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FIG. 3

termining a position of a terminal. The method includes: acquiring first transceiving
moment information, wherein the first transceiving moment information comprises
a moment associated with the first base station sending a ranging request frame, a
moment associated with the first base station receiving a ranging acknowledgment
frame, a moment associated with the terminal sending the ranging acknowledgment
frame, a moment associated with the terminal receiving the ranging request frame,
at least one moment associated with the at least one second base station receiving
the ranging acknowledgment frame, and at least one moment associated with the
at least one second base station receiving the ranging request frame: and determin-
ing location information of the terminal according to the first transceiving moment
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METHOD AND APPARATUS FOR DETERMINING A POSITION OF A

TERMINAL

CROSS REFERENCE TO RELATED APPLICATION

[001] The disclosure claims the benefits of priority to Chinese application mumber
201810712024 38, filed June 29, 2018, which is incorporated herein by reference in its

entirety.

BACKGHROUND

[002] The Internet of Things (IoT) technology is the third information technology
revolution after the computer and the Internet and has advantages of real-time performance
and interactivity. The [oT technology has been widely used in fields, such as urban
management, digital home, positioning and navigation, logistics management, and security
system. Long Range Radio (LoRa) 1s an ultra-long-distance transmission scheme based on
the spread-spectrum technology in the Internet of Things, and s featured with a long
transmission distance, low power consumption, multiple nodes, and a low cost.

[003] Positioning is an important application of LoRa networks. Existing positioning
schemes include Time of Arrival (TOA)-based positioning schemes and Time Difference of
Arrival (TDOA)-based positioning schemes.

[004] During the TOA-based positioning, a terminal and a plurality of base stations
can respectively perform wireless ranging. During each time of ranging, a base station and
the terminal can transceive request radio frames and acknowledgment radio trames for
ranging, and then location information of the terminal can be determined according to time
points of the transceiving of the frames using a TOA positioning algorithm. To perform a
three-dimensional positioning, the terminal has to perform ranging with at least four base

stations in sequence. Though this TOA-based positioning has a high ranging precision, it
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teads to unduly high wireless transmission power consumption. Moreover, errors can be
caused when mobile terminals are positioned using this wireless ranging.

(005} In TDOA-based positioning, a terminal broadcasts a radio frame, and the
moment at which each base station receives the radio frame varies with the distance between
the base station and the terminal. Location information of the terminal can be determined
according to transceiving moments and the TDOA positioning algorithm. Due to the error of
time synchronization between base stations, the TDOA-based positioning has low precision

and thus is difficult to rely on.

SUMMARY OF THE DISCLOSURE

[606] In view of the above problem, embodiments of the present application provide
a method for positioning a terminal and a corresponding apparatus for positioning a terminal
to overcome or at least partially solve the above problem.

[007] An aspect of the disclosure is directed to a method for determining a position
of a terminal communicating with a first base station, the first base station communicating
with at least one second base station. The method can include: acquiring first transceiving
moment information, wherein the first transceiving moment information comprises a moment
associated with the first base station sending a ranging request frame, a moment associated
with the first base station receiving a ranging acknowledgment frame, a moment associated
with the terminal sending the ranging acknowledgment frame, a moment associated with the
terminal receiving the ranging request frame, at least one moment associated with the at least
one second base station receiving the ranging acknowledgment trame, and at least one
moment assoctated with the at least one second base station receiving the ranging request
frame, wherein the ranging request frame is sent by the first base station to the terminal and
the at least one second base station and the ranging acknowledgment frame is sent by the
terminal to the first base station and the at least one second base station after receiving the

2
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ranging request frame; and determining location information of the terminal according to the
first transcetving morent information.

[OOR]  Another aspect of the disclosure is directed to a method for determining a
position of a terminal communicating with a first base station, the first base station
communicating with at least one second base station. The method can include: acquiring
second transceiving moment inforration, wheretn the second transceiving moment
information comprises a moment associated with the terminal sending a ranging request
frame, a moment associated with the terminal receiving a ranging acknowledgment frame, a
moment assoctated with the first base station sending the ranging acknowledgment frame, a
moment associated with the first base station recetving the ranging request frame, at least one
moment associated with the at least one second base station receiving the ranging
acknowledgment frame, and at least one moment associated with the at least one second base
station receiving the ranging request frame, wherein the ranging request frame is sent by the
terminal to the first base station and the at least one second base station,; and the ranging
acknowledgment frame is sent by the first base station to the terminal and the at least one
second base station after receiving the ranging request frame; and determining location
inforration of the terminal according to the second transceiving rooment information.

[0G9] Yet another aspect of the disclosure is directed to an apparatus for determining
a position of a terminal communicating with a first base station, the first base station
communicating with at least one second base station. The apparatus can include: a memory
storing a set of instructions; and at feast one processor configured to execute the set of
instructions {o cause the apparatus to perform: acquiring first transceiving moment
information, wherein the first transceiving moment information comprises a moment
associated with the first base station sending a ranging request frame, a moment associated

with the first base station receiving a ranging acknowledgment frame, a moment associated
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with the terminal sending the ranging acknowledgment frame, a moment associated with the
terminal receiving the ranging request frame, at least one moment associated with the at least
one second base station receiving the ranging acknowledgment frame, and at least one
moiment assoctated with the at least one second base station receiving the ranging request
frame, wherein the ranging request frame is sent by the first base station to the terminal and
the at least one second base station and the ranging acknowledgment frame is sent by the
terminal to the first base station and the second base station after recetving the ranging
request frame; and determining location information of the terminal according to the first
transceiving moment information.

[010]  Yet another aspect of the disclosure is directed to an apparatus for determining
a position of a terminal, wherein the terminal communicates with a first base station, and the
first base station communicates with at least one second base station. The apparatus can
include: a memory storing a set of instructions; and at least one processor configured to
execute the set of instructions to cause the apparatus to perform: acquiring second
transceiving moment information, wherein the second transceiving moment information
comprises a moment associated with the terminal sending a ranging request frame, a moment
associated with the terminal receiving a ranging acknowledgment frame, a moment
assoctated with the first base station sending the ranging acknowledgment frame, a moment
associated with the first base station recetving the ranging request frame, at least one moment
associated with the at least one second base station receiving the ranging acknowledgment
frame, and at least one moment associated with the at least one second base station receiving
the ranging request frame, wherein the ranging request frame is sent by the terminal to the
first base station and the at least one second base station; and the ranging acknowledgment

frame is sent by the first base station to the terminal and the at least one second base station
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after receiving the ranging request frame; and determining location information of the
terminal according to the second transceiving moment information.

{011} Embodiments of the disclosure provide technical effects as below. In the
positioning method according to the embodiments of the disclosure, the terminal does not
send the ranging request frame to and receive the ranging acknowledgment frame from the
plurality of base stations one by one. Instead, the terminal only receives a ranging request
frame sent by one first base station and only sends the ranging acknowledgment frame once.
The method reduces the power consumption required for sending the ranging request frame
and receiving the ranging acknowledgment frame and does not rely on time synchronization

between base stations, thus achieving a small time delay and accurate ranging,

BRIEF BESCRIPTION OF THE DRAWINGS

[012] FIG. 1 is a flowchart of a method for determining a position of a terminal,
according to embodiments of the disclosure.

[013] FIG. 2 15 a flowchart of another method for determining a position of a
terroinal, according to embodiments of the disclosure.

[014] FIG. 3 13 a schematic diagram of a method for determining a position of a
terminal, according to embodiments of an embodiment of the disclosure.

[615] FIG. 415 a schematic diagram of radio frame transceiving moments,
according to embodiments of the disclosure.

[016] FIG. 5 1s a flowchart of yet another method for determining a position of a
terminal, according to embodiments of the disclosure.

[017] FIG. 6 1s a flowchart of yet another method for determining a position of a
terminal, according to embodiments of the disclosure.

[018] FIG. 7 is a schematic diagram of a method for determining a position of a

terminal, according to embodiments of the disclosure.
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[019] FIG. 8 is a flowchart of yet another method for determining a position of a
terminal, according to the disclosure.

[020] FIG. 9is a flowchart of yet another method for determining a position of a
terminal, according to embodiments of the disclosure.

[021] FIG. 10 1s a schematic diagram of an apparatus for determining a position of a
terminal, according to embodiments of the disclosure.

10221 FIG. 11 1s a schematic diagram of an apparatus for determining a position of a

terminal, according to embodiments of the disclosure.

BETAILED DESCRIPTION

[623] To make the above objectives, features and advantages of the present
application more comprehensible, the present application is described in further detail below
with reference to the accompanying drawings and specific implementations.

[024] A LoRanetwork includes a terminal, a base station, and a server. The terminal
can access the LoRa network. Depending on different application scenarios for which the
LoRa network 1s deployed, the terminal may include different electronic devices. For
example, when the LoRa network is applied to city management, the terminal may be a smart
electric meters. When the LoRa network s applied to a digital home, the terminal may
include various intelligent home appliances.

[025] The base station (also referred to as a gateway or concentrator) in the LoRa
network can have a wireless connection converging function, provide an entrance for the
terminal to access the LoRa network, and forward data from a server or a terminal. Therefore,
the base station can implement data exchange between the terminal and the server. It is
appreciated that, the base station can alsc exchange data with other base stations within its

signal coverage by transmitting radio frames.
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[026] The server may be configured to perform service processing according to data
acquired from the base station or the terminal and control the working mode and status of the
base station or the terminal. It is appreciated that the server can be a server cluster.

[027] FIG. 1i1s a flowchart of a method 100 for determining a position of a terminal,
according to embodiments of the disclosure. The terminal communicates with a first base
station, and the first base station commuunicates with at least one second base station. Method
100 may further include the following steps.

[028] Instep 101, the server acquires first transceiving moment information. The
first transceiving moment information includes a moment associated with the first base
station sending a ranging request frame, a moment associated with the first base station
receiving a ranging acknowledgment frame, a moment associated with the terminal sending
the ranging acknowledgment frame, a moment associated with the terminal receiving the
ranging request frame, at least one moment associated with the at least one second base
station receiving the ranging acknowledgment frame, and at least one moment associated
with the at least one second base station receiving the ranging request frame. The ranging
request frame is sent by the first base station to the terminal and the at least one second base
station. The ranging acknowledgment frame is sent by the terminal to the first base station
and the at least one second base station afier receiving the ranging request frame.

[029] In embodiments of the disclosure, the ranging request trame may be sent by
the first base station to the terminal and the at least one second base station, simultaneocusly.
The ranging acknowledgment frame may be sent by the terminal to the first base station and
the at least one second base station, simultaneously, after receiving the ranging request frame,

[030] In embodiments of the disclosure, the first base station may send the ranging
request frame in a broadcast mode, and the terminal and at least one second base station can

receive the ranging request frame.
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[031] The moment associated with the terminal receiving the ranging request frame
is related to a distance from the terruinal to the first base station. When the distance 15 longer,
the transmission time of the ranging request frame is longer, and thus, the moment associated
with the terminal receiving the ranging request frame is later.

[632] The moment associated with the at least one second base station receiving the
ranging request frame 1s related to a distance from the second base station to the first base
station. When the distance is longer, the transmission time of the ranging request frame is
longer, and thus, the moment associated with the second base station receiving the ranging
request frame is later.

[033] The terminal broadcasts a ranging acknowledgment frame after receiving the
ranging request frame, and the first base station and the at least one second base station can
receive the ranging acknowledgment frame.

[034] The moment associated with the first base station receiving the ranging
acknowledgment frame is related to the distance from the first base station to the terminal.
When the distance is longer, the transmission time of the ranging acknowledgment frame is
longer, and thus, the moment associated with the first base station receiving the ranging
acknowledgment frarmue is later.

[035] The moment associated with the second base station receiving the ranging
acknowledgment frame is related to the distance from the second base station to the terminal.
When the distance is longer, the transmission time of the ranging acknowledgment frame is
longer, and thus, the moment associated with the second base station receiving the ranging
acknowledgment frame is later.

[036] In embodiments of the disclosure, the moment associated with the first base
station sending the ranging request frame, the moment associated with the first base station

receiving the ranging acknowledgment frame, the moment associated with the terminal
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sending the ranging acknowledgment frame, the moment associated with the terminal

recetving the ranging request frame, the moments associated with the second base stations
receiving the ranging acknowledgment frame, and the at least one moment associated with
the second base station receiving the ranging request frame may be acquired by the server.

[637] In embodiments of the disclosure, the moment associated with each radio
frame (including the ranging request frame and the ranging acknowledgment frame) being
sent may be the moment at which the radio frame is completely sent out.

[038] The moment associated with each radio frame being received may be the
moment at which the radio frame is just received.

[039] Instep 102, the server deternunes location information of the terminal
according to the first transceiving moment information.

[040] In embodiments of the disclosure, the location information of the terminal may
be determined by the server according to the first transceiving moment information.

[041] Inthe positioning method, the terminal does not send the ranging request
frame to and receive the ranging acknowledgment frame from the plurality of base stations
one by one. Instead, the terminal only receives a ranging request frame sent by one first base
station and only sends the ranging acknowledgment frame once. The method reduces the
power consumption required for sending the ranging request frame and receiving the ranging
acknowledgment frame and does not rely on time synchronization between base stations, thus
achieving a small time delay and accurate ranging.

[042] FIG. 2 1s a flowchart of another method 200 for determining a position of a
terminal, according to embodiments of the disclosure. The terminal communicates with a first
base station, and the first base station communicates with at least one of second base stations.

Method 200 may include the following steps.

9
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[043] Instep 201, the server acquires first transceiving moment information. The
first transceiving roorent information includes a moment associated with the first base
station sending a ranging request frame, a moment associated with the first base station
receiving a ranging acknowledgment frame, a moment associated with the terminal sending
the ranging acknowledgment frame, a moment associated with the terminal receiving the
ranging request frame, at least one moment associated with the at least one second base
station receiving the ranging acknowledgment frame, and at least one moments associated
with the at least one second base station receiving the ranging request frame. The ranging
request frame is sent by the first base station to the terminal and the at least one second base
station, and the ranging acknowledgment frame 18 sent by the terminal to the first base station
and the at least one second base station after receiving the ranging request frame.

[044] In embodiments of the disclosure, the ranging request frame may be sent by
the first base station to the terminal and the at least one second base station, simultaneously.
The ranging acknowledgment frame may be sent by the terminal to the first base station and
the at least one second base station, simultaneously, after recetving the ranging request frame.

[045] In embodiments of the disclosure, the first base station may send the ranging
request frame in a broadcast mode, and the terminal and at least oue of the second base
stations can receive the ranging request frame.

[046] The terminal broadcasts a ranging acknowledgment frame after receiving the
ranging request frame, and the first base station and the at least one second base station can
recetve the ranging acknowledgment frame.

(0471 In embodiments of the disclosure, the first transceiving moment information

may be acquired by a server.

10
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[048] In embodiments of the disclosure, the moment associated with each radio
frame (including the ranging request frame and the ranging acknowledgment frame) being
sent may be the moment at which the radio frame has been completely sent out.

[049] The moment associated with each radio frame being received may be the
moment at which the radio frame 1s just received.

[0S0] Instep 202, the server determines a first distance from the terminal to the first
base station according to the moment associated with the first base station sending the
ranging request frame and the moment associated with the first base station receiving the
ranging acknowledgment frame.

[051] For example, the first distance between the terminal and the first base station
may be determined according to a Time of Arrival (TOA) algorithm by using the moment
assoctated with the first base station sending the ranging request frame and the moment
associated with the first base station receiving the ranging acknowledgment frame.

[052] The first distance between the first base station and the terminal may be
represented as D1x, the moment associated with the first base station sending the ranging
request frame may be represented as T1, and the moment associated with the first base station
receiving the ranging acknowledgment frame may be represented as Tx 1.

[053] An equation of the TOA algorithm may specifically be:

DPix=C*{Tx1-T1)/2, where C is the speed of light.

[054] Instep 203, the server determines, for each of the at least one second base
station, a second distance corresponding to the second base station according to the moment
associated with the second base station receiving the ranging acknowledgment frame, the
moiment assoctated with the terminal receiving the ranging request frame, and the moment

associated with the terminal sending the ranging acknowledgment frame. The second distance

11
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15 a sum of the distance from the terminal to the first base station and a distance from the
terroinal to the second base station.

{055} In embodiments of the disclosure, the sum of the distance from the terminal to
the first base station and the distance from the terminal to the second base station is used as
the second distance corresponding to the second base station. The second distance
corresponding to each of the second base stations may be calculated according to the moment
assoctated with the second base station receiving the ranging acknowledgment frame, the
moment associated with the terminal receiving the ranging request frame, and the moment
associated with the terminal sending the ranging acknowledgment frame.

[036] In some embodiments, step 203 may further include: determining, for each of
the at least one second base station, the second distance corresponding to the second base
station according to the moment associated with the second base station receives the ranging
acknowledgment frame, the moment associated with the first base station sending the ranging
request frame, the moment associated with the terminal receiving the ranging request frame,
and the moment associated with the terminal sending the ranging acknowledgment frame.

[0537] For example, the first base station may communicate with n second base
stations, where n 1s equal to or greater than 1. The second distance corresponding to the
second base station may be represented as I, (2<5i<:1+n), the moment associated with the
second base station receiving the ranging acknowledgment frame may be represented as Txi,
the moment associated with the first base station sending the ranging request frame may be
represented as T1, the moment associated with the terminal receiving the ranging request
frame may be represented as T1x, and the moment associated with the terminal sending the
ranging acknowledgment frame may be represented as Tx. The moment associated with the

terminal sending the ranging acknowledgment frame minus the moment associated with the

12
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terminal receiving the ranging request frame may be represented as At(x}, and At(x) =Tx-Tlx.
In fact, no frame is transmitted during the time interval At(x).

[0SR} An equation of the algorithm may be:

Di=C*(Txi-T1-At{x}}.

[0539] Inthe above equation, Txi-T1-At(x) represents the transmission time of the
ranging request frame plus the transmission time of the ranging acknowledgment frame, and
a product of the frame transmission time and the speed of light can represent the distance of
frame transmission.

[060] In another example, the first transceiving moment information may further
include: the moments associated with the second base stations receiving the ranging request
frame, and step 203 may further include: determining, for each of the second base stations,
the second distance corresponding to the second base station according to a known distance
between the second base station and the first base station, the moment associated with the
second base station receiving the ranging request frame, the moment associated with the
second base station receiving the ranging acknowledgment frame, the moment associated
with the terminal receiving the ranging request frame, and the moment associated with the
terminal sending the ranging acknowledgment frame.

[061] For example, the first base station communicates with i second base stations,
where n is equal to or greater than 1. The second distance corresponding to the second base
station may be represented as Di, (2<5i<: 1+n) , the distance between the first base station and
the second base station may be represented as D11, the moment associated with the second
base station receives the ranging request frame may be represented as T1i, the moment
associated with the second base station receiving the ranging acknowledgment frame may be

represented as Txi, the moment associated with the terminal receiving the ranging request

13
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frame may be represented as Tlx, the moment associated with the terminal sending the
ranging acknowledgment frame may be represented as Tx, and AtO) =Tx-Tlx.

{0621 An equation of the algorithm may be:

Di=D1i+C*(Txi-T1i-At(x)).

[663] When the distances between the second base stations and the first base station
are known, the second distances of the second base stations may be calculated by using the
algorithm of this example.

[064] Instep 204, the server determines the location information of the terminal
according to the first distance and the second distances corresponding to the second base
stations.

[065] In embodiments of the disclosure, the first distance from the terminal to the
first base station and the second distances corresponding to the second base stations may be
calculated multiple times according to first transceiving moment information obtained in
multiple ranging request frame and ranging acknowledgment transcetving procedures. Then,
a mean of multiple first distances obtained is used as a final first distance, and a mean of
multiple second distances obtained is used as a final second distance. Finally, the location
wnformation of the terminal is determined by using the first distance and the second distance.

[066] In embodiments of the disclosure, the first distance from the terminal to the
first base station and the second distances corresponding to the second base stations may also
be calculated according to first transceiving moment information obtained in each ranging
request frame and ranging acknowledgment transceiving procedure, and then the location
information of the terminal is determined by using the first distance and the second distance.
Finally, a mean of multiple pieces of location information obtained is used as the final

location information of the terminal.
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[067] In embodiments of the disclosure, step 204 may include the following
substeps.

[068] In substep S11, the server determines a spherical surface corresponding to the
first base station by using location information of the first base station as the center of circle
and using the first distance as the radius. The spherical surface is determined by the center of
circle and the radius, and a terminal at the first distance from the first base station 15 on the
spherical surface.

[069] In substep S12, the server determines, for each of the second base stations, an
ellipsoidal surface corresponding to the second base station by using the location information
of the first base station and location information of one of the second base stations as the
focal points of the ellipsoidal surface and using the second distance as the major axis of the
ellipsoidal surface. The ellipscidal surface may be determined by the two focal points and the
major axis, and a sum of distances from a point on the ellipsoidal surface to the two focal
points is a length of the major axis. A terminal, a sum of distances from which to the first
base station and to the second base station equals the second distance, is on the ellipsoidal
surface.

[070] Insubstep S13, the server determines location wnformation of an intersection
point of the spherical surface corresponding to the first base station and the ellipsoidal
surfaces corresponding to the second base stations as the location information of the terminal.
The intersection point of the spherical surface corresponding to the first base station and the
ellipsoidal surfaces corresponding to the second base stations is unique. The location of the
intersection point is the location of the terminal.

[071] Inthe embodiments of the present application, if three-dimensional spatial

positioning can be implemented, at least four base stations (including one first base station
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and three second base stations} are needed. When there 1s provided more base stations, the
positioning error can be smaller and the positioning precision can be better.

(0721 If two-dimensional planer positioning can be implemented, at least three base
stations (including one first base station and two second base stations) are needed.

[673] If one-dimensional positioning can be implemented (for exarmple, positioning
in a tunnel), at least two base stations (including one first base station and one second base
station) are needed.

[074] In the positioning methods discussed above, the terminal does not send the
ranging request frame to and receive the ranging acknowledgment frame from the plurality of
base stations one by one. Instead, the terminal only receives a ranging request frame sent by
one first base station and only sends the ranging acknowledgment frame once. The method
reduces the power consumption required for sending the ranging request frame and recetving
the ranging acknowledgment frame and does not rely on time synchronization between base
stations, thus achieving a small time delay and accurate ranging,

[0675] FIG. 3 1s a schematic diagram of a method 300 for determining a position of a
terminal, according to embodiments of an embodiment of the disclosure.

[076] Base stations can include a base station 1, a base station 2, a base station 3 and
a base station 4. A terminal may perform one ranging request frame and ranging
acknowledgment frame transceiving procedure with the base station 1. It is appreciated that, a
server can be provided to collection information from the base stations and the terminal to
position the terminal.

{0771 The base station 1 sends a ranging request frame in broadcast mode. Aud the
base station 2, the base station 3, the base station 4, and the terminal can receive the ranging

request frame.
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[078] The terminal sends a ranging acknowledgment frame in a broadcast mode
after receiving the ranging request frame. And the base station 1, the base station 2, the base
station 3, and the base station 4 can receive the ranging acknowledgment frame.

[079] FIG. 4 1s a schematic diagram of radio frame transceiving monents,
according to embodiments of the disclosure. Radio frames include a ranging request frame
and a ranging acknowledgment frame. The moment associated with the ranging request frame
being sent is defined as the moment at which the ranging request frame has been completely
sent out, the moment associated with the ranging acknowledgment frame being sent is
defined as the moment at which the ranging request frame has been completely sent out, the
moment associated with the ranging request frame being received is defined as the moment at
which the ranging request frame is just received, and the moment associated with the ranging
acknowledgment frame being received is defined as the moment at which the ranging
acknowledgment frame is just received.

[080] The moment associated with the terminal receiving the ranging request frame
may be represented as Tix. The moment associated with the terminal sending the ranging
acknowledgment frame may be represented as Tx.

[081] The moment associated with the base station 1 sending the ranging request
frame may be represented as T1. The moment associated with the base station 1 receiving the
ranging acknowledgment frame may be represented as Tx 1.

[082] The moment associated with the base station 2 receiving the ranging request
frame may be represented as T12. The moment associated with the base station 2 receiving
the ranging acknowledgment frame may be represented as Tx2.

[083] The moment associated with the base station 3 receiving the ranging request
frame may be represented as T13. The moment associated with the base station 3 receiving

the ranging acknowledgrment frame may be represented as Tx3.
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[084] The moment associated with the base station 4 receiving the ranging request
frame may be represented as T14. The moment associated with the base station 4 receiving
the ranging acknowledgment frame may be represented as Tx4.

[085] A distance between the base station 1 and the terminal may be represented as
Dix.

[0858] According to a TOA algorithm, the distance between the base station 1 and the
terminal may be DIx=C*(Tx1-T1) /2. A spherical surface corresponding to the base station 1
is determined by using the base station 1 as the center of circle and using D'1x as the radius.

[087] The moment associated with the terminal sending the ranging
acknowledgment frame minus the moment associated with the ternunal recetving the ranging
request frame may be represented as At(x), and At{x) = Tx-Tlx.

[088] A sum of the distance between the terminal and the base station 1 and a
distance between the terminal and the base station 2 may be represented as D2, and a distance
between the base station 1 and the base station 2 between may be represented as 212, Then,
D2=D12+CH(Tx2-T12-AU(x)), or D2=C*(Tx2-T1-At{x}}). An ellipsoidal surface
corresponding to the base station 2 is determined by using the base station 1 and the base
station 2 as the focal points and using D2 as the major axis.

[089] A sum of the distance between the terminal and the base station | and a
distance between the terminal and the base station 3 may be represented as D3, and a distance
between the base station | and the base station 3 may be represented as D13, Then,
D3=D13+C*{(Tx3-T13-At(x)), or D3=C*Tx3-T1-At{x)). An ellipsoidal surface
corresponding to the base station 3 is determined by using the base station 1 and the base
station 3 as the focal points and using D3 as the major axis. A sum of the distance between
the terminal and the base station 1 and a distance between the terminal and the base station 4

may be represented as D4, and a distance between the base station 1 and the base station 4
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may be represented as D14. Then, D4=D14+C*(Tx4-T14-At(x)}), or D4=C*{Tx4-T1-At(x}).
An ellipsoidal surface corresponding to the base station 4 is determined by using the base
station 1 and the base station 4 as the focal points and using D4 as the major axis.

[090] An intersection point of the spherical surface corresponding to the base station
1, the ellipsoidal surface corresponding to the base station 2, the ellipsoidal surface
corresponding to the base station 3, and the ellipsoidal surface corresponding to the base
station 4 is determined. The location of the intersection point is the location of the terminal.

[091] FIG. § is a flowchart of yet another method 500 for determining a position of
a terminal, according to embodiments of the disclosure. The terminal communicates with one
first base station, and the first base station communicates with at least one of second base
stations. Method SO0 may include the following steps.

[092] Instep 501, the server acquires first transceiving moment information. The
first transceiving moment information includes a moment associated with the first base
station sending a ranging request frame, a moment associated with the first base station
receiving a ranging acknowledgment frame, a moment associated with the terminal sending
the ranging acknowledgment frame, a moment associated with the terminal receiving the
ranging request frame, at least one moment associated with the at least one second base
station receiving the ranging acknowledgment frame, and at least one moment associated
with the at least one second base station receiving the ranging request frame. The ranging
request frame is sent by the first base station to the terminal and the at least one second base
station, and the ranging acknowledgment frame 18 sent by the terminal to the first base station
and the at least one second base station after receiving the ranging request frame.

[093] In embodiments of the disclosure, the ranging request frame may be sent by
the first base station simultaneously to the terminal and the at least one second base station,

and the ranging acknowledgment frame may be sent by the terminal simultaneously to the
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first base station and the at least one second base station after receiving the ranging request
frame.

[094] In embodiments of the disclosure, the first base station may send the ranging
request frame in broadcast mode, and the terminal and at least one second base station can
recetve the ranging request frame.

[095] The terminal broadcasts a ranging acknowledgment frare after receiving the
ranging request frame, and the first base station and at least one second base station can
receive the ranging acknowledgment frame.

[096] In embodiments of the disclosure, the first transceiving moment information
may be acquired by a server.

[097] In embodiments of the disclosure, the moment associated with each radic
frame (including the ranging request tframe and the ranging acknowledgment frame) being
sent 1s detined in the same way, and may be the moment at which the radio trame has been
completely sent out.

[098] The moment associated with each radio frame being received is also defined in
the same way, and may be the moment at which the radio frame 1s just received.

{0991 In step 502, the server determines a first distance from the terminal to the first
base station according to the moment associated with the first base station sending the
ranging request frame and the moment associated with the first base station receiving the
ranging acknowledgment frame.

[0100] In some embodiments, the first distance between the terminal and the first
base station may be calculated according to a Time of Arrival (TOA) algorithm by using the
moiment assoctated with the first base station sending the ranging request frame and the

moment associated with the first base station receiving the ranging acknowledgment frame.
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[0101] The tirst distance between the first base station and the terminal may be
represented as Dix, the moment associated with the first base station sending the ranging
request frame may be represented as T1, and the moment associated with the first base station
recetving the ranging acknowledgment frame may be represented as Tx1.

[6102] An equation of the TOA algorithm may specifically be:

[0103] In step 503, the server determines, for each of the second base stations, a third
distance from the second base station to the terminal according to a known distance between
the second base station and the first base station, the first distance of the first base station, the
moment associated with the second base station receiving the ranging acknowledgment
frame, the moment associated with the second base station receiving the ranging request
frame, the moment assoctated with the terminal receiving the ranging request frame, and the
moment associated with the terminal sending the ranging acknowledgment frame.

[0104] In some embodiments, the first base station may communicate with n second
base stations, where n 1s equal to or greater than 1. The third distance from the second base
station to the terminal may be represented as Dk, (2<2k=t 1+n), the distance between the first
base station and the second base station may be represented as D1k, the moment associated
with the second base station receiving the ranging acknowledgment frame may be
represented as Txk, the moment associated with the second base station receiving the ranging
request frame may be represented as T1k, the moment associated with the terminal receiving
the ranging request frame may be represented as T1x, the moment associated with the
terminal sending the ranging acknowledgment frame may be represented as Tx, and At{x) =
Tx-T1x.

{01051 An equation of the algorithm may specifically be:

Dk=D1x+C*(Txk-T1k-At(x)) -D1k.
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[0106] In step 504, the server determines the location information of the terminal
according to the first distance and the third distances corresponding to the second base
stations.

[0107] In embodiments of the disclosure, the first distance from the terminal to the
first base station and the third distances from the terminal to the second base stations may be
determined multiple times, according to first transceiving moment information obtained in
multiple ranging request frame and ranging acknowledgment transceiving procedures. Then,
a mean of muitiple first distances cbtained can be used as a final first distance, and a mean of
multiple third distances obtained can be used as a final third distance. Finally, the location
information of the terminal is determuined by using the first distance and the third distance.

[B10K] In embodiments of the disclosure, the first distance from the terminal to the
first base station and the third distances from the terminal to the second base stations may
also be calculated according to first transceiving moment information obtained in each
ranging request frame and ranging acknowledgment transceiving procedure, and then the
focation information of the terminal is determined by using the first distance and the third
distance; finally, a mean of multiple pieces of location information obtained is used as the
final focation information of the terminal.

[0109] In embodiments of the disclosure, step 504 may further include the following
substeps.

[0110] In substep S21, the server determines a spherical surface corresponding to the
first base station by using location information of the first base station as the center of circle
and using the first distance as the radius. The spherical surface is determined by the center of
circle and the radius, and a terminal at the first distance from the first base station is on the

spherical surface.
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[0111] In substep S22, the server determines, for each of the second base stations, a
spherical surface corresponding to the second base station by using the location information
of the second base station as the center of circle and using the corresponding third distance as
the radius. The spherical surface is determined by the center of circle and the radius, and a
terminal at the third distance from the second base station is on the spherical surface.

[0112] In substep S23, the server determines location information of an intersection
point of the spherical surface corresponding to the first base station and the spherical surfaces
corresponding to the second base stations as the location information of the terminal. The
intersection point of the spherical surface corresponding to the first base station and the
spherical surfaces corresponding to the second base stations is unique. The location of the
intersection point is the location of the terminal.

[0113] In embodiments of the disclosure, if three-dimensional spatial positioning can
be implemented, at least four base stations (including one first base station and three second
base stations) are needed. When there ts provided more base stations, the positioning error
can be smaller and the positioning precision can be better.

[6114] If two-dimensional planer positioning can be implemented, at least three base
stations {including one first base station and two second base stations) are needed.

[0115] If one-dimensional positioning can be implemented {for example, positioning
in a tunnel), at least two base stations (including one first base station and one second base
station) are needed.

[0116] In the positioning methods above, the terminal does not send the ranging
request frame to and receive the ranging acknowledgment frame from the plurality of base
stations one by one; instead, the terminal only can receive a ranging request frame sent by
one first base station and only can send the ranging acknowledgment frame once. The method

reduces the power consumption required for sending the ranging request frame and receiving
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the ranging acknowledgment frame and does not rely on time synchronization between base
stations, thus achieving a small time delay and accurate ranging.

{01171 As shown in FIGs. 3 and 4, base stations include a base station 1, a base
station 2, a base station 3 and a base station 4. A terminal may perform one ranging request
frame and ranging acknowledgment frame transceiving procedure with the base station 1.

[011R] The base station 1 sends a ranging request frame in broadcast mode, and the
base station 2, the base station 3, the base station 4 and the terminal can receive the ranging
request frame.

[0119] The terminal x sends a ranging acknowledgment frame in broadcast mode
after receiving the ranging request frame, and the base station 1, the base station 2, the base
station 3 and the base station 4 can recetve the ranging acknowledgment frame.

[G120] The moment associated with the base station 1 sending the ranging request
frame may be represented as T1. The moment associated with the base station 1 receiving the
ranging acknowledgment frame may be represented as Tx 1.

[0121] The moment associated with the moment at which the terminal receiving the
ranging request frame may be represented as Tix. The moment associated with the terminal
sending the ranging acknowledgment frame may be represented as Tx.

01221 The moment associated with the base station 2 receiving the ranging request
frame may be represented as T12. The moment associated with the base station 2 receiving
the ranging acknowledgment frame may be represented as Tx2.

[0123] The moment associated with the base station 3 receiving the ranging request
frame may be represented as T13. The moment associated with the base station 3 receiving

the ranging acknowledgment frame may be represented as Tx3.
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[0124] The moment associated with the base station 4 receiving the ranging request
frame may be represented as T14. The moment associated with the base station 4 receiving
the ranging acknowledgment frame may be represented as Tx4.

[0125] A distance between the base station 1 and the terminal may be represented as

D1ix. According to a TOA algorithm, the distance between the base station | and the terminal

determined by using the base station 1 as the center of circle and using D1x as the radius.

[0126] The moment associated with the terminal sending the ranging
acknowledgment frame nunus the moment associated with the terminal receiving the ranging
request frame ray be represented as At{x), and At(x) = Tx-Tlx.

(01277 A distance between the terminal and the base station 2 may be represented as
D2x, and a distance between the base station 1 and the base station 2 between may be
represented as D12, According to the TOA algorithm, the distance between the base station 2
and the terminal may be D2x=Dix+ C*{Tx2-T12-At(x)) - D12. A spherical surface
corresponding to the base station 2 is determined by using the base station 2 as the center of
circle and using DZx as the radius.

[012R] A distance between the terminal and the base station 3 may be represented as
¥3x, and a distance between the base station 1 and the base station 3 may be represented as
D13. According to the TOA algorithm, the distance between the base station 3 and the
terminal may be D3x=DIx+ C*{(Tx3-T13-At(x)) - D13. A first spherical surface
corresponding to the base station 3 is determined by using the base station 3 as the center of
the spherical surface and using D3x as the radius of the spherical surface.

[0129] A distance between the terminal and the base station 4 may be represented as
D4, and a distance between the base station | and the base station 4 may be represented as

D14, According to the TOA algorithm, the distance between the base station 4 and the

A
W



WO 2020/006123 PCT/US2019/039314

terminal may be Ddx=DIx+ C*(Tx4-T 14-At(x)) - D14. A spherical surface corresponding to
the base station 4 13 determined by using the base station 4 as the center of the spherical
surface and using B4x as the radius of the spherical surface.

[0130] An intersection point of the spherical surface corresponding to the base station
I, the spherical surface corresponding to the base station 2, the spherical surface
corresponding to the base station 3, and the spherical surface corresponding to the base
station 4 is determined. The location of the intersection point is the location of the terminal.

[0131] In the above embodiments, the ranging request frame is sent by the first base
station simultaneously to the terminal and the second base stations; and the ranging
acknowledgment frame is sent by the terminal simultanecusly to the first base station and the
second base stations after receiving the ranging request frame.

[0132] Alternatively, the ranging request frame may be sent by the terminal to the
first base station and the second base stations; and the ranging acknowledgment frame may
be sent by the first base station to the terminal and the second base stations after recetving the
ranging request frame. In this case, the principles of determining the location information of
the terminal are the same as those in the above embodiments.

[0133] FIG. 6 15 a flowchart of yet another method 600 for determining a position of
a terminal, according to embodiments of the disclosure. The terminal communicates with one
first base station, and the first base station communicates with at least one second base
station. The method may include the following steps.

[0134] In step 601, the server acquires second transceiving moment information. The
second transceiving moment information includes a moment associated with the terminal
sending a ranging request frame, a moment associated with the terminal recetving a ranging
acknowledgment frame, a moment associated with the first base station sending the ranging

acknowledgmeunt frarue, a moment associated with the first base station receiving the ranging
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request frame, moments associated with the second base stations receiving the ranging
acknowledgment frame, and moments associated with the second base stations receiving the
ranging request frame. The ranging request frame is sent by the terminal to the first base
station and the second base stations, and the ranging acknowledgment frame is sent by the
first base station to the terminal and the second base stations atter receiving the ranging
request frame.

[0135] In embodiments of the disclosure, the ranging request frame may be sent by
the terminal to the first base station and the second base stations, simultanecusly. And the
ranging acknowledgment frame may be sent by the first base station to the terminal and the
second base stations, simultaneously, after receiving the ranging request frame.

[0136] FIG. 7 18 a schematic diagram of a method 700 for determining a posttion of a
terminal, according to embodiments of the disclosure.

{61371 Base stations include a base station 1, a base station 2, a base station 3 and a
base station 4. A terminal may perform one ranging request frame and ranging
acknowledgment frame transceiving procedure with the base station 1

[013¥] The terminal sends a ranging request frame in broadcast mode, and base
station 1, the base station 2, the base station 3 and the base station 4 can receive the ranging
request frame.

[0139] The base station 1 sends a ranging acknowledgment frame in broadcast mode
after receiving the ranging request frame, and the terminal, the base station 1, the base station
2 and the base station 3 can receive the ranging acknowledgment frame.

[3140] Referring back to FIG. 6, in step 602, the server determines location
information of the terminal according to the second transceiving moment information.

[0141] In the posttioning method of embodiments of the disclosure, the terminal does

not send the ranging request frame to and receive the ranging acknowledgment frame from
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the plurality of base stations one by one; instead, the terminal only can send the ranging
request frame once and only can receive a ranging acknowledgment frame sent by one first
base station. The method reduces the power consumption required for sending the ranging
request frame and receiving the ranging acknowledgment frame and does not rely on time
synchronization between base stations, thus achieving a small time delay and accurate
ranging.

[0142] FIG. 8 is a flowchart of yet another method 800 for determining a position of
a terminal, according to the disclosure. The terminal communicates with one first base
station, and the first base station communicates with at least one second base station. Method
800 may include the following steps.

[143] In step 801, the server acquires second transceiving moment information. The
second transceiving moment information includes a moment at which the terminal sends a
ranging request frame, a moment at which the terminal receives a ranging acknowledgment
frame, a moment at which the first base station sends the ranging acknowledgment frame, a
moiment at which the first base station receives the ranging request frame, moments at which
the second base stations receive the ranging acknowledgment frame, and moments at which
the second base stations receive the ranging request frame; the ranging request frame is seot
by the terminal to the first base station and the second base stations; and the ranging
acknowledgment frame is sent by the first base station to the terminal and the second base
stations after receiving the ranging request frame.

[0144] In embodiments of the disclosure, the ranging request frame may be sent by
the terminal to the first base station and the second base stations, simultanecusly. And the
ranging acknowledgment frame may be sent by the first base station simultanecusly to the
terminal and the second base stations, simultaneocusly, after receiving the ranging request

frame.
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[0145] In step 802, the server determines a first distance from the terminal to the first
base station according to the rnorment at which the terminal sends the ranging request frame
and the moment at which the terminal receives the ranging acknowledgment frame.

[0146] In some embodiments, the first distance between the terminal and the first
base station may be determined according to a Time of Arrival (TOA) algorithm by using the
moment at which the terminal sends the ranging request frame and the moment at which the
terminal receives the ranging acknowledgment frame.

[0147] The first distance between the first base station and the terminal may be
represented as Dix, the moment at which the terminal sends the ranging request frame may
be represented as Tx, and the moment at which the terminal receives the ranging
acknowledgment frame may be represented as Tix.

[0148] An equation of the TOA algorithm may be:

DIx=C*(TIx-Tx)2;
where, C i3 the speed of light.

[0149] In step 803, the server determines, for each of the second base stations, a
second distance corresponding to the second base station according to the moment at which
the second base station receives the ranging acknowledgment frame, the morment at which the
first base station receives the ranging request frame, and the moment at which the first base
station sends the ranging acknowledgment frame, wherein the second distance is a sum of the
distance from the terminal to the first base station and a distance from the terminal to the
second base station.

[3150] In an example of embodiments of the disclosure, step 803 may include:

[0151] determining, for each of the second base stations, the second distance
corresponding to the second base station according to the moment at which the second base

station receives the ranging acknowledgment frame, the moment at which the terminal sends
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the ranging request frame, the moment at which the first base station receives the ranging
request frame, and the moment at which the first base station sends the ranging
acknowledgment frame.

[0152] In some embodiments, the first base station may communicate with n second
base stations, where n is equal to or greater than 1. The second distance corresponding to the
second base station may be represented as Di, (251 1+n), the moment at which the second
base station receives the ranging acknowledgment frame may be represented as T 11, the
moment at which the terminal sends the ranging request frame may be represented as Tx, the
moment at which the first base station recetves the ranging request frame may be represented
as Tx1, and the moment at which the first base station sends the ranging acknowledgment
frame may be represented as T1. The moment at which the first base station sends the ranging
acknowledgment frarne minus the moment at which the first base station receives the ranging
request frame may be represented as At{x), and At(x) =T1-Tx1. In fact, no frame is
transmitted during the time interval At(x).

[0153] An equation of the algorithm may specifically be:

Di=CH*{(T1i-Tx-Atx));

{01547 In the above equation T1i-Tx-At(x) represents the transmission time of the
ranging request frame plus the transmission time of the ranging acknowledgment frame, and
a product of the frame transmission time and the speed of light can represent the distance of
frame transmission.

[0155] In ancther example, the second transceiving moment information may further
include the moments at which the second base stations receive the ranging request frame, and
step 803 may further include: determining, for each of the second base stations, the second
distance corresponding to the second base station according to a known distance between the

second base station and the first base station, the moment at which the second base station
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recetves the ranging request frame, the moment at which the second base station receives the
ranging acknowledgment frame, the moment at which the first base station receives the
ranging request frame, and the moment at which the first base station sends the ranging
acknowledgment frame.

[6156] In some embodiments, the first base station communicates with n second base
stations, where n is equal to or greater than 1. The second distance corresponding to the
second base station may be represented as Di, (251 1+4n), the distance between the first
base station and the second base station may be represented as D11, the moment at which the
second base station receives the ranging request frame may be represented as Txi, the
moiment at which the second base station receives the ranging acknowledgment frame may be
represented as T1i, the moment at which the first base station receives the ranging request
frame roay be represented as Tx1, the moment at which the first base station sends the
ranging acknowledgment frame may be represented as T1, and At{x) =T1-Tx1.

[0157] An equation of the algorithm may be:

Di=D1i+CH(T1i-Txi-At(x)).

[0158] When the distances between the second base stations and the first base station
are known, the second distances of the second base stations may be calculated by using the
algorithm of this example.

[6159] In step 804, the server determines the location information of the terminal
according to the first distance and the second distances corresponding to the second base
stations.

{0160} In embodiments of the disclosure, the first distance from the terminal to the
first base station and the second distances corresponding to the second base stations may be
calculated multiple times according to second transceiving moment information obtained in

multiple ranging request frame and ranging acknowledgment transceiving procedures; then, a
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mean of multiple first distances obtained 1s used as a final first distance, and a mean of
multiple second distances obtained 15 used as a final second distance; finally, the location
information of the terminal is determined by using the first distance and the second distance.

[0161] In embodiments of the disclosure, the first distance from the terminal to the
first base station and the second distances corresponding to the second base stations may also
be calculated according to second transceiving moment information obtained 1o each ranging
request frame and ranging acknowledgment transceiving procedure, and then the location
information of the terminal is determined by using the first distance and the second distance;
finally, 2 mean of multiple pieces of location information obtained is used as the final
location information of the terminal.

[0162] In embodiments of the disclosure, step 804 may include the following
substeps.

[0163] In substep S31, the terminal determines a spherical surface corresponding to
the first base station by using location information of the first base station as the center of
circle and using the first distance as the radius.

[0164] In substep 832, the terminal determines, for each of the second base stations,
an ellipsoidal surface corresponding to the second base station by using the location
information of the first base station and location information of one of the second base
stations as the focal points and using the second distance as the major axis.

[0165] In substep $33, the terminal determines location information of an intersection
point of the spherical surface corresponding to the first base station and the ellipsoidal
surfaces corresponding to the second base stations as the location information of the terminal.

[0166] In the embodiments above, if three-dimensional spatial positioning can be

implemented, at least four base stations (including one first base station and three second
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base stations) are needed. When there is provided more base stations, the positioning error
can be smaller and the positioning precision can be better.

{0167} If two-dimensional planer positioning can be implemented, at least three base
stations (including one first base station and two second base stations) are needed.

[0168] If one-dimensional positioning can be implemented (for exarmple, positioning
in a tunnel), at least two base stations (including one first base station and one second base
station) are needed.

[0169] In the positioning method of embodiments of the disclosure, the terminal does
not send the ranging request frame to and receive the ranging acknowledgment frame from
the plurality of base stations one by one. Instead, the terminal only sends the ranging request
frame once and only receives a ranging acknowledgment frame sent by one first base station.
The method reduces the power consumption required for sending the ranging request frame
and recetving the ranging acknowledgment frame and does not rely on time synchronization
between base stations, thus achieving a small time delay and accurate ranging.

[0170] FIG. ¥ 1s a flowchart of yet another method 900 for determining a position of
a terminal, according to embodiments of the disclosure. The terminal communicates with one
first base station, and the first base station communicates with at least one second base
station. Method 900 may include the following steps.

[0171] In step 901, the server acquires second transceiving moment information. The
second transceiving moment information includes a moment at which the terminal sends a
ranging request frame, a moment at which the terminal receives a ranging acknowledgment
frame, a moment at which the first base station sends the ranging acknowledgment frame, a
moiment at which the first base station receives the ranging request frame, moments at which
the second base stations receive the ranging acknowledgment frame, and moments at which

the second base stations receive the ranging request frame; the ranging request frame is seot
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by the terminal to the first base station and the second base stations; and the ranging
acknowledgment frame is sent by the first base station to the terminal and the second base
stations after receiving the ranging request frame.

[0172] In embodiments of the disclosure, the ranging request frame may be sent by
the terminal simultaneously to the first base station and the second base stations; and the
ranging acknowledgment frame may be sent by the first base station simultaneously to the
terminal and the second base stations after receiving the ranging request frame.

[0173] In step 902, the server determines a first distance from the terminal {o the first
base station according to the moment at which the terminal sends the ranging request frame
and the moment at which the terminal receives the ranging acknowledgment frame.

[6174] In some embodiments, the first distance between the terminal and the first
base station may be determined according to a Time of Arrival (TOA} algorithm by using the
moment at which the terminal sends the ranging request frame and the moment at which the
terminal receives the ranging acknowledgment frame.

[0175] The first distance between the first base station and the terminal may be
represented as D1x, the moment at which the terminal sends the ranging request frame may
be represented as Tx, and the moment at which the terroinal receives the ranging
acknowledgment frame may be represented as Tix.

[0176] An equation of the TOA algorithm may be:

DIx=C*T1x-Tx})/2, where C is the speed of light.

[0177] In step 903, the server determines, for each of the second base stations, a third
distance from the second base station to the terminal according to a known distance between
the second base station and the first base station, the first distance of the first base station, the
moment at which the second base station receives the ranging acknowledgment frame, the

moment at which the second base station receives the ranging request frame, the moment at
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which the first base station recetves the ranging request frame, and the moment at which the
first base station sends the ranging acknowledgment frame.

[0178] In some embodiments, the first base station may communicate with n second
base stations, where n 1s equal to or greater than 1. The third distance from the second base
station to the terminal may be represented as Dk, (2<2k=t 1+n), the distance between the first
base station and the second base station may be represented as D1k, the moment at which the
second base station receives the ranging acknowledgment frame may be represented as Tik,
the moment at which the second base station receives the ranging request frame may be
represented as Txk, the moment at which the first base station receives the ranging request
frame may be represented as Tx1, the moment at which the first base station sends the
ranging acknowledgment frame may be represented as T1, and At(x) =T1-Tx1.

[0179] An equation of the algorithro may be:

Dk= D1x+C*(T1k-Txk-At(x)) -D1k.

[0180] In step 904, the server determines the location information of the terminal
according to the first distance and the third distances corresponding to the second base
stations.

{01811 In embodiments of the disclosure, the first distance from the terminal to the
first base station and the third distances from the terminal to the second base stations may be
determined multiple times according to second transcetving moment information obtained in
multiple ranging request frame and ranging acknowledgment transceiving procedures. Then,
a mean of multiple first distances obtained 1s used as a final first distance, and a mean of
multiple third distances obtained is used as a final third distance. Finally, the location
inforration of the terminal 1s determined by using the first distance and the third distance.

[0182] In embodiments of the disclosure, the first distance from the terminal to the

first base station and the third distances trom the terminal to the second base stations may
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also be calculated according to second transceiving moment information obtained in each
ranging request frame and ranging acknowledgment transceiving procedure, and then the
location information of the terminal 1s determined by using the first distance and the third
distance. Finally, a mean of multiple pieces of location information obtained is used as the
final location information of the terminal.

[0183] In embodiments of the disclosure, step 904 may include the following
substeps.

[0184] In substep S41, the terminal determines a spherical surface corresponding to
the first base station by using location information of the first base station as the center of
circle and using the first distance as the radius.

[D185] In substep S42, the terminal determines, for each of the second base stations, a
spherical surface corresponding to the second base station by using the location information
of the second base station as the center of circle and using the corresponding third distance as
the radius.

[0186] In substep 543, the terminal determines location information of an intersection
point of the spherical surface corresponding to the first base station and the spherical surfaces
corresponding to the second base stations as the focation information of the terminal. The
intersection point of the spherical surface corresponding to the first base station and the
spherical surfaces corresponding to the second base stations is unique. The location of the
intersection point 1s the location of the terminal.

[0187] In the embodiments above, if three-dimensional spatial positioning can be
implemented, at least four base stations (including one first base station and three second
base stations) are needed. When there is provided more base stations, the positioning error

can be smaller and the positioning precision can be better.
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[0188] H two-dimensional planer positioning can be implemented, at least three base
stations (including one first base station and two second base stations) are needed.

[0189] If one-dimensional positioning can be implemented (for example, positioning
in a tunnel}, at least two base stations {including one first base station and one second base
station} are needed.

[0190] In the positioning method of embodiments of the disclosure, the terminal does
not send the ranging request frame to and recetve the ranging acknowledgment frame from
the plurality of base stations one by one. Instead, the terminal only sends the ranging request
frame once and only receives a ranging acknowledgment frame sent by one first base station.
The method reduces the power consumption required for sending the ranging request frame
and recetving the ranging acknowledgment frame and does not rely on time synchronization
between base stations, thus achieving a small time delay and accurate ranging.

[6191] It should be noted that for simplicity, the method embodiment are described as
a series of action combinations, but it should be understood by those skilled n the art that the
embodiments of the present application are not limited to the described order of actions,
because some steps may be performed in a different order or simultaneously according to the
embodiments of the present application. it should also be understood by those skilled in the
art that the emboduments described in the specification are all preferred embodiments, and the
actions involved in these embodiments may not be necessary for the embodiments of the
present application.

[0192] FIG. 1615 a schematic block diagram of an apparatus 1000 for determining a
position of a terminal, according to embodiments of the disclosure. Apparatus 1000 can be
the server discussed above. In some embodiments, apparatus 1000 can include a memory
storing a set of instructions, and at least one processor configured to execute the set of

instructions to cause the apparatus to perform the above methods. The terminal
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communicates with a first base station, and the first base station communicates with at least
one of second base stations, apparatus 1000 ray include the following modules.

(01931 A first transcetving moment information acquiring module 1001 can
configured to acquire first transceiving moment information. The first transceiving moment
information includes a moment at which the first base station sends a ranging request frame, a
morment at which the first base station receives a ranging acknowledgment frame, a moment
at which the terminal sends the ranging acknowledgment frame, a moment at which the
terminal receives the ranging request frame, moments at which the second base stations
receive the ranging acknowledgment trame, and moments at which the second base stations
recetve the ranging request frame; the ranging request frame is sent by the first base station to
the terminal and the second base stations; and the ranging acknowledgment frame is sent by
the terminal to the first base station and the second base stations after receiving the ranging
request frame; and

[0194] A location information determining module 1002 can be configured to
determine focation information of the terminal according to the first transceiving moment
information.

[0195] In embodiments of the disclosure, the location information determining
module 1002 may include: a first distance calculation submodule, a second distance
calculation submodule, and a first location information determining submodule.

[0196] The tirst distance calculation submodule can be configured to determine a first
distance from the terminal to the first base station according to the moment at which the first
base station sends the ranging request frame and the moment at which the first base station
receives the ranging acknowledgment frame.

[6197] The second distance calculation submodule can be configured to determine,

for each of the second base stations, a second distance corresponding to the second base
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station according to the morment at which the second base station receives the ranging
acknowledgment frame, the moment at which the terminal receives the ranging request
frame, and the moment at which the terminal sends the ranging acknowledgment frame,
wherein the second distance is a sum of the distance from the terminal to the first base station
and a distance from the terminal to the second base station.

[019R] The first location information determining submodule can be configured to
determine the location information of the terminal according to the first distance and the
second distances corresponding to the second base stations.

[0199] In an example of embodiments of the disclosure, the second distance
calculation submodule may include: a first distance calculation unit.

[0260] The first distance calculation unit can be configured to determine, for each of
the second base stations, the second distance corresponding to the second base station
according to the moment at which the second base station receives the ranging
acknowledgment frame, the moment at which the first base station sends the ranging request
frame, the moment at which the terminal receives the ranging request frame, and the moment
at which the terminal sends the ranging acknowledgment frame.

[0201] In another example, the first transceiving moment information further includes
the moments at which the second base stations receive the ranging request frame, and the
second distance calculation submodule includes: a second distance calculation unit.

[0202] The second distance calculation unit can be configured to determine, for each
of the second base stations, the second distance corresponding to the second base station
according to a known distance between the second base station and the first base station, the
moiment at which the second base station receives the ranging request frame, the moment at

which the second base station receives the ranging acknowledgment frame, the moment at
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which the terminal receives the ranging request frame, and the moment at which the terminal
sends the ranging acknowledgment frame.

(02031 In embodiments of the disclosure, the first location information determining
submodule includes: a first spherical surface determining unit, an ellipsoidal surface
determining unit, and a first location information determining unit. The first spherical surface
determining unit can be configured to determine a spherical surface corresponding to the first
base station by using location information of the first base station as the center of circle and
using the first distance as the radius.

[0204] The ellipsoidal surface determining unit can be configured to determine, for
each of the second base stations, an eliipsoidal surface corresponding to the second base
station by using the location information of the first base station and location information of
one of the second base stations as the focal points and using the second distance as the major
axis.

[0205] The first location information determining unit can be configured to determine
focation information of an intersection point of the spherical surtace corresponding to the first
base station and the ellipsoidal surfaces corresponding to the second base stations as the
focation information of the terminal.

[0236] In embodiments of the disclosure, the location information determining
module 1002 may include: a third distance calculation submodule, a fourth distance
calculation submodule, and a second location information determining submodule.

[0207] The third distance calculation submodule can be configured to determine a
first distance from the terminal to the first base station according to the moment at which the
first base station sends the ranging request frame and the moment at which the first base

station receives the ranging acknowledgment trame.
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[0208] The tourth distance calculation submodule can be configured to calculate, for
each of the second base stations, a third distance from the second base station to the terminal
according to a known distance between the second base station and the first base station, the
first distance of the first base station, the moment at which the second base station receives
the ranging acknowledgment frame, the moment at which the second base station receives the
ranging request frame, the roorent at which the terminal receives the ranging request frame,
and the moment at which the terminal sends the ranging acknowledgment frame; and

[0209] The second location information determining submodule can be configured to
determine the location information of the terminal according to the first distance and the third
distances corresponding to the second base stations.

[6210] In embodiments of the disclosure, the second location information determining
submodule may include: a second spherical surface determining unit, a third spherical surface
determining unit, and a second location information determining unit.

{02117 The second spherical surface determining unit can be configured to determine
a spherical surface corresponding to the first base station by using location information of the
first base station as the center of circle and using the first distance as the radius;

[0212] The third spherical surface determining unit can be configured to determine,
for each of the second base stations, a spherical surface corresponding to the second base
station by using the location information of the second base station as the center of circle and
using the corresponding third distance as the radius; and

[0213] The second location information determining unit can be configured to
determine focation information of an intersection point of the spherical surface corresponding
to the first base station and the spherical surfaces corresponding to the second base stations as

the location information of the terminal.
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[0214] In embodiments of the disclosure, the ranging request frame is sent by the first
base station to the terminal and the second base stations, simultaneously. And the ranging
acknowledgment frame is sent by the terminal to the first base station and the second base
stations, simultaneously, after receiving the ranging request frame.

[6215] FIG. 11 1s a schematic block diagram of an apparatus 1100 for determining a
position of a terminal, according to erabodiments of the disclosure. Apparatus 1100 can be
the server discussed above. In some embodiments, apparatus 1100 can include a memory
storing a set of instructions, and at least one processor configured to execute the set of
instructions to cause the apparatus to perform the above methods. The terminal
communicates with a first base station, and the first base station communicates with at least
one of second base stations. The apparatus may include the following modules.

[0216] A second transceiving moment information acquiring module 1101 can be
configured to acquire second transceiving moment information. The second transceiving
moment information includes a moment at which the terminal sends a ranging request frame,
a moment at which the terminal receives a ranging acknowledgment frame, a moment at
which the first base station sends the ranging acknowledgment frame, a moment at which the
first base station recetves the ranging request frame, moments at which the second base
stations receive the ranging acknowledgment frame, and moments at which the second base
stations receive the ranging request frame; the ranging request frame is sent by the terminal to
the first base station and the second base stations; and the ranging acknowledgment frame is
sent by the first base station to the terminal and the second base stations after receiving the
ranging request frame; and

[0217] A location information determining module 1102 can be configured to
determine location information of the terminal according to the second transceiving moment

information.
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[0218] In embodiments of the disclosure, the location information determining
module 1102 may nclude: a first distance calculation submodule, a second distance
calculation submodule, and a first location information determining submodule.

[0219] The first distance calculation submodule can be configured to calculate a first
distance from the terminal to the first base station according to the moment at which the
terminal sends the ranging request frame and the roorent at which the terminal receives the
ranging acknowledgment frame.

[0220] The second distance calculation submeodule can be contigured to calculate, for
each of the second base stations, a second distance corresponding to the second base station
according to the moment at which the second base station receives the ranging
acknowledgment frame, the moment at which the first base station receives the ranging
request frame, and the moment at which the first base station sends the ranging
acknowledgment frame, wherein the second distance 1s a sum of the distance from the
terminal to the first base station and a distance from the terminal to the second base station.

[0221] The first location information determining submodule can be configured to
determine the location information of the terminal according to the first distance and the
second distances corresponding to the second base stations.

02221 In an example of embodiments of the disclosure, the second distance
calculation submodule may include: a first distance calculation unit.

[0223] The tirst distance calculation unit can be configured to calculate, for each of
the second base stations, the second distance corresponding to the second base station
according to the moment at which the second base station recetves the ranging
acknowledgment frame, the moment at which the terminal sends the ranging request frame,
the moment at which the first base station receives the ranging request frame, and the

moment at which the first base station sends the ranging acknowledgment frame.

43



WO 2020/006123 PCT/US2019/039314

[0224] In embodiments of the disclosure, the second transceiving moment
information further includes the moments at which the second base stations receive the
ranging request frame, and the second distance calculation submodule may include: a second
distance calculation unit.

[6225] The second distance calculation unit can be configured to determine, for each
of the second base stations, the second distance corresponding to the second base station
according to a known distance between the second base station and the first base station, the
moment at which the second base station receives the ranging request frame, the moment at
which the second base station receives the ranging acknowledgment frame, the moment at
which the first base station receives the ranging request frame, and the moment at which the
first base station sends the ranging acknowiedgment frame.

[0226] In embodiments of the disclosure, the first location information determining
submodule may include: a first spherical surface determining unit, an ellipsoidal surface
determining untt, and a first location information determining unit. The first spherical surface
determining unit can be contigured to determine a spherical surface corresponding to the first
base station by using location information of the first base station as the center of circle and
using the first distance as the radius.

02271 The ellipsoidal surface determining unit can be configured to determine, for
each of the second base stations, an eHlipsoidal surface corresponding to the second base
station by using the location information of the first base station and location information of
one of the second base stations as the focal points and using the second distance as the major
axis.

[0228] The first location information determining unit can be configured to determine

location information of an intersection point of the spherical surface corresponding to the first

44



WO 2020/006123 PCT/US2019/039314

base station and the ellipsoidal surfaces corresponding to the second base stations as the
location information of the terminal.

(02291 In embodiments of the disclosure, the location information determining
module 802 may include: a third distance calculation submodule, a fourth distance
calculation submodule, and a second location information determining submodule.

[0230] The third distance calculation submodule can be configured to calculate a first
distance from the terminal to the first base station according to the moment at which the
terminal sends the ranging request frame and the moment at which the terminal receives the
ranging acknowledgment frame.

[0231] The fourth distance calculation submodule can be configured to calculate, for
each of the second base stations, a third distance from the second base station to the terminal
according to a known distance between the second base station and the first base station, the
first distance of the first base station, the moment at which the second base station receives
the ranging acknowledgment frame, the moment at which the second base station receives the
ranging request frame, the moment at which the first base station receives the ranging request
frame, and the moment at which the first base station sends the ranging acknowledgment
frame.

{02321 The second location information determining submodule can be configured to
determine the location information of the terminal according to the first distance and the third
distances corresponding to the second base stations.

[0233] In embodiments of the disclosure, the second location information determining
submodule may include: a second spherical surface determining unit, a third spherical surface

determining unit, and a second location information determining unit.
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[0234] The second spherical surface determining unit can be configured to determine
a spherical surface corresponding to the first base station by using location information of the
first base station as the center of circle and using the first distance as the radius.

[0235] The third spherical surface determining unit can be configured to determine,
for each of the second base stations, a spherical surface corresponding to the second base
station by using the location information of the second base station as the center of circle and
using the corresponding third distance as the radius.

[0236] The second location information determining unit can be configured to
determine location information of an intersection point of the spherical surface corresponding
to the first base station and the spherical surfaces corresponding to the second base stations as
the location information of the terminal.

[0237] In embodiments of the disclosure, the ranging request frame is sent by the
terminal simultaneously to the first base station and the second base stations; and the ranging
acknowledgment frame is sent by the first base station simultaneously to the terminal and the
second base stations after recetving the ranging request frame.

[623¥] The device embodiment provides functionality that 1s basically similar to the
functionality provided by the method embodiment and therefore 18 described briefly, and for
the relevant part, reference may be made to the description of the part of the method
embodiment.

[0239] The embodiments of the present application further provide an apparatus,
including:

{02401 one or more processors; and

[0241] one or more machine readable media storing instructions which, when
executed by the one or more processors, cause the apparatus to perform the method according

to the embodiments of the present application.
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[0242] The embodiments of the present application further provide one or more
machine readable media storing instructions which, when executed by one or more
processors of a device, cause the device to perform the method according to the embodiments
of the present application.

[0243] The embodiments in the specification are described in a progressive manner.
Each embodiment tocuses on differences from other embodiments. For same or similar parts
in the embodiments, reference may be made to each other.

[0244] As will be appreciated by those skilled in the art, the embodiments of the
present application may be embodied as a method, a system, or a computer program product.
Accordingly, the present application may use the form of an entire hardware embodiment, an
entire software embodiment or an embodiment combining software and hardware aspects.
Furthermore, the embodiments of the present application may use the form of a computer
program product implemented on one or more computer-usable storage media (including but
not limited to magnetic disk memories, CD-ROMs, optical memories, etc.) including
computer-usable program code.

[6245] The embodiments of the present application are described with reference to
flowcharts and/or block diagrams of the method, terminal device (system) and computer
program product tn the embodiments of the present application. It should be understood that
computer program instructions can implement each process and/or block in the flowcharts
and/or block diagrams and a combination of processes and/or blocks in the flowcharts and/or
block diagrams. These computer program instructions may be provided to a general-purpose
computer, a special-purpose computer, an embedded processor or a processor of another
programmable data processing terminal device to generate a machine, so that an apparatus
configured to implement functions specified in one or more processes in the flowcharts

and/or one or more blocks in the block diagrams is generated by using nstructions executed
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by the general-purpose computer or the processor of another programmable data processing
terminal device.

{02461 These computer program tnstructions may also be stored in a computer
readable memory that can guide a computer or another programmable data processing
terminal device to work in a specified manner, so that the instructions stored in the computer
readable memory generate a product including an instruction apparatus, where the instruction
apparatus implements functions specified in one or more processes in the flowcharts and/or
one or more blocks in the block diagrams.

[0247] These computer program instructions may also be loaded into a computer or
another programmable data processing termunal device, so that a series of operation steps are
performed on the computer or another programmable terminal device to generate processing
implemented by a computer, and instructions executed on the computer or another
programmable data processing terminal device provide steps for implementing functions
specified in one or more processes in the flowcharts and/or one or more blocks in the block
diagrams.

[0248] Although preferred embodiments of the present invention have been
described, those skilled 1n the art can make additional variations or modifications to the
embodiments after learning the basic inventive concept. Therefore, the appended claims
should be construed as including the preferred embodiments and all variations and
modifications that fall within the scope of the embodiments of the present invention.

[0249] Finally, it should be further noted that as used herein, relational terms such as
first and second are merely used for distinguishing one entity or operation from another entity
or operation, and do not necessarily require or imply any actual relationship or sequence
between entities or operations. In addition, the terms "include," "comprise" or any other

varation thereof are intended to cover a non-exclusive inclusion, such that a process, method,
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article, or device that includes a list of elements not only includes those elements but also
includes other elements not expressly listed or elements inherent to such process, method,
article, or device. An element defined by "comprising a/an," or the like does not, without
more constraints, preclude the existence of additional identical elements in the process,
method, article, or device that includes the element.

[02507 The method and apparatus for positioning a termunal that are provided by the
present application are described in detail above. Specific examples are used in the
specification to elaborate on the principle and implementation of the present application.
However, the descriptions of the foregoing embodiments are merely used to facilitate the
understanding of the method and core idea of the present application. Those of ordinary skill
in the art can make modifications to the specific implementation and the application scope
according to the idea of the present application. Therefore, the content of the specification

should not be construed as himiting the present application.
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WHAT IS CLAIMED IS:

1. A method for deterruining a position of a terroinal communicating with a first base
station, the first base station communicating with at least one second base station, the method
comprising:

acquiring first transceiving moment information, wherein the first transceiving
moment tnformation comprises a moment associated with the first base station sending a
ranging request frame, a moment associated with the first base station receiving a ranging
acknowledgment frame, a moment associated with the terminal sending the ranging
acknowledgment frame, a moment associated with the terminal receiving the ranging request
frame, at least one moment associated with the at least one second base station receiving the
ranging acknowledgment frame, and at least one moment associated with the at least one
second base station receiving the ranging request frame, wherein the ranging request frame is
sent by the first base station to the terminal and the at least one second base station and the
ranging acknowledgment frame is sent by the terminal to the first base station and the at least
one second base station after receiving the ranging request frame; and

determining location information of the terminal according to the first transceiving

moment information.

2. The method according to claim 1, wherein determining the location information of
the terminal according to the first transceiving moment information comprises:

determining a first distance between the terroinal and the first base station according
to the moment associated with the first base station sending the ranging request frame and the

moiment assoctated with the first base station receiving the ranging acknowledgment frame;
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determining, for each of the at least one second base station, a second distance
corresponding to the second base station according to the at least one moment associated with
the second base station receiving the ranging acknowledgment frame, the moment associated
with the terminal receiving the ranging request frame, and the moment associated with the
terminal sending the ranging acknowledgment frame, wherein the second distance is a sum of
the first distance and a distance between the terminal and the second base station: and

determining the location information of the terminal according to the first distance

and the second distance corresponding to the second base station.

3. The method according to claim 1 or 2, wherein determining, for each of the at least
one second base station, the second distance corresponding to the second base station further
comprises:

determining, for each of the at least one second base station, the second distance
corresponding to the second base station according to the at least one moment associated with
the at least one second base station receiving the ranging acknowledgment frame, the moment
associated with the first base station sending the ranging request frame, the moment
associated with the terminal receiving the ranging request frame, and the momeunt associated

with the terminal sending the ranging acknowledgment frame.

4. The method according to claim | or 2, wherein the first transceiving moment
information further comprises the at least one moment associated with the at feast one second
base station receiving the ranging request frame, and determining, for each of the at least one
second base station, the second distance corresponding to the second base station further

COmprises:
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determining, for each of the at least one second base station, the second distance
corresponding to the second base station according to a known distance between the second
base station and the first base station, the moment associated with the second base station
recetving the ranging request frame, the moment associated with the second base station
recetving the ranging acknowledgment frame, the moment associated with the terminal
receiving the ranging request frame, and the moment associated with the terminal sending the

ranging acknowledgment frame.

5. The method according to claim 3 or 4, wherein determining the location
information of the terminal according to the first distance and the second distance
corresponding to the second base station comprises:

determining a spherical surface corresponding to the first base station by using
tocation information of the first base station as the center of circle and using the first distance
as the radius;

determining, for each of the at least one second base station, an ellipsoidal surface
corresponding to the second base station by using the location information of the first base
station and location information of the second base station as focal point of the ellipsoidal
surface and using the second distance as 8 major axis of the ellipsoidal surface; and

determining location information of an intersection point of the spherical surface and
the ellipsoidal surface corresponding to the second base station as the location information of

the terminal.

6. The method according to any one of claims 1-5, wherein determining the location
information of the terminal according to the first transceiving moment information further

COmMprises:
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determining a first distance between the terminal and the first base station according
to the moment associated with the first base station sending the ranging request frare and the
moment associated with the first base station receiving the ranging acknowledgment frame;

determining, for each of the at least one second base station, a third distance between
the second base station and the terminal according to a known distance between the second
base station and the first base station, the first distance of the first base station, the moment
assoctated with the second base station receiving the ranging acknowledgment frame, the
moment associated with the second base station receiving the ranging request frame, the
moment associated with the terminal receiving the ranging request frame, and the moment
associated with the termoinal sending the ranging acknowledgment frame; and

determining the location information of the terminal according to the first distance

and the third distance corresponding to the second base station.

7. The method according to claim 6, wherein determining the location information of
the terminal according to the first distance and the third distance corresponding to the second
base station comprises:

determining a first spherical surface corresponding to the first base station by using
jocation information of the first base station as a center of the first spherical surface and using
the first distance as a radius of the first spherical surface;

determining, for each of the at least one second base station, a second spherical
surface corresponding to the second base station by using the location information of the
second base station as a center of the second spherical surface and using the corresponding
third distance as a radius of the second spherical surface; and

determining location information of an intersection point of the first spherical surface

and the second spherical surfaces as the location information of the terminal.
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8. The method according to any one of claims 1-7, wherein

the ranging request frame is sent by the first base station to the terminal and the at
feast one second base station, simultaneously; and

the ranging acknowledgment frame 1s sent by the terminal to the first base station and

the at least one second base station, simultaneously, after receiving the ranging request frame.

9. A method for determining a position of a terminal communicating with a first base
station, the first base station communicating with at least one second base station, the method
comprising:

acquiring second transceiving moment information, wherein the second transceiving
moment information comprises a moment associated with the terminal sending a ranging
request frame, a moment associated with the terminal receiving a ranging acknowledgment
frame, a moment assoctated with the first base station sending the ranging acknowledgment
frame, a moment assoctated with the first base station receiving the ranging request frame, at
least one moment associated with the at least one second base station receiving the ranging
acknowledgment frarue, and at least one ruorent associated with the at least one second base
station recetving the ranging request frame, wheretn the ranging request frame ts sent by the
terminal to the first base station and the at least one second base station; and the ranging
acknowledgment frame is sent by the first base station to the terminal and the at least one
second base station after receiving the ranging request frame; and

determining location information of the terminal according to the second transceiving

moment information.
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10. The method according to claim 9, wherein determining the location information of
the terminal according to the second transceiving moment information further comprises:

determining a first distance between the terminal and the first base station according
to the moment associated with the terminal sending the ranging request frame and the
moment associated with the terminal receiving the ranging acknowledgment frame;

determining, for each of the at least one second base station, a second distance
corresponding to the second base station according to the moment associated with the second
base station receiving the ranging acknowledgment frame, the moment associated with the
first base station receiving the ranging request frame, and the moment associated with the
first base station sending the ranging acknowledgment frame, wherein the second distance is
a sum of the first distance and a distance between the terminal and the second base station;
and

determining the location information of the terminal according to the first distance

and the second distance corresponding to the second base station.

11. The method according to claim 10, wherein determining, for each of the at least
one second base station, the second distance corresponding to the second base station further
comprises:

determining, for each of the at least one second base station, the second distance
corresponding to the second base station according to the moment associated with the second
base station receiving the ranging acknowledgment frame, the moment associated with the
terminal sending the ranging request frame, the moment associated with the first base station
recetving the ranging request frame, and the moment associated with the first base station

sending the ranging acknowledgment frame.
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12, The method according to claim 10 or 11, wherein the second transceiving moment
information further comprises the at least one moment associated with the at least one secound
base station receiving the ranging request frame, and determining, for each of the at least one
second base station, the second distance corresponding to the second base station further
COmprises:

determining, for each of the at least one second base station, the second distance
corresponding to the second base station according to a known distance between the second
base station and the first base station, the moment associated with the second base station
recetving the ranging request frame, the moment associated with the second base station
recetving the ranging acknowledgment frame, the moment associated with the first base
station recetving the ranging request frame, and the moment associated with the first base

station sending the ranging acknowledgment frame.

13. The method according to claim 11 or 12, wheretn determining the location
information of the terminal according to the first distance and the second distance
corresponding to the second base station comprises:

determining a spherical surface corresponding to the first base station by using
focation information of the first base station as a center of the spherical surface and using the
first distance as a radius of the spherical surface;

determining, for cach of the at least one second base station, an ellipsoidal surface
corresponding to the second base station by using the location wnforruation of the first base
station and location information of the second base station as focal point of the ellipsoidal

surface and using the second distance as a major axis of the ellipsoidal surface; and
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determining location information of an intersection point of the spherical surface and
the ellipsoidal surface corresponding to the second base station as the location information of

the terminal.

14. The method according to any one of claims 9-13, wherein determining the
focation information of the terminal according to the second transceiving moment
information further comprises:

determining a first distance between the terminal and the first base station according
to the moment associated with the ternunal sending the ranging request frame and the
moment associated with the terminal receiving the ranging acknowledgment frame;

determining , for each of the at least one second base station, a third distance between
the second base station and the terminal according to a known distance between the second
base station and the first base station, the first distance of the first base station, the moment
associated with the second base station receiving the ranging acknowledgment frame, the
moment associated with the second base station receiving the ranging request frame, the
moment associated with the first base station receiving the ranging request frame, and the
moment associated with the first base station sending the ranging acknowledgment frame;
and

determining the location information of the terminal according to the first distance

and the third distance corresponding to the second base station,

15. The method according to claim 14, wherein determining the location information

of the terminal according to the first distance and the third distance corresponding to the

second base station comprises:
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determining a first spherical surface corresponding to the first base station by using
location 1nformation of the first base station as a center of the first spherical surface and using
the first distance as a radius of the first spherical surface;

determining, for each of the at least one second base station, a second spherical
surface corresponding to the second base station by using the location information of the
second base station as a center of the second spherical surface and using the corresponding
third distance as a radius of the second spherical surface; and

determining location information of an intersection point of the first spherical surface

and the second spherical surface as the location information of the terminal.

16. The method according to any one of claims 9-15, wherein

the ranging request frame is sent by the terminal to the first base station and the at
least one second base station, simultaneously; and

the ranging acknowledgment frame ts sent by the first base station to the terminal and

the at least one second base station, simultaneously, after recetving the ranging request frame.

17. An apparatus tor determining a position of a terruinal communicating with a first
base station, the first base station communicating with at least one second base station, the
apparatus comprising:

a memory storing a set of instructions; and

at least one processor configured to execute the set of instructions to cause the

apparatus to perform:
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acquiring first transceiving moment information, wherein the first transceiving
moment information comprises a moment associated with the first base station
sending a ranging request frame, a moment assoctated with the first base station
receiving a ranging acknowledgment frame, a moment associated with the terminal
sending the ranging acknowledgment frame, a moment associated with the terminal
receiving the ranging request frame, at least one moment associated with the at least
one second base station receiving the ranging acknowledgment frame, and at least one
moment associated with the at least one second base station receiving the ranging
request frame, wherein the ranging request frame 1s sent by the first base station to the
terminal and the at least one second base station and the ranging acknowledgment
frame is sent by the terminal {o the first base station and the second base station after
receiving the ranging request frame; and

determining location information of the terminal according to the first

transceiving moment information,

18. The apparatus according to claim 17, wherein determining location information of
the terminal according to the first transceiving moment information further comprises:

determining a first distance between the terminal and the furst base station according
to the moment associated with the first base station sending the ranging request frame and the

moment associated with the first base station receiving the ranging acknowledgment frame;
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determining, for each of the at least one second base station, a second distance
corresponding to the second base station according to the at least one moment associated with
the second base station receiving the ranging acknowledgment frame, the moment associated
with the terminal receiving the ranging request frame, and the moment associated with the
terminal sending the ranging acknowledgment frame, wherein the second distance is a sum of
the first distance and a distance between the terminal and the second base station: and

determining the location information of the terminal according to the first distance

and the second distance corresponding to the second base station.

19. The apparatus according to claim 18, wherein determining, tor each of the at least
one second base station, the second distance corresponding to the second base station further
comprises:

determining, for each of the at least one second base station, the second distance
corresponding to the second base station according to the at least one moment associated with
the at least one second base station receiving the ranging acknowledgment frame, the moment
associated with the first base station sending the ranging request frame, the moment
associated with the terminal receiving the ranging request frame, and the momeunt associated

with the terminal sending the ranging acknowledgment frame.

20. The apparatus according to claim 18 or 19, wherein the first transceiving moment
information further comprises the at least one moment associated with the at feast one second
base station receiving the ranging request frame, and determining, for each of the at least one
second base station, the second distance corresponding to the second base station further

COmprises:
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determining, for each of the at least one second base station, the second distance
corresponding to the second base station according to a known distance between the second
base station and the first base station, the moment associated with the second base station
recetving the ranging request frame, the moment associated with the second base station
recetving the ranging acknowledgment frame, the moment associated with the terminal
receiving the ranging request frame, and the moment associated with the terminal sending the

ranging acknowledgment frame.

21. The apparatus according to claim 19 or 20, wherein determining the location
information of the terminal according to the first distance and the second distance
corresponding to the second base station comprises:

determining a spherical surface corresponding to the first base station by using
tocation information of the first base station as the center of circle and using the first distance
as the radius;

determining, for each of the at least one second base station, an ellipsoidal surface
corresponding to the second base station by using the location information of the first base
station and location information of the second base station as focal point of the ellipsoidal
surface and using the second distance as 8 major axis of the ellipsoidal surface; and

determining location information of an intersection point of the spherical surface and
the ellipsoidal surface corresponding to the second base station as the location information of

the terminal.

22. The apparatus according to any one of claims 17-21, wherein determining the
location information of the terminal according to the first transceiving moment information

further comprises:
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determining a first distance between the terminal and the first base station according
to the moment associated with the first base station sending the ranging request frare and the
moment associated with the first base station recetving the ranging acknowledgment frame;

determining, for each of the at least one second base station, a third distance between
the second base station and the terminal according to a known distance between the second
base station and the first base station, the first distance of the first base station, the moment
assoctated with the second base station receiving the ranging acknowledgment frame, the
moment associated with the second base station receiving the ranging request frame, the
moment associated with the terminal receiving the ranging request frame, and the moment
associated with the termoinal sending the ranging acknowledgment frame; and

determining the location information of the terminal according to the first distance

and the third distance corresponding to the second base station.

23. The apparatus according to claim 22, wherein determining the location
information of the terminal according to the first distance and the third distance
corresponding to the second base station comprises:

determining a first spherical surface corresponding to the first base station by using
jocation information of the first base station as a center of the first spherical surface and using
the first distance as a radius of the first spherical surface;

determining, for each of the at least one second base station, a second spherical
surface corresponding to the second base station by using the location information of the
second base station as a center of the second spherical surface and using the corresponding
third distance as a radius of the second spherical surface; and

determining location information of an intersection point of the first spherical surface

and the second spherical surfaces as the location information of the terminal.
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24. The apparatus according to any one of claims 17-23, wherein
the ranging request frame is sent by the first base station to the terminal and the at
feast one second base station, simultaneously; and

the ranging acknowledgment frame 1s sent by the terminal to the first base station and

the at least one second base station, simultanecously, after receiving the ranging request frame.

25. An apparatus for determining a position of a terminal, wherein the terminal
communicates with a first base station, and the first base station communicates with at least
one of at least one second base station, the apparatus comprising:

a memory storing a set of instructions; and

at least one processor configured to execute the set of instructions to cause the
apparatus to perform:

acquiring second transceiving moment information, wherein the second
transcetving moment information comprises a moment associated with the terminal

sending a ranging request frame, a moment associated with the terminal receiving a

ranging acknowledgment frame, a moment associated with the first base station

sending the ranging acknowledgment frame, a moment associated with the first base
station receiving the ranging request frame, at least one moment associated with the at
least one second base station receiving the ranging acknowledgment frame, and at
least one moment associated with the at least one second base station receiving the
ranging request frame, wherein the ranging request frame is sent by the terminal to the
tirst base station and the at least one second base station; and the ranging
acknowledgment frame is sent by the first base station to the terminal and the at least

one second base station after receiving the ranging request frame; and
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determining location information of the terminal according to the second

transceiving moment information.

26. The apparatus according to claim 25, wherein determining the location
information of the terminal according to the second transceiving moment information further
COmMprises:

determining a first distance between the terminal and the first base station according
to the moment associated with the terminal sending the ranging request frame and the
moment associated with the terminal receiving the ranging acknowledgment frame;

determining, for each of the at least one second base station, a second distance
corresponding to the second base station according to the moment associated with the second
base station receiving the ranging acknowledgment frame, the moment associated with the
first base station receiving the ranging request frame, and the moment associated with the
first base station sending the ranging acknowledgment frame, wherein the second distance is
a sum of the first distance and a distance between the terminal and the second base station;
and

determining the location information of the terminal according to the first distance

and the second distance corresponding to the second base station.

27. The apparatus according to claim 26, wherein determining, for each of the at least

one second base station, the second distance corresponding to the second base station further

COmprises:
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determining, for each of the at least one second base station, the second distance
corresponding to the second base station according to the morment associated with the second
base station receiving the ranging acknowledgment frame, the moment associated with the
terminal sending the ranging request frame, the moment associated with the first base station
recetving the ranging request frame, and the moment associated with the first base station

sending the ranging acknowledgment frame.

28. The apparatus according to claim 26 or 27, wherein the second transceiving
moment information further comprises the at least one moment associated with the at least
one second base station receiving the ranging request frame, and determining, for each of the
at least one second base station, the second distance corresponding to the second base station
further comprises:

determining, for each of the at least one second base station, the second distance
corresponding to the second base station according to a known distance between the second
base station and the first base station, the moment associated with the second base station
recetving the ranging request frame, the moment associated with the second base station
receiving the ranging acknowledgment frame, the moment associated with the first base
station recetving the ranging request frame, and the moment associated with the first base

station sending the ranging acknowledgment frame.

29. The apparatus according to claim 27 or 28, wherein determining the location
information of the terminal according to the first distance and the second distance

corresponding to the second base station comprises:
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determining a spherical surface corresponding to the first base station by using
location 1nformation of the first base station as a center of the spherical surface and using the
first distance as a radius of the spherical surface;

determining, for each of the at least one second base station, an ellipsoidal surface
corresponding to the second base station by using the location information of the first base
station and location information of the second base station as focal point of the ellipsoidal
surface and using the second distance as 8 major axis of the ellipsoidal surface; and

determining location information of an intersection point of the spherical surface and
the ellipsoidal surface corresponding to the second base station as the location information of

the terminal.

30. The apparatus according to any one of claims 25-29, wherein determining the
location information of the terminal according to the second transceiving moment
information further comprises:

determining a first distance between the terminal and the first base station according
to the moment associated with the terminal sending the ranging request frame and the
moment associated with the terminal receiving the ranging acknowledgment frame;

determining , for each of the at least one second base station, a third distance between
the second base station and the terminal according to a known distance between the second
base station and the first base station, the first distance of the first base station, the moment
associated with the second base station receiving the ranging acknowledgment frame, the
moment associated with the second base station receiving the ranging request frame, the
moiment assoctated with the first base station receiving the ranging request frame, and the
moment associated with the first base station sending the ranging acknowledgment frame;

and
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determining the location information of the terminal according to the first distance

and the third distance corresponding to the second base station.

31. The apparatus according to claim 30, wherein determining the location
information of the terminal according to the first distance and the third distance
corresponding to the second base station comprises:

determining a first spherical surface corresponding to the first base station by using
location information of the first base station as a center of the first spherical surface and using
the first distance as a radius of the first spherical surface;

determining, for each of the at least one second base station, a second spherical
surface corresponding to the second base station by using the location information of the
second base station as a center of the second spherical surface and using the corresponding
third distance as a radius of the second spherical surface; and

determining location information of an intersection point of the first spherical surface

and the second spherical surface as the location information of the terminal.

32. The apparatus according to any one of claims 25-31, wherein

the ranging request frame is sent by the terminal to the first base station and the at
least one second base station, simultaneously; and

the ranging acknowledgment frame 1s sent by the first base station to the terminal and

the at least one second base station, simultaneously, after receiving the ranging request frame.
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33. A non-transitory computer readable medium that stores a set of instructions that is
executable by at least one processor of a computer system to cause the computer system to
perform a method for determining a position of a terminal communicating with a first base
station, the first base station communicating with at least one second base station, the method
comprising:

acquiring first transceiving moment information, wherein the first transceiving
moment information comprises a moment associated with the first base station sending a
ranging request frame, a moment associated with the first base station receiving a ranging
acknowledgment frame, a moment associated with the terminal sending the ranging
acknowledgment frame, a moment associated with the terminal receiving the ranging request
frame, at least one moment assoctated with the at least one second base station receiving the
ranging acknowledgment frame, and at least one moment associated with the at least one
second base station receiving the ranging request frame, wherein the ranging request frame is
sent by the first base station 1o the terminal and the at least one second base station and the
ranging acknowledgment frame is sent by the terminal to the first base station and the at least
one second base station after receiving the ranging request frame; and

determining location information of the terminal according to the first transceiving

moment information.

34. The non-transitory computer readable medium according to claim 33, wherein
determining the location information of the terminal according to the first transceiving
moment information comprises:

determining a first distance between the terminal and the first base station according
to the moment associated with the first base station sending the ranging request frame and the

moment associated with the first base station receiving the ranging acknowledgment frame;
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determining, for each of the at least one second base station, a second distance
corresponding to the second base station according to the at least one moment associated with
the second base station receiving the ranging acknowledgment frame, the moment associated
with the terminal receiving the ranging request frame, and the moment associated with the
terminal sending the ranging acknowledgment frame, wherein the second distance is a sum of
the first distance and a distance between the terminal and the second base station: and

determining the location information of the terminal according to the first distance

and the second distance corresponding to the second base station.

35. The non-transitory computer readable medium according to claim 33 or 34,
wherein determining, for each of the at least one second base station, the second distance
corresponding to the second base station further comprises:

determining, for each of the at least one second base station, the second distance
corresponding to the second base station according to the at least one moment associated with
the at least one second base station receiving the ranging acknowledgment frame, the moment
associated with the first base station sending the ranging request frame, the moment
associated with the terminal receiving the ranging request frame, and the momeunt associated

with the terminal sending the ranging acknowledgment frame.

36. The non-transitory computer readable medium according to claim 33 or 34,
wherein the first transceiving moment information further comprises the at least one moment
associated with the at least one second base station recetving the ranging request frame, and
determining, for each of the at least one second base station, the second distance

corresponding to the second base station further comprises:
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determining, for each of the at least one second base station, the second distance
corresponding to the second base station according to a known distance between the second
base station and the first base station, the moment associated with the second base station
recetving the ranging request frame, the moment associated with the second base station
recetving the ranging acknowledgment frame, the moment associated with the terminal
receiving the ranging request frame, and the moment associated with the terminal sending the

ranging acknowledgment frame.

37. The non-transitory computer readable medium according to claim 35 or 36,
wherein determining the location information of the terminal according to the first distance
and the second distance corresponding to the second base station comprises:

determining a spherical surface corresponding to the first base station by using
tocation information of the first base station as the center of circle and using the first distance
as the radius;

determining, for each of the at least one second base station, an ellipsoidal surface
corresponding to the second base station by using the location information of the first base
station and location information of the second base station as focal point of the ellipsoidal
surface and using the second distance as 8 major axis of the ellipsoidal surface; and

determining location information of an intersection point of the spherical surface and
the ellipsoidal surface corresponding to the second base station as the location information of
the terminal.

38. The non-transitory computer readable medium according to any one of claims 33-
37, wherein determining the location information of the terminal according to the first

transceiving morment information further comprises:
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determining a first distance between the terminal and the first base station according
to the moment associated with the first base station sending the ranging request frare and the
moment associated with the first base station recetving the ranging acknowledgment frame;

determining, for each of the at least one second base station, a third distance between
the second base station and the terminal according to a known distance between the second
base station and the first base station, the first distance of the first base station, the moment
assoctated with the second base station receiving the ranging acknowledgment frame, the
moment associated with the second base station receiving the ranging request frame, the
moment associated with the terminal receiving the ranging request frame, and the moment
associated with the termoinal sending the ranging acknowledgment frame; and

determining the location information of the terminal according to the first distance

and the third distance corresponding to the second base station.

39. The non-transitory computer readable medium according to claim 38, wherein
determining the location information of the terminal according to the first distance and the
third distance corresponding to the second base station comprises:

determining a first spherical surface corresponding to the first base station by using
jocation information of the first base station as a center of the first spherical surface and using
the first distance as a radius of the first spherical surface;

determining, for each of the at least one second base station, a second spherical
surface corresponding to the second base station by using the location information of the
second base station as a center of the second spherical surface and using the corresponding
third distance as a radius of the second spherical surface; and

determining location information of an intersection point of the first spherical surface

and the second spherical surfaces as the location information of the terminal.
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40. The non-transitory computer readable medium according to any one of claims 33-
39, wherein

the ranging request frame is sent by the first base station to the terminal and the at
least one second base station, simultaneously; and

the ranging acknowledgment frame is sent by the terminal to the first base station and

the at least one second base station, simultaneously, after receiving the ranging request frame.

41. A non-transitory computer readable medium that stores a set of instructions that 15
executable by at least one processor of a computer system to cause the computer system to
perform a method for determining a position of a terminal communicating with a first base
station, the first base station communicating with at least one second base station, the method
comprising:

acquiring second transceiving moment information, wherein the second transceiving
moment information comprises a moment associated with the terminal sending a ranging
request frame, a moment associated with the terminal receiving a ranging acknowledgment
frame, a moment associated with the first base station sending the ranging acknowledgment
frame, a moment assoctated with the first base station receiving the ranging request frame, at
least one moment associated with the at least one second base station receiving the ranging
acknowledgment frame, and at least one moment associated with the at least one second base
station receiving the ranging request frame, wherein the ranging request frame is sent by the
terminal to the first base station and the at least one second base station,; and the ranging
acknowledgment frame is sent by the first base station to the terminal and the at least one

second base station after receiving the ranging request frame; and
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determining location information of the terminal according to the second transceiving

moment information.

42 The non-transitory computer readable medium according to claim 41, wherein
determining the location information of the terminal according to the second transceiving
moment information further comprises:

determining a first distance between the terminal and the first base station according
to the moment associated with the terminal sending the ranging request frame and the
moment associated with the terminal receiving the ranging acknowledgment frame;

determining, for each of the at least one second base station, a second distance
corresponding to the second base station according to the moment associated with the second
base station receiving the ranging acknowledgment frame, the moment associated with the
first base station receiving the ranging request frame, and the moment associated with the
first base station sending the ranging acknowledgment frame, wherein the second distance is
a sum of the first distance and a distance between the terminal and the second base station;
and

determining the location information of the terminal according to the first distance

and the second distance corresponding to the second base station.

43. The non-transitory computer readable medium according to claim 42, wherein
determining, for each of the at least one second base station, the second distance

corresponding to the second base station further comprises:
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determining, for each of the at least one second base station, the second distance
corresponding to the second base station according to the morment associated with the second
base station receiving the ranging acknowledgment frame, the moment associated with the
terminal sending the ranging request frame, the moment associated with the first base station
recetving the ranging request frame, and the moment associated with the first base station

sending the ranging acknowledgment frame.

44. The non-transitory computer readable medium according to claim 42 or 43,
wherein the second transceiving moment information further comprises the at least one
moment associated with the at least one second base station receiving the ranging request
frame, and determining, for each of the at least one second base station, the second distance
corresponding to the second base station further comprises:

determining, for each of the at least one second base station, the second distance
corresponding to the second base station according to a known distance between the second
base station and the first base station, the moment associated with the second base station
recetving the ranging request frame, the moment associated with the second base station
receiving the ranging acknowledgment frame, the moment associated with the first base
station recetving the ranging request frame, and the moment associated with the first base

station sending the ranging acknowledgment frame.

45. The non-transitory computer readable medium according to claim 43 or 44,
wherein determining the location information of the terminal according to the first distance

and the second distance corresponding to the second base station comprises:
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determining a spherical surface corresponding to the first base station by using
location 1nformation of the first base station as a center of the spherical surface and using the
first distance as a radius of the spherical surface;

determining, for each of the at least one second base station, an ellipsoidal surface
corresponding to the second base station by using the location information of the first base
station and location information of the second base station as focal point of the ellipsoidal
surface and using the second distance as 8 major axis of the ellipsoidal surface; and

determining location information of an intersection point of the spherical surface and
the ellipsoidal surface corresponding to the second base station as the location information of

the terminal.

46. The non-transitory computer readable medium according to any one of claims 41-
45, wherein determining the location information of the terminal according to the second
transceiving moment information further comprises:

determining a first distance between the terminal and the first base station according
to the moment associated with the terminal sending the ranging request frame and the
moment associated with the terminal receiving the ranging acknowledgment frame;

determining , for each of the at least one second base station, a third distance between
the second base station and the terminal according to a known distance between the second
base station and the first base station, the first distance of the first base station, the moment
associated with the second base station receiving the ranging acknowledgment frame, the
moment associated with the second base station receiving the ranging request frame, the
moiment assoctated with the first base station receiving the ranging request frame, and the
moment associated with the first base station sending the ranging acknowledgment frame;

and
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determining the location information of the terminal according to the first distance

and the third distance corresponding to the second base station.

47. The non-transitory computer readable medium according to claim 46, wherein
determining the location information of the terminal according to the first distance and the
third distance corresponding to the second base station comprises:

determining a first spherical surface corresponding to the first base station by using
location information of the first base station as a center of the first spherical surface and using
the first distance as a radius of the first spherical surface;

determining, for each of the at least one second base station, a second spherical
surface corresponding to the second base station by using the location information of the
second base station as a center of the second spherical surface and using the corresponding
third distance as a radius of the second spherical surface; and

determining location information of an intersection point of the first spherical surface

and the second spherical surface as the location information of the terminal.

48. The non-~transitory computer readable muedium according to any one of claims 41-
47, wherein

the ranging request frame is sent by the terminal to the first base station and the at
least one second base station, simultaneously; and

the ranging acknowledgment frame 1s sent by the first base station to the terminal and

the at least one second base station, simultaneously, after receiving the ranging request frame,
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Acquire first transceiving moment information, wherein the first transceiving
moment information includes a moment associated with the first base station
sending a ranging request frame, a moment associated with the first base
station receiving a ranging acknowledgment frame, a moment associated with|_~101
the terminal sending the ranging acknowledgrment frame, a rooment
associated with the terminal receiving the ranging request frame, at least one
moment associated with the at least one second base station receiving the
ranging acknowledgment frame, and at least one moment associated with the
at least one second base station receiving the ranging request frame

Determine location information of the terminal according to the first 102

transcetving moment information

FIG. 1



WO 2020/006123 PCT/US2019/039314

2/11

Acquire first transceiving moment information, wherein the first transceiving
moment information includes a moment associated with the first base station
sending a ranging request frame, a moment associated with the first base
station receiving a ranging acknowledgment frame, a moment associated withl~201
the terminal sending the ranging acknowledgment frame, a moment
associated with the terminal receiving the ranging request frare, at least one
moment associated with the at least one second base station receiving the
ranging acknowledgment frame, and at least one moment associated with the
at least one second base station receiving the ranging request frame

Determine a first distance from the terminal to the first base station according
to the moment associated with the first base station sends the ranging request
trame and the moment associated with the first base station receives the
ranging acknowledgment frame

Determine, for each of the second base stations, a second distance
corresponding to the second base station according to the moment associated
with the second base station receiving the ranging acknowledgment frame,
the moment associated with the terminal receiving the ranging request frame, ~203
and the moment associated with the terminal sending the ranging
acknowledgment frame, wherein the second distance is a sum of the distance
between the terminal and the first base station and a distance between the
terminal and the second base station

Determine the location information of the terminal according to the first
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distance and the second distances corresponding to the at least one second
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Acquire first transceiving moment information, wherein the first transceiving
moment information includes a moment associated with the first base station
sending a ranging request frame, a moment associated with the first base
station receiving a ranging acknowledgment frame, a moment associated with" S01
the terminal sending the ranging ackvowledgment frame, a moment
associated with the terminal receiving the ranging request frame, at least one
moment associated with the at least one second base station receiving the
ranging acknowledgment frame, and at least one moment associated with the
at feast one second base station receiving the ranging request frame

Determine a first distance between the terminal and the first base station
according to the moment associated with the first base station sending the
ranging request frame and the moment associated with the first base station

receiving the ranging acknowledgment frame

Determine, for each of the at least one second base station, a third distance
from the second base station to the terminal according to a known distance
between the second base station and the first base station, the first distance of
the first base station, the moment associated with the second base station
receiving the ranging acknowledgment frame, the moment associated with
the second base station receiving the ranging request frame, the moment
associated with the terminal receiving the ranging request frame, and the
moment associated with the terminal sending the ranging acknowledgment
frame
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Determine the location information of the terminal according to the fursst  |_~504
distance and the third distance corresponding to the second base station
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Acquire second transceiving moment information, wherein the second
transceiving moment information includes a moment associated with the
terminal sending a ranging request frame, a moment associated with the

terminal receiving a ranging acknowledgment frame, a moment associated |.601
with the first base station sending the ranging acknowledgment frame, a
moment associated with the first base station receiving the ranging request
frame, moments associated with the at least one second base station receiving
the ranging acknowledgment frame, and moments associated with the at least
one second base station receiving the ranging request frame

Determine location information of the terminal according to the second 602

transceiving moment information
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Acquire second transceiving moment information, wherein the second
transceiving moment information includes a moment associated with the
terminal sending a ranging request frame, a moment assoctated with the

terminal receiving a ranging acknowledgment frame, a moment associated
with the first base station sending the ranging acknowledgment frame, a | _-801
moment associated with the first base station receiving the ranging request
frame, at feast one moment associated with the at least one second base
station receiving the ranging acknowledgment frame, and at least one
moment associated with the at least one second base station receiving the

ranging request frame

Determine a first distance from the terminal to the first base station according

to the moment associated with the terminal sending the ranging request frame

and the moment associated with the terminal receiving the ranging
acknowledgment frame
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Determine, for each of the at least one second base station, a second distance
corresponding to the second base station according to the moment associated
with the second base station receiving the ranging acknowledgment frame,
the moment associated with the first base station receiving the ranging
request frame, and the moment associated with the first base station sending
the ranging acknowledgment frame, wherein the second distance is a sum of
the distance between the terminal and the first base station and a distance
between the terminal and the second base station

803

Determine the location information of the terminal according to the first

-804
distance and the second distance corresponding to the second base station
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Acquire second transceiving moment information, wherein the second
transcetving moment information includes a moment associated with the
terminal sending a ranging request frame, a moment associated with the

terminal receiving a ranging acknowledgment frame, a moment associated
with the first base station sending the ranging acknowledgment frame, a
moment associated with the first base station receiving the ranging request
frame, at least one moment associated with the at least one second base
station recetving the ranging acknowledgment frame, and at least one
moment associated with the at least one second base station recetving the

901

ranging request frame

Determine a first distance from the terminal to the first base station according
to the moment associated with the terminal sending the ranging request frame

, , : ; : S : 02
and the moment associated with the terminal receiving the ranging

acknowledgment frame

Determine, for each of the at least one second base station, a third distance
between the second base station and the terminal according to a known
distance between the second base station and the first base station, the first
distance of the first base station, the moment associated with the second base | ~903
station receiving the ranging acknowledgment frame, the moment associated
with the second base station receiving the ranging request frame, the moment
associated with the first base station receiving the ranging request frame, and
the moment associated with the first base station sending the ranging
acknowledgment frame

Determine the location information of the terminal according to the first  |_~904
distance and the third distance corresponding to the second base station
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