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(54) METHOD FOR CONFIGURING FULL DUPLEX REFERENCE SIGNAL, TERMINAL AND BASE 
STATION

(57) Embodiments of this application relate to the
communications field and provide a full-duplex reference
signal configuration method, a terminal, and a base sta-
tion. The method includes: A terminal receives configu-
ration information, and configures an uplink reference
signal based on the configuration information. The con-
figuration information is sent by a base station to the ter-
minal after the base station determines an uplink refer-
ence signal structure and a downlink reference signal

structure of the terminal according to a preset rule. The
uplink reference signal structure includes at least one
uplink reference signal that does not overlap downlink
data sent by the base station. In this application, the up-
link reference signal structure is dynamically adjusted to
prevent the downlink data from interfering with the uplink
reference signal, thereby improving accuracy of estimat-
ing an interference channel by the terminal.
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Description

[0001] This application claims priority to Chinese Pat-
ent Application No. 201910152630.3, filed with the Chi-
nese Patent Office on February 28, 2019 and entitled
"FULL-DUPLEX REFERENCE SIGNAL CONFIGURA-
TION METHOD, TERMINAL, AND BASE STATION",
which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] Embodiments of this application relate to the
communications field, and in particular, to a full-duplex
reference signal configuration method, a terminal, and a
base station.

BACKGROUND

[0003] Currently, in a full-duplex or hybrid-duplex sys-
tem, there is self-interference and mutual interference on
a terminal side. Therefore, a terminal needs to estimate
an interference channel and perform interference can-
cellation based on an estimation result, to improve signal
quality. However, an interference signal (which is re-
ferred to as an uplink signal) and a wanted signal (which
is referred to as a downlink signal) on the terminal side
are asynchronous, and consequently an uplink reference
signal overlaps downlink data, that is, the downlink data
causes interference to the uplink reference signal. In this
case, the estimation result of the interference channel is
affected, and consequently an interference suppression
effect is reduced.

SUMMARY

[0004] This application provides a full-duplex refer-
ence signal configuration method, a terminal, and a base
station, to prevent downlink data from interfering with an
uplink reference signal to some extent.
[0005] To achieve the foregoing objective, the follow-
ing technical solutions are used in this application:
[0006] According to a first aspect, an embodiment of
this application provides a full-duplex reference signal
configuration method. The method is applied to a termi-
nal, and the method includes: The terminal receives con-
figuration information, and configures an uplink reference
signal based on the received configuration information.
The configuration information is sent by a base station
to the terminal after the base station determines an uplink
reference signal structure and a downlink reference sig-
nal structure of the terminal according to a preset rule.
The uplink reference signal structure includes at least
one uplink reference signal that does not overlap down-
link data sent by the base station.
[0007] In the foregoing manner, the uplink reference
signal structure is dynamically adjusted, to prevent the
downlink data from interfering with the uplink reference
signal, thereby improving accuracy of estimating an in-

terference channel by the terminal.
[0008] In a possible implementation, the preset rule
may include: The uplink reference signal structure in-
cludes k uplink reference signals, where k is an integer
greater than 1, and/or the downlink reference signal
structure includes q downlink reference signals, where q
is an integer greater than 1. For example, the uplink ref-
erence signal structure may include two uplink reference
signals, and the downlink reference signal structure may
include three downlink reference signals. Therefore, a
length of a reference signal structure is adjusted by in-
creasing a quantity of reference signals, to avoid overlap
between the downlink data and the uplink reference sig-
nal.
[0009] In a possible implementation, the preset rule
may include: determining a value of k based on a con-
figuration parameter of the base station. The configura-
tion parameter is used to indicate a cell radius of the base
station. For example, the preset rule is preconfigured in
the base station, and the base station may determine,
based on a stipulation, namely, a correspondence be-
tween the cell radius of the base station and the value of
k, in the preset rule, the value of k corresponding to the
terminal. In this way, a same uplink reference signal
structure and a same downlink reference signal structure
may be configured for terminals that access a cell, so
that an uplink reference signal of a cell-edge terminal is
no longer interfered with by the downlink data, thereby
improving accuracy of estimating an interference chan-
nel by the cell-edge terminal.
[0010] In a possible implementation, the preset rule
may include: determining a value of k based on a distance
parameter between the terminal and the base station.
For example, the preset rule is preconfigured in the base
station; and after obtaining the distance parameter be-
tween the base station and the terminal, the base station
may determine, based on a correspondence between
the distance parameter and the value of k, the value of
k corresponding to the terminal. In this way, different up-
link reference signal structures and different downlink ref-
erence signal structures may be configured for terminals
that access a cell and that are located in different loca-
tions, to ensure that resource utilization is improved while
an uplink reference signal corresponding to the terminal
in the cell is not interfered with by the downlink data.
[0011] In a possible implementation, the preset rule
may include: determining a value of q based on a con-
figuration parameter of the base station. The configura-
tion parameter is used to indicate a cell radius of the base
station. In this way, a same uplink reference signal struc-
ture and a same downlink reference signal structure may
be configured for terminals that access a cell, so that an
uplink reference signal of a cell-edge terminal is no longer
interfered with by the downlink data, thereby improving
accuracy of estimating an interference channel by the
cell-edge terminal.
[0012] In a possible implementation, the preset rule
may include: determining a value of q based on a distance
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parameter between the terminal and the base station. In
this way, different uplink reference signal structures and
different downlink reference signal structures may be
configured for terminals that access a cell and that are
located in different locations, to ensure that resource uti-
lization is improved while an uplink reference signal cor-
responding to the terminal in the cell is not interfered with
by the downlink data.
[0013] In a possible implementation, the k uplink ref-
erence signals are consecutive in the uplink signal struc-
ture, and the q downlink reference signals are consecu-
tive in the downlink signal structure.
[0014] In the foregoing manner, the uplink reference
signal structure includes at least one uplink reference
signal that does not overlap the downlink data. For ex-
ample, the uplink reference signal structure may include
three uplink reference signals that do not overlap the
downlink data, thereby further improving accuracy of es-
timating an interference channel.
[0015] In a possible implementation, the at least one
uplink reference signal is orthogonal to the downlink ref-
erence signal in the downlink reference signal structure.
For example, the uplink reference signal and the down-
link reference signal that are orthogonal may be a ZC
sequence or a PN sequence (which may also be referred
to as an m-sequence).
[0016] In the foregoing manner, simultaneous estima-
tion of an interference channel (uplink signal) and a want-
ed channel (downlink signal) is implemented.
[0017] In a possible implementation, a value of k and
a value of q meet the following condition: 

where k+q=A; and
r represents a distance between the terminal and the
base station or a cell radius of the base station, Tcp rep-
resents a symbol length of a cyclic prefix in the uplink
reference signal structure and/or the downlink reference
signal structure, Tdata represents a symbol length of the
uplink reference signal or the downlink reference signal,
and c represents a speed of light.
[0018] In the foregoing manner, specific values of k
and q are determined based on the correspondence be-
tween the distance between the terminal and the base
station or the cell radius of the base station and each of
the value of k and the value of q.
[0019] In a possible implementation, the preset rule
may further include: The uplink signal structure includes
the uplink reference signal and m blank symbols, and the
downlink signal structure includes the downlink reference
signal and n blank symbols, where m is an integer greater
than or equal to 1, and n is an integer greater than m. In
a possible implementation, the m blank symbols may be
located before the uplink reference signal, and the n blank
symbols may be located after the downlink reference sig-
nal. Alternatively, in another possible implementation,

the m blank symbols may be located after the uplink ref-
erence signal, and the n blank symbols may be located
before the downlink reference signal.
[0020] In the foregoing manner, a length of the uplink
reference signal structure, a length of the downlink ref-
erence signal structure, a location of the uplink reference
signal in the uplink reference signal structure, and a lo-
cation of the downlink reference signal in the downlink
reference signal structure are adjusted by adding the
blank symbol, to prevent the downlink data from interfer-
ing with the uplink reference signal, thereby effectively
improving accuracy of estimating an interference chan-
nel.
[0021] In a possible implementation, the preset rule
may further include: determining a value of m and a value
of n based on the configuration parameter of the base
station. The configuration parameter is used to indicate
the cell radius of the base station.
[0022] In a possible implementation, the preset rule
may further include: determining a value of m and a value
of n based on the distance parameter between the ter-
minal and the base station.
[0023] In a possible implementation, the preset rule
may further include: The m blank symbols are consecu-
tive in the uplink reference signal structure, and the n
blank symbols are consecutive in the downlink reference
signal structure. In another possible implementation,
some of the m blank symbols may be inconsecutive. For
example, the uplink reference signal structure includes
three blank symbols. In this case, two blank symbols may
be located before the uplink reference signal, and one
blank symbol is located after the uplink reference signal.
[0024] In a possible implementation, the value of n
meets the following condition: 

[0025] Herein, r represents the distance between the
terminal and the base station or the cell radius of the
base station, Tcp represents the length of the symbols
occupied by the cyclic prefix in the uplink reference signal
structure and/or the downlink reference signal structure,
Tdata represents the length of the symbols occupied by
the uplink reference signal or the downlink reference sig-
nal, and c represents the speed of light.
[0026] According to a second aspect, an embodiment
of this application provides a full-duplex reference signal
configuration method. The method is applied to a base
station, and the method may include: The base station
determines an uplink reference signal structure of a ter-
minal according to a preset rule; the base station config-
ures a downlink reference signal structure according to
the preset rule; and the base station sends configuration
information to a terminal. The configuration information
is used to indicate the terminal to configure an uplink
reference signal based on the uplink reference signal
structure. The uplink reference signal structure includes
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at least one uplink reference signal that does not overlap
downlink data sent by the base station.
[0027] In a possible implementation, the preset rule
may include: The uplink reference signal structure in-
cludes k uplink reference signals, where k is an integer
greater than 1, and/or the downlink reference signal
structure includes q downlink reference signals, where q
is an integer greater than 1.
[0028] In a possible implementation, the preset rule
includes: determining a value of k based on a configura-
tion parameter of the base station. The configuration pa-
rameter is used to indicate a cell radius of the base sta-
tion.
[0029] In a possible implementation, the preset rule
includes: determining a value of k based on a distance
parameter between the terminal and the base station.
[0030] In a possible implementation, the preset rule
includes: determining a value of q based on a configura-
tion parameter of the base station. The configuration pa-
rameter is used to indicate a cell radius of the base sta-
tion.
[0031] In a possible implementation, the preset rule
includes: determining a value of q based on a distance
parameter between the terminal and the base station.
[0032] In a possible implementation, the k uplink ref-
erence signals are consecutive in the uplink signal struc-
ture, and the q downlink reference signals are consecu-
tive in the downlink signal structure.
[0033] In a possible implementation, the at least one
uplink reference signal is orthogonal to the downlink ref-
erence signal in the downlink reference signal structure.
[0034] In a possible implementation, a value of k and
a value of q meet the following condition: 

where k+q=A; and
r represents a distance between the terminal and the
base station or a cell radius of the base station, Tcp rep-
resents a symbol length of a cyclic prefix in the uplink
reference signal structure and/or the downlink reference
signal structure, Tdata represents a symbol length of the
uplink reference signal or the downlink reference signal,
and c represents a speed of light.
[0035] In a possible implementation, the preset rule
includes: The uplink signal structure includes the uplink
reference signal and m blank symbols, and the downlink
signal structure includes the downlink reference signal
and n blank symbols, where m is an integer greater than
or equal to 1, and n is an integer greater than m.
[0036] In a possible implementation, the preset rule
includes: determining a value of m and a value of n based
on the configuration parameter of the base station. The
configuration parameter is used to indicate the cell radius
of the base station.
[0037] In a possible implementation, the preset rule
includes: determining a value of m and a value of n based

on the distance parameter between the terminal and the
base station.
[0038] In a possible implementation, the m blank sym-
bols are consecutive in the uplink reference signal struc-
ture, and the n blank symbols are consecutive in the
downlink reference signal structure.
[0039] In a possible implementation, the value of n
meets the following condition: 

[0040] Herein, r represents the distance between the
terminal and the base station or the cell radius of the
base station, Tcp represents the length of the symbols
occupied by the cyclic prefix in the uplink reference signal
structure and/or the downlink reference signal structure,
Tdata represents the length of the symbols occupied by
the uplink reference signal or the downlink reference sig-
nal, and c represents the speed of light.
[0041] According to a third aspect, an embodiment of
this application provides a terminal, including a receiving
module and a configuration module. The receiving mod-
ule may be configured to receive configuration informa-
tion. The configuration module may be configured to con-
figure an uplink reference signal based on the received
configuration information. The configuration information
is sent by a base station to the terminal after the terminal
determines an uplink reference signal structure and a
downlink reference signal structure of the terminal. The
uplink reference signal structure includes at least one
uplink reference signal that does not overlap downlink
data sent by the base station.
[0042] In a possible implementation, the preset rule
includes: The uplink reference signal structure includes
k uplink reference signals, where k is an integer greater
than 1, and/or the downlink reference signal structure
includes q downlink reference signals, where q is an in-
teger greater than 1.
[0043] In a possible implementation, the preset rule
includes: determining a value of k based on a configura-
tion parameter of the base station. The configuration pa-
rameter is used to indicate a cell radius of the base sta-
tion.
[0044] In a possible implementation, the preset rule
includes: determining a value of k based on a distance
parameter between the terminal and the base station.
[0045] In a possible implementation, the preset rule
includes: determining a value of q based on a configura-
tion parameter of the base station. The configuration pa-
rameter is used to indicate a cell radius of the base sta-
tion.
[0046] In a possible implementation, the preset rule
includes: determining a value of q based on a distance
parameter between the terminal and the base station.
[0047] In a possible implementation, the k uplink ref-
erence signals are consecutive in the uplink signal struc-
ture, and the q downlink reference signals are consecu-
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tive in the downlink signal structure.
[0048] In a possible implementation, the at least one
uplink reference signal is orthogonal to the downlink ref-
erence signal in the downlink reference signal structure.
[0049] In a possible implementation, a value of k and
a value of q meet the following condition: 

where k+q=A; and
r represents a distance between the terminal and the
base station or a cell radius of the base station, Tcp rep-
resents a symbol length of a cyclic prefix in the uplink
reference signal structure and/or the downlink reference
signal structure, Tdata represents a symbol length of the
uplink reference signal or the downlink reference signal,
and c represents a speed of light.
[0050] In a possible implementation, the preset rule
includes: The uplink signal structure includes the uplink
reference signal and m blank symbols, and the downlink
signal structure includes the downlink reference signal
and n blank symbols, where m is an integer greater than
or equal to 1, and n is an integer greater than m.
[0051] In a possible implementation, the preset rule
includes: determining a value of m and a value of n based
on the configuration parameter of the base station. The
configuration parameter is used to indicate the cell radius
of the base station.
[0052] In a possible implementation, the preset rule
includes: determining a value of m and a value of n based
on the distance parameter between the terminal and the
base station.
[0053] In a possible implementation, the m blank sym-
bols are consecutive in the uplink reference signal struc-
ture, and the n blank symbols are consecutive in the
downlink reference signal structure.
[0054] In a possible implementation, the value of n
meets the following condition: 

[0055] Herein, r represents the distance between the
terminal and the base station or the cell radius of the
base station, Tcp represents the length of the symbols
occupied by the cyclic prefix in the uplink reference signal
structure and/or the downlink reference signal structure,
Tdata represents the length of the symbols occupied by
the uplink reference signal or the downlink reference sig-
nal, and c represents the speed of light.
[0056] According to a fourth aspect, an embodiment
of this application provides a base station, including a
determining module, a configuration module, and a send-
ing module. The determining module is configured to de-
termine an uplink reference signal structure of a terminal
according to a preset rule. The configuration module is
configured to configure a downlink reference signal struc-

ture according to the preset rule. The sending module is
configured to send configuration information to the ter-
minal. The configuration information is used to indicate
the terminal to configure an uplink reference signal based
on the uplink reference signal structure. The uplink ref-
erence signal structure includes at least one uplink ref-
erence signal that does not overlap downlink data sent
by the base station.
[0057] In a possible implementation, the preset rule
includes: The uplink reference signal structure includes
k uplink reference signals, where k is an integer greater
than 1, and/or the downlink reference signal structure
includes q downlink reference signals, where q is an in-
teger greater than 1.
[0058] In a possible implementation, the preset rule
includes: determining a value of k based on a configura-
tion parameter of the base station. The configuration pa-
rameter is used to indicate a cell radius of the base sta-
tion.
[0059] In a possible implementation, the preset rule
includes: determining a value of k based on a distance
parameter between the terminal and the base station.
[0060] In a possible implementation, the preset rule
includes: determining a value of q based on a configura-
tion parameter of the base station. The configuration pa-
rameter is used to indicate a cell radius of the base sta-
tion.
[0061] In a possible implementation, the preset rule
includes: determining a value of q based on a distance
parameter between the terminal and the base station.
[0062] In a possible implementation, the k uplink ref-
erence signals are consecutive in the uplink signal struc-
ture, and the q downlink reference signals are consecu-
tive in the downlink signal structure.
[0063] In a possible implementation, the at least one
uplink reference signal is orthogonal to the downlink ref-
erence signal in the downlink reference signal structure.
[0064] In a possible implementation, a value of k and
a value of q meet the following condition: 

where k+q=A; and
r represents a distance between the terminal and the
base station or a cell radius of the base station, Tcp rep-
resents a symbol length of a cyclic prefix in the uplink
reference signal structure and/or the downlink reference
signal structure, Tdata represents a symbol length of the
uplink reference signal or the downlink reference signal,
and c represents a speed of light.
[0065] In a possible implementation, the preset rule
includes: The uplink signal structure includes the uplink
reference signal and m blank symbols, and the downlink
signal structure includes the downlink reference signal
and n blank symbols, where m is an integer greater than
or equal to 1, and n is an integer greater than m.
[0066] In a possible implementation, the preset rule
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includes: determining a value of m and a value of n based
on the configuration parameter of the base station. The
configuration parameter is used to indicate the cell radius
of the base station.
[0067] In a possible implementation, the preset rule
includes: determining a value of m and a value of n based
on the distance parameter between the terminal and the
base station.
[0068] In a possible implementation, the m blank sym-
bols are consecutive in the uplink reference signal struc-
ture, and the n blank symbols are consecutive in the
downlink reference signal structure.
[0069] In a possible implementation, the value of n
meets the following condition:

[0070] Herein, r represents the distance between the
terminal and the base station or the cell radius of the
base station, Tcp represents the length of the symbols
occupied by the cyclic prefix in the uplink reference signal
structure and/or the downlink reference signal structure,
Tdata represents the length of the symbols occupied by
the uplink reference signal or the downlink reference sig-
nal, and c represents the speed of light.
[0071] According to a fifth aspect, an embodiment of
this application provides a terminal. The terminal includes
a transceiver/transceiver pin and a processor, and op-
tionally, further includes a memory. The transceiv-
er/transceiver pin, the processor, and the memory com-
municate with each other by using an internal connection
path. The processor is configured to execute an instruc-
tion to control the transceiver/transceiver pin to send or
receive a signal. The memory is configured to store the
instruction. When the processor executes the instruction,
the processor performs the method according to any one
of the second aspect or the possible implementations of
the second aspect.
[0072] According to a sixth aspect, an embodiment of
this application provides a base station. The base station
includes a transceiver/transceiver pin and a processor,
and optionally, further includes a memory. The transceiv-
er/transceiver pin, the processor, and the memory com-
municate with each other by using an internal connection
path. The processor is configured to execute an instruc-
tion to control the transceiver/transceiver pin to send or
receive a signal. The memory is configured to store the
instruction. When the processor executes the instruction,
the processor performs the method according to any one
of the first aspect or the possible implementations of the
first aspect.
[0073] According to a seventh aspect, an embodiment
of this application provides a computer-readable medi-
um, configured to store a computer program. The com-
puter program includes an instruction for performing the
method according to any one of the first aspect or the
possible implementations of the first aspect.

[0074] According to an eighth aspect, an embodiment
of this application provides a computer-readable medi-
um, configured to store a computer program. The com-
puter program includes an instruction for performing the
method according to any one of the second aspect or the
possible implementations of the second aspect.
[0075] According to a ninth aspect, an embodiment of
this application provides a computer program. The com-
puter program includes an instruction for performing the
method according to any one of the first aspect or the
possible implementations of the first aspect.
[0076] According to a tenth aspect, an embodiment of
this application provides a computer program. The com-
puter program includes an instruction for performing the
method according to any one of the second aspect or the
possible implementations of the second aspect.
[0077] According to an eleventh aspect, an embodi-
ment of this application provides a chip. The chip includes
a processing circuit and a transceiver pin. The transceiv-
er pin and the processing circuit communicate with each
other by using an internal connection path. The process-
ing circuit performs the method according to any one of
the first aspect or the possible implementations of the
first aspect, to control a receive pin to receive a signal
and a transmit pin to send a signal.
[0078] According to a twelfth aspect, an embodiment
of this application provides a chip. The chip includes a
processing circuit and a transceiver pin. The transceiver
pin and the processing circuit communicate with each
other by using an internal connection path. The process-
ing circuit performs the method according to any one of
the second aspect or the possible implementations of the
second aspect, to control a receive pin to receive a signal
and a transmit pin to send a signal.
[0079] According to a thirteenth aspect, an embodi-
ment of this application provides a system. The system
includes the base station and the terminal in the first as-
pect and the second aspect.

BRIEF DESCRIPTION OF DRAWINGS

[0080] To describe technical solutions in the embodi-
ments of this application more clearly, the following briefly
describes the accompanying drawings used in describ-
ing the embodiments of this application. It is clear that
the accompanying drawings in the following description
show merely some embodiments of this application, and
a person of ordinary skill in the art may derive other draw-
ings from these accompanying drawings without creative
efforts.

FIG. 1 is a schematic diagram of a communications
system according to an embodiment of this applica-
tion;
FIG. 2a is a schematic structural diagram of a base
station according to an embodiment of this applica-
tion;
FIG. 2b is a schematic structural diagram of a termi-
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nal according to an embodiment of this application;
FIG. 3 is a schematic diagram of a full-duplex mode
according to an embodiment of this application;
FIG. 4 shows a communications mode according to
an example;
FIG. 5 shows a communications mode according to
an example;
FIG. 6 is a schematic diagram of a signal delay ac-
cording to an example;
FIG. 7 is a schematic diagram of an interference sit-
uation according to an example;
FIG. 8 is a schematic diagram of an interference sit-
uation according to an example;
FIG. 9 is a schematic diagram of a reference signal
according to an example;
FIG. 10 is a schematic diagram of a reference signal
according to an example;
FIG. 11 is a schematic flowchart of a full-duplex ref-
erence signal configuration method according to an
embodiment of this application;
FIG. 12 is a schematic flowchart of a full-duplex ref-
erence signal configuration method according to an
embodiment of this application;
FIG. 13 is a schematic structural diagram of a refer-
ence signal according to an embodiment of this ap-
plication;
FIG. 14 is a schematic structural diagram of a refer-
ence signal according to an embodiment of this ap-
plication;
FIG. 15 is a schematic structural diagram of a refer-
ence signal according to an embodiment of this ap-
plication;
FIG. 16 is a schematic structural diagram of a refer-
ence signal according to an embodiment of this ap-
plication;
FIG. 17 is a schematic flowchart of a full-duplex ref-
erence signal configuration method according to an
embodiment of this application;
FIG. 18a is a schematic structural diagram of a ref-
erence signal according to an embodiment of this
application;
FIG. 18b is a schematic structural diagram of a ref-
erence signal according to an embodiment of this
application;
FIG. 19 is a schematic structural diagram of a refer-
ence signal according to an embodiment of this ap-
plication;
FIG. 20 is a schematic structural diagram of a refer-
ence signal according to an embodiment of this ap-
plication;
FIG. 21 is a schematic structural diagram of a refer-
ence signal according to an embodiment of this ap-
plication;
FIG. 22a is a schematic structural diagram of a ref-
erence signal according to an embodiment of this
application;
FIG. 22b is a schematic structural diagram of a ref-
erence signal according to an embodiment of this

application;
FIG. 23 is a schematic flowchart of a full-duplex ref-
erence signal configuration method according to an
embodiment of this application;
FIG. 24 is a schematic flowchart of a full-duplex ref-
erence signal configuration method according to an
embodiment of this application;
FIG. 25 is a schematic structural diagram of a termi-
nal according to an embodiment of this application;
FIG. 26 is a schematic structural diagram of a base
station according to an embodiment of this applica-
tion; and
FIG. 27 is a schematic structural diagram of an ap-
paratus according to an embodiment of this applica-
tion.

DESCRIPTION OF EMBODIMENTS

[0081] The following clearly and completely describes
technical solutions in the embodiments of this application
with reference to the accompanying drawings in the em-
bodiments of this application. It is clear that the described
embodiments are some but not all of the embodiments
of this application. All other embodiments obtained by a
person of ordinary skill in the art based on the embodi-
ments of this application without creative efforts shall fall
within the protection scope of this application.
[0082] The term "and/or" in this specification describes
only an association relationship for describing associated
objects and represents that three relationships may exist.
For example, A and/or B may represent the following
three cases: Only A exists, both A and B exist, and only
B exists.
[0083] In the specification and claims in the embodi-
ments of this application, the terms "first", "second", and
so on are intended to distinguish between different ob-
jects but do not indicate a particular order of the objects.
For example, a first target object and a second target
object are intended to distinguish between different target
objects, but do not indicate a particular order of the target
objects.
[0084] In addition, in the embodiments of this applica-
tion, the word " example" or "for example" is used to rep-
resent giving an example, an illustration, or a description.
Any embodiment or design scheme described as an "ex-
ample" or "for example" in the embodiments of this ap-
plication shall not be explained as being more preferred
or having more advantages than another embodiment or
design scheme. Exactly, use of the word " example" or
"for example" or the like is intended to present a relative
concept in a specific manner.
[0085] In the description of the embodiment of this ap-
plication, unless otherwise stated, "a plurality of’ means
two or more than two. For example, "a plurality of
processing units" means two or more processing units,
and "a plurality of systems" means two or more systems.
[0086] Before the technical solutions in the embodi-
ments of this application are described, a communica-
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tions system in the embodiments of this application is
first described with reference to the accompanying draw-
ings. FIG. 1 is a schematic diagram of a communications
system according to an embodiment of this application.
The communications system includes a base station, a
terminal 1, and a terminal 2. In a specific implementation
process of this embodiment of this application, the ter-
minal may be a device such as a computer, a smart-
phone, a telephone, a cable television set-top box, or a
digital subscriber line router. It should be noted that in
actual application, there may be one or more base sta-
tions and one or more terminals. Quantities of base sta-
tions and terminals in the communications system shown
in FIG. 1 are merely adaptive examples. This is not limited
in this application.
[0087] The communications system may be config-
ured to support a fourth-generation (fourth generation,
4G) access technology, for example, a long term evolu-
tion (long term evolution, LTE) access technology. Alter-
natively, the communications system may support a fifth-
generation (fifth generation, 5G) access technology, for
example, a new radio (new radio, NR) access technolo-
gy. Alternatively, the communications system may be
configured to support a third-generation (third genera-
tion, 3G) access technology, for example, a universal
mobile telecommunications system (universal mobile tel-
ecommunications system, UMTS) access technology.
Alternatively, the communications system may be con-
figured to support a second-generation (second gener-
ation, 2G) access technology, for example, a global sys-
tem for mobile communications (global system for mobile
communications, GSM) access technology. Alternative-
ly, the communications system may be a communica-
tions system configured to support a plurality of wireless
technologies, for example, to support an LTE technology
and an NR technology. In addition, the communications
system may be applied to a narrow band internet of things
(Narrow Band-Internet of Things, NB-IoT) system, an en-
hanced data rate for GSM evolution (Enhanced Data rate
for GSM Evolution, EDGE) system, a wideband code di-
vision multiple access (Wideband Code Division Multiple
Access, WCDMA) system, a code division multiple ac-
cess 2000 (Code Division Multiple Access, CDMA2000)
system, a time division-synchronous code division mul-
tiple access (Time Division-Synchronization Code Divi-
sion Multiple Access, TD-SCDMA) system, a long term
evolution (Long Term Evolution, LTE) system, and a fu-
ture-oriented communications technology.
[0088] In addition, the base station in FIG. 1 may be
configured to support terminal access. For example, the
base station may be a base transceiver station (base
transceiver station, BTS) and a base station controller
(base station controller, BSC) in a 2G access technology
communications system, a nodeB (node B) and a radio
network controller (radio network controller, RNC) in a
3G access technology communications system, an
evolved nodeB (evolved nodeB, eNB) in a 4G access
technology communications system, or a next-genera-

tion nodeB (next generation nodeB, gNB), a transmission
reception point (transmission reception point, TRP), a
relay node (relay node), or an access point (access point,
AP) in a 5G access technology communications system.
For ease of description, in all the embodiments of this
application, all the foregoing apparatuses that provide a
wireless communication function for the terminal are re-
ferred to as a network device or a base station.
[0089] The terminal in FIG. 1 may be a device that pro-
vides voice or data connectivity for a user. For example,
the terminal may also be referred to as a mobile station
(mobile station), a subscriber unit (subscriber unit), a sta-
tion (station), or a terminal equipment (terminal equip-
ment, TE). The terminal may be a cellular phone (cellular
phone), a personal digital assistant (personal digital as-
sistant, PDA), a wireless modem (modem), a handheld
device (handheld), a laptop computer (laptop computer),
a cordless phone (cordless phone), a wireless local loop
(wireless local loop, WLL) station, a tablet computer
(pad), or the like. With development of wireless commu-
nications technologies, a device that can access a com-
munications system, a device that can communicate with
a network side in a communications system, or a device
that can communicate with another object by using a
communications system may be the terminal in this em-
bodiment of this application, for example, a terminal and
a vehicle in intelligent transportation, a household device
in a smart household, an electricity meter reading instru-
ment in a smart grid, a voltage monitoring instrument, an
environment monitoring instrument, a video surveillance
instrument in an intelligent security network, or a cash
register. In this embodiment of this application, the ter-
minal may communicate with a base station, for example,
the base station in FIG. 1. A plurality of terminals may
communicate with each other. The terminal may be sta-
tionary or mobile.
[0090] FIG. 2a is a schematic structural diagram of a
base station.
[0091] In FIG. 2a, the base station includes at least
one processor 101, at least one memory 102, at least
one transceiver 103, at least one network interface 104,
and one or more antennas 105. The processor 101, the
memory 102, the transceiver 103, and the network inter-
face 104 are connected, for example, are connected by
using a bus. The antenna 105 is connected to the trans-
ceiver 103. The network interface 104 is configured to
enable the base station to be connected to another com-
munications device by using a communication link. In the
embodiments of this application, the connection may in-
clude various interfaces, transmission lines, buses, or
the like. This is not limited in the embodiments.
[0092] A processor, for example, the processor 101,
in the embodiments of this application may include at
least one of the following types: a general-purpose cen-
tral processing unit (Central Processing Unit, CPU), a
digital signal processor (Digital Signal Processor, DSP),
a microprocessor, an application-specific integrated cir-
cuit (Application-Specific Integrated Circuit, ASIC), a mi-

13 14 



EP 3 913 957 A1

9

5

10

15

20

25

30

35

40

45

50

55

crocontroller (Microcontroller Unit, MCU), a field pro-
grammable gate array (Field Programmable Gate Array,
FPGA), or an integrated circuit configured to implement
a logical operation. For example, the processor 101 may
be a single-core (single-CPU) processor or a multi-core
(multi-CPU) processor. The at least one processor 101
may be integrated into one chip or located on a plurality
of different chips.
[0093] A memory, for example, the memory 102, in the
embodiments of this application may include at least one
of the following types: a read-only memory (read-only
memory, ROM), another type of static storage device that
can store static information and an instruction, a random
access memory (random access memory, RAM), anoth-
er type of dynamic storage device that can store infor-
mation and an instruction, or an electrically erasable pro-
grammable read-only memory (electrically erasable pro-
grammable read-only memory, EEPROM). In some sce-
narios, the memory may alternatively be a compact disc
read-only memory (compact disc read-only memory, CD-
ROM) or other compact disc storage, optical disc storage
(which includes a compact disc, a laser disc, an optical
disc, a digital versatile disc, a Blu-ray disc, and the like),
a disk storage medium or another magnetic storage de-
vice, or any other medium that can be used to carry or
store expected program code in an instruction or a data
structure form and that can be accessed by a computer.
However, this is not limited thereto.
[0094] The memory 102 may exist independently, and
is connected to the processor 101. Optionally, the mem-
ory 102 and the processor 101 may be integrated, for
example, integrated into one chip. The memory 102 can
store program code for executing the technical solutions
in the embodiments of this application, and the processor
101 controls execution of the program code. Various
types of computer program code to be executed may
also be considered as drivers of the processor 101. For
example, the processor 101 is configured to execute the
application program code stored in the memory 102, to
implement the technical solutions in the embodiments of
this application. Optionally, the memory 102 may be lo-
cated outside a chip, and is connected to the processor
101 by using an interface.
[0095] The transceiver 103 may be configured to sup-
port receiving or sending of a radio frequency signal be-
tween an access network device and a terminal, and the
transceiver 103 may be connected to the antenna 105.
The transceiver 103 includes a transmitter Tx and a re-
ceiver Rx. Specifically, the one or more antennas 105
may receive a radio frequency signal, and the receiver
Rx of the transceiver 103 is configured to: receive the
radio frequency signal from the antenna, convert the ra-
dio frequency signal into a digital baseband signal or a
digital intermediate frequency signal, and provide the dig-
ital baseband signal or the digital intermediate frequency
signal for the processor 101, so that the processor 101
performs further processing, for example, demodulation
processing and decoding processing, on the digital base-

band signal or the digital intermediate frequency signal.
In addition, the transmitter Tx of the transceiver 103 is
further configured to: receive the modulated digital base-
band signal or digital intermediate frequency signal from
the processor 101, convert the modulated digital base-
band signal or digital intermediate frequency signal into
a radio frequency signal, and send the radio frequency
signal by using the one or more antennas 105. Specifi-
cally, the receiver Rx may selectively perform one or
more levels of down-mixing processing and analog-to-
digital conversion processing on the radio frequency sig-
nal, to obtain the digital baseband signal or the digital
intermediate frequency signal. A sequence of performing
the down-mixing processing and the analog-to-digital
conversion processing is adjustable. The transmitter Tx
may selectively perform one or more levels of up-mixing
processing and digital-to-analog conversion processing
on the modulated digital baseband signal or digital inter-
mediate frequency signal, to obtain the radio frequency
signal. A sequence of performing the up-mixing process-
ing and the digital-to-analog conversion processing is ad-
justable. The digital baseband signal and the digital in-
termediate frequency signal may be collectively referred
to as a digital signal.
[0096] FIG. 2b is a schematic structural diagram of a
terminal. In FIG. 2b,
the terminal includes at least one processor 201, at least
one transceiver 202, and at least one memory 203. The
processor 201, the memory 203, and the transceiver 202
are connected. Optionally, the terminal may further in-
clude an output device 204, an input device 205, and one
or more antennas 206. The antenna 206 is connected to
the transceiver 202, and the output device 204 and the
input device 205 are connected to the processor 201.
[0097] For description of the transceiver 202, the mem-
ory 203, and the antenna 206, refer to the related de-
scription in FIG. 2a. Similar functions are implemented.
[0098] The processor 201 may be a baseband proc-
essor or a CPU. The baseband processor and the CPU
may be integrated or separated.
[0099] The processor 201 may be configured to imple-
ment various functions for the terminal. For example, the
processor 201 is configured to process a communica-
tions protocol and communications data, or is configured
to: control the entire terminal, execute a software pro-
gram, and process data of the software program, or is
configured to assist in completing a computing process-
ing task, for example, graphics, image, or audio process-
ing. Alternatively, the processor 201 is configured to im-
plement one or more of the foregoing functions.
[0100] The output device 204 communicates with the
processor 201, and may display information in a plurality
of manners. For example, the output device 204 may be
a liquid crystal display (Liquid Crystal Display, LCD), a
light emitting diode (Light Emitting Diode, LED) display
device, a cathode ray tube (Cathode Ray Tube, CRT)
display device, or a projector (projector). The input device
205 communicates with the processor 201, and may re-
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ceive user input in a plurality of manners. For example,
the input device 205 may be a mouse, a keyboard, a
touchscreen device, or a sensing device.
[0101] The memory 202 may exist independently, and
is connected to the processor 201. Optionally, the mem-
ory 202 and the processor 201 may be integrated, for
example, integrated into one chip. The memory 202 can
store program code for executing the technical solutions
in the embodiments of this application, and the processor
201 controls execution of the program code. Various
types of computer program code to be executed may
also be considered as drivers of the processor 201. For
example, the processor 201 is configured to execute the
application program code stored in the memory 202, to
implement the technical solutions in the embodiments of
this application. Optionally, the memory 202 may be lo-
cated outside a chip, and is connected to the processor
201 by using an interface.
[0102] To make a person skilled in the art better un-
derstand the technical solutions of this application, the
following briefly describes a conventional technology in
this application.
[0103] Currently, based on different manners of divid-
ing a time-frequency resource for an uplink and a down-
link, half-duplex modes may be classified into time divi-
sion duplex (Time Division Duplexing, TDD) and frequen-
cy division duplex (Frequency Division Duplexing, FDD).
TDD means that different slots are used for the uplink
and the downlink for distinction. For example, in an LTE
system, a frame is divided into an uplink subframe and
a downlink subframe for uplink and downlink transmis-
sion. Usually, to avoid uplink-downlink interference, in
TDD, a guard subframe needs to be added when switch-
ing is performed from the downlink subframe to the uplink
subframe (no guard subframe may be added when
switching is performed from the uplink subframe to the
downlink subframe because a base station may control
a switching time), to maintain relative synchronization in
an entire network. Frequency division duplex means that
different spectrums are used for the uplink and the down-
link for distinction. Usually, to avoid uplink-downlink in-
terference, a guard band is reserved between an uplink
spectrum and a downlink spectrum in a frequency divi-
sion duplex system.
[0104] During implementation of simultaneous uplink
and downlink transmission on a same time-frequency re-
source, spectral efficiency in a full-duplex technology is
twice that in a half-duplex technology. In a full-duplex
system, a device simultaneously performs sending and
receiving at a same frequency, and a receive antenna
receives a signal sent from the device, that is, there is
self-interference. A transmit antenna and a receive an-
tenna of a same device are close to each other, and even
are a same antenna, and therefore strength of a self-
interference signal is far greater than that of a wanted
signal. Consequently, there is device saturation in a re-
ceiver, resulting in loss of the wanted signal. Therefore,
the receiver needs to cancel self-interference before de-

modulating the wanted signal. A key to self-interference
cancellation is to estimate a channel from a transmit sig-
nal to the receive antenna, precisely reconstruct a self-
interference signal, and subtract the self-interference sig-
nal from a received signal (in other words, cancel the
interference signal from the received signal). FIG. 3 is a
schematic diagram of a full-duplex mode. In FIG. 3, a
transmit end sends a transmit signal to a receive end by
using a transmit antenna. In addition, the transmit end
may receive a wanted signal (the wanted signal may be
from another device not shown or the receive end in the
figure) by using a receive antenna. In this case, for the
transmit end in the full-duplex mode, the transmit signal
causes self-interference to the wanted signal.
[0105] The full-duplex technology is applied to a wire-
less communications system mainly in the following two
manners:

(1) FIG. 4 shows a communications mode applied
to the communications system shown in FIG. 1. A
base station works in a full-duplex mode, and a ter-
minal works in a half-duplex mode.
(2) FIG. 5 shows another communications mode ap-
plied to the communications system shown in FIG.
1. Both a base station and a terminal work in a full-
duplex mode.

[0106] Specifically, in the communications mode
shown in FIG. 4, the base station receives a self-inter-
ference signal from a base station transmitter. In addition
to a wanted signal (namely, a downlink signal) from the
base station, a downlink user (a terminal 1 in FIG. 4)
further receives a signal (namely, an uplink signal sent
by a terminal 2) from an uplink user (the terminal 2 in
FIG. 4), namely, a mutual-interference signal.
[0107] However, in the communications mode shown
in FIG. 5, both the base station and the terminal are in
the full-duplex mode. Therefore, both the base station
and the terminal are affected by self-interference.
[0108] It should be noted that with reference to the
communications modes shown in FIG. 4 and FIG. 5, there
may be a hybrid-duplex communications system. For ex-
ample, the terminal 1 and the terminal 2 in FIG. 4 may
alternatively be terminals in the full-duplex mode, or the
terminal 1 is a terminal in the full-duplex mode, and the
terminal 2 is a terminal in the half-duplex mode. It should
be noted that when the terminal 1 and the terminal 2 are
in the full-duplex mode or at least one of the terminals is
in the full-duplex mode, due to function limitation, the
base station can receive, on a same time-domain re-
source, an uplink signal sent by only one terminal, and
send a downlink signal to one terminal (which may be a
different terminal, as shown in FIG. 4, or which may be
the terminal corresponding to the uplink signal, as shown
in FIG. 5). Therefore, regardless of a working status
(namely, full-duplex or half-duplex) of the terminal, when
there are a plurality of terminals, there is only self-inter-
ference or mutual interference on a terminal side, and
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there is no scenario in which self-interference and mutual
interference coexist.
[0109] To obtain a full-duplex gain, in the system, the
two types of interference (including self-interference and
mutual interference) need to be processed through inter-
ference cancellation or by using an interference suppres-
sion technology. In these technologies, a channel
through which an interference signal passes needs to be
accurately estimated.
[0110] In a conventional technology, synchronization
is a basic requirement of a cellular mobile communica-
tions system, especially in LTE and 5G NR systems
based on orthogonal frequency division multiplexing (Or-
thogonal Frequency Division Multiplexing, OFDM). Asyn-
chronization causes serious inter-symbol and inter-car-
rier interference. In a conventional cellular mobile com-
munications system, during downlink transmission,
downlink signals of terminals in a cell are sent by a base
station, and therefore synchronization can be implement-
ed between the downlink signals. In an uplink transmis-
sion process, the base station receives uplink signals
sent by different terminals, and because there may be
different distances between the terminals and the base
station, the uplink signals may arrive at the base station
at different times based on a propagation time difference
of the signals. To implement uplink synchronization (that
is, uplink signals in a same slot arrive at the base station
at a same time), a timing advance mechanism is used in
the cellular communications system. That is, different ter-
minals send uplink signals with a specific timing advance
based on distances between the terminals and the base
station, to ensure that the uplink signals sent by the ter-
minals arrive at the base station at a same time. As shown
in FIG. 6, the terminal 1 sends an uplink signal 1 with an
advance of TA1. A distance between the terminal 2 and
the base station is longer than that between the terminal
1 and the base station, and therefore the terminal 2 sends
an uplink signal 2 with an advance of TA2, and where
TA2 is greater than TA1. In this way, the uplink signal 1
and the uplink signal 2 arrive at the base station at a
same time, to implement synchronous uplink transmis-
sion. FIG. 6 further shows a transmission delay of a down-
link signal. In FIG. 6, the base station sends a downlink
signal. A downlink signal 1 sent to the terminal 1 arrives
at the terminal 1 with a delay of TP1 (that is, a difference
between a sending moment and a moment of receiving
by the terminal is TP1), and a downlink signal 2 sent to
the terminal 2 arrives at the terminal 2 with a delay of TP2.
[0111] In addition, to cope with a multipath effect
brought by a complex radio propagation environment, a
cyclic prefix (Cyclic Prefix, CP) added before an OFDM
symbol ensures orthogonality in OFDM. A length of the
CP (which is referred to as a symbol length of the CP) is
usually related to a maximum multipath transmission de-
lay.
[0112] When full-duplex is applied to a current cellular
mobile communications system, especially a macro cel-
lular mobile communications system, a self-interfer-

ence/mutual-interference signal is no longer in synchro-
nization with a wanted signal due to simultaneous uplink
and downlink transmission in a cell.
[0113] Specifically, for an interference situation in the
communications mode shown in FIG. 4, as shown in FIG.
7, the uplink signal 1 sent by the terminal 1 arrives at the
base station after TP1 elapses, to ensure synchronous
uplink transmission. That is, when the uplink signal 1 sent
by the terminal 1 arrives at the base station, there is timing
alignment with the base station. In addition, the downlink
signal 1 sent by the base station arrives at the terminal
2 after TP2 elapses. In this case, a self-interference signal
received by the base station, namely, a signal sent by
the base station, is in synchronization with a wanted sig-
nal. In addition, as described above, there may also be
mutual interference in this scenario. That is, the uplink
signal 1 arrives at the terminal 2 after TP3 elapses. How-
ever, an uplink propagation delay (namely, TP3) may be
different from a downlink propagation delay (namely,
TP2), and therefore there is a difference Δt between a
mutual-interference signal (namely, the uplink signal 1)
received by the terminal 2 from the terminal 1 and a want-
ed signal (namely, the downlink signal 1) received by the
terminal 2 from the base station. The delay difference is
related to geographical locations of the base station and
the terminals: 

[0114] Herein, d1 represents a distance between the
base station and the terminal 1, d2 represents a distance
between the base station and the terminal 2, d3 repre-
sents a distance between the terminal 1 and the terminal
2, c represents a speed of light, and c=3*108 m/s. Based
on a triangular relationship, it may be determined that
Δt≥0. If Δt>0, the mutual-interference signal and the want-
ed signal are asynchronous.
[0115] Specifically, for an interference situation in the
communications mode shown in FIG. 5, as shown in FIG.
8, the terminal sends an uplink signal to the base station
with an advance of TA, to ensure synchronous uplink
transmission. When the uplink signal arrives at the base
station, there is timing alignment with the base station.
In this case, a self-interference signal received by the
base station, namely, a downlink signal sent by the base
station, is still in synchronization with a wanted signal.
However, due to a downlink propagation delay (namely,
TP) from the base station to the terminal and an advance
(namely, TA) for sending by the terminal, there is a dif-
ference TA between a self-interference signal and a
wanted signal that are received by the terminal, that is,
the self-interference signal and the wanted signal are
asynchronous.
[0116] These asynchronous features of received sig-
nals in the full-duplex system affect channel estimation
and subsequent interference cancellation/suppression,
which poses a challenge to conventional reference signal
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design.
[0117] To simultaneously estimate channels of a self-
interference signal and a wanted signal, orthogonal ref-
erence signals (time-frequency domain or code domain)
are allocated for uplink and downlink transmission in an
existing technical solution. As shown in FIG. 9, the solu-
tion is an extension of a reference signal in a multiple-
input multiple-output (Multiple-Input Multiple-Output, MI-
MO) technology in existing LTE or 5G NR. Uplink and
downlink reference signals may be separately placed in
frequency domain, or orthogonal uplink and downlink ref-
erence sequences, for example, ZC (Zadoff-Chu) or
pseudo-noise code (Pseudo-Noise Code, PN) sequenc-
es, may be used.
[0118] The existing technical solution is designed
based on a premise of orthogonality between the uplink
and downlink, namely, synchronization between an in-
terference signal and a wanted signal. Orthogonality of
the foregoing design can be satisfied only under a con-
dition of synchronization. It may be learned from the fore-
going analysis of the full-duplex system that on a terminal
side, an interference signal (including a self-interference
signal or a mutual-interference signal) and a wanted sig-
nal may be asynchronous, as shown in FIG. 10. In this
case, downlink data causes interference (in a dashed
box in the figure) to an uplink reference signal of a ter-
minal, and consequently channel estimation of the self-
interference signal of the terminal is affected. In this case,
orthogonality of uplink and downlink reference signals is
damaged, and accurate signal estimation cannot be per-
formed, and consequently effective interference cancel-
lation or suppression and data demodulation cannot be
performed. It should be noted that for the terminal 1 in
FIG. 1, in FIG. 10, an uplink signal may be an uplink
signal sent by the terminal 1 to a base station, and a
downlink signal is a signal sent by the base station to the
terminal 1. That is, in FIG. 10, the uplink signal is a self-
interference signal for the downlink signal (wanted sig-
nal). Alternatively, in FIG. 10, the uplink signal may be
an uplink signal that is sent by a terminal 2 to the base
station and that affects the terminal 1, and the downlink
signal is a signal sent by the base station to the terminal
1. That is, the uplink signal is a mutual-interference signal
for the downlink signal (wanted signal). In addition, a de-
lay difference Δt between an uplink reference signal in a
slot n and a downlink reference signal in the slot n shown
in FIG. 10 is merely an illustrative example. As described
above, an uplink reference signal and a downlink refer-
ence signal received on a terminal side are asynchronous
due to a distance between a terminal and a base station
or between terminals. Therefore, actually, a value of Δt
depends on the distance between the terminal and the
base station. That is, a longer distance from the base
station or between terminals indicates a larger value of
Δt. That is, Δt between an uplink reference signal (includ-
ing an uplink reference signal sent by the terminal or an
uplink reference signal received from another terminal)
and a downlink reference signal of a cell-edge terminal

is the largest.
[0119] Therefore, how to improve accuracy of interfer-
ence channel estimation on a terminal side becomes a
problem to be urgently resolved.
[0120] The embodiments of this application are intend-
ed to adjust relative locations of an uplink reference sig-
nal, a downlink reference signal, and data (including up-
link data and downlink data) by optimizing a reference
signal structure, to avoid overlap, cancel interference,
and improve accuracy of estimating an interference
channel. It should be noted that the data (including the
uplink data and the downlink data) in the embodiments
of this application refers to a data part other than a ref-
erence signal part on a carrier corresponding to the signal
shown in FIG. 10, and may also be referred to as a data
symbol. That is, in the technical solutions in the embod-
iments of this application, an uplink reference signal
structure and/or a downlink reference signal structure
may be configured, to resolve a problem, in FIG. 10, that
an uplink reference signal overlaps downlink data.
[0121] With reference to the schematic diagram of the
communications system shown in FIG. 1, the following
describes specific implementation solutions of this appli-
cation. It should be noted that in FIG. 1, the base station
is in a full-duplex mode, and all the terminals may be in
the full-duplex mode, or all the terminals may be in a half-
duplex mode, or all the terminals may be in different du-
plex modes (for example, the terminal 1 is in the full-
duplex mode, and the terminal 2 is in a half-duplex mode).
When the terminal communicates with the base station,
data transmimission is performed in the communications
mode shown in FIG. 4 or FIG. 5.

Scenario 1

[0122] With reference to FIG. 1, FIG. 11 is a schematic
flowchart of a full-duplex reference signal configuration
method according to an embodiment of this application.
In FIG. 11,
[0123] Step 101: A terminal accesses a base station.
[0124] Specifically, in this embodiment of this applica-
tion, the terminal accesses the base station. Optionally,
in this application, the base station may determine a cor-
responding uplink reference signal structure and a cor-
responding downlink reference signal structure for the
terminal based on a distance or a delay between the ter-
minal and the base station. In this embodiment, in a proc-
ess in which the terminal accesses the base station, the
base station may obtain information about the distance
(delay) between the terminal and the base station. In an
embodiment, a manner in which the base station obtains
the information about the distance from the terminal may
be that the terminal sends a reference signal, and the
base station may obtain a value of the distance based
on information such as a delay of the received reference
signal. In another embodiment, a manner in which the
base station obtains a value of the distance from the ter-
minal may be that the terminal reports location informa-

21 22 



EP 3 913 957 A1

13

5

10

15

20

25

30

35

40

45

50

55

tion of the terminal, and the base station may obtain the
value of the distance based on the received location in-
formation. The base station may obtain the value of the
distance between the base station and the terminal by
using any possible implementation. This is not limited in
this application.
[0125] In addition, for other specific details of access-
ing the base station by the terminal, for example, an in-
teraction process or a configuration process when the
terminal accesses the base station, refer to a technical
solution in an embodiment in a conventional technology.
Details are not described in this application.
[0126] Step 102: The base station determines the up-
link reference signal structure and the downlink reference
signal structure of the terminal according to a preset rule.
[0127] Specifically, in this embodiment of this applica-
tion, the base station may adjust a length of the uplink
reference signal structure and/or a length of the downlink
reference signal structure, to avoid overlap between an
uplink reference signal and downlink data on a terminal
side (when the data overlaps the reference signal, the
data causes interference to the reference signal), and
ensure that a downlink reference signal and uplink data
on a base station side do not overlap. Optionally, in this
application, the preset rule may be set on the base station
side. The base station may determine the uplink refer-
ence signal structure and the downlink reference signal
structure based on a correspondence that is between a
parameter (the parameter may be a distance parameter
or a cell radius parameter) and each of an uplink refer-
ence signal structure and a downlink reference signal
structure and that is recorded in the preset rule. Subse-
quently, the base station may configure the downlink ref-
erence signal structure, and indicate, by using configu-
ration information, the terminal to configure an uplink ref-
erence signal based on the determined uplink reference
signal structure (step 103).
[0128] In an embodiment, a manner, specified in the
preset rule, that is of adjusting the length of the uplink
reference signal and/or the length of the downlink refer-
ence signal may be: A plurality of consecutive reference
signals may be configured in a reference signal (the up-
link reference signal and/or the downlink reference sig-
nal) structure. Specific details are described in the fol-
lowing scenario.
[0129] In another embodiment, a manner, specified in
the preset rule, that is of adjusting the length of the uplink
reference signal and/or the length of the downlink refer-
ence signal may be: A plurality of consecutive blank sym-
bols are configured in a reference signal (the uplink ref-
erence signal and/or the downlink reference signal) struc-
ture. Specific details are described in the following sce-
nario.
[0130] In still another embodiment, a manner, speci-
fied in the preset rule, that is of adjusting the length of
the uplink reference signal and/or the length of the down-
link reference signal may be: At least one reference signal
and at least one blank symbol are configured in a refer-

ence signal (the uplink reference signal and/or the down-
link reference signal) structure. Specific details are de-
scribed in the following scenario.
[0131] In this embodiment of this application, when de-
termining the length of the reference signal (the uplink
reference signal and/or the downlink reference signal)
structure, the base station may determine a quantity of
consecutive reference signals or a quantity of blank sym-
bols in the reference signal structure based on a length
of a cell radius of the base station. In other words, a same
reference signal structure may be configured for all ter-
minals served by the base station, to overcome self-in-
terference or mutual interference caused by an asynchro-
nous problem that is between an uplink reference signal
and a downlink reference signal on a terminal side and
that is resulted from a delay difference.
[0132] Optionally, in this embodiment of this applica-
tion, when determining the length of the reference signal
structure, the base station may alternatively determine a
quantity of consecutive reference signals or a quantity of
blank symbols in the reference signal structure based on
the distance between the base station and the terminal
(namely, the value of the distance that is between the
base station and the terminal and that is obtained by the
base station in step 101). That is, different reference sig-
nal structures may be configured for a plurality of termi-
nals that access the base station. A specific configuration
manner is described in detail in the following embodi-
ment.
[0133] Optionally, in this embodiment of this applica-
tion, a same preset rule may be configured for all base
stations in a specified region and cells in the base sta-
tions. That is, the uplink reference signal structure and
the downlink reference signal structure may be directly
specified in the preset rule. That is, a same uplink refer-
ence signal structure may be configured for all terminals
that access a cell in the specified region, and downlink
signals sent by the base station to all the terminals have
a same downlink reference signal structure. In this em-
bodiment, the reference signal structure in the preset rule
may be determined based on a radius of a largest cell in
the specified region.
[0134] It should be noted that in this embodiment of
this application, an uplink reference signal configured by
the base station for the terminal is an uplink reference
signal sent by the terminal to the base station, or may be
an uplink reference signal that is sent by another terminal
to the base station and that causes mutual interference
to the terminal. That is, for the terminal 1 and the terminal
2 in FIG. 1, if a communications mode between the ter-
minal 1 and the terminal 2 is shown in FIG. 4, the uplink
reference signal configured by the terminal based on an
indication of the base station in this embodiment of this
application is an uplink signal that is sent by the terminal
2 to the base station and that is also received by the
terminal 1 from the terminal 2. That is, the base station
indicates the terminal 2 to configure the uplink reference
signal, so that the uplink reference signal received by the
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terminal 1 from the terminal 2 does not overlap downlink
data received by the terminal 1 from the base station. In
another embodiment, if a communications mode of the
terminal 1 or the terminal 2 in FIG. 1 is shown in FIG. 5,
the uplink reference signal configured by the terminal
based on an indication of the base station in this embod-
iment of this application is an uplink reference signal sent
by the terminal 1 to the base station. That is, the base
station indicates the terminal 1 to configure the uplink
reference signal, so that the uplink reference signal sent
by the terminal 1 does not overlap downlink data received
by the terminal 1.
[0135] Step 103: The base station sends the configu-
ration information to the terminal.
[0136] Specifically, in this embodiment of this applica-
tion, the base station may send the configuration infor-
mation to the terminal, to indicate the terminal to config-
ure the uplink reference signal structure based on content
indicated in the configuration information.
[0137] Optionally, the configuration information may
be radio resource control (Radio Resource Control, RRC)
information. That is, when the base station establishes
an RRC connection to the terminal, the base station may
complete a process of configuring the downlink reference
signal structure and the uplink reference signal structure,
and release, to the terminal by using the RRC informa-
tion, the uplink signal structure corresponding to the ter-
minal. Alternatively, the configuration information may be
protocol information, for example, medium access con-
trol (Medium Access Control, MAC) information. This is
not limited in this application.
[0138] Step 104: The terminal configures an uplink ref-
erence signal based on the configuration information.
[0139] Specifically, in this embodiment of this applica-
tion, the terminal receives the configuration information
sent by the base station, and configures the uplink ref-
erence signal based on an indication of the configuration
information.
[0140] Subsequently, the base station and the terminal
may communicate with each other based on the config-
ured uplink reference signal structure and downlink ref-
erence signal structure. That is, the base station sends
a downlink signal that includes the configured downlink
reference signal structure to the terminal, and the termi-
nal sends an uplink signal that includes the configured
uplink reference signal structure to the base station. In
this way, the uplink reference signal structure on the ter-
minal side includes at least one uplink reference signal
that does not overlap the downlink data sent by the base
station. In a communication process, on the terminal side,
there is at least one uplink reference signal that does not
overlap the downlink data sent by the base station, that
is, there is at least one uplink reference signal that is not
interfered with by the downlink data, and therefore the
terminal may estimate a self-interference channel or a
mutual-interference channel based on the at least one
reference signal that is not interfered with, and cancel a
self-interference signal or a mutual-interference signal

after determining the self-interference channel or the mu-
tual-interference channel. For related technical content
of interference cancellation, refer to a method in an em-
bodiment in a conventional technology. Details are not
described in this application. The terminal then may es-
timate a wanted channel. In this case, a wanted signal
(namely, a downlink signal) is not affected by self-inter-
ference or mutual interference, thereby improving esti-
mation accuracy of the wanted channel.

Scenario 2

[0141] With reference to FIG. 1, FIG. 12 is a schematic
flowchart of a full-duplex reference signal configuration
method according to an embodiment of this application.
In FIG. 12,
[0142] Step 201: A terminal accesses a base station.
[0143] Step 202: The base station determines an up-
link reference signal structure and a downlink reference
signal structure based on a configuration parameter of
the base station.
[0144] Specifically, in this embodiment of this applica-
tion, a preset rule may include: The base station deter-
mines a quantity of uplink reference signals in the uplink
reference signal structure and a quantity of downlink ref-
erence signals in the downlink reference signal structure
based on the configuration parameter of the base station.
If the uplink reference signal structure includes two or
more uplink reference signals, the plurality of uplink ref-
erence signals are consecutive in the uplink reference
signal structure. Similarly, if the downlink reference signal
structure includes two or more downlink reference sig-
nals, the plurality of downlink reference signals are con-
secutive in the downlink reference signal structure.
[0145] Optionally, the configuration parameter of the
base station may be a cell radius of the base station. The
cell radius is a cell radius corresponding to a cell ac-
cessed by the terminal. For example, after the terminal
1 and the terminal 2 in FIG. 1 access a cell in the base
station, the base station may determine corresponding
uplink reference signal structures for the terminal 1 and
the terminal 2 based on a value of the cell radius. In this
embodiment, the terminal 1 and the terminal 2 access
the same cell, and therefore the terminal 1 and the ter-
minal 2 have a same uplink reference signal structure.
[0146] Specifically, the base station may calculate the
quantity k of uplink reference signals in the uplink refer-
ence signal structure and the quantity q of downlink ref-
erence signals in the downlink reference signal structure
based on the following formula: 

where k+q=A (1); and
r represents the cell radius of the base station, Tcp rep-
resents a symbol length of a cyclic prefix in the uplink
reference signal structure and/or the downlink reference
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signal structure, Tdata represents a symbol length of the
uplink reference signal or the downlink reference signal,
c represents a speed of light (3*108 m/s), and both k and
q are integers greater than or equal to 1. It should be
noted that in this application, as described in the formula
(1), k+q=A, and both k and q are integers greater than
or equal to 1. In addition, in this application, when k is
equal to 1, q is definitely an integer greater than 1. For
example, when A is equal to 3, if k is equal to 1, q is equal
to 2. On the contrary, when q is equal to 1, k is definitely
an integer greater than 1.
[0147] It may be learned, with reference to the formula
(1), that a sum of k and q is A. If A is 3, k may be 1, and
q is 2, or q may be 1, and k is 2.
[0148] Specifically, detailed description is provided by
using a frame structure whose subcarrier spacing is 30
kHz and fast Fourier transformation (Fast Fourier Trans-
formation, FFT) size is 2048 as an example. The length
Tcp of symbols occupied by the CP is about 2.34 ms (144
sampling points), the length Tdata of symbols occupied
by the uplink reference signal or the downlink reference
signal (the uplink reference signal or the downlink refer-
ence signal in this embodiment of this application may
be understood as a data symbol in an uplink reference
signal in an embodiment in a conventional technology)
is about 33.33 ms (2048 sampling points), and a total
length (namely, a sum of the length of the CP and the
length of the reference signal) TSymbol of symbols is about
35.68 ms (a result obtained after round-off). If the cell
radius is 5 km, it may be calculated, based on the formula
(1), that A is greater than or equal to 3.
[0149] Based on the foregoing result, in an embodi-
ment, the base station may randomly select a value from
a value range of A as a value of A. Optionally, the base
station may select a minimum value from a value range
as a value of A. For example, the value range of A is [3,
+∞. In this case, the base station may determine that the
value of A is 10, or may determine that the value of A is
3. This is not limited in this application. In this embodi-
ment, for example, the base station determines that the
value of A is 3. In this case, k+q=3. In this embodiment,
if k is 2, and q is 1, the uplink reference signal structure
determined based on the configuration includes two con-
secutive uplink reference signals, and the downlink ref-
erence signal structure includes one downlink reference
signal. That is, the base station may configure a plurality
of consecutive uplink reference signals in the uplink ref-
erence signal structure to increase the length of the uplink
reference signal structure, so that there is at least one
uplink reference signal that is orthogonal to the downlink
reference signal and that does not overlap the downlink
data. The reference signal structure is shown in FIG. 13.
It should be noted that as described above, an uplink
reference signal and a downlink reference signal are
asynchronous due to a distance between a terminal and
a base station or another terminal, and an asynchronous
situation is shown in FIG. 10, that is, there is a delay
difference Δt between the uplink reference signal and the

downlink reference signal. Therefore, to implement that
the configured uplink reference signal structure includes
at least one uplink reference signal that is not interfered
with by the downlink data, in this embodiment (that is,
the uplink reference signal structure includes a plurality
of consecutive uplink reference signals, and the downlink
reference signal structure includes only one downlink ref-
erence signal), it is configured that a repeated uplink ref-
erence signal is located after an original uplink reference
signal (namely, an uplink reference signal in a slot n). In
addition, in this application, a guard period (Guard Peri-
od, GP) may be added at the end of the uplink reference
signal structure and the downlink reference signal struc-
ture.
[0150] Specifically, in FIG. 13, an uplink reference sig-
nal in an estimation interval (namely, a dashed box in the
figure) is an uplink reference signal that is not interfered
with by the downlink data. It should be noted that the
estimation interval is a manner used by the terminal to
estimate the self-interference channel or the mutual-in-
terference channel. That is, the terminal may estimate
the self-interference channel or the mutual-interference
channel for the uplink reference signal in the estimation
interval, and perform interference suppression based on
a determined channel result. A length of the estimation
interval may be greater than or equal to the length (33.33
ms) of symbols occupied by the reference signal, and a
start location of the estimation interval changes with the
uplink/downlink reference signal structure. For example,
in this embodiment, the uplink reference signal structure
includes two consecutive uplink reference signals, and
the downlink reference signal structure includes one
downlink reference signal. In this case, as shown in FIG.
13, the start location of the estimation interval is the same
as a start location of the downlink reference signal struc-
ture, and the length of the estimation interval is equal to
a sum of a length (33.33 ms) of symbols occupied by one
uplink reference signal and the length (2.34 ms) of sym-
bols occupied by the CP.
[0151] In conclusion, in this embodiment, the k con-
secutive uplink reference signals may be configured to
increase the length of the uplink reference signal struc-
ture, to avoid interference of the downlink data to the
uplink reference signal.
[0152] In another embodiment, for example, the value
of A is still 3. In this case, the base station may determine
that k is 1 and q is 2. That is, the uplink reference signal
structure includes one uplink reference signal, and the
downlink reference signal structure includes two consec-
utive downlink reference signals. That is, the base station
may configure a plurality of consecutive downlink refer-
ence signals in the downlink reference signal structure
to increase the length of the downlink reference signal
structure, so that there is at least one uplink reference
signal that is orthogonal to the downlink reference signal
and that does not overlap the downlink data. The refer-
ence signal structure is shown in FIG. 14. It should be
noted that as described above, an uplink reference signal
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and a downlink reference signal are asynchronous due
to a distance between a terminal and a base station or
another terminal, and an asynchronous situation is
shown in FIG. 10, that is, there is a delay difference Δt
between the uplink reference signal and the downlink
reference signal. Therefore, to implement that the con-
figured uplink reference signal structure includes at least
one uplink reference signal that is not interfered with by
the downlink data, in this embodiment (that is, the uplink
reference signal structure includes one uplink reference
signal, and the downlink reference signal structure in-
cludes a plurality of consecutive downlink reference sig-
nals), it is configured that a repeated downlink reference
signal is located before an original downlink reference
signal (namely, a downlink reference signal in a slot n),
that is, the repeated downlink reference signal is a down-
link signal in a slot n-1. Specifically, in FIG. 14, an uplink
reference signal in an estimation interval (namely, a
dashed box in the figure) is an uplink reference signal
that is not interfered with by the downlink data. In this
embodiment, the uplink reference signal structure in-
cludes one uplink reference signal, and the downlink ref-
erence signal structure includes two consecutive down-
link reference signals. In this case, as shown in FIG. 14,
a start location of the estimation interval is the same as
a start location of the uplink reference signal structure,
and a length of the estimation interval is equal to a sum
of a length (33.33 ms) of symbols occupied by one uplink
reference signal and the length (2.34 ms) of symbols oc-
cupied by the CP.
[0153] In conclusion, in this embodiment, the q con-
secutive downlink reference signals may be configured
to increase the length of the downlink reference signal
structure, to avoid interference of the downlink data to
the uplink reference signal.
[0154] In still another embodiment, for example, the
value of A is 5. In this case, the base station may deter-
mine that k is 2 and q is 3. That is, the uplink reference
signal structure includes two consecutive uplink refer-
ence signals, and the downlink reference signal structure
includes three consecutive downlink reference signals.
That is, the base station may configure a plurality of con-
secutive uplink reference signals in the uplink reference
signal structure to increase the length of the uplink ref-
erence signal structure, and configure a plurality of con-
secutive downlink reference signals in the downlink ref-
erence signal structure to increase the length of the
downlink reference signal structure, so that there is at
least one (as shown in FIG. 15, there are two uplink ref-
erence signals in an estimation interval) uplink reference
signal that is orthogonal to the downlink reference signal
and that does not overlap the downlink data. The refer-
ence signal structure is shown in FIG. 15. It should be
noted that as described above, an uplink reference signal
and a downlink reference signal are asynchronous due
to a distance between a terminal and a base station or
another terminal, and an asynchronous situation is
shown in FIG. 10, that is, there is a delay difference Δt

between the uplink reference signal and the downlink
reference signal. Therefore, to implement that the con-
figured uplink reference signal structure includes at least
one uplink reference signal that is not interfered with by
the downlink data, in this embodiment (that is, the uplink
reference signal structure includes a plurality of consec-
utive uplink reference signals, and the downlink refer-
ence signal structure includes a plurality of consecutive
downlink reference signals), it may be set that a repeated
uplink reference signal is after an original uplink refer-
ence signal (namely, an uplink reference signal in a slot
n), and it is configured that a repeated downlink reference
signal is located before an original downlink reference
signal (namely, a downlink reference signal in the slot n),
that is, the repeated downlink reference signal is a down-
link signal in a slot n-1. Specifically, in FIG. 15, an uplink
reference signal in the estimation interval (namely, a
dashed box in the figure) is an uplink reference signal
that is not interfered with by the downlink data. In this
embodiment, the uplink reference signal structure in-
cludes two consecutive uplink reference signals, and the
downlink reference signal structure includes three con-
secutive downlink reference signals. In this case, as
shown in FIG. 15, a start location of the estimation interval
is the same as a start location of the uplink reference
signal structure, and a length of the estimation interval
is equal to a sum of a length (33.33 ms) of symbols oc-
cupied by one uplink reference signal and the length (2.34
ms) of symbols occupied by the CP. Optionally, FIG. 16
shows another configuration manner when k is 2 and q
is 3. In FIG. 16, it is configured that a repeated uplink
reference signal is located after an original uplink refer-
ence signal and repeated downlink reference signals are
respectively located before and after an original downlink
reference signal. It is clear that, as shown in FIG. 16,
there are two uplink reference signals that do not overlap
the downlink data in an estimation interval. When the
terminal estimates an interference channel, estimation
accuracy of the interference channel can be effectively
improved. Therefore, when the uplink reference signal
structure and/or the downlink reference signal structure
include/includes a plurality of consecutive reference sig-
nals, locations of the consecutive reference signals may
be set based on the delay difference Δt between the up-
link reference signal and the downlink reference signal.
That is, while it is ensured that there is at least one uplink
reference signal that does not overlap the downlink data,
locations of consecutively repeated uplink reference sig-
nals or downlink reference signals may be adjusted to
increase a quantity of uplink reference signals that do
not overlap the downlink data, thereby improving accu-
racy of channel estimation.
[0155] In conclusion, in this embodiment, the k con-
secutive uplink reference signals may be configured to
increase the length of the uplink reference signal, and
the q consecutive downlink reference signals may be
configured to increase the length of the downlink refer-
ence signal structure, to avoid interference of the down-
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link data to the uplink reference signal.
[0156] It should be noted that in this embodiment, cal-
culation results of k and q may be determined in a cell
initialization process. That is, after determining the value
range of A, the base station may determine the value of
A in a satisfying interval, and randomly select values of
k and q based on the determined value of A. Alternatively,
the base station may determine values of k and q based
on a current resource load status. For example, if down-
link resource scheduling load is excessively heavy, the
base station may adaptively increase the value of k and
decrease the value of q, to dynamically adjust the up-
link/downlink reference signal structure.
[0157] Optionally, in this embodiment, the preset rule
may be set on a base station side. That is, after deter-
mining the uplink reference signal structure and the
downlink reference signal structure based on the cell ra-
dius corresponding to the cell accessed by the terminal,
the base station performs step 203, that is, the base sta-
tion notifies the terminal of the uplink reference signal
structure configured for the terminal. Optionally, the pre-
set rule may alternatively be set on a base station side
and the terminal side. That is, the base station may de-
termine the corresponding uplink reference signal struc-
ture and the corresponding downlink reference signal
structure based on the cell radius, and the terminal may
also obtain the cell radius of the base station in an access
process, and determine the corresponding uplink refer-
ence signal structure and the corresponding downlink
reference signal structure. In this case, in this embodi-
ment, the base station does not need to send configura-
tion information to the terminal, and the base station and
the terminal may configure the uplink reference signal
structure and the downlink reference signal structure
based on an agreement.
[0158] It should be noted that in this application, the
uplink reference signal structure includes only one CP
and one GP (there may be no GP), and the downlink
reference signal structure includes only one CP and one
GP.
[0159] Step 203: The base station sends the configu-
ration information to the terminal.
[0160] For specific details, refer to step 103. Details
are not described herein again.
[0161] Step 204: The terminal configures an uplink ref-
erence signal based on the configuration information.
[0162] For specific details, refer to step 104. Details
are not described herein again.

Scenario 3

[0163] With reference to FIG. 1, FIG. 17 is a schematic
flowchart of a full-duplex reference signal configuration
method according to an embodiment of this application.
In FIG. 17,
[0164] Step 301: A terminal accesses a base station.
[0165] Step 302: The base station determines an up-
link reference signal structure and a downlink reference

signal structure based on a configuration parameter of
the base station.
[0166] Specifically, in this embodiment of this applica-
tion, a preset rule may include: The base station deter-
mines, based on the configuration parameter of the base
station, a quantity of blank symbols included in the uplink
reference signal structure and/or a quantity of blank sym-
bols included in the downlink reference signal structure.
Optionally, if the uplink reference signal structure in-
cludes two or more blank symbols, the plurality of blank
symbols are consecutive in the uplink reference signal
structure. Similarly, if the downlink reference signal struc-
ture includes two or more blank symbols, the plurality of
blank symbols are consecutive in the downlink reference
signal structure.
[0167] Optionally, the configuration parameter of the
base station may be a cell radius of the base station. The
cell radius is a cell radius corresponding to a cell ac-
cessed by the terminal. For example, after the terminal
1 and the terminal 2 in FIG. 1 access a cell in the base
station, the base station may determine corresponding
uplink reference signal structures for the terminal 1 and
the terminal 2 based on a value of the cell radius. In this
embodiment, the terminal 1 and the terminal 2 access
the same cell, and therefore the terminal 1 and the ter-
minal 2 have a same uplink reference signal structure.
[0168] Specifically, in this embodiment of this applica-
tion, when the blank symbol is used in the uplink refer-
ence signal structure and the downlink reference signal
structure, it is further specified in the preset rule that the
uplink reference signal structure includes at least one
uplink reference signal that does not overlap downlink
data and that does not overlap the downlink reference
signal, namely, an uplink reference signal that overlaps
only the blank symbol, which is different from a case in
which the uplink reference signal is orthogonal to the
downlink reference signal in scenario 2. It should be not-
ed that in some embodiments, a location of the reference
signal (the uplink reference signal and/or the downlink
reference signal) on a time domain resource is changed
after the blank symbol is added. Therefore, in a formu-
lation principle of the preset rule, it further needs to be
considered that a downlink reference signal on a base
station side overlaps neither uplink data nor the uplink
reference signal, that is, the downlink reference signal
overlaps only the blank symbol. For example, if the uplink
reference signal structure and the downlink reference
signal structure on a terminal side are shown in FIG. 18a,
an uplink reference signal structure and a downlink ref-
erence signal structure on the base station side are
shown in FIG. 18b. It is clear that,on the terminal side,
the uplink reference signal structure includes one uplink
reference signal that is not interfered with. However, on
the base station side, the downlink reference signal over-
laps the uplink data, and consequently estimation of a
self-interference channel (namely, interference of a
downlink signal sent by the base station) by the base
station is affected. Therefore, as described above, in this
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embodiment of this application, when determining, based
on configuration information, a quantity of blank symbols
to be added, the base station further needs to determine
a location of the blank symbol to be added, to ensure that
there is at least downlink reference signal that is not af-
fected by interference on the base station side while it is
ensured that there is at least one uplink reference signal
that is not affected by interference on the terminal side.
[0169] The following describes, by using examples, dif-
ferent manners of configuring the blank symbol.
[0170] Optionally, the base station may calculate a
quantity n of downlink reference signals in the downlink
reference signal structure based on the following formula: 

[0171] Herein, r represents the cell radius of the base
station, Tcp represents a symbol length of a cyclic prefix
in the uplink reference signal structure and/or the down-
link reference signal structure, Tdata represents a symbol
length of the uplink reference signal or the downlink ref-
erence signal, c represents a speed of light (3*108 m/s),
and n is an integer greater than 1. The quantity m of blank
symbols in the uplink reference signal structure is an in-
teger greater than or equal to 1.
[0172] Optionally, in this application, m consecutive
blank symbols may be configured in the uplink reference
signal structure, the m consecutive blank symbols are
located after the uplink reference signal, where m is an
integer greater than or equal to 1, and the m consecutive
blank symbols are set, to ensure that the downlink refer-
ence signal on the base station side is not interfered with.
Correspondingly, n consecutive blank symbols may be
configured in the downlink reference signal structure, and
a value of n may be determined based on the formula
(2). For example, the value of n may be a minimum value
in a value range, or the value of n may be any value in a
value range. The value of n may be determined based
on an actual requirement, for example, resource utiliza-
tion. This is not limited in this application. As shown in
FIG. 19, the uplink reference signal structure includes
one blank symbol, and the downlink reference signal
structure includes three consecutive blank symbols. The
three consecutive blank symbols are located before the
downlink reference signal. One blank symbol is located
in a slot n, and the other two blank symbols are located
in a slot n-1. A function of the blank symbol in the slot n
in the downlink reference signal structure is shown in
FIG. 20. In FIG. 20, on the base station side, as described
above, an uplink reference signal corresponding to the
slot n is in synchronization, namely, timing alignment,
with a downlink reference signal. Therefore, the blank
symbol in the slot n is used to adjust a location of the
downlink reference signal, to align with (or may be un-
derstood as "to overlap") the blank symbol in the uplink
reference signal structure, to prevent the uplink data or
some uplink reference signals (it should be noted that if

some uplink reference signals and some blank symbols
overlap the downlink reference signal, an estimation re-
sult of the interference channel is also affected) from in-
terfering with the downlink reference signal.
[0173] Optionally, in this application, the blank symbol
may be added in a manner shown in FIG. 21. That is, in
FIG. 21, the blank symbol in the uplink reference signal
structure is located before the uplink reference signal,
and the blank symbol in the downlink reference signal
structure is located after the downlink reference signal.
[0174] It should be noted that the manner of setting the
blank symbol (including a location and a quantity of blank
symbols in the reference signal structure) in this embod-
iment of this application is an illustrative example. For
example, the blank symbol may be set before or after the
uplink reference signal, to adjust a location of the uplink
reference signal in the uplink reference signal structure
and a length of the uplink reference signal structure. In
addition, based on adjustment of the uplink reference
signal structure, a corresponding blank symbol may be
correspondingly added to the downlink reference signal
structure, to adjust a length of the downlink reference
signal structure and a location of the downlink reference
signal in the downlink reference signal structure. That is,
while it is ensured that the uplink reference signal on the
terminal side does not overlap the downlink data or some
downlink reference signals (that is, the entire uplink ref-
erence signal (including 33.33 ms) may be completely
orthogonal to the downlink reference signal by adding
the blank symbol), setting is performed based on an ac-
tual requirement (for example, a delay difference or re-
source utilization).
[0175] In addition, in a possible implementation, the
reference signal configuration manner in scenario 2,
namely, a manner of configuring a repeated reference
signal to adjust the length of the reference signal struc-
ture, may be used in combination with the reference sig-
nal configuration manner in scenario 3, namely, a manner
of configuring a blank symbol to adjust the length of the
reference signal structure. FIG. 22a shows a possible
implementation. In FIG. 22a, the uplink reference signal
structure includes a plurality of consecutive uplink refer-
ence signals, and correspondingly, the downlink refer-
ence signal structure includes the downlink reference sig-
nal and at least one blank symbol (the at least one blank
symbol may be consecutive or inconsecutive). FIG. 22b
shows another possible implementation. In FIG. 22b, the
uplink reference signal structure includes at least one
blank symbol (the at least one blank symbol may be con-
secutive or inconsecutive), and the downlink reference
signal structure includes a plurality of consecutive down-
link reference signals. It should be noted that the refer-
ence signal structures shown in FIG. 22a and FIG. 22b
are also illustrative examples. That is, in this embodiment
of this application, a method for combining the manner
of configuring a blank symbol and the manner of config-
uring a repeated reference signal may be that a repeated
uplink reference signal and/or the blank symbol are/is
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used in the uplink reference signal structure, and the
blank symbol and/or a repeated downlink reference sig-
nal are/is used in the corresponding downlink reference
signal. A configuration principle is to ensure that the up-
link reference signal on the terminal side is not affected
by interference (does not overlap the downlink data) and
the downlink reference signal on the base station side is
not affected by interference (does not overlap the uplink
data).
[0176] Step 303: The base station sends the configu-
ration information to the terminal.
[0177] For specific details, refer to step 103. Details
are not described herein again.
[0178] Step 304: The terminal configures an uplink ref-
erence signal based on the configuration information.
[0179] For specific details, refer to step 104. Details
are not described herein again.

Scenario 4

[0180] With reference to FIG. 1, FIG. 23 is a schematic
flowchart of a full-duplex reference signal configuration
method according to an embodiment of this application.
In FIG. 23,
[0181] Step 401: A terminal accesses a base station.
[0182] Step 402: The base station determines an up-
link reference signal structure and a downlink reference
signal structure based on a distance parameter between
the terminal and the base station.
[0183] Specifically, in this embodiment of this applica-
tion, a preset rule may include: The base station deter-
mines a quantity of uplink reference signals in the uplink
reference signal structure and a quantity of downlink ref-
erence signals in the downlink reference signal structure
based on the distance parameter between the terminal
and the base station. If the uplink reference signal struc-
ture includes two or more uplink reference signals, the
plurality of uplink reference signals are consecutive in
the uplink reference signal structure. Similarly, if the
downlink reference signal structure includes two or more
downlink reference signals, the plurality of downlink ref-
erence signals are consecutive in the downlink reference
signal structure.
[0184] Optionally, in the communications mode shown
in FIG. 5, both the base station and the terminal work in
a full-duplex mode, and both the base station and the
terminal are affected by self-interference. In this commu-
nications mode, the base station may calculate the quan-
tity k of uplink reference signals in the uplink reference
signal structure and the quantity q of downlink reference
signals in the downlink reference signal structure based
on the following formula: 

where k+q=A (3); and
d represents a distance between the base station and

the terminal in FIG. 5, Tcp represents a symbol length of
a cyclic prefix in the uplink reference signal structure
and/or the downlink reference signal structure, Tdata rep-
resents a symbol length of the uplink reference signal or
the downlink reference signal, c represents a speed of
light (3*108 m/s), and both k and q are integers greater
than or equal to 1.
[0185] For a manner of determining, by the base sta-
tion, k and q based on the formula, refer to scenario 2.
Details are not described herein again.
[0186] Optionally, in the communications mode shown
in FIG. 4, the base station works in a full-duplex mode,
and the terminal works in a half-duplex mode. Alterna-
tively, the terminal may be a full-duplex terminal, and
when the terminal communicates with the base station,
the communications mode shown in FIG. 4 is used. In
this communications mode, the base station may calcu-
late the quantity k of uplink reference signals in the uplink
reference signal structure and the quantity q of downlink
reference signals in the downlink reference signal struc-
ture based on the following formula: 

where k+q=A (4); and
D=d1+d2-d3, d1 represents a distance between the base
station and a terminal 1, d2 represents a distance be-
tween the base station and a terminal 2, d3 represents a
distance between the terminal 1 and the terminal 2, Tcp
represents a symbol length of a cyclic prefix in the uplink
reference signal structure and/or the downlink reference
signal structure, Tdata represents a symbol length of the
uplink reference signal or the downlink reference signal,
c represents a speed of light (3*108 m/s), and both k and
q are integers greater than or equal to 1.
[0187] For a manner of determining, by the base sta-
tion, k and q based on the formula, refer to scenario 2.
Details are not described herein again.
[0188] Step 403: The base station sends configuration
information to the terminal.
[0189] Step 404: The terminal configures an uplink ref-
erence signal based on the configuration information.
[0190] In conclusion, in this application, the base sta-
tion may adjust a quantity of repeated reference signals
in the reference signal structure based on a delay differ-
ence corresponding to the terminal (for example, a ter-
minal that is farther from the base station corresponds
to a larger delay difference between an uplink signal and
a downlink signal), to adjust a length of the reference
signal structure. In this way, resource utilization is effec-
tively improved while interference channel estimation is
improved.

Scenario 5

[0191] With reference to FIG. 1, FIG. 24 is a schematic
flowchart of a full-duplex reference signal configuration
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method according to an embodiment of this application.
In FIG. 24,
[0192] Step 501: A terminal accesses a base station.
[0193] Step 502: The base station determines an up-
link reference signal structure and a downlink reference
signal structure based on a distance parameter between
the terminal and the base station.
[0194] Specifically, in this embodiment of this applica-
tion, a preset rule may include: The base station deter-
mines, based on the distance parameter between the
terminal and the base station, a quantity of blank symbols
included in the uplink reference signal structure and/or a
quantity of blank symbols included in the downlink refer-
ence signal structure. Optionally, if the uplink reference
signal structure includes two or more blank symbols, the
plurality of blank symbols are consecutive in the uplink
reference signal structure. Similarly, if the downlink ref-
erence signal structure includes two or more blank sym-
bols, the plurality of blank symbols are consecutive in the
downlink reference signal structure.
[0195] Optionally, in the communications mode shown
in FIG. 5, both the base station and the terminal work in
a full-duplex mode, and both the base station and the
terminal are affected by self-interference. In this commu-
nications mode, the base station may calculate a quantity
k of uplink reference signals in the uplink reference signal
structure and a quantity q of downlink reference signals
in the downlink reference signal structure based on the
following formula: 

[0196] Herein, d represents a distance between the
base station and the terminal in FIG. 5, Tcp represents a
symbol length of a cyclic prefix in the uplink reference
signal structure and/or the downlink reference signal
structure, Tdata represents a symbol length of the uplink
reference signal or the downlink reference signal, c rep-
resents a speed of light (3*108 m/s), and both k and q
are integers greater than or equal to 1.
[0197] For a manner of determining, by the base sta-
tion, k and q based on the formula, refer to scenario 2.
Details are not described herein again.
[0198] Optionally, in the communications mode shown
in FIG. 4, the base station works in a full-duplex mode,
and the terminal works in a half-duplex mode. Alterna-
tively, the terminal may be a full-duplex terminal, and
when the terminal communicates with the base station,
the communications mode shown in FIG. 4 is used. In
this communications mode, the base station may calcu-
late a quantity k of uplink reference signals in the uplink
reference signal structure and a quantity q of downlink
reference signals in the downlink reference signal struc-
ture based on the following formula:

[0199] Herein, D=d1+d2-d3, d1 represents a distance
between the base station and a terminal 1, d2 represents
a distance between the base station and a terminal 2, d3
represents a distance between the terminal 1 and the
terminal 2, Tcp represents a symbol length of a cyclic
prefix in the uplink reference signal structure and/or the
downlink reference signal structure, Tdata represents a
symbol length of the uplink reference signal or the down-
link reference signal, c represents a speed of light (3*108

m/s), and both k and q are integers greater than or equal
to 1.
[0200] For a manner of determining, by the base sta-
tion, k and q based on the formula, refer to scenario 2.
Details are not described herein again.
[0201] Step 503: The base station sends configuration
information to the terminal.
[0202] Step 504: The terminal configures an uplink ref-
erence signal based on the configuration information.
[0203] In conclusion, in this application, the base sta-
tion may adjust a quantity and a location of blank symbols
in the reference signal structure based on a delay differ-
ence corresponding to the terminal (for example, a ter-
minal that is farther from the base station corresponds
to a larger delay difference between an uplink signal and
a downlink signal), to adjust a length of the reference
signal structure and a location of a reference signal in
the reference signal structure. In this way, resource uti-
lization is effectively improved while interference channel
estimation is improved.
[0204] Optionally, in this application, the configuration
manners in scenario 4 and scenario 5 may also be com-
bined. For specific details, refer to the corresponding de-
scription in FIG. 22a and FIG. 22b in scenario 3. Details
are not described herein again.
[0205] The foregoing mainly describes the solutions
provided in the embodiments of this application from a
perspective of interaction between network elements. It
may be understood that, to implement the foregoing func-
tions, the base station or the terminal includes corre-
sponding hardware structures and/or software modules
for performing the functions. A person skilled in the art
should be easily aware that, in combination with the units
and the algorithm steps in the examples described in the
embodiments disclosed in this specification, the embod-
iments of this application may be implemented by hard-
ware or a combination of hardware and computer soft-
ware. Whether a function is performed by hardware or
hardware driven by computer software depends on par-
ticular applications and design constraints of the techni-
cal solutions. The person skilled in the art may use dif-
ferent methods to implement the described functions for
each particular application, but it should not be consid-
ered that the implementation goes beyond the scope of
this application.
[0206] In the embodiments of this application, division
into the functional modules of the base station or the ter-
minal may be performed based on the foregoing method
examples. For example, each functional module may be
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obtained through division based on a corresponding
function, or two or more functions may be integrated into
one processing module. The foregoing integrated mod-
ule may be implemented in a form of hardware, or may
be implemented in a form of a software functional module.
It should be noted that, in the embodiments of this appli-
cation, the division into the modules is an example, and
is merely a logical function division. In actual implemen-
tation, another division manner may be used.
[0207] When each functional module is obtained
through division based on a corresponding function, FIG.
25 is a possible schematic structural diagram of a termi-
nal 300 related to the foregoing embodiments. As shown
in FIG. 25, the terminal 300 may include a receiving mod-
ule 301 and a configuration module 302. The receiving
module 301 may be configured to perform the step of
"receiving configuration information". For example, the
module may be configured to support the terminal in per-
forming step 104, step 204, step 304, step 404, and step
504 in the foregoing method embodiments. The config-
uration module 302 may be configured to perform the
step of "configuring an uplink reference signal based on
the received configuration information". For example, the
module may be configured to support the terminal in per-
forming step 104, step 204, step 304, step 404, and step
504 in the foregoing method embodiments.
[0208] FIG. 26 is a possible schematic structural dia-
gram of a base station 400 in the foregoing embodiments.
As shown in FIG. 26, the base station may include a
determining module 401, a configuration module 402,
and a sending module 403. The determining module 401
may be configured to perform the step of "determining
an uplink reference signal structure of a terminal accord-
ing to a preset rule". For example, the module may be
configured to support the base station in performing re-
lated steps of step 102 in the foregoing method embod-
iments. The configuration module 402 may be configured
to perform the step of "configuring a downlink reference
signal structure according to the preset rule". For exam-
ple, the module may be configured to support the base
station in performing step 102, step 202, step 302, step
402, and step 502 in the foregoing method embodiments.
The sending module 403 may be configured to perform
the step of "sending configuration information to the ter-
minal". For example, the module may be configured to
support the base station in performing step 103, step
203, step 303, step 403, and step 503 in the foregoing
method embodiments.
[0209] The following describes an apparatus provided
in an embodiment of this application, as shown in FIG. 27.
[0210] The apparatus includes a processing module
501 and a communications module 502. Optionally, the
apparatus further includes a storage module 503. The
processing module 501, the communications module
502, and the storage module 503 are connected by using
a communications bus.
[0211] The communications module 502 may be an
apparatus having receiving and sending functions, and

is configured to communicate with another network de-
vice or a communications network.
[0212] The storage module 503 may include one or
more memories. The memory may be a component con-
figured to store a program or data in one or more devices
or circuits.
[0213] The storage module 503 may exist independ-
ently, and is connected to the processing module 501 by
using a communications bus. The storage module may
alternatively be integrated with the processing module
501.
[0214] The apparatus 500 may be used in a network
device, a circuit, a hardware component, or a chip.
[0215] The apparatus 500 may be a terminal in the
embodiments of this application, for example, a terminal
1 or a terminal 2. A schematic diagram of the terminal
may be shown in FIG. 2b. Optionally, the communica-
tions module 502 of the apparatus 500 may include an
antenna and a transceiver of the terminal, for example,
the antenna 104 and the transceiver 102 in FIG. 2b. Op-
tionally, the communications module 502 may further in-
clude an output device and an input device, for example,
the output device 1214 and the input device 1215 in FIG.
2b.
[0216] The apparatus 500 may be a chip in the terminal
in the embodiments of this application. The communica-
tions module 502 may be an input or output interface, a
pin, a processing circuit, or the like. Optionally, the stor-
age module may store a computer-executable instruction
in a method on a terminal side, so that the processing
module 501 performs the method on the terminal side in
the foregoing embodiments. The storage module 503
may be a register, a cache, a RAM, or the like. The stor-
age module 503 may be integrated with the processing
module 501. The storage module 503 may be a ROM or
another type of static storage device that can store static
information and an instruction. The storage module 503
may be independent of the processing module 501. Op-
tionally, with development of wireless communications
technologies, a transceiver may be integrated into the
apparatus 500. For example, the transceiver 202 is inte-
grated into the communications module 502.
[0217] When the apparatus 500 is the terminal or a
chip in the terminal in the embodiments of this application,
the apparatus 500 may perform the method performed
by the terminal in the foregoing embodiments. The ap-
paratus 500 may be the base station in the embodiments
of this application. A schematic diagram of the base sta-
tion may be shown in FIG. 2a. Optionally, the communi-
cations module 502 of the apparatus 500 may include an
antenna and a transceiver of the base station, for exam-
ple, the antenna 105 and the transceiver 103 in FIG. 2a.
The communications module 502 may further include a
network interface of the base station, for example, the
network interface 104 in FIG. 2a.
[0218] The apparatus 500 may be a chip in the base
station in the embodiments of this application. The com-
munications module 502 may be an input or output inter-
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face, a pin, a processing circuit, or the like. Optionally,
the storage module may store a computer-executable
instruction in a method on a base station side, so that
the processing module 501 performs the method on the
base station side in the foregoing embodiments. The stor-
age module 503 may be a register, a cache, a RAM, or
the like. The storage module 503 may be integrated with
the processing module 501. The storage module 503
may be a ROM or another type of static storage device
that can store static information and an instruction. The
storage module 503 may be independent of the process-
ing module 501. Optionally, with development of wireless
communications technologies, a transceiver may be in-
tegrated into the apparatus 500. For example, the trans-
ceiver 103 and the network interface 104 are integrated
into the communications module 502.
[0219] When the apparatus 500 is the base station or
a chip in the base station in the embodiments of this ap-
plication, the method performed by the base station in
the foregoing embodiments can be performed. An em-
bodiment of this application further provides a computer-
readable storage medium. All or some of the methods
described in the foregoing embodiments may be per-
formed by using software, hardware, firmware, or any
combination thereof. If the methods are performed in soft-
ware, functions used as one or more instructions or code
may be stored in or transmitted on the computer-readable
medium. The computer-readable medium may include a
computer storage medium and a communications medi-
um, and may further include any medium that can transfer
a computer program from one place to another. The stor-
age medium may be any available medium accessible
to a computer.
[0220] In an optional design, the computer-readable
medium may include a RAM, a ROM, an EEPROM, a
CD-ROM or another optical disc storage, a magnetic disk
storage or another magnetic storage device, or any other
medium that can be configured to carry or store required
program code in a form of an instruction or a data struc-
ture and that may be accessed by the computer. In ad-
dition, any connection is appropriately referred to as a
computer-readable medium. For example, if a coaxial
cable, an optical fiber cable, a twisted pair, a digital sub-
scriber line (DSL), or wireless technologies (such as in-
frared, radio, and a microwave) are used to send software
from a website, a server, or another remote source, the
coaxial cable, the optical fiber cable, the twisted pair, the
DSL, or the wireless technologies such as infrared, radio,
and a microwave are included in a definition of the me-
dium. Magnetic disks and optical discs used in this spec-
ification include a compact disk (CD), a laser disk, an
optical disc, a digital versatile disc (DVD), a floppy disk,
and a Blu-ray disc. The magnetic disks usually magnet-
ically reproduce data, and the optical discs optically re-
produce data by using laser light. The foregoing combi-
nations shall also be included within the scope of the
computer-readable medium.
[0221] An embodiment of this application further pro-

vides a computer program product. All or some of the
methods described in the foregoing embodiments may
be performed by using software, hardware, firmware, or
any combination thereof. When the methods are per-
formed in software, all or some of the methods may be
performed in a form of a computer program product. The
computer program product includes one or more com-
puter instructions. When the foregoing computer pro-
gram instruction is loaded and executed on a computer,
all or some of the procedures or functions described in
the foregoing method embodiments are generated. The
foregoing computer may be a general-purpose compu-
ter, a dedicated computer, a computer network, a net-
work device, user equipment, or another programmable
apparatus.
[0222] The foregoing describes the embodiments of
this application with reference to the accompanying
drawings. However, this application is not limited to the
foregoing specific implementations. The foregoing spe-
cific implementations are merely examples, and are not
limitative. Inspired by this application, a person of ordi-
nary skill in the art may further make many modifications
without departing from the purposes of this application
and the protection scope of the claims, and all the mod-
ifications shall fall within the protection scope of this ap-
plication.

Claims

1. A full-duplex reference signal configuration method,
wherein the method is applied to a terminal and com-
prises:

receiving configuration information; and
configuring an uplink reference signal based on
the configuration information, wherein
the configuration information is sent by a base
station to the terminal after the base station de-
termines an uplink reference signal structure
and a downlink reference signal structure of the
terminal according to a preset rule; and
the uplink reference signal structure comprises
at least one uplink reference signal that does
not overlap downlink data sent by the base sta-
tion.

2. The method according to claim 1, wherein the preset
rule comprises:

the uplink reference signal structure comprises
k uplink reference signals, wherein k is an inte-
ger greater than 1; and/or
the downlink reference signal structure compris-
es q downlink reference signals, wherein q is an
integer greater than 1.

3. The method according to claim 2, wherein the preset
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rule comprises:

determining a value of k based on a configura-
tion parameter of the base station, wherein
the configuration parameter is used to indicate
a cell radius of the base station.

4. The method according to claim 2, wherein the preset
rule comprises:
determining a value of k based on a distance param-
eter between the terminal and the base station.

5. The method according to claim 2, wherein the preset
rule comprises:

determining a value of q based on a configura-
tion parameter of the base station, wherein
the configuration parameter is used to indicate
a cell radius of the base station.

6. The method according to claim 2, wherein the preset
rule comprises:
determining a value of q based on a distance param-
eter between the terminal and the base station.

7. The method according to any one of claims 2 to 6,
wherein

the k uplink reference signals are consecutive
in the uplink signal structure, and
the q downlink reference signals are consecu-
tive in the downlink signal structure.

8. The method according to any one of claims 2 to 7,
wherein
the at least one uplink reference signal is orthogonal
to the downlink reference signal in the downlink ref-
erence signal structure.

9. The method according to claim 2, wherein a value
of k and a value of q satisfy the following formula: 

wherein k+q=A; and
r represents a distance between the terminal and the
base station or a cell radius of the base station, Tcp
represents a symbol length of a cyclic prefix in the
uplink reference signal structure and/or the downlink
reference signal structure, Tdata represents a symbol
length of the uplink reference signal or the downlink
reference signal, and c represents a speed of light.

10. The method according to any one of claims 1 to 9,
wherein the preset rule comprises:

the uplink signal structure comprises the uplink

reference signal and m blank symbols, and the
downlink signal structure comprises the down-
link reference signal and n blank symbols,
wherein
m is an integer greater than or equal to 1, and
n is an integer greater than m.

11. The method according to claim 10, wherein the pre-
set rule comprises:

determining a value of m and a value of n based
on the configuration parameter of the base sta-
tion, wherein
the configuration parameter is used to indicate
the cell radius of the base station.

12. The method according to claim 10, wherein the pre-
set rule comprises:
determining a value of m and a value of n based on
the distance parameter between the terminal and
the base station.

13. The method according to any one of claims 10 to 12,
wherein

the m blank symbols are consecutive in the up-
link reference signal structure, and
the n blank symbols are consecutive in the
downlink reference signal structure.

14. The method according to any one of claims 10 to 13,
wherein the value of n meets the following condition: 

wherein
r represents the distance between the terminal and
the base station or the cell radius of the base station,
Tcp represents the length of the symbols occupied
by the cyclic prefix in the uplink reference signal
structure and/or the downlink reference signal struc-
ture, Tdata represents the length of the symbols oc-
cupied by the uplink reference signal or the downlink
reference signal, and c represents the speed of light.

15. A full-duplex reference signal configuration method,
wherein the method is applied to a base station and
comprises:

determining an uplink reference signal structure
of a terminal according to a preset rule;
configuring a downlink reference signal struc-
ture according to the preset rule; and
sending configuration information to the termi-
nal, wherein the configuration information is
used to indicate the terminal to configure an up-
link reference signal based on the uplink refer-

43 44 



EP 3 913 957 A1

24

5

10

15

20

25

30

35

40

45

50

55

ence signal structure; and
the uplink reference signal structure comprises
at least one uplink reference signal that does
not overlap downlink data sent by the base sta-
tion

16. The method according to claim 15, wherein the pre-
set rule comprises:

the uplink reference signal structure comprises
k uplink reference signals, wherein k is an inte-
ger greater than 1; and/or
the downlink reference signal structure compris-
es q downlink reference signals, wherein q is an
integer greater than 1.

17. The method according to claim 16, wherein the pre-
set rule comprises:

determining a value of k based on a configura-
tion parameter of the base station, wherein
the configuration parameter is used to indicate
a cell radius of the base station.

18. The method according to claim 16, wherein the pre-
set rule comprises:
determining a value of k based on a distance param-
eter between the terminal and the base station.

19. The method according to claim 16, wherein the pre-
set rule comprises:

determining a value of q based on a configura-
tion parameter of the base station, wherein
the configuration parameter is used to indicate
a cell radius of the base station.

20. The method according to claim 16, wherein the pre-
set rule comprises:
determining a value of q based on a distance param-
eter between the terminal and the base station.

21. The method according to any one of claims 16 to 20,
wherein

the k uplink reference signals are consecutive
in the uplink signal structure, and
the q downlink reference signals are consecu-
tive in the downlink signal structure.

22. The method according to any one of claims 16 to 21,
wherein
the at least one uplink reference signal is orthogonal
to the downlink reference signal in the downlink ref-
erence signal structure.

23. The method according to claim 16, wherein a value
of k and a value of q meet the following condition: 

wherein k+q=A; and
r represents a distance between the terminal and the
base station or a cell radius of the base station, Tcp
represents a symbol length of a cyclic prefix in the
uplink reference signal structure and/or the downlink
reference signal structure, Tdata represents a symbol
length of the uplink reference signal or the downlink
reference signal, and c represents a speed of light.

24. The method according to any one of claims 15 to 23,
wherein the preset rule comprises:

the uplink signal structure comprises the uplink
reference signal and m blank symbols, and the
downlink signal structure comprises the down-
link reference signal and n blank symbols,
wherein
m is an integer greater than or equal to 1, and
n is an integer greater than m.

25. The method according to claim 24, wherein the pre-
set rule comprises:

determining a value of m and a value of n based
on the configuration parameter of the base sta-
tion, wherein
the configuration parameter is used to indicate
the cell radius of the base station.

26. The method according to claim 24, wherein the pre-
set rule comprises:
determining a value of m and a value of n based on
the distance parameter between the terminal and
the base station.

27. The method according to any one of claims 24 to 26,
wherein

the m blank symbols are consecutive in the up-
link reference signal structure, and
the n blank symbols are consecutive in the
downlink reference signal structure.

28. The method according to any one of claims 24 to 27,
wherein the value of n meets the following condition: 

wherein
r represents the distance between the terminal and
the base station or the cell radius of the base station,
Tcp represents the length of the symbols occupied
by the cyclic prefix in the uplink reference signal
structure and/or the downlink reference signal struc-
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ture, Tdata represents the length of the symbols oc-
cupied by the uplink reference signal or the downlink
reference signal, and c represents the speed of light.

29. A terminal, comprising:

a memory, configured to store an instruction;
and
one or more processors coupled to the memory,
wherein the processor is configured to execute
the instruction, and the instruction is used to con-
trol the terminal to perform the method according
to any one of claims 1 to 14.

30. Abase station, comprising:

a memory, configured to store an instruction;
and
one or more processors coupled to the memory,
wherein the processor is configured to execute
the instruction, and the instruction is used to con-
trol the terminal to perform the method according
to any one of claims 15 to 28.

31. A computer-readable storage medium, wherein the
computer-readable storage medium stores a com-
puter program, the computer program comprises at
least one segment of code, and the at least one seg-
ment of code may be executed by a terminal to con-
trol the terminal to perform the method according to
any one of claims 1 to 14.

32. A computer-readable storage medium, wherein the
computer-readable storage medium stores a com-
puter program, the computer program comprises at
least one segment of code, and the at least one seg-
ment of code may be executed by a base station to
control the base station to perform the method ac-
cording to any one of claims 15 to 28.

33. A computer program, wherein when the computer
program is executed by a terminal, the method ac-
cording to any one of claims 1 to 14 is performed.

34. A computer program, wherein when the computer
program is executed by a base station, the method
according to any one of claims 15 to 28 is performed.

35. A chip, wherein the chip comprises a processing cir-
cuit and a transceiver pin, the transceiver pin and
the processing circuit communicate with each other
by using an internal connection path, and the
processing circuit is configured to perform the meth-
od according to any one of claims 1 to 14.

36. A chip, wherein the chip comprises a processing cir-
cuit and a transceiver pin, the transceiver pin and
the processing circuit communicate with each other

by using an internal connection path, and the
processing circuit is configured to perform the meth-
od according to any one of claims 15 to 28.

37. A system, comprising:

a terminal, wherein the terminal is configured to
perform the method according to any one of
claims 1 to 14; and
a base station, wherein the base station is con-
figured to perform the method according to any
one of claims 15 to 28.
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