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(57) Abstract

The invention relates to a method and arrangement for locating a mobile station. By means of the invention, it is detected whether
said mobile station is located in a predetermined area. The basic idea of the invention is as follows. In the home and/or possibly in some
other permanent location of residence, there is installed a transmitter (101), repeatedly transmitting the identity code of said mobile station.
The transmission power is so low that the signal can only be detected within the range of a few tens of meters, for example. The signal is
formed so that it can be distinguished from other possible signals active in the same area. A mobile station that detects its own identity
code in the channel used by the transmitter sends a signal message to the mobile system. The message notifies that the mobile station is
in the predetermined area. The system (103) advantageously utilises this information so that at least for those connections originated from
said mobile station, there is set a lower tariff than in a case where the mobile station is out of reach of said transmitter (transmitters).
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Method and arrangement for locating a mobile station

The invention relates to a method and arrangement for locating a mobile station. By
means of the invention it is observed whether the mobile station is located in a
predetermined area. The invention is advantageously applied for defining call
tariffs, or for defining available services on the basis of the location of the mobile
station in question.

Usually the costs of fixed wireline local calls are fairly moderate in comparison
with similar connections by mobile phone, from the subscriber's home or from some
other predetermined place. If the mobile system could know when the call has
originated from the subscriber's home, lower tariffs could be applied in said
connections without cutting the overall rates. Thus a mobile phone operator could
more effectively compete of customers with fixed wireline operators also as regards
local calls. Mobile phone customers would also benefit. Moreover, operators could
offer special services that are available only when the subscriber is "at home". A
necessary requirement for the use of the above described applications is that the
location of a mobile phone at home or in some other predetermined place can be
accurately detected.

The accuracy of the localisation methods belonging to the basic functions of cellular
networks is not sufficient with respect to the above mentioned applications. By
means of roaming it is found out where the mobile phone is located at each
particular moment - in which operator's network and in which location area. On the
basis of paging, the location of the mobile station is found out more accurately, but
only on the accuracy level of one cell.

In the prior art, there are known the following methods for further improving the
localisation of a mobile station:

- Location calculation. Methods are being developed for digital networks, by means
of which the location of the mobile station is defined, on the basis of the transfer
times of the transmitted messages, for instance at the accuracy of 150 meters. The
method offers a more specified localisation within the area of the whole network,
and it is mainly designed in order to make help arrive more quickly in emergency
situations. A drawback, as regards the objects of the present invention, is that even
this accuracy is insufficient for finding out whether the mobile station is "at home."
Another drawback is the technically challenging nature of the system.

Ex.1010/ Page 3 of 24

APPLE INC.



10

15

20

25

30

WO 00/27152 PCT/F199/00908
2

- The use of a HBS (Home Base Station): A mini base station is installed at home or
in another desired location. Thus a sufficiently accurate localisation is made
possible within the normal paging method. A drawback with this method is the
remarkably high purchase or rental price for the subscriber - the home base station
is private by nature. From the point of view of the operator, a drawback arises by
the remarkable expenses caused by configuring the radio network.

- The use of a fixed telephone stand. At home, the mobile phone is set in a
telephone stand provided with an individual SIM (Subscriber Identity Module)
containing subscriber data. When the phone handset attached to the stand is used for
making calls, the mobile network knows that the mobile phone is at home and
applies a lower call tariff according to the data recorded in the SIM module of the
stand. A drawback with this method is the fixed location of the phone.

The object of the invention is to eliminate some of the drawbacks of the prior art by
creating a completely new solution, where the location of a mobile station within a
determined area can be detected accurately, reliably and by means of fairly simple
devices.

The basic idea of the invention is as follows: in the home and/or possibly in some
other fixed place of residence, there is installed a transmitter which repeatedly
transmits the identity code of said mobile station. The transmission power is so low
that the signal is detected for example within a range of a few tens of meters only.
The signal is formed so that it can be distinguished from other signals that are active
within the same area. This is advantageously realised by applying code division
multiplexing. A mobile station that detects its own identity code in the channel used
by the transmitters sends a signal message to the mobile system. The message
announces that the mobile station is "at home". The system advantageously uses this
information so that at least for the mobile originated calls there is set a lower tariff
than when the mobile station is outside the range of said transmitter (transmitters).

An advantage of the invention is that the location of the mobile station in a given
place can be detected by means of an arrangement which does not cause technical
problems in the network nor expenses connected thereto. Another advantage of the
invention is that the required facility equipment is simple and thus economical in
manufacturing/purchasing costs. Yet another advantage of the invention is that when
the mobile station is located at home, all calls directed thereto can, when desired, be
automatically transferred to the fixed wireline telephone. Moreover, it is an
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advantage of the invention that in a certain mode, it can be provided with a function
common to all mobile stations, such as switching the phone off in an aeroplane.

From the network operator’s point of view, the invention brings forth the advantage
that there opens up a practical possibility to compete of customers who have a
traditional fixed wireline telephone; from the the mobile station subscriber’s point
of view the advantage of the invention is that the operation costs of the mobile
station are cut down due to cheaper home calls. Yet another advantage is that the
cheaper home calls can be made without having to use the fixed wireline telephone.

The method according to the invention for locating a mobile station, in which
method the location of the mobile station within a predetermined home area is
detected, and information of said location is sent to the mobile system, is
characterised in that

- within said home area, using a guide channel, there is repeatedly transmitted the
identity code of said mobile station,

- said mobile station monitors the guide channel,

- from said mobile station, there is sent a home message to the mobile network, if
said identity code is detected, and

- the validity of the unit transmitting said identity code is verified.

The arrangement according to the invention for locating a mobile station, said
arrangement comprising means for detecting whether the mobile station is located
within a predetermined home area, and means for sending the detected information
to the mobile system, is characterised in that

- the means for detecting whether the mobile station is located within its home area
comprise a guide unit installed in the home area and repeatedly transmitting the
identity code of said mobile station, as well as in the mobile station reception
circuits corresponding to the channel that the guide unit uses for transmission, and
means for processing the signal from the guide unit,

- the means for sending said detected information to the mobile system comprise in
the mobile station a program for formulating a home message and a mobile
message, and
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- the arrangement for locating the mobile station also comprises means for verifying
the validity of said guide unit.

A few preferred embodiments of the invention are presented in the dependent
claims.

In the following specification, the invention is explained in more detail with
reference to the appended drawings, where

figure 1  illustrates the principle of the invention and an example of an
arrangement according to it,

figure 2 is a flow diagram illustrating an example of the operation of an
arrangement according to figure 1,

figure 3 illustrates another example of the arrangement according to the
invention,

figure 4  is a signalling diagram illustrating an example of the arrangement
according to figure 3,

figure 5 is a block diagram illustrating an example of the guide unit
according to the invention,

figure 6  is a block diagram illustrating another example of the guide unit
according to the invention, and

figure 7  is a block diagram illustrating an example of a mobile station
according to the invention.

In figure 1, we see an example of the arrangement according to the invention.
Operational units are the guide unit 101, the mobile station 102 and the MSC,
mobile switching centre 103. The guide unit 101 includes a radio transmitter. The
guide unit is installed permanently in the premises 100, and it is realised so that the
unit stops operating, if it is detached and moved. The unit 101 repeatedly transmits
the identity code of the mobile station 102, which code can be for instance the IMEI
(International Mobile station Equipment Identity) of the mobile station. The
transmission power is so low that the field 110 of said radio transmitter extends in
detectable form only to the premises 100 and to the immediate vicinity thereof. The
area where the mobile station identity code can be detected is in the specification
and in the appended claims called the home area of said mobile station. The "home

Ex.1010/ Page 6 of 24
APPLE INC.



10

15

20

25

30

35

WO 00/27152 PCT/F199/00908
5

area" can be the subscriber's home or summer cottage with surroundings, working
place or some other defined area. The channel on which the guide unit sends the
mobile station identity code is in this specification and claims called guide channel,
irrespective of the applied technology.

In order to illustrate the principle of the invention, let us observe a situation where
the mobile station 102 is first located in a place [1], where the field strength of the
guide unit 101 is in practice zero. Then the mobile station is transferred to another
place [2], where the field 110 of the guide unit is observed and the signal contained
therein detected. Now the mobile station identifies its own identity code in the
signal from the guide unit and transmits, by using the network signalling connection
120, to the mobile switching centre 103 a message that it is located in the home
area. Thereafter the calls originated from the mobile station 102 are billed according
to a tariff that is lower than before the mobile station entered the home area. The
mobile switching centre 103 maintains the lower tariff until the mobile station 102
indicates that it is located outside the range of the guide unit 101, or when the base
station connection of the mobile station is interrupted. Lower tariffs can also be
applied for incoming calls to the mobile station 102, so that the mobile switching
centre 103 notifies that switching centre which has the information of the paying
customer that the called mobile station is located in its home area.

Figure 2 is a flow diagram of a method according to the invention. In step 201, the
operating voltage of the mobile station is switched on. In step 202, the mobile
station observes in idle mode the frequency division channel, i.e. the guide channel,
reserved for transmitting the identity codes. This channel is advantageously the first
or last channel in the frequency area reserved for said mobile network, because
these are normally left unused as traffic channels owing to possible interference.
However, in the usage according to the invention the transmission powers in said
channel are so low that there is no danger of interference. The observation of the
guide channel here means that the mobile station receiver is tuned to the channel
and the detector output is observed. From the detector output, there is searched, in
step 203, a signal to be synchronised with. If such a signal is detected, the identity
code connected thereto is decoded in step 204. Separate guide units meant for
different mobile stations but using the same guide channel can be located fairly near
to each other. In order to distinguish between the various identity codes, the guide
signals must be further channelled in the guide channel. In theory, the same time
division technique could be applied as in other frequency division channels of said
digital network, but the system would become unreasonably complicated and
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expensive. It is, however, advantageous to apply in the guide units CDM (Code
Division Multiplexing) or frequency hopping. In the latter case, the carrier wave
frequency is arranged to fluctuate according to a sequence formed of the numbers of
the identity code. When applying code division multiplexing, for instance each bit
of the identity code is represented by a given codeword, which is sent in identical or
inverted order depending on whether said databit is one or zero. First the receiving
mobile station processes the received signal, by means of correlation technique, into
the datasignal proper, and thereafter compares the code contained therein to its own
identity code in step 205. If the mobile station is not located in its home area, the
correlator does not give the signal containing the information, at least not the
identity code of said mobile station. Code division multiplexing is suited to be
applied in analog mobile networks, too.

If the mobile station has detected its own identity code, it sends to the network a
message to that effect in step 206. In the case of a GSM network, the transfer can
take place for example in the RACH (Random Access CHannel) or in the SACCH
(Slow Associated Control Channel). Let us call said message here and in the claims
"home message". When a home message has arrived in the mobile switching centre,
the centre program sets lower tariffs for said mobile station, step 207. In proportion,
the discount is most remarkable when making local calls. The mobile station
armounces on the display and possibly by sound signal that the tariffs are lowered.
As long as the mobile station is located in its home area, it continues to observe the
guide channel in step 208. As long as a signal is detected in the guide channel, and
said signal contains the identity code of said mobile station, the mobile station does
not do anything new in this respect, steps 208-211. If, on the contrary, a signal 1s
not detected in the guide channel, or a signal is detected, but the identity code of
said mobile station is not found therein, a new message is sent to the network in
steps 209-212. Let us call this second message here and in the claims a "mobile
message". When the mobile message has arrived in the mobile switching centre, the
program returns to normal tariffs for said mobile station, step 213. Normal tariffs
are returned also if the mobile station is switched off, or if its connection to the base
station is interrupted for some other reason. When the mobile station has moved to
outside its home area (step 212), it further proceeds to search for its identity code
according to the above described steps 202-205. The verification of the appearance
and disappearance of the identity code can be arranged in a secured manner, so that
when the mobile station is located at the borders of its home area, unnecessary
signalling traffic in the network is avoided. This type of hysteresis is not illustrated
in figure 2.
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Figure 3 illustrates another example of the arrangement according to the invention.
It includes a guide unit 301, comprising an infrared transmitter/receiver, and a
mobile station, likewise comprising an infrared transmitter/receiver. In this example,
the guide unit 301 is installed in the ceiling of the room 300 which serves as the
place of residence of the subscriber 350 of the mobile station 302. The unit 301
repeatedly transmits the identity code of the mobile station 302. In the situation of
figure 3, the person 350 has stepped in the room 300 and directed the infrared
window of the mobile station 302 towards the guide unit 301. Now there is created
a two-way infrared connection 310 between the mobile station and the guide unit. In
the guide unit signal, the mobile station 302 identifies its own identity code and
sends, by using the network messaging connection 320, notice to the mobile
switching centre that it is located in its home area. On the basis of said notice, the
mobile switching centre for instance lowers tariffs according to the description
above.

Figure 4 is a signalling diagram illustrating the operation of a system according to
figure 3. The guide unit transmits repeatedly the identity code of the mobile station
belonging thereto. In step 401, the mobile station is located outside its home area, in
other words outside the reach of the infrared signal of the guide unit. In step 402,
the mobile station has been brought to its home area, and in the infrared message it
identifies its own identity code. As a consequence, it transmits a home message to
the network. When the home message arrives in the mobile switching centre, the
centre transmits to the mobile station a random number per each individual case.
Said random number is further sent by the mobile station to the guide unit via the
infrared link. In this example, the guide unit is provided with its own SIM module,
which contains a secret identity number for verifying the validity of the unit. In step
403, the guide unit calculates, according to a given algorithm, a response number on
the basis of said secret identity number and said random number, and it sends the
obtained response number to the mobile station. The mobile station further sends
the response number to the mobile switching centre, which compares the received
response number with the one that was earlier calculated in the centre. If the
numbers match, the centre for example sets lower tariffs for said mobile station and
sends a notice to that effect for the mobile station. At suitable intervals, the mobile
station reads the signal transmitted by its infrared receiver. In step 405, the mobile
station has not within a predetermined period of time detected its own identity code,
and it sends a mobile message to the centre. In the acknowledge message, the centre
notifies that normal tariffs are applied again.

Ex.1010/ Page 9 of 24
APPLE INC.



10

15

20

25

30

35

WO 00/27152 PCT/F199/00908
8

Figure 5 shows an example of the guide unit. The guide unit 500 comprises a
memory 510, a digital to analog converter 520, a transmitter unit 530, an antenna
531, a control unit 540, a small keyboard 541, a frequency unit 550 and an oscillator
551. In the memory 510, there are recorded recalculated bit patterns, which, when
fed in the converter 520 at the right speed, produce the baseband analog signals I
and Q conforming to the modulation mode used in said mobile network. Thus the
converter 520 contains two separate DA converters, one for the I signal and the
other for the Q signal. For example in the case of a GSM network, the signals I and
Q conform to the modulation GMSK (Gaussian Minimum Shift Keying). In the
transmission unit, the signals I and Q affect directly for instance in the quadrature
carrier waves, or first in the quadrature sine waves with the intermediate frequency.
In both cases, there is formed a summed radio frequency signal which is then
amplified in the radio transmitter proper and fed to the antenna 531.

The picking of the numbers from the memory 510 takes place so that the control
unit 540 sends, at regular intervals, successive addresses and a number control
signal to the memory. Each memory location contains two numbers, the first of
which corresponds to the momentary state of the I signal, and the second
corresponds to the momentary state of the Q signal. The parallel numbers are fed to
the converter 520, as was explained above. The control unit 540 also sends a timing
signal to the converter 520 and a frequency setting signal to the frequency unit 550.
In order to manually choose the carrier wave, the guide unit is provided with a small
keyboard 541, for example. The frequency unit 550 creates the waves with the
necessary frequency advantageously by applying phase lock technique, by utilising
the basic frequency wave transmitted by the oscillator 551.

Figure 6 illustrates an example of an guide unit applying frequency hopping. The
guide unit 600 includes a control unit 610, a frequency unit 620, and oscillator 621,
a transmission unit 630 and an antenna 631. In the control unit, there is recorded the
individual code id of the mobile station, which is for instance suitably shortened as
IMEL The control unit 610 sends, as a repeated sequence, the numbers of the code
id to the frequency unit 620. This in turn forms, by using the basic-frequency wave
transmitted by the oscillator 621, a radio-frequency signal with a fluctuating or
"hopping" frequency in correspondence to the numbers obtained from the control
unit. In this case, the frequency fluctuation range falls outside the frequency bands
used by mobile networks, in some free frequency area. The frequency hopping
signal sent by the frequency unit 620 is fed into the transmission unit 630, which
feeds it, filtered and amplified, to the antenna 631.
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Figure 7 is a block diagram showing an example of a mobile station according to the
invention. The mobile station 700 comprises a SIM card 710 for storing user data.
The transmission apparatus comprises, in this order, a microphone 731, a speech
coder 732, a channel processor 733 and a transmitter unit 734. In the speech coder
732, the voice signal is digitised and compressed. In the channel processor 733, the
speech or data signal to be transmitted is channel coded, the bit sequences are
interleaved, a possible encryption takes place and the bursts to be located in the
system time slots are created. In the transmitter unit 734, there is carried out
modulation, the formation of radio frequency signal and setting of the level. The
receiver apparatus includes, in this order, a receiver unit 744, a receiver side
channel processing apparatus 743, a speech decoder 742 and a earphone 741. In the
receiver unit 744, there is carried out, among others, tuning to the reception channel
and demodulation. In the processing apparatus 743, there are carried out inverted
operations as compared to the operations of the channel processor 733, and in the
speech decoder 742 as compared to the operations of the speech coder 732. In
common, the transmission and reception arrangements have the antenna 750 and the
duplex filter 751 coupled thereto.

In order to operate the mobile station 700, it is provided with a keyboard 761 and a
display 762. In order to control the operations, the mobile station includes a control
unit 720. Said control unit feeds the message and other data signals to the channel
processor 733, as well as receives signals of the same type from the channel
processing apparatus 743. The intercommunication of the control unit with the rest
of the units takes place via the path 780. The control unit 720 includes a memory
721, where there is stored the software PR required by the mobile phone operations
according to the invention. The software PR at least creates the home and mobile
messages to be sent in the network. The comparison of the identity code sent by the
guide unit can be carried out by means of the PR software, or then by the device
itself, in the control unit 720. If the mobile station verifies the validity of the guide
unit, the software PR comprises the programme part of the verification process.

Figure 7 does not include some of the additions required by a few preferred
embodiments in mobile station. The use of code division multiplexing does not
require additions in the hardware. If the guide unit operates according to the
frequency hopping principle, there are needed, in the mobile station, receiver
devices which can be tuned to the frequency range used in the frequency hopping,
and which send a code corresponding to the hopping sequence. If infrared technique
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is used in the guide unit, naturally the mobile station also must be provided with an
infrared unit with transmitter and receiver.

In the above specification, we have described a few preferred embodiments
according to the invention. However, the invention is not restricted to them alone.
For example, the identity code can also be transmitted by means of a fairly wide
conductor loop. The validity of the guide unit applying radio frequencies can also be
verified according to the procedure described in figure 4. The validity of the guide
unit of any possible type can also be verified in a simpler fashion, directly in the
mobile station, by using the secret identity code in the calculation. When using the
invention particularly for defining the price/service connected to the phone call, the
mobile station can check its location only when making a call and possibly when
receiving one. If the checking proves the device to be in the home area, the mobile
switching centre can for instance set lower tariffs for the duration of said call, and
cancel the discount when the call is terminated. The inventive idea can be applied in
many different ways within the scope of the independent patent claims.
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Claims

1. A method for locating a mobile station, in which method the location of the
mobile station in a predetermined home area is detected, and the information of said
location is fed into the mobile system, characterised in that

- within said home area, into the guide channel there is repeatedly transmitted the
identity code of said mobile station,

- the guide channel is observed by said mobile station,

- from said mobile station there is transmitted to the mobile network a home
message, if said identity code is detected, and

- the validity of the unit transmitting said identity code is verified.

2. A method according to claim 1, characterised in that the guide channel is the
first or last frequency division channel in the frequency range reserved for said
mobile network.

3. A method according to claim 1 or 2, characterised in that the guide channel
is divided for the use of various different mobile stations by means code division
multiplexing (CDM).

4. A method according to any of the claims 1-3, characterised in that in the
guide channel, there is applied an essentially lower power level than in the rest of
the channels in said mobile network.

5. A method according to claim 1, characterised in that the guide channel is a
frequency range located outside the frequency range reserved for said mobile
network.

6. A method according to claim 5, characterised in that the guide channel is
divided to be used by several mobile stations by applying frequency hopping.

7. A method according to claim 1, characterised in that the identity code is
transmitted by encoding it in infrared radiation.

8. A method according to claim 1, characterised in that in order to verify the
validity of the guide unit, i.e. the unit transmitting the identity code,

- in said home message, there is included information as for the transfer of said
identity code in the mobile network channel, and

- in the mobile system, there is read the notice regarding the home message.
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9. A method according to claim 1, characterised in that in order to verify the
validity of the guide unit,

- from the mobile system, there is transmitted to the guide unit a random number
through said mobile station,

- in the guide unit, there is calculated, according to a predetermined algorithm, a
response number on the basis of said random number and a secret identity number,

- the response number is transmitted, through said mobile station, to said system,
and

- the response number is compared in the system with the number calculated by the
system.

10. A method according to claim 1, characterised in that in order to verify the
validity of the guide unit,

- a random number is transmitted from the mobile station to the guide unit,

- in the guide unit, there is calculated, according to a predetermined algorithm, a
response number on the basis of said random number and a secret identity number,

- the response number is transmitted to said mobile station, and

- the response number is compared in the mobile station with the number calculated
by said mobile station.

11. A method according to claim 1, characterised in that the guide channel is
observed at regular intervals.

12. A method according to claim 1, characterised in that the guide channel is
observed only in connection with an ongoing call.

13. A arrangement for locating a mobile station (102), said arrangement
comprising means for detecting whether the mobile station is located in a
predetermined home area, and means for transferring said information to the mobile
system (103), characterised in that

- the means for detecting the location of the mobile station in the home area
comprise a guide unit (101) arranged to repeatedly transmit the identity code of said
mobile station, as well as in the mobile station (102), receiver circuits corresponding
to the channel used by the guide unit for transmission and means for processing the
signal received from the guide unit;

- the means for transferring said detected data to the mobile system comprise in the
mobile station a program (PR) for creating a home message and a mobile message,
and
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- the arrangement for locating the mobile station also includes means for verifying
the validity of said guide unit.

14. A guide unit for locating a mobile station, characterised in that it comprises
means for forming the signal containing the identity code of the mobile station, and
means for transmitting said signal in order to detect whether the mobile station is
located in a predetermined home area defined by the range of the guide unit
transmission signal.

15. A guide unit (500) according to claim 14, characterised in that the means for
forming the signal containing the identity code of the mobile station are means for
converting said identity code into a code division multiplexed form, i.e. to a CDM
form, and that the means for transmitting said signal comprise a transmission unit
(530) in order to transmit said identity code to a given channel in the mobile
network, as well as a frequency unit (550), which is arranged to create a carrier
wave corresponding to at least the other border channel of the frequency range
reserved for said mobile network.

16. Means according to claim 15 for converting said identity code to CDM form,
characterised in that they comprise

- a memory (510) containing numbers that correspond to samples extracted from
baseband CDM-form signals suitable to said modulator,

- a digital to analog converter (520) for converting said numbers to signals (I, Q) to
be transferred to the quadrature branches of said modulator, and

- a control unit (540) for reading said memory and for timing said digital to analog
converter.

17. A transmission unit (530) according to claim 15, characterised in that it
comprises a modulator and a radio transmitter conforming to the modulation method
applied in said mobile network.

18. A guide unit (600) according to claim 14, characterised in that the means for
forming the signal containing the identity code of the mobile station are means (610,
620) for forming a frequency hopping sequence corresponding to said identity code,
and the means for transmitting said signal comprise a radio transmitter (630)
arranged to use the frequency range outside the frequency range reserved for said
mobile network.
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19. A guide unit according to claim 14, characterised in that the means for
transmitting the signal containing said identity code comprise an infrared
transmitter, and that said guide unit also comprises an infrared receiver.

20. A guide unit according to claim 14, characterised in that there is recorded a
secret identity code therein, and that it comprises means for calculating the response
number used in verifying the validity of the guide unit, by using said secret identity
code and the random number received from outside.

21. A mobile station (700), comprising data signal transmission, reception and
processing units, characterised in that said mobile station also comprises means
for observing the guide channel, and that said processing unit includes means for
detecting the identity code of said mobile station from the signal transmitted by the
guide channel, and means (PR) for forming a home message and/or a mobile
message in order to be transmitted to the mobile system.
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