a 
base station and a mobile terminal. Such as tall buildings, hills 
or dense woods. Additionally, a user of the mobile terminal 
may cause shadowing when talking on the phone Such that the 
user's head is located between the mobile terminal and a base 
station communicating with the mobile terminal. While the 
density of human tissue is not even comparable with the 
density of buildings and woods, the head is located Such that 
the radio waves cannot easily go around the head due to the 
close proximity between an antenna of the mobile terminal 
and the head. 

0018 Fast fading involves variations on the scale of half 
wavelength of the radio signal and frequently introduces 
variations as large as 35 to 40 dB. The fast fading results from 
constructive and destructive interference between multiple 
radio waves arriving at the radio receiver. In addition to the 
path loss, shadowing, and fast fading, a radio signal in the 
radio channel suffers from thermal noise and interference 
caused by other radio signals on the same frequency band. 
0019. With reference to FIG. 1, a mobile terminal 100 is 
currently communicating with a first base station 120. A radio 
channel between the mobile terminal 100 and the first base 
station 120 belonging to a radio access network of a mobile 
telecommunication system affects signals exchanged 
between the mobile terminal 100 and the first base station 
with path loss, shadowing, and fast fading. The shadowing is 
caused by woods 130, buildings, and other obstacles blocking 
a line-of-sight between the mobile terminal 100 and the first 
base station 120. The fast fading is caused by multipath 
propagation of the signals and destructive Summation of dif 
ferent multipath components in a receiver. The destructive 
Summation may occur when a signal which has traveled 
through a signal path 122 (reflection from a building 140) is 
Summed with a signal traveled through a signal path 124 (a 
direct path) in approximately opposite phases. 
0020 Handing a communication link over to another base 
station 110 may improve the reliability of data transmission. 
In other words, a communication link 126 between the mobile 
terminal 100 and the other base station 110 may introduce less 
attenuation to transmitted signals. The other base station may 
belong to the same radio access network as the first base 
station or to another radio access network. There are, how 
ever, other possibilities for improving the reliability of data 
transmission to/from the mobile terminal 100, as will be 
described below. 
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0021 Several known solutions exist for tracking the loca 
tion of a mobile terminal. Modern mobile terminals may be 
provided with a positioning device as an add-on device or as 
a fixed component of the mobile terminal. The positioning 
device may utilize Global Positioning System (GPS), Gali 
leo, or another satellite positioning system. Alternatively, 
base stations of a radio access network may monitor the 
location of the mobile terminal by calculating signal propa 
gation delays between the mobile terminal and a plurality of 
base stations capable of communicating with the mobile ter 
minal. 
0022 FIG. 2 illustrates block diagrams of a mobile termi 
nal 200 and a base station 220 of a typical mobile telecom 
munication network. The base station 220 comprises a first 
communication interface 210 to provide an air interface con 
nection to one or several mobile terminals, such as mobile 
terminal 200. The first communication interface 210 may 
perform analog operations necessary for transmitting and 
receiving radio signals. Such operations may include analog 
filtering, amplification, up-fclown conversions, and A/D (ana 
log-to-digital) or D/A (digital-to-analog) conversion. 
0023 The base station 220 may further comprise a second 
communication interface 212 to provide a wired connection 
to the network of the mobile telecommunication system. The 
network of the mobile telecommunication system may pro 
vide connections to other networks. Such as the Internet and 
Public Switched Telephone Network (PSTN). The second 
communication interface 212 may be connected to a radio 
network controller controlling the operation of the base sta 
tion 220. 
0024. The base station 220 further comprises a processing 
unit 214 to control functions of the base station 220. The 
processing unit 214 handles establishment, operation and 
termination of radio connections with the mobile terminals 
the base station 220 is serving. The processing unit 214 may 
control the radio connections on the basis of instructions 
received from the radio network controller. The processing 
unit 214 may be implemented by a digital signal processor 
with suitable software embedded in a computer readable 
medium, or by separate logic circuits, for example with ASIC 
(Application Specific Integrated Circuit). 
0025. The base station 220 may further comprise a 
memory unit 216 storing instructions for controlling the 
operation of the processing unit 214. The memory unit 216 
may store transmission parameters related to a communica 
tion link between the base station 220 and the mobile terminal 
200. The memory unit 216 may additionally store a data 
structure to be used for controlling transmission conditions of 
the communication link between the base station 220 and the 
mobile terminal 200. 
0026. The mobile terminal 200 may comprise a commu 
nication interface 206 to provide a radio connection with the 
base station 220. The communication interface 206 may per 
form analog operations necessary for transmitting and receiv 
ing radio signals. 
(0027. The mobile subscriber unit 200 may further com 
prise a processing unit 204 to control functions of the mobile 
subscriber unit 200. The processing unit 204 may handle 
establishment, operation and termination of radio connec 
tions with the base station 220. The processing unit 204 may 
be implemented by a digital signal processor with Suitable 
software embedded in a computer readable medium, or by 
separate logic circuits, for example with ASIC (Application 
Specific Integrated Circuit). 
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0028. The mobile subscriber unit 200 may further com 
prise a memory unit 202 storing instructions for controlling 
the operation of the processing unit 204. The memory unit 
202 may store transmission parameters related to the com 
munication link between the base station 220 and the mobile 
terminal 200. The memory unit 202 may additionally store a 
data structure to be used for controlling transmission condi 
tions of the communication link between the base station 220 
and the mobile terminal 200. 
0029. Furthermore, the mobile terminal may comprise a 
positioning device 208 which is configured to determine a 
geographical location of the mobile terminal. The positioning 
device 208 may be configured to monitor the geographical 
location of the mobile terminal in real time by communicat 
ing with one or more satellites of a satellite positioning sys 
tem, such as GPS, assisted GPS (A-GPS), or Galileo. Other 
alternatives for tracking the location and the movement of the 
mobile terminal include providing motion sensors in the posi 
tioning device 208, tracking the location of the mobile termi 
nal with triangular measurements performed by a mobile 
telecommunication network. An example of the triangular 
measurements is Enhanced Observed Time Difference 
(EOTD) utilized in some mobile telecommunication net 
works. Several of the above-mentioned positioning schemes 
may be combined when determining the geographical loca 
tion of the mobile terminal. The results obtained through 
different schemes may be averaged to minimize the effect of 
a positioning error. 
0030 The mobile terminal may additionally comprise a 
user interface (not shown) for interaction with a user of the 
mobile terminal. The user interface may be used not only for 
providing the user with instructions and other information but 
also for enabling the user to give instructions and control the 
operation of the mobile terminal. The user interface may 
comprise a display unit, a keyboard or a keypad, a micro 
phone, and a loudspeaker. 
0031 When provided with knowledge of data transmis 
sion properties (or quality measures of a communication link) 
obtainable with different transmission conditions from a 
given geographical location, one may select appropriate 
transmission conditions for a mobile terminal located in the 
geographical location or arriving shortly at the geographical 
location with no need to measure properties of the radio 
channel environment and react to the changing environment. 
In other words, optimal transmission conditions may be 
selected before a change in the radio channel environment to 
prevent the degradation of signals. 
0032 Embodiments of the invention are based on moni 
toring the geographical location of the mobile terminal hav 
ing a communication link with a base station of a mobile 
telecommunication system and predicting movement of the 
mobile terminal from one or more of the monitored geo 
graphical locations of the mobile terminal. Then, a database is 
checked for the most optimal transmission conditions for a 
geographical location associated with the predicted move 
ment of the mobile terminal. Upon detecting, in the database, 
transmission conditions providing a more optimal connection 
for the geographical location than the ones currently in use for 
the communication link, action is taken to change the trans 
mission conditions of the communication link to the more 
optimal ones. 
0033 Accordingly, the selection of appropriate transmis 
sion conditions for each geographical location is based on 
utilizing the database describing properties of the communi 
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cation link with different transmission conditions in different 
geographical locations. The database may be constructed 
from measurements carried out by measuring, for example, 
reception signal strengths or other communication quality 
metrics obtained from a plurality of geographical locations. 
With respect to each location, one or more reception signal 
strengths may be measured, each with different transmission 
conditions. The database may be updated constantly with new 
information on communication qualities in different loca 
tions in order to keep the database up-to-date. 
0034. Measurement and database construction operations 
may be carried out by a base station. Referring to FIG. 4, the 
construction of a database is started in block 400. The base 
station measures the level of a signal received from a given 
mobile terminal in block 402 and in block 404 obtains knowl 
edge of the geographical location of the mobile terminal at the 
time of transmission of the signal and transmission conditions 
used in the transmission of the signal. The reception level of 
the signal may be a received signal strength indicator (RSSI) 
calculated in any case by the base station for other purposes. 
Accordingly, no need exists to increase the complexity of the 
base station with additional measurement functionalities. As 
an alternative to the reception signal level, another commu 
nication link quality indicator may be measured. Such as a 
signal-to-interference power ratio. The geographical location 
of the mobile terminal may be determined in the mobile 
terminal and transmitted periodically to the base station as 
signaling information in a control channel. The mobile ter 
minal may be adapted to attach a time stamp (or another time 
indicator) to the transmitted geographical location informa 
tion to enable the base station to track the movement of the 
mobile terminal. Transmission of the signaling information 
related to the geographical information may be defined in a 
communication protocol used in the communication between 
the mobile terminal and the base station. Accordingly, no 
need exists to use the resources of data channels for the 
transmission of the location information. The base station 
may obtain the knowledge of the transmission conditions 
from a communication protocol used in the transmission, or 
information on at least some of the transmission conditions 
may be communicated from the mobile terminal to the base 
station. 

0035 Referring to FIG. 3 illustrating a database (a data 
structure) according to an embodiment of the invention, the 
base station then in block 406 stores the location of the mobile 
terminal in a first data field 300 in the database to form a 
location value 304 representing the geographical location of 
the mobile terminal. In the same block 406, the base station 
stores the transmission conditions used in the transmission of 
a measured signal in a second data field 310 of the database to 
form a transmission condition group 320, and in block 408 
links the transmission condition group 320 to the geographi 
cal location of the mobile terminal stored as the location value 
304 in the first data field 300 of the database in block 406. 
Finally, the base station stores, in block 410, a measured 
reception level of the signal received from the mobile termi 
nal in a third data field 330 of the database to form a trans 
mission property value 332 and to link, in block 412, the 
stored transmission property value to the transmission param 
eter group 320 used in the transmission of the signal in ques 
tion and stored in block 406. 

0036. In a similar way, the base station may measure 
reception levels of signals received from the same mobile 
terminal or from other mobile terminals at different geo 
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graphical locations and with different transmission condi 
tions, and fill the first data field, i.e. a geographical location 
data field 300, with location values 304,306, and 308 repre 
senting geographical locations for which measurements have 
been carried out. In other words, the process returns from 
block 412 to block 402. Accordingly, the base station may 
also store transmission conditions used in the transmission of 
each signal, for which the reception level has been measured, 
in the second data field 310 as a transmission condition group 
322, 324, or 326 and link each stored transmission condition 
group 322, 324, and 326 to a corresponding location value 
304 to 308. Finally, the base station may store the measured 
reception levels in the third data field 330 as transmission 
property values 334, 336, and 338 and link the stored trans 
mission property values 334,336, and 338 to the correspond 
ing transmission parameter groups 322, 324, and 326. 
0037. When a plurality of signals with different transmis 
sion conditions are measured with respect to the same geo 
graphical location, i.e. the same location value 304,306, or 
308, the transmission condition groups associated with the 
same location value may be further grouped to form a trans 
mission condition set. Referring to FIG. 3, transmission con 
dition groups 320,322, and 323 for a transmission condition 
set 312 are linked to the location value 304. Similarly, trans 
mission condition sets 314 and 316 are formed and linked to 
the corresponding location values 306 and 308, respectively. 
0038. In an alternative embodiment, the database may be 
constructed such that the transmission property values 
included in the third data field 330 may be linked directly to 
the corresponding location values and each transmission 
parameter group associated with one of the transmission 
property values may be linked to the corresponding transmis 
sion property value. In other words, the order of the second 
data field 310 and the third data field 330 may be reversed 
compared to that illustrated in FIG. 3. Furthermore, the trans 
mission property values included in the third data field 330 
and the transmission condition groups included in the second 
data field 310 may both be linked directly to the geographical 
location values included in the first data field to enable access 
from a given geographical location value directly either to the 
transmission condition groups or to the transmission property 
values. Additionally, the transmission condition groups may 
be linked directly to the corresponding transmission property 
values. 

0039. The database may be updated constantly with new 
data to adapt the database to changes in the radio environ 
ments related to different geographical locations. Accord 
ingly, when the base station may constantly monitor RSSI 
values and/or other communication quality metrics of signals 
received from mobile terminals communicating with the base 
station, the base station may update the database with new 
transmission property values and/or new transmission condi 
tions. Given transmission property values may be averaged 
over the plurality of measurements to average the different 
transmission properties associated with different mobile ter 
minals. An averaging window may be of determined length to 
enable Sufficient averaging but prevent very old transmission 
property values from having a significant effect on the aver 
aging. The radio environment may have changed due to newly 
constructed buildings, for example. 
0040. A plurality of base stations may utilize and update a 
common database to construct an extensive database from a 
variety of different geographical locations with a variety of 
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transmission conditions and transmission qualities associated 
with the transmission conditions. 

0041. The transmission conditions may include radio sys 
tem parameters, such as the transmission frequency and a 
serving base station but also other conditions such as bearing 
of the mobile terminal and transmit power. In general, the 
transmission conditions include options available to the 
mobile terminal to affect the quality of the communication 
link between the mobile terminal and the base station. One or 
more of the above-mentioned transmission conditions may be 
stored in a transmission condition group of a transmission 
condition set associated with a given geographical location. 
Preferably, two arbitrarily selected transmission condition 
groups belonging to the same transmission condition set have 
different transmission conditions. When a transmission con 
dition group having the same transmission conditions as one 
stored previously is to be stored in the same transmission 
condition set, a property value of the older transmission con 
dition group may be replaced with a property value of the new 
transmission condition group. This reflects a change in the 
radio environment associated with a given geographical loca 
tion with the same transmission conditions, and the database 
is updated accordingly. 
0042. The transmission frequency is a parameter known to 
the base station from a transmission protocol. With respect to 
the serving base station as a transmission condition, the base 
station carrying out the measurement and updating the data 
base with a new geographical location, transmission condi 
tion group, and/or transmission property value, may add its 
own unique identifier to the transmission condition group to 
indicate that a given transmission property value (or values) 
were obtained when using the particular base station for com 
munication. The base station may be a base station configured 
to communicate according to at least one of the following data 
transmission standards: GSM (Global System for Mobile 
Communications), UMTS (Universal Mobile Telecommuni 
cation System) based on W-CDMA (Wideband Code Divi 
sion Multiple Access) and/or OFDMA (Orthogonal Fre 
quency Division Multiple Access) and SC-FDMA (Single 
Carrier Frequency Division Multiple Access), WLAN (Wire 
less Local Area Network). As mentioned above, the database 
may be updated by multiple base stations, and the base sta 
tions may utilize different communication standards. 
0043. The transmit power level may be communicated 
from the mobile terminal to the base station, or it may be 
tracked with a transmit power control procedure utilized in 
many mobile telecommunication systems, including UMTS. 
The bearing of the mobile terminal during the transmission 
may be determined by motion sensors or a compass provided 
in the mobile terminal. With the knowledge of the location of 
the base station, the mobile terminal is able to determine its 
bearing with respect to the base station. Locations of base 
stations may be stored in the database by utilizing the same 
notation as that used for storing the location values. 
0044 Above, the reception levels of the received signals 
were used as the transmission property values included in the 
third data field 330 of the database. In addition to or instead of 
metrics describing the quality of the communication link, 
other types of transmission property values may be used. The 
other types of transmission property values may include, for 
example, cost of the communication link. The value of the 
reception level reflects the quality of the radio environment, 
while the cost of the communication link refers to financial 
cost of the communication link. Information on the cost of the 
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communication link may be stored as a transmission property 
value when adding a new transmission condition group to the 
database or when updating the database with a new cost value. 
The information on the cost of the communication link may 
be provided by an operator of the radio network. 
0045. In the description above, the base station measured 
and stored the database in a memory unit of a radio access 
network. Alternatively, the database may be stored in a 
memory unit of the mobile terminal. The measurements may 
still be carried out by the base station but the base station may 
inform the mobile terminal of the measurement results, and 
the mobile terminal may add the results (and other transmis 
sion property values), the transmission conditions, and the 
geographical location values to the database stored in the 
memory unit of the mobile terminal. Of course, the database 
may be stored in both the mobile terminal and the radio 
network. 
0046. The geographical resolution of the database may be 
selected, for example, according to available computational 
resources and/or memory capacity or according to the accu 
racy of the positioning system. 
0047. An example of the construction of a database 
according to an embodiment of the invention was described 
above. Next, utilization of the database in managing data 
transmission from the mobile terminal will be described. 
Naturally, the database may also be utilized in managing 
downlink transmission. 

0048 Let us assume that a mobile terminal having a com 
munication link with a base station of a mobile telecommu 
nication system is moving in a geographical area. The mobile 
terminal is using a given transmission condition group for 
transmitting data to the base station. Let us further assume 
that a procedure for selecting transmission conditions accord 
ing to the movement of the mobile terminal is carried out in 
the mobile terminal. Accordingly, the procedure may be car 
ried out by a processing unit of the mobile terminal (for 
example the processing unit 204 of FIG. 2). Referring to a 
flow diagram illustrated in FIG. 5, the procedure starts in 
block 500. 

0049. The movement of the mobile terminal is tracked in 
block 502 with the help of information received from a posi 
tioning device included in the mobile terminal. The geo 
graphical location of the mobile terminal may be tracked in 
real time or updated periodically. A short history of the move 
ment of the mobile terminal may be stored into the memory 
unit of the mobile terminal to enable prediction of the move 
ment. The prediction of the geographical location the mobile 
terminal is moving to is carried out in order to change the 
transmission conditions, if necessary, to more optimal ones 
before the transmission quality Suffers from degradation. 
0050. The geographical location (a limited area) the 
mobile terminal will be entering next is predicted in block 
504, for example, by extrapolating the latest movement of the 
mobile terminal, i.e. the stored history of the movement of the 
mobile terminal. The extrapolation may be performed by a 
determined prediction algorithm weighting samples repre 
senting the stored movement of the mobile terminal to predict 
the upcoming location of the mobile terminal. For example, if 
the stored movement history indicates that the mobile termi 
nal has traveled through a straight path, the prediction algo 
rithm may predict that the upcoming location of the mobile 
terminal is the next geographical location located along that 
straight path and included in the database. Accordingly, a 
geographical location value closest to the predicted next geo 
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graphical location along the path of the mobile terminal is 
selected from the first data field 300 of the database in block 
SO4. 

0051. Then, the transmission conditions to be used in the 
selected geographical location may be determined. First, a 
transmission condition set linked to the selected geographical 
location value may be determined by following a link from 
the selected geographical location value to the appropriate 
transmission condition set. Then, the transmission condition 
groups available to the mobile terminal in the geographical 
location selected in block 504 may be determined in block 
506. It may be that the determined transmission condition set 
comprises transmitter parameter groups not available to the 
mobile terminal. They may be permanently unavailable or 
deactivated for the present. If it is known that the transmission 
condition set only comprises transmission condition groups 
available to the mobile terminal, block 506 may be omitted. 
0052. In block 508, transmission conditions to be used in 
the predicted geographical location are selected according to 
a determined criterion. The criterion may be given by a user of 
the mobile terminal, it may be given by a radio network 
serving the mobile terminal, or it may be determined in 
another way. The criterion may beat least one of the following 
criteria: higher reception signal level, lower power consump 
tion of a transmitter, higher data rate, and lower data trans 
mission cost. The criterion may be a conditional combination 
of a plurality of the above-mentioned criteria. The criterion 
may be, for example, to use the cheapest available connec 
tion, if the reception power level of the cheapest available 
connection remains above a determined threshold. Other 
wise, the connection providing the highest reception power 
should be used. Alternatively, the criterion may be to obtain 
the highest possible reception signal level with the lowest 
possible transmit signal level. In Such a case, the transmission 
signal levels included in the available transmission condition 
groups may be compared with the reception signal levels 
included in the transmission property values, and the trans 
mission property group providing the highest ratio between 
the reception signal level and the transmission signal level 
may be selected. 
0053. The transmission condition group most suitable for 
the selected criterion may be selected in block 508 by com 
paring the transmission property values of the transmission 
condition groups. First, the transmission property values 
linked with the transmission condition groups available to the 
mobile terminal may be checked and compared considering 
the determined criterion. For example, if the criterion is to use 
the cheapest communication link available, a transmission 
property value indicating the lowest cost of the communica 
tion link may be selected. Then, a transmission condition 
group linked to the selected transmission property value may 
be selected as the transmission conditions to be used next. 

0054 Then, action is taken in block 510 to change the 
transmission conditions of the mobile terminal to ones corre 
sponding to the transmission condition group selected in 
block 508. If the selected transmission condition group is the 
same as that currently in use, no need exists to change the 
transmission conditions. With respect to the exemplary trans 
mission conditions listed above, i.e. transmission frequency, 
serving base station, transmit power, and bearing of the 
mobile terminal, a change of each of these parameters will be 
described next. 

0055. If the transmission frequency of a newly selected 
transmission condition group differs from that of the trans 
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mission condition group currently in use, the mobile terminal 
may communicate with a base station currently communicat 
ing with the mobile terminal about a change of transmission 
frequency. The communication between the mobile terminal 
and the base station may utilize frequency hopping, and a 
target frequency for the next frequency hop may be commu 
nicated from the mobile terminal to the base station. Then, the 
base station may acknowledge the change of transmission 
frequency, and communication about the newly assigned 
transmission frequency may be started. The newly assigned 
transmission frequency may be used only in uplink commu 
nications, or a downlink transmission frequency may be 
changed accordingly. In some mobile telecommunication 
systems, the transmission frequencies of the uplink and 
downlink data transmission are different and, therefore, prop 
erties of the uplink and downlink communication connec 
tions are different. For example, strongly fading frequencies 
of fast fading are typically different. 
0056 To implement frequency hopping according to an 
embodiment of the invention, a given transmission condition 
group of the database may include multiple (two or more) 
frequencies to be utilized in the transmission in a given geo 
graphical location or a group of adjacent locations forming an 
area. The frequencies may be selected and stored during the 
process described above with reference to FIG. 4. Frequen 
cies providing the lowest correlation in the reception signal 
level in different geographical locations within the area may 
be selected as frequencies to be utilized in the frequency 
hopping. In such a selection scheme, locations in which the 
selected frequencies introduce the highest attenuations of a 
signal differ from each other, and implementing frequency 
hopping among Such frequencies prevents the communica 
tion link from experiencing the strongest attenuations caused 
by fast fading. The frequency hopping may be implemented 
between these frequencies as long as the mobile terminal 
remains in the particular geographical location or area. The 
change of transmission frequency in the frequency hopping 
may be implemented periodically with fixed time intervals or 
according to measured communication quality, as will be 
described below. 

0057. If a serving base station designated in the newly 
selected transmission condition group differs from that des 
ignated in the transmission condition group currently in use, 
the mobile terminal may initiate a handover procedure for 
handing the mobile terminal over to the new base station 
designated in the newly selected transmission condition 
group. In many current mobile telecommunication systems, 
decisions of initializing handover procedures are carried out 
in a radio access network on the basis of downlink measure 
ment results provided by the mobile terminal. Accordingly, 
the mobile terminal may transmit to the current serving base 
station measurement results indicating that the base station 
designated in the newly selected transmission condition 
group provides the mobile terminal with a better quality of 
service than the currently serving base station. Actual mea 
surements carried out by the mobile terminal may currently 
indicate that the base station designated in the newly selected 
transmission condition group may not yet provide a better 
communication quality than the currently serving base sta 
tion. The mobile terminal may, however, modify the actual 
measurement results to advance initialization of the handover 
procedure to enable the handover to be completed when the 
mobile terminal enters the geographical location predicted in 
block 404. The handover may be an intra-system handover in 
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which the mobile terminal is handed over to another base 
station of the same mobile telecommunication system, or the 
handover may be an inter-system handover in which the 
mobile terminal is handed over to a base station of another 
mobile telecommunication system (for example handover 
from GSM to UMTS). 
0058 If the current bearing of the mobile terminal differs 
from that indicated in the selected transmission condition 
group, the mobile terminal may instruct the user of the mobile 
terminal to change the bearing of the mobile terminal towards 
the base station of a radio system indicated in the transmission 
condition group selected in block 508. In more detail, the 
mobile terminal may give instructions to turn the backside of 
the mobile terminal, i.e. the side opposite to a side typically 
pressed against the user's head during a phone call, towards 
the base station. This may be carried out in order to prevent 
the user's head from causing a shadowing effect. Alterna 
tively, the radiation pattern of an antenna of the mobile ter 
minal may not be uniform, and changing the bearing of the 
mobile terminal such that the main beam of the antenna is 
pointed towards the base station may improve the quality of 
the communication link significantly. The radiation pattern of 
the antenna of the mobile terminal may also be changed on the 
basis of the bearing of the mobile terminal and the knowledge 
of the direction of the base station with respect to the current 
location of the mobile terminal. Accordingly, the radiation 
pattern may be adjusted to focus a main beam of the antenna 
to the base station. 

0059. The instructions on changing the bearing of the 
mobile terminal may be provided through the user interface of 
the mobile terminal. If the user has established a voice com 
munication link and is, therefore, having the mobile terminal 
near his/her head, the mobile terminal may give a determined 
audio signal instructing the user to either turn around or 
switch the mobile terminal from one ear to the other such that 
the backside of the mobile terminal is directed towards the 
base station. When the mobile terminal has detected a suffi 
cient change in the bearing of the mobile terminal, the provi 
sion of the instructions on changing the bearing of the mobile 
terminal may be stopped. Alternatively, or additionally, the 
mobile terminal may provide instructions to change the bear 
ing of the mobile terminal through a display unit of the mobile 
terminal. An indicator indicating the direction, in which the 
mobile terminal should be rotated may be illustrated in the 
display unit. 
0060. If the ratio between the reception signal level and the 
transmission signal level of the newly selected transmission 
condition group is higher than that of the currently used 
transmission condition group, it indicates that the radio chan 
nel between the mobile terminal and the base station, selected 
according to the transmission condition group selected in 
block 508, is better than that selected with the previous trans 
mission conditions. The improvement in the radio channel 
may be utilized in a number of different ways. For example, a 
transmit power level of the mobile terminal may be lowered in 
order to save the battery and prolong the operational duration 
of the mobile terminal, and/or a data rate may be increased to 
provide a faster communication link between the mobile ter 
minal and the base station. On the other hand, if the ratio 
between the reception signal leveland the transmission signal 
level of the newly selected transmission condition group is 
lower than that of the currently used transmission condition 
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group, indicating degradation in the radio channel, the trans 
mit power level may be increased and/or the data rate may be 
lowered. 

0061. In addition to changing the transmission conditions 
according to the predicted movement of the mobile terminal 
only, communication quality indicators measured from sig 
nals received from the mobile terminal may be monitored 
within a time window of determined length, and the measured 
communication quality indicators may be utilized when 
selecting the transmission conditions for the predicted geo 
graphical location the mobile terminal will be entering or to 
change the transmission conditions currently in use. The time 
window may be reset, i.e. the monitoring may be restarted, 
when the transmission frequency is changed, because the 
radio channel properties are dependent on the transmission 
frequency, and monitoring over different frequencies would 
provide unreliable results. 
0062. The communication quality indicator may be, for 
example, a measured reception power level of a signal 
received from the mobile terminal and/or from the base sta 
tion. Information related to the reception power levels mea 
sured by the base station may be communicated to the mobile 
terminal which may weight transmission property values of 
the database with the received reception signal level informa 
tion. Several factors may affect the actual transmission prop 
erties with given transmission conditions. Such factors 
include season of the year, weather, traffic, etc. It may be 
possible that transmission properties of transmission param 
eters selected for the current geographical location of the 
mobile terminal indicate a good transmission quality but the 
reception power level starts to indicate a fading notch. Such a 
contradiction may be caused by the difference in the weather 
or season between the time instant at which the corresponding 
database section was updated and the current time instant. 
0063. Accordingly, the mobile terminal may react to the 
difference between the information stored in the database and 
the measured reception power level by changing the trans 
mission conditions in order to prevent a further degradation in 
the reception signal level due to fading. The mobile terminal 
may, for example, initiate frequency hopping or change the 
transmission condition group to one having only a different 
transmission frequency while other conditions remain the 
same as those currently in use. If the transmission condition 
group currently in use comprises multiple transmission fre 
quencies, the mobile terminal may initiate a change of trans 
mission frequency to another frequency included in the trans 
mission condition group. The mobile terminal may initiate 
the change of transmission frequency upon detecting a suffi 
ciently high difference between the received reception power 
level information and the reception power level included in 
the database. Alternatively, the mobile terminal may initiate 
the change of the transmission frequency when the difference 
between the received reception power level information and 
the reception power level included in the database has 
remained higher than a determined threshold difference for a 
determined period of time. 
0064. As an alternative to a change of transmission fre 
quency (or other transmission conditions), the mobile termi 
nal may check the database for a neighboring (or nearby) 
location stored in the database in which the reception signal 
level is expected to be higher than in the current location. If 
Such a location is detected, the mobile terminal may instruct 
the user of the mobile terminal to move towards the detected 
location in order to improve the quality of the communication 
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link and/or prevent the communication link from dropping 
out due to fading. Referring to FIG. 5, the transmission prop 
erty values associated with the predicted geographical loca 
tion may be checked in block 506 and, if it is detected that 
none of the available transmission condition groups provide a 
Sufficient transmission quality, the user may be instructed to 
move to a location providing a higher-quality communication 
link. This may be implemented by instructing, through the 
user interface, the user to move to a more Suitable location. 
The direction may be indicated with an icon in the display unit 
and/or as a Sound signal through the loudspeaker, for 
example. 
0065. Alternatively, the process illustrated in FIG. 5 may 
be carried out in the base station or in another element of a 
radio access network of the mobile telecommunication sys 
tem communicating currently with the mobile terminal. In 
this example, the base station is used as an example of the 
element of the radio access network, but the element may be 
a radio network controller (a base station controller) as well. 
Consequently, the database is stored in a memory unit of the 
base station, and the process illustrated in FIG. 5 may be 
executed in a processing unit of the network element. The 
only practical difference in this embodiment with respect to 
that described above is that the base station and the mobile 
terminal exchange information necessary for carrying out the 
process. In block 502, the base station may receive informa 
tion on the geographical location of the mobile terminal from 
the mobile terminal periodically with predetermined time 
intervals. As mentioned above, the mobile terminal may be 
configured to attach a time stamp (or another time indicator) 
to the transmitted geographical location information to 
enable the base station to track the movement of the mobile 
terminal. The geographical location may be transferred on a 
control channel as signaling information. Block 504 may be 
carried out, i.e. the movement of the mobile terminal may be 
predicted and the corresponding location selected from the 
database, as described above. Similarly, blocks 506 and 508 
may be carried out as described above, and the transmission 
parameters may be selected for the predicted geographical 
location according to the determined criterion. The criterion 
may be decided by the base station, but if the criterion is 
determined by the mobile terminal or the user of the mobile 
terminal, the criterion may be communicated to the base 
station. 

0066. In block 510, the base station may communicate 
with the mobile terminal in relation to changing the transmis 
sion conditions. The base station may provide the mobile 
terminal with instructions necessary for changing the trans 
mission conditions of the mobile terminal, i.e. the uplink 
transmission conditions. If the newly selected transmission 
condition group indicates a change of transmission fre 
quency, the base station may instruct the mobile terminal to 
change the transmission frequency to the one defined in the 
transmission condition group selected in block 508. Simi 
larly, if the selected transmission condition group indicates a 
change of serving base station, the base station may initiate a 
handover procedure for handing the mobile terminal over to 
another base station. In practice, the base station may provide 
a higher layer in charge of controlling the handover with 
corresponding information. The base station may, for 
example, modify downlink reception power level measure 
ments received from the mobile terminal by increasing the 
level of a reception power level measurement associated with 
the base station to which the mobile terminal should be 
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handed over. After the handover, the new serving base station 
may start the process illustrated in FIG. 5. If the newly 
selected transmission condition group indicates a change of 
the bearing of the mobile terminal, the base station may 
provide the mobile terminal with information on the new 
bearing associated with the transmission condition group 
Selected in block 508. 

0067. Additionally, the base station may monitor the com 
munication quality indicator measured from signals received 
from the mobile terminal within a determined time window 
and compare the communication quality indicator with the 
corresponding information in the transmission property val 
ues associated with the transmission condition group cur 
rently in use. Furthermore, the mobile terminal may monitor 
the communication quality indicator measured from a signal 
received from the base station, as described above, and trans 
mit the communication quality indicator periodically to the 
base station. For example, the mobile terminal may monitor 
the communication quality indicator for a given period of 
time (a few seconds) during which the mobile terminal carries 
out several measurements, and then transmit a plurality of 
measurement results to the base station. Accordingly, no need 
exists to transmit each communication quality indicator sepa 
rately but the plurality of communication quality indicators 
may be collected and then transmitted together for an analysis 
carried out by the base station. The base station may then 
weight the selection of the transmission condition group with 
the monitored communication quality indicator in a way 
similar to that carried out by the mobile terminal in the above 
description. If the base station decides to change the trans 
mission condition group as a response to a sufficient differ 
ence between the monitored communication quality indicator 
and information stored in the database, the base station may 
instruct the mobile terminal to change the transmission con 
dition group. 
0068. The decision about whether to guide the user to 
another geographical location in order to improve the quality 
of the communication link or to prevent outage may be per 
formed in the same way in the base station as that used in the 
mobile terminal in the above description. When the base 
station decides that the mobile terminal should be moved to 
another location, the base station may provide the mobile 
terminal with instructions to instruct the user to move the 
mobile terminal and about the location to which the mobile 
terminal should be moved. The mobile terminal may then use 
a geographical map stored in the memory unit of the mobile 
terminal (may be the database described above or another 
map) and a current location of the mobile terminal to guide 
the user to the selected location. 

0069. The radio system (or systems) serving the mobile 
terminal may also use the geographical location of the mobile 
terminal and prediction of the movement of the mobile ter 
minal for Smart handovers. In conventional Solutions, a han 
dover is carried out on the basis of downlink reception signal 
level measurement results provided by mobile terminals, as 
described above. A mobile terminal measures reception 
power levels of pilot signals transmitted from different han 
dover candidate base stations. A decision about initiating a 
handover procedure is then made in a radio access network on 
the basis of the measurement results. In Such a solution, a 
problem may occur when a remote base station provides a 
higher reception signal level in a small geographical area due 
to line-of-sight, for example, than base stations closer to the 
mobile terminal. Accordingly, the mobile terminal may first 
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be handed over to the remote base station and shortly again to 
a base station closer to the mobile terminal. This causes 
unnecessary signaling between the mobile terminal and the 
base stations. 
0070 According to an embodiment of the invention, the 
initiation of handover may be determined according to the 
predicted movement of the mobile terminal. The mobile ter 
minal may be handed over to a handover candidate base 
station providing the largest coverage area along the pre 
dicted path of the mobile terminal. As a condition for the 
handover, it may be determined that the coverage areas 
between a serving base station and a handover target base 
station should overlap to ensure at least a determined mini 
mum signal level in the communication link such that the 
communication link will not be dropped. 
0071. A radio system may also give profiles to mobile 
terminals withina radio access network of the radio system on 
the basis of the movement of the mobile terminals. The radio 
system may profile the mobile terminals according to their 
speeds into fixed, pedestrian, and vehicular mobile terminals, 
or according to their current location. Then, the radio system 
may use the profiles for transmitting profile-specific informa 
tion to the mobile terminals. Such information may be a 
location-based advertisement, for example. With the speed 
based profiling, the radio system may provide vehicular 
mobile terminals with information on gas stations, for 
example. 
0072 Above, the utilization of the database in the selec 
tion of transmission conditions has been described for uplink 
transmission, but it may be utilized in the same way for 
downlink transmission. For the downlink, the base station 
transmission frequency and the radio system may be changed 
similarly to that described above with respect to the uplink. 
Changing the bearing and the location of the mobile terminal 
is also analogous. The advantages achieved for the uplink 
when changing the bearing or the location of the mobile 
terminal in order to improve the reception signal level are also 
achieved for the downlink direction. The downlink transmis 
sion conditions may be managed by the base station or by the 
mobile terminal. 

0073. The database may also be stored in both the base 
station and the mobile terminal. The updates of the database 
may be communicated from the base station to the mobile 
terminal. The mobile terminal may manage the uplink trans 
mission conditions on the basis of the movement of the 
mobile terminal, and the base station serving the mobile 
terminal may manage the downlink transmission conditions 
on the basis of received information on the movement of the 
mobile terminal. When serving a mobile terminal having no 
capability of managing the uplink transmission conditions on 
the basis of its movement, the base station may take care of 
managing also the uplink transmission conditions in a manner 
described above. 

0074 The embodiments of the invention described above 
are based on tracking the movement of the mobile terminal. 
Since the tracking and prediction of the movement of the 
mobile terminal is based on monitoring the current geo 
graphical location of the mobile terminal, the embodiments 
apply also to a case where the mobile terminal does not move, 
i.e. stays at the same geographical location for an extensive 
period of time. 
0075. Above, the utilization of the database has been 
described in a context wherein the transmission conditions 
are managed according to the predicted movement and/or the 
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monitored location of the mobile terminal. This concept may 
also be reversed. Accordingly, the transmission conditions 
and properties of the communication link of a given mobile 
terminal may be measured and monitored and the database 
may be searched for the current transmission conditions and 
associated properties of the communication link in order to 
determine a geographical location of the mobile terminal. For 
example, the database may be searched for transmission con 
ditions matching those currently being used by the mobile 
terminal. If several transmission condition group candidates 
are found, then transmission property values of each trans 
mission condition group candidate may be compared with 
properties of the current communication link of the mobile 
terminal. The transmission condition group stored in the data 
base and having transmission property values closest to the 
properties of the current communication link may be selected, 
and a geographical location linked to the selected transmis 
sion condition group may be selected as the geographical 
location of the mobile terminal. This embodiment may be 
used to determine the geographical location of a mobile ter 
minal not equipped with a positioning device. 
0076. The embodiments of the invention may be realized 
in an apparatus comprising a processing unit. The processing 
unit may be configured to perform at least some of the steps 
described in connection with the flowcharts of FIGS. 4 and 5 
and in connection with FIG. 3. The embodiments may be 
implemented as a computer program comprising instructions 
for executing a computer process for adapting a communica 
tion link between a mobile terminal and a base station of a 
mobile telecommunication system on the basis of the moni 
tored movement of the mobile terminal. 

0077. The computer program may be stored on a computer 
program distribution medium readable by a computer or a 
processor. The computer program medium may be, for 
example but not limited to, an electric, magnetic, optical, 
infrared or semiconductor system, device or transmission 
medium. The computer programmedium may include at least 
one of the following media: a computer readable medium, a 
program storage medium, a record medium, a computer read 
able memory, a random access memory, an erasable program 
mable read-only memory, a computer readable Software dis 
tribution package, a computer readable signal, a computer 
readable telecommunications signal, computer readable 
printed matter, and a computer readable compressed software 
package. 
0078. As a general remark, embodiments of the invention 
may be used as a Supporting Solution for managing transmis 
sion conditions in a mobile telecommunication system. In 
other words, regular handover and radio resource manage 
ment operations may be used together with the embodiments 
of the invention. For example, management of the transmis 
sion conditions may be performed within the scope of avail 
able resources (for example available frequencies allocated to 
a base station). Otherwise, the change of transmission condi 
tions may be negotiated with a higher layer unit (for example 
a radio network controller), or the change of transmission 
conditions may be affected in another way, as described 
above. 

0079 Even though the invention has been described above 
with reference to an example according to the accompanying 
drawings, it is clear that the invention is not restricted thereto 
but it can be modified in several ways within the scope of the 
appended claims. 
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1. A method, comprising: 
monitoring movement of a mobile terminal having a com 

munication link with a base station of a mobile telecom 
munication system; 

checking a database for transmission conditions of the 
communication link that are most optimal according to a 
determined optimality criterion for current movement of 
the mobile terminal; and 

taking action to change the transmission conditions of the 
communication link upon detecting, in the database, the 
transmission conditions providing a more optimal com 
munication link for the current movement of the mobile 
terminal than the transmission conditions currently 
being used for the communication link. 

2. The method of claim 1, further comprising: 
predicting future movement of the mobile terminal from 

the monitored movement of the mobile terminal; 
checking the database for the transmission conditions of 

the communication link that are the most optimal 
according to the determined optimality criterion for a 
geographical location associated with the predicted 
movement of the mobile terminal, and 

taking action to change the transmission conditions of the 
communication link upon detecting, in the database, the 
transmission conditions providing a more optimal com 
munication link for a predicted geographical location 
than the transmission conditions currently being used 
for the communication link. 

3. The method of claim 1, further comprising: 
storing in the database information on properties of the 

communication link with different transmission condi 
tions available to the mobile terminal in different geo 
graphical locations. 

4. The method of claim 1, wherein the checking of the 
database further comprises 

reading transmission property values linked to the geo 
graphical location associated with a predicted move 
ment of the mobile terminal, 

selecting one of the transmission property values accord 
ing to the determined optimality criterion, and 

selecting transmission conditions linked to the selected 
transmission property value. 

5. The method of claim 1, further comprising: 
transferring information on the movement of the mobile 

terminal between the mobile terminal and the base sta 
tion as signaling information according to a communi 
cation protocol used in the communication link between 
the mobile terminal and the base station. 

6. The method of claim 1, further comprising: 
measuring a communication link quality indicator from a 

received signal transmitted with given transmission con 
ditions from a given geographical location; 

obtaining knowledge of the given transmission conditions 
and the given geographical location associated with the 
transmission of the received signal; 

storing in the database the measured communication link 
quality indicator as a transmission property value of the 
communication link together with the transmission con 
ditions and the given geographical location, and 

repeating the measurement of the communication link 
quality indicator, obtaining the knowledge, and storing 
operations for received signals transmitted with differ 
ent transmission conditions and from different geo 
graphical locations to construct the database comprising 
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a plurality of geographical locations and at least one 
transmission property value obtainable from each of the 
plurality of geographical locations with given transmis 
sion conditions. 

7. The method of claim 6, further comprising: 
linking the transmission property value with the transmis 

sion conditions to the transmission conditions used in 
the transmission of the signal, from which the commu 
nication link quality indicator is measured, and to the 
geographical location from which the measured signal is 
transmitted. 

8. The method of claim 6, wherein the measured commu 
nication link quality indicator is a measured level of the 
received signal. 

9. The method according to any of claims 6, further com 
prising storing a cost of the communication link as a second 
transmission property value in the database. 

10. The method of claim 1, further comprising: 
monitoring a measured reception signal level of a signal 

received from a transmitter of the communication link, 
and 

utilizing the reception signal level when checking the data 
base for the most optimal transmission conditions. 

11. The method of claim 10, further comprising: 
weighting database values used as the optimality criterion 

with the monitored reception signal level. 
12. The method of claim 1, wherein the transmission con 

ditions comprise at least one of the following: a transmission 
frequency, a serving base station, and a bearing of the mobile 
terminal. 

13. The method of claim 1, wherein taking the action to 
change the transmission conditions of the communication 
link comprises at least one of the following: 

Selecting a radio system providing a more optimal connec 
tion in the geographical location of the mobile terminal, 
and 

changing a transmission frequency of the communication 
link. 

14. The method of claim 1, wherein taking the action to 
change the transmission conditions comprises instructing a 
user of the mobile terminal to move to a geographical location 
in which a higher reception signal level is achieved with a 
same transmission power level as that currently being used in 
a current location. 

15. The method of claim 1, further comprising: 
instructing a user of the mobile terminal to change a bear 

ing of the mobile terminal to a bearing providing, 
according to information contained in the database, a 
higher reception signal level with a same transmission 
power level. 

16. The method of claim 1, wherein optimality is defined as 
at least one of the following criteria: a higher reception signal 
level, a lowerpower consumption of a transmitter, and a lower 
data transmission cost. 

17. The method of claim 1, further comprising: 
predicting a geographical area that the mobile terminal will 
be entering; and 

changing the transmission conditions of the communica 
tion link to ones that are optimal for the geographical 
area the mobile terminal will be entering. 

18. The method of claim 1, further comprising: 
storing the database in an elementofa radio access network 

of the mobile telecommunication system; and 
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receiving information of a geographical location of the 
mobile terminal from the mobile terminal. 

19. The method of claim 1, wherein the database is stored 
in the mobile terminal. 

20. The method of claim 1, further comprising: 
monitoring the geographical location of the mobile termi 

nal with a satellite positioning system. 
21. An apparatus, comprising: 
an interface configured to receive information on a geo 

graphical location of a mobile terminal having a com 
munication link with a base station of a mobile telecom 
munication system; and 

a processing unit configured to check a database for trans 
mission conditions of the communication link that are 
most optimal according to a determined optimality cri 
terion for current movement of the mobile terminal, and 
to take action to change the transmission conditions of 
the communication link upon detecting, in the database, 
the transmission conditions providing a more optimal 
communication link for the current movement of the 
mobile terminal than the transmission conditions cur 
rently being used for the communication link. 

22. The apparatus of claim 21, wherein the processing unit 
is further configured to predict future movement of the mobile 
terminal from a monitored movement of the mobile terminal, 
to check the database for transmission conditions of the com 
munication link that are the most optimal according to the 
determined optimality criterion for a geographical location 
associated with the predicted movement of the mobile termi 
nal, and to take action to change the transmission conditions 
of the communication link upon detecting, in the database, 
the transmission conditions providing a more optimal com 
munication link for a predicted geographical location than the 
transmission conditions currently being used for the commu 
nication link. 

23. The apparatus of claim 21, wherein the database com 
prises information on properties of the communication link 
with different transmission conditions available to the mobile 
terminal in different geographical locations. 

24. The apparatus of claim 21, wherein the processing unit 
is further configured to check the database by reading trans 
mission property values linked to the geographical location 
associated with a predicted movement of the mobile terminal, 
selecting one of the transmission property values according to 
the determined optimality criterion, and selecting transmis 
sion conditions linked to the selected transmission property 
value. 

25. The apparatus of claim 21, wherein the processing unit 
is further configured to support transfer of information on the 
movement of the mobile terminal between the mobile termi 
nal and the base station as signaling information according to 
a communication protocol used in the communication link 
between the mobile terminal and the base station. 

26. The apparatus of claim 21, wherein the processing unit 
is further configured to measure a communication link quality 
indicator from a received signal transmitted with given trans 
mission conditions from a given geographical location, to 
obtain knowledge of the given transmission conditions and 
the given geographical location associated with the transmis 
sion of the received signal, to store in the database the mea 
Sured communication link quality indicator as a transmission 
property value of the communication link together with the 
given transmission conditions and the given geographical 
location into the database, and to repeat the measurement of 
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the communication link quality indicator, obtaining the 
knowledge, and storing operations for received signals trans 
mitted with different transmission conditions and from dif 
ferent geographical locations to construct the database com 
prising a plurality of geographical locations and at least one 
transmission property value obtainable from each of the plu 
rality of geographical locations with given transmission con 
ditions. 

27. The apparatus of claim 26, wherein the processing unit 
is further configured to link the transmission property value 
with the transmission conditions to the transmission condi 
tions used in the transmission of the measured signal, from 
which the communication link quality indicator is measured, 
and to the geographical location from which the measured 
signal is transmitted. 

28. The apparatus of claim 26, wherein the processing unit 
is further configured to store in the database a cost of the 
communication link as another transmission property value. 

29. The apparatus of claim 21, wherein the processing unit 
is further configured to monitor a measured reception signal 
level of a signal received from a transmitter of the communi 
cation link, and to utilize the reception signal level when 
checking the database for the most optimal transmission con 
ditions. 

30. The apparatus of claim 29, wherein the processing unit 
is further configured to weight database values used as the 
optimality criterion with the monitored reception signal level. 

31. The apparatus of claim 21, wherein the transmission 
conditions comprise at least one of the following: a transmis 
sion frequency, a serving base station, and a bearing of the 
mobile terminal. 

32. The apparatus of claim 21, wherein the processing unit 
is further configured to take the action to change the trans 
mission conditions of the communication link by performing 
at least one of the following: 

Selecting a radio system providing a more optimal connec 
tion in the geographical location of the mobile terminal, 
and 

changing a transmission frequency of the communication 
link. 

33. The apparatus of claim 21, wherein the processing unit 
is further configured to change the transmission conditions by 
instructing a user of the mobile terminal to move the mobile 
terminal to a geographical location in which a higher recep 
tion signal level is achieved with a same transmission power 
level as that currently being used in a current location. 

34. The apparatus of claim 21, wherein the processing unit 
is further configured to change the transmission conditions by 
instructing a user of the mobile terminal to change a bearing 
of the mobile terminal to a bearing providing, according to 
information contained in the database, a higher reception 
signal level with a same transmission power level. 

35. The apparatus of claim 21, wherein the processing unit 
is further configured to select the optimality criterion from the 
following criteria: a higher reception signal level, a lower 
power consumption of a transmitter, and a lower data trans 
mission cost. 

36. The apparatus of claim 21, wherein the processing unit 
is further configured to predicta geographical area the mobile 
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terminal will be entering, and to change the transmission 
conditions of the communication link to ones that are optimal 
for the geographical area the mobile terminal will be entering. 

37. The apparatus of claim 21, wherein the apparatus is an 
element of a radio access network of the mobile telecommu 
nication system, further comprising a memory unit config 
ured to store the database, the element being further config 
ured to receive the information of a geographical location of 
the mobile terminal from the mobile terminal. 

38. The apparatus of claim 21, wherein the apparatus is the 
mobile terminal further comprising: 

a memory unit configured to store the database, and 
a positioning device configured to monitor the geographi 

cal location of the mobile terminal and to output the 
geographical locations to the processing unit. 

39. An apparatus, comprising: 
means for monitoring movement of a mobile terminal hav 

ing a communication link with a base station of a mobile 
telecommunication system; 

means for checking a database for transmission conditions 
of the communication link that are most optimal accord 
ing to a determined optimality criterion for current 
movement of the mobile terminal; and 

means for taking action to change the transmission condi 
tions of the communication link upon detecting, in the 
database, the transmission conditions providing a more 
optimal communication link for the current movement 
of the mobile terminal than the transmission conditions 
currently being used for the communication link. 

40. A computer program distribution medium readable by 
a computer and encoding a computer program of instructions 
for executing a computer process, comprising: 

monitoring movement of a mobile terminal having a com 
munication link with a base station of a mobile telecom 
munication system; 

checking a database for transmission conditions of the 
communication link that are most optimal according to a 
determined optimality criterion for current movement of 
the mobile terminal; and 

taking action to change the transmission conditions of the 
communication link upon detecting, in the database, the 
transmission conditions providing a more optimal com 
munication link for the current movement of the mobile 
terminal than the transmission conditions currently 
being used for the communication link. 

41. A data structure, comprising: 
a first data field comprising a plurality of location values 

representing different geographical locations; 
a second data field comprising a plurality of transmission 

condition sets, wherein each transmission condition set 
is linked to one of the plurality of location values and 
each transmission condition set comprises one or more 
transmission condition groups comprising one or more 
transmission conditions; and 

a third data field comprising a plurality of transmission 
property values representing quality of transmission, 
wherein each transmission quality value is linked to a 
transmission condition group. 
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