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INFORMATION TRANSMISSION METHOD
AND APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Application No. PCT/CN2022/091073, filed on May 6,
2022, which claims priority to Chinese Patent Application
No. 202110506698.4, filed on May 10, 2021. The disclo-
sures of the aforementioned applications are hereby incor-
porated by reference in their entireties.

TECHNICAL FIELD

[0002] This application relates to the communications
field, and more specifically, to an information transmission
method and an apparatus.

BACKGROUND

[0003] Currently, because the bandwidth that can be sup-
ported by a reduced-capability terminal device (RedCap UE)
is relatively narrow, if a plurality of reduced-capability
terminal devices perform information transmission in a same
bandwidth, service congestion can happen. In addition, the
data processing speed of the reduced-capability terminal
device may be relatively slow, so that a base station needs
to implement a sufficient delay during scheduling, to ensure
that the reduced-capability terminal device can complete
data processing.

[0004] In a random access process, RedCap UE and non-
RedCap UE may select a same random access resource, and
in the random access process, a contention-based access
problem cannot be resolved until the stage of Msg4 is
reached. Therefore, in the random access process (from the
stage of Msgl to the stage of Msg4), both the RedCap UE
and the non-RedCap UE need to receive the same informa-
tion from the base station. For backward compatibility of the
non-RedCap UE, the lengths and formats of downlink
control information formats (DCI formats) 0_0 and 1_0
received in the random process cannot be changed. How-
ever, performance of the RedCap UE needs to be enhanced
in the random access process, to improve transmission
performance of the RedCap UE. In view of this, an advanced
information transmission method and an apparatus are
required, to improve transmission performance of a reduced-
capability terminal device, thereby resolving the foregoing
problem.

SUMMARY

[0005] This application provides an information transmis-
sion method, to improve transmission performance of a
terminal device.

[0006] According to a first aspect, this application pro-
vides an information transmission method. The method may
be performed by a terminal device, or may be performed by
a chip applied to a terminal device. The following provides
descriptions by using an example in which the method is
performed by a terminal device.

[0007] The terminal device receives first downlink control
information from a network device. The first downlink
control information includes frequency hopping indication
information of a physical uplink control channel (PUCCH)
and/or transmission mode indication information of the
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PUCCH. The terminal device performs data transmission
based on the first downlink control information.

[0008] It should be understood that the data in the data
transmission performed by the terminal device may be
control information, downlink control information, uplink
control information, downlink data information, uplink data
information, information for random access, paging infor-
mation, or broadcast information.

[0009] In a current technology, frequency hopping is per-
formed on feedback information (a PUCCH) of Msg4 by
default, to obtain a frequency diversity gain. However, to
avoid a problem of resource fragmentation, frequency-hop-
ping transmission is performed on a PUCCH of legacy UE
by default on two sides of a relatively large bandwidth. For
example, two transmissions during frequency hopping are
respectively performed on two sides of a 100 MHz carrier
bandwidth. RedCap UE (the terminal device in this appli-
cation) supports a narrower bandwidth. Therefore, if two
transmissions during frequency hopping still need to be
performed on the two sides of the 100 MHz carrier band-
width, frequency tuning needs to be performed. In addition,
during frequency tuning, the RedCap UE cannot perform
receiving or sending data, wasting a resource of a tuning
symbol. In addition, transmission performance of the Red-
Cap UE may be affected due to a decrease in available
resources. Therefore, it is suggested in a current standard
that for a RedCap UE, frequency-hopping transmission is
not performed on the PUCCH of Msg4 by default.

[0010] Therefore, based on the foregoing solution, with
the frequency hopping indication information of the PUCCH
and/or the transmission mode indication information of the
PUCCH that are/is included in the first downlink control
information, the terminal device may perform frequency
hopping based on the first downlink control information, to
obtain a frequency diversity gain and improve flexibility.
[0011] According to a second aspect, this application
provides an information transmission method. The method
may be performed by a terminal device, or may be per-
formed by a chip applied to a terminal device. The following
provides descriptions by using an example in which the
method is performed by a terminal device.

[0012] The terminal device receives first downlink control
information from a network device. The first downlink
control information is downlink control information
scrambled by a first radio network temporary identifier
(RNTI), the first downlink control information includes at
least one of frequency hopping indication information of a
physical uplink control channel PUCCH, transmission mode
indication information of the PUCCH, or first information,
and the first information includes bandwidth part (BWP)
indication information and/or repetition indication informa-
tion. The terminal device performs data transmission based
on the downlink control information.

[0013] It should be understood that, in the foregoing
solution, the first downlink control information including the
frequency hopping indication information of the PUCCH
and/or the transmission mode indication information of the
PUCCH and the first downlink control information includ-
ing the first information may be scrambled by different first
RNTIs. This is not limited in this application.

[0014] It should be further understood that the data in the
data transmission performed by the terminal device may be
control information, downlink control information, uplink
control information, downlink data information, uplink data
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information, information for random access, paging infor-
mation, or broadcast information.

[0015] Based on the foregoing solution, with at least one
of the frequency hopping indication information of the
PUCCH, the transmission mode indication information of
the PUCCH, the BWP indication information, or the repeti-
tion indication information that is included in the first
downlink control information, the terminal device can per-
form frequency hopping to obtain a frequency diversity gain
and improve flexibility, and/or transmission may be repeated
to improve transmission performance, and/or a frequency
resource may be adjusted to achieve load balancing or obtain
a frequency diversity gain.

[0016] In an example, the BWP indication information
indicates at least one of the following: an identifier of at least
one BWP, a location of the BWP, a quantity of BWPs,
identification information of the BWP, or a BWP switching
manner.

[0017] In another example, the frequency hopping indica-
tion information of the PUCCH may indicate at least one of
the following: enabling of frequency hopping of the
PUCCH, a frequency hopping offset of the PUCCH, or a
frequency hopping manner of the PUCCH.

[0018] In another example, the frequency hopping indica-
tion information of the PUCCH may indicate disabling of
frequency hopping of the PUCCH.

[0019] Based on the foregoing solution, the terminal
device may perform frequency hopping or disable frequency
hopping based on the indication information, which may be
enabling of frequency hopping of the PUCCH, the fre-
quency hopping offset of the PUCCH, frequency hopping of
the PUCCH, or disabling of frequency hopping of the
PUCCH, to obtain a frequency diversity gain and improve
flexibility.

[0020] In another example, the frequency hopping indica-
tion information of the PUCCH may occupy 1 bit or 2 bits,
and the enabling of frequency hopping of the PUCCH or the
disabling of frequency hopping of the PUCCH is indicated
by using 1 bit.

[0021] In another example, the transmission mode indica-
tion information of the PUCCH indicates at least one piece
of the following information: a first-type non-frequency-
hopping transmission mode of the PUCCH, a second-type
non-frequency-hopping transmission mode of the PUCCH,
a first-type frequency-hopping transmission mode of the
PUCCH, or a second-type frequency-hopping transmission
mode of the PUCCH.

[0022] In another example, the transmission mode indica-
tion information of the PUCCH may occupy 1 bit or 2 bits.
[0023] In another example, the first downlink control
information is used to schedule a PDSCH or the PUCCH,
the first downlink control information does not include
second information, and the second information includes at
least one of the following: information about a downlink
assignment index (DAI), information about a first hybrid
automatic repeat request HARQ process number, or a first
reserved bit.

[0024] Based on the foregoing solution, information about
the terminal device may be indicated by using a bit occupied
by the second information in the first downlink control
information, so that the lengths and formats of DCI formats
0_0 and 1_0 received in a random process can remain
unchanged, thereby ensuring compatibility of another type
of terminal device (for example, legacy UE).
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[0025] In another example, the first downlink control
information is used to schedule a physical downlink shared
channel (PDSCH) or the PUCCH, and the first downlink
control information includes 1-bit information about a
downlink assignment index; and/or the first downlink con-
trol information includes information about a first hybrid
automatic repeat request (HARQ) process number whose
size is 1, 2, or 3 bits.

[0026] In another example, the downlink control informa-
tion is used to schedule a contention resolution message of
the terminal device; or the downlink control information is
used to schedule an acknowledgment feedback message of
a contention resolution message of the terminal device.
[0027] In another example, the first downlink control
information is used to schedule a physical uplink shared
channel (PUSCH), the first downlink control information
does not include third information, and the third information
includes at least one of the following: a new data indicator
(NDI), a second HARQ process number, or a second
reserved bit.

[0028] In another example, the size of the new data
indicator included in the third information is 1 bit; and/or the
size of the second HARQ process number included in the
third information is 1, 2, or 3 bits.

[0029] Based on the foregoing solution, information about
the terminal device is indicated by using the reserved bit or
a bit occupied by at least one of the DAI, the HARQ process
number, or the NDI in the downlink control information, so
that when the terminal device and another type of terminal
device (for example, legacy UE) may select a same random
access resource, the same information from the network
device may be received, thereby ensuring backward com-
patibility, and not affecting receiving of the another type of
terminal device. Further, the information about the terminal
device is indicated by using a field (a reserved field) in an
existing DCI format, so that a payload size of the downlink
control information sent by the network device to the
terminal device can be the same as that of the other type of
terminal device.

[0030] According to a third aspect, this application pro-
vides an information transmission method. The method may
be performed by a network device, or may be performed by
a chip applied to a network device. The following provides
descriptions by using an example in which the method is
performed by a network device.

[0031] The network device sends first downlink control
information to a terminal device. The first downlink control
information includes frequency hopping indication informa-
tion of a physical uplink control channel (PUCCH) and/or
transmission mode indication information of the PUCCH.
The network device performs data transmission based on the
downlink control information.

[0032] Based on the foregoing solution, for beneficial
effects, refer to the descriptions in the first aspect. Details are
not described herein again.

[0033] According to a fourth aspect, this application pro-
vides an information transmission method. The method may
be performed by a network device, or may be performed by
a chip applied to a network device. The following provides
descriptions by using an example in which the method is
performed by a network device.

[0034] The network device sends first downlink control
information to a terminal device. The first downlink control
information is scrambled by a first radio network temporary
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identifier (RNTI), the first downlink control information
includes at least one of frequency hopping indication infor-
mation of a PUCCH, transmission mode indication infor-
mation of the PUCCH, or first information, and the first
information includes BWP indication information of the
terminal device and/or repetition indication information of
data. The network device performs data transmission based
on the downlink control information.

[0035] Based on the foregoing solution, for beneficial
effects, refer to the descriptions in the second aspect. Details
are not described herein again.

[0036] In an example, the BWP indication information
indicates at least one of the following: an identifier of at least
one BWP, a location of the BWP, a quantity of BWPs,
identification information of the BWP, or a BWP switching
manner.

[0037] In another example, the method further includes:
determining a first field in the first downlink control infor-
mation based on a type of the terminal device. The first field
is used to indicate at least one of the frequency hopping
indication information of the PUCCH, the transmission
mode indication information of the PUCCH, or the first
information.

[0038] In another example, the frequency hopping indica-
tion information of the PUCCH indicates at least one of the
following: enabling of frequency hopping of the PUCCH, a
frequency hopping offset of the PUCCH, or a frequency
hopping manner of the PUCCH.

[0039] In another example, the frequency hopping indica-
tion information of the PUCCH indicates disabling of fre-
quency hopping of the PUCCH.

[0040] In another example, the size of the frequency
hopping indication information of the PUCCH is 1 bit or 2
bits, and the enabling of frequency hopping of the PUCCH
or the disabling of frequency hopping of the PUCCH is
indicated by using 1 bit.

[0041] In another example, the transmission mode indica-
tion information of the PUCCH indicates at least one piece
of the following information: a first-type non-frequency-
hopping transmission mode of the PUCCH, a second-type
non-frequency-hopping transmission mode of the PUCCH,
a first-type frequency-hopping transmission mode of the
PUCCH, or a second-type frequency-hopping transmission
mode of the PUCCH.

[0042] In another example, the size of the transmission
mode indication information of the PUCCH is 1 bit or 2 bits.
[0043] In another example, the first downlink control
information is used to schedule a PDSCH or a PUCCH, the
first downlink control information does not include second
information, and the second information includes at least
one of the following: information about a downlink assign-
ment index, information about a first hybrid automatic
repeat request (HARQ) process number, or a first reserved
bit.

[0044] In another example, the first downlink control
information is used to schedule a PDSCH or a PUCCH, and
the first downlink control information includes 1-bit infor-
mation about a downlink assignment index; and/or the first
downlink control information includes information about a
first HARQ process number whose size is 1, 2, or 3 bits.
[0045] In another example, the downlink control informa-
tion indicates the scheduling of a contention resolution
message of the terminal device; or the downlink control
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information indicates the scheduling of an acknowledgment
feedback message of a contention resolution message of the
terminal device.

[0046] In another example, the first downlink control
information is used to schedule a PUSCH, the first downlink
control information does not include third information, and
the third information includes at least one of the following:
a new data indicator, a second HARQ process number, or a
second reserved bit.

[0047] In another example, the size of the new data
indicator included in the third information is 1 bit; and/or the
size of the second HARQ process number included in the
third information is 1, 2, or 3 bits.

[0048] According to a fifth aspect, a communications
apparatus is provided. For beneficial effects, refer to the
descriptions in the first aspect. Details are not described
herein again. The communications apparatus has a function
of implementing behavior in the method example in the first
aspect. The function may be implemented by hardware, or
may be implemented by hardware executing corresponding
software. The hardware or the software includes one or more
modules corresponding to the foregoing function. In a
possible design, the communications apparatus includes a
transceiver module (e.g., implemented as transmitter and/or
receiver) and a processing module (e.g., processors or pro-
cessing circuits). These modules may perform correspond-
ing functions in the method example in the first aspect. For
details, refer to the detailed descriptions in the method
example. Details are not described herein again.

[0049] According to a sixth aspect, a communications
apparatus is provided. For beneficial effects, refer to the
descriptions in the second aspect. Details are not described
herein again. The communications apparatus has a function
of implementing behavior in the method example in the
second aspect. The function may be implemented by hard-
ware, or may be implemented by hardware executing cor-
responding software. The hardware or the software includes
one or more modules corresponding to the foregoing func-
tion. In a possible design, the communications apparatus
includes a transceiver module and a processing module.
These modules may perform corresponding functions in the
method example in the second aspect. For details, refer to
the detailed descriptions in the method example. Details are
not described herein again.

[0050] According to a seventh aspect, a communications
apparatus is provided. For beneficial effects, refer to the
descriptions in the third aspect. Details are not described
herein again. The communications apparatus has a function
of implementing behavior in the method example in the third
aspect. The function may be implemented by hardware, or
may be implemented by hardware executing corresponding
software. The hardware or the software includes one or more
modules corresponding to the foregoing function. In a
possible design, the communications apparatus includes a
transceiver module and a processing module. These modules
may perform corresponding functions in the method
example in the third aspect. For details, refer to the detailed
descriptions in the method example. Details are not
described herein again.

[0051] According to an eighth aspect, a communications
apparatus is provided. For beneficial effects, refer to the
descriptions in the fourth aspect. Details are not described
herein again. The communications apparatus has a function
of implementing steps in the method example in the fourth
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aspect. The function may be implemented by hardware, or
may be implemented by hardware executing corresponding
software. The hardware or the software includes one or more
modules corresponding to the foregoing function. In a
possible design, the communications apparatus includes a
transceiver module and a processing module. These modules
may perform corresponding functions in the method
example in the fourth aspect. For details, refer to the detailed
descriptions in the method example. Details are not
described herein again.

[0052] According to a ninth aspect, a communications
apparatus is provided. The communications apparatus may
be the terminal device in the foregoing method embodiment,
or may be a chip disposed in the terminal device. The
communications apparatus includes a communications inter-
face and a processor, and optionally, further includes a
memory. The memory is configured to store a computer
program or instructions. The processor is coupled to the
memory and the communications interface. When the pro-
cessor executes the computer program or the instructions,
the communications apparatus is enabled to perform the
method performed by the terminal device in the foregoing
method embodiment.

[0053] According to a tenth aspect, a communications
apparatus is provided. The communications apparatus may
be the network device in the foregoing method embodiment,
or may be a chip disposed in the network device. The
communications apparatus includes a communications inter-
face and a processor, and optionally, further includes a
memory. The memory is configured to store a computer
program or instructions. The processor is coupled to the
memory and the communications interface. When the pro-
cessor executes the computer program or the instructions,
the communications apparatus is enabled to perform the
method performed by the network device in the foregoing
method embodiment.

[0054] According to an eleventh aspect, a computer pro-
gram product is provided. The computer program product
includes computer program code. When the computer pro-
gram code is run, the method performed by the terminal
device in the foregoing aspects is performed.

[0055] According to a twelfth aspect, a computer program
product is provided. The computer program product
includes computer program code. When the computer pro-
gram code is run, the method performed by the network
device in the foregoing aspects is performed.

[0056] According to a thirteenth aspect, this application
provides a chip system. The chip system includes a proces-
sor, configured to implement functions of the terminal
device in the method in the foregoing aspects. In a possible
design, the chip system further includes a memory, config-
ured to store program instructions and/or data. The chip
system may include a chip, or may include a chip and
another discrete component.

[0057] According to a fourteenth aspect, this application
provides a chip system. The chip system includes a proces-
sor, configured to implement functions of the network
device in the method in the foregoing aspects. In a possible
design, the chip system further includes a memory, config-
ured to store program instructions and/or data. The chip
system may include a chip, or may include a chip and
another discrete component.

[0058] According to a fifteenth aspect, this application
provides a computer-readable storage medium. The com-
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puter-readable storage medium stores a computer program.
When the computer program is run, the method performed
by the terminal device in the foregoing aspects is imple-
mented.

[0059] According to a sixteenth aspect, this application
provides a computer-readable storage medium. The com-
puter-readable storage medium stores a computer program.
When the computer program is run, the method performed
by the network device in the foregoing aspects is imple-
mented.

BRIEF DESCRIPTION OF DRAWINGS

[0060] FIG. 1is a schematic diagram of a communications
system 10 applicable to an embodiment of this application;
[0061] (a) in FIG. 2 shows a communications network
architecture in the communications system 10 accord-

ing to this application;

[0062] (b) in FIG. 2 shows another communications
network architecture in the communications system 10
according to this application;

[0063] (c) in FIG. 2 shows another communications
network architecture in the communications system 10
according to this application;

[0064] FIG. 3 is a schematic diagram of an information
transmission method 300 according to an embodiment of
this application;

[0065] FIG. 4 is a schematic diagram of a structure of a
communications apparatus according to an embodiment of
this application;

[0066] FIG. 5 is a schematic diagram of a structure of a
terminal device according to an embodiment of this appli-
cation; and

[0067] FIG. 6 is a schematic diagram of a structure of a
network device according to an embodiment of this appli-
cation.

DESCRIPTION OF EMBODIMENTS

[0068] The following describes technical solutions of this
application with reference to accompanying drawings.
[0069] A technology provided in embodiments of this
application may be applied to a communications system 10
shown in FIG. 1. The communications system 10 includes
one or more communications apparatuses 30 (for example,
terminal devices) connected to one or more core network
devices via one or more access network devices 20, to
implement communication between a plurality of commu-
nications devices. The communications system may be, for
example, a communications system that supports a 2G, 3G,
4G, or 5G (sometimes also referred to as new radio, NR)
access technology, a wireless fidelity (Wi-Fi) system, or a
3rd generation partnership project (3GPP) related cellular
system, a communications system that supports convergence
of a plurality of wireless technologies, or a future-oriented
evolved system.

[0070] The following explains some terms in embodi-
ments of this application, to facilitate understanding of a
person skilled in the art.

[0071] In this application, the terminal device is a device
with a wireless transceiver function, and may be a fixed
device, a mobile device, a handheld device (for example, a
mobile phone), a wearable device, an in-vehicle device, or
a wireless apparatus (for example, a communications mod-
ule, a modem, or a chip system) built in the foregoing
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device. The terminal device is configured to connect per-
sons, objects, machines, and the like, and may be widely
used in various scenarios, including, for example but not
limited to terminal devices the following scenarios: cellular
communication, device-to-device (D2D) communication,
vehicle-to-everything ( ), machine-to-machine/machine-
type communication (M2M/MTC), an internet of things
(IoT), virtual reality (VR), augmented reality (AR), indus-
trial control, self-driving, remote medical, a smart grid,
smart furniture, a smart office, a smart wearable, smart
transportation, a smart city, an unmanned aerial vehicle, and
a robot. The terminal device sometimes may be referred to
as user equipment (UE), a terminal, an access station, a UE
station, a remote station, a wireless communications device,
a user apparatus, or the like. For ease of description, the UE
is used as an example for description of the terminal device
in this application.

[0072] A network device in this application includes, for
example, an access network device and/or a core network
device. The access network device is a device with a
wireless transceiver function, and is configured to commu-
nicate with the terminal device. The access network device
includes but is not limited to a base station (BTS, NodeB,
eNodeB/eNB, or gNodeB/gNB) in the communications sys-
tem, a transmission reception point (TRP), a base station that
is subsequently evolved from 3GPP, and an access node, a
wireless relay node, a wireless backhaul node, and the like
in the Wi-Fi system. The base station may be a macro base
station, a micro base station, a pico base station, a small cell,
a relay station, or the like. A plurality of base stations may
support the foregoing networks using a same access tech-
nology, or may support the foregoing networks using dif-
ferent access technologies. The base station may include one
or more co-site or non-co-site transmission reception points.
The network device may alternatively be a radio controller,
a central unit (CU), and/or a distributed unit (DU) in a cloud
radio access network (CRAN) scenario. The network device
may alternatively be a server, a wearable device, an in-
vehicle device, or the like. For example, a network device in
a V2X technology may be a road side unit (RSU). The
following uses an example in which the access network
device is a base station for description. A plurality of
network devices in the communications system may be base
stations of a same type, or may be base stations of different
types. The base station may communicate with the terminal
device, or may communicate with the terminal device
through a relay station. The terminal device may commu-
nicate with a plurality of base stations in different access
technologies. The core network device is configured to
implement a mobility management function, a data process-
ing function, a session management function, a policy and
charging function, and the like. Names of devices that
implement core network functions in systems of different
access technologies may be different. This is not limited in
this application. A 5G system is used as an example. The
core network device includes an access and mobility man-
agement function (AMF), a session management function
(SMF), a user plane function (UPF), or the like.

[0073] In embodiments of this application, a communica-
tions apparatus for implementing a network device function
may be a network device, or may be an apparatus that can
support a network device in implementing the function, for
example, a chip system. The apparatus may be installed in
the network device. In technical solutions provided in
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embodiments of this application, the technical solutions
provided in embodiments of this application are described
by using an example in which the apparatus for implement-
ing a network device function is a network device.

[0074] Different UEs have different radio frequency capa-
bilities, and therefore can support different maximum band-
widths. Therefore, a concept of a bandwidth part (BWP) is
introduced, that is, a part of a spectrum is allocated to UE on
a bandwidth, to adapt to a bandwidth that can be supported
by the UE. Therefore, in the communications system, a
bandwidth of the UE is dynamically changeable. The tech-
nology sometimes may also be referred to as bandwidth
adaptation. BWPs of a plurality of different bandwidths are
configured for the UE, thereby implementing flexible sched-
uling for the UE and energy saving for the UE.

[0075] To reduce a transmission loss in a communications
process, a beamforming technology may be used. For
example, in both a downlink and an uplink, beams are used
for sending. In a 5G system, there are a series of beam
training processes, so that uplink and downlink beams can
be aligned. For example, in the 5G system, there is a random
access channel (RACH) process based on an SSB. The
process is a beam training process in an access process. With
the process, a downlink transmit beam of a base station can
be aligned with an uplink receive beam of UE, and an uplink
transmit beam of the UE can be aligned with a downlink
receive beam of the base station. In the 5G system, there is
also a downlink beam training process based on an SSB or
a channel state information-reference signal (CSI-RS). The
process may occur after access succeeds. With the process,
a downlink transmit beam of a base station can be aligned
with an uplink receive beam of UE. In addition, there is also
an uplink beam training process based on a sounding refer-
ence signal (SRS) in the 5G system. The process may also
occur after access succeeds. With the process, a downlink
receive beam of a base station may be aligned with an uplink
transmit beam of UE.

[0076] In this application, unless otherwise specified, a
quantity of nouns represents “a singular noun or a plural
noun”, that is, “one or more”. “At least one” means one or
more, and “a plurality of” means two or more. “And/or”
describes an association relationship between associated
objects and indicates that three relationships may exist. For
example, A and/or B may indicate the following three cases:
Only A exists, both A and B exist, and only B exists, where
A and B may be singular or plural. The character “/”
generally indicates an “or” relationship between associated
objects. For example, A/B indicates A or B. At least one of
the following items (pieces) or a similar expression thereof
refers to any combination of these items, including any
combination of singular items (pieces) or plural items
(pieces). For example, at least one item (piece) of a, b, or ¢
may indicate: a, b, ¢, aand b, a and ¢, b and ¢, or a, b, and
¢, where a, b, and ¢ may be singular or plural.

[0077] Ordinal numbers such as “first” and “second” men-
tioned in embodiments of this application are intended to
distinguish between a plurality of objects, but not to limit
sizes, content, an order, a time sequence, priorities, or
importance of the plurality of objects. For example, con-
figuration information of a first downlink reference signal
(RS) and configuration information of a second downlink
RS may be same configuration information, or may be
different configuration information. In addition, such names
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do not indicate that the two pieces of configuration infor-
mation differ in information sizes, content, priorities, impor-
tance, or the like.

[0078] (a) in FIG. 2 shows a communications network
architecture in the communications system 10 according to
this application. All subsequently provided embodiments
shown in FIG. 3 are applicable to the architecture. A first
network device is a source network device (or referred to as
an active network device or a serving network device) of a
terminal device (UE is used as an example for description
subsequently), and a second network device is a target
network device (or referred to as a standby network device)
of the UE, that is, a network device that provides a service
for the UE after switching. It should be noted that, in this
application, a “fault” may be understood as that a network
device is faulty, and/or cannot provide a service for one or
more UEs due to another reason, which is referred to as a
fault for short. The “switching” in this application refers to
switching of a network device that provides a service for the
UE, and is not limited to “cell handover”. For ease of
description, an example in which the network device is a
base station is used for description. The “switching” may
refer to switching caused by a change of a base station that
provides a service for the UE. For example, when a source
base station of the UE is faulty, a standby base station
provides a service for the UE. For another example, when
the UE switches from a source base station to another base
station for communication, a switched-to target base station
provides a service for the UE. Cells that the UE accesses
before and after the switching may be the same, or may be
different. It may be understood that the standby network
device is a relative concept. For example, for one UE, a base
station 2 is a standby network device of a base station 1, and
for another UE, the base station 1 is a standby network
device of the base station 2.

[0079] The terms first network device and second network
device may refer to two different devices. For example, the
first network device and the second network device are two
different base stations. Optionally, the first network device
and the second network device may alternatively be two
functional modules in a same device. The functional mod-
ules may be a hardware module, or a software module, or a
hardware module and a software module. For example, the
first network device and the second network device are
located in a same base station, and are two different func-
tional modules in the base station. In an implementation, the
first network device and the second network device are not
transparent to the UE. When interacting with a correspond-
ing network device, the UE can learn the network device that
the UE is interacting with. In another implementation, the
first network device and the second network device are
transparent to the UE. The UE can communicate with a
network device, but does not know which one of the two
network devices it is interacting with. Alternatively, the UE
may consider that there is only one network device. In FIG.
3, the first network device and the second network device are
located in one dashed-line box, indicating that the first
network device and the second network device may not be
transparent to the UE, or may be transparent to the UE. In
subsequent descriptions, the first network device, the second
network device, and the terminal device (UE is used as an
example) may be respectively the first network device, the
second network device, and the UE in the network archi-
tecture shown in (a) in FIG. 2, and steps represented by
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dashed lines in accompanying drawings corresponding to
embodiments of this application are optional steps, which is
not repeated below.

[0080] (b) in FIG. 2 shows another communications net-
work architecture in the communications system 10 accord-
ing to this application. As shown in (b) in FIG. 2, the
communications system includes a core network (CN) and a
radio access network (RAN). A network device (for
example, a base station) in the RAN includes a baseband
apparatus and a radio frequency apparatus. The baseband
apparatus may be implemented by one or more nodes, and
the radio frequency apparatus may be independently imple-
mented remotely from the baseband apparatus, or may be
integrated into the baseband apparatus, or partially imple-
mented remotely and partially integrated into the baseband
apparatus. The network device in the RAN may include a
central unit (CU) and a distributed unit (DU), and a plurality
of DUs may be all controlled by one CU. The CU and the
DU may be obtained through division based on protocol
layer functions of a wireless network. For example, func-
tions of'a PDCP layer and a protocol layer above the PDCP
layer are set on the CU, and functions of a protocol layer
below the PDCP layer, such as an RLC layer and a MAC
layer, are set on the DU. It should be noted that the protocol
layer division is merely an example, and there may be other
protocol layer division. The radio frequency apparatus may
not be disposed in the DU but is disposed remotely, or may
be integrated into the DU, or partially disposed remotely and
partially integrated into the DU. This is not limited in this
application.

[0081] (c) in FIG. 2 shows another communications net-
work architecture in the communications system 10 accord-
ing to this application. Different from the architecture shown
in (b) in FIG. 2, a control plane (CP) and a user plane (UP)
of the CU may be further separated and implemented by
different entities: a control-plane CU entity (CU-CP entity)
and a user-plane CU entity (CU-UP entity). In the network
architecture, signaling generated by the CU may be sent to
the UE through the DU, or signaling generated by the UE
may be sent to the CU through the DU. The DU may
transparently transmit the signaling to the UE or the CU by
directly encapsulating the signaling at a protocol layer
without parsing the signaling. In the network architecture,
the CU is classified as a network device on a RAN side. In
addition, the CU may be classified as a network device on
a CN side. This is not limited in this application.

[0082] In embodiments of this application, the terminal
device is a device with a wireless transceiver function, or a
chip that can be disposed in the device. Further, embodi-
ments of this application may be applied to a reduced-
capability terminal device in an NR system, which is
referred to as a RedCap terminal device for short below.
Embodiments of this application may be further applied to
a terminal device in a future updated system, for example, a
terminal device in an NR system release 17 (release 17,
Rel-17) or a later release or a terminal device in another
system.

[0083] It should be noted that a difference between a first

terminal device and a second terminal device may include at
least one of the following:

[0084] 1. Different bandwidth capabilities: For example, a
carrier bandwidth of the first terminal device is not greater
than 50 MHz, for example, is at least one of 50 MHz, 40
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MHz, 20 MHz, 15 MHz, 10 MHz, or 5 MHz, while a carrier
bandwidth of the second terminal device is greater than 50
MHz.

[0085] 2. Different quantities of transmit and receive
antennas: For example, the first terminal device may support
2R1T (two receive antennas and one transmit antenna) or
1R1T (one receive antenna and one transmit antenna). The
second terminal device may support 4R2T (four receive
antennas and two transmit antennas). It may be understood
that, when a same data transmission rate is implemented,
because the quantities of transmit and receive antennas of
the first terminal device are fewer than the quantities of
transmit and receive antennas of the second terminal device,
the maximum coverage area that can be implemented for
data transmission between the first terminal device and a
base station is less than the maximum coverage area that can
be implemented for data transmission between the second
terminal device and the base station.

[0086] 3. Different maximum uplink transmit powers: For
example, a maximum uplink transmit power of the first
terminal device may be a value between 4 decibel-milliwatts
(dBm) and 20 dBm. A maximum uplink transmit power of
the second terminal device may be 23 dBm or 26 dBm.
[0087] 4. Different protocol releases: The first terminal
device may be a terminal device in an NR release 17
(Rel-17) or a release that comes after NR Rel-17. The second
terminal device may be, for example, a terminal device in an
NR release 15 Rel-15) or an NR release 16 (Rel-16). The
second terminal device may also be referred to as an NR
legacy (NR legacy) terminal device.

[0088] 5. Different carrier aggregation capabilities: For
example, the first terminal device does not support carrier
aggregation, while the second terminal device may support
carrier aggregation. For another example, both the first
terminal device and the second terminal device may support
carrier aggregation, but the maximum quantity of carriers
whose aggregation is supported by the first terminal device
is less than the maximum quantity of carriers whose aggre-
gation is supported by the second terminal device. For
example, the first terminal device supports aggregation of a
maximum of two carriers, while the second terminal device
may support aggregation of a maximum of five carriers or 32
carriers.

[0089] 6. Different duplex capabilities: For example, the
first terminal device supports half-duplex frequency division
duplex (FDD). The second terminal device supports full-
duplex FDD.

[0090] 7. Different data processing time capabilities: For
example, a minimum delay between receiving downlink
data and sending a feedback on the downlink data by the first
terminal device is greater than a minimum delay between
receiving downlink data and sending a feedback on the
downlink data by the second terminal device; and/or a
minimum delay between sending uplink data and receiving
a feedback on the uplink data by the first terminal device is
greater than a minimum delay between sending uplink data
and receiving a feedback on the uplink data by the second
terminal device.

[0091] 8. Different processing capabilities (ability/capa-
bility): For example, the baseband processing capability of
the first terminal device is lower than the baseband process-
ing capability of the second terminal device. The baseband
processing capability may include at least one of the fol-
lowing: a maximum quantity of MIMO layers supported
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when the terminal device performs data transmission, a
quantity of HARQ processes supported by the terminal
device, or a maximum transport block size (TBS) supported
by the terminal device.

[0092] 9. Different uplink and/or downlink peak transmis-
sion rates: The peak transmission rate is a maximum data
transmission rate that can be reached by the terminal device
per unit of time (for example, per second). An uplink peak
rate supported by the first terminal device may be lower than
an uplink peak rate supported by the second terminal device;
and/or a downlink peak rate supported by the first terminal
device may be lower than a downlink peak rate supported by
the second terminal device. For example, the first terminal
device has an uplink peak rate less than or equal to 50 Mbps,
and a downlink peak rate less than or equal to 150 Mbps; and
the second terminal device has an uplink peak rate greater
than or equal to 50 Mbps, and a downlink peak rate greater
than or equal to 150 Mbps. For another example, the uplink
peak rate or the downlink peak rate of the first terminal
device is at a hundred-Mbps level, while the uplink peak rate
or the downlink peak rate of the second terminal device is at
a Gbps level.

[0093] 10. Different buffer (buffer) sizes: The buffer may
be understood as a total layer 2 (L.2) buffer size, and is
defined as a sum of a quantity of bytes buffered by the
terminal device for all radio bearers in a radio link control
(RLC) transmit window, receive window, and reordering
window, and a quantity of bytes buffered in a packet data
convergence protocol (PDCP) reordering window. Alterna-
tively, the buffer may be understood as a total quantity of
soft channel bits that can be used for hybrid automatic repeat
request (HARQ) processing.

[0094] Optionally, in embodiments of this application, the
first terminal device may be a RedCap terminal device in an
NR system, or the first terminal device may also be referred
to as a low-capability terminal device, a reduced-capability
terminal device, RedCap UE, reduced-capability UE,
mMTC UE, or the like. The NR system may further include
another terminal device, for example, the second terminal
device. The second terminal device may be a legacy-capa-
bility, normal-capability, or high-capability terminal device,
and may also be referred to as a legacy terminal device or
legacy UE. The second terminal device and the first terminal
device have the foregoing distinguishing features.

[0095] Certainly, the foregoing is merely examples, and
there may be another difference between RedCap terminal
devices and legacy terminal devices. Examples are not
described one by one herein.

[0096] Currently, compared with the second terminal
device, because the first terminal device supports a narrower
bandwidth, for example, 20 MHz, a range of selectable
resources during scheduling by the base station is small, and
a frequency domain diversity gain that can be obtained is
small. Because the first terminal device has a smaller quan-
tity of antennas, a spatial diversity gain cannot be obtained
during signal receiving, coverage enhancement needs to be
considered, or a performance loss caused by frequency
tuning needs to be considered, and transmission needs to be
repeated to improve transmission performance. In addition,
because the first terminal device has a slow processing
speed, the base station needs to consider a larger delay
during scheduling, to ensure that the first terminal device can
complete data processing. For example, coverage may be
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enhanced by repeated transmission of a PUCCH. However,
currently, there is no related information indicating repeated
transmission of the PUCCH.

[0097] In addition, feedback information (a PUCCH) of a
message 4 (Msg4) in a contention-based random access
process does not have indication information, and therefore
frequency hopping is performed by default to obtain a
diversity gain, which, however, causes a problem of
resource fragmentation. To avoid the problem of resource
fragmentation, frequency-hopping transmission is per-
formed on a PUCCH of the second terminal device by
default on two sides of a relatively large bandwidth. For
example, two transmissions during frequency hopping are
respectively performed on two sides of a 100 MHz carrier
bandwidth. However, the first terminal device supports a
narrower bandwidth. Therefore, if two transmissions during
frequency hopping still need to be performed on the two
sides of the 100 MHz carrier bandwidth, frequency tuning
needs to be performed. However, during frequency tuning,
the first terminal device cannot receive or send a resource,
wasting a resource of a tuning symbol. In addition, trans-
mission performance of the first terminal device is affected
due to a decrease in available resources. Therefore, cur-
rently, frequency-hopping transmission is not performed on
a PUCCH of Msg4 of the first terminal device by default,
which, however, leads to disadvantages such as failure to
obtain a frequency diversity gain and a decrease in flexibil-
ity. Msg4 is a contention resolution message or downlink
control information scrambled by a TC-RNTI.

[0098] In addition, when the first terminal device supports
a narrower bandwidth, if the base station configures a same
bandwidth for a plurality of first terminal devices to transmit
information, service congestion may ensue. In addition,
because the bandwidth is narrower, a frequency selective
gain is smaller. In the foregoing case, the base station needs
to perform load balancing or obtain a frequency diversity
gain, and adjust a frequency domain resource of the first
terminal device, for example, change a location of a BWP,
or perform BWP tuning. However, currently, there is no
related information indicating a BWP in the scheduling
information of a PUCCH.

[0099] Currently, the one bit occupied by a new data
indicator (NDI) in a DCI format 0_0 scrambled by a
TC-RNTI is a reserved bit, that is, during scrambling by the
TC-RNTI, the field is not used to indicate new data indicator
information, or the base station does not use the field to
indicate information, or a user does not read the field. In
addition, 4 bits occupied by a hybrid automatic repeat
request process number (HARQ process number) in the DCI
format 0_0 scrambled by the TC-RNTT are reserved bits. In
addition, 2 bits occupied by a data assignment index (DAI)
in a DCI format 1_0 scrambled by a TC-RNTI are reserved
bits.

[0100] In view of this, this application provides a solution
of indicating information about the first terminal device by
using a bit (or a reserved bit) in DCI, to improve transmis-
sion performance of the first terminal device, without affect-
ing the second terminal device’s information reception.

[0101] It should be understood that, in embodiments of
this application, the first terminal device is a reduced-
capability terminal device in an NR system, and the second
terminal device is a non-reduced-capability terminal device
or a legacy terminal device.
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[0102] FIG. 3 is a schematic diagram of an information
transmission method 300 according to an embodiment of
this application. As shown in FIG. 3, the method 300
includes the following steps.

[0103] S301: A first terminal device receives first down-
link control information sent by a network device. Corre-
spondingly, the network device sends the first downlink
control information to the terminal device.

[0104] For example, the first terminal device may receive
the first downlink control information sent by the network
device, and the first downlink control information is used to
schedule the terminal device.

[0105] In a possible implementation, the first downlink
control information may include frequency hopping indica-
tion information of a PUCCH and/or transmission mode
indication information of the PUCCH.

[0106] Specifically, the first terminal device may receive
the first downlink control information sent by the network
device, to obtain the frequency hopping indication informa-
tion of the PUCCH and/or the transmission mode indication
information of the PUCCH in the first downlink control
information. Further, the first downlink control information
may be scrambled by a second RNTI. The second RNTI is
a TC-RNTI, an RA-RNTI, an SI-RNTI, or a P-RNTIL.
[0107] For example, the frequency hopping indication
information of the PUCCH may indicate at least one of the
following: enabling of frequency hopping of the PUCCH, a
frequency hopping offset of the PUCCH, or a frequency
hopping manner of the PUCCH. Alternatively, the frequency
hopping indication information of the PUCCH may indicate
disabling of frequency hopping of the PUCCH.

[0108] When the frequency hopping indication informa-
tion of the PUCCH indicates enabling (enable) of frequency
hopping of the PUCCH, transmission scheduled by the first
downlink control information is frequency-hopping trans-
mission. When the frequency hopping indication informa-
tion of the PUCCH indicates disabling (disable) of fre-
quency hopping of the PUCCH, transmission scheduled by
the first downlink control information is not frequency-
hopping transmission, or a frequency domain resource of the
transmission scheduled by the first downlink control infor-
mation remains unchanged. When the frequency hopping
indication information of the PUCCH indicates a frequency
hopping offset of the PUCCH, frequency hopping is enabled
for the PUCCH by default. In addition, when the frequency
hopping offset is used for frequency-hopping transmission,
the frequency hopping indication information of the PUCCH
may indicate a frequency offset between two frequency-
hopping transmissions of the PUCCH.

[0109] It should be understood that the frequency hopping
manner of the PUCCH may be intra-slot frequency hopping,
inter-slot frequency hopping, intra-BWP frequency hopping,
inter-BWP frequency hopping, intra-carrier frequency hop-
ping, intra-slot and intra-BWP frequency hopping, intra-slot
and inter-BWP frequency hopping, inter-slot and intra-BWP
frequency hopping, or inter-slot and inter-BWP frequency
hopping. For example, the intra-BWP frequency hopping
means that a resource for each transmission is in a BWP.
Each transmission is any one of a plurality of frequency-
hopping transmissions. The inter-BWP frequency hopping
means that a resource for at least one transmission is beyond
a BWP.

[0110] It should be further understood that, the frequency
hopping indication information of the PUCCH may indicate



US 2024/0073902 Al

at least one of frequency hopping of the PUCCH in a first
resource, frequency hopping of the PUCCH beyond the first
resource, a frequency hopping offset of the PUCCH in the
first resource, a frequency hopping offset of the PUCCH
beyond the first resource, a frequency hopping spectrum
graph of the PUCCH, requiring frequency tuning between
two adjacent frequency hops of the PUCCH, not requiring
frequency tuning between two adjacent frequency hops of
the PUCCH, an interval between two hops during fre-
quency-hopping transmission of the PUCCH, a quantity of
symbols between two adjacent frequency hops of the
PUCCH, or a resource during frequency-hopping transmis-
sion of the PUCCH. The frequency hopping spectrum graph
of' the PUCCH is a quantity of slots consecutively transmit-
ted on a same frequency resource, or a quantity of frequency
hops during transmission. The first resource may be a BWP,
a carrier, a predefined resource, a configured resource, or a
maximum bandwidth supported by the first terminal device.
The PUCCH is feedback information of Msg4.

[0111] For example, the frequency hopping of the PUCCH
in the first resource may mean that a resource for each
transmission of the PUCCH is in the first resource. The
frequency hopping of the PUCCH beyond the first resource
may mean that a resource for at least one transmission of the
PUCCH is beyond the first resource. Each transmission is
any one of a plurality of frequency-hopping transmissions.
[0112] For example, the frequency hopping offset of the
PUCCH in the first resource may mean that when the offset
is applied, a resource for each transmission of the PUCCH
is in the first resource. The frequency hopping offset of the
PUCCH beyond the first resource may mean that when the
offset is applied, a resource for at least one transmission of
the PUCCH is beyond the first resource. The frequency
hopping offset is a frequency difference between the start
symbols or the end symbols of two transmissions. Each
transmission is any one of a plurality of frequency-hopping
transmissions.

[0113] For example, the frequency hopping spectrum
graph of the PUCCH may be a quantity of time units
consecutively transmitted on a same frequency domain
resource, or may be a quantity of frequency hops during
transmission. The time unit may be a slot, a symbol, or a
subslot, and the quantity of frequency hops is a quantity of
frequency domain resource changes in frequency-hopping
transmission.

[0114] For example, the requiring frequency tuning
between two adjacent frequency hops of the PUCCH may
mean that there is a time interval between two adjacent
frequency hops of the PUCCH. The time interval is used for
frequency tuning, or is a time interval of frequency tuning.
[0115] For example, the interval between two hops during
frequency-hopping transmission of the PUCCH may be a
time interval between two frequency-hopping transmissions,
or a quantity of symbols between two frequency-hopping
transmissions.

[0116] The PUCCH may be feedback information of
Msg4, and Msg4 may be a contention resolution message or
downlink control information scrambled by a TC-RNTI.
[0117] It should be understood that the size of the fre-
quency hopping indication information of the PUCCH may
be 1 bit or 2 bits. For example, when the size of the
frequency hopping indication information of the PUCCH is
1 bit, the 1 bit is used to indicate enabling of frequency
hopping of the PUCCH or disabling of frequency hopping of
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the PUCCH. When the size of the frequency hopping
indication information of the PUCCH is 2 bits, the 2 bits are
used to indicate a frequency offset value and whether
frequency hopping is performed. For example, 00 indicates
a frequency offset 1 and frequency hopping, 01 indicates a
frequency offset 2 and frequency hopping, 10 indicates a
frequency offset 3 and frequency hopping, and 11 indicates
no frequency hopping. The frequency offset 1, the frequency
offset 2, and the frequency offset 3 are different frequency
offset values.

[0118] For example, the transmission mode indication
information of the PUCCH may indicate at least one piece
of the following information: a first-type non-frequency-
hopping transmission mode of the PUCCH, a second-type
non-frequency-hopping transmission mode of the PUCCH,
a first-type frequency-hopping transmission mode of the
PUCCH, or a second-type frequency-hopping transmission
mode of the PUCCH. Further, the size of the transmission
mode indication information of the PUCCH may be 1 bit or
2 bits.

[0119] For example, in the first-type non-frequency-hop-
ping transmission mode, the PUCCH is sent in a time unit
in a non-frequency hopping manner, and uplink control
information (UCI) of the PUCCH includes a first part and a
second part. The first part is sent by using an orthogonal
sequence of a length [.1. The second part is sent by using an
orthogonal sequence of a length of [.2. Additionally/alter-
natively, the PUCCH 1is sent in a time unit in a non-
frequency hopping manner, and a demodulation reference
signal (DMRS) of the PUCCH includes a third part and a
fourth part. The third part is transmitted by using an orthogo-
nal sequence of a length 1.3. The fourth part is transmitted
by using an orthogonal sequence of a length [4. Li (i=1, 2,
3, or 4) is a positive integer. For example, in an inter-time-
unit frequency-hopping transmission mode, the PUCCH is
sent at a first frequency hop by using F symbols in an n”
time unit, and the PUCCH is sent at a second frequency hop
by using L-F symbols in an (n+1)” time unit. A length of the
PUCCH is L symbols, there is an interval of 14-F symbols
between the last symbol in the F symbols and the first
symbol in the L-F symbols, and F and L are positive
integers.

[0120] For example, in the second-type non-frequency-
hopping transmission mode, the PUCCH is sent in a time
unit in a non-frequency hopping manner, and the UCI of the
PUCCH is sent by using an orthogonal sequence of a length
L5. A DMRS of the PUCCH is sent by using an orthogonal
sequence of a length L6. Li (i=5 or 6) is an integer.

[0121] For example, in the first-type frequency-hopping
transmission mode, a specific quantity of symbols is speci-
fied between a first frequency hop and a second frequency
hop of the PUCCH, and the specific quantity of symbols
may be used for frequency tuning. In this way, even if the
first terminal device (a low-complexity terminal device)
receives the PUCCH or sends the PUCCH within a fre-
quency range that exceeds a maximum channel bandwidth
capability of the first terminal device, frequency tuning may
be performed in the specific quantity of symbols, and
transmission of the PUCCH is not affected.

[0122] For example, in the second-type frequency-hop-
ping transmission mode, there is no interval between a first
frequency hop and a second frequency hop.
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[0123] In an intra-time-unit frequency-hopping transmis-
sion mode, the PUCCH is sent in a time unit in a frequency
hopping manner.

[0124] In an implementation, a format of the first down-
link control information may be a DCI format 1_0.

[0125] Optionally, when the first downlink control infor-
mation is used to schedule a PDSCH or the PUCCH, the first
downlink control information may not include second infor-
mation. The second information includes at least one of the
following: information about a DAI, information about a
first HARQ process number, or a first reserved bit.

[0126] For example, in the first downlink control infor-
mation, there are a total of 2 bits for indicating the frequency
hopping indication information of the PUCCH, 1 bit is used
to indicate a frequency hopping flag of the PUCCH, and 1
bit is used to indicate a frequency hopping offset of the
PUCCH, as shown in Table 1.

TABLE 1

Quantity of bits First downlink control information

2 1 bit is used to indicate a frequency hopping flag of the
PUCCH
1 bit is used to indicate a frequency hopping offset of
the PUCCH

[0127] It should be understood that when the first down-
link control information is used to schedule the PDSCH of
the first terminal device, the first downlink control informa-
tion may include frequency hopping information of feed-
back information, that is, the PUCCH, corresponding to the
PDSCH. For example, the frequency hopping information of
the PUCCH may include whether frequency-hopping trans-
mission is performed on the PUCCH and information about
a frequency offset during frequency hopping.

[0128] It should be further understood that the first down-
link control information may include 1 bit, to indicate
whether frequency-hopping transmission is performed on
the PUCCH, or indicate a frequency hopping flag of the
PUCCH. For example, when a bit state of the frequency
hopping flag of the PUCCH is “0”, the frequency hopping
flag of the PUCCH indicates enabling of frequency hopping
of the PUCCH. For example, when a bit state of the
frequency hopping flag of the PUCCH is “17, the frequency
hopping flag of the PUCCH indicates disabling of frequency
hopping of the PUCCH.

[0129] Correspondingly, the network device may send
second downlink control information to a second terminal
device, and the second downlink control information is used
to schedule a PDSCH or a PUCCH of the second terminal
device. The second downlink control information may
include at least one of the following: information about a
DAL, information about a first HARQ process number, or a
first reserved bit. The second downlink control information
is used to schedule the PDSCH of the second terminal
device. The second downlink control information includes
the first reserved bit. For example, the 2 bits in the second
downlink control information are not used for information
indication, or the second terminal device does not read the
2 bits in the second downlink control information, as shown
in Table 2. The second downlink control information
includes the information about the DAI, that is, the second
downlink control information includes 2 bits to indicate the
information about the DAI. A field or bit occupied by the
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information about the DAI may be a reserved field or a
reserved bit, as shown in Table 3.

TABLE 2

Quantity of bits Second downlink control information

2 First reserved bit

TABLE 3

Quantity of bits Second downlink control information

2 Information about the DAI

[0130] Optionally, when the first downlink control infor-
mation is used to schedule the PDSCH or the PUCCH of the
first terminal device, the first downlink control information
may include at least one of the following: information about
a DAL, information about a first HARQ process number, or
a first reserved bit.

[0131] When the first downlink control information
includes the information about the DAI or the first reserved
bit, for example, a quantity of bits of the information about
the DAIT or the first reserved bit is X, . X, is a positive integer.
In the first downlink control information, 1 bit is used to
indicate enabling of frequency hopping of the PUCCH or
disabling of frequency hopping of the PUCCH, and 1 bit is
the first reserved bit or the information about the DAI, as
shown in Table 4.

TABLE 4
Quantity
of bits First downlink control information
2 1 bit is used to indicate a frequency hopping flag of the

PUCCH
1 bit is the first reserved bit or 1 bit is the information about
the DAI

[0132] Forexample, the quantity of bits of the information

that is about the DAI and that is included in the first
downlink control information is X,;. Correspondingly, the
network device may send the second downlink control
information to the second terminal device, and the second
downlink control information is used to schedule the
PDSCH or the PUCCH of the second terminal device. The
second downlink control information may include the infor-
mation about the DAI. A quantity of bits of the information
that is about the DAI and that is included in the second
downlink control information is X,. X, is a positive integer.
A relationship between the quantity of bits of the informa-
tion that is about the DAI and that is included in the first
downlink control information and the quantity of bits of the
information that is about the DAI and that is included in the
second downlink control information is X,>X,. For
example, as shown in Table 5, X,=1, and X,=2.
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TABLE 5

Second downlink
control information

First downlink
control information

Quantity of bits of the
information about the
DAI

X, =1 X, =2

[0133] Forexample, when the first downlink control infor-
mation includes the first HARQ process number, a quantity
of bits of the first HARQ process number may be Y,. Y, is
a positive integer. For example, the first downlink control
information may further include the frequency hopping
indication information of the PUCCH. For example, the size
of the frequency hopping indication information of the
PUCCH is 2 bits. In the first downlink control information,
as shown in Table 6, 2 bits are used to indicate the frequency
hopping indication information of the PUCCH, and 2 bits
are used to indicate the first HARQ process number. Alter-
natively, 1 bit is used to indicate the frequency hopping
indication information of the PUCCH, and 3 bits are used to
indicate the first HARQ process number. Alternatively, 3 bits
are used to indicate the frequency hopping indication infor-
mation of the PUCCH, and 1 bit is used to indicate the first
HARQ process number.

TABLE 6
Quantity
of bits  First downlink control information
4 2 bits are used to indicate the frequency hopping indication
information of the PUCCH
2 bits are used to indicate the first HARQ process number
[0134] For example, the quantity of bits of the first HARQ

process number included in the first downlink control infor-
mation is Y. Correspondingly, the network device may send
the second downlink control information to the second
terminal device, and the second downlink control informa-
tion is used to schedule the PDSCH or the PUCCH of the
second terminal device. The second downlink control infor-
mation may also include the first HARQ process number,
and a quantity of bits of the first HARQ process number is
Y,. Y, is a positive integer. A relationship between the
quantity of bits of the first HARQ process number included
in the first downlink control information and the quantity of
bits of the first HARQ process number included in the
second downlink control information is Y,>Y,. For
example, as shown in Table 7, Y,=1, and Y,=4. Alterna-
tively, Y,=2, or Y,=3.

TABLE 7

Second downlink
control information

First downlink
control information

Quantity of bits of the
first HARQ process
number

Y1=1 Y2=4

[0135] For example, a quantity of bits of the first reserved
bit included in the first downlink control information is Xj.
X, is a positive integer. Correspondingly, the network device
may send the second downlink control information to the
second terminal device, the second downlink control infor-
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mation may include the first reserved bit, and a quantity of
bits of the first reserved bit is X,. X, is a positive integer. A
relationship between the quantity of bits of the first reserved
bit included in the first downlink control information and the
quantity of bits of the first reserved bit included in the
second downlink control information is X,>X;. For
example, as shown in Table 8, X;=1, and X,=2.

TABLE 8

Second downlink
control information

First downlink
control information

Quantity of bits of the
first reserved bit

X, =1 X, =2

[0136] Further, when the first downlink control informa-
tion is used to schedule the PDSCH or the PUCCH of the
first terminal device, the first downlink control information
may be used to schedule a contention resolution message of
the first terminal device, or may be used to schedule an
acknowledgment feedback message of a contention resolu-
tion message of the first terminal device.

[0137] Optionally, when the first downlink control infor-
mation is used to schedule a PUSCH of the first terminal
device, the first downlink control information may not
include third information. The third information includes at
least one of the following: a new data indicator, a second
HARQ process number, or a second reserved bit. The size of
the new data indicator or the second reserved bit is 1 bit, and
the size of the second HARQ process number is 1, 2, or 3
bits.

[0138] In an implementation, a format of the first down-
link control information may be a DCI format 0_0.

[0139] Correspondingly, the network device may send the
second downlink control information to the second terminal
device, and the second downlink control information is used
to schedule a PUSCH of the second terminal device. The
second downlink control information may include at least
one of the following: information about an NDI, information
about a second HARQ process number, or a second reserved
bit. When the second downlink control information includes
the second reserved bit, that is, as shown in Table 9, the
second downlink control information may include 4 bits as
the second reserved bit. When the second downlink control
information includes the information about the second
HARQ process number, that is, as shown in Table 10, the
second downlink control information includes 4 bits to
indicate the second HARQ process number.

TABLE 9

Quantity of bits Second downlink control information

4 Second reserved bit

TABLE 10

Quantity of bits Second downlink control information

4 Second HARQ process number

[0140] Optionally, when the first downlink control infor-
mation is used to schedule the PUSCH of the first terminal
device, the first downlink control information may include at
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least one of the following: information about an NDI,
information about a second HARQ process number, or a
second reserved bit.

[0141] For example, as shown in Table 11, in the first
downlink control information, 2 bits are used to indicate the
frequency hopping indication information of the PUCCH,
and 2 bits are used to indicate the second HARQ process
number. Alternatively, in the first downlink control infor-
mation, 1 bit may be used to indicate the frequency hopping
indication information of the PUCCH, and 3 bits may be
used to indicate the second HARQ process number. Yet in
another embodiment, 3 bits may be used to indicate the
frequency hopping indication information of the PUCCH,
and 1 bit may be used to indicate the second HARQ process
number.

TABLE 11

Quantity

of bits  First downlink control information

4 2 bits are used to indicate the frequency hopping indication
information of the PUCCH
2 bits are used to indicate the second HARQ process number

[0142] Forexample, the first downlink control information
includes the second HARQ process number, and a quantity
of bits of the second HARQ process number is Y;. Y; is a
positive integer. Correspondingly, the network device may
send the second downlink control information to the second
terminal device, and the second downlink control informa-
tion is used to schedule the PUSCH of the second terminal
device. The second downlink control information may also
include the second HARQ process number, and a quantity of
bits of the second HARQ process number is Y,. Y, is a
positive integer. A relationship between the quantity of bits
of the second HARQ process number included in the first
downlink control information and the quantity of bits of the
second HARQ process number included in the second
downlink control information is Y,>Y 5. For example, Y,=1,
and Y,=4. Alternatively, as shown in Table 12, Y,=2, and
Y,=3.

TABLE 12

Second downlink
control information

First downlink
control information

Quantity of bits of the
second HARQ
process number

Y, =2 Y,=3

[0143] In the foregoing solution, the first downlink control
information and the second downlink control information
have a same DCI format, a same size (size), or a same
information type during transmission. For example, the
information type is a random access response message, a
Msg3 message, a retransmitted message of Msg4, a Msg4
message, a feedback message of Msg4, or a PUCCH.

[0144] In another possible implementation, the first down-
link control information is downlink control information
scrambled by a first radio network temporary identifier, the
first downlink control information includes at least one of
frequency hopping indication information of a PUCCH,
transmission mode indication information of the PUCCH, or
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first information, and the first information includes BWP
indication information and/or repetition indication informa-
tion.

[0145] Specifically, the terminal device may receive the
first downlink control information that is scrambled by the
first radio network temporary identifier and that is sent by
the network device, to obtain at least one of the frequency
hopping indication information of the PUCCH, the trans-
mission mode indication information of the PUCCH, or the
first information in the first downlink control information.
The first information includes the BWP indication informa-
tion and/or the repetition indication information of data. In
addition, the first RNTI is one of a TC-RNTI, an RA-RNTI,
an SI-RNTI, or a P-RNTI.

[0146] It should be understood that in the foregoing solu-
tion, the first downlink control information including the
frequency hopping indication information of the PUCCH
and/or the transmission mode indication information of the
PUCCH and the first downlink control information includ-
ing the first information may be scrambled by different first
RNTIs. This is not limited in this application.

[0147] For descriptions of the frequency hopping indica-
tion information of the PUCCH or the transmission mode
indication information of the PUCCH that is included in the
first downlink control information, refer to the foregoing
descriptions of the frequency hopping indication informa-
tion of the PUCCH or the transmission mode indication
information of the PUCCH in this step. For brevity, details
are not described herein again in this application.

[0148] In addition, for example, the BWP indication infor-
mation may indicate at least one of the following: an
identifier of at least one BWP, a location of the BWP, a
quantity of BWPs, identification information of the BWP, or
a BWP switching manner. The identifier of the at least one
BWP may include an identifier of an uplink BWP, an
identifier of a downlink BWP, or identifiers of uplink and
downlink BWPs.

[0149] The location information of the BWP includes at
least one of the following: a sequence number of a start
BWP resource, a sequence number of an end BWP resource,
a quantity of included BWP resources, or a center frequency
of the BWP. For example, the identification information of
the BWP may indicate an uplink BWP or a downlink BWP.
[0150] It should be understood that a size of the BWP
indication information may be 1 bit or 2 bits.

[0151] For example, the BWP indication information may
be BWP indication information of Msg4 and/or BWP indi-
cation information of the PUCCH.

[0152] For example, the repetition indication information
may indicate at least one of repetition quantity information
or a transmission period. The transmission period is an
occupied time domain length, and a unit of the time domain
length may be any one of a slot, a symbol, or a subframe.
[0153] Optionally, when the first downlink control infor-
mation is used to schedule a PDSCH, the first downlink
control information may not include second information.
The second information includes at least one of the follow-
ing: information about a DAI, information about a first
HARQ process number, or a first reserved bit.

[0154] For example, in the first downlink control infor-
mation, there are a total of 2 bits for indicating the BWP
indication information. That is, as shown in Table 13, the 2
bits are used to indicate the location information of the BWP.
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TABLE 13

Quantity of bits First downlink control information

2 Location information of the BWP

[0155] For example, in the first downlink control infor-
mation, there are a total of 2 bits for indicating the BWP
indication information. That is, as shown in Table 14, the 2

bits are used to indicate identification information of an
uplink BWP.

TABLE 14

Quantity of bits First downlink control information

2 Identification information of the uplink BWP

[0156] For example, in the first downlink control infor-
mation, there are a total of 2 bits for indicating the repetition
indication information. For example, the repetition indica-
tion information is repetition indication information of
Msgd4, and/or repetition indication information of the
PUCCH. As shown in Table 15, 2 bits are used to indicate
repetition quantity information of the PUCCH.

TABLE 15

Quantity of bits First downlink control information

2 Repetition quantity information of the PUCCH

[0157] For example, the repetition quantity information is
a value of a repetition quantity, or there is a correspondence
between the repetition quantity information and the repeti-
tion quantity. For example, a bit state of the repetition
quantity information is 00, and the repetition quantity is 1.
For example, a bit state of the repetition quantity informa-
tion is 01, and the repetition quantity is 2. For example, a bit
state of the repetition quantity information is 10, and the
repetition quantity is 4. For example, a bit state of the
repetition quantity information is 11, and the repetition
quantity is 8.

[0158] For example, the repetition quantity information of
the PUCCH is a first parameter, and the first parameter may
be a correspondence between a repetition quantity of the
PUCCH and a repetition quantity of Msg3. For example, the
correspondence is a multiple relationship or a proportional
relationship. For example, Repetition quantity of the
PUCCH=First parameter*Repetition quantity of Msg3, or
Repetition quantity of the PUCCH=Repetition quantity of
Msg3/First parameter. For example, the first downlink con-
trol information may indicate one first parameter in candi-
date values of N first parameters. N is a positive integer.
Optionally, the candidate value of the first parameter is
preconfigured, or is configured in a system message, or is
predefined, or is at least one of 0.25, 0.5, 1, 2, or 4. For
example, when the repetition quantity of Msg3 is 4, and the
first parameter is 0.5, the repetition quantity of the PUCCH
is 4*0.5=2.

[0159] Optionally, when the first downlink control infor-
mation is used to schedule the PDSCH or the PUCCH of the
first terminal device, the first downlink control information

13
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may include at least one of the following: information about
a DAL, information about a first HARQ process number, or
a first reserved bit.

[0160] For example, in the first downlink control infor-
mation, as shown in Table 16, 1 bit is used to indicate the
BWP indication information, and 1 bit is the first reserved bit
or the information about the DAL

TABLE 16
Quantity
of bits First downlink control information
2 1 bit is used to indicate the BWP indication information
1 bit is the first reserved bit or 1 bit is the information
about the DAI
[0161] For example, in the first downlink control infor-

mation, as shown in Table 17, 2 bits are used to indicate the
location information of the BWP, and 2 bits are used to
indicate the first HARQ process number. Alternatively, 1 bit
is used to indicate the location information of the BWP, and
3 bits are used to indicate the first HARQ process number.
Alternatively, 3 bits are used to indicate the location infor-
mation of the BWP, and 1 bit is used to indicate the first
HARQ process number.

TABLE 17
Quantity
of bits  First downlink control information
4 2 bits are used to indicate the location information of the BWP
2 bits are used to indicate the first HARQ process number
[0162] For a relationship between a bit of the first HARQ

process number included in the first downlink control infor-
mation and a bit of the first HARQ process number included
in the second downlink control information, refer to Table 7.
For a relationship between a bit of the information that is
about the DAI and that is included in the first downlink
control information and a bit of the information that is about
the DAI and that is included in the second downlink control
information, refer to Table 8. For brevity, details are not
described herein again in this application.

[0163] Further, when the first downlink control informa-
tion is used to schedule the PDSCH or the PUCCH of the
first terminal device, the first downlink control information
may be used to schedule a contention resolution message of
the first terminal device, or may be used to schedule an
acknowledgment feedback message of a contention resolu-
tion message of the first terminal device.

[0164] Optionally, when the first downlink control infor-
mation is used to schedule a PUSCH of the first terminal
device, the first downlink control information may not
include third information. The third information includes at
least one of the following: a new data indicator, a second
HARQ process number, or a second reserved bit. A size of
the new data indicator or the second reserved bit is 1 bit, and
a size of the second HARQ process number is 1, 2, or 3 bits.
[0165] Forexample, when the first downlink control infor-
mation indicates the BWP indication information, 4 bits are
used to indicate the BWP indication information. As shown
in Table 18, 2 bits are used to indicate the location infor-
mation of the BWP, and 2 bits are used to indicate the
identification information of the BWP. Alternatively, 1 bit is
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used to indicate the location information of the BWP, and 3
bits are used to indicate the identification information of the
BWP. Alternatively, 3 bits are used to indicate the location
information of the BWP, and 1 bit is used to indicate the
identification information of the BWP.

[0166] The BWP indication information may be informa-
tion indicating a BWP for Msg3, or information indicating
a BWP for retransmission of Msg3.

TABLE 18

Quantity of bits First downlink control information

4 2 bits are used to indicate the location information of the
BWP
2 bits are used to indicate the identification information
of the BWP
[0167] For example, in the first downlink control infor-

mation, as shown in Table 19, 2 bits are used to indicate a
repetition quantity of Msg3 transmission, and 2 bits are used
to indicate a frequency hopping offset of the PUCCH.
Alternatively, 1 bit may be used to indicate the repetition
quantity of Msg3 transmission, and 3 bits may be used to
indicate the frequency hopping offset of the PUCCH. Alter-
natively, 3 bits may be used to indicate the repetition
quantity of Msg3 transmission, and 1 bit may be used to
indicate the frequency hopping offset of the PUCCH.

TABLE 19

Quantity

of bits  First downlink control information

4 2 bits are used to indicate the repetition quantity of Msg3
transmission
2 bits are used to indicate the frequency hopping offset of the
PUCCH

[0168] Correspondingly, the network device may send the
second downlink control information to the second terminal
device, and the second downlink control information is used
to schedule a PUSCH of the second terminal device. For
descriptions of at least one of the following: information
about an NDI, information about a second HARQ process
number, or a second reserved bit that is included in the
second downlink control information, refer to related
descriptions in Table 9 and Table 10. For brevity, details are
not described herein again in this application.

[0169] Optionally, when the first downlink control infor-
mation is used to schedule the PUSCH of the first terminal
device, the first downlink control information may include at
least one of the following: information about an NDI,
information about a second HARQ process number, or a
second reserved bit.

[0170] Forexample, when the first downlink control infor-
mation indicates the repetition indication information, as
shown in Table 20, 2 bits are used to indicate repetition
quantity information of Msg3 transmission, and 2 bits are
the second reserved bit. Alternatively, 1 bit may be used to
indicate the repetition quantity information of Msg3 trans-
mission, and 3 bits may be the second reserved bit. Alter-
natively, 3 bits may be used to indicate the repetition
quantity information of Msg3 transmission, and 1 bit may be
the second reserved bit.

14

Feb. 29, 2024

TABLE 20
Quantity
of bits  First downlink control information
4 2 bits are used to indicate the repetition quantity information
of Msg3 transmission
2 bits are the reserved bit
[0171] For example, in the first downlink control infor-

mation, as shown in Table 21, 2 bits are used to indicate the
location information of the BWP, and 2 bits are the second
reserved bit. Alternatively, 1 bit may be used to indicate the
location information of the BWP, and 3 bits may be the
second reserved bit. Alternatively, 3 bits may be used to
indicate the location information of the BWP, and 1 bit may
be the second reserved bit.

TABLE 21

Quantity

of bits  First downlink control information

4 2 bits are used to indicate the location information of the BWP
2 bits are the second reserved bit

[0172] For example, in the first downlink control infor-
mation, as shown in Table 22, 2 bits are used to indicate the
location information of the BWP, and 2 bits are used to
indicate the information about the second HARQ process
number. Alternatively, 1 bit may be used to indicate the
location information of the BWP, and 3 bits may be used to
indicate the information about the second HARQ process
number. Alternatively, 3 bits may be used to indicate the
location information of the BWP, and 1 bit may be used to
indicate the information about the second HARQ process
number.

TABLE 22

Quantity

of bits  First downlink control information

4 2 bits are used to indicate the location information of the BWP
2 bits are used to indicate the information about the second
HARQ process number

[0173] It should be understood that, for a relationship
between a quantity of bits of the second HARQ process
number included in the first downlink control information
and a quantity of bits of the second HARQ process number
included in the second downlink control information, refer
to related descriptions in Table 12. For brevity, details are
not described herein again in this application.

[0174] Inthe foregoing solution, the first downlink control
information and the second downlink control information
have a same DCI format, a same size (size), or a same
information type during transmission. For example, the
information type is a random access response message, a
Msg3 message, a retransmitted message of Msg4, a Msgd
message, a feedback message of Msg4, or a PUCCH.

[0175] Optionally, before step S301, the network device
may perform S300: Determine a first field in the first
downlink control information based on a type of the first
terminal device. The first field is used to indicate at least one
of the frequency hopping indication information of the
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PUCCH, the transmission mode indication information of
the PUCCH, or the first information.

[0176] S302: The first terminal device performs data trans-
mission with the network device based on the first downlink
control information.

[0177] For example, the first terminal device may perform
data transmission with the network device based on the first
downlink control information. When the first downlink
control information schedules uplink data transmission, the
data transmission is uplink data transmission. When the first
downlink control information schedules downlink data
transmission, the data transmission is downlink data trans-
mission. Further, the data in the data transmission performed
by the first terminal device may be control information, data
information, downlink control information, uplink control
information, downlink data information, uplink data infor-
mation, information for random access, paging information,
or broadcast information.

[0178] Based on the foregoing solution, information about
the first terminal device is indicated by using the reserved bit
or a bit occupied by at least one of the DAI, the HARQ
process number, or the NDI in the downlink control infor-
mation, so that when the first terminal device and another
type of terminal device (for example, the second terminal
device) may select a same random access resource, same
information from the network device may be received,
thereby ensuring backward compatibility, and not affecting
receiving of the another type of terminal device (for
example, the second terminal device). Further, a payload
size (payload size) of the downlink control information sent
by the network device to the first terminal device is the same
as that of the other type of terminal device (for example, the
second terminal device). Therefore, it may be considered to
use a field (a reserved field) in an existing DCI format to
indicate the information about the first terminal device.
[0179] In addition, based on the foregoing solution, with at
least one of the frequency hopping indication information of
the PUCCH, the transmission mode indication information
of the PUCCH, the BWP indication information, or the
repetition indication information that is included in the first
downlink control information, the first terminal device may
perform frequency hopping to obtain a frequency diversity
gain and improve flexibility, and/or transmission may be
repeated to improve transmission performance, and/or a
frequency resource may be adjusted to achieve load balanc-
ing or obtain a frequency diversity gain.

[0180] The foregoing mainly describes, from a perspective
of interaction between network elements, the method pro-
vided in embodiments of this application. To implement
functions in the method provided in the foregoing embodi-
ments of this application, the network device and the ter-
minal device may include a hardware structure and/or a
software module, to implement the foregoing functions in a
form of a hardware structure, a software module, or a
combination of a hardware structure and a software module.
Whether a function in the foregoing functions is performed
by a hardware structure, a software module, or a combina-
tion of a hardware structure and a software module depends
on particular applications and design constraints of the
technical solutions.

[0181] FIG. 4 is a schematic diagram of a structure of a
communications apparatus according to an embodiment of
this application. The communications apparatus 400 may be
the communications apparatus 30 in FIG. 1, or may be the
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terminal device in (a) in FIG. 2, (b) in FIG. 2, or (¢) in FIG.
2, and is configured to implement the method for the
terminal device in the foregoing method embodiment. Alter-
natively, the communications apparatus may be the first
network device or the second network device in (a) in FIG.
2, or a network device in the RAN in (b) in FIG. 2 or (¢) in
FIG. 2, such as a CU, a DU, a CU-CP, or a CU-UP, and is
configured to implement the method corresponding to the
network device in the foregoing method embodiment. For
specific functions, refer to the descriptions in the foregoing
method embodiment.

[0182] The communications apparatus 400 includes one or
more processors 401. The processor 401 may also be
referred to as a processing unit, and may implement a
specific control function. The processor 401 may be a
general-purpose processor, a dedicated processor, or the like.
For example, the processor includes a baseband processor, a
central processing unit, an application processor, a modem
processor, a graphics processing unit, an image signal pro-
cessor, a digital signal processor, a video codec processor, a
controller, a memory, and/or a neural-network processing
unit. The baseband processor may be configured to process
a communications protocol and communications data. The
central processing unit may be configured to control the
communications apparatus 400, execute a software program,
and/or process data. Different processors may be indepen-
dent components, or may be integrated into one or more
processors, for example, integrated into one or more appli-
cation-specific integrated circuits.

[0183] Optionally, the communications apparatus 400
includes one or more memories 402 to store instructions
404. The instructions may be run on the processor, to enable
the communications apparatus 400 to perform the method
described in the foregoing method embodiment. Optionally,
the memory 402 may further store data. The processor and
the memory may be separately disposed, or may be inte-
grated together.

[0184] Optionally, the communications apparatus 400
may include instructions 403 (which sometimes may also be
referred to as code or a program), and the instructions 403
may be run on the processor, to enable the communications
apparatus 400 to perform the method described in the
foregoing embodiment. The processor 401 may store data.
Optionally, the communications apparatus 400 may further
include a transceiver 405 and an antenna 406. The trans-
ceiver 405 may be referred to as a transceiver unit, a
transceiver, a transceiver circuit, a transceiver component,
an input/output interface, or the like, and is configured to
implement a transceiver function of the communications
apparatus 400 by using the antenna 406.

[0185] Optionally, the communications apparatus 400
may further include one or more of the following compo-
nents: a wireless communications module, an audio module,
an external memory interface, an internal memory, a uni-
versal serial bus (USB) port, a power management module,
an antenna, a speaker, a microphone, an input/output mod-
ule, a sensor module, a motor, a camera, a display, or the
like. It may be understood that, in some embodiments, the
UE 400 may include more or fewer components, or integrate
some components, or split some components. These com-
ponents may be implemented by hardware, software, or a
combination of software and hardware.

[0186] The processor 401 and the transceiver 405
described in this application may be implemented on an
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integrated circuit (IC), an analog IC, a radio frequency
integrated circuit (RFID), a mixed-signal IC, an application-
specific integrated circuit (ASIC), a printed circuit board
(PCB), an electronic device, or the like. The communica-
tions apparatus described in this specification may be imple-
mented by an independent device (for example, an indepen-
dent integrated circuit or a mobile phone), or may be a part
of a larger device (for example, a module that can be
embedded into another device). For details, refer to the
foregoing descriptions of the terminal device and the net-
work device. Details are not described herein again.
[0187] An embodiment of this application provides a
terminal device. The terminal device (referred to as UE for
ease of description) may be used in the foregoing embodi-
ments. The terminal device includes corresponding means,
units, and/or circuits for implementing functions of the UE
in FIG. 1, (a) in FIG. 2, (b) in FIG. 2, (¢) in FIG. 2, or the
embodiment shown in FIG. 3. For example, the terminal
device includes a transceiver module to support the terminal
device in implementing a transceiver function, and a pro-
cessing module to support the terminal device in processing
a signal.

[0188] FIG. 5 is a schematic diagram of a structure of a
terminal device according to an embodiment of this appli-
cation.

[0189] The terminal device 500 may be applied to the
system shown in FIG. 1, (a) in FIG. 2, (b) in FIG. 2, or (¢)
in FIG. 2. For ease of description, FIG. 5 shows only main
components of the terminal device 500. As shown in FIG. 5,
the terminal device 500 includes a processor, a memory, a
control circuit, an antenna, and an input/output apparatus.
The processor is mainly configured to process a communi-
cations protocol and communications data, control the entire
terminal device 500, execute a software program, and pro-
cess data of the software program. The memory is mainly
configured to store the software program and data. The
control circuit is mainly configured to convert a baseband
signal and a radio frequency signal and process the radio
frequency signal. The antenna is mainly configured to
receive and send radio frequency signals in an electromag-
netic wave form. The input/output apparatus, for example, a
touchscreen, a display, a microphone, or a keyboard, is
mainly configured to receive data entered by a user and
output data to the user.

[0190] For example, the terminal device 500 is a mobile
phone. After the terminal device 500 is powered on, the
processor may read a software program in a storage unit,
interprete and execute instructions of the software program,
and process data of the software program. When data needs
to be sent wirelessly, the processor performs baseband
processing on the to-be-sent data, and then outputs a base-
band signal to the control circuit. The control circuit per-
forms radio frequency processing on the baseband signal,
and then sends a radio frequency signal to outside in the
electromagnetic wave form through the antenna. When data
is sent to the terminal device 500, the control circuit receives
a radio frequency signal through the antenna, converts the
radio frequency signal into a baseband signal, and outputs
the baseband signal to the processor, and the processor
converts the baseband signal into data and processes the
data.

[0191] A person skilled in the art may understand that, for
ease of description, FIG. 5 shows only one memory and one
processor. In some embodiments, the terminal device 500
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may include a plurality of processors and memories. The
memory may also be referred to as a storage medium, a
storage device, or the like. This is not limited in this
embodiment of the present invention.

[0192] In an optional implementation, the processor may
include a baseband processor and a central processing unit.
The baseband processor is mainly configured to process the
communications protocol and the communications data. The
central processing unit is mainly configured to control the
entire terminal device 500, execute the software program,
and process the data of the software program. The processor
in FIG. 5 integrates functions of the baseband processor and
the central processing unit. A person skilled in the art may
understand that the baseband processor and the central
processing unit may be processors independent of each
other, and are interconnected by using a technology such as
a bus. The terminal device 500 may include a plurality of
baseband processors to adapt to different network standards.
The terminal device 500 may include a plurality of central
processing units to enhance a processing capability of the
terminal device 500. Components of the terminal device 500
may be connected by using various buses. The baseband
processor may also be expressed as a baseband processing
circuit or a baseband processing chip. The central processing
unit may also be expressed as a central processing circuit or
a central processing chip. The function of processing a
communications protocol and communications data may be
built in the processor, or may be stored in the storage unit in
a form of a software program, and the processor executes the
software program to implement a baseband processing func-
tion.

[0193] In an example, the antenna with a transceiver
function and the control circuit may be considered as a
transceiver unit 510 of the terminal device 500, and the
processor with a processing function may be considered as
a processing unit 520 of the terminal device 500. As shown
in FIG. 5, the terminal device 500 includes a transceiver unit
510 and a processing unit 520. The transceiver unit may also
be referred to as a transceiver, a transceiver device, a
transceiver apparatus, or the like. Optionally, a component
that is in the transceiver unit 510 and that is configured to
implement a receiving function may be considered as a
receiving unit, and a component that is in the transceiver unit
510 and that is configured to implement a sending function
may be considered as a sending unit. That is, the transceiver
unit 510 includes a receiving unit and a sending unit. For
example, the receiving unit may also be referred to as a
receiver, a receiving component, or a receiving circuit, and
the sending unit may also be referred to as a transmitter, a
transmitting component, or a transmitting circuit.

[0194] An embodiment of this application further provides
a network device. The network device may be used in the
foregoing embodiments. The network device includes
means (means), units, and/or circuits for implementing
functions of the network device in (a) in FIG. 2, (b) in FIG.
2, (¢) in FIG. 2, or the embodiment shown in FIG. 3. For
example, the network device includes a transceiver module
to support the network device in implementing a transceiver
function, and a processing module to support the network
device in processing a signal.

[0195] FIG. 6 is a schematic diagram of a structure of a
network device according to an embodiment of this appli-
cation. As shown in FIG. 6, the network device 20 may be
applied to the system shown in FIG. 1, (a) in FIG. 2, (b) in
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FIG. 2, or (¢) in FIG. 2. The network device 20 is, for
example, the access network device 20 shown in FIG. 1. The
network device includes a baseband apparatus 201, a radio
frequency apparatus 202, and an antenna 203. In an uplink
direction, the radio frequency apparatus 202 receives,
through the antenna 203, information sent by a terminal
device, and sends, to the baseband apparatus 201 for pro-
cessing, the information sent by the terminal device. In a
downlink direction, the baseband apparatus 201 processes
information of the terminal device and sends information to
the radio frequency apparatus 202, and the radio frequency
apparatus 202 processes the information of the terminal
device and then sends information to the terminal device
through the antenna 203.

[0196] The baseband apparatus 201 includes one or more
processing units 2011, a storage unit 2012, and an interface
2013. The processing unit 2011 is configured to support the
network device in performing functions of the network
device in the foregoing method embodiment. The storage
unit 2012 is configured to store a software program and/or
data. The interface 2013 is configured to exchange informa-
tion with the radio frequency apparatus 202. The interface
includes an interface circuit, configured to input and output
information. In an implementation, the processing unit is an
integrated circuit, for example, one or more ASICs, one or
more DSPs, one or more FPGAs, or a combination of these
types of integrated circuits. These integrated circuits may be
integrated to form a chip. The storage unit 2012 and the
processing unit 2011 may be located in a same chip, that is,
an on-chip storage element. Alternatively, the storage unit
2012 may be on a different chip from the processing element
2011, that is, an off-chip storage element. The storage unit
2012 may be one memory, or may be a collective name of
a plurality of memories or storage elements.

[0197] The network device may implement some or all of
the steps in the foregoing method embodiment in a form of
scheduling programs by one or more processing units. For
example, corresponding functions of the network device in
FIG. 3 are implemented. The one or more processing units
may support radio access technologies of a same standard,
or may support radio access technologies of different stan-
dards.

[0198] A person of ordinary skill in the art may be aware
that, units and steps of the examples described in combina-
tion with embodiments disclosed in this specification can be
implemented by electronic hardware or a combination of
computer software and electronic hardware. Whether the
functions are performed by hardware or software depends on
particular applications and design constraint conditions of
the technical solutions. A person skilled in the art may use
different methods to implement the described functions for
each particular application, but it should not be considered
that the implementation goes beyond the scope of this
application.

[0199] In the several embodiments provided in this appli-
cation, it should be understood that the disclosed system,
apparatus, and method may be implemented in other man-
ners. For example, the apparatus embodiments described
above are merely examples. For example, the unit division
may be merely logical function division. The units described
as separate parts may or may not be physically separate, and
parts shown as units may or may not be physical units, that
is, may be located in one place, or may be distributed on a
plurality of network elements. Some or all of the units may
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be selected based on actual requirements to achieve the
objectives of the solutions of embodiments.
[0200] When the functions are implemented in a form of
a software functional unit and sold or used as an independent
product, the software product may be stored in a computer-
readable storage medium. Alternatively, the software func-
tions may be implemented as embedded code. Based on such
an understanding, the technical solutions of this application
essentially, or the part contributing to the current technology,
or some of the technical solutions may be implemented in a
form of a software product. The computer software product
may be stored in a storage medium, and may include several
instructions for instructing a computer device (which may be
a personal computer, a server, a network device, or the like)
to perform all or some of the steps of the methods described
in embodiments of this application. The computer-readable
storage medium may be any usable medium accessible to a
computer. For example, the computer-readable medium may
include but is not limited to a random access memory
(RAM), a read-only memory (ROM), a programmable read-
only memory (programmable ROM, PROM), an erasable
programmable read-only memory (erasable PROM,
EPROM), an electrically erasable programmable read-only
memory (electrically erasable programmable read-only
memory, EEPROM), a compact disc read-only memory
(CD-ROM), a universal serial bus flash disk, a removable
hard disk drive, another optical disk storage, a magnetic disk
storage medium, another magnetic storage device, or any
other medium that can carry or store expected program code
in a form of instructions or a data structure and that can be
accessed by a computer. In addition, by way of example but
not limitative description, RAMs in many forms may be
used, for example, a static random access memory (static
RAM, SRAM), a dynamic random access memory (dynamic
RAM, DRAM), a synchronous dynamic random access
memory (synchronous DRAM, SDRAM), a double data rate
synchronous dynamic random access memory (double data
rate SDRAM, DDR SDRAM), an enhanced synchronous
dynamic random access memory (enhanced SDRAM,
ESDRAM), a synchlink dynamic random access memory
(synchlink DRAM, SLDRAM), or a direct rambus random
access memory (direct rambus RAM, DR RAM).
[0201] The foregoing descriptions are merely specific
implementations of this application, but are not intended to
limit the protection scope of embodiments of this applica-
tion. Any variation or replacement readily figured out by a
person skilled in the art within the technical scope disclosed
in embodiments of this application shall fall within the
protection scope of embodiments of this application. There-
fore, the protection scope of embodiments of this application
shall be subject to the protection scope of the claims.
What is claimed is:
1. An information transmission method, comprising:
receiving first downlink control information from a net-
work device, wherein the first downlink control infor-
mation comprises frequency hopping indication infor-
mation of a physical uplink control channel (PUCCH)
and/or transmission mode indication information of the
PUCCH,; and
performing data transmission based on the downlink
control information.
2. The method according to claim 1, wherein the fre-
quency hopping indication information of the PUCCH indi-
cates:
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at least one of the following: enabling of frequency
hopping of the PUCCH, a frequency hopping offset of
the PUCCH, or a frequency hopping manner of the
PUCCH,; or

disabling of frequency hopping of the PUCCH.

3. The method according to claim 2, wherein a size of the
frequency hopping indication information of the PUCCH is
1 bit or 2 bits, and the enabling of frequency hopping of the
PUCCH or the disabling of frequency hopping of the
PUCCH is indicated by using 1 bit.

4. The method according to claim 1, wherein the trans-
mission mode indication information of the PUCCH indi-
cates at least one piece of the following information:

a first-type non-frequency-hopping transmission mode of
the PUCCH, a second-type non-frequency-hopping
transmission mode of the PUCCH, a first-type fre-
quency-hopping transmission mode of the PUCCH, or
a second-type frequency-hopping transmission mode of
the PUCCH.

5. The method according to claim 1, wherein a size of the
transmission mode indication information of the PUCCH is
1 bit or 2 bits.

6. An information transmission method, comprising:

receiving first downlink control information from a net-
work device, wherein the first downlink control infor-
mation is downlink control information scrambled by a
first radio network temporary identifier (RNTI), the
first downlink control information comprises at least
one of frequency hopping indication information of a
physical uplink control channel (PUCCH), transmis-
sion mode indication information of the PUCCH, or
first information, and the first information comprises
bandwidth part (BWP) indication information and/or
repetition indication information; and

performing data transmission based on the downlink
control information.
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7. The method according to claim 6, wherein the BWP
indication information indicates at least one of the follow-
ing:

an identifier of at least one BWP, a location of the BWP,
a quantity of BWPs, identification information of the
BWP, or a BWP switching manner.

8. The method according to claim 6, wherein the fre-
quency hopping indication information of the PUCCH indi-
cates:

at least one of the following: enabling of frequency
hopping of the PUCCH, a frequency hopping offset of
the PUCCH, or a frequency hopping manner of the
PUCCH,; or

disabling of frequency hopping of the PUCCH.

9. The method according to claim 8, wherein a size of the
frequency hopping indication information of the PUCCH is
1 bit or 2 bits, and the enabling of frequency hopping of the
PUCCH or the disabling of frequency hopping of the
PUCCH is indicated by using 1 bit.

10. The method according to claim 6, wherein the trans-
mission mode indication information of the PUCCH indi-
cates at least one piece of the following information:

a first-type non-frequency-hopping transmission mode of
the PUCCH, a second-type non-frequency-hopping
transmission mode of the PUCCH, a first-type fre-
quency-hopping transmission mode of the PUCCH, or
a second-type frequency-hopping transmission mode of
the PUCCH.

11. A communications apparatus, comprising a processor
and a communications interface, wherein the communica-
tions interface is configured to: receive a signal from another
communications apparatus other than the communications
apparatus and transmit the signal to the processor, or send a
signal from the processor to another communications appa-
ratus other than the communications apparatus; and the
processor is configured to implement the method according
to claim 1.



