I*I Innovation, Sciences et Innovation, Science and CA 3048933 C 2023/02/28

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 3 048 933
12y BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépo6t PCT/PCT Filing Date: 2017/12/18 (51) ClInt./Int.Cl. HO4B 7/06 (2006.01),
o o . HO04B 7/08 (2006.01), HO4L 1/00(2006.01),
(87) Date publication PCT/PCT Publication Date: 2018/07/12 HO4L 25/03 (2006.01)
(45) Date de délivrance/lssue Date: 2023/02/28 ]
(72) Inventeur/Inventor:
(85) Entrée phase nationale/National Entry: 2019/06/28 LIU, JIANQIN, CN
(86) N° demande PCT/PCT Application No.: CN 2017/116912| (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 2018/126882 HUAWEI TECHNOLOGIES CO,, LTD., CN
(30) Priorité/Priority: 2017/01/06 (CN201710011310.7) (74) Agent: GOWLING WLG (CANADA) LLP

(54) Titre : PROCEDE DE TRANSMISSION DE SIGNAL, DISPOSITIF DE RESEAU ET DISPOSITIF DE TERMINAL
(54) Title: SIGNAL TRANSMISSION METHOD, NETWORK DEVICE, AND TERMINAL DEVICE

Network Terminal
device device

201. Send N first reference signals

P

202, Receive the N first
reference signals

203, Send control signaling

204. Obtain a channel
quality measurement
result of the N first
reference signals
1
205. Receive the
contro) signaling

206. Send the channel quality
measurement result

-

207. Receive the channel
quality measurement result

208. Send M second reference signals

<%

209. Reccive the M second
reference signals

(57) Abrégé/Abstract:

Embodiments of the present application disclose a signal transmission method, a network device, and a terminal device, so as to
implement fast beam calibration for the network device and the terminal device, thereby simplifying a beam management process
of the network device or the terminal device, and maximizing resource utilization efficiency. The embodiments of the present
application provide the signal transmission method, including: sending, by a network device, N first reference signals to a terminal
device, where N is a positive integer greater than or equal to 1; sending, by the network device, physical layer control signaling to
the terminal device, where the physical layer control signaling is used to trigger the terminal device to send a channel quality
measurement result of the N first reference signals to the network device, the physical layer control signaling is further used to
instruct the terminal device to send M second reference signals to the network device, and M is a positive integer greater than or
equal to 1; receiving, by the network device, the channel quality measurernent result sent by the terminal device; and receiving, by
the network device, the M second reference signals sent by the terminal device.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191



ABSTRACT

Embodiments of the present application disclose a signal transmission method, a
network device, and a terminal device, so as to implement fast beam calibration for
the network device and the terminal device, thereby simplifying a beam management

5 process of the network device or the terminal device, and maximizing resource
utilization efficiency. The embodiments of the present application provide the signal
transmission method, including: sending, by a network device, N first reference
signals to a terminal device, where N is a positive integer greater than or equal to 1;
sending, by the network device, physical layer control signaling to the terminal device,

10 where the physical layer control signaling is used to trigger the terminal device to
send a channel quality measurement result of the N first reference signals to the
network device, the physical layer control signaling is further used to instruct the
terminal device to send M second reference signals to the network device, and M is a
positive integer greater than or equal to 1; receiving, by the network device, the
15 channel quality measurement result sent by the terminal device; and receiving, by the

network device, the M second reference signals sent by the terminal device.
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SIGNAL TRANSMISSION METHOD, NETWORK DEVICE, AND
TERMINAL DEVICE

[0001] TECHNICAL FIELD
[0002] The present invention relates to the field of communications technologies, and

in particular, to a signal transmission method, a network device, and a terminal device.

BACKGROUND

[0003] A communications system usually uses different types of reference signals. One
type of reference signals are used for channel quality measurement, for example,
measurement related to radio resource management (radio resource management, RRM).
This type of reference signals may be a cell-specific reference signal (cell-specific
reference signal, CRS), so as to implement user channel quality measurement and cell
selection and handover. Another type of reference signals are used for channel state
information measurement, so as to schedule a terminal device. The terminal device obtains
channel state information based on channel quality measurement of a channel state
information—reference signal (channel state information—reference signal, CSI-RS).

[0004] To reduce a relatively large propagation loss caused by a relatively high
frequency band, a signal (including a reference signal) transmission mechanism based on a
beamforming technology is used, and a transmission loss in a signal propagation process is
compensated by using a relatively large antenna gain. A beamforming signal includes a
first-type cell-specific reference signal or a second-type user-specific reference signal. In

addition, a receive beamforming technology of a base station is
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also considered, and beamforming may include any onec of analog-domain
beamforming, baseband-domain beamforming, or hybrid beamforming in an analog
domain or a baseband domain. During downlink signal transmission, both
beamforming on a transmit side of the base station and beamforming on a receive side
of the terminal device may dynamically change. To track a beamforming change, the
terminal device may obtain one or more optimal formed beams based on channel
quality measurement of a plurality of reference signals on different formed beams.
[0005] In the prior art, when a signal is transmitted based on the beamforming
technology, once a user moves, a direction of a formed beam corresponding to the
transmitted signal may not match a moved user location. Consequently, a problem of
frequent receive signal interruptions occurs. To track a formed-beam change in a
signal transmission process, a result of channel quality measurement based on the
beamforming technology needs to be reported. Channel quality measurement may be
completed based on a synchronization signal or a cell-specific reference signal
obtained after beamforming. The user performs handover between different formed
beams more dynamically and frequently than handover between cells. Therefore, a
dynamic measurement report mechanism is also required. Similar to a report of CSI
information, a report of a channel quality measurement result of the formed beam may
also be sent by the terminal device to the base station by using a physical uplink
control channel or a physical uplink shared channel.

[0006] In a signal transmission process based on a formed beam, both optimal
formed beams on a transmit side and a receive side need to be obtained by
maximizing a signal beamforming gain and corresponding channel quality. According
to a signal transmission method usually used in the prior art, a base station side and a
terminal device side need to perform beam scanning and beam training on a formed
transmit beam and a formed receive beam respectively, so as to complete selection of
an optimal pair of a transmit beam and a receive beam.

[0007] In conclusion, in the prior art, the base station side and the terminal device
side perform beam scanning and beam training on the formed transmit beam and the
formed receive beam respectively. Consequently, time doubles for training optimal
beams on the receive side and the transmit side, processing complexity is increased,

and resource utilization efficiency is reduced.
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SUMMARY

[0008] Embodiments of the present invention provide a signal transmission
method, a network device, and a terminal device, so as to implement fast beam
calibration for the network device and the terminal device, thereby simplifying a
beam management process of the network device or the terminal device, and
maximizing resource utilization efficiency.

[0009] To resolve the foregoing technical problem, the embodiments of the
present invention provide the following technical solutions.

[0010] According to a first aspect, an embodiment of the present invention
provides a signal transmission method, including: sending, by a network device, N
first reference signals to a terminal device, where N is a positive integer greater than
or equal to I; sending, by the network device, physical layer control signaling to the
terminal device, where the physical layer control signaling is used to trigger the
terminal device to send a channel quality measurement result of the N first reference
signals to the network device, the physical layer control signaling is further used to
instruct the terminal device to send M second reference signals to the network device,
and M is a positive integer greater than or equal to 1; receiving, by the network device,
the channel quality measurement result sent by the terminal device; and receiving, by
the network device, the M second reference signals sent by the terminal device. The
physical layer control signaling is used to trigger the terminal device to send the
channel quality measurement result of the N first reference signals to the network
device, and the physical layer control signaling is further used to instruct the terminal
device to send the M second reference signals to the network device. The terminal
device may send the channel quality measurement result of the N first reference
signals according to the physical layer control signaling, and the terminal device may
further send the M second reference signals according to the physical layer control
signaling. Therefore, in this embodiment of the present invention, the network device
and the terminal device do not need to perform beam scanning and beam training for a
formed transmit beam and a formed receive beam respectively. The network device
receives the channel quality measurement result of the N first reference signals and
receives the M second reference signals, so that only the network device needs to
perform beam calibration, so as to implement fast beam calibration for the nctwork

device and the terminal device, thereby simplifying a beam management process of
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the terminal device, and maximizing resource utilization efficiency.

[0011] In a possible design. the channel quality measurement result includes a
resource index of one of the N first reference signals. The terminal device receives the
N first reference signals sent by the network device, and the terminal device may
select a resource index of one of the N first reference signals, and then send the
selected resource index of the first reference signal to the network device, so that the
network device may determine a preferable transmit beam of the network device
based on an association relationship between the resource index reported by the
terminal device and a formed beam, thereby providing reference for the network
device to perform beam calibration.

[6012] In a possible design, transmission bandwidth of the second reference
signal is less than or equal to transmission bandwidth of the first reference signal;
and/or a frequency domain resource used for transmitting the second reference signal
is a subset of a frequency domain resource used for transmitting the first reference
signal. The first reference signal is sent by the network device, and the second
reference signal is sent by the terminal device. Generally, a signal processing
capability of the network device is greater than a signal processing capability of the
terminal device, and the terminal device has limited power. The transmission
bandwidth of the second reference signal sent by the terminal device is less than or
equal to the transmission bandwidth of the first reference signal sent by the network
device, so as to ensure that signal transmit power of the terminal device on unit
frequency domain resource is large enough. In addition, a frequency domain resource
used for transmitting the second reference signal by the terminal device is a subset of
a frequency domain resource used for transmitting the first reference signal by the
network device, so that the network device may calibrate, within a same frequency
domain resource range as the second reference signal sent by the terminal device, a
transmit beam corresponding to the first reference signal and a receive beam
corresponding to the second reference signal.

[0013] In a possible design, the receiving, by the network device, the M second
reference signals sent by the terminal device includes: receiving, by the network
device, the M second reference signals repeatedly sent by the terminal device in a
time division mode. The terminal device repeatedly sends the second reference signal,
and sends the M second reference signals in total. The network device may receive the

second reference signal in a time division mode. The network device repeatedly
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receives, based on a specific receive interval, the second reference signal sent by the
terminal device, and receives the M second reference signals in total sent by the
terminal device.

[0014] According to a second aspect, an embodiment of the present invention
further provides a signal transmission method, including: receiving, by a terminal
device, N first reference signals sent by a network device, where N is a positive
integer greater than or equal to 1; obtaining, by the terminal device, a channel quality
measurement result of the N first reference signals; receiving, by the terminal device,
physical layer control signaling sent by the network device, where the physical layer
control signaling is used to trigger the terminal device to send the channel quality
measurement result of the N first reference signals to the network device, the physical
layer control signaling is further used to instruct the terminal device to send M second
reference signals to the network device, and M is a positive integer greater than or
equal to 1; sending, by the terminal device, the channel quality measurement result to
the network device: and sending, by the terminal device, the M second reference
signals to the network device. The physical layer control signaling is used to trigger
the terminal device to send the channel quality measurement result of the N first
reference signals to the network device, and the physical layer control signaling is
further used to instruct the terminal device to send the M second reference signals to
the network device. The terminal device may send the channel quality measurement
result of the N first reference signals according to the physical layer control signaling,
and the terminal device may further send the M second reference signals according to
the physical layer control signaling. Therefore, in this embodiment of the present
invention, the network device and the terminal device do not need to perform beam
scanning and beam training for a formed transmit beam and a formed receive beam
respectively. The network device receives the channel quality measurement result of
the N first reference signals and receives the M second reference signals, so that only
the network device needs to perform beam calibration, so as to implement fast beam
calibration for the network device and the terminal device, thereby simplifying a
beam management process of the terminal device, and maximizing resource
utilization efficiency.

[0015] In a possible design, transmission bandwidth of the second reference
signal is less than or equal to transmission bandwidth of the first reference signal;

and/or a frequency domain resource used for transmitting the second reference signal

5



20

25

30

Ca 03048933 2019-06-28

is a subset of a frequency domain resource used for transmitting the first reference
signal. The first reference signal is sent by the network device, and the second
reference signal is sent by the terminal device. Generally, a signal processing
capability of the network device is greater than a signal processing capability of the
terminal device. Therefore, by configuration, transmission bandwidth of the second
reference signal is less than or equal to transmission bandwidth of the first reference
signal, and a frequency domain resource used for transmitting the second reference
signal is a subset of a frequency domain resource used for transmitting the first
reference signal.

[0016] In a possible design. the sending, by the terminal device, the M second
reference signals to the network device includes: repeatedly sending, by the terminal
device, the M second reference signals to the network device in a time division mode.
The terminal device repeatedly sends the second reference signal, and sends the M
second reference signals in total, so that the network device can receive the M second
reference signals.

[0017] According to a third aspect. an embodiment of the present invention
further provides a signal transmission method, including: sending, by a terminal
device, N first reference signals to a network device, where N is a positive integer
greater than or equal to 1 receiving, by the terminal device, physical layer control
signaling sent by the network device, where the physical layer control signaling is
used to carry a channel quality measurement result of the N first reference signals that
is sent by the network device to the terminal device; receiving, by the terminal device,
the channel quality measurement result of the N first reference signals; and receiving,
by the terminal device, M second reference signals sent by the network device, where
sending the M second reference signals by the network device is also triggered by the
physical layer control signaling, and M is a positive integer greater than or equal to 1.
The physical layer control signaling is used to trigger the network device to send the
channel quality measurement result of the N first reference signals to the terminal
device, and the physical layer control signaling is further used to instruct the network
device to send the M second reference signals to the terminal device. Therefore, the
terminal device may perform beam calibration based on the channel quality
measurement result of the N first reference signals that is sent according to the
physical layer control signaling and based on a channel quality measurement result of

the M second reference signals of the terminal device. Likewise. the network device
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may also perform corresponding beam calibration based on the foregoing information.
Therefore, in this embodiment of the present invention, fast beam calibration for the
network device and the terminal device can be implemented, thereby simplifying a
beam management process of the network device or the terminal device, and
maximizing resource utilization efficiency.

[0018] In a possible design, the channel quality measurement result includes a
resource index of one of the N first reference signals. The network device receives the
N first reference signals sent by the terminal device, and the network device may
select a resource index of one of the N first reference signals, and then send the
selected resource index of the first reference signal to the terminal device, so that the
terminal device can determine the resource index of the first reference signal selected
by the network device.

[0019] In a possible design, after the receiving, by the terminal device, M second
reference signals sent by the network device, the method further includes: receiving,
by the terminal device, a beam calibration criterion configured by the network device
and/or a calibration threshold corresponding to the beam calibration criterion; and
performing, by the terminal device, beam calibration based on the received channel
quality measurement result and a channel quality measurement result of the M second
reference signals, by using the beam calibration criterion and/or the calibration
threshold corresponding to the beam calibration criterion. After performing beam
calibration, the terminal device may determine whether reciprocity between a receive
beam and a transmit beam on a terminal device side stands.

[0020] In a possible design, the method further includes: reporting, by the
lerminal device to the network device, a result obtained after the terminal device
performs beam calibration. After performing beam calibration, the terminal device
may determine whether reciprocity between a receive beam and a transmit beam on a
terminal device side stands, and report a calibration result of the reciprocity between a
receive beam and a transmit beam to the network device.

[0021] In a possible design, transmission bandwidth of the second reference
signal is greater than or equal to transmission bandwidth of the first reference signal;
and/or a frequency domain resource used for transmitting the first reference signal is a
subset of a frequency domain resource used for transmitting the second reference
signal. The second reference signal is sent by the network device, and the first

reference signal is sent by the terminal device. Generally, a signal processing
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capability of the network device is greater than a signal processing capability of the
terminal device. Therefore, by configuration, transmission bandwidth of the second
reference signal is greater than or equal to transmission bandwidth of the first
reference signal, and a frequency domain resource used for transmitting the first
reference signal is a subset of a frequency domain resource used for transmitting the
second reference signal.

[0022] In a possible design, the receiving, by the terminal device, M second
reference signals sent by the network device includes: receiving, by the terminal
device, the M second reference signals repeatedly sent by the network device in a
time division mode. The network device repeatedly sends the second reference signal,
and sends the M second reference signals in total. The terminal device may receive
the second reference signal in a time division mode. The terminal device repeatedly
receives, based on a specific receive interval, the second reference signal sent by the
terminal device, and receives the M second reference signals in total sent by the
network device.

[0023] According to a fourth aspect, an embodiment of the present invention
further provides a signal transmission method, including: receiving, by a network
device, N first reference signals sent by a terminal device, where N is a positive
integer greater than or equal to 1: obtaining, by the network device, a channel quality
measurement result of the N first reference signals; sending, by the network device,
physical layer control signaling to the terminal device, where the physical layer
control signaling is used to carry the channel quality measurement result of the N first
reference signals that is sent by the network device to the terminal device: and
sending, by the nctwork device, M second reference signals to the terminal device,
where sending the M second reference signals is also triggered by the physical layer
control signaling, and M is a positive integer greater than or equal to 1. The physical
layer control signaling is used to trigger the network device to send the channel
quality measurement result of the N first reference signals (o the terminal device, and
the physical layer control signaling is further used to instruct the network device to
send the M second reference signals to the terminal device. Therefore, the terminal
device may perform beam calibration based on the channel quality measurement
result of the N first reference signals that is sent according to the physical layer
control signaling and based on a channel quality measurement result of the M second

reference signals of the terminal device. Likewise, the network device may also
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perform corresponding beam calibration based on the foregoing information.
Therefore, in this embodiment of the present invention. fast beam calibration for the
network device and the terminal device can be implemented, thereby simplifying a
beam management process of the network device or the terminal device.

[0024] In a possible design, after the sending, by the network device, M second
reference signals to the terminal device, the method further includes: receiving, by the
network device, a result that is reported by the terminal device and that is obtained
after the terminal device performs beam calibration. After performing beam
calibration, the terminal device may determine whether reciprocity between a receive
beam and a transmit beam on a terminal device side stands, and report a calibration
result of the reciprocity between a receive beam and a transmit beam to a base station.
[0025] In a possible design, transmission bandwidth of the second reference
signal is greater than or equal to transmission bandwidth of the first reference signal;
and/or a frequency domain resource used for transmitting the first reference signal is a
subset of a frequency domain resource used for transmitting the second reference
signal. The second reference signal is sent by the network device, and the first
reference signal is sent by the terminal device. Generally, a signal processing
capability of the network device is greater than a signal processing capability of the
terminal device. Therefore, by configuration, transmission bandwidth of the second
reference signal is greater than or equal to transmission bandwidth of the first
reference signal, and a frequency domain resource used for transmitting the first
reference signal is a subset of a frequency domain resource used for transmitting the
second reference signal.

[0026] In a possible design, the sending, by the network device, M second
reference signals to the terminal device includes: repeatedly sending, by the network
device, the M second reference signals to the terminal device in a time division mode.
The network device repeatedly sends the second reference signal, and sends the M
second reference signals in total, so that the terminal device can receive the M second
reference signals.

[0027] In the foregoing method embodiments, a moment n for sending the M
second reference signals and a moment k for sending the channel quality
measurement result meet the following condition: n = k + m, where m is a positive
integer greater than 0, or m is equal to 0, or m is a negative integer less than 0. The

moment k for sending the channel quality measurement result triggered by the
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physical layer control signaling and the moment n for sending the M second reference
signals may be the same or may be different, and values of n and k may be determined
based on a specific scenario. Further, a value of m is predefined; or a value of m is
indicated to the terminal device by using higher layer signaling or the physical layer
control signaling. Both the network device and the terminal device may predefine the
value of m, or the network device may indicate the value of m to the terminal device
by using the higher layer signaling or the physical layer control signaling.

[0028] According to a fifth aspect, an embodiment of the present invention
provides a network device, and the network device has functions of implementing
operations of the network device in the foregoing method design. The functions may
be implemented by hardware, or may be implemented by hardware executing
corresponding software. The hardware or software includes one or more modules
corresponding to the foregoing functions.

[0029] In a possible design, a structure of the network device includes a receiver
and a transmitter. The transmitter and the receiver are configured to: support the
network device in communicating with the terminal device; and send information or
an instruction related to the foregoing method to the terminal device, or receive
information or an instruction related to the foregoing method from the terminal device.
The network device may further include a memory and a processor, configured to:
support the network device in executing a corresponding function in the foregoing
method; and store a necessary program and instruction of the network device.

[0030] According to a sixth aspect, an embodiment of the present invention
further provides a terminal device, and the terminal device has functions of
implementing operations of the terminal device in the foregoing method design. The
functions may be implemented by hardware, or may be implemented by hardware
executing corresponding software. The hardware or software includes one or more
modules corresponding to the foregoing functions. The module may be software
and/or hardware.

[0031] In a possible design, a structure of the terminal device includes a receiver,
a processor, and a transmitter. The transmitter and the receiver are configured to:
support the terminal device in communicating with a network device: and send
information or an instruction related to the foregoing method to the network device, or
receive information or an instruction related to the foregoing method from the

network device. The processor is configured to support the terminal device in
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executing a corresponding function in the foregoing method. The terminal device may
further include a memory, configured to store a necessary program and instruction of
the network device.

[0032] According to a seventh aspect, an embodiment of the present invention
further provides a network device, and the network device has functions of
implementing operations of the network device in the foregoing method design. The
functions may be implemented by hardware, or may be implemented by hardware
executing corresponding software. The hardware or software includes one or more
modules corresponding to the foregoing functions,

[0033] In a possible design, a structure of the network device includes a receiver
and a transmitter. The transmitter and the receiver are configured to: support the
network device in communicating with the terminal device; and send information or
an instruction related to the foregoing method to the terminal device, or receive
information or an instruction related to the foregoing method from the terminal device.
The network device may further include a memory and a processor, configured to:
support the network device in executing a corresponding function in the foregoing
method; and store a necessary program and instruction of the network device.

[0034] According to an eighth aspect, an embodiment of the present invention
further provides a terminal device, and the terminal device has functions of
implementing operations of the terminal device in the foregoing method design. The
functions may be implemented by hardware, or may be implemented by hardware
executing corresponding software. The hardware or software includes one or morc
modules corresponding to the foregoing functions. The module may be software
and/or hardware.

10035] In a possible design, a structure of the terminal device includes a receiver,
a processor, and a transmitter. The transmitter and the recciver are configured to:
support the terminal device in communicating with a network device: and send
information or an instruction related to the foregoing method to the network device, or
receive information or an instruction related to the foregoing method from the
network device. The processor is configured to support the network device in
executing a corresponding function in the foregoing method. The network device may
further include a memory, configured to store a necessary program and instruction of
the network device.

[0036] In the embodiments of the present invention, the network device and the

11



20

25

30

Ca 03048933 2019-06-28

terminal device do not need to perform beam scanning and beam training for a formed
transmit beam and a formed receive beam respectively. The network device receives
the channel quality measurement result of the N first reference signals and receives
the M second reference signals, so that only the network device needs to perform
beam calibration, so as to implement fast beam calibration for the network device and
the terminal device, thereby simplifying the beam management process of the

terminal device, and maximizing the resource utilization efficiency.

BRIEF DESCRIPTION OF DRAWINGS

[0037] FIG. 1 is a schematic diagram of a system architecture to which a signal
transmission method according to an embodiment of the present invention is applied;
[0038] FIG. 2 is a schematic block flowchart of a signal transmission method
according to an embodiment of the present invention;

[0039] FIG. 3 is a schematic diagram of a scenario in which a network device
completes beam calibration according to an embodiment of the present invention;
[0040] FIG. 4 is a schematic block flowchart of another signal transmission
method according to an embodiment of the present invention;

10041] FIG. 5 is a schematic diagram of a scenario in which a terminal device
completes beam calibration according to an embodiment of the present invention;
[0042] FIG. 6 is a schematic structural composition diagram of a network device
according to an embodiment of the present invention;

[0043] FIG. 7 is a schematic structural composition diagram of a terminal device
according to an embodiment of the present invention:

[0044] FIG. 8 is a schematic structural composition diagram of another terminal
device according to an embodiment of the present invention;

[0045) FIG. 9 is a schematic structural composition diagram of another network
device according to an embodiment of the present invention:

[0046] FIG. 10 is a schematic structural composition diagram of another terminal
device according to an embodiment of the present invention: and

[0047] FIG. 11 is a schematic structural composition diagram of another network

device according to an embodiment of the present invention.
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DESCRIPTION OF EMBODIMENTS

[0048] The embodiments of the present invention provide a signal transmission
method, a network device, and a terminal device, so as to implement fast beam
calibration for the network device and the terminal device, thereby simplifying a
beam management process of the network device or the terminal device, and
maximizing resource utilization efficiency.

[0049] The following describes the embodiments of the present invention with
reference to accompanying drawings.

[0050] In the specification, claims, and accompanying drawings of the present
invention, the terms "first”, "second”, and the like are intended to distinguish between
similar objects but do not necessarily indicate a specific order or sequence. It should
be understood that the terms used in such a way are interchangeable in proper
circumstances, which is merely a discrimination manner that is used when objects
having a same attribute are described in the embodiments of the present invention.
Moreover, the terms "include”, "contain" and any other variants mean to cover the
non-exclusive inclusion, for example, a process, method, system, product, or device
that includes a list of units is not necessarily limited to those units, but may include
other units not expressly listed or inherent to such a process, method, system, product,
or device.

[0051] A system architecture to which the signal transmission method provided in
the embodiments of the present invention is applied is first described. The
embodiments of the present invention are applicable to a 5G communications system,
a 4G communications system, or the like. For example, the embodiments of the
present invention are applicable to a Long Term Evolution (long term evolution, LTE)
system or a Wideband Code Division Multiple Access (wideband code division
multiple access, WCDMA) system. FIG. 1 is a schematic diagram of a system
architecture to which a signal transmission method according to an embodiment of the
present invention is applied. The system may include a network device and a terminal
device. The network device may be specifically a base station, and the terminal device
may be specifically a mobile phone, a notebook computer, a tablet computer, or the
like. Based on the system architecture provided in this embodiment of the present
invention, the base station may perform downlink transmission to the terminal device.

For example, the base station sends a synchronization signal sequence to the terminal
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device. The terminal device may perform uplink transmission to the base station.
Transmission herein may be specifically data transmission and physical layer control
signaling transmission.

[0052] In some embodiments of the present invention, a process of interaction
between a network device and a terminal device is first described. Referring to FIG. 2,
a signal transmission method provided in an embodiment of the present invention may
include the following steps.

[0053] 201. A network device sends N first reference signals to a terminal device,
where N is a positive integer greater than or equal to 1.

[0054] The N first reference signals sent by the network device are N downlink
reference signals, and a value of N is a positive integer greater than or equal to 1. The
N downlink reference signals may be N downlink reference signals that are
periodically sent, or may be N downlink reference signals that are semi-statically sent,
or may be N downlink reference signals that are dynamically and aperiodically sent.
This is not limited herein.

[0055] 202. The terminal device receives the N first reference signals sent by the
network device, where N is a positive integer greater than or equal to 1.

[0056] In this embodiment of the present invention, the network device may
establish a network connection, for example, a wireless network connection, to the
terminal device. The terminal device receives the N first reference signals sent by the
network device. The N first reference signals are the N downlink reference signals
sent by the network device. The terminal device may periodically receive the N
downlink reference signals, or may receive the N downlink reference signals that are
semi-statically triggered by the network device, or may receive N aperiodic reference
signals that are dynamically triggered by the network device. This is not limited
herein.

[0057] 203. The network device sends physical layer control signaling to the
terminal device, where the physical layer control signaling is used to trigger the
terminal device to send a channel quality measurement result of the N first reference
signals to the network device, the physical layer control signaling is further used to
instruct the terminal device to send M second reference signals to the network device,
and M is a positive integer greater than or equal to 1.

[0058] There is no sequence between step 203 and step 202. Before or after the

network device sends the N first reference signals to the terminal device, the network
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device may send the physical layer control signaling to the terminal device. The
physical layer control signaling generated by the network device may be used to
trigger the terminal device to send the channel quality measurement result of the N
first reference signals to the network device. In addition, the physical laver control
signaling is further used to instruct the terminal device to send the M second reference
signals to the network device. The physical layer control signaling sent by the
network device may be specifically downlink physical layer control signaling. The M
second reference signals sent by the terminal device are M uplink reference signals.
The physical layer control signaling may be used to trigger sending an uplink
reference signal for a plurality of times. The uplink reference signal may be
continuously sent for a plurality of times, or may be not continuously sent for a
plurality of times. This is not limited herein.
[0059] In some embodiments of the present invention, transmission bandwidth of
the second reference signal is less than or equal to transmission bandwidth of the first
reference signal; and/or

a frequency domain resource used for transmitting the second reference
signal is a subset of a frequency domain resource used for transmitting the first
reference signal.
[0060] The first reference signal is sent by the network device, and the second
reference signal is sent by the terminal device. Generally, a signal processing
capability of the network device is greater than a signal processing capability of the
terminal device. Therefore, transmission bandwidth of the second reference signal is
less than or equal to transmission bandwidth of the first reference signal, and a
frequency domain resource used for transmitting the second reference signal is a
subset of a frequency domain resource used for transmitting the first reference signal.
[0061] 204. The terminal device obtains the channel quality measurement result of
the N first reference signals.
[0062] There is no sequence between step 204 and step 203. The terminal device
receives the N first reference signals sent by the network device. The terminal device
may perform channel quality measurement on the N first reference signals sent by the
network device, and generate the channel quality measurement result of the N first
reference signals.
[0063] In some embodiments of the present invention, the channel quality

measurement result obtained by the terminal device may include a resource index of
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one of the N first reference signals. For example, the terminal device performs
channel quality measurement on the N first reference signals corresponding to N
formed beams, selects K (N > K > 1) optimal first reference signals, and reports
resource indexes of the K optimal first reference signals and corresponding beam
channel quality information. The beam channel quality information may include at
least one of a rank indication (rank indication, RI), channel quality information
(channel quality information, CQI), reference signal received power (reference signal
received power, RSRP), and reference signal received quality (reference signal
received quality, RSRQ).

[0064) Further, the terminal device may select one first reference signal based on
channel quality measurement of the N first reference signals, for example, may select
a reference signal with best quality in a plurality of first reference signals; and report a
resource index of the first reference signal selected by the terminal device and channel
quality information corresponding to the resource index of the first reference signal.
For example, reporting the resource index and the corresponding channel quality
information may be dynamically triggered by physical layer control signaling.

[0065] For example, the resource index of the selected first reference signal may
correspond to a transmit beam of the network device. The physical layer control
signaling used to trigger reporting the resource index of the selected first reference
signal and/or the channel quality information corresponding to the index is also used
to trigger sending the M (M > 1) uplink reference signals, and the M uplink reference
signals are sent to scan and select an optimal receive beam of the network device. In
some embodiments of the present invention, the M uplink reference signals may be M
uplink reference signals repeatedly sent in a time division mode. The physical layer
control signaling may be used to trigger sending an uplink reference signal for a
plurality of times. The uplink reference signal may be continuously sent for a plurality
of times, or may be not continuously sent for a plurality of times. This is not limited
herein.

[0066] 205. The terminal device receives the physical layer control signaling sent
by the network device.

[0067] The physical layer control signaling is used to trigger the terminal device
to send the channel quality measurement result of the N first reference signals to the
network device, and the physical layer control signaling is further used to instruct the

terminal device to send the M second reference signals to the network device, where
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M is a positive integer greater than or equal to 1.
[0068] In some embodiments of the present invention, after step 203 in which the
network device sends physical layer control signaling to the terminal device, the
terminal device parses the physical layer control signaling;, determines, from the
physical layer control signaling, that the terminal device is to send the channel quality
measurement result of the N first reference signals to the network device; and
determines, from the physical layer control signaling, that the terminal device is to
send the M second reference signals to the network device.
[0069] 206. The terminal device sends the channel quality measurement result to
the network device.
[0070] The terminal device sends the channel quality measurement result to the
network device according to a trigger of the physical layer control signaling.
[0071] 207. The network device receives the channel quality measurement result
sent by the terminal device.
[0072] The terminal device sends the channel quality measurement result of the N
first reference signals, and the network device receives the channel quality
measurement result sent by the terminal device. For example, the network device
determines, by using the channel quality measurement result, one first reference
signal selected by the terminal device from the N first reference signals.
[0073] 208. The terminal device sends the M second reference signals to the
network device.
[0074] The terminal device sends the M second reference signals to the network
device according to an instruction of the physical layer control signaling. The M
second reference signals sent by the terminal device are M uplink reference signals.
The physical layer control signaling may be used to trigger sending an uplink
reference signal for a plurality of times. The uplink reference signal may be
continuously sent for a plurality of times, or may be not continuously sent for a
plurality of times. This is not limited herein.
[0075] In some embodiments of the present invention, step 208 in which the
terminal device sends the M second reference signals to the network device includes:
repeatedly sending, by the terminal device, the M second reference signals
to the network device in a time division mode. The terminal device may send the
second reference signal in a time division mode. To be specific, the terminal device

repeatedly sends the second reference signal to the network device based on a

17



20

25

30

Ca 03048933 2019-06-28

transmit interval, and sends the M second reference signals in total to the network
device.
[06076] In some embodiments of the present invention, a moment n for sending the
M second reference signals and a moment k for sending the channel quality
measurement result meet the following condition:

n=Kk+ m, where

m is a positive integer greater than 0, or m is equal to 0.
[0077] For example, the moment k for sending the channel quality measurement
result according to a trigger of the physical layer control signaling and the moment n
for sending the M (M > 1) uplink reference signals may be the same or may be
different. For example, the moment n for sending the M uplink reference signals and
the moment k for sending the channel quality measurement result meet the following
condition: n = k + m, where m is a positive integer greater than 0, or m is equal to 0.
In actual application, a value of m cannot be arbitrarily large. Otherwise, beam
calibration accuracy is affected. A formed transmit beam for the M uplink reference
signals is the same as a formed receive beam obtained through measurement, so as to
ensure calibration accuracy of an optimal receive beam and an optimal transmit beam
on a network device side.
[0078] In other embodiments of the present invention, a value of m may be an
integer less than 0. To be specific, the moment for sending the M second reference
signals is a moment before the moment for sending the channel quality measurement
result of the N first reference signals. No specific limitation is imposed herein.
[0079] In some embodiments of the present invention, a value of m is predefined;
or a value of m is indicated to the terminal device by using higher layer signaling or
the physical layer control signaling. Both the network device and the terminal device
may predefine the value of m, or the network device may indicate the value of m to
the terminal device by using the higher layer signaling or the physical layer control
signaling. The higher layer signaling may be specifically Radio Resource Control
(radio resource control, RRC) signaling, another higher layer signaling, or the like.
The present invention imposes no specific limitation thereto.
[0080]  209. The network device receives the M second reference signals sent by
the terminal device.
[0081] For example, the terminal device sends the M second reference signals,

and the network device receives the M second reference signals sent by the terminal

18



15

20

30

Ca 03048933 2019-06-28

device. For example, the network device may receive the M second reference signals
that are periodically sent by the terminal device, or may receive the M second
reference signals that are semi-statically sent by the terminal device, or may receive
the M second reference signals that are dynamically and aperiodically sent by the
terminal device. This is not limited herein.
[0082] In some embodiments of the present invention, step 209 in which the
network device receives the M second reference signals sent by the terminal device
includes:

receiving, by the network device, the M second reference signals
repeatedly sent by the terminal device in a time division mode. Specifically, the
terminal device repeatedly sends the second reference signal, and sends the M second
rcference signals in total. The network device may receive the second reference signal
in a time division mode. The network device repeatedly receives, based on a specific
receive interval, the second reference signal sent by the terminal device, and receives
the M second reference signals in total sent by the terminal device.
[0083] In some embodiments of the present invention, the network device
performs beam calibration based on the received a channel quality measurement result
of the N first reference signals and a channel quality measurement result of the M
second reference signals. When reciprocity exists between a formed beam on a
transmit side and a formed beam on a reccive side, an optimal formed beam on the
transmit side is the same as an optimal formed beam on the reccive side. Theretore, an
optimal formed beam on one side can be selected by performing optimal formed beam
training and selection on the other side only. Measure indicators used to determine
whether beam reciprocity stands may include at least one of a signal-to-noise ratio,
received signal power corresponding to a beam, received signal quality corresponding
to a beam, channel state information (such as CQI) corresponding to a beam, a beam
index, or a reference signal index. An optimal receive beam may be measured and
selected based on a value of at least one of the measure indicators, so as to determine
whether the beam reciprocity stands. The received signal power corresponding to a
beam may be specifically reference signal received power (reference signal received
power, RSRP for short), and the received signal quality corresponding to a beam may
be reference signal received quality (reference signal received quality, RSRQ for
short), or the like. In addition, the channel state information corresponding to a beam

may be CSI information in LTE, for example, at least one of a channel state
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information-reference signal index (CSI-RS Index, CRI for short), the rank indication
(Rank Indication, Rl for short), a precoding matrix indication (Precoding Matrix
Indicator, PMI for short), or CQIL. Alternatively, the channel state information
corresponding to a beam may be channel quality information of radio resource
management (radio resource management, RRM for short) measurement, for example,
at least one of RSRP and RSRQ. This embodiment of the present invention imposes
no limitation thereto.

[0084] FIG. 3 i1s a schematic diagram of a scenario in which a network device
completes beam calibration according to an embodiment of the present invention. An
example in which a network device is a base station and a terminal device is UE is
used for description. A base station side completes calibration of reciprocity between
a receive beam and a transmit beam. The base station sends N downlink reference
signals to the UE by using N different transmit beams, and the UE receives the N
downlink reference signals by using N same or different receive beams. The UE
performs channel quality measurement on the N downlink reference signals, and
sends a channel quality measurement result corresponding to a beam to the base
station. For example, the channel quality measurement result sent by the UE may
include a resource index of one of the N downlink reference signals. The base station
sends physical layer control signaling to the UE, and the UE sends M uplink reference
signals to the base station according to trigger information of the physical layer
control signaling. The base station performs channel quality measurement on the M
uplink reference signals, and performs beam calibration based on the received channel
quality measurement result of the N downlink reference signals and a channel quality
measurement result of the M uplink reference signals.

[0085] In some embodiments of the present invention, a moment k for sending the
channel quality measurement result according to a trigger of the physical layer control
signaling and a moment n for sending the M (M > 1) uplink reference signals may be
the same or may be different. For example, the moment n for sending the M uplink
reference signals and the moment k for sending the channel quality measurement
result meet the following condition: n = k + m, where m is a positive integer greater
than 0, or m is equal to 0. In actual application, a value of m cannot be arbitrarily
large. Otherwise, beam calibration accuracy is affected. A formed transmit beam for
the M uplink reference signals is the same as a formed receive beam used for

receiving the downlink reference signal and obtaining the channel quality
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measurement result, so as to ensure calibration accuracy of an optimal receive beam
and an optimal transmit beam on a network device side.

[0086] Further, optionally, a value of m may be an integer less than 0. To be
specific, the moment for sending the M uplink reference signals is @ moment before
the moment for sending the channel quality measurement result of the N downlink
reference signals. No specific limitation is imposed herein.

[0087] Referring to the following Table 1, an example in which a reference signal
is specifically a sounding reference signal (sounding reference signal, SRS) is used to
describe an information bit value of the physical layer control signaling used to
trigger sending an uplink reference signal and sending a channel quality measurement

result.

SRS request domain value | Description

‘00’ Skip triggering an SRS and sending a channel quality

measurement result

o1 Trigger sending an SRS corresponding to a first SRS parameter
set configured by wusing higher layer signaling, and
simultaneously trigger sending a channel quality measurement

result

10! Trigger sending an SRS corresponding to a second SRS
parameter set configured by using higher layer signaling, and
simultaneously trigger sending a channel quality measurement

result

" Trigger sending an SRS corresponding 10 a third SRS parameter
set configured by wusing higher layer signaling, and
simultaneously trigger sending a channel quality measurement

result

[0088] In some embodiments of the present invention, the base station may use
separate signaling to trigger sending the channel quality measurement result of the N
downlink reference signals and sending the M (M > [) uplink reference signals.
Likewise, in this case, a formed transmit beam for the M uplink reference signal is the
same as a formed receive beam used for receiving the downlink reference signals and
obtaining a channel quality measurement result. To ensure this, the base station needs

to simultaneously indicate an association or a correspondence between sending the M
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uplink reference signals and reporting the channel quality measurement result of the N
downlink reference signals. for example, an association between the forcgoing
sending moment and the foregoing reporting moment, to be specific, an association or
a correspondence between the moment for sending the M uplink reference signals and
a moment for reporting the channel quality measurement result of the N downlink
reference signals.

[0089] By using the foregoing example, it can be learned that, after the network
device sends the N first reference signals to the terminal device, the network device
may further send the physical layer control signaling to the terminal device. The
physical layer control signaling is used to trigger the terminal device to send the
channel quality measurement result of the N first reference signals to the network
device, and the physical layer control signaling is further used to instruct the terminal
device to send the M second reference signals to the network device, so that the
terminal device may send the channel quality measurement result of the N first
reference signals according to the physical layer control signaling, and the terminal
device may further send the M second reference signals according to the physical
layer control signaling. Therefore, in this embodiment of the present invention, the
network device and the terminal device do not need to perform beam scanning and
beam training for a formed transmit beam and a formed receive beam respectively.
The network device receives the channel quality measurement result of the N first
reference signals and receives the M second reference signals, so that only the
network device needs to perform beam calibration, so as to implement fast beam
calibration for the network device and the terminal device, thereby simplifying a
beam management process of the terminal device, and maximizing resource
utilization efticiency.

[0090] The foregoing embodiment describes calibration of reciprocity between a
receive beam and a transmit beam on a network device side. The following uses an
example in which calibration of reciprocity between a receive beam and a transmit
beam is completed on a terminal device side for description. A process of interaction
between a network device and a terminal device is described. Referring to FIG. 4, a
signal transmission method provided in an embodiment of the present invention may
include the following steps.

[0091] 401. A terminal device sends N first reference signals to a network device,

where N is a positive integer greater than or equal to 1.
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[0092] The N first reference signals sent by the terminal device are N uplink
reference signals, and a value of N is a positive integer. The N uplink reference
signals may be N uplink reference signals that are periodically sent, or may be N
uplink reference signals that are semi-statically sent, or may be N uplink reference
signals that are dynamically triggered by the network device. This is not limited
herein.

[0093] 402. The network device receives the N first reference signals sent by the
terminal device, where N is a positive integer greater than or equal to 1.

[0094] In this embodiment of the present invention, the network device may
establish a network connection, for example, a wireless network connection, to the
terminal device. The network device receives the N first reference signals sent by the
terminal device.

[0095] 403. The network device obtains a channel quality measurement result of
the N first reference signals.

[0096] The network device receives the N first reference signals sent by the
terminal device. The network device may perform channel quality measurement on
the N first reference signals sent by the terminal device, and generate the channel
quality measurement result of the N first reference signals.

[0097] In some embodiments of the present invention, the channel quality
measurement result includes a resource index of one of the N first reference signals.
[0098] 404. The network device sends physical layer control signaling to the
terminal device, where the physical layer control signaling is used to carry the channel
quality measurement result of the N first reference signals that is sent by the network
device to the terminal device, and N is a positive integer greater than or equal to 1.
[0099] Before or after the network device obtains the channel quality
measurement result of the N first reference signals, the network device may send the
physical layer control signaling to the terminal device. The physical layer control
signaling generated by the network device may be used to carry the channel quality
measurement result of the N first reference signals. In addition, the physical layer
control signaling is further used to instruct the network device to send M second
reference signals to the terminal device.

[0100]  405. The terminal device receives the physical layer control signaling sent
by the network device, where the physical layer control signaling is used to carry the

channel quality measurement result of the N first reference signals that is sent by the
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network device to the terminal device, and N is a positive integer greater than or equal
to 1.
[0101] For example, after the network device sends the physical layer control
signaling to the terminal device, the terminal device receives the physical layer
control signaling sent by the network device; parses the physical layer control
signaling; determines, from the physical layer control signaling, that the network
device is to send the channel quality measurement result of the N first reference
signals; and determines, from the physical layer control signaling, that the network
device is to send the M second reference signals to the terminal device.
[0102] 406. The terminal device receives the channel quality measurement result
of the N first reference signals.
[0103] The terminal device receives the channel quality measurement result of the
N first reference signals according to the physical layer control signaling sent by the
network device.
[0104] 407. The network device sends M second reference signals to the terminal
device, where sending the M second reference signals by the network device is also
triggered by the physical layer control signaling, and M is a positive integer greater
than or equal to 1.
[0105] The physical layer control signaling sent by the network device to the
terminal device may also be used to trigger the network device to send the channel
quality measurement result of the N first reference signals to the terminal device.
[0106] In some embodiments of the present invention, transmission bandwidth of
the second reference signal is greater than or equal to transmission bandwidth of the
first reference signal; and/or
a frequency domain resource used for transmitting the first reference signal
is a subset of a frequency domain resource used for transmitting the second reference
signal.
[0107) In some embodiments of the present invention, step 407 in which the
nctwork device sends M second reference signals to the terminal device includes:
repeatedly sending, by the network device, the M second reference signals
to the terminal device in a time division mode.
{0108] In some embodiments of the present invention, a moment n for sending the
M second reference signals and a moment k for sending the channel quality

measurement result meet the following condition:
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n=k + m, where

m is a positive integer greater than 0, or m is equal to 0.
[0109] Further, a value of m is predefined; or a value of m is indicated to the
terminal device by using the physical layer control signaling or higher layer signaling.
[0110] Further, optionally, a value of m may be an integer less than 0. To be
specific, the moment for sending the M second reference signals is a moment before
the moment for sending the channel quality measurement result.
[0111] 408. The terminal device receives the M second reference signals sent by
the network device, where sending the M second reference signals by the network
device is also triggered by the physical layer control signaling.
[0112] For example, the network device sends the M second reference signals to
the terminal device, and the terminal device receives the M second reference signals
sent by the network device. For example, the terminal device may periodically receive
the M second reference signals, or may receive the M second reference signals that
are semi-statically sent by the network device, or may receive the M second reference
signals that are dynamically sent by the network device. This is not limited herein.
[0113] In some embodiments of the present invention, step 408 in which the
terminal device receives the M second reference signals sent by the network device
includes:

receiving, by the terminal device, the M second reference signals
repeatedly sent by the network device in a time division mode.
[0114] In some embodiments of the present invention, the signal transmission
method provided in this embodiment of the present invention further includes:

receiving, by the terminal device, a beam calibration criterion configured
by the network device and/or a calibration threshold corresponding to the beam
calibration criterion; and

performing, by the terminal device, beam calibration based on the received
channel quality measurement result and a channel quality measurement result of the
M second reference signals. by using the beam calibration criterion and/or the
calibration threshold corresponding to the beam calibration criterion.
[0115] Further, the signal transmission method provided in this embodiment of
the present invention further includes:

reporting, by the terminal device, a beam calibration result of the terminal

device to the network device.
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[0116] In some embodiments of the present invention, after step 407 in which the
network device sends M second reference signals to the terminal device, the signal
transmission method provided in this embodiment of the present invention further
includes:

receiving, by the network device, the beam calibration result of the
terminal device reported by the terminal device.
[0117] After the terminal device completes beam calibration, the network device
may receive the beam calibration result of the terminal device by using the terminal
device.
[0118] FIG. 5 is a schematic diagram of a scenario in which a terminal device
completes beam calibration according to an embodiment of the present invention. An
example in which a network device is a base station and a terminal device is UE is
used for description. A UE side completes calibration of reciprocity between a receive
beam and a transmit beam. The UE sends N uplink reference signals to the base
station by using N different transmit beams. The base station receives the N uplink
reference signals by using N same or different receive beams; performs channel
quality measurement on the N uplink reference signals; and sends a channel quality
measurement result indication to the UE. For example, physical layer control
signaling sent by the base station carries a channel quality measurement result of the
N uplink reference signals. Specifically, the channel quality measurement result may
include a resource index of one of the N uplink reference signals. The physical layer
control signaling may be any one of a physical-layer downlink control signaling
format 0, 1, 2, 2A, 2B, 2C, or 2D of an LTE system. The basc station sends M
downlink reference signals to the UE. The UE performs channel quality measurement
on the M downlink reference signals; performs beam calibration based on the received
channel quality measurement result of the N uplink reference signals and a channel
quality measurement result of the M downlink reference signals of the UE: and
reports a beam calibration result to the base station. Specifically, the beam calibration
result may be indication information used to indicate whether beam reciprocity stands,
or may be a quantized value that meets a beam calibration criterion. This is not
limited herein.
[0119] An embodiment of the present invention provides a beam calibration
method and mechanism of a base station and a UE side, so as to implement fast and

accurate beam calibration at a base station end and a UE end by using the mechanism,
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thereby simplifying a beam management process of the base station or UE, reducing
beam scanning, and maximizing resource utilization efficiency. In this embodiment of
the present invention, calibration of reciprocity between a receive beam and a transmit
beam on a UE side is described by using an example.

[0120] The base station may use separate signaling to trigger indication or
notification of a channel quality measurement result of N uplink reference signals,
and trigger sending M (M > 1) downlink reference signals. In this case, a formed
transmit beam of the base station for the M (M > 1) downlink reference signals is the
same as a formed receive beam of the base station obtained through measurement
based on the channel quality measurement result of the N uplink reference signals. To
ensure this, the base station needs to simultaneously indicate an association or a
correspondence between sending the M downlink reference signals and the channel
quality measurement result of the N uplink reference signals, for example, an
association relationship between the foregoing sending moment and the foregoing
reporting moment, to be specific, an association or a correspondence between a
moment for sending the M downlink reference signals and a moment for indicating or
notifying the channel quality measurement result of the N uplink reference signals.
[0121] The UE obtains an optimal receive beam based on measurement of the M
downlink reference signals, and may determine, by calibrating a difference between
the optimal receive beam and an optimal uplink transmit beam notified by the base
station, whether reciprocity between a receive beam and a transmit beam on a user
side stands. In addition, the UE reports information about or a result of calibration of
the reciprocity between a receive beam and a transmit beam to the base station. The
information about or the result of the calibration of the reciprocity between a receive
beam and a transmit beam may be specifically a 1-bit indication message. The
indication message includes "yes" or "no"; or may be information about a quantized
difference between a receive beam and a transmit beam. This is not limited herein.
[0122] In some embodiments of the present invention, the base station may
configure, for the UL, a beam calibration criterion used for calibration of reciprocity
between a receive beam and a transmit beam and/or a calibration threshold
corresponding to the beam calibration critcrion. For example, the beam calibration
criterion may include at least one of a signal-to-noise ratio, received signal power
corresponding to a beam, received signal quality corresponding to a beam, channel

quality information (such as CQI) corresponding to a beam. a beam index. or a
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reference signal index. The received signal power corresponding to a bcam may be
specifically RSRP, and the received signal quality corresponding to a beam may be
RSRQ, or the like. In addition, the channel state information corresponding to a beam
may be channel state information CSI (Channel State Information, CSI for short) in
LTE. For example, the CSI information may include at least one of a CRI, an RI, a
PMI, and CQI. Alternatively, the channel state information corresponding to a beam
may be channel quality information of RRM measurement, for example, at least one
of RSRP and RSRQ. In addition, the channel state information may be any one or
more pieces of other channel quality information different from the foregoing
information, or may include any one or more pieces of other channel quality
information in addition to the foregoing information. This embodiment of the present
invention imposes no limitation thereto.

[0123] The embodiments of the present invention provide the beam calibration
methods and mechanisms on the base station side and the uscr side, so as to
implement fast and accurate beam calibration at the base station end and the UE end
by using the mechanism, thereby simplifying a beam management process of the base
station or UE, reducing a delay caused by beam scanning when there is a relatively
large quantity of beams, and maximizing resource utilization efficiency.

[0124] By using the foregoing example, it can be learned that, after the terminal
device sends the N first reference signals to the network device, the network device
may further send the physical layer control signaling to the terminal device. The
physical layer control signaling is used to trigger the network device to send the
channel quality measurement result of the N first reference signals to the terminal
device, and the physical layer control signaling is further used to instruct the network
device to send the M sccond reference signals to the terminal device, so that the
terminal device may perform beam calibration based on the channel quality
measurement result of the N first reference signals that is sent according to the
physical layer control signaling and based on a channel quality measurement result of
the M second reference signals of the terminal device. Likewise, the network device
may also perform corresponding beam calibration based on the foregoing information.
Therefore, in this embodiment of the present invention, fast beam calibration for the
network device and the terminal device can be implemented, thereby simplifying a
beam management process of the network device or the terminal device, and

maximizing resource utilization efficiency.
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[0125] It should be noted that, to make the description brief, the foregoing method
embodiments are expressed as a series of actions. However, a person skilled in the art
should appreciate that the present invention is not limited to the described action
sequence, because according to the present invention, some steps may be performed
in other sequences or performed simultaneously. In addition, a person skilled in the art
should also appreciate that all the embodiments described in the specification are
preferred embodiments, and the related actions and modules are not necessarily
mandatory to the present invention.
[0126] To better implement the foregoing solutions of the embodiments of the
present invention, the following further provides related apparatuses for implementing
the foregoing solutions.
[0127] Referring to FIG. 6, a network device 600 provided in an embodiment of
the present invention may include a sending module 601 and a receiving module 602,
[0128] The sending module 601 is configured to send N first reference signals to a
terminal device, where N is a positive integer greater than or equal to 1.
[0129] The sending module 601 is configured to send physical layer control
signaling to the terminal device, where the physical layer control signaling is used to
trigger the terminal device to send a channel quality measurement result of the N first
reference signals to the network device, the physical layer control signaling is further
used to instruct the terminal device to send M second reference signals to the network
device, and M is a positive integer greater than or equal to 1.
[0130] The receiving module 602 is configured to: after the sending module sends
the physical layer control signaling, receive the channel quality measurement result
sent by the terminal device; and receive the M second reference signals sent by the
terminal device.
[0131] In some embodiments of the present invention, the channel quality
measurement result received by the receiving module 602 includes a resource index of
one of the N first reference signals.
[0132] In some embodiments of the present invention, a moment n for sending the
M second reference signals received by the receiving module 602 and a moment k for
sending the channel quality measurement result received by the receiving module 602
meet the following condition:

n =k + m, where

m is a positive integer greater than 0, or m is equal to 0, or m is a negative
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integer less than 0.
[0133] In some embodiments of the present invention, a value of m is predefined;
or a value of m is indicated to the terminal device by using higher layer signaling or
the physical layer control signaling.
[0134] In some embodiments of the present invention, transmission bandwidth of
the second reference signal is less than or equal to transmission bandwidth of the first
reference signal; and/or

a frequency domain resource used for transmitting the second reference
signal is a subset of a frequency domain resource used for transmitting the first
reference signal.
[0135] In some embodiments of the present invention, the receiving module 602
is specifically configured to receive the M second reference signals repeatedly sent by
the terminal device in a time division mode.
[0136] Referring to FIG. 7, a terminal device 700 provided in an embodiment of
the present invention may include a receiving module 701, a processing module 702,
and a sending module 703.
[0137] The receiving module 701 is configured to receive N first reference signals
sent by a network device, where N is a positive integer greater than or equal to 1.
[0138] The processing module 702 is configured to obtain a channel quality
measurement result of the N first reference signals received by the receiving module.
[0139] The receiving module 701 is configured to receive physical layer control
signaling sent by the network device, where the physical layer control signaling is
used to trigger the terminal device to send the channel quality measurement result of
the N first reference signals to the network device, the physical layer control signaling
is further used to instruct the terminal device to send M second reference signals to
the network device, and M is a positive integer greater than or equal to 1.
[0140] The sending module 703 is configured to: before or after the receiving
module receives the physical layer control signaling. send the channel quality
measurement result to the network device; and send the M second reference signals to
the network device.
[0141] In some embodiments of the present invention, a moment n for sending the
M second reference signals by the sending module 703 and a moment k for sending
the channel quality measurement result by the sending module 703 meet the following

condition:
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n =k + m, where

m is a positive integer greater than 0, or m is equal to 0, or m is a negative
integer less than 0.
[0142] In some embodiments of the present invention, a value of m is predefined;
or a value of m is indicated to the terminal device by using higher layer signaling or
the physical layer control signaling.
[0143] In some embodiments of the present invention, transmission bandwidth of
the second reference signal is less than or equal to transmission bandwidth of the first
reference signal; and/or

a frequency domain resource used for transmitting the second reference
signal is a subset of a frequency domain resource used for transmitting the first
reference signal.
[0144] In some embodiments of the present invention, the sending module 703 is
specifically configured to repeatedly send the M second reference signals to the
network device in a time division mode.
[0145] Referring to FIG. 8, a terminal device 800 provided in an embodiment of
the present invention may include a sending module 801 and a receiving module 802.
[0146] The sending module 801 is configured to send N first reference signals to a
network device, where N is a positive integer greater than or equal to 1.
[0147] The receiving module 802 is configured to receive physical layer control
signaling sent by the network device, where the physical layer control signaling is
used to carry a channel quality measurement result, that is obtained by the network
device, and that is of the N first reference signals sent by the sending module.
[0148] The receiving module 802 is configured to: receive the channel quality
measurement result of the N first reference signals; and reccive M sccond reference
signals sent by the network device, where sending the M second reference signals is
also triggered by the physical layer control signaling, and M is a positive integer
greater than or equal to 1.
[0149] In some embodiments of the present invention, the channel quality
measurement result includes a resource index of one of the N first reference signals.
[0150] In some embodiments of the present invention, a moment n for sending the
M second reference signals and a moment k for sending the channel quality
measurement resuit meet the following condition:

n =k + m, where
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m is a positive integer greater than 0, or m is equal to 0, or m is a ncgative
integer less than 0.
[0151] In some embodiments of the present invention, a value of m is predefined,;
or a value of m is indicated to the terminal device by using higher layer signaling or
the physical layer control signaling.
[0152] In some embodiments of the present invention, the terminal device further
includes a processing module 803.
[0153] The receiving module 802 is configured to receive a beam calibration
criterion configured by the network device and/or a calibration threshold
corresponding to the beam calibration criterion.
[0154] The processing module 803 is configured to perform beam calibration
based on the channel quality measurement result of the N first reference signals that is
received by the receiving module and based on a channel quality measurement result
of the M second reference signals, by using the beam calibration criterion received by
the receiving module and/or the calibration threshold that corresponds to the beam
calibration criterion and that is received by the receiving module.
[0155] In some embodiments of the present invention, the sending module 801 is
configured to report, to the network device, a result obtained after the processing
module performs beam calibration.
[0156] In some embodiments of the present invention, transmission bandwidth of
the second reference signal is greater than or equal to transmission bandwidth of the
first reference signal; and/or

a frequency domain resource used for transmitting the first reference signal
is a subset of a frequency domain resource used for transmitting the second reference
signal.
[0157] In some embodiments of the present invention, the receiving module 802
is specifically configured to receive the M second reference signals repeatedly sent by
the network device in a time division mode.
[0158] Referring to FIG. 9, a network device 900 provided in an embodiment of
the present invention may include a receiving module 901, a processing module 902,
and a sending module 903,
[0159] The receiving module 901 is configured to reccive N first reference signals
sent by a terminal device, where N is a positive integer greater than or equal to 1.

[0160) The processing module 902 is configured to obtain a channel quality
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measurement result of the N first reference signals received by the receiving module.
[0161] The sending module 903 is configured to send physical layer control
signaling to the terminal device, where the physical layer control signaling is used to
carry the channel quality measurement result of the N first reference signals that is
obtained by the obtaining module.
[0162] The sending module 903 is configured to send M second reference signals
to the terminal device, where sending the M second reference signals by the network
device is also triggered by the physical layer control signaling, and M is a positive
integer greater than or equal to 1.
[0163] In some embodiments of the present invention, a moment n for sending the
M second reference signals by the sending module 903 and a moment k for sending
the channel quality measurement result meet the following condition:

n =k + m, where

m is a positive integer greater than 0, or m is equal to 0, or m is a negative
integer less than 0.
[0164] In some embodiments of the present invention, a value of m is predefined;
or a value of m is indicated to the terminal device by using higher laycr signaling or
the physical layer control signaling.
[0165] In some embodiments of the present invention, the receiving module 901
is configured to: after the sending module sends the M second reference signals to the
terminal device, receive a result that is reported by the terminal device and that is
obtained after the terminal device performs beam calibration.
[0166] In some embodiments of the present invention, transmission bandwidth of
the second reference signal is greater than or equal to transmission bandwidth of the
first reference signal; and/or

a frequency domain resource used for transmitting the first reference signal
is a subset of a frequency domain resource used for transmitting the second reference
signal.
[0167] In some embodiments of the present invention, the sending module 903 is
specifically configured to repeatedly send the M second reference signals to the
terminal device in a time division mode.
[0168] It should be noted that, content such as information exchange between the
modules/units of the foregoing apparatus and an execution process based on a same

idea as the method embodiments of the present invention; therefore, technical effects
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thereof are the same as those in the method embodiments of the present invention. For
specific content, refer to the descriptions in the method embodiments of the present
invention that is shown above. Details are not described herein again.
[0169] An embodiment of the present invention further provides a computer
storage medium, where the computer storage medium stores a program, and executing
the program includes a part or all of the steps described in the foregoing method
embodiments.
[0170] The following describes another network device provided in an
embodiment of the present invention. Referring to FIG. 10, a network device 1000
includes:

a receiver 1001, a transmitter 1002, a processor 1003, and a memory 1004
(there may be one or more processors 1003 in the network device 1000, and one
processor is used as an example in FIG. 10). In some embodiments of the present
invention, the receiver 1001, the transmitter 1002, the processor 1003, and the
memory 1004 may be connected by using a bus or in another manner, and the
connection by using a bus is used as an example in FIG. 10.
[0171] The memory 1004 may include a read-only memory and a random access
memory, and provide the processor 1003 with an instruction and data. A part of the
memory 1004 may further include a nonvolatile random access memory (English full
name: Non-Volatile Random Access Memory, NVRAM for short). The memory 1004
stores an operating system and an operation instruction, an executable module or a
data structure, or a subset thereof, or an extended set thereof. The operation
instruction may include various operation instructions, so as to implement various
operations. The operating system may include various system programs, so as to
implement various basic scrvices and process hardware-based tasks.
[0172] The processor 1003 controls operations of the network device. The
processor 1003 may also be referred to as a central processing unit (English full name:
Central Processing Unit. CPU for short). In specific application, components of the
network device are coupled together by using a bus system. In addition to a data bus,
the bus system may further include a power bus, a control bus, a status signal bus, and
the like. However, for clarity of description, various buses are referred to as the bus
system in the figure.
[0173] The methods disclosed in the foregoing embodiments of the present

invention may be applied to the processor 1003, or implemented by the processor
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1003. The processor 1003 may be an integrated circuit chip and has a signal
processing capability. In an implementation process, each step of the foregoing
method may be completed by using an integrated logical circuit of hardware in the
processor 1003 or an instruction in a form of software. The processor 1003 may be a
general purpose processor, a digital signal processor (English full name: Digital
Signal Processor, DSP for short), an application-specific integrated circuit (English
full name: Application Specific Integrated Circuit, ASIC for short), a
field-programmable gate array (English full name: Field-Programmable Gate Array,
FPGA for short) or another programmable logic device, a discrete gate or transistor
logic device, or a discrete hardware component. All methods, steps, and logical block
diagrams disclosed in this embodiment of the present application may be
implemented or performed. The general purpose processor may be a microprocessor
or the processor may be any conventional processor, or the like. Steps of the methods
disclosed in the embodiments of the present application may be directly performed
and completed by a hardware decoding processor, or may be performed and
completed by using a combination of hardware in the decoding processor and a
software module. The software module may be located in a mature storage medium in
the field, such as a random access memory, a flash memory, a read-only memory, a
programmable read-only memory, an electrically-erasable programmable memory, or
a register. The storage medium is located in the memory 1004, and the processor 1003
reads information in the memory 1004 and implements the steps of the foregoing
method in combination with hardware of the processor 1003.

[0174] The receiver 1001 may be configured to: receive entered digital or
character information, and generate signal input related to a related setting and
function control of the network device. The transmitter 1002 may include a display
device such as a display screen, and the transmitter 1002 may be configured to output

digital or character information by using an external interface.

[0175] In this embodiment of the present application, the processor 1003 is
configured to execute the signal transmission method performed on a network device
side.

[0176] The following describes another terminal device provided in an

embodiment of the present application. Referring to FIG. 11, a terminal device 1100
includes:

a receiver 1101, a transmitter 1102, a processor 1103, and a memory 1104
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(there may be one or more processors 1103 in the terminal device 1100, and one
processor is used as an example in FIG. 11). In some embodiments of the present
invention, the receiver 1101, the transmitter 1102, the processor 1103, and the
memory 1104 may be connected by using a bus or in another manner, and the
connection by using a bus is used as an example in FIG. 11.

[0177] The memory [104 may include a read-only memory and a random access
memory, and provide the processor 1103 with an instruction and data. A part of the
memory 1104 may further include an NVRAM. The memory 1104 stores an operating
system and an operation instruction, an executable module or a data structure, or a
subset thereof, or an extended set thereof. The operation instruction may include
various operation instructions, so as to implement various operations. The operating
system may include various system programs, so as to implement various basic
services and process hardware-based tasks.

[0178] The processor 1103 controls operations of the terminal device, and the
processor 1103 may also be referred to as a CPU. In specific application, components
of the terminal device are coupled together by using a bus system. In addition to a
data bus, the bus system may further include a power bus, a control bus, a status
signal bus, and the like. However, for clarity of description, various buses are referred
to as the bus system in the figure.

[0179] The methods disclosed in the foregoing embodiments of the present
invention may be applied to the processor 1103. or implemented by the processor
1103. The processor 1103 may be an integrated circuit chip and has a signal
processing capability. In an implementation process, each step of the foregoing
method may be completed by using an integrated logical circuit of hardware in the
processor 1103 or an instruction in a form of software. The processor 1103 may be a
general purpose processor, a DSP, an ASIC, an FPGA or another programmable logic
device, a discrete gate or transistor logic device, or a discrete hardware component.
All methods, steps. and logical block diagrams disclosed in this embodiment of the
present invention may be implemented or performed. The general purpose processor
may be a microprocessor or the processor may be any conventional processor, or the
like. Steps of the methods disclosed in the embodiments of the present invention may
be directly performed and completed by a hardware decoding processor, or may be
performed and completed by using a combination of hardware in the decoding

processor and a software module. The software module may be located in a mature
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storage medium in the field, such as a random access memory, a flash memory, a
read-only memory, a programmable read-only memory, an electrically-erasable
programmable memory, or a register. The storage medium is located in the memory
1104, and the processor 1103 reads information in the memory 1104 and implements
the steps of the foregoing method in combination with hardware of the processor
1103.

[0180] In this embodiment of the present invention, the processor 1103 is
configured to execute the signal transmission method performed on a terminal device
side.

[0181] In addition, it should be noted that the described apparatus embodiment is
merely an example. The units described as separate parts may or may not be
physically separate, and parts displayed as units may or may not be physical units,
may be located in one position, or may be distributed on a plurality of network units.
Some or all of the modules may be selected according to actual needs to achieve the
objectives of the solutions of the embodiments. In addition, in the accompanying
drawings of the apparatus embodiments provided in the present invention, connection
relationships between modules indicate that the modules have communication
connections with each other, which may be specifically implemented as one or more
communications buses or signal cables.

[0182] Based on the description of the foregoing implementations, a person
skilled in the art may clearly understand that the present invention may be
implemented by software in addition to necessary universal hardware, or by dedicated
hardware, including a dedicated integrated circuit, a dedicated CPU, a dedicated
memory, a dedicated component, and the like. Generally, any functions that can be
performed by a computer program can be easily implemented by using corresponding
hardware. Moreover, a specific hardware structure used to achieve a same function
may be of various forms, for example, in a form of an analog circuit, a digital circuit,
a dedicated circuit, or the like. However, as for the present invention, software
program implementation is a better implementation in most cases. Based on such an
understanding, the technical solutions of the present invention essentially or the part
contributing to the prior art may be implemented in a form of a software product. The
computer software product is stored in a readable storage medium, such as a floppy
disk, a USB flash drive, a removable hard disk, a read-only memory (ROM,

Read-Only Memory). a random access memory (RAM, Random Access Memory), a
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magnetic disk, or an optical disc of a computer, and includes several instructions for
instructing a computer device (which may be a personal computer. a server, a network
device, and the like) to perform the methods described in the embodiments of the

present invention.
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CLAIMS

What is claimed is:

1. A signal transmission method, comprising:

transmitting, by a network device, N first reference signals to a terminal device,
wherein the N is a positive integer greater than or equal to 1;

transmitting, by the network device, physical layer control signaling to the
terminal device, wherein the physical layer control signaling is used to trigger the
terminal device to transmit a channel quality measurement result of the N first
reference signals to the network device, the physical layer control signaling is further
used to instruct the terminal device to transmit M second reference signals to the
network device, and M is a positive integer greater than or equal to 1;

receiving, by the network device, the channel quality measurement result sent by
the terminal device; and

receiving, by the network device, the M second reference signals sent by the
terminal device;

transmitting, by the network device, an indication information to the terminal
device, wherein the indication information is used to indicate an association between
transmilting the M second relerence signals and the channel qualily measurement
result of the N first reference signals; wherein a formed transmit beam for the M
second reference signals is the same as a formed receive beam for one of the N first
reference signals.

2. The method according to claim 1, wherein the channel quality measurement
result comprises a resource index of one of the N first reference signals.

3. The method according to claim 1, wherein a moment n for transmitting the M
second reference signals and a moment k for transmitting the channel quality
measurement result meet the following condition:

n =k + m, wherein

the m is a positive integer greater than 0 or equal to 0, or m is a negative integer
less than 0.

4. The method according to claim 3, wherein a value of m is predefined; or a
value of m is indicated to the terminal device by using higher layer signaling or the

physical layer control signaling.
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5. The method according to any one of claims 1 to 4, wherein transmission
bandwidth of the second reference signals is less than or equal to transmission
bandwidth of the first reference signals; and/or

a frequency domain resource used for transmitting the second reference signals is
a subset of a frequency domain resource used for transmitting the first reference
signals.

6. The method according to any one of claims 1 to 4, wherein the receiving, by
the network device, the M second reference signals sent by the terminal device
comprises:

receiving, by the network device, the M second reference signals repeatedly sent
by the terminal device in a time division mode.

7. The method according to any one of claims 1 to 6, wherein the method
comprises:

receiving, by the network device an indication information indicating whether
reciprocity between a receive beam and a transmit beam on the terminal device side
stands, (o the network device.

8. A signal transmission method, comprising:

receiving, by a terminal device, N first reference signals sent by a network
device, wherein the N is a positive integer greater than or equal to 1;

obtaining, by the terminal device, a channel quality measurement result of the N
first reference signals;

receiving, by the terminal device, physical layer control signaling sent by the
network device, wherein the physical layer control signaling is used to trigger the
terminal device to transmit the channel quality measurement result of the N first
reference signals to the network device, the physical layer control signaling is further
used to instruct the terminal device to transmit M second reference signals to the
network device, and M is a positive integer greater than or equal to 1;

transmitting, by the terminal device, the channel quality measurement result to
the network device; and

transmitting, by the terminal device, the M sccond reference signals to the
network device;

receiving, by the terminal device, an indication information from the network
device, wherein the indication information is used to indicate an association between

transmitting the M second reference signals and the channel quality measurement

40

Date regue / Date received 2021-12-21



10

15

20

25

30

result of the N first reference signals; wherein a formed transmit beam for the M
second reference signals is the same as a formed receive beam for one of the N first
reference signals.

9. The method according to claim 8, wherein the channel quality measurement
result comprises a resource index of one of the N first reference signals.

10. The method according to claim 8, wherein a moment n for transmitting the M
second reference signals and a moment k for transmitting the channel quality
measurement result meet the following condition:

n =k + m, wherein

the m is a positive integer greater than 0 or equal to 0, or m is a negative integer
less than 0.

11. The method according to claim 10, wherein a value of m is predefined; or a
value of m is indicated to the terminal device by using higher layer signaling or the
physical layer control signaling.

12. The method according to any one of claims 8 to 11, wherein transmission
bandwidth of the second reference signals is less than or equal lo transmission
bandwidth of the first reference signals; and/or

a frequency domain resource used for transmitting the second reference signals is
a subset of a frequency domain resource used for transmitting the first reference
signals.

13. The method according to any one of claims 8 to 11, wherein the transmitting,
by the terminal device, the M second reference signals to the network device
comprises:

repeatedly transmitting, by the terminal device, the M second reference signals to
the network device in a time division mode.

14. The method according to any one of claims 8 to 13, wherein the method
comprises:

transmitting, by the terminal device, an indication information indicating
whether reciprocity between a receive beam and a transmit beam on the terminal
device side stands, to the network device.

15. Anctwork device, comprising:

a transmitting module, configured to transmit N first reference signals to a
terminal device, wherein the N is a positive integer greater than or equal to 1, wherein

the transmitting module is configured to transmit physical layer control signaling
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to the terminal device, wherein the physical layer control signaling is used to trigger
the terminal device to transmit a channel quality measurement result of the N first
reference signals to the network device, the physical layer control signaling is further
used to instruct the terminal device to transmit M second reference signals to the
network device, and M is a positive integer greater than or equal to 1; and

a receiving module, configured to after the transmitting module transmits the
physical layer control signaling, receive the channel quality measurement result sent
by the terminal device; and receive the M second reference signals sent by the
terminal device;

wherein the transmitting module is further configured to transmit an indication
information to the terminal device, wherein the indication information is used to
indicate an association between transmitting the M second reference signals and the
channel quality measurement result of the N first reference signals; wherein a formed
transmit beam for the M second reference signals is the same as a formed receive
beam for one of the N first reference signals.

16. The network device according to claim 15, wherein the channel quality
measurement result received by the receiving module comprises a resource index of
one of the N first reference signals.

17. The network device according to claim 15, wherein a moment n for
transmitting the M second reference signals received by the receiving module and a
moment k for transmitting the channel quality measurement result received by the
receiving module meet the following condition:

n =k + m, wherein

the m is a positive integer greater than 0 or equal to 0, or m is a negative integer
less than 0.

18. The network device according to claim 17, whercin a value of m is
predefined; or a value of m is indicated to the terminal device by using higher layer
signaling or the physical layer control signaling.

19. The network device according to any one of claims 15 to 18, wherein
transmission bandwidth of the second reference signals is less than or equal to
transmission bandwidth of the first reference signals; and/or

a frequency domain resource used for transmitting the second reference signals is
a subset of a frequency domain resource used for transmitting the first reference

signals.
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20. The network device according to any one of claims 15 to 18, wherein the
receiving module is specifically configured to reccive the M second reference signals
repeatedly sent by the terminal device in a time division mode.

21. The network device according to any one of claims 15 to 20, wherein the
receiving module is configured to:

receiving, by the network device an indication information indicating whether
reciprocity between a receive beam and a transmit beam on the terminal device side
stands, to the network device.

22. A terminal device, comprising:

a receiving module, configured to receive N first reference signals sent by a
network device, wherein the N is a positive integer greater than or equal to 1;

a processing module, configured to obtain a channel quality measurement result
of the N first reference signals received by the recetving module, wherein

the receiving module is configured to receive physical layer control signaling
sent by the network device, wherein the physical layer control signaling is used to
trigger the terminal device Lo transmit the channel quality measurement result of the N
first reference signals to the network device, the physical layer control signaling is
further used to instruct the terminal device to transmit M second reference signals to
the network device, and M is a positive integer greater than or equal to 1; and

a transmitting module, configured to: before or after the receiving module
receives the physical layer control signaling, transmit the channel quality
measurement result to the network device; and transmit the M second reference
signals to the network device;

wherein the receiving module is further configured to receiving, by the terminal
device, an indication information from the network device, wherein the indication
information is used to indicate an association between transmitting the M second
reference signals and the channel quality measurement result of the N first reference
signals; wherein a formed transmit beam for the M second reference signals is the
same as a formed receive beam for one of the N first reference signals.

23. The terminal device according to claim 22, wherein the channel quality
measurement result comprises a resource index of one of the N first reference signals.

24. The terminal device according to claim 22, whercin a moment n for
transmitting the M second reference signals by the transmitting module and a moment

k for transmitting the channel quality measurement result by the transmitting module
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meet the following condition:

n =k + m, wherein

the m is a positive integer greater than 0 or equal to 0, or m is a negative integer
less than 0.

25. The terminal device according to claim 24, wherein a value of m is
predefined; or a value of m is indicated to the terminal device by using higher layer
signaling or the physical layer control signaling.

26. The terminal device according to any one of claims 22 to 25, wherein
transmission bandwidth of the second reference signals is less than or equal to
transmission bandwidth of the first reference signals; and/or

a frequency domain resource used for transmitting the second reference signal is
a subset of a frequency domain resource used for transmitting the first reference
signals.

27. The terminal device according to any one of claims 22 to 25, wherein the
transmitting module is specifically configured to repeatedly transmit the M second
relerence signals Lo the network device in a time division mode.

28. The terminal device according to any one of claims 22 to 27, wherein the
transmitting module is configured to:

transmitting, by the terminal device, an indication information indicating
whether reciprocity between a receive beam and a transmit beam on the terminal
device side stands, to the network device.

29. A signal transmission method, comprising:

transmitting, by a network device an indication information to a terminal device,
wherein the indication information is used to indicate an association between
transmitting M second reference signals and resource indexes of one or more first
reference signal, wherein the first reference signal is sent by the network device to the
terminal device, and M is a positive integer greater than or equal to 1; wherein a
formed transmit beam for the M second reference signals is the same as a formed
receive beam for one or more the first reference signal;

transmitting, by the network device physical layer control signaling to the
terminal device, wherein the physical layer control signaling is used to indicate the
terminal device transmitting one or more the second reference signal to the network
device;

receiving, by the network device, the one or more second reference signal from
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the terminal device.

30. The method according to claim 29, wherein the method comprises:

receiving, by the network device an indication information indicating that
reciprocity between a receive beam and a transmit beam on the terminal device side
stands, from the terminal device.

31. The method according to claim 29 or 30, wherein the method comprises:

transmitting, by the network device physical layer control signaling to the
terminal device, wherein the physical layer control signaling is used to trigger the
terminal device to transmit a channel quality measurement result of N first reference
signals to the network device, wherein the N is a positive integer greater than or equal
to 1.

32. The method according to claim 31, wherein the channel quality measurement
result comprises one or more resource index of the first reference signal from the N
first reference signals.

33. A signal transmission method, comprising:

receiving, by a terminal device, an indication information from a network device,
wherein the indication information is used to indicate an association between
transmitting M second reference signals and a resource index of one or more first
reference signal, wherein the first reference signal is sent by the network device to the
terminal device, and M is a positive integer greater than or equal to 1; wherein a
formed transmit beam for the M second reference signals is the same as a formed
receive beam for one or more the first reference signal;

receiving, by the terminal device, physical layer control signaling from the
network device, wherein the physical layer control signaling is used to indicate the
terminal device transmitting one or more the second reference signal to the network
device;

transmitting, by the terminal device, the one or more second reference signal to
the network device.

34. The method according to claim 33, wherein the method comprising:

transmitting, by the terminal device, an indication information indicating that
reciprocity between a receive beam and a transmit beam on the terminal device side
stands, to the network device.

35. The method according to claim 33 or 34, wherein the method comprising:

receiving, by the terminal device, physical layer control signaling from the
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network device, wherein the physical layer control signaling is used to trigger the
terminal device to transmit a channel quality measurement result of N first reference
signals to the network device, wherein the N is a positive integer greater than or equal
to 1.

36. The method according to claim 35, wherein the channel quality measurement
result comprises one or more resource index of the first reference signal from the N
first reference signals.

37. Anetwork device, comprising:

transmitting module, configured to transmit an indication information to a
terminal device, wherein the indication information is used to indicate an association
between transmitting M second reference signals and a resource index of one or more
first reference signal, wherein the first reference signal is sent by the network device
to the terminal device, and M is a positive integer greater than or equal to 1; wherein a
formed transmit beam for the M second reference signals is the same as a formed
receive beam for one or more the first reference signal;

transmitting module is configured to transmit physical layer control signaling to
the terminal device, wherein the physical layer control signaling is used to indicate the
terminal device transmitting one or more the second reference signal to the network
device;

receiving module, configured to receive the one or more second reference signal
from the terminal device.

38. The network device according to claim 37, wherein the receiving module is
configured to receive an indication information indicating that reciprocity between a
receive beam and a transmit beam on the terminal device side stands, from the
terminal device.

39. The network device according to claim 37 or 38, wherein the transmitting
module is configured to transmit physical layer control signaling to the terminal
device, wherein the physical layer control signaling is used to trigger the terminal
device to transmit a channel quality measurement result of N first reference signals to
the network device, wherein the N is a positive integer greater than or equal to 1.

40. The network device according to claim 39, wherein the channel quality
measurement result comprises one or more resource index of the first reference signal

from the N first reference signals.
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41. A terminal device, comprising:

receiving module, configured to receive an indication information from a
network device, wherein the indication information is used to indicate an association
between transmitting M second reference signals and a resource index of one or more
first reference signal, wherein the first reference signal is sent by the network device
to the terminal device, and M is a positive integer greater than or equal to 1; wherein a
formed transmit beam for the M second reference signals is the same as a formed
receive beam for one or more the first reference signal;

the receiving module is configured to receive physical layer control signaling
from the network device, wherein the physical layer control signaling is used to
indicate the terminal device transmitting onc or more the second reference signal to
the network device;

transmitting module, configured to transmit the one or more second reference
signal to the network device.

42. The terminal device according to claim 41, wherein the transmitting module
is conligured to transmil an indication information indicating that reciprocity between
arececive beam and a transmit beam on the terminal device side stands, to the network
device.

43. The terminal device according to claim 41 or 42, wherein the receiving
module is configured to receive physical layer control signaling from the network
device, wherein the physical layer control signaling is used to trigger the terminal
device to transmit a channel quality measurement result of N first reference signals to
the network device, wherein the N is a positive integer greater than or equal to 1.

44. The terminal device according to claim 43, wherein the channel quality
measurement result comprises the resource index of one or more first reference signal
from the N first reference signals.

45. A signal transmission apparatus, comprising a processing module and an
interface, wherein

the processing module is configured, through the interface, to cause the signal
transmission apparatus to implement the method according to any one of claims 1 to 7,
or any one of claims 29 to 32.

46. The apparatus according to claim 45, whercin the processing module
COMPrises One or more processor.

47. The apparatus according to claim 45 or 46, wherein the apparatus comprises
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a storage medium configured to store a computer program executed by the processing
module.

48. A signal transmission apparatus, comprising a processing module and an
interface, wherein

the processing module is configured, through the interface, to cause the signal
transmission apparatus to implement the method according to any one of claims 8 to
14, or any one of claims 33 to 36.

49. The apparatus according to claim 48, wherein the processing module
COMPrises One or more processor.

50. The apparatus according to claim 48 or 49, wherein the apparatus comprises
a storage medium configured to store a computer program executed by the processing
module.

51. A computer readable storage medium, storing instructions thereon, that when
the instructions are cxecuted by a computer, cause the computer to perform the
method according to any one of claims 1 to 7 or any one of claims 29 to 32.

52. A computer readable storage medium, storing instructions thereon, that when
the instructions are cxecuted by a computer, cause the computer to perform the

method according to any one of claims 8 to 14 or any one of claims 33 to 36.
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