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(57) Abstract: Disclosed in the present application are a data sending
method, and a signaling sending method, apparatus and system, which
relate the field of communications. The method comprises: a terminal
receives a downlink reference signal sent by an access network device;
the terminal measures the downlink reference signal to obtain a plu-
rality of uplink precoding vectors; the terminal sends SRSs to the ac-
cess network device on the plurality of uplink SRS resources, different
SRSs sent on different uplink SRS resources being precoded by using
different uplink precoding vectors; the terminal receives uplink sched-
uling signaling sent by the access network device, the uplink sched-
uling signaling being used for indicating a resource index of at least
one uplink SRS resource; the terminal precodes uplink data accord-
ing to an uplink precoding vector corresponding to the resource index;
and send the precoded uplink data to the access network device. The
present application can improve transmission perform of uplink data.
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DATA SENDING METHOD, SIGNALING SENDING METHOD,
APPARATUS, AND SYSTEM

This application claims priority to Chinese Patent Application No. 201610821803.2, filed with the
Chinese Patent Office on August 12, 2016 and entitled "DATA SENDING METHOD, SIGNALING
SENDING METHOD, APPARATUS, AND SYSTEM", which is incorporated herein by reference

in its entirety.

TECHNICAL FIELD

[0001] Embodiments of this application relate to the communications field, and in particular, to

a data sending method, a signaling sending method, an apparatus, and a system.

BACKGROUND

[0002] Since Long Term Evolution (Long Term Evolution, LTE) Release 10, uplink
transmission of a plurality of terminal-based transmit antennas is supported. During uplink
multi-antenna transmission, a physical uplink shared channel (English: Physical Uplink Shared
Channel, PUSCH for short) can support space transmission of as many as four layers through
antenna precoding, to improve a data transmission rate and uplink spectrum efficiency that can be
reached during uplink data transmission.

[0003] During multi-antenna transmission, user equipment (User Equipment) sends a sounding
reference signal (English: Sounding Reference Signal, SRS for short) to an evolved NodeB
(evolutional Node B, eNB or e-NodeB); the eNB determines a suitable uplink transmission rank and
a precoding matrix based on the SRS, where the precoding matrix is determined by the eNB based
on a codebook, and the codebook is a predefined set of precoding matrices of a limited quantity; the
eNB sends the uplink transmission rank and the precoding matrix to the UE in an uplink scheduling
grant; and the UE performs layer mapping on uplink data based on the uplink transmission rank fed
back by the eNB, precodes, by using a corresponding precoding vector in the precoding matrix,
uplink data obtained after the layer mapping, and sends the precoded uplink data.

[0004] Because the eNB selects the precoding matrix from the preset codebook, the precoding
matrix may not be suitable for an actual case of an uplink channel of the UE, causing relatively poor

transmission performance of the uplink data.
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SUMMARY

[0005] To resolve the problems in the BACKGROUND, embodiments of this application
provide a data sending method, a signaling sending method, an apparatus, and a system. The
technical solutions are as follows:
[0006] According to a first aspect, a data sending method is provided, where the method
includes:

receiving, by a terminal, a downlink reference signal sent by an access network device;

measuring, by the terminal, the downlink reference signal, to obtain a plurality of uplink
precoding vectors;

sending, by the terminal, sounding reference signals SRSs to the access network device
on a plurality of uplink SRS resources, where SRSs sent on different uplink SRS resources are
precoded by using different uplink precoding vectors;

receiving, by the terminal, uplink scheduling signaling sent by the access network device,
where the uplink scheduling signaling is used to indicate a resource index of at least one uplink SRS
resource; and

precoding, by the terminal, uplink data by using an uplink precoding vector
corresponding to the resource index, and sending the precoded uplink data to the access network
device.
[0007] According to a second aspect, an uplink data receiving method is provided, where the
method includes:

sending, by an access network device, a downlink reference signal to a terminal;

receiving, by the access network device, a sounding reference signal SRS that is sent by
the terminal on at least one uplink SRS resource, where SRSs on different uplink SRS resources are
precoded by using different uplink precoding vectors, and the uplink precoding vector is obtained
by the terminal by measuring the downlink reference signal;

sending, by the access network device, uplink scheduling signaling to the terminal,
where the uplink scheduling signaling is used to indicate a resource index of the at least one uplink
SRS resource; and

receiving, by the access network device, uplink data sent by the terminal, where the
uplink data is data precoded by using an uplink precoding vector corresponding to the resource
index.
[0008] In a possible design of the first aspect or the second aspect, different uplink SRS
resources correspond to different SRS ports.
[0009] In a possible design of the first aspect or the second aspect, the uplink scheduling

2
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signaling is further used to indicate a modulation and coding scheme MCS used for the uplink data,
and the MCS is an MCS of the uplink data that is precoded by using the uplink precoding vector
corresponding to the resource index.
[0010] In a possible design of the first aspect or the second aspect, the uplink scheduling
signaling is further used to indicate a precoding scheme used for the uplink data, and the precoding
scheme is an open-loop precoding scheme or a closed-loop precoding scheme.
[0011] In a possible design of the first aspect or the second aspect, the open-loop precoding
scheme is a scheme in which uplink data on different time-frequency resources is precoded by using
different uplink precoding vectors in turn, where

the different time-frequency resources include different physical resource blocks or
different subcarriers or different orthogonal frequency-division multiplexing OFDM symbols.
[0012] In a possible design of the first aspect or the second aspect, the closed-loop precoding
scheme is a scheme in which uplink data on a specified time-frequency resource is precoded by
using a same uplink precoding vector.
[0013] In a possible design of the first aspect or the second aspect, the uplink scheduling
signaling is further used to indicate a time-frequency resource used for the uplink data; and

the time-frequency resource includes at least two subbands, and the uplink data sent on
each subband is precoded by using an uplink precoding vector corresponding to an independent
resource index; or

the uplink data sent on a bandwidth of the time-frequency resource is precoded by using
an uplink precoding vector corresponding to a same resource index.
[0014] In a possible design of the first aspect or the second aspect, the uplink scheduling
signaling is further used to indicate a time-frequency resource used for the uplink data;

the time-frequency resource includes a first subband set and a second subband set;

the uplink scheduling signaling is further used to instruct to precode, by using the uplink
precoding vector corresponding to the resource index, uplink data sent on the first subband set; and

the uplink scheduling signaling is further used to instruct to precode, by using an uplink
precoding vector determined based on a codebook, uplink data sent on the second subband set.
[0015] In a possible design of the first aspect or the second aspect, the terminal receives
downlink configuration signaling sent by the access network device; or in other words, the access
network device sends downlink configuration signaling to the terminal; and

the downlink configuration signaling is used to configure a time-frequency resource of
the downlink reference signal; or

the downlink configuration signaling is used to configure a time-frequency resource of
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the downlink reference signal and a sequence resource of the SRS; or

the downlink configuration signaling is used to configure a time-frequency resource of
the downlink reference signal, a sequence resource of the SRS, and a code resource of the SRS; or

the downlink configuration signaling is used to configure a time-frequency resource of
the downlink reference signal, the uplink SRS resource, and a sequence resource of the SRS; or

the downlink configuration signaling is used to configure a time-frequency resource of
the downlink reference signal, the uplink SRS resource, a sequence resource of the SRS, and a code
resource of the SRS.
[0016] In a possible design of the first aspect or the second aspect, a time domain resource
occupied by the downlink configuration instruction and a time domain resource occupied by the
downlink reference signal are in a same time unit, the time unit is a timeslot or a subframe or a
transmission time interval, and the time unit includes n OFDM symbols;

the downlink configuration signaling occupies 0" to X1™ OFDM symbols of the time
unit; and

the downlink reference signal occupies X2™ to X3"™ OFDM symbols of the time unit,
where

X1 =1or2or3, X3=X2or X2+1, and n—-1>X3>X2>1.
[0017] In a possible design of the first aspect or the second aspect, a time domain resource
occupied by the downlink configuration instruction, a time domain resource occupied by the
downlink reference signal, and a time domain resource occupied by the SRS are in a same time unit,
the time unit is a timeslot or a subframe or a transmission time interval, and the time unit includes n
OFDM symbols;

the downlink configuration signaling occupies 0" to X1™ OFDM symbols of the time

unit;

the downlink reference signal occupies X2" to X3"™ OFDM symbols of the time unit;
and

the SRS occupies X4™ to X5 OFDM symbols of the time unit, where

X1 =1or2or3,X3=X2or X2+1, and n—1>X5>X4>X3+1.
[0018] In a possible design of the first aspect or the second aspect, a time domain resource

occupied by the downlink configuration instruction, a time domain resource occupied by the
downlink reference signal, a time domain resource occupied by the SRS, and the uplink scheduling
signaling are in a same time unit, and the time unit includes n symbols;

the downlink configuration signaling occupies 0" to X1™ OFDM symbols of the time

unit;
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the downlink reference signal occupies X2 to X3"™ OFDM symbols of the time unit;

the SRS occupies X4™ to X5 OFDM symbols of the time unit; and

the uplink scheduling signaling occupies Y6 to Y7" symbols of the time unit, where

X1 =1or2or3,X3=X2or X2+1, and n—-1>X7>X6>X5>X4>X3+1.
[0019] In a possible design of the first aspect or the second aspect, the uplink SRS resource
occupies m frequency domain resources, and the SRS is transmitted in a frequency-hopping manner
on the m frequency domain resources.
[0020] In a possible design of the first aspect or the second aspect, a frequency-domain
bandwidth occupied by the time-frequency resource of the downlink reference signal is the same as
a frequency-domain bandwidth occupied by the uplink SRS resource.
[0021] In a possible design of the first aspect or the second aspect, the downlink configuration
instruction is used to configure an orthogonal frequency-division multiplexing OFDM symbol
position and/or a physical resource block PRB position corresponding to the time-frequency
resource of the downlink reference signal;

the OFDM symbol position includes a start symbol index and a total quantity of symbols
occupied by the downlink reference signal, or the start symbol index and an end symbol index; and

the PRB position includes indexes of PRBs, on all transmission bandwidths, occupied by
the downlink reference signal, where the plurality of PRBs are nonconsecutive PRBs or consecutive
PRBs.
[0022] In a possible design of the first aspect or the second aspect, the downlink configuration
instruction is used to configure an orthogonal frequency-division multiplexing OFDM symbol
position and/or a physical resource block PRB position corresponding to the uplink SRS resource;

the OFDM symbol position includes a start symbol index and a total quantity of symbols
corresponding to the uplink SRS resource, or the start symbol index and an end symbol index; and

the PRB position includes indexes of PRBs, on all transmission bandwidths,
corresponding to the uplink SRS resource, the SRS is transmitted in a frequency-hopping manner
on the transmission bandwidth, and the plurality of PRBs are nonconsecutive PRBs or consecutive
PRBs, where

the SRS occupies a same transmission bandwidth or different transmission bandwidths
in each OFDM symbol.
[0023] According to a third aspect, a signaling receiving method is provided, where the method
includes:

receiving, by a terminal, scheduling grant signaling sent by an access network device,

where the scheduling grant signaling includes first-level control signaling and second-level control



10

15

20

25

30

signaling;

the first-level control signaling is used to indicate common scheduling information in M
transmission modes; and

the second-level control signaling is used to indicate specific scheduling information in
the M transmission modes, where

M is an integer greater than or equal to 2.

[0024] According to a fourth aspect, a signaling sending method is provided, where the method
includes:

receiving, by a terminal, scheduling grant signaling sent by an access network device,
where the scheduling grant signaling includes first-level control signaling and second-level control
signaling;

the first-level control signaling is used to indicate common scheduling information in M
transmission modes; and

the second-level control signaling is used to indicate specific scheduling information in
the M transmission modes, where

M is an integer greater than or equal to 2.

[0025] In a possible design of the third aspect or the fourth aspect, the M transmission modes
include at least two of the following transmission modes:

a single-antenna transmission mode, a transmit diversity transmission mode, a
codebook-based open-loop precoding scheme, a codebook-based closed-loop precoding scheme, a
channel reciprocity—based open-loop precoding scheme, and a channel reciprocity—based
closed-loop precoding scheme, where

the codebook-based open-loop precoding scheme is a scheme in which uplink data on
different time-frequency resources is precoded by using, in turn, precoding vectors in a codebook
indicated by the access network device; the codebook-based closed-loop precoding scheme is a
scheme in which uplink data on a specified time-frequency resource is precoded by using a
precoding matrix in a codebook indicated by the access network device; the channel reciprocity—
based open-loop precoding scheme is a scheme in which uplink data on different time-frequency
resources 1s precoded by using, in turn, precoding vectors that are obtained through downlink
channel measurement; and the channel reciprocity—based closed-loop precoding scheme is a scheme
in which uplink data on a specified time-frequency resource is precoded by using a precoding
vector that is obtained through downlink channel measurement.

[0026] In a possible design of the third aspect or the fourth aspect, the M transmission modes

include at least two of the following transmission modes:
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a single-antenna transmission mode, a transmit diversity transmission mode, an
open-loop precoding scheme, and a closed-loop precoding scheme.
[0027] In a possible design of the third aspect or the fourth aspect, the first-level control
signaling includes:

first scheduling resource indication information, and indication information of a
transmission mode of the second-level control signaling; or

first scheduling resource indication information, indication information of a transmission
mode of the second-level control signaling, and a first MSC; or

first scheduling resource indication information, indication information of a transmission
mode of the second-level control signaling, a first MSC, and demodulation pilot port information;
or

first scheduling resource indication information, indication information of a transmission
mode of the second-level control signaling, a first MSC, and first-level precoding matrix indication
information; or

first scheduling resource indication information, indication information of a transmission
mode of the second-level control signaling, and first-level precoding matrix indication information;
or

first scheduling resource indication information, indication information of a transmission
mode of the second-level control signaling, a first MSC, first-level precoding matrix indication
information, a power control command, channel measurement triggering information, and SRS
resource configuration information, where

the first MCS is an MCS of a first transport block, or an MCS in an assumed first
transmission mode.
[0028] In a possible design of the third aspect or the fourth aspect, the second-level control
signaling includes:

second-level precoding matrix indication information; or

a second MCS and second-level precoding matrix indication information; or

a second MCS, second-level precoding matrix indication information, and the
demodulation pilot port information; or

the second MCS and the second-level precoding matrix indication information; or

a second MCS, second-level precoding matrix indication information, and second
scheduling resource indication information, where

the second MCS is an MCS of a second transport block, or a differential MCS for the

MCS 1in the first transmission mode relative to that in the transmission mode of the second-level
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control signaling; and the second scheduling resource indication information is used to indicate a
resource in a time-frequency resource range indicated by the first scheduling resource indication
information.
[0029] In a possible design of the third aspect or the fourth aspect, the method further includes:

determining, by the terminal, scheduling information of a data channel based on the
first-level control signaling and the second-level control signaling.
[0030] In a possible design of the third aspect or the fourth aspect, the determining, by the
terminal, scheduling information of a data channel based on the first-level control signaling and the
second-level control signaling includes:

determining a first precoding matrix W1 in a double codebook structure based on the
first-level precoding matrix indication information in the first-level control signaling;

determining a second precoding matrix W2 in the double codebook structure based on
the second-level precoding matrix indication information in the second-level control signaling; and

determining, based on the first precoding matrix W1 and the second precoding matrix
W2, a precoding matrix used for data transmitted on the data channel.
[0031] In a possible design of the third aspect or the fourth aspect, the first-level precoding
matrix indication information corresponds to a wideband, and the second-level precoding matrix
indication information corresponds to a subband.
[0032] In a possible design of the third aspect or the fourth aspect, first-level precoding matrix
indication information is indication information that remains valid before first precoding matrix
indication information in a next piece of first-level control signaling is received; and second-level
precoding matrix indication information is indication information that is valid during current
scheduling.
[0033] In a possible design of the third aspect or the fourth aspect, the first-level control
signaling and the second-level control signaling occupy different OFDM symbols in a same time
unit;

the first-level control signaling occupies first n OFDM symbols in the time unit, where n
1s a positive integer; and

the second-level control signaling occupies a data scheduling bandwidth in the time unit.
[0034] In a possible design of the third aspect or the fourth aspect, the first-level control
signaling and the second-level control signaling occupy different time units.
[0035] In a possible design of the third aspect or the fourth aspect, two pieces of first-level
control signaling respectively occupy an i time unit and an (i+j)™ time unit, and there is an (i-+k)"

time unit that is occupied by at least two pieces of second-level control signaling, where 0<k<j, and
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1, J, and k are all integers.

[0036] In a possible design of the third aspect or the fourth aspect, the second-level control
signaling is used jointly with most recent first-level control signaling that is sent before the
second-level control signaling, to determine the scheduling information of the data channel.

[0037] In a possible design of the third aspect or the fourth aspect, the first-level control signal
is further used to indicate a time-frequency position of the second-level control signaling.

[0038] In a possible design of the third aspect or the fourth aspect, there is at least one
transmission mode, in the M transmission modes, that corresponds only to the first-level control
signaling.

[0039] According to a fifth aspect, an embodiment of this application provides a data sending
apparatus, where the uplink data sending includes at least one unit, and the at least one unit is
configured to implement the data sending method provided in the first aspect or any possible design
of the first aspect.

[0040] According to a sixth aspect, an embodiment of this application provides a data receiving
apparatus, where the data receiving apparatus includes at least one unit, and the at least one unit is
configured to implement the uplink data receiving method provided in the second aspect or any
possible design of the second aspect.

[0041] According to a seventh aspect, an embodiment of this application provides a signaling
receiving apparatus, where the signaling receiving apparatus includes at least one unit, and the at
least one unit is configured to implement the signaling receiving method provided in the third
aspect or any possible design of the third aspect.

[0042] According to an eighth aspect, an embodiment of this application provides a signaling
sending apparatus, where the signaling sending apparatus includes at least one unit, and the at least
one unit is configured to implement the signaling sending method provided in the fourth aspect or
any possible design of the fourth aspect.

[0043] According to a ninth aspect, an embodiment of this application provides a terminal,
where the terminal includes a processor and a memory; the processor is configured to store one or
more instructions, and the instructions are instructed to be executed by the processor; and the
processor is configured to implement the data sending method provided in the first aspect or any
possible design of the first aspect; or the processor is configured to implement the signaling
receiving method provided in the third aspect or any possible design of the third aspect.

[0044] According to a tenth aspect, an embodiment of this application provides an access
network device, where the access network device includes a processor and a memory; the processor

is configured to store one or more instructions, and the instructions are instructed to be executed by
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the processor; and the processor is configured to implement the data sending method provided in
the second aspect or any possible design of the second aspect; or the processor is configured to
implement the signaling sending method provided in the fourth aspect or any possible design of the
fourth aspect.

[0045] According to an eleventh aspect, an embodiment of this application provides a
computer-readable storage medium, where the computer-readable storage medium stores an
executable program used to implement the data sending method provided in the first aspect or any
possible design of the first aspect.

[0046] According to a twelfth aspect, an embodiment of this application provides a
computer-readable storage medium, where the computer-readable storage medium stores an
executable program used to implement the uplink data receiving method provided in the second
aspect or any possible design of the second aspect.

[0047] According to a thirteenth aspect, an embodiment of this application provides a
computer-readable storage medium, where the computer-readable storage medium stores an
executable program used to implement the signaling receiving method provided in the third aspect
or any possible design of the third aspect.

[0048] According to a fourteenth aspect, an embodiment of this application provides a
computer-readable storage medium, where the computer-readable storage medium stores an
executable program used to implement the signaling sending method provided in the fourth aspect
or any possible design of the fourth aspect.

[0049] According to a fifteenth aspect, an embodiment of this application provides an uplink
data sending system, where the uplink data sending system includes a terminal and an access
network device, the terminal includes the data sending apparatus provided in the fifth aspect or any
possible design of the fifth aspect, and the access network device includes the data receiving
apparatus provided in the sixth aspect or any possible design of the sixth aspect.

[0050] According to a sixteenth aspect, an embodiment of this application provides an uplink
data sending system, where the uplink data sending system includes a terminal and an access
network device, the terminal is the terminal provided in the ninth aspect or any possible design of
the ninth aspect, and the access network device is the access network device provided in the tenth
aspect or any possible design of the tenth aspect.

[0051] According to a seventeenth aspect, an embodiment of this application provides a
signaling sending system, where the uplink data sending system includes a terminal and an access
network device, the terminal includes the signaling receiving apparatus provided in the seventh

aspect or any possible design of the seventh aspect, and the access network device includes the
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signaling sending apparatus provided in the eighth aspect or any possible design of the eighth
aspect.

[0052] According to an eighteenth aspect, an embodiment of this application provides a
signaling sending system, where the uplink data sending system includes a terminal and an access
network device, the terminal is the terminal provided in the ninth aspect or any possible design of
the ninth aspect, and the access network device is the access network device provided in the tenth
aspect or any possible design of the tenth aspect.

[0053] The technical solutions provided in the embodiments of this application have the
following beneficial effects:

[0054] The uplink precoding vector indicated by the access network device to the terminal is a
part of the plurality of uplink precoding vectors obtained by the terminal by measuring the
downlink reference signal. This resolves a problem of relatively poor transmission performance of
uplink data caused by that a precoding matrix selected by the access network device from a preset
codebook may not be suitable for an actual case of an uplink channel of the terminal. The precoding
vector used by the terminal is a precoding vector obtained by the terminal by measuring the
downlink reference signal. Therefore, based on a channel reciprocity principle, the precoding vector
1s more suitable for the actual case of the uplink channel of the terminal, so that the transmission

performance of the uplink data can be improved.

BRIEF DESCRIPTION OF DRAWINGS

[0055] FIG. 1 is a schematic structural diagram of a communications system according to an
embodiment of this application;

[0056] FIG. 2 is a schematic structural diagram of a terminal according to an embodiment of
this application;

[0057] FIG. 3 is a schematic structural diagram of an access network device according to an
embodiment of this application;

[0058] FIG. 4 is a method flowchart of a data sending method according to an embodiment of
this application;

[0059] FIG. 5 is a method flowchart of a data sending method according to another embodiment
of this application;

[0060] FIG. 6A i1s a schematic diagram of a principle of performing open-loop precoding on
data according to an embodiment of this application;

[0061] FIG. 6B is a schematic diagram of a principle of performing open-loop precoding on

data according to another embodiment of this application;
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[0062] FIG. 6C is a schematic diagram of a principle of performing closed-loop precoding on
data according to another embodiment of this application;

[0063] FIG. 7 i1s a schematic diagram of resource occupation by downlink configuration
signaling and a downlink reference signal in a same time unit according to an embodiment of this
application;

[0064] FIG. 8 is a schematic diagram of resource occupation by downlink configuration
signaling and a downlink reference signal in a same time unit according to an embodiment of this
application;

[0065] FIG. 9 is a schematic diagram of resource occupation by downlink configuration
signaling and a downlink reference signal in a same time unit according to an embodiment of this
application;

[0066] FIG. 10 is a method flowchart of a signaling sending method according to an
embodiment of this application;

[0067] FIG. 11 i1s a method flowchart of a signaling sending method according to another
embodiment of this application;

[0068] FIG. 12A is a schematic diagram of time sequence occupation by first-level control
signaling and second-level control signaling according to an embodiment of this application;

[0069] FIG. 12B is a schematic diagram of a principle of determining, based on both first-level
control signaling and second-level control signaling, a precoding matrix used for data in a data
channel according to an embodiment of this application;

[0070] FIG. 13 is a block diagram of a data sending apparatus according to an embodiment of
this application; and

[0071] FIG. 14 is a block diagram of a data receiving apparatus according to an embodiment of

this application.

DESCRIPTION OF EMBODIMENTS

[0072] To make the objectives, technical solutions, and advantages of this application clearer,
the following further describes the implementations of this application in detail with reference to
the accompanying drawings.

[0073] A "module" mentioned in this specification is a program or an instruction that is stored
in a memory and can implement some functions. A "unit" mentioned in this specification is a
functional structure divided based on logic. The "unit" may be implemented by only hardware, or
implemented by a combination of software and hardware.

[0074] "A plurality of" in this specification means two or more than two. The term "and/or"
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describes an association relationship for describing associated objects and represents that three
relationships may exist. For example, A and/or B may represent the following three cases: Only A
exists, both A and B exist, and only B exists. The character "/" generally indicates an "or"
relationship between the associated objects.

[0075] FIG. 1 is a schematic structural diagram of a communications system 100 according to
an embodiment of this application. The communications system 100 may be an LTE system or a 5G
system. The communications system 100 includes at least one terminal 120 and at least one access
network device 140.

[0076] The terminal 120 may be a device such as a personal communication service (PCS,
Personal Communication Service) phone, a cordless telephone set, a Session Initiation Protocol
(SIP) phone, a wireless local loop (WLL, Wireless Local Loop) station, or a personal digital
assistant (PDA, Personal Digital Assistant). The terminal may also be referred to as a system, a
subscriber unit (Subscriber Unit), a subscriber station (Subscriber Station), a mobile station (Mobile
Station), a mobile (Mobile), a remote station (Remote Station), an access point (Access Point), a
remote terminal (Remote Terminal), an access terminal (Access Terminal), a user terminal (User
Terminal), a user agent (User Agent), a user device (User Device), or user equipment (User
Equipment).

[0077] The terminal 120 communicates with one or more access network devices 140 by using
a radio access network (Radio Access Network, RAN).

[0078] The access network device 140 may be a base station, and serve as a router between the
terminal 120 and a remaining part of the access network, where the remaining part of the access
network may include an Internet Protocol (Internet Protocol, IP) network. The base station may
further coordinate attribute management of an air interface. For example, the base station may be a
base transceiver station (BTS, Base Transceiver Station) in GSM or CDMA, or may be a NodeB
(NodeB) in WCDMA, or may be an evolved NodeB (eNB or e-NodeB, evolved NodeB) in LTE.
This is not limited in this application. The following embodiments are described by using an
example in which the access network device 140 is an eNB.

[0079] FIG. 2 is a schematic block diagram of a terminal 120 according to an embodiment of
this application. The terminal 120 includes a processor 21, a transceiver 22, and a memory 23.
[0080] The processor 21 includes one or more processing cores, and the processor 21 performs
various functional applications and information processing by running a software program and a
module.

[0081] The transceiver 22 includes a receiver Rx and a transmitter Tx, and the transceiver 22

may further be implemented as a communications chip. The communications chip may include a

13



10

15

20

25

30

receiving module, a transmitting module, a modem module, and the like, and is configured to
modulate and demodulate information and receive or send the information by using a radio signal.
Optionally, the transceiver 22 has a plurality of antennas, and can implement multi-antenna sending
or multi-antenna receiving by using the plurality of antennas.

[0082] The memory 23 is connected to the processor 21.

[0083] The memory 23 may be configured to store a software program and a module. The
memory may store an operating system 24 and an application program module 25 that corresponds
to at least one function.

[0084] The application program module 25 includes at least: a receiving module 251 configured
to receive information, a processing module 252 configured to process information, and a sending
module 253 configured to send information.

[0085] The receiving module 251 is configured to receive a downlink reference signal sent by
an access network device. The processing module 252 is configured to measure the downlink
reference signal, to obtain a plurality of uplink precoding vectors. The sending module 253 sends
sounding reference signals (English: Sounding Reference Signal, SRS for short) SRSs to the access
network device on a plurality of uplink SRS resources, where SRSs sent on different uplink SRS
resources are precoded by using different uplink precoding vectors. The receiving module 251 is
configured to receive uplink scheduling signaling sent by the access network device, where the
uplink scheduling signaling is used to indicate a resource index of at least one of the uplink SRS
resources. The processing module 252 is configured to precode uplink data by using an uplink
precoding vector corresponding to the resource index. The sending module 253 is configured to
send the precoded uplink data to the access network device.

[0086] Optionally, the processor 21 is configured to execute each module in the application
program module 25, to implement steps that need to be performed by a terminal in the following
embodiments shown in FIG. 4, FIG. 5, FIG. 10, or FIG. 11.

[0087] In addition, the memory 23 is a computer-readable storage medium, and may be
implemented by any type of volatile or nonvolatile storage device or a combination thereof, such as
a static random access memory (SRAM), an electrically erasable programmable read only memory
(EEPROM), an erasable programmable read only memory (EPROM), a programmable read only
memory (PROM), a read-only memory (ROM), a magnetic memory, a flash memory, or a magnetic
disk or an optical disk. The memory 23 stores at least one instruction. When the processor 21
executes the at least one instruction, steps corresponding to a terminal 120 in the following method
embodiment are implemented.

[0088] Persons skilled in the art may understand that, a structure of the terminal 120 shown in
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FIG. 2 does not constitute a limitation on the access network device, and may include components
more or fewer than those shown in the figure, or a combination of some components, or
components disposed differently.

[0089] FIG. 3 is a schematic block diagram of an access network device 140 according to an
embodiment of this application. The access network device includes a processor 31, a transceiver 32,
and a memory 33.

[0090] The processor 31 includes one or more processing cores, and the processor 31 performs
various functional applications and information processing by running a software program and a
module.

[0091] The transceiver 32 includes a receiver Rx and a transmitter Tx, and the transceiver 32
may further be implemented as a communications chip. The communications chip may include a
receiving module, a transmitting module, a modem module, and the like, and is configured to
modulate and demodulate information and receive or send the information by using a radio signal.
Optionally, the transceiver 32 has a plurality of antennas, and can implement multi-antenna sending
or multi-antenna receiving by using the plurality of antennas.

[0092] The memory 33 is connected to the processor 31.

[0093] The memory 33 may be configured to store a software program and a module. The
memory may store an operating system 34 and an application program module 35 that corresponds
to at least one function.

[0094] The application program module 35 includes at least: a receiving module 351 configured
to receive information, a processing module 352 configured to process information, and a sending
module 353 configured to send information.

[0095] The sending module 353 is configured to send a downlink reference signal to a terminal.
The receiving module 351 is configured to receive SRSs sent by the terminal on at least one uplink
SRS resource, where SRSs sent on different uplink SRS resources are precoded by using different
uplink precoding vectors, and the uplink precoding vectors are obtained by the terminal by
measuring the downlink reference signal. The sending module 353 is configured to send uplink
scheduling signaling to the terminal, where the uplink scheduling signaling is used to indicate a
resource index of the at least one uplink SRS resource. The receiving module 351 is configured to
receive uplink data sent by the terminal, where the uplink data is data precoded by using an uplink
precoding vector corresponding to the resource index.

[0096] Optionally, the processor 31 is configured to execute each module in the application
program module 35, to implement steps that need to be performed by an access network device in

the following embodiments shown in FIG. 4, FIG. 5, FIG. 10, or FIG. 11.
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[0097] In addition, the memory 33 is a computer-readable medium, and may be implemented by
any type of volatile or nonvolatile storage device or a combination thereof, such as a static random
access memory (SRAM), an electrically erasable programmable read only memory (EEPROM), an
erasable programmable read only memory (EPROM), a programmable read only memory (PROM),
a read-only memory (ROM), a magnetic memory, a flash memory, or a magnetic disk or an optical
disk. The memory 33 stores at least one instruction. When the processor 31 executes the at least one
instruction, steps corresponding to an access network device 140 in the following method
embodiment are implemented.

[0098] Persons skilled in the art may understand that, a structure of the access network device
140 shown in FIG. 3 does not constitute a limitation on the access network device, and may include
components more or fewer than those shown in the figure, or a combination of some components,
or components disposed differently.

[0100] FIG. 4 is a flowchart of a data sending method according to an embodiment of this
application. This embodiment is described by using an example in which the data sending method is
applied to the communications system shown in FIG. 1. The method includes the following steps.
[0101] Step 401: An access network device sends a downlink reference signal to a terminal.
[0102] Optionally, the downlink reference signal is a cell-specific reference signal (Cell-specific
Reference Signal, CRS), or a demodulation reference signal (Demodulation Reference Signal,
DM-RS), or a channel state information-reference signal (Channel-State Information Reference
Signals, CSI-RS), or another reference signal that can be used for downlink channel estimation.
[0103] Step 402: The terminal receives the downlink reference signal sent by the access
network device.

[0104] Step 403: The terminal measures the downlink reference signal, to obtain a plurality of
uplink precoding vectors.

[0105] Step 404: The terminal sends SRSs to the access network device on a plurality of uplink
SRS resources, where SRSs sent on different uplink SRS resources are precoded by using different
uplink precoding vectors.

[0106] Step 405: The access network device receives the SRSs that are sent by the terminal on
the plurality of uplink SRS resources.

[0107] Step 406: The access network device sends uplink scheduling signaling to the terminal,
where the uplink scheduling signaling is used to indicate a resource index of at least one of the
uplink SRS resources.

[0108] Step 407: The terminal receives the uplink scheduling signaling sent by the access

network device.
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[0109] Step 408: The terminal precodes uplink data by using an uplink precoding vector
corresponding to the resource index.

[0110] Optionally, the uplink precoding vector corresponding to the resource index is a part of
the plurality of uplink precoding vectors that are obtained by the terminal by measuring the
downlink reference signal.

[0111] Optionally, the uplink data is data transmitted on a physical uplink shared channel
(Physical Uplink Shared Channel, PUSCH).

[0112] Step 409: The terminal sends the precoded uplink data to the access network device.
[0113] Step 410: The access network device receives the uplink data sent by the terminal.

[0114] In conclusion, in the data sending method provided in this embodiment, the uplink
precoding vector indicated by the access network device to the terminal is a part of the plurality of
uplink precoding vectors obtained by the terminal by measuring the downlink reference signal. This
resolves a problem of relatively poor transmission performance of uplink data caused by that a
precoding matrix selected by the access network device from a preset codebook may not be suitable
for an actual case of an uplink channel of the terminal. The precoding vector used by the terminal is
a precoding vector obtained by the terminal by measuring the downlink reference signal. Therefore,
based on a channel reciprocity principle, the precoding vector is more suitable for the actual case of
the uplink channel of the terminal, so that the transmission performance of the uplink data can be
improved.

[0115] FIG. 5 is a flowchart of a data sending method according to another embodiment of this
application. This embodiment is described by using an example in which the data sending method is

applied to the communications system shown in FIG. 1. The method includes the following steps.

[0116] Step 501: An access network device sends downlink configuration signaling to a
terminal.
[0117] The downlink configuration signaling is used to configure a time-frequency resource of

a downlink reference signal, where the time-frequency resource is a time-frequency resource used
to transmit a downlink reference signal. In the time-frequency resource of the downlink reference
signal, a time domain resource includes an index of an orthogonal frequency-division multiplexing
(Orthogonal Frequency-Division Multiplexing, OFDM) symbol occupied by the downlink reference
signal, and a frequency domain resource occupied by the downlink reference signal includes an
index of a physical resource block (Physical Resource Block, PRB).

[0118] Optionally, the downlink configuration instruction is further used to configure an uplink
SRS resource, where the uplink SRS resource is a resource used to transmit an SRS. In the uplink

SRS resource, a time domain resource includes an index of an OFDM symbol occupied by the SRS,
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and a frequency domain resource includes an index of a PRB occupied by the SRS.

[0119] Optionally, the downlink configuration instruction is further used to configure a
sequence resource required for generating an SRS, or a sequence resource and a code resource that
are required for generating an SRS. The sequence resource is a base sequence number of a
Zadoff-Chu sequence. The code resource is a quantity of cyclic shifts performed on the Zadoff-Chu
sequence, and/or the code resource is an index of an orthogonal spreading code of the Zadoff-Chu
sequence.

[0120] Step 502: The terminal receives the downlink configuration signaling sent by the access
network device.

[0121] The terminal determines the time-frequency resource of the downlink reference signal
based on the downlink configuration signaling.

[0122] Optionally, the terminal further determines an uplink SRS resource based on the
downlink configuration signaling. Optionally, there are at least two uplink SRS resources, and
different uplink SRS resources correspond to different uplink ports.

[0123] Optionally, the terminal further determines, based on the downlink configuration
signaling, a sequence resource that is used to generate the SRS, or a sequence resource and the code
resource that are used to generate the SRS.

[0124] Step 503: The access network device sends a downlink reference signal to the terminal.
[0125] Optionally, the access network device sends the downlink reference signal on the
time-frequency resource configured by the downlink configuration signaling.

[0126] Optionally, the downlink reference signal is a CRS, a DMRS, a CSI-RS, or another
reference signal that can be used for downlink channel estimation.

[0127] Step 504: The terminal receives the downlink reference signal sent by the access
network device.

[0128] Optionally, the terminal receives the downlink reference signal on the time-frequency
resource configured by the downlink configuration signaling.

[0129] Step 505: The terminal measures the downlink reference signal, to obtain a plurality of
uplink precoding vectors.

[0130] 1. The terminal obtains a received signal matrix of the downlink reference signal on the
time-frequency resource through measurement.

[0131] It is assumed that the received signal matrix of the downlink reference signal is YN*M,
and a dimension of YN*M is N rows and M columns, where N is a quantity of receive antennas of
the terminal, and M is a quantity of transmit antennas of the access network device. Then,

YN*M = HS+],
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where H i1s a downlink channel from the access network device to the terminal, S is
signal information sent by the access network device to the terminal, and I is interference
information. Optionally, the interference information is sum information of interference and noise.

Optionally, S is represented by using a signal whose power is normalized to 1.

[0132] 2. The terminal calculates a channel estimation matrix /7 of a downlink channel based
on a preset channel estimation algorithm and the received signal matrix.

[0133] The terminal performs channel estimation on the downlink reference signal based on the

preset channel estimation algorithm, to calculate the channel estimation matrix H  of the
downlink channel. The preset channel estimation algorithm includes but is not limited to at least one
of least-square (Least-Square) channel estimation, minimum mean square error (Minimum Mean

Square Error, MMSE) channel estimation, and Wiener channel estimation.

hoo h01 hOM—l —|
gt
hN—lO hN—lM—lJ
[0134] 3. The terminal transposes the channel estimation matrix H  of the downlink channel,
A UL

to obtain a channel estimation matrix of an uplink channel.

[0135] In LTE or 5@, a same frequency bandwidth is used for uplink transmission and downlink
transmission. When an uplink sending time interval and a downlink sending time interval are
sufficiently short, it may be considered that fading of an uplink channel and fading of a downlink
channel are basically the same, that is, the uplink channel and the downlink channel have channel
reciprocity.

[0136] Based on the channel reciprocity, the terminal obtains the channel estimation matrix

Ao =) of the uplink channel. @y is transposition of the channel estimation matrix 7
of the downlink channel.

[0137] 4. The terminal performs singular value decomposition (Singular value decomposition,
SVD) on the channel estimation matrix A of the uplink channel, to obtain a precoding
matrix.

[0138] For example, the terminal performs the SVD decomposition (or another matrix
H UL

decomposition method) on , to obtain:

ﬁfﬂ:UZVH
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where U is a unitary matrix, ) is a semidefinite diagonal matrix, and VH is a conjugate
transpose matrix of V. A dimension of V is an N-row and r-column matrix. M, N, and r are all
positive integers.
[0139] For example, V is a precoding matrix, and each column of matrix elements in V is a
precoding vector. A dimension of each precoding vector is N, that is, a quantity of transmit antennas
of the terminal.
[0140] Step 506: The terminal sends SRSs to the access network device on a plurality of uplink
SRS resources, where SRSs sent on different uplink SRS resources are precoded by using different
uplink precoding vectors.
[0141] 1. The terminal generates SRSs based on the sequence resource and/or the code resource
indicated by the downlink configuration signaling.
[0142] Optionally, the terminal generates SRSs based on the sequence resource configured by
the downlink configuration signaling.
[0143] Optionally, the terminal generates SRSs based on the sequence resource and the code
resource that are configured by the downlink configuration signaling. That is, the terminal
determines the Zadoff-Chu sequence based on the base sequence number in the sequence resource,
and performs a cyclic shift on the Zadoff-Chu sequence based on a cyclic shift value indicated by
the code resource, to obtain the SRSs.
[0144] For example, the terminal obtains four SRSs by performing different cyclic shifts on a
same Zadoff-Chu sequence.
[0145] 2. The terminal determines a plurality of uplink SRS resources based on the downlink
configuration signaling, where different uplink SRS resources correspond to different uplink ports.
[0146] For example, there are four uplink SRS resources. The terminal determines the four
uplink SRS resources based on the downlink configuration signaling, where a first uplink SRS
resource corresponds to an uplink port port 0, a second uplink SRS resource corresponds to an
uplink port port 1, a third uplink SRS resource corresponds to an uplink port port 2, and a fourth
uplink SRS resource corresponds to an uplink port port 3
[0147] 3. The terminal precodes the SRSs by using the precoding vector, where SRSs on the
different uplink SRS resources are precoded by using different precoding vectors.
[0148] For example, the terminal selects four precoding vectors from all of r precoding vectors

in a precoding matrix V. A first SRS on the first uplink SRS resource is precoded by using a first
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precoding vector, a second SRS on the second uplink SRS resource is precoded by using a second
precoding vector, a third SRS on the third uplink SRS resource is precoded by using a third
precoding vector, and a fourth SRS on the fourth uplink SRS resource is precoded by using a fourth
precoding vector.

[0149] 4. The terminal sends the precoded SRSs on the plurality of uplink SRS resources.
[0150] For example, the terminal sends the first SRS on the first uplink SRS resource (the
uplink port port 0), sends the second SRS on the second uplink SRS resource (the uplink port port
1), sends the third SRS on the third uplink SRS resource (the uplink port port 2), and sends the
fourth SRS on the fourth uplink SRS resource (the uplink port port 3).

[0151] Step 507: The access network device receives the SRSs that are sent by the terminal on
the plurality of uplink SRS resources.

[0152] For example, the access network device receives the first SRS on the first uplink SRS
resource (the uplink port port 0), receives the second SRS on the second uplink SRS resource (the
uplink port port 1), receives the third SRS on the third uplink SRS resource (the uplink port port 2),
and receives the fourth SRS on the fourth uplink SRS resource (the uplink port port 3).

[0153] Step 508: The access network device sends uplink scheduling signaling to the terminal,
where the uplink scheduling signaling is used to indicate a resource index of at least one of the
uplink SRS resources.

[0154] Optionally, the step includes the following steps.

[0155] 1. The access network device selects resource indexes of some of the uplink SRS
resources based on a preset policy.

[0156] Optionally, the access network device determines, based on signal quality of the received
SRSs, an SRS having optimal signal quality, and selects a resource index of an uplink SRS resource
corresponding to the SRS having optimal signal quality. For example, the SRS on the uplink port
port 0 has optimal signal quality, and the uplink port port 0 is selected as the resource index.

[0157] Optionally, the access network device determines, based on signal quality of the received
SRSs, an SRS suitable for performing pairing transmittionwith another terminal, and selects a
resource index of an uplink SRS resource corresponding to the SRS having relatively good
performance in coordinated transmission with the another terminal. For example, the SRS on the
uplink port port 1 is suitable for performing multiuser pairing with another terminal, and the uplink
port port 1 is selected as the resource index.

[0158] Optionally, the access network device determines SRSs ranking on first n uplink ports,
and selects resource indexes of uplink SRS resources corresponding to the SRSs on the first n

uplink ports.
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[0159] It should be noted that, a determining manner used by the access network device is not
limited in this embodiment. The resource indexes that are of the uplink SRS resources and that are
determined by the access network device are resource indexes of some or all of the uplink SRS
resources used by the terminal when the terminal sends the SRSs.

[0160] Optionally, the resource index of the uplink SRS resource is represented by using a port
index of an uplink port, or the resource index of the uplink SRS resource is represented by using a
transmission rank (rank). There is a preset correspondence between the transmission rank and the
port index. For example, the correspondence between the transmission rank and the port index of

the uplink port is shown in Table 1 below.

Table 1

Transmission rank Port index of an uplink index
1 port0
2 port 0. port 1
3 port0O. port1l. port2
4 port 0. portl. port2. port3

[0161] Alternatively, the resource index of the uplink SRS resource may be represented in
another manner. This is not limited in this embodiment.

[0162] 2. The access network device generates uplink scheduling signaling, where the uplink
scheduling signaling is used to indicate a resource index of at least one of the uplink SRS resources.
[0163] The uplink scheduling signaling is also referred to as an uplink scheduling grant (Up
Link grant, UL grant). The uplink scheduling signaling is used to configure a time-frequency
resource of a PUSCH for the terminal, that is, a time-frequency resource used to transmit uplink
data.

[0164] In this embodiment of this application, in addition to indicating the time-frequency
resource of the PUSCH, the uplink scheduling signaling further carries the resource index of at least
one uplink SRS resource. The resource index is used to instruct the terminal to precode the uplink
data by using an uplink precoding vector corresponding to the resource index.

[0165] 3. The access network device sends the uplink scheduling signaling to the terminal.
[0166] Step 509: The terminal receives the uplink scheduling signaling sent by the access
network device.

[0167] Optionally, the terminal determines the time-frequency resource of the PUSCH based on
the uplink scheduling signaling, that is, the time-frequency resource used to transmit the uplink

data.
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[0168] Step 510: The terminal precodes uplink data by using an uplink precoding vector
corresponding to the resource index.

[0169] Optionally, the uplink precoding vector corresponding to the resource index is a part of
the plurality of uplink precoding vectors that are obtained by the terminal by measuring the
downlink reference signal.

[0170] Optionally, the step includes the following steps.

[0171] 1. The terminal determines the resource index of the uplink SRS resource based on the
uplink scheduling signaling, where the uplink SRS resource corresponding to the resource index is
some or all of the uplink SRS resources used by the terminal in step 506.

[0172] 2. The terminal determines, based on the resource index of the uplink SRS resource, the
uplink precoding vector corresponding to the resource index.

[0173] When the resource index is represented by using a port index of an uplink port, the
terminal determines an uplink precoding vector corresponding to the port index. When the resource
index is represented by using a transmission rank, the terminal determines, based on a preset
correspondence (for example, as shown in Table 1), an uplink precoding vector corresponding to the
transmission rank.

[0174] 3. The terminal precodes the uplink data by using the determined uplink precoding
vector corresponding to the resource index.

[0175] For example, if the resource index of the uplink SRS resource is the port 0, the terminal
precodes the uplink data by using the first uplink precoding vector corresponding to the port 0.
[0176] Step 511: The terminal sends the precoded uplink data to the access network device.
[0177] Optionally, the terminal sends the precoded uplink data to the access network device
based on the time-frequency resource indicated by the uplink scheduling signaling.

[0178] Step 512: The access network device receives the uplink data sent by the terminal.

[0179] The access network device receives, on the time-frequency resource indicated by the
uplink scheduling signaling, the uplink data sent by the terminal.

[0180] In conclusion, in the data sending method provided in this embodiment, the uplink
precoding vector indicated by the access network device to the terminal is a part of the plurality of
uplink precoding vectors obtained by the terminal by measuring the downlink reference signal. This
resolves a problem of relatively poor transmission performance of uplink data caused by that a
precoding matrix selected by the access network device from a preset codebook may not be suitable
for an actual case of an uplink channel of the terminal. The precoding vector used by the terminal is
a precoding vector obtained by the terminal by measuring the downlink reference signal. Therefore,

based on a channel reciprocity principle, the precoding vector is more suitable for the actual case of
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the uplink channel of the terminal, so that the transmission performance of the uplink data can be
improved.

[0181] In an optional embodiment based on the embodiment shown in FIG. 5, the uplink
scheduling signaling is further used to indicate a modulation and coding scheme (Modulation and
Coding Scheme, MCS) used for the uplink data. The MCS is an MCS of the uplink data that is
precoded by using the uplink precoding vector corresponding to the resource index. Optionally, step
510 includes the following steps.

[0182] 1. The terminal determines the resource index and an MCS of the uplink SRS resource
based on the uplink scheduling signaling, where the uplink SRS resource corresponding to the

resource index is some or all of the uplink SRS resources used by the terminal in step 506.

[0183] 2. The terminal performs channel coding and modulation on the uplink data based on the
MCS.
[0184] 3. The terminal determines, based on the resource index of the uplink SRS resource, the

uplink precoding vector corresponding to the resource index.

[0185] When the resource index is represented by using a port index of an uplink port, the
terminal determines an uplink precoding vector corresponding to the port index. When the resource
index is represented by using a transmission rank, the terminal determines, based on a preset
correspondence (for example, as shown in Table 1), an uplink precoding vector corresponding to the
transmission rank.

[0186] 4. The terminal precodes the uplink data by using the determined uplink precoding
vector corresponding to the resource index.

[0187] The uplink data is uplink data obtained after the channel coding and modulation in step 2.
The terminal precodes the uplink data by using the determined uplink precoding vector
corresponding to the resource index.

[0188] For example, if the resource index of the uplink SRS resource is the port 0, the terminal
precodes the uplink data by using the first uplink precoding vector corresponding to the port 0.
[0189] In an optional embodiment based on the embodiment shown in FIG. 5, the uplink
scheduling signaling is further used to indicate a precoding scheme used for the uplink data, and the
precoding scheme is an open-loop precoding scheme or a closed-loop precoding scheme.

[0190] The open-loop precoding scheme is a scheme in which the terminal precodes uplink data
on different time-frequency resources by using different uplink precoding vectors in turn, where the
different time-frequency resources include different physical resource blocks, different subcarriers,
or different OFDM symbols.

[0191] For example, referring to FIG. 6A, a time-frequency resource used to transmit the uplink
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data occupies 14 OFDM symbols in total in time domain T, namely, 0" to 13" OFDM symbols, and
occupies a PRB pair (pair) 0 and a PRB pair 1 in frequency domain F. The terminal precodes uplink
data on different subcarriers by using four different uplink precoding vectors in turn. That is, 0", 4™,
and 8" subcarriers in the PRB pair 0 and the PRB pair 1 are precoded by using a first uplink
precoding vector VO corresponding to the uplink port port 0; 1%, 5" and 9" subcarriers in the PRB
pair 0 and the PRB pair 1 are precoded by using a second uplink precoding vector V1
corresponding to the uplink port port 1; 2™ 6" and 10" subcarriers in the PRB pair 0 and the PRB
pair 1 are precoded by using a third uplink precoding vector V2 corresponding to the uplink port
port 2; and 3", 7", and 11" subcarriers in the PRB pair 0 and the PRB pair 1 are precoded by using
a fourth uplink precoding vector V3 corresponding to the uplink port port 3.

[0192] For example, referring to FIG. 6B, a time-frequency resource used to transmit the uplink
data occupies 14 OFDM symbols in total in time domain T, namely, 0" to 13" OFDM symbols, and
occupies a PRB pair (pair) 0 and a PRB pair 1 in frequency domain F. The terminal precodes uplink
data on different OFDM symbols by using four different uplink precoding vectors in turn. That is,
0", 4™ 8" and 12" OFDM symbols are precoded by using a first uplink precoding vector VO
corresponding to the uplink port port 0; 1%, 5™, 9" and 13" symbols are precoded by using a second
uplink precoding vector V1 corresponding to the uplink port port 1; 2™, 6", and 10 OFDM
symbols are precoded by using a third uplink precoding vector V2 corresponding to the uplink port
port 2; and 3, 7", and 11"™ OFDM symbols are precoded by using a fourth uplink precoding vector
V3 corresponding to the uplink port port 3.

[0193] The closed-loop precoding scheme is a scheme in which uplink data on a specified
time-frequency resource is precoded by the terminal by using a same uplink precoding vector.
[0194] For example, referring to FIG. 6C, a time-frequency resource used to transmit the uplink
data occupies 14 OFDM symbols in total in time domain T, namely, 0" to 13" OFDM symbols, and
occupies a PRB pair 0 and a PRB pair 1 in frequency domain F. The terminal precodes uplink data
on the entire time-frequency resource by using a first uplink precoding vector VO corresponding to
the uplink port port 0.

[0195] In an optional embodiment based on the embodiment shown in FIG. 5, the uplink
scheduling signaling is further used to indicate a time-frequency resource used for the uplink data,
that is, a time-frequency resource of a PUSCH.

[0196] Optionally, the time-frequency resource used for the uplink data includes at least two
subbands, and uplink data sent on each subband is precoded by using an uplink precoding vector
corresponding to an independent resource index. For example, the time-frequency resource used for

the uplink data includes a subband 1 and a subband 2, the subband 1 includes two PRBs, and the
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subband 2 includes three PRBs. Uplink data on the subband 1 is precoded by using the first uplink
precoding vector VO corresponding to the uplink port port 0, and uplink data on the subband 2 is
precoded by using the second uplink precoding vector V1 corresponding to the uplink port port 1.
[0197] Optionally, uplink data sent on a bandwidth of the time-frequency resource used for the
uplink data is precoded by using an uplink precoding vector corresponding to a same resource
index.
[0198] In an optional embodiment based on the embodiment shown in FIG. 5, the uplink
scheduling signaling is further used to indicate a time-frequency resource used for the uplink data,
and the time-frequency resource includes a first subband set and a second subband set.
[0199] Optionally, the uplink scheduling signaling is further used to instruct to precode, by
using the uplink precoding vector corresponding to the resource index, uplink data sent on the first
subband set. The first subband set includes at least one subband, and each subband includes at least
one PRB, that is, the first subband set is precoded by using the uplink precoding vector
corresponding to the resource index provided in the embodiment in FIG. 4 or FIG. 5.
[0200] Optionally, the uplink scheduling signaling is further used to instruct to precode, by
using an uplink precoding vector determined based on a codebook, uplink data sent on the second
subband set. The second subband set includes at least one subband, and each subband includes at
least one PRB, that is, the second subband set is precoded by using a conventional uplink precoding
vector that is determined based on a codebook. The uplink precoding vector that is determined
based on a codebook is determined by the access network device.
[0201] In an optional embodiment based on the embodiment shown in FIG. 5, a time domain
resource occupied by the downlink configuration instruction and a time domain resource occupied
by the downlink reference signal are in a same time unit, the time unit is a timeslot or a subframe or
a transmission time interval, and the time unit includes n OFDM symbols (symbols for short). For
example, referring to FIG. 7, FIG. 7 is described by using an example in which one time unit
includes seven OFDM symbols (or another quantity of OFDM symbols).
[0202] The downlink configuration signaling DCI occupies 0" to X1"™ OFDM symbols of the
time unit; and

the downlink reference signal DL RS occupies X2™ to X3"™ OFDM symbols of the time
unit, where

X1 =1or2or3, X3=X2or X2+1, and n—-1>X3>X2>1.
[0203] For example, in FIG. 7, the downlink configuration signaling DCI occupies the 0"
symbol of the time unit in time domain T, and the downlink reference signal DL RS occupies the 1*

symbol of the time unit in time domain T. Optionally, the downlink reference signal DL RS
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occupies consecutive or nonconsecutive frequency-domain bandwidths in frequency domain F.
[0204] In an optional embodiment based on the embodiment shown in FIG. 5, a time domain
resource occupied by the downlink configuration instruction and a time domain resource occupied
by the downlink reference signal are in a same time unit, the time unit is a timeslot or a subframe or
a transmission time interval, and the time unit includes n OFDM symbols. For example, referring to
FIG. 8, FIG. 8 is described by using an example in which one time unit includes seven OFDM
symbols (or another quantity of OFDM symbols).
[0205] The downlink configuration signaling DCI occupies 0" to X1"™ OFDM symbols of the
time unit;

the downlink reference signal DL RS occupies X2™ to X3"™ OFDM symbols of the time
unit; and

the SRS occupies X4™ to X5 OFDM symbols of the time unit, where

X1 =1or2or3,X3=X2or X2+1, and n—1>X5>X4>X3+1.
[0206] For example, in FIG. 8, the downlink configuration signaling DCI occupies the 0"
symbol of the time unit in time domain T, the downlink reference signal DL RS occupies the 1™
symbol of the time unit in time domain T, and the SRS occupies the 3™ to the 5™ symbols of the
time unit in time domain T. Optionally, the downlink reference signal DL RS occupies consecutive
or nonconsecutive frequency-domain bandwidths in frequency domain F.
[0207] Optionally, if the uplink SRS resource configured by the downlink configuration
instruction occupies a plurality of frequency domain resources, the SRS is transmitted in a
frequency-hopping manner on m frequency domain resources. That is, in different OFDM symbols,
the SRS is transmitted by using different frequency-domain bandwidths.
[0208] Optionally, a frequency-domain bandwidth occupied by the time-frequency resource of
the downlink reference signal is the same as a frequency-domain bandwidth occupied by the uplink
SRS resource.
[0209] In an optional embodiment based on the embodiment shown in FIG. 5, a time domain
resource occupied by the downlink configuration instruction and a time domain resource occupied
by the downlink reference signal are in a same time unit, the time unit is a timeslot or a subframe or
a transmission time interval, and the time unit includes n OFDM symbols. For example, referring to
FIG. 9, FIG. 9 is described by using an example in which one time unit includes seven OFDM
symbols (or another quantity of OFDM symbols).
[0210] The downlink configuration signaling DCI occupies 0" to X1"™ OFDM symbols of the
time unit;

the downlink reference signal DL RS occupies X2™ to X3"™ OFDM symbols of the time
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unit;

the SRS (or referred to as the uplink SRS resource) occupies X4" to X5™ OFDM
symbols of the time unit; and

the uplink scheduling signaling UL grant occupies Y6" to Y7 symbols of the time unit,
where

X1 =1or2or3, X3=X2or X2+1, and n—-1>X7>X6>X5>X4>X3+1.
[0211] For example, in FIG. 9, the downlink configuration signaling DCI occupies the 0"
symbol of the time unit in time domain T, the downlink reference signal DL RS occupies the 1™
symbol of the time unit in time domain T, the SRS occupies the 3™ to the 5™ symbols of the time
unit in time domain T, and the uplink scheduling signaling UL grant occupies the 6™ symbol of the
time unit.
[0212] Optionally, if the uplink SRS resource configured by the downlink configuration
instruction occupies a plurality of frequency domain resources, the SRS is transmitted in a
frequency-hopping manner on m frequency domain resources. That is, in different OFDM symbols,
the SRS is transmitted by using different frequency-domain bandwidths.
[0213] Optionally, a frequency-domain bandwidth occupied by the time-frequency resource of
the downlink reference signal is the same as a frequency-domain bandwidth occupied by the uplink
SRS resource.
[0214] In conclusion, in the data sending method provided in this embodiment, the terminal can
rapidly and efficiently send the uplink data to the access network device in one time domain unit.
[0215] It should be noted that, the optional embodiments based on the embodiment shown in
FIG. 5 may further be combined for implementation. Combined implementations of the foregoing
optional embodiments are easily figured out by persons skilled in the art based on the descriptions
of the foregoing optional embodiments, and are not described in this specification.
[0216] It should be noted that, in the embodiment shown in FIG. 5 or each optional embodiment,
the steps performed by the terminal may be independently implemented as a data sending method
on the terminal side, and the steps performed by the access network device may be independently
implemented as an uplink data receiving method on the access network device side.
[0217] It should be noted that, the resource occupation diagrams in FIG. 7 to FIG. 9 are merely
examples for description, and do not represent accurate resource positions of various signals or data.
[0218] In an optional embodiment based on the embodiment shown in FIG. 5, the uplink
scheduling signaling is sent by using two levels of control signaling. For details of this part, refer to
the following embodiments.

[0219] FIG. 10 is a flowchart of a signaling sending method according to an embodiment of this
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application. This embodiment is described by using an example in which the signaling sending
method is applied to the communications system shown in FIG. 1. The method may also be
implemented in combination with the embodiment shown in FIG. 4 or FIG. 5. The signaling
sending method includes the following steps.
[0220] Step 1001: An access network device sends scheduling grant signaling to a terminal,
where the scheduling grant signaling includes first-level control signaling and second-level control
signaling.
[0221] The first-level control signaling is used to indicate common scheduling information in M
transmission modes.
[0222] The second-level control signaling is used to indicate specific scheduling information in
the M transmission modes.
[0223] M is an integer greater than or equal to 2.
[0224] Step 1002: The terminal receives the scheduling grant signaling sent by the access
network device, where the scheduling grant signaling includes the first-level control signaling and
the second-level control signaling.
[0225] Optionally, the scheduling grant signaling is a downlink scheduling grant or an uplink
scheduling grant (UL grant).
[0226] In conclusion, in the signaling sending method provided in this embodiment, the
scheduling grant signaling is sent to the terminal by using two levels of control signaling, and the
common scheduling information in the M transmission modes is centrally sent in the first-level
control signaling, so that transmission resource overheads of the scheduling grant signaling can be
reduced, the access network device can control the terminal more efficiently, and the terminal can
quickly switch between different transmission modes.
[0227] In an optional embodiment based on the embodiment shown in FIG. 10, a scheduling
grant instruction is an uplink scheduling grant. The M transmission modes include at least two of
the following transmission modes:

a single-antenna transmission mode;

a transmit diversity transmission mode;

a codebook-based open-loop precoding scheme;

a codebook-based closed-loop precoding scheme;

a channel reciprocity—based open-loop precoding scheme; and

a channel reciprocity—based closed-loop precoding scheme, where

the codebook-based open-loop precoding scheme is a scheme in which uplink data on

different time-frequency resources is precoded by using, in turn, precoding vectors in a codebook
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indicated by the access network device; the codebook-based closed-loop precoding scheme is a
scheme in which uplink data on a specified time-frequency resource is precoded by using a
precoding matrix in a codebook indicated by the access network device; the channel reciprocity—
based open-loop precoding scheme is a scheme in which uplink data on different time-frequency
resources 1s precoded by using, in turn, precoding vectors that are obtained through downlink
channel (or downlink reference signal) measurement; and the channel reciprocity—based closed-loop
precoding scheme is a scheme in which uplink data on a specified time-frequency resource is
precoded by using a precoding vector that is obtained through downlink channel (or downlink
reference signal) measurement.
[0228] In an optional embodiment based on the embodiment shown in FIG. 10, a scheduling
grant instruction is a downlink scheduling grant. The M transmission modes include at least two of
the following transmission modes:

a single-antenna transmission mode;

a transmit diversity transmission mode;

an open-loop precoding scheme; and

a closed-loop precoding scheme, where

the open-loop precoding scheme is a scheme in which downlink data on different
time-frequency resources is precoded by using, in turn, precoding vectors in a codebook indicated
by the access network device, and the closed-loop precoding scheme is a scheme in which downlink
data on a specified time-frequency resource is precoded by using a precoding matrix in a codebook
indicated by the access network device.
[0229] In an optional embodiment based on the embodiment shown in FIG. 10, the first-level
control signaling includes:

first scheduling resource indication information, and indication information of a
transmission mode of the second-level control signaling; or

first scheduling resource indication information, indication information of a transmission
mode of the second-level control signaling, and a first MSC; or

first scheduling resource indication information, indication information of a transmission
mode of the second-level control signaling, a first MSC, and demodulation pilot port information;
or

first scheduling resource indication information, indication information of a transmission
mode of the second-level control signaling, a first MSC, and first-level precoding matrix indication
information; or

first scheduling resource indication information, indication information of a transmission
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mode of the second-level control signaling, and first-level precoding matrix indication information;
or

first scheduling resource indication information, indication information of a transmission
mode of the second-level control signaling, a first MSC, first-level precoding matrix indication
information, a power control command, channel measurement triggering information, and resource
configuration information of the uplink SRS resource, where

the first MCS is an MCS of a first transport block, or an MCS in an assumed first
transmission mode.
[0230] The first scheduling resource indication information is used to indicate a time-frequency
resource of a data channel; the indication information of the transmission mode of the second-level
control signaling is used to indicate one of the M transmission modes; the demodulation pilot port
information is used to indicate at least one of the following information: a time-frequency resource
used for data pilot demodulation, a port index for pilot demodulation, and a spreading code for pilot
demodulation; the first-level precoding matrix indication information (Precoding-Matrix Indicator,
PMI) is used to indicate a first-level precoding matrix, where the first-level precoding matrix
includes at least one precoding vector; the power control command is used to indicate a parameter
related to uplink transmit power to the terminal; and the channel measurement triggering
information is used to trigger the terminal to measure the downlink reference signal and feed back a
channel measurement result.
[0231] In an optional embodiment based on the embodiment shown in FIG. 10, the second-level
control signaling includes:

second-level precoding matrix indication information; or

a second MCS and second-level precoding matrix indication information; or

the second MCS and the second-level precoding matrix indication information; or

a second MCS, second-level precoding matrix indication information, and the
demodulation pilot port information; or

a second MCS, second-level precoding matrix indication information, and second
scheduling resource indication information, where

the second MCS is an MCS of a second transport block, or a differential MCS for the
MCS in the first transmission mode relative to that in the transmission mode of the second-level
control signaling; and the second scheduling resource indication information is used to indicate a
resource in a time-frequency resource range indicated by the first scheduling resource indication
information. For example, the first scheduling resource indication information is used to indicate 10

PRBs from 100 PRBs to serve as transmission resources of a data channel, and the second

31



10

15

20

25

scheduling resource indication information is used to more accurately indicate three PRBs from the
10 PRBs.

[0232] Optionally, the first-level precoding matrix information is used to determine a first-level
precoding matrix W1 in a double codebook structure, and the second-level precoding matrix

information is used to determine a second-level precoding matrix W2 in the double codebook

structure.
(k)
[0233] A form of the first-level precoding matrix W in the double codebook structure is as
follows:
j2/mm
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[0234] A form of the second-level precoding matrix in the double codebook structure is as

follows:
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[0235] For another rank, refer to a design principle of a codebook in LTE, and examples are not
detailed.
[0236] In an optional embodiment based on the embodiment shown in FIG. 10, the foregoing
method further includes step 903, as shown in FIG. 11.
[0237] Step 1003: The terminal determines scheduling information of a data channel based on
the first-level control signaling and the second-level control signaling.
[0238] In a broad sense, the data channel in this embodiment refers to a channel used to
transmit data, and also refers to data transmitted on the channel. For example, a PUSCH may be
understood as a PUSCH channel, and may also be understood as uplink data transmitted on the

PUSCH; a physical downlink shared channel (Physical Downlink Shared Channel, PDSCH) may be
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understood as a PDSCH channel, and may also be understood as downlink data transmitted on the
PDSCH.

[0239] The scheduling information of the data channel includes but is not limited to: a
time-frequency resource (or referred to as a time-frequency resource position) of the data channel, a
precoding vector of data transmitted on each time-frequency resource, an MCS of data transmitted
on each time-frequency resource, or the like.

[0240] Optionally, with respect to determining the time-frequency resource of the data channel,
step 1003 includes the following step:

determining, by the terminal, the time-frequency resource of the data channel based on
first scheduling resource information; or determining, by the terminal, the time-frequency resource
of the data channel based on first scheduling resource information and second scheduling resource
information.

[0241] Optionally, with respect to determining the precoding vector of the data transmitted on
each time-frequency resource, step 1003 includes the following steps:

1. determining, by the terminal, a first precoding matrix W1 in a double codebook
structure based on the first-level precoding matrix indication information in the first-level control
signaling;

2. determining, by the terminal, a second precoding matrix W2 in the double codebook
structure based on the second-level precoding matrix indication information in the second-level
control signaling; and

3. determining, by the terminal based on the first precoding matrix W1 and the second
precoding matrix W2, a precoding matrix used for data transmitted on the data channel.

[0242] Optionally, the terminal multiplies the first precoding matrix W1 by the second
precoding matrix W2, to obtain the precoding matrix used for the data transmitted on the data
channel.

[0243] Optionally, the first-level precoding matrix indication information is information that
remains valid before first precoding matrix indication information in a next piece of first-level
control signaling is received; and the second-level precoding matrix indication information is
indication information that is valid during current scheduling.

[0244] Optionally, the first-level control signaling and the second-level control signaling
occupy different OFDM symbols in a same time unit; the first-level control signaling occupies first
n OFDM symbols in the time unit, where n is a positive integer; and the second-level control
signaling occupies a data scheduling bandwidth in the time unit.

[0245] Optionally, the first-level control signaling and the second-level control signaling
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occupy different time units. The second-level control signaling is used jointly with most recent
first-level control signaling that is sent before the second-level control signaling, to determine the
scheduling information of the data channel.

[0246] Optionally, two pieces of first-level control signaling respectively occupy an i time unit
and an (i+j)™ time unit, and there is an (i+k)™ time unit that is occupied by at least two pieces of
second-level control signaling, where 0<k<j, and 1, j, and k are all integers.

[0247] For example, referring to FIG. 12A, in time domain T, first-level control signaling DCI
11 occupies the 1% time unit, second-level control signaling DCI 21 occupies the 2°® time unit,
second-level control signaling DCI 22 occupies the 3™ time unit, second-level control signaling
DCI 23 occupies the 4™ time unit, second-level control signaling DCI 24 occupies the 5 time unit,
and first-level control signaling DCI 12 occupies the 6™ time unit.

[0248] There are four pieces of second-level control signaling between the first-level control
signaling DCI 11 and the first-level control signaling DCI 12: DCI 21, DCI 22, DCI 23, and DCI
24.

[0249] A first-level precoding matrix indicated by first-level precoding matrix indication
information in the first-level control signaling DCI 11 is W11, a second-level precoding matrix
indicated by second-level precoding matrix indication information in the second-level control
signaling DCI 21 1s W21, a second-level precoding matrix indicated by second-level precoding
matrix indication information in the second-level control signaling DCI 22 is W22, a second-level
precoding matrix indicated by second-level precoding matrix indication information in the
second-level control signaling DCI 23 is W23, a second-level precoding matrix indicated by
second-level precoding matrix indication information in the second-level control signaling DCI 24
is W24, and a first-level precoding matrix indicated by first-level precoding matrix indication
information in the first-level control signaling DCI 12 i1s W12.

[0250] Optionally, the first-level precoding matrix indicated by the first-level precoding matrix
indication information corresponds to a wideband, and the second-level precoding matrix indicated
by the second-level precoding matrix indication information corresponds to a subband. That is, the
first-level precoding matrix indication information is applicable to a precoding matrix of an entire
frequency-domain bandwidth of the first-level control signaling, and the second-level precoding
matrix indication information is applicable only to a precoding matrix of the subband indicated by
the second control instruction.

[0251] Optionally, the second-level control signaling is used jointly with most recent first-level
control signaling that is sent before the second-level control signaling, to determine the scheduling

information of the data channel. That is, the terminal determines the time-frequency resource of the
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data channel by jointly using second scheduling resource information in the second-level control
signaling and first scheduling resource information in most recent first-level control signaling that is
sent before the second-level control signaling.

[0252] For example, referring to FIG. 12A and FIG. 12B, FIG. 12B is a schematic diagram of a
frequency-domain bandwidth of a time-frequency resource of a data channel.

[0253] It is assumed that a frequency-domain bandwidth occupied by the time-frequency
resource indicated by the first scheduling resource information in the first-level control signaling
DCI 11 is a wideband F1, a frequency-domain bandwidth occupied by the time-frequency resource
indicated by the second scheduling resource information in the second-level control signaling DCI
21 is a subband F11, a frequency-domain bandwidth occupied by the time-frequency resource
indicated by the second scheduling resource information in the second-level control signaling DCI
22 is a subband F12, a frequency-domain bandwidth occupied by the time-frequency resource
indicated by the second scheduling resource information in the second-level control signaling DCI
23 is a subband F13, and a frequency-domain bandwidth occupied by the time-frequency resource
indicated by the second scheduling resource information in the second-level control signaling DCI
24 is a subband F14.

[0254] The subband F11, the subband F12, the subband F13, and the subband F14 are all a part
of the wideband F1. Each subband includes at least one PRB, and bandwidths of the subbands are
the same or are different.

[0255] The first-level precoding matrix W11 is applicable to the entire wideband F1, the
second-level precoding matrix W21 is applicable to the subband F11, the second-level precoding
matrix W22 is applicable to the subband F12, the second-level precoding matrix W23 is applicable
to the subband F13, and the second-level precoding matrix W24 is applicable to the subband F14.
[0256] Optionally, the terminal determines, by jointly using the second-level precoding matrix
indication information of the second-level control signaling and first second-level precoding matrix
indication information of most recent first-level control signaling that is sent before the
second-level control signaling, a precoding matrix (or a precoding vector) used for data.

[0257] When the terminal determines a precoding matrix used for data in the subband F11, a
precoding matrix W11*W21 obtained by using a product of W11 and W21 is used. When the
terminal determines a precoding matrix used for data in the subband F12, a precoding matrix
W11*W22 obtained by using a product of W11 and W22 is used. When the terminal determines a
precoding matrix used for data in the subband F13, a precoding matrix W11*W23 obtained by
using a product of W11 and W23 is used. When the terminal determines a precoding matrix used for

data in the subband F14, a precoding matrix W11*W24 obtained by using a product of W11 and
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W24 is used.

[0258] It can be learned from FIG. 12A and FIG. 12B that, the first-level precoding matrix
indication information is information that remains valid before first precoding matrix indication
information in a next piece of first-level control signaling is received; and the second-level
precoding matrix indication information is indication information that is valid during current
scheduling.

[0259] In an optional embodiment based on the embodiment in FIG. 10, the first-level control
signaling and the second-level control signaling occupy different OFDM symbols in a same time
unit; the first-level control signaling occupies first n OFDM symbols in the time unit, where n is a
positive integer; and the second-level control signaling occupies a data scheduling bandwidth in the
time unit.

[0260] In an optional embodiment based on the embodiment in FIG. 10, the first-level control
signaling is further used to indicate a time-frequency position of the second-level control signaling.
The terminal receives a time-frequency position of the first-level control signaling by using a UE
blind detection technology, and receives the second-level control signaling by using the
time-frequency position of the second-level control signaling indicated by the first-level control
signaling.

[0261] In an optional embodiment based on the embodiment in FIG. 10, among the M
transmission modes, there is at least one transmission mode that corresponds only to the first-level
control signaling and does not require the second-level control signaling, for example, the
single-antenna transmission mode. In this case, after receiving the first-level control signaling, the
terminal stops detecting the second-level control signaling.

[0262] It should be noted that, the steps performed by the terminal in FIG. 10 or FIG. 11 may be
independently implemented as a signaling receiving method on the terminal side, and the steps
performed by the access network device in FIG. 10 or FIG. 11 may be independently implemented
as a signaling sending method on the access network device side.

[0263] The following are apparatus embodiments of the embodiments of this application. For
details that are not described in detail in the apparatus embodiments, refer to the corresponding
method embodiments above.

[0264] FIG. 13 is a block diagram of a data sending apparatus according to an embodiment of
this application. The message sending apparatus may be implemented as an entire terminal or a part
of a terminal by using a dedicated hardware circuit or a combination of software and hardware. The
message sending apparatus includes a receiving unit 1320, a processing unit 1320, and a sending

unit 1340.

36



10

15

20

25

30

[0265] The receiving unit 1320 is configured to implement the receiving functions in step 402,
step 407, step 502, and step 504, and another implicit step of receiving information by the terminal.
[0266] The processing unit 1320 is configured to implement the functions in step 403, step 408,
step 505, and step 510, and another implicit step or data of processing information by the terminal.
[0267] The sending unit 1340 is configured to implement the sending functions in step 404, step
409, step 506, step 509, and step 511, and another implicit step of sending information by the
terminal.

[0268] For related details, refer to the method embodiments described in FIG. 4, FIG. 5, FIG.
10, or FIG. 11.

[0269] It should be noted that, the receiving unit 1320 may be implemented by a receiver, or
implemented by a processor cooperating with a receiver; the processing unit 1340 may be
implemented by a processor, or implemented by a processor executing a program instruction in a
memory; and the sending unit 1360 may be implemented by a transmitter, or implemented by a
processor cooperating with a transmitter.

[0270] It should be further noted that, when implementing the steps of the embodiments shown
in FIG. 10 or FIG. 11, the data sending apparatus may receive downlink data.

[0271] FIG. 14 1s a block diagram of a data receiving apparatus according to another
embodiment of this application. The message sending apparatus may be implemented as an entire
access network terminal or a first access network device or a part of an access network terminal or a
first access network device by using a dedicated hardware circuit or a combination of software and
hardware. The message sending apparatus includes a sending unit 1420, a processing unit 1440, and
a receiving unit 1440.

[0272] The sending unit 1420 is configured to implement the sending functions in step 401, step
406, step 501, step 503, and step 508, and another implicit step of sending information by the access
network terminal.

[0273] The processing unit 1440 is configured to implement the processing function in step 408,
and another implicit step of processing information by the access network device.

[0274] The receiving unit 1440 is configured to implement the receiving functions in step 405,
step 410, step 507, and step 512, and another implicit step of receiving information by the access
network device.

[0275] For related details, refer to the method embodiments described in FIG. 4, FIG. 5, FIG.
10, or FIG. 11.

[0276] It should be noted that, the sending unit 1420 may be implemented by a transmitter, or

implemented by a processor cooperating with a transmitter; the processing unit 1440 may be
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implemented by a processor, or implemented by a processor executing a program instruction in a
memory; and the receiving unit 1460 may be implemented by a receiver Rx, or implemented by a
processor cooperating with a receiver.

[0277] It should be further noted that, when implementing the steps of the embodiments shown
in FIG. 10 or FIG. 11, the data receiving apparatus may send downlink data.

[0278] The sequence numbers of the foregoing embodiments of this application are merely for
illustrative purposes, and are not intended to indicate priorities of the embodiments.

[0279] Persons of ordinary skill in the art may understand that all or some of the steps of the
embodiments may be implemented by hardware or a program instructing related hardware. The
program may be stored in a computer-readable storage medium. The storage medium may be a
read-only memory, a magnetic disk, an optical disc, or the like.

[0280] The foregoing descriptions are merely examples of embodiments of this application, but
are not intended to limit this application. Any modification, equivalent replacement, or
improvement made without departing from the spirit and principle of this application should fall

within the protection scope of this application.
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CLAIMS

What is claimed is:

1. A data sending apparatus, wherein the apparatus comprises:

a receiving unit, configured to receive a downlink reference signal sent by an access network
device;

a processing unit, configured to measure the downlink reference signal, to obtain a plurality of
uplink precoding vectors; and

a sending unit, configured to send sounding reference signals SRSs to the access network
device on a plurality of uplink SRS resources, wherein SRSs sent on different uplink SRS resources
are precoded by using different uplink precoding vectors, wherein

the receiving unit is configured to receive uplink scheduling signaling sent by the access
network device, wherein the uplink scheduling signaling is used to indicate a resource index of at
least one of the uplink SRS resources;

the processing unit is configured to precode uplink data according to an uplink precoding
vector corresponding to the resource index; and

the sending unit is configured to send the precoded uplink data to the access network device.

2. The apparatus according to claim 1, wherein different uplink SRS resources correspond to
different SRS ports.

3. The apparatus according to claim 1, wherein the uplink scheduling signaling is further used
to indicate a modulation and coding scheme MCS used for the uplink data, and the MCS is an MCS
of the uplink data that is precoded by using the uplink precoding vector corresponding to the
resource index.

4. The apparatus according to claim 1, wherein the uplink scheduling signaling is further used
to indicate a precoding scheme used for the uplink data, and the precoding scheme is an open-loop
precoding scheme or a closed-loop precoding scheme.

5. The apparatus according to claim 4, wherein the open-loop precoding scheme is a scheme in
which uplink data on different time-frequency resources is precoded by using different uplink
precoding vectors in turn, wherein

the different time-frequency resources comprise different physical resource blocks or different
subcarriers or different orthogonal frequency-division multiplexing OFDM symbols.

6. The apparatus according to claim 4, wherein the closed-loop precoding scheme is a scheme
in which uplink data on a specified time-frequency resource is precoded by using a same uplink
precoding vector.

7. The apparatus according to claim 1, wherein the uplink scheduling signaling is further used
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to indicate a time-frequency resource used for the uplink data; and

the time-frequency resource comprises at least two subbands, and the uplink data sent on each
subband is precoded by using an uplink precoding vector corresponding to an independent resource
index; or

the uplink data sent on a bandwidth of the time-frequency resource is precoded by using an
uplink precoding vector corresponding to a same resource index.

8. The apparatus according to claim 1, wherein the uplink scheduling signaling is further used
to indicate a time-frequency resource used for the uplink data;

the time-frequency resource comprises a first subband set and a second subband set;

the uplink scheduling signaling is further used to instruct to precode, by using the uplink
precoding vector corresponding to the resource index, uplink data sent on the first subband set; and

the uplink scheduling signaling is further used to instruct to precode, by using an uplink
precoding vector determined based on a codebook, uplink data sent on the second subband set.

9. The apparatus according to any one of claims 1 to 8, wherein the receiving unit is
configured to receive downlink configuration signaling sent by the access network device, and

the downlink configuration signaling is used to configure a time-frequency resource of the
downlink reference signal; or

the downlink configuration signaling is used to configure a time-frequency resource of the
downlink reference signal and a sequence resource of the SRS; or

the downlink configuration signaling is used to configure a time-frequency resource of the
downlink reference signal, a sequence resource of the SRS, and a code resource of the SRS; or

the downlink configuration signaling is used to configure a time-frequency resource of the
downlink reference signal, the uplink SRS resources, and a sequence resource of the SRS; or

the downlink configuration signaling is used to configure a time-frequency resource of the
downlink reference signal, the uplink SRS resources, a sequence resource of the SRS, and a code
resource of the SRS.

10. The apparatus according to claim 9, wherein a time domain resource occupied by the
downlink configuration instruction and a time domain resource occupied by the downlink reference
signal are in a same time unit, the time unit is a timeslot or a subframe or a transmission time
interval, and the time unit comprises n OFDM symbols;

the downlink configuration signaling occupies 0" to X1 OFDM symbols of the time unit; and

the downlink reference signal occupies X2™ to X3"™ OFDM symbols of the time unit, wherein

X1 =1or2or3, X3=X2or X2+1, and n—1>X3.

11. The apparatus according to claim 9, wherein a time domain resource occupied by the

40



10

15

20

25

30

downlink configuration instruction, a time domain resource occupied by the downlink reference
signal, and a time domain resource occupied by the SRS are in a same time unit, the time unit is a
timeslot or a subframe or a transmission time interval, and the time unit comprises n OFDM
symbols;

the downlink configuration signaling occupies 0™ to X1"™ OFDM symbols of the time unit;

the downlink reference signal occupies X2™ to X3"™ OFDM symbols of the time unit; and

the SRS occupies X4™ to X5™ OFDM symbols of the time unit, wherein

X1 =1or2or3,X3=X2or X2+1, and n—1>X5>X4>X3+1.

12. The apparatus according to claim 9, wherein a time domain resource occupied by the
downlink configuration instruction, a time domain resource occupied by the downlink reference
signal, a time domain resource occupied by the SRS, and the uplink scheduling signaling are in a
same time unit, and the time unit comprises n symbols;

the downlink configuration signaling occupies 0™ to X1"™ OFDM symbols of the time unit;

the downlink reference signal occupies X2" to X3"™ OFDM symbols of the time unit;

the SRS occupies X4™ to X5 OFDM symbols of the time unit; and

the uplink scheduling signaling occupies Y6 to Y7 symbols of the time unit, wherein

X1 =1or2or3, X3=X2or X2+1, and n—-1>X7>X6>X5>X4>X3+1.

13. The apparatus according to any one of claims 9 to 12, wherein the uplink SRS resources
occupies m frequency domain resources, and the SRS is transmitted in a frequency-hopping manner
on the m frequency domain resources.

14. The apparatus according to any one of claims 9 to 12, wherein a frequency-domain
bandwidth occupied by the time-frequency resource of the downlink reference signal is the same as
a frequency-domain bandwidth occupied by the uplink SRS resources.

15. The apparatus according to claim 9, wherein the downlink configuration instruction is used
to configure an orthogonal frequency-division multiplexing OFDM symbol position and/or a
physical resource block PRB position corresponding to the time-frequency resource of the downlink
reference signal;

the OFDM symbol position comprises a start symbol index and a total quantity of symbols
occupied by the downlink reference signal, or the start symbol index and an end symbol index; and

the PRB position comprises indexes of PRBs, on all transmission bandwidths, occupied by the
downlink reference signal, wherein the plurality of PRBs are nonconsecutive PRBs or consecutive
PRBs.

16. The apparatus according to claim 9, wherein the downlink configuration instruction is used

to configure an orthogonal frequency-division multiplexing OFDM symbol position and/or a
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physical resource block PRB position corresponding to the uplink SRS resources;

the OFDM symbol position comprises a start symbol index and a total quantity of symbols
corresponding to the uplink SRS resources, or the start symbol index and an end symbol index; and

the PRB position comprises indexes of PRBs, on all transmission bandwidths, corresponding
to the uplink SRS resources, the SRS is transmitted in a frequency-hopping manner on the
transmission bandwidth, and the plurality of PRBs are nonconsecutive PRBs or consecutive PRBs,
wherein

the SRS occupies a same transmission bandwidth or different transmission bandwidths in each
OFDM symbol.

17. A data receiving apparatus, wherein the apparatus comprises:

a sending unit, configured to send downlink reference signal to a terminal; and

a receiving unit, configured to receive a sounding reference signal SRS that is sent by the
terminal on at least one uplink SRS resource, wherein SRSs on different uplink SRS resources are
precoded by using different uplink precoding vectors, and the uplink precoding vector is obtained
by the terminal by measuring the downlink reference signal, wherein

the sending unit is configured to send uplink scheduling signaling to the terminal, wherein the
uplink scheduling signaling is used to indicate a resource index of the at least one uplink SRS
resource; and

the receiving unit is configured to receive uplink data sent by the terminal, wherein the uplink
data is data precoded by using an uplink precoding vector corresponding to the resource index.

18. The apparatus according to claim 17, wherein different uplink SRS resources correspond to
different SRS ports.

19. The apparatus according to claim 16, wherein the uplink scheduling signaling is further
used to indicate a modulation and coding scheme MCS used for the uplink data, and the MCS is an
MCS of the uplink data that is precoded by using the uplink precoding vector corresponding to the
resource index.

20. The apparatus according to claim 16, wherein the uplink scheduling signaling is further
used to indicate a precoding scheme used for the uplink data, and the precoding scheme is an
open-loop precoding scheme or a closed-loop precoding scheme.

21. The apparatus according to claim 20, wherein the open-loop precoding scheme is a scheme
in which uplink data on different time-frequency resources is precoded by using different uplink
precoding vectors in turn, wherein

the different time-frequency resources comprise different physical resource blocks or different

subcarriers or different orthogonal frequency-division multiplexing OFDM symbols.
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22. The apparatus according to claim 20, wherein the closed-loop precoding scheme is a
scheme in which uplink data on a specified time-frequency resource is precoded by using a same
uplink precoding vector.

23. The apparatus according to claim 17, wherein the uplink scheduling signaling is further
used to indicate a time-frequency resource used for the uplink data; and

the time-frequency resource comprises at least two subbands, and the uplink data sent on each
subband is precoded by using an uplink precoding vector corresponding to an independent resource
index; or

the uplink data sent on a bandwidth of the time-frequency resource is precoded by using an
uplink precoding vector corresponding to a same resource index.

24. The apparatus according to claim 17, wherein the uplink scheduling signaling is further
used to indicate a time-frequency resource used for the uplink data;

the time-frequency resource comprises a first subband set and a second subband set;

the uplink scheduling signaling is further used to instruct to precode, by using the uplink
precoding vector corresponding to the resource index, uplink data sent on the first subband set; and

the uplink scheduling signaling is further used to instruct to precode, by using an uplink
precoding vector determined based on a codebook, uplink data sent on the second subband set.

25. The apparatus according to any one of claims 17 to 24, wherein the sending unit is
configured to send downlink configuration signaling to the terminal; and

the downlink configuration signaling is used to configure a time-frequency resource of the
downlink reference signal; or

the downlink configuration signaling is used to configure a time-frequency resource of the
downlink reference signal and a sequence resource of the SRS; or

the downlink configuration signaling is used to configure a time-frequency resource of the
downlink reference signal, a sequence resource of the SRS, and a code resource of the SRS; or

the downlink configuration signaling is used to configure a time-frequency resource of the
downlink reference signal, the uplink SRS resources, and a sequence resource of the SRS; or

the downlink configuration signaling is used to configure a time-frequency resource of the
downlink reference signal, the uplink SRS resources, a sequence resource of the SRS, and a code
resource of the SRS.

26. The apparatus according to claim 25, wherein a time domain resource occupied by the
downlink configuration instruction and a time domain resource occupied by the downlink reference
signal are in a same time unit, the time unit is a timeslot or a subframe or a transmission time

interval, and the time unit comprises n OFDM symbols;
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the downlink configuration signaling occupies 0" to X1 OFDM symbols of the time unit; and

the downlink reference signal occupies X2" to X3"™ OFDM symbols of the time unit, wherein

X1=1or2or3, X3=X2or X2+1, and n—1>X3.

27. The apparatus according to claim 25, wherein a time domain resource occupied by the
downlink configuration instruction, a time domain resource occupied by the downlink reference
signal, and a time domain resource occupied by the SRS are in a same time unit, the time unit is a
timeslot or a subframe or a transmission time interval, and the time unit comprises n OFDM
symbols;

the downlink configuration signaling occupies 0™ to X1"™ OFDM symbols of the time unit;

the downlink reference signal occupies X2™ to X3"™ OFDM symbols of the time unit; and

the SRS occupies X4™ to X5™ OFDM symbols of the time unit, wherein

X1 =1or2or3,X3=X2or X2+1, and n—1>X5>X4>X3+1.

28. The apparatus according to claim 25, wherein a time domain resource occupied by the
downlink configuration instruction, a time domain resource occupied by the downlink reference
signal, a time domain resource occupied by the SRS, and the uplink scheduling signaling are in a
same time unit, and the time unit comprises n symbols;

the downlink configuration signaling occupies 0™ to X1 OFDM symbols of the time unit;

the downlink reference signal occupies X2" to X3"™ OFDM symbols of the time unit;

the SRS occupies X4™ to X5 OFDM symbols of the time unit; and

the uplink scheduling signaling occupies Y6 to Y7 symbols of the time unit, wherein

X1 =1or2or3, X3=X2or X2+1, and n—-1>X7>X6>X5>X4>X3+1.

29. The apparatus according to any one of claims 25 to 28, wherein the uplink SRS resources
occupies m frequency domain resources, and the SRS is transmitted in a frequency-hopping manner
on the m frequency domain resources.

30. The apparatus according to any one of claims 25 to 28, wherein a frequency-domain
bandwidth occupied by the time-frequency resource of the downlink reference signal is the same as
a frequency-domain bandwidth occupied by the uplink SRS resources.

31. The apparatus according to claim 25, wherein the downlink configuration instruction is
used to configure an orthogonal frequency-division multiplexing OFDM symbol position and/or a
physical resource block PRB position corresponding to the time-frequency resource of the downlink
reference signal;

the OFDM symbol position comprises a start symbol index and a total quantity of symbols
occupied by the downlink reference signal, or the start symbol index and an end symbol index; and

the PRB position comprises indexes of PRBs, on all transmission bandwidths, occupied by the
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downlink reference signal, wherein the plurality of PRBs are nonconsecutive PRBs or consecutive
PRBs.

32. The apparatus according to claim 25, wherein the downlink configuration instruction is
used to configure an orthogonal frequency-division multiplexing OFDM symbol position and/or a
physical resource block PRB position corresponding to the uplink SRS resources;

the OFDM symbol position comprises a start symbol index and a total quantity of symbols
corresponding to the uplink SRS resources, or the start symbol index and an end symbol index; and

the PRB position comprises indexes of PRBs, on all transmission bandwidths, corresponding
to the uplink SRS resources, the SRS is transmitted in a frequency-hopping manner on the
transmission bandwidth, and the plurality of PRBs are nonconsecutive PRBs or consecutive PRBs,
wherein

the SRS occupies a same transmission bandwidth or different transmission bandwidths in each
OFDM symbol.

33. A data sending method, wherein the method comprises:

receiving, by a terminal, a downlink reference signal sent by an access network device;

measuring, by the terminal, the downlink reference signal, to obtain a plurality of uplink
precoding vectors;

sending, by the terminal, sounding reference signals SRSs to the access network device on a
plurality of uplink SRS resources, wherein SRSs sent on different uplink SRS resources are
precoded by using different uplink precoding vectors;

receiving, by the terminal, uplink scheduling signaling sent by the access network device,
wherein the uplink scheduling signaling is used to indicate a resource index of at least one uplink
SRS resource; and

precoding, by the terminal, uplink data by using an uplink precoding vector corresponding to
the resource index, and sending the precoded uplink data to the access network device.

34. The method according to claim 33, wherein different uplink SRS resources correspond to
different SRS ports.

35. The method according to claim 33, wherein the uplink scheduling signaling is further used
to indicate a modulation and coding scheme MCS used for the uplink data, and the MCS is an MCS
of the uplink data that is precoded by using the uplink precoding vector corresponding to the
resource index.

36. The method according to claim 33, wherein the uplink scheduling signaling is further used
to indicate a precoding scheme used for the uplink data, and the precoding scheme is an open-loop

precoding scheme or a closed-loop precoding scheme.
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37. The method according to claim 36, wherein the open-loop precoding scheme is a scheme in
which uplink data on different time-frequency resources is precoded by using different uplink
precoding vectors in turn, wherein

the different time-frequency resources comprise different physical resource blocks or different
subcarriers or different orthogonal frequency-division multiplexing OFDM symbols.

38. The method according to claim 36, wherein the closed-loop precoding scheme is a scheme
in which uplink data on a specified time-frequency resource is precoded by using a same uplink
precoding vector.

39. The method according to claim 33, wherein the uplink scheduling signaling is further used
to indicate a time-frequency resource used for the uplink data; and

the time-frequency resource comprises at least two subbands, and the uplink data sent on each
subband is precoded by using an uplink precoding vector corresponding to an independent resource
index; or

the uplink data sent on a bandwidth of the time-frequency resource is precoded by using an
uplink precoding vector corresponding to a same resource index.

40. The method according to claim 33, wherein the uplink scheduling signaling is further used
to indicate a time-frequency resource used for the uplink data;

the time-frequency resource comprises a first subband set and a second subband set;

the uplink scheduling signaling is further used to instruct to precode, by using the uplink
precoding vector corresponding to the resource index, uplink data sent on the first subband set; and

the uplink scheduling signaling is further used to instruct to precode, by using an uplink
precoding vector determined based on a codebook, uplink data sent on the second subband set.

41. The method according to any one of claims 33 to 40, wherein

the terminal receives downlink configuration signaling sent by the access network device; and

the downlink configuration signaling is used to configure a time-frequency resource of the
downlink reference signal; or

the downlink configuration signaling is used to configure a time-frequency resource of the
downlink reference signal and a sequence resource of the SRS; or

the downlink configuration signaling is used to configure a time-frequency resource of the
downlink reference signal, a sequence resource of the SRS, and a code resource of the SRS; or

the downlink configuration signaling is used to configure a time-frequency resource of the
downlink reference signal, the uplink SRS resources, and a sequence resource of the SRS; or

the downlink configuration signaling is used to configure a time-frequency resource of the

downlink reference signal, the uplink SRS resources, a sequence resource of the SRS, and a code
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resource of the SRS.

42. The method according to claim 41, wherein a time domain resource occupied by the
downlink configuration instruction and a time domain resource occupied by the downlink reference
signal are in a same time unit, the time unit is a timeslot or a subframe or a transmission time
interval, and the time unit comprises n OFDM symbols;

the downlink configuration signaling occupies 0" to X1 OFDM symbols of the time unit; and

the downlink reference signal occupies X2" to X3"™ OFDM symbols of the time unit, wherein

X1=1or2or3, X3=X2or X2+1, and n—1>X3.

43. The method according to claim 41, wherein a time domain resource occupied by the
downlink configuration instruction, a time domain resource occupied by the downlink reference
signal, and a time domain resource occupied by the SRS are in a same time unit, the time unit is a
timeslot or a subframe or a transmission time interval, and the time unit comprises n OFDM
symbols;

the downlink configuration signaling occupies 0™ to X1 OFDM symbols of the time unit;

the downlink reference signal occupies X2™ to X3"™ OFDM symbols of the time unit; and

the SRS occupies X4™ to X5™ OFDM symbols of the time unit, wherein

X1 =1or2or3,X3=X2or X2+1, and n—1>X5>X4>X3+1.

44. The method according to claim 41, wherein a time domain resource occupied by the
downlink configuration instruction, a time domain resource occupied by the downlink reference
signal, a time domain resource occupied by the SRS, and the uplink scheduling signaling are in a
same time unit, and the time unit comprises n symbols;

the downlink configuration signaling occupies 0™ to X1 OFDM symbols of the time unit;

the downlink reference signal occupies X2" to X3"™ OFDM symbols of the time unit;

the SRS occupies X4™ to X5 OFDM symbols of the time unit; and

the uplink scheduling signaling occupies Y6 to Y7 symbols of the time unit, wherein

X1 =1or2or3, X3=X2or X2+1, and n—-1>X7>X6>X5>X4>X3+1.

45. The method according to any one of claims 41 to 44, wherein the uplink SRS resources
occupies m frequency domain resources, and the SRS is transmitted in a frequency-hopping manner
on the m frequency domain resources.

46. The method according to any one of claims 41 to 44, wherein a frequency-domain
bandwidth occupied by the time-frequency resource of the downlink reference signal is the same as
a frequency-domain bandwidth occupied by the uplink SRS resources.

47. The method according to claim 41, wherein the downlink configuration instruction is used

to configure an orthogonal frequency-division multiplexing OFDM symbol position and/or a
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physical resource block PRB position corresponding to the time-frequency resource of the downlink
reference signal;

the OFDM symbol position comprises a start symbol index and a total quantity of symbols
occupied by the downlink reference signal, or the start symbol index and an end symbol index; and

the PRB position comprises indexes of PRBs, on all transmission bandwidths, occupied by the
downlink reference signal, wherein the plurality of PRBs are nonconsecutive PRBs or consecutive
PRBs.

48. The method according to claim 41, wherein the downlink configuration instruction is used
to configure an orthogonal frequency-division multiplexing OFDM symbol position and/or a
physical resource block PRB position corresponding to the uplink SRS resources;

the OFDM symbol position comprises a start symbol index and a total quantity of symbols
corresponding to the uplink SRS resources, or the start symbol index and an end symbol index; and

the PRB position comprises indexes of PRBs, on all transmission bandwidths, corresponding
to the uplink SRS resources, the SRS is transmitted in a frequency-hopping manner on the
transmission bandwidth, and the plurality of PRBs are nonconsecutive PRBs or consecutive PRBs,
wherein

the SRS occupies a same transmission bandwidth or different transmission bandwidths in each
OFDM symbol.

49. An uplink data receiving method, wherein the method comprises:

sending, by an access network device, a downlink reference signal to a terminal;

receiving, by the access network device, a sounding reference signal SRS that is sent by the
terminal on at least one uplink SRS resource, wherein SRSs on different uplink SRS resources are
precoded by using different uplink precoding vectors, and the uplink precoding vector is obtained
by the terminal by measuring the downlink reference signal;

sending, by the access network device, uplink scheduling signaling to the terminal, wherein the
uplink scheduling signaling is used to indicate a resource index of the at least one uplink SRS
resource; and

receiving, by the access network device, uplink data sent by the terminal, wherein the uplink
data is data precoded by using an uplink precoding vector corresponding to the resource index.

50. The method according to claim 49, wherein different uplink SRS resources correspond to
different SRS ports.

51. The method according to claim 49, wherein the uplink scheduling signaling is further used
to indicate a modulation and coding scheme MCS used for the uplink data, and the MCS is an MCS
of the uplink data that is precoded by using the uplink precoding vector corresponding to the
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resource index.

52. The method according to claim 49, wherein the uplink scheduling signaling is further used
to indicate a precoding scheme used for the uplink data, and the precoding scheme is an open-loop
precoding scheme or a closed-loop precoding scheme.

53. The method according to claim 52, wherein the open-loop precoding scheme is a scheme in
which uplink data on different time-frequency resources is precoded by using different uplink
precoding vectors in turn, wherein

the different time-frequency resources comprise different physical resource blocks or different
subcarriers or different orthogonal frequency-division multiplexing OFDM symbols.

54. The method according to claim 52, wherein the closed-loop precoding scheme is a scheme
in which uplink data on a specified time-frequency resource is precoded by using a same uplink
precoding vector.

55. The method according to claim 49, wherein the uplink scheduling signaling is further used
to indicate a time-frequency resource used for the uplink data; and

the time-frequency resource comprises at least two subbands, and the uplink data sent on each
subband is precoded by using an uplink precoding vector corresponding to an independent resource
index; or

the uplink data sent on a bandwidth of the time-frequency resource is precoded by using an
uplink precoding vector corresponding to a same resource index.

56. The method according to claim 49, wherein the uplink scheduling signaling is further used
to indicate a time-frequency resource used for the uplink data;

the time-frequency resource comprises a first subband set and a second subband set;

the uplink scheduling signaling is further used to instruct to precode, by using the uplink
precoding vector corresponding to the resource index, uplink data sent on the first subband set; and

the uplink scheduling signaling is further used to instruct to precode, by using an uplink
precoding vector determined based on a codebook, uplink data sent on the second subband set.

57. The method according to any one of claims 49 to 56, wherein

the access network device sends downlink configuration signaling to the terminal; and

the downlink configuration signaling is used to configure a time-frequency resource of the
downlink reference signal; or

the downlink configuration signaling is used to configure a time-frequency resource of the
downlink reference signal and a sequence resource of the SRS; or

the downlink configuration signaling is used to configure a time-frequency resource of the

downlink reference signal, a sequence resource of the SRS, and a code resource of the SRS; or
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the downlink configuration signaling is used to configure a time-frequency resource of the
downlink reference signal, the uplink SRS resources, and a sequence resource of the SRS; or

the downlink configuration signaling is used to configure a time-frequency resource of the
downlink reference signal, the uplink SRS resources, a sequence resource of the SRS, and a code
resource of the SRS.

58. The method according to claim 57, wherein a time domain resource occupied by the
downlink configuration instruction and a time domain resource occupied by the downlink reference
signal are in a same time unit, the time unit is a timeslot or a subframe or a transmission time
interval, and the time unit comprises n OFDM symbols;

the downlink configuration signaling occupies 0" to X1 OFDM symbols of the time unit; and

the downlink reference signal occupies X2™ to X3"™ OFDM symbols of the time unit, wherein

X1=1or2or3, X3=X2or X2+1, and n—1>X3.

59. The method according to claim 57, wherein a time domain resource occupied by the
downlink configuration instruction, a time domain resource occupied by the downlink reference
signal, and a time domain resource occupied by the SRS are in a same time unit, the time unit is a
timeslot or a subframe or a transmission time interval, and the time unit comprises n OFDM
symbols;

the downlink configuration signaling occupies 0™ to X1 OFDM symbols of the time unit;

the downlink reference signal occupies X2™ to X3"™ OFDM symbols of the time unit; and

the SRS occupies X4™ to X5™ OFDM symbols of the time unit, wherein

X1 =1or2or3,X3=X2or X2+1, and n—1>X5>X4>X3+1.

60. The method according to claim 57, wherein a time domain resource occupied by the
downlink configuration instruction, a time domain resource occupied by the downlink reference
signal, a time domain resource occupied by the SRS, and the uplink scheduling signaling are in a
same time unit, and the time unit comprises n symbols;

the downlink configuration signaling occupies 0™ to X1 OFDM symbols of the time unit;

the downlink reference signal occupies X2 to X3"™ OFDM symbols of the time unit;

the SRS occupies X4™ to X5" OFDM symbols of the time unit; and

the uplink scheduling signaling occupies Y6™ to Y7 symbols of the time unit, wherein

X1 =1or2or3,X3=X2or X2+1, and n—-1>X7>X6>X5>X4>X3+1.

61. The method according to any one of claims 57 to 60, wherein the uplink SRS resources
occupies m frequency domain resources, and the SRS is transmitted in a frequency-hopping manner
on the m frequency domain resources.

62. The method according to any one of claims 57 to 60, wherein a frequency-domain
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bandwidth occupied by the time-frequency resource of the downlink reference signal is the same as
a frequency-domain bandwidth occupied by the uplink SRS resources.

63. The method according to claim 57, wherein the downlink configuration instruction is used
to configure an orthogonal frequency-division multiplexing OFDM symbol position and/or a
physical resource block PRB position corresponding to the time-frequency resource of the downlink
reference signal;

the OFDM symbol position comprises a start symbol index and a total quantity of symbols
occupied by the downlink reference signal, or the start symbol index and an end symbol index; and

the PRB position comprises indexes of PRBs, on all transmission bandwidths, occupied by the
downlink reference signal, wherein the plurality of PRBs are nonconsecutive PRBs or consecutive
PRBs.

64. The method according to claim 57, wherein the downlink configuration instruction is used
to configure an orthogonal frequency-division multiplexing OFDM symbol position and/or a
physical resource block PRB position corresponding to the uplink SRS resources;

the OFDM symbol position comprises a start symbol index and a total quantity of symbols
corresponding to the uplink SRS resources, or the start symbol index and an end symbol index; and

the PRB position comprises indexes of PRBs, on all transmission bandwidths, corresponding
to the uplink SRS resources, the SRS is transmitted in a frequency-hopping manner on the
transmission bandwidth, and the plurality of PRBs are nonconsecutive PRBs or consecutive PRBs,
wherein

the SRS occupies a same transmission bandwidth or different transmission bandwidths in each
OFDM symbol.

65. An uplink data sending system, wherein the system comprises a terminal and an access
network device;

the terminal comprises the data sending apparatus according to any one of claims 1 to 16; and

the access network device comprises the data receiving apparatus according to any one of
claims 17 to 32.

66. A signaling receiving method, wherein the method comprises:

receiving, by a terminal, scheduling grant signaling sent by an access network device, wherein
the scheduling grant signaling comprises first-level control signaling and second-level control
signaling;

the first-level control signaling is used to indicate common scheduling information in M
transmission modes; and

the second-level control signaling is used to indicate specific scheduling information in the M
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transmission modes, wherein

M is an integer greater than or equal to 2.

67. The method according to claim 66, wherein the M transmission modes comprise at least
two of the following transmission modes:

a single-antenna transmission mode, a transmit diversity transmission mode, a codebook-based
open-loop precoding scheme, a codebook-based closed-loop precoding scheme, a channel
reciprocity—based open-loop precoding scheme, and a channel reciprocity—based closed-loop
precoding scheme, wherein

the codebook-based open-loop precoding scheme is a scheme in which uplink data on different
time-frequency resources is precoded by using, in turn, precoding vectors in a codebook indicated
by the access network device; the codebook-based closed-loop precoding scheme is a scheme in
which uplink data on a specified time-frequency resource is precoded by using a precoding matrix
in a codebook indicated by the access network device; the channel reciprocity—based open-loop
precoding scheme is a scheme in which uplink data on different time-frequency resources is
precoded by using, in turn, precoding vectors that are obtained through downlink channel
measurement; and the channel reciprocity—based closed-loop precoding scheme is a scheme in
which uplink data on a specified time-frequency resource is precoded by using a precoding vector
that is obtained through downlink channel measurement.

68. The method according to claim 66, wherein the M transmission modes comprise at least
two of the following transmission modes:

a single-antenna transmission mode, a transmit diversity transmission mode, an open-loop
precoding scheme, and a closed-loop precoding scheme.

69. The method according to claim 66, wherein the first-level control signaling comprises:

first scheduling resource indication information, and indication information of a transmission
mode of the second-level control signaling; or

first scheduling resource indication information, indication information of a transmission mode
of the second-level control signaling, and a first MSC; or

first scheduling resource indication information, indication information of a transmission mode
of the second-level control signaling, a first MSC, and demodulation pilot port information; or

first scheduling resource indication information, indication information of a transmission mode
of the second-level control signaling, a first MSC, and first-level precoding matrix indication
information; or

first scheduling resource indication information, indication information of a transmission mode

of the second-level control signaling, and first-level precoding matrix indication information; or
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first scheduling resource indication information, indication information of a transmission mode
of the second-level control signaling, a first MSC, first-level precoding matrix indication
information, a power control command, channel measurement triggering information, and SRS
resource configuration information, wherein

the first MCS is an MCS of a first transport block, or an MCS 1in an assumed first transmission
mode.

70. The method according to claim 69, wherein the second-level control signaling comprises:

second-level precoding matrix indication information; or

a second MCS and second-level precoding matrix indication information; or

a second MCS, second-level precoding matrix indication information, and the demodulation
pilot port information; or

the second MCS and the second-level precoding matrix indication information; or

a second MCS, second-level precoding matrix indication information, and second scheduling
resource indication information, wherein

the second MCS is an MCS of a second transport block, or a differential MCS for the MCS in
the first transmission mode relative to that in the transmission mode of the second-level control
signaling; and the second scheduling resource indication information is used to indicate a resource
in a time-frequency resource range indicated by the first scheduling resource indication information.

71. The method according to any one of claims 66 to 70, wherein the method further
comprises:

determining, by the terminal, scheduling information of a data channel based on the first-level
control signaling and the second-level control signaling.

72. The method according to claim 71, wherein the determining, by the terminal, scheduling
information of a data channel based on the first-level control signaling and the second-level control
signaling comprises:

determining a first precoding matrix W1 in a double codebook structure based on the first-level
precoding matrix indication information in the first-level control signaling;

determining a second precoding matrix W2 in the double codebook structure based on the
second-level precoding matrix indication information in the second-level control signaling; and

determining, based on the first precoding matrix W1 and the second precoding matrix W2, a
precoding matrix used for data transmitted on the data channel.

73. The method according to claim 71, wherein the first-level precoding matrix indication
information corresponds to a wideband, and the second-level precoding matrix indication

information corresponds to a subband.
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74. The method according to claim 66, wherein first-level precoding matrix indication
information is indication information that remains valid before first precoding matrix indication
information in a next piece of first-level control signaling is received; and second-level precoding
matrix indication information is indication information that is valid during current scheduling.

75. The method according to any one of claims 66 to 69, wherein the first-level control
signaling and the second-level control signaling occupy different OFDM symbols in a same time
unit;

the first-level control signaling occupies first n OFDM symbols in the time unit, wherein n is a
positive integer; and

the second-level control signaling occupies a data scheduling bandwidth in the time unit.

76. The method according to any one of claims 66 to 69, wherein the first-level control
signaling and the second-level control signaling occupy different time units.

77. The method according to claim 76, wherein two pieces of first-level control signaling
respectively occupy an i™ time unit and an (i+j)™ time unit, and there is an (i+k)" time unit that is
occupied by at least two pieces of second-level control signaling, wherein 0<k<j, and 1, j, and k are
all integers.

78. The method according to claim 71, wherein the second-level control signaling is used
jointly with most recent first-level control signaling that is sent before the second-level control
signaling, to determine the scheduling information of the data channel.

79. The method according to any one of claims 66 to 69, wherein the first-level control signal
is further used to indicate a time-frequency position of the second-level control signaling.

80. The method according to any one of claims 66 to 69, wherein there is at least one
transmission mode, in the M transmission modes, that corresponds only to the first-level control

signaling.
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