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(57) Abstract: A method by a mobile terminal (MT) for positioning
the MT comprising steps of: requesting to allocate a first transmission
time for transmitting a first sounding signal for the MT to a base sta-
tion (BS); receiving the first transmission time from the BS; transmit-
tingthe first sounding signal at the first transmission time to the BS; re-
questingto allocate a second transmission time of a second sounding
signal for the MT to the BS again after the MT moves; receiving the
second transmission time form the BS; transmitting the second sound-
ing signal at the second transmission time to the BS; reporting a mov-
ing distance moved during the period between the two transmissions of
the first sounding signal and the second sounding signal; and receiving
a positioning result of the MT determined by using the first sounding
signal, the second sounding signal and the moving distance.
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Description
Title of Invention: METHOD AND APPARATUS FOR PO-

SITIONING MOBILE TERMINAL'S LOCATION
Technical Field

The present invention relates to method and apparatus for positioning a mobile

terminal’s location.

Background Art

The wireless positioning service is also called Location-ased Services (LBS). A
mobile communication network retrieves information on the location of a mobile com-
munication gateway by use of a series of positioning techniques, and provides the in-
formation to a subscriber or others and the communication system, and thus im-
plements value-dded service related to the location.

Generally speaking, all location-based services belong to LBS. Some services may
have nothing to do with the location of the subscriber e.g., weather at a fixed location,
traffic routes between fixed start and end locations. However, in a mobile commu-
nication network, most LBS-relevant services have tight relationship with the location
of the subscriber who holds the mobile terminal.

Before the implementation of mobile LBS, Global Positioning System (GPS) is the
technique first applied in navigation and positioning services. With the development of
mobile communication network technology, the mobile LBS has been gradually
applied and matured since 1999. Now, the mobile LBS realized via the mobile commu-
nication network is not only widely applied in special fields such as logistics
management, traffic scheduling, medical rescue, field exploration and so on, but also
make great stride on the way to normal life.

At present, severity competition exists in telecommunication industry. Mobile service
operators are constantly striving to find new approaches to create new profit points or
profit increase points. Among all kinds of mobile value-added services, the mobile
LBS is one of the services that bear the greatest potential market. On the other hand,
with continuous increase in the market of private car, requirements on on-vehicle
mobile communication platform bring up potential of great development. LBS for
vehicle navigation, tracking represents a market with great development potential.

Practical applications of LBS include but not limited to the following aspects:

1. Security application, e.g., emergency service and roadside help seeking, etc.. If
a subscriber becomes in danger at an unacquainted site, user of the subscriber can call
the number of a rescue center (e.g., 110 in China, 911 in the U.S., 411 in Japan) as

long as the user mobile phone supports LBS. The mobile communication network will
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automatically send information on the subscriber’s location together with user’s voice
information to the rescue center. Upon receiving the call of the subscriber, the rescue
center carries out rescue action rapidly and efficiently according to the obtained
location information. In this way, probability of successful rescue is drastically
improved.

2. Information service application, e.g., daily life information and traffic in-
formation, etc. LBS can provide subscribers with map coordinates-related information
service and interactive map information service. It can also provide subscribers with
traffic conditions and optimal routes for car driving. It can help subscribers to locate
nearby accommodates, €.g, restaurants, cinemas, companies around specified location.
It can further provide value-added services like ticket booking and seat reservation.
Also, it can be used in mobile yellow pages and mobile advertisements.

3. Tracking application, e.g., tracking vehicles or properties, etc.. In a big city with
high population density, it is urgent to solve the problem of traffic jam, and growing
requirements are put on vehicle navigation and intelligent transportation. As core of an
intelligent transportation system (ITS), automatic vehicle positioning system provides
functions such as dynamic traffic stream allocation, location navigation, emergent
handling of accidents, safety precaution, vehicle tracking, vehicle scheduling and so
on.

Early development of LBS dates back to the year of 1996. At that time, US Federal
Communications Committee (FCC) publicized location requirements E-911, and
required that before October 1, 2001, network operators should provide a positioning
service with a precision of less than 1.25 feet to subscribers of mobile devices sending
out E911 emergent calls. The network operators were required to provide the caller’s
orientation, phone number to be called back together with public emergency services.
Later, similar requirements were introduced in Europe and Japan, which eventually
brought up the appearance of LBS — calling equipment-based geography location
service. After that, rapid development of fields of Positioning Systems, Commu-
nication and GIS (Global Information System) stimulated the industrial’s imagination
on LBS. The service was initially widely adopted by telecom companies to provide
customized services to mobile subscribers according to their geography locations.

LBS is important subject in most existing mainstream standards at present.

Positioning technique is the key of LBS, it may includes:

a)Network-based positioning technique A mobile terminal (MT), while receiving a
signal from a current serving base station (BS), always searches for signals from other
BSs. If it finds that any signal from any other BS is stronger than a predetermined
threshold, it is necessary for the MT to determine the difference of the arrival time of

the signals from the BSs, so as to prepare for the combination of the two signals. Such
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capability of the MT lays a technical foundation for implement positioning. The po-
sitioning operation platform can obtain the MT’s information (e.g., information on
pilot strength) through CDMA network and implement positioning. Some other
network-based techniques can offer better positioning precision, such as measurement
of the MT’s round trip delay, Angle of Arrival (AOA) of a signal. These techniques,
however, require addition of measurement equipments on the BS, thus increases the
cost.

b)Assistant GPS technique (AGPS)The assistant GPS technique implements po-
sitioning operation primarily depending on GPS satellites. A MT has to receive signals
from at least 4 GPS satellites, perform positioning calculation based on the signals and
report the calculation result to the network. For general GPS technique, the GPS
receiver has to search for available GPS satellites in a global space domain. Such
satellite search requires such a long time that this technique can not meet the demand
of rapid mobile positioning. In the assistant GPS technique, the network can determine
the GPS satellites over a cell where the MT locates according to the location of the cell
and provide the information to the MT. Based on the information received, the MT can
narrow down the scope of search area to implement the search process more quickly.
After the search process, the MT needs to transmit the information for calculating the
MT’s location to the network by interacting with the network. Then, the network
calculates the MT’s location.

¢)Hybrid positioning techniqueThe hybrid positioning technique applied in a Code
Division Multiple Access(CDMA) system primarily adopts the two kinds of MT-based
positioning techniques mentioned above, Network-based positioning technique and
AGPS. In general, GPS technique can offer high positioning precision. However, in
many scenarios, a MT can not capture enough GPS satellites. In this case, signals from
BSs can be used by the MT to supplement the signals from satellites. In this way, prac-
ticability of such positioning is improved and indoor positioning can be realized at the
expense of certain accuracy degradation.

d)MT-based GPS techniqueFor some LBS services requiring quick and continuous
positioning (e.g., real time dynamic vehicle navigation), it is necessary to refresh in-
formation on the MT location at the interval of several seconds. In this case, AGPS
technique can hardly meet the time requirement. In order to reduce the time interval
between two consecutive positioning processes, MT-based GPS technique is in-
troduced. As a difference from AGPS, calculation of the location is entirely performed
by the MT itself in the MT-based GPS technique. Further, the MT is always in GPS
tracking state so that time for interacting with the network can be reduced. Unfor-
tunately, time to first fix (TTFF) is substantially the same as that in AGPS. It is also

necessary to obtain information on GPS satellites from the network side.
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e)Dead reckoning(DR)
With reference to a known relative reference point or start point, the direction and

distance of a target object are calculated continuously during its movement. And with
the help of map matching algorithm, the location of the moving target can be de-
termined. This approach is suitable for continuous positioning of a moving object.

DR depends on measurement precision on the MT’s acceleration, velocity and
moving direction. Corresponding measurement information can be provided by means
of a odometer, gyroscope, accelerometer, etc..

f)Approaching-type positioning

The location of a moving object is determined by estimation based on the nearest
fixed reference detection point. The cell ID-based approach can be regarded as one
branch of the approaching-type positioning technique. Estimation of the MT can be

obtained with the nearest BS or sector.
Disclosure of Invention

Technical Problem

The existing techniques have their own advantages and disadvantages. In the case of
a single cell, including the case that signals from other cells are overlaid in the cell, po-
sitioning approaches based on multi-cell signal detection can not work. The cell ID-
based positioning approach has poor precision, and the GPS-based solution has
relatively higher cost.

Solution to Problem

An object of the present invention is to provide a positioning method using AOA and
terminal moving track in a single cell environment.

The present invention provides that a method by a mobile terminal (MT) for po-
sitioning the MT comprising steps of: requesting to allocate a first transmission time
for transmitting a first sounding signal for the MT to a base station (BS); receiving the
first transmission time from the BS; transmittingthe first sounding signal at the first
transmission time to the BS; requestingto allocate a second transmission time of a
second sounding signal for the MT to the BS again after the MT moves; receiving the
second transmission time form the BS; transmitting the second sounding signal at the
second transmission time to the BS; reporting a moving distance moved during the
period between the two transmissions of the first sounding signal and the second
sounding signal; and receiving a positioning result of the MT determined by using the
first sounding signal, the second sounding signal and the moving distance.

The present invention provides that A method by a base station (BS) for positioning a
mobile terminal (MT) comprising steps of: transmtting a first transmission time of a

first sounding signal for the MT to the MT; receiving the first sounding signal
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transmitted from the MT at the first transmission time; recording a first arrival time of
the first sounding signal and a Angle of Arrival (AOA) of the first sounding signal;
transmtting a second transmission time of a second sounding signal for the MT to the
MT; receiving the second sounding signal transmitted from the MT at the second
transmission time; recording a second arrival time of the second sounding signal and a
AOA of the second sounding signal; receiving from the MT a moving distance moved
by the MT during the period between the two transmissions of the first sounding signal
and second sounding signal; and positioning the MT by using the first arrival time, the
AOA of the first sounding signal, the second arrival time, the AOA of the second

sounding signal and the moving distance.
The present invention provides that A communication system for positioning a

mobile terminal (MT) comprising: a MT; and the BS for transmtting a first
transmission time of a first sounding signal for the MT to the MT, receiving the first
sounding signal transmitted from the MT at the first transmission time, recording a first
arrival time of the first sounding signal and a Angle of Arrival (AOA) of the first
sounding signal, transmitting a second transmission time of a second sounding signal
for the MT, receiving the second sounding signal transmitted from the MT at the
second transmission time, recording the second arrival time of the second sounding
signal and a AOA of the second sounding signal, receiving a moving distance of the
MT, and positioning the MT by using the first arrival time, the AOA of the first
sounding signal, the second arrival time, the AOA of the second sounding signal and
the moving distance.By using combination of time difference (TD), AOA and the
inference calculation for positioning, the present invention solves the problem due to
the situation where a terminal cannot obtain more than one signal reference sources.
Meanwhile, the problem of absolute positioning for moving track in the inference cal-
culation for positioning can be addressed.
Advantageous Effects of Invention

The present invention solves the problem due to the situation where a terminal
cannot obtain more than one signal reference sources. Meanwhile, the problem of
absolute positioning for moving track in the inference calculation for positioning can
be addressed.
Brief Description of Drawings

Figure 1 is a flowchart showing the method of the present invention.

Figure 2 illustrates a tracking process of a terminal’s moving track and BS’s azimuth.

Figure 3 is a schematic diagram showing an embodiment of the present invention.
Best Mode for Carrying out the Invention

The present invention is implemented by cooperation of BS capable of obtaining
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AOA of a sounding signal and a mobile terminal (MT). Thanks to association with a
object’s moving track, the present invention is suitable for on-vehicle applications, in
which data can be obtained by means of distance-measuring instruments like odometer,
as shown in Figure 1.

Figure 1 is a flowchart showing the method of the present invention.

Referring to Figure 1, in step At M 101, the MT initiates an initial positioning
request, i.e the MT transmits LBS_REQ(request)to the BS. After receiving the
LBS_REQ, in step B101, the BS indicates, via a signaling, a transmission time TO at
which a sounding signal is to be transmitted by the MT(). In step M102, The MT
receives the signaling, i.e LBS_RSP(response)and in step M 103, the MT transmits a
sounding signal at the indicated time TO.

In step B102, The BS receives the sounding signal and records the arrival time
T0’and the AOA

Lo

of the sounding signal. In step M 104, the MT records its moving track, and transmits
LBS_REQ to the BS again after a period of movement). Here, it requires that the BS
must not be located in a line passing through the two end points of the moving track.
On such premise, the length can be arbitrarily chosen as long as the BS and the two
end points of the moving track can form a triangle. After receiving the LBS REQ, in
step B103, the BS indicates, via a signaling i.e LBS_RSP, a transmission time T1 at
which a sounding signal is to be transmitted by the MT. In step M105 the MT receives
the LBS_RSP and in step M106, the MT transmits a sounding signal at the indicated
time T1; in step B104, the BS receives the sounding signal and records the arrival time
T1’ and the AOA

oLy

of the sounding signal. In step B105, via a signaling, LBS_REQ, the BS requests to
obtain a straight-line distance d between the two end points of the MT’s moving track,
and in step M 107, MT reports it, LBS_RSP to the BS.

With these obtained parameters, in step B106, the BS establishes and solves
equations, in which the respective locations are associated as shown in Figure 2.

Figure 2 illustrates a tracking process of a terminal’s moving track and BS’s azimuth.

Referring to figure 2, a location of the MT represents by an math figure 1.

MathFigure 1
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[Math.1]
n—n=(T, -T)~ (T, ~T,)*C,

a,—o =a

ight

rPnl=2r, %1 * cos(a) = d?

Here, Cyg 18 a velocity of the sounding signal transmitted in step M103 and in the
step M 106, if a velocity of each of the sounding signals transmitted in step M103 and
in the step M 106 is the same, the r,is a distance between the MT in step M 103,
MT1(210), and the BS(220), r, is a distance between the MT in the step M 106,
MT?2(205) and the BS(220) after moving of the MT1(210),

Ol q
is a from a predetermined reference(200) phase to the MT1(210),
O.2

is a phase from the predetermined reference(200) to the MT(205), d is a distance
between the MT 1(210) and the MT 2(205).

As can be seen here, the equation 1 can be simplified as an math figure 2 with a
single variable r1.

MathFigure 2
[Math.2]

r]2 +7, *Clighl *rn+((T, *Cngm)z —dz)/(Z(l—cos(a))) =0

where Td=(T1’- T1)- (TO’- TO). Although the timing clock may vary between the BS
and the MT, effects from such difference can be counteracted by the use of the
difference value, Td.

By solving a set of quadratic equations is represented by a math figure 3,

MathFigure 3
[Math.3]

.= -T,* Clight e '\/(Td * Clighz )2 b (Ve Clight)z - dz)/(Z(l - cos(a)))
=
2

Generally, only one solution is practical in consideration of information on actual cell
radius. The location of the MT can be determined in connection with information on
AOA, after rl is obtained and r2 is inferred.

Assuming that the BS’s location is the origin, and the reference direction of the
antenna array is the direction of X axis, the location coordinates (x1,y1), (x2,y2) of the
two end points can be calculated as a math figure 4.

MathFigure 4
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[Math.4]
X, =n *cos(a), ¥, = nsin(@,), x, =7, *€os(a,), y, =1, * cos(a,)

The BS sends the calculation result to the MT. Alternatively, the BS can, based on its
own latitude and longitude coordinates, convert the calculation result into actual
latitude and longitude coordinates and then sends them to the MT.

Here, different methods can be adopted to obtain the moving distance d with
different situations. In the situation of a walking movement, the distance can be
estimated by referring to a reference object on the ground. Alternatively, the subscriber
can estimate an approximate distance according to road distance indication, and input
the distance data into the MT through a man-machine interface application. In the
situation of on-vehicle movement, the distance can be obtained by DR calculation po-
sitioning algorithm. The DR calculation system is a system that has been already in
practice, and the algorithm is a commonly used vehicle positioning algorithm. The DR
calculation system primarily comprises sensors for measuring flight azimuth and
sensors for measuring distance. The sensors for measuring flight azimuth mainly
include compass, angular speed gyroscope and the like. The sensors for measuring
distance mainly include odometer and accelerometer. The gyroscope outputs the
angular speed of the flight azimuth. The integral of angular speed can be taken as a
relative rotating angle of the carrier. The vehicle’s moving track can be obtained
through a real- time measurement and recording of moving distance and relative
rotating angle, and the straight-line distance between the two end points for sounding
signaling can be calculated With the moving track.

Embodiment

Figure 3 is a schematic diagram showing an embodiment of the present invention.

Referring to figure 3, an MT sends a LBS request to a BS. The BS informs the MT of
a time T=TA for transmitting a sounding signal, and then receives the sounding signal
from the MT at time TA+1.414us. At this moment, the AOA is recorded as -45° After
moving 300m (not limited to this distance), the MT requests again for positioning. The
BS informs the MT it of a time T=TB for transmitting a sounding signal, and then
receives the sounding signal at time TB+1us from the MT. The AOA is recorded as -
90° at this moment. Via a signaling, the BS obtains that the MT has moved a distance
of 300m. With Td= -0.414us and t light velocity of 300m/us, an math figure 5 is
obtained as:

MathFigure 5
[Math.5]

7% —0.414*300* r, +((0.414 *300)> —300%) /(21— 0.707)) =0

The solution of the equation is obtained as r1=424.2m, with removal of an un-
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reasonable root of r1=-300m. Further, 12 is inferred as r2=300m. With information on
the angle, the location coordinates corresponding to points A and B can be determined
as (300,-300), (0,-300).
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Claims
A method by a mobile terminal (MT) for positioning the MT

comprising steps of:
requesting to allocate a first transmission time for transmitting a first
sounding signal for the MT to a base station (BS);

receiving the first transmission time from the BS;

transmittingthe first sounding signal at the first transmission time to the
BS;

requesting to allocate a second transmission time of a second sounding
signal for the MT to the BS again after the MT moves;

receiving the second transmission time form the BS;

transmitting the second sounding signal at the second transmission time
to the BS;

reporting a moving distance moved during the period between the two
transmissions of the first sounding signal and the second sounding
signal; and

receiving a positioning result of the MT determined by using the first
sounding signal, the second sounding signal and the moving distance.
wherein the positioning result of the MT is represented by a equation
<equation>

n-n=(T -T)-T,~-T,)*C

- =«

light

74} =2r,*r *cos(a) = d*

Here, if a velocity for each of transmissions of the first sounding signal
and the second sounding signal is the same, C;g, 18 the velocity, the r;1s
a distance between the MT which transmits the first sounding signal
and the BS, 1, is a distance between the MT which transmits the second

sounding signal and the BS,
O

is a phase from a predetermined reference to the MT which transmits

the first sounding signal,
3

is a phase from a predetermined reference to the MT which transmits
the second sounding signal d is a distance between the MT which

transmits the first sounding signal and the MT which transmits the



WO 2010/062108

[Claim 2]

[Claim 3]

[Claim 4]

[Claim 5]

[Claim 6]

[Claim 7]

PCT/KR2009/006982
11

second sounding signal.

The method of Claim 1, wherein the movement of the MT is generated
by walking and vehicle driving of a user of the MT.

The method of Claim 2, wherein if the user of the MT moves by the
vehicle driving, the moving distance of the MT is obtained with a Dead
reckoning calculation positioning algorithm.

The method of Claim 2, wherein, if the user of the MT moves by
walking, the moving distance of the MT is estimated according to a
reference object on the ground, and is input into the terminal through a
man-machine interface application.

A method by a base station (BS) for positioning a mobile terminal
(MT) comprising steps of:

transmtting a first transmission time of a first sounding signal for the
MT to the MT;

receiving the first sounding signal transmitted from the MT at the first
transmission time;

recording a first arrival time of the first sounding signal and a Angle of
Arrival (AOA) of the first sounding signal;

transmtting a second transmission time of a second sounding signal for
the MT to the MT;

receiving the second sounding signal transmitted from the MT at the
second transmission time;

recording a second arrival time of the second sounding signal and a
AOA of the second sounding signal;

receiving from the MT a moving distance moved by the MT during the
period between the two transmissions of the first sounding signal and
second sounding signal; and

positioning the MT by using the first arrival time, the AOA of the first
sounding signal, the second arrival time, the AOA of the second
sounding signal and the moving distance.

The method of Claim 5, further comprising the step of transmitting, to
the MT, a result information of the step of positioning the mobile
terminal.

The method of Claim 5, wherein the step of the positioning the MT is
determining a location of the MT by the equations.

<equation>
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n—n=(T -T)-(T,-T,))*C,

o, -0 =a

ight

n+n =2, %1 * cos(a) = d*

x, =1, * cos(er), ¥, = rsin(a,), x, =1, *cos(a,), v, =1, * cos(a,)

Here, if a velocity for each of transmissions of the first sounding signal
and the second sounding signal is the same, Cyg,is the velocity, the r,is
a distance between the MT which transmits the first sounding signal
and the BS, r; is a distance between the MT which transmits the second

sounding signal and the BS,
S|

is a phase from a predetermined reference to the MT which transmits

the first sounding signal,
U2

is a phase from a predetermined reference to the MT which transmits
the second sounding signal d is a distance between the MT which
transmits the first sounding signal and the MT which transmits the
second sounding signal.

The method of Claim 5, the step of transmtting a first transmission time
of a first sounding signal for the MT to the MT comprise the step of
receiving a request to allocate the first transmission time from the MT.
A communication system for positioning a mobile terminal (MT)
comprising:

a MT; and

the BS for transmtting a first transmission time of a first sounding
signal for the MT to the MT, receiving the first sounding signal
transmitted from the MT at the first transmission time, recording a first
arrival time of the first sounding signal and a Angle of Arrival (AOA)
of the first sounding signal, transmitting a second transmission time of
a second sounding signal for the MT, receiving the second sounding
signal transmitted from the MT at the second transmission time,
recording the second arrival time of the second sounding signal and a
AOA of the second sounding signal, receiving a moving distance of the
MT, and positioning the MT by using the first arrival time, the AOA of
the first sounding signal, the second arrival time, the AOA of the
second sounding signal and the moving distance.

The system of Claim 9, further comprising:
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the BS for transmitting, to the MT, a result information of positioning
the mobile terminal.

The system of Claim 9, wherein the positioning the MT is determining
a location of the MT by the equations:

<equation>

n-n=(T -T)- T, -T,)*C,
o - =

ight

rPr?—2r,*r * cos(ar) = d?

x, =1, * cos(er), y, = rsin(a,), x, = r, * cos(a,), y, = r, * cos(a,)

Here, if a velocity for each of transmissions of the first sounding signal
and the second sounding signal is the same, Cyg,is the velocity, the r,is
a distance between the MT which transmits the first sounding signal

and the BS, r; is a distance between the MT which transmits the second

sounding signal and the BS,
O

is a phase from a predetermined reference to the MT which transmits

the first sounding signal,
K2

is a phase from a predetermined reference to the MT which transmits
the second sounding signal d is a distance between the MT which
transmits the first sounding signal and the MT which transmits the

second sounding signal.
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