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INFORMATION TRANSMISSION METHOD AND APPARATUS

[0001] This application claims priority to Chinese Patent Application No. 202110507949.0,
filed with the China National Intellectual Property Administration on May 10, 2021 and entitled
"INFORMATION TRANSMISSION METHOD AND APPARATUS", which is incorporated

herein by reference in its entirety.

TECHNICAL FIELD

[0002] This application relates to the communication field, and more specifically, to an

information transmission method and an apparatus.

BACKGROUND

[0003] Terminal devices with different capabilities have different requirements for a mobile
communication system. To meet requirements such as low costs and long standby time, a reduced-
capability terminal device usually supports a channel bandwidth smaller than that of a normal
terminal device. For example, in a frequency range 1 of a new radio (new radio, NR) system, an
enhanced mobile broadband (enhanced mobile broadband, eMBB) terminal device generally
supports a maximum channel bandwidth of 100 MHz. However, the reduced-capability terminal
device may support a maximum channel bandwidth of 5 MHz, 20 MHz, or 40 MHz. Complexity
and costs of the terminal device can be reduced by reducing the channel bandwidth.

[0004] The terminal devices with different capabilities coexist in a same communication
system. Therefore, how to better support coexistence of these terminal devices becomes an urgent

technical problem to be resolved.

SUMMARY

[0005] This application provides an information transmission method and apparatus, to avoid

resource fragmentation, reduce a limitation on resource scheduling, and improve flexibility of
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resource allocation.

[0006] According to a first aspect, an information transmission method is provided. The
method includes: A terminal device determines a target offset parameter, an uplink control channel
resource index, a physical resource block offset parameter, and a number of initial cyclic shift
indexes included in an initial cyclic shift index set. The terminal device determines, based on the
target offset parameter, the uplink control channel resource index, the physical resource block
offset parameter, and the number of initial cyclic shift indexes included in the initial cyclic shift
index set, a resource block index for uplink control channel transmission. The terminal device
sends, on a resource associated with the resource block index, uplink control information to a
network device.

[0007] According to the information transmission method in this embodiment of this
application, the terminal device determines, based on the target offset parameter, the uplink control
channel resource index, the physical resource block offset parameter, and the number of initial
cyclic shift indexes included in the initial cyclic shift index set, the resource block index for uplink
control channel transmission. The resource associated with the resource block index does not cause
resource fragmentation of another terminal device, and does not cause an available resource of the
another terminal device to be split into several fragmented frequency domain resources. This does
not limit resource scheduling of the another terminal device. According to the information
transmission method in this application, terminal devices with different capabilities can better
coexist in a same communication system.

[0008] With reference to the first aspect, in some implementations of the first aspect, the uplink
control information is transmitted with frequency hopping. That the terminal device determines
the resource block index includes: The terminal device determines, based on the target offset
parameter, the uplink control channel resource index, the physical resource block offset parameter,
and the number of initial cyclic shift indexes included in the initial cyclic shift index set, a first
resource block index corresponding to a p™ hop of transmission with frequency hopping of the
uplink control information, where p is a positive integer; and/or the terminal device determines,
based on the target offset parameter, the uplink control channel resource index, the physical
resource block offset parameter, the number of initial cyclic shift indexes included in the initial

cyclic shift index set, and a first frequency range, a second resource block index corresponding to
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a g™ hop of transmission with frequency hopping of the uplink control channel data, where q is a
positive integer. The resource associated with the resource block index falls within the first
frequency range.

[0009] It should be noted that the information transmission method in this embodiment of this
application may be applied to uplink control information transmission in a scenario with frequency
hopping, or may be applied to uplink control information transmission in a scenario without
frequency hopping. For example, the scenario with frequency hopping includes the p™ hop and the
" hop. The target offset parameter may include a first sub-offset parameter and a second sub-
offset parameter. The first sub-offset parameter and the second sub-offset parameter may be
respectively used to determine locations of physical uplink control channel resources
corresponding to the p™ hop and the g™ hop, and may be referred to as a first sub-frequency domain
resource and a second sub-frequency domain resource. Afirst terminal device then sends the uplink
control information by using the first sub-frequency domain resource and the second sub-
frequency domain resource. The first sub-frequency domain resource and the second sub-
frequency domain resource do not limit resource scheduling in an available frequency range of
another terminal device. This reduces a limitation on resource scheduling of the another terminal
device, and improves flexibility of resource allocation.

[0010] It should be noted that the first frequency range is greater than a maximum channel
bandwidth supported by the first terminal device.

[0011] With reference to the first aspect, in some implementations of the first aspect, the target
offset parameter includes a first sub-offset parameter and a second sub-offset parameter. The first
sub-offset parameter is used to determine the first resource block index. The second sub-offset
parameter is used to determine the second resource block index.

[0012] It should be noted that, in this implementation, the terminal device may further adjust
the target offset parameter based on a number of uplink control channel resources multiplexed by
each resource block in uplink transmission of another terminal device that has a resource conflict
with the terminal device, and a number of cyclic shifts corresponding to an uplink control channel
resource set. This avoids a case in which the resource associated with the resource block index
conflicts with a resource used by the another terminal device to transmit the uplink control

information. For example, the target offset parameter may be adjusted, so that the resource
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associated with the resource block index is allocated to a frequency location adjacent to the
resource used by the another terminal device to transmit the uplink control information.

[0013] It should be noted that the first sub-offset parameter and the second sub-offset
parameter may be the same or may be different.

[0014] In a possible implementation, the first sub-offset parameter and the second sub-offset
parameter are determined by the first terminal device based on first configuration information sent
by the network device.

[0015] In another possible implementation, the first sub-offset parameter is determined by the
first terminal device based on the first configuration information. The second sub-offset parameter

(that is, D) is determined by the first terminal device based on first sub-offset parameter (that is,
D;) and a number of resource blocks (that is, N,.) included in the first frequency range.
[0016] By way of example and not limitation, the second sub-offset parameter D, may be

determined in a manner: D, =N, +D,—Ng;». Ngyp is a number of resource blocks included

size
in a second frequency range.
[0017] With reference to the first aspect, in some implementations of the first aspect, p =1 and
g=2;orp=2andq=1.

[0018] With reference to the first aspect, in some implementations of the first aspect, the first
resource block index, the target offset parameter, the uplink control channel resource index, the

physical resource block offset parameter, and the number of initial cyclic shift indexes included in

the initial cyclic shift index set satisfy the following correspondence:

X,=RBgm +| foers / Nes |+ D, or
X, =RBg +| Foeer / Nes |+ .
[0019] X, is the first resource block index, RB;%t is the physical resource block offset

parameter, Iy, is the uplink control channel resource index, N is the number of initial
cyclic shift indexes included in the initial cyclic shift index set, D is the target offset parameter,

D s the first sub-offset parameter used to determine the first resource block index, floor( I oy

/8) indicates rounding down a result of I,,4,/8, and Lrpucm / Nch indicates rounding down a
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[0020] With reference to the first aspect, in some implementations of the first aspect, the
second resource block index, the target offset parameter, the uplink control channel resource index,
the physical resource block offset parameter, and the number of initial cyclic shift indexes included

in the initial cyclic shift index set satisfy the following correspondence:

X,=N

sze 1™ RBlg\f/fvS;t _LrPUCCH / Nch"" D, or
X, :Négsp -1- RBgﬁwS;t _LrPUCCH / NCSJ"' D, or
XzzNgxp -1- RBgﬁwsgt _LrPUCCH / NCSJ+ D2-

[0021] X, is the second resource block index, N, isanumber of resource blocks included

in the first frequency range, N;'Zwep is a number of resource blocks included in a second frequency
range, the second frequency range is less than or equal to a maximum channel bandwidth supported

by the terminal device, RB;%t is the physical resource block offset parameter, I, is the

uplink control channel resource index, N is the number of initial cyclic shift indexes included
in the initial cyclic shift index set, D is the target offset parameter, Dz is the second sub-offset
parameter used to determine the second resource block index, and LrPUCCH/ Nch indicates

rounding down a result of Iy, /Ny

[0022] In this implementation, if the first sub-offset parameter is the same as the second sub-
offset parameter, both the first sub-offset parameter and the second sub-offset parameter may be
represented by the target offset parameter D. If the first sub-offset parameter is different from the

second sub-offset parameter, the first sub-offset parameter and the second sub-offset parameter

may be respectively represented by D, and D,. Alternatively, if the first sub-offset parameter

D, is represented by the target offset parameter D, the second sub-offset parameter may be

size

correspondingly represented as D, =N__+D,—N3=,. N3, is the number of resource blocks

included in the second frequency range. The second frequency range is less than or equal to the
channel bandwidth supported by the terminal device.

[0023] It should be noted that manners of determining the target offset parameter include but
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are not limited to the following several manners: (1) The terminal device determines the target
offset parameter based on a first location and a second location, where the first location is a location
of a y™ resource block index in the first frequency range, the second location is a location of a
resource block whose resource block index is z and that falls within the second frequency range,
y and z are non-negative integers, the first frequency range is greater than the maximum channel
bandwidth supported by the terminal device, and the second frequency range is less than or equal
to the maximum channel bandwidth supported by the terminal device. Optionally, y and z may be
the same, for example, y = z = 0. (2) The terminal device determines the target offset parameter
based on first information, where the first information is received by the terminal device from the
network device. For example, the first information is a master information block (master
information block, MIB), a system information block 1 (system information block 1, SIB 1), a
field in the SIB 1, downlink control information for scheduling a PDSCH carrying the SIB 1, or a
field in the downlink control information for scheduling the PDSCH carrying the SIB 1. (3) The
target offset parameter is a predefined parameter. For example, the terminal device determines the
target offset parameter in a predefined manner. The target offset parameter may be a predefined
value. (4) The terminal device (which may be referred to as a terminal device #1) determines the
target offset parameter according to a predefined rule, for example, determines the target offset
parameter based on a frequency location (an example of the predefined rule) occupied by a
PUCCH resource set configured by another terminal device (which may be referred to as a terminal
device #2) that has a resource conflict, so that a frequency domain resource of a PUCCH of the
terminal device #1 is at a frequency location adjacent to a frequency domain resource of a PUCCH
of the terminal device #2.

[0024] With reference to the first aspect, in some implementations of the first aspect, a value
of the target offset parameter is an integer less than 0. Alternatively, a value of the target offset
parameter is an integer multiple of K, where K =2, 3, or 4.

[0025] With reference to the first aspect, in some implementations of the first aspect, the
terminal device sends the uplink control information without frequency hopping on the resource
associated with the resource block index.

[0026] With reference to the first aspect, in some implementations of the first aspect, before

the terminal device determines the target offset parameter, the method further includes: The
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terminal device determines that a subcarrier spacing S corresponding to the terminal device and a
number L of symbols of an uplink control channel resource meet a first preset condition.

[0027] By way of example and not limitation, the first preset condition may be one or more of
the following conditions: (1) A minimum value of L is greater than or equal to 4. (2) A minimum
value of L is determined based on S. (3) A value of L falls within a first value range, when the
value of L falls within the first value range, an uplink control channel is transmitted without
frequency hopping, or the uplink control channel is transmitted with frequency hopping, and

frequency tuning is not needed between two adjacent hops of transmission with frequency hopping.
By way of example and not limitation, the first value range may include {2, 4,10} . (4) A value of

L falls within a second value range, when the value of L falls within the second value range, an
uplink control channel is transmitted with frequency hopping, and frequency tuning is needed

between two adjacent hops of transmission with frequency hopping. By way of example and not
limitation, the second value range may include {14} . (5) A value of S falls within a third value

range, when the value of S falls within the third value range, an uplink control channel is
transmitted without frequency hopping, or the uplink control channel is transmitted with frequency
hopping, and frequency tuning is not needed between two adjacent hops of transmission with
frequency hopping. By way of example and not limitation, the third value range may include 15
kHz, 30 kHz, 60 kHz, or greater than 60 kHz. (6) A value of S falls within a fourth value range,
when the value of S falls within the fourth value range, an uplink control channel can be
transmitted with frequency hopping, and frequency tuning is needed between two adjacent hops
of transmission with frequency hopping. By way of example and not limitation, the fourth value
range may include 15 kHz, 30 kHz, or 60 kHz.

[0028] In this implementation, the terminal device performs frequency hopping outside the
second frequency range only when the subcarrier spacing S and/or the number L of symbols used
for uplink control channel transmission meet/meets the first preset condition, or the terminal device
does not perform frequency hopping outside the second frequency range when S and L do not meet
the first preset condition. In other words, the terminal device performs only frequency hopping
within the second frequency range. This reduces impact of frequency tuning (or referred to as re-
adjustment) time on performance of a frequency domain resource that has a small number L of

symbols and corresponds to the terminal device.
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[0029] According to a second aspect, an information transmission method is provided. The
method includes: A first terminal device (corresponding to the foregoing terminal device) receives
first configuration information. The first configuration information indicates the first terminal
device to send uplink control information by using at least one first frequency domain resource.
The first frequency domain resource falls within a first frequency range. The first terminal device
sends the uplink control information based on the first configuration information.

[0030] It should be noted that before the first terminal device receives the first configuration
information, the method further includes: The first terminal device receives second configuration
information. The second configuration information indicates a second frequency range allocated
by a network device to the first terminal device. The second frequency range includes at least one
second frequency domain resource. The second frequency domain resource is used by the first
terminal device to send the uplink control information. The second frequency domain resource
further falls within a third frequency domain range allocated by the network device to a second
terminal device (which corresponds to another terminal device that has a resource conflict with the
foregoing terminal device). It should be noted that the first frequency domain resource falls outside
the third frequency domain range. Alternatively, the first frequency domain resource is located at
an edge part of the third frequency domain range.

[0031] In a possible implementation, the first frequency domain resource may be located at
two ends of a carrier, or may be adjacent to a resource (which may be referred to as a third
frequency domain resource) used by the second terminal device to transmit the uplink control
information.

[0032] In a possible implementation, the uplink control information is used by the terminal
device to access the network device. For example, the uplink control information may be a hybrid
automatic repeat request message fed back by the terminal device for a contention resolution
message sent by the network device in a random access process.

[0033] According to the information transmission method in this embodiment of this
application, the second frequency domain resource that is determined by the first terminal device
based on the second configuration information and that is used to send the uplink control
information belongs to the third frequency domain range allocated by the network device to the

second terminal device. The second frequency domain resource causes frequency domain
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fragmentation in the third frequency domain range, and the frequency domain resource is split into
several fragmented frequency domain resources. This limits resource scheduling of the second
terminal device. On this basis, the first terminal device may determine, based on the first
configuration information, the first frequency domain resource used to send the uplink control
information. The first frequency domain resource falls outside the third frequency domain range.
Alternatively, the first frequency domain resource is located at the edge part of the third frequency
domain range. The first frequency domain resource does not limit use of a resource in the third
frequency domain range of the second terminal. This improves flexibility of resource scheduling.
[0034] It should be noted that the first frequency range is greater than a maximum channel
bandwidth supported by the first terminal. The second frequency range is less than or equal to the
maximum channel bandwidth supported by the first terminal. The third frequency range is less
than or equal to a maximum channel bandwidth supported by the second terminal.

[0035] With reference to the second aspect, in some implementations of the second aspect, the
first configuration information specifically indicates a target offset parameter. The target offset
parameter is an offset parameter between the first frequency domain resource and the second
frequency domain resource.

[0036] According to the information transmission method in this embodiment of this
application, the first terminal device may determine the offset parameter between the first
frequency domain resource and the second frequency domain resource based on the first
configuration information, determine a location of the first frequency domain resource based on
the target offset parameter and the second frequency domain resource, and then send the uplink
control information by using the first frequency domain resource. This reduces a limitation on
resource scheduling of the second terminal device, and improves flexibility of resource allocation.
[0037] With reference to the second aspect, in some implementations of the second aspect, in
a scenario in which the uplink control information is transmitted with frequency hopping, the target
offset parameter includes a first sub-offset parameter and a second sub-offset parameter. The first
frequency domain resource includes a first sub-frequency domain resource and a second sub-
frequency domain resource. The method includes: The first terminal device determines the first
sub-offset parameter and the second sub-offset parameter. The first terminal device respectively

determines the first sub-frequency domain resource and the second sub-frequency domain resource
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based on the first sub-offset parameter and the second sub-offset parameter. The first sub-
frequency domain resource and the second sub-frequency domain resource fall outside the third
frequency domain range. Alternatively, the first sub-frequency domain resource and the second
sub-frequency domain resource are located at the edge part of the third frequency domain range.
[0038] It should be noted that the information transmission method in this embodiment of this
application may be applied to uplink control information transmission in a scenario with frequency
hopping, or may be applied to uplink control information transmission in a scenario without
frequency hopping. For example, the scenario with frequency hopping includes a first hop and a
second hop. The target offset parameter may include the first sub-offset parameter and the second
sub-offset parameter. The first sub-offset parameter and the second sub-offset parameter may be
respectively used to determine locations of physical uplink control channel resources
corresponding to the first hop and the second hop, that is, the first sub-frequency domain resource
and the second sub-frequency domain resource. The first terminal device then sends the uplink
control information by using the first sub-frequency domain resource and the second sub-
frequency domain resource. The first sub-frequency domain resource and the second sub-
frequency domain resource no longer limit resource scheduling in the third frequency range. This
reduces a limitation on resource scheduling of the second terminal device, and improves flexibility
of resource allocation.

[0039] With reference to the second aspect, in some implementations of the second aspect, the
first configuration information includes a number of RBs included in the first frequency range and
indication information of the first sub-offset parameter. The first sub-frequency domain resource
and the second sub-frequency domain resource fall within the first frequency range. The method
includes: The first terminal device determines the first sub-offset parameter based on the first
configuration information. The first terminal device determines the second sub-offset parameter
based on the first sub-offset parameter and the number of RBs included in the first frequency
domain range. The first terminal device respectively determines the first sub-frequency domain
resource and the second sub-frequency domain resource based on the first sub-offset parameter
and the second sub-offset parameter. The first terminal device sends the uplink control information
by using the first sub-frequency domain resource and the second sub-frequency domain resource.

[0040] It should be noted that the first sub-offset parameter and the second sub-offset
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parameter may be the same or may be different.

[0041] Optionally, if the first sub-offset parameter is the same as the second sub-offset
parameter, only one offset parameter may be used for indication, to save resources.

[0042] In a possible implementation, the first sub-offset parameter and the second sub-offset
parameter are determined by the first terminal device based on the first configuration information.
[0043] In another possible implementation, the first sub-offset parameter is determined by the
first terminal device based on the first configuration information. The second sub-offset parameter

(that is, D) is determined by the first terminal device based on first sub-offset parameter (that is,
D:) and the number of resource blocks (that is, N, ) included in the first frequency range.
[0044] By way of example and not limitation, the second sub-offset parameter D, may be

determined in amanner: D, =N +D,—Njw. Ny isanumber of resource blocks included

size
in the second frequency range.
[0045] In a possible implementation, the first terminal device may determine, according to the

following formula and based on the target offset parameter, a resource block index (corresponding
to a first resource block index) (denoted as X, ) corresponding to the first sub-frequency domain
resource:

X,=RB3w +| o / Nes |+D, or

X,=RBgya +| Foueen / Nes |+ Dy.
[0046] X, is the first resource block index, ngﬁt is a physical resource block offset
parameter, Iy, isan uplink control channel resource index, NCS is a number of initial cyclic
shift indexes included in an initial cyclic shift index set, D is the target offset parameter, D, is

the first sub-offset parameter, floor( I ,1y,/8) indicates rounding down a result of I5,4,/8, and

|_rPUCCH / Nch indicates rounding down a result of Toycey / Nes

[0047] In a possible implementation, the first terminal device may determine, according to the

following formula and based on the target offset parameter, a resource block index (corresponding
to a second resource block index) (denoted as X,) corresponding to the second sub-frequency

domain resource:
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X,=Ng, ~1-RB™ _| 1., ... /Ng |+D, or

X,=Ngie —1-RBg —| loyeon / Nes |+D, or
XzzNéi\f\?P -1- RBgﬁV\j;t _LrPUCCH / Nch"' Dz-
[0048] X, is the second resource block index, N, is the number of resource blocks

included in the first frequency range, N;'Zv\fp is the number of resource blocks included in the
second frequency range, the second frequency range is less than or equal to a maximum channel

bandwidth supported by the terminal device, RBZr= is a physical resource block offset
parameter, Iy, isan uplink control channel resource index, N is a number of initial cyclic

shift indexes included in an initial cyclic shift index set, D is the target offset parameter, D, is
the second sub-offset parameter used to determine the second resource block index, and
LrPUCCH/NCSJ indicates rounding down a result of I,y / N

[0049] With reference to the second aspect, in some implementations of the second aspect, the
first configuration information includes the indication information of the first sub-offset parameter
and indication information of the second sub-offset parameter. That the first terminal device
respectively determines the first sub-frequency domain resource and the second sub-frequency
domain resource based on the first sub-offset parameter and the second sub-offset parameter
includes: The first terminal device determines the first sub-offset parameter and the second sub-
offset parameter based on the first configuration information. The first terminal device respectively
determines the first sub-frequency domain resource and the second sub-frequency domain resource
based on the first sub-offset parameter and the second sub-offset parameter. The first terminal
device sends the uplink control information by using the first sub-frequency domain resource and
the second sub-frequency domain resource.

[0050] In this implementation, the first sub-offset parameter and the second sub-offset
parameter may be the same or may be different. If the first sub-offset parameter is different from
the second sub-offset parameter, the first configuration information includes the indication
information of the first sub-offset parameter and the indication information of the second sub-

offset parameter. The first terminal device respectively determines the first sub-offset parameter
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and the second sub-offset parameter based on the indication information of the first sub-offset
parameter and the indication information of the second sub-offset parameter, and then determines
the first sub-frequency domain resource and the second sub-frequency domain resource based on
the first sub-offset parameter and the second sub-offset parameter. The first terminal device then
sends the uplink control information by using the first sub-frequency domain resource and the
second sub-frequency domain resource. The first sub-frequency domain resource and the second
sub-frequency domain resource no longer limit resource scheduling in the third frequency range.
This reduces a limitation on resource scheduling of the second terminal device, and improves
flexibility of resource allocation.

[0051] Optionally, if the first sub-offset parameter is the same as the second sub-offset
parameter, only one piece of indication information may be used for indication, to reduce resource
overheads.

[0052] With reference to the second aspect, in some implementations of the second aspect,
before the first terminal device determines the target offset parameter, the method further includes:
The first terminal device determines a first parameter. The first parameter is used to determine the
target offset parameter. The first parameter is related to a number of uplink control channel
resources multiplexed by each resource block in uplink transmission or a number of cyclic shifts
corresponding to an uplink control channel resource set. That the first terminal device determines
the target offset parameter includes: The first terminal device determines the target offset
parameter based on the first parameter.

[0053] In this implementation, the first terminal device may further adjust the target offset
parameter based on the number of uplink control channel resources multiplexed by each resource
block in uplink transmission or the number of cyclic shifts corresponding to the uplink control
channel resource set, and then determine the first frequency domain resource based on the target
offset parameter. This avoids a conflict between the first frequency domain resource and the
resource (which may be referred to as the third frequency domain resource) that is used by the
second terminal device to transmit the uplink control information and that falls within the third
frequency range. For example, the first frequency domain resource may be allocated to a frequency
location adjacent to the third frequency domain resource based on the first parameter.

[0054] With reference to the second aspect, in some implementations of the second aspect,
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before the first terminal device determines the target offset parameter, the method further includes:
The first terminal device determines that a subcarrier spacing S corresponding to the first terminal
device and a number L of symbols used for uplink control channel transmission meet a first preset
condition.

[0055] By way of example and not limitation, the first preset condition may be one or more of
the following conditions: (1) A minimum value of L is greater than or equal to 4. (2) A minimum
value of L is determined based on S. (3) A value of L falls within a first value range, when the
value of L falls within the first value range, an uplink control channel is transmitted without
frequency hopping, or the uplink control channel is transmitted with frequency hopping, and

frequency tuning is not needed between two adjacent hops of transmission with frequency hopping.
By way of example and not limitation, the first value range may include {2, 4,10} . (4) A value of

L falls within a second value range, when the value of L falls within the second value range, an
uplink control channel is transmitted with frequency hopping, and frequency tuning is needed

between two adjacent hops of transmission with frequency hopping. By way of example and not
limitation, the second value range may include {14}. (5) A value of S falls within a third value

range, when the value of S falls within the third value range, an uplink control channel is
transmitted without frequency hopping, or the uplink control channel is transmitted with frequency
hopping, and frequency tuning is not needed between two adjacent hops of transmission with
frequency hopping. By way of example and not limitation, the third value range may include 15
kHz, 30 kHz, 60 kHz, or greater than 60 kHz. (6) A value of S falls within a fourth value range,
when the value of S falls within the fourth value range, an uplink control channel can be
transmitted with frequency hopping, and frequency tuning is needed between two adjacent hops
of transmission with frequency hopping. By way of example and not limitation, the fourth value
range may include 15 kHz, 30 kHz, or 60 kHz.

[0056] In this implementation, the first terminal device performs frequency hopping outside
the second frequency range only when the subcarrier spacing S and/or the number L of symbols
used for uplink control channel transmission meet/meets the first preset condition. The first
terminal device does not perform frequency hopping outside the second frequency range when S
and L do not meet the first preset condition. In other words, the first terminal device performs only

frequency hopping within the second frequency range. This reduces impact of re-adjustment time

14



10

15

20

25

30

on performance of the first frequency domain resource that has a small number L of symbols and
corresponds to the first terminal device.

[0057] According to a third aspect, an information transmission method is provided. The
method includes: A terminal device determines a subcarrier spacing S and/or a number L of
symbols used for uplink control channel transmission. If L and/or S meet/meets at least one of the
following conditions: (1) a minimum value of L is greater than or equal to 4; (2) a minimum value
of L is determined based on S; (3) a value of L falls within a first value range, an uplink control
channel is transmitted without frequency hopping within the first value range, or the uplink control
channel is transmitted with frequency hopping within the first value range, and frequency tuning
is not needed between two adjacent hops of transmission with frequency hopping; (4) a value of L
falls within a second value range, an uplink control channel is transmitted with frequency hopping
within the second value range, and frequency tuning is needed between two adjacent hops of
transmission with frequency hopping; (5) a value of S falls within a third value range, an uplink
control channel is transmitted without frequency hopping within the third value range, or the uplink
control channel is transmitted with frequency hopping within the third value range, and frequency
tuning is not needed between two adjacent hops of transmission with frequency hopping; or (6) a
value of S falls within a fourth value range, an uplink control channel can be transmitted with
frequency hopping within the fourth value range, and frequency tuning is needed between two
adjacent hops of transmission with frequency hopping, the terminal device transmits the uplink
control channel.

[0058] In a possible implementation, if the condition (1) is met, two hops of PUCCH
transmission sent by the terminal device fall outside the second frequency range. For example,
when L = 10, the two hops of PUCCH transmission sent by the terminal device fall outside the
second frequency range. If the condition (2) is met, two hops of PUCCH transmission sent by the
terminal device fall outside the second frequency range or within the second frequency range. For
example, when S =15 kHz, the minimum value of L is 10, to be specific, the two hops of PUCCH
transmission sent by the terminal device fall outside the second frequency range. For example,
when S = 30 kHz, the minimum value of L is 14, to be specific, the two hops of PUCCH
transmission sent by the terminal device fall outside the second frequency range. For example,

when S = 60 kHz, a PUCCH sent by the terminal device is transmitted without frequency hopping,
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or the PUCCH is transmitted with frequency hopping, and two adjacent hops of transmission with
frequency hopping fall within the second frequency range. If the condition (3) is met, a PUCCH
sent by the terminal device is transmitted without frequency hopping, or is transmitted with
frequency hopping, and two hops fall within the second frequency range. The first value range
may be that L is less than or equal to 4. If the condition (4) is met, two hops of PUCCH transmission
sent by the terminal device fall outside the second frequency range. The second value range may
be that L is greater than 4, or L is greater than or equal to 10. If the condition (5) is met, a PUCCH
sent by the terminal device is transmitted without frequency hopping, or is transmitted with
frequency hopping, and two hops fall within the second frequency range. The third value range
may be that S is greater than or equal to 60 kHz, or S is greater than 30 kHz. If the condition (6)
is met, two hops of PUCCH transmission sent by the terminal device fall outside the second
frequency range. The fourth value range may be that S is less than or equal to 30 kHz.

[0059] It should be noted that the conditions (1) to (6) may be combined with each other. For
example, the condition (3) may be used together with the condition (5), to be specific, when the
value of L falls within the first value range and S falls within the third value range, the PUCCH is
transmitted without frequency hopping, or the PUCCH is transmitted with frequency hopping,
frequency tuning is not needed between two adjacent hops of transmission with frequency hopping.
For example, the condition (4) may be used together with the condition (6), to be specific, when
the value of L falls within the second value range and S falls within the fourth value range, the
PUCCH can be transmitted with frequency hopping, and frequency tuning is needed between two
adjacent hops of transmission with frequency hopping.

[0060] In a possible implementation, the terminal device receives second information sent by
a network device. The second information may indicate whether uplink control information of the
terminal device is transmitted with frequency hopping. Optionally, if the second information
indicates that the uplink control information of the terminal device is transmitted with frequency
hopping, the second information may further indicate whether frequency tuning needs to be
performed for transmission with frequency hopping of the uplink control information. In other
words, the second information may further indicate that the uplink control information is
transmitted with frequency hopping within the second frequency range, or the uplink control

information is transmitted with frequency hopping outside the second frequency range.
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[0061] In a possible implementation, the terminal device receives fourth information sent by
the network device, where the fourth information indicates whether the terminal device performs
frequency hopping; and/or the terminal device receives fifth information sent by the network
device, where the fifth information indicates that the terminal device performs frequency hopping
within or outside the second frequency range. For example, the fourth information and the fifth
information each may be an MIB, an SIB 1, DCI for scheduling a PDSCH carrying the SIB 1,
RRC signaling, or DCI.

[0062] In a possible implementation, a frequency range in which the uplink control channel is
transmitted without frequency hopping, or the uplink control channel is transmitted with frequency
hopping and frequency tuning is not needed between two adjacent hops of transmission with
frequency hopping may be referred to as a first-type value range. For example, the first-type value
range may be: S=15kHzand L=2or 4, or S =30 kHz or 60 kHz and L =2, 4, or 10, or S is
greater than 60 kHz. A frequency range in which the uplink control channel is transmitted with
frequency hopping and frequency tuning is needed between two adjacent hops of transmission
with frequency hopping may be referred to as a second-type value range. For example, the second-
type value range may be: S is less than 15 kHz, or S = 15 kHz and L = 10 or 14, or S is greater
than 15 kHz and less than 30 kHz, or S =30 kHz and L = 14, or S is greater than 30 kHz and less
than 60 kHz, or S = 60 kHz and L = 14,

[0063] By way of example and not limitation, the first value range may include {2,4,10} . The

second value range may include {14}. The third value range may include 15 kHz, 30 kHz, 60

kHz, or greater than 60 kHz. The fourth value range may include 15 kHz, 30 kHz, or 60 kHz.
[0064] According to a fourth aspect, an information transmission method is provided. The
method includes: A network device sends first information to a terminal device. The first
information is used by the terminal device to determine a resource block index. The first
information further indicates a target offset parameter, an uplink control channel resource index, a
physical resource block offset parameter, and a number of initial cyclic shift indexes included in
an initial cyclic shift index set. The network device receives, on a resource associated with the
resource block index, uplink control information sent by the terminal device.

[0065] With reference to the fourth aspect, in some implementations of the fourth aspect, the

uplink control information is transmitted with frequency hopping. That the first information is used
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by the terminal device to determine the resource block index includes: The first information is
used by the terminal device to determine a first resource block index corresponding to a p™ hop of
transmission with frequency hopping of the uplink control information, where p is a positive
integer; and/or the first information is used by the terminal device to determine a second resource
block index corresponding to a g hop of transmission with frequency hopping of the uplink
control information, where q is a positive integer.

[0066] With reference to the fourth aspect, in some implementations of the fourth aspect, the
target offset parameter includes a first sub-offset parameter and a second sub-offset parameter. The
first sub-offset parameter is used to determine the first resource block index. The second sub-offset
parameter is used to determine the second resource block index.

[0067] With reference to the fourth aspect, in some implementations of the fourth aspect, p =
landg=2;orp=2andq=1.

[0068] With reference to the fourth aspect, in some implementations of the fourth aspect, the
first resource block index, the target offset parameter, the uplink control channel resource index,
the physical resource block offset parameter, and the number of initial cyclic shift indexes included

in the initial cyclic shift index set satisfy the following correspondence:

X, = RBgye +LrPUCCH / Nch"‘ D, or
X, = RB;I/fvsgt +|_rPUCCH / Nes J +D,.
. . . offset - H
1 ]
[0069] X, is the first resource block index, RBg,, is the physical resource block offset

parameter, Iy, is the uplink control channel resource index, N is the number of initial
cyclic shift indexes included in the initial cyclic shift index set, D is the target offset parameter,

D, is the first sub-offset parameter used to determine the first resource block index, and

|_rpucc+| / Nch indicates rounding down a result of I 1y, / N@

[0070] In this implementation, if the first sub-offset parameter is the same as the second sub-
offset parameter, both the first sub-offset parameter and the second sub-offset parameter may be
represented by the target offset parameter D. If the first sub-offset parameter is different from the

second sub-offset parameter, the first sub-offset parameter and the second sub-offset parameter

may be respectively represented by D, and D, . Alternatively, if the first sub-offset parameter is
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represented by the target offset parameter D, the second sub-offset parameter may be
correspondingly represented as D, =N, +D,—Ng*,. N3~ is a number of resource blocks

included in a second frequency range. The second frequency range is less than or equal to a channel
bandwidth supported by the terminal device.

[0071] With reference to the fourth aspect, in some implementations of the fourth aspect, the
second resource block index, the target offset parameter, the uplink control channel resource index,
the physical resource block offset parameter, and the number of initial cyclic shift indexes included
in the initial cyclic shift index set satisfy the following correspondence:

X, =Ny, —1- RB;&? _LrPUCCH /Nch+ D,or

X, = N;ivzvep -1- RB;&? _LrPUCCH / Nch+ D, or
Xz = N;izvvep -1- RB;%? _I_rPUCCH / Nch"‘ Dz-

[0072] X, is the second resource block index, N, isanumber of resource blocks included
in a first frequency range, the resource associated with the resource block index falls within the
first frequency range, N;'\ifp is a number of resource blocks included in a second frequency range,
the second frequency range is less than or equal to a maximum channel bandwidth supported by

the terminal device, RBQﬁt is the physical resource block offset parameter, Iy, isthe uplink
control channel resource index, N is the number of initial cyclic shift indexes included in the
initial cyclic shift index set, D is the target offset parameter, D, is the second sub-offset
parameter used to determine the second resource block index, and LrPUCCH/ Nch indicates

rounding down a result of Iy, /Ny

[0073] With reference to the fourth aspect, in some implementations of the fourth aspect, that
the first information indicates the target offset parameter includes: The first information indicates
a first location and a second location. The first location and the second location are used to
determine the target offset parameter. The first location is a location of a y" resource block index
in the first frequency range. The second location is a location of a resource block whose resource
block index is z and that falls within the second frequency range. y and z are non-negative integers.

The first frequency range is greater than the maximum channel bandwidth supported by the
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terminal device. The second frequency range is less than or equal to the maximum channel
bandwidth supported by the terminal device. Alternatively, the first information includes the target
offset parameter. Alternatively, the first information includes a predefined parameter, and the
predefined parameter is used to determine the target offset parameter. Alternatively, the first
information includes a predefined rule, and the predefined rule is used to determine the target offset
parameter.

[0074] With reference to the fourth aspect, in some implementations of the fourth aspect, a
value of the target offset parameter is an integer less than 0. Alternatively, a value of the target
offset parameter is an integer multiple of K, where K =2, 3, or 4.

[0075] With reference to the fourth aspect, in some implementations of the fourth aspect,
before the network device sends the first information to the terminal device, the method further
includes: The network device determines that a subcarrier spacing S corresponding to the terminal
device and a number L of symbols of an uplink control channel resource meet a first preset
condition.

[0076] By way of example and not limitation, the first preset condition may be one or more of
the following conditions: (1) A minimum value of L is greater than or equal to 4. (2) A minimum
value of L is determined based on S. (3) A value of L falls within a first value range, when the
value of L falls within the first value range, an uplink control channel is transmitted without
frequency hopping, or the uplink control channel is transmitted with frequency hopping, and

frequency tuning is not needed between two adjacent hops of transmission with frequency hopping.
By way of example and not limitation, the first value range may include {2,4,10} . (4) A value of

L falls within a second value range, when the value of L falls within the second value range, an
uplink control channel is transmitted with frequency hopping, and frequency tuning is needed

between two adjacent hops of transmission with frequency hopping. By way of example and not
limitation, the second value range may include {14} . (5) A value of S falls within a third value

range, when the value of S falls within the third value range, an uplink control channel is
transmitted without frequency hopping, or the uplink control channel is transmitted with frequency
hopping, and frequency tuning is not needed between two adjacent hops of transmission with
frequency hopping. By way of example and not limitation, the third value range may include 15

kHz, 30 kHz, 60 kHz, or greater than 60 kHz. (6) A value of S falls within a fourth value range,
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when the value of S falls within the fourth value range, an uplink control channel can be
transmitted with frequency hopping, and frequency tuning is needed between two adjacent hops
of transmission with frequency hopping. By way of example and not limitation, the fourth value
range may include 15 kHz, 30 kHz, or 60 kHz.

[0077] For beneficial effect of the information transmission apparatus provided in the fourth
aspect, refer to beneficial effect of the first aspect and possible implementations of the first aspect.
Details are not described herein again.

[0078] According to a fifth aspect, an information transmission method is provided. The
method includes: A network device determines a number L of symbols and/or a subcarrier spacing
S that are/is used by a terminal device to send uplink control information. If L and/or S meet/meets
at least one of the following conditions: (1) a minimum value of L is greater than or equal to 4; (2)
a minimum value of L is determined based on S; (3) a value of L falls within a first value range,
an uplink control channel is transmitted without frequency hopping within the first value range, or
the uplink control channel is transmitted with frequency hopping within the first value range, and
frequency tuning is not needed between two adjacent hops of transmission with frequency hopping;
(4) a value of L falls within a second value range, an uplink control channel is transmitted with
frequency hopping within the second value range, and frequency tuning is needed between two
adjacent hops of transmission with frequency hopping; (5) a value of S falls within a third value
range, an uplink control channel is transmitted without frequency hopping within the third value
range, or the uplink control channel is transmitted with frequency hopping within the third value
range, and frequency tuning is not needed between two adjacent hops of transmission with
frequency hopping; or (6) a value of S falls within a fourth value range, an uplink control channel
can be transmitted with frequency hopping within the fourth value range, and frequency tuning is
needed between two adjacent hops of transmission with frequency hopping, the network device
receives the uplink control information sent by the terminal device.

[0079] In a possible implementation, if the condition (1) is met, the network device may
configure two hops of PUCCH transmission sent by the terminal device to fall outside the second
frequency range. For example, when L = 10, the network device may configure the two hops of
PUCCH transmission sent by the terminal device to fall outside the second frequency range. If the

condition (2) is met, the network device may configure two hops of PUCCH transmission sent by
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the terminal device to fall outside the second frequency range or within the second frequency range.
For example, when S = 15 kHz, the minimum value of L is 10, to be specific, the network device
may configure the two hops of PUCCH transmission sent by the terminal device to fall outside the
second frequency range. For example, when S = 30 kHz, the minimum value of L is 14, to be
specific, the network device may configure the two hops of PUCCH transmission sent by the
terminal device to fall outside the second frequency range. For example, when S = 60 kHz, the
network device may configure a PUCCH sent by the terminal device to be transmitted without
frequency hopping, or the PUCCH to be transmitted with frequency hopping, and configure two
adjacent hops of transmission with frequency hopping to fall within the second frequency range.
If the condition (3) is met, the network device may configure a PUCCH sent by the terminal device
to be transmitted without frequency hopping, or to be transmitted with frequency hopping, and
configure two hops to fall within the second frequency range. The first value range may be that L
is less than or equal to 4. If the condition (4) is met, the network device may configure two hops
of PUCCH transmission sent by the terminal device to fall outside the second frequency range.
The second value range may be that L is greater than 4, or L is greater than or equal to 10. If the
condition (5) is met, the network device may configure a PUCCH sent by the terminal device to
be transmitted without frequency hopping, or to be transmitted with frequency hopping, and
configure two hops to fall within the second frequency range. The third value range may be that S
is greater than or equal to 60 kHz, or S is greater than 30 kHz. If the condition (6) is met, the
network device may configure two hops of PUCCH transmission sent by the terminal device to
fall outside the second frequency range. The fourth value range may be that S is less than or equal
to 30 kHz.

[0080] It should be noted that the conditions (1) to (6) may be combined with each other. For
example, the condition (3) may be used together with the condition (5), to be specific, when the
value of L falls within the first value range and S falls within the third value range, the PUCCH is
transmitted without frequency hopping, or the PUCCH is transmitted with frequency hopping,
frequency tuning is not needed between two adjacent hops of transmission with frequency hopping.
For example, the condition (4) may be used together with the condition (6), to be specific, when
the value of L falls within the second value range and S falls within the fourth value range, the

PUCCH can be transmitted with frequency hopping, and frequency tuning is needed between two
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adjacent hops of transmission with frequency hopping.

[0081] In a possible implementation, the network device may send second information to the
terminal device. The second information may indicate whether the uplink control information of
the terminal device is transmitted with frequency hopping. Optionally, if the second information
indicates that the uplink control information of the terminal device is transmitted with frequency
hopping, the second information may further indicate whether frequency tuning needs to be
performed for transmission with frequency hopping of the uplink control information. In other
words, the second information may further indicate that the uplink control information is
transmitted with frequency hopping within the second frequency range, or the uplink control
information is transmitted with frequency hopping outside the second frequency range.

[0082] In a possible implementation, the network device sends fourth information to the
terminal device, where the fourth information indicates whether the terminal device performs
frequency hopping; and/or the network device sends fifth information to the terminal device, where
the fifth information indicates that the terminal device performs frequency hopping within or
outside the second frequency range. For example, the fourth information and the fifth information
each may be an MIB, an SIB 1, DCI for scheduling a PDSCH carrying the SIB 1, RRC signaling,
or DCI.

[0083] In a possible implementation, a frequency range in which the uplink control channel is
transmitted without frequency hopping, or the uplink control channel is transmitted with frequency
hopping and frequency tuning is not needed between two adjacent hops of transmission with
frequency hopping may be referred to as a first-type value range. For example, the first-type value
range may be: S=15kHzand L=2o0r 4, or S =30 kHz or 60 kHzand L =2, 4, or 10, or S is
greater than 60 kHz. A frequency range in which the uplink control channel is transmitted with
frequency hopping and frequency tuning is needed between two adjacent hops of transmission
with frequency hopping may be referred to as a second-type value range. For example, the second-
type value range may be: S is less than 15 kHz, or S = 15 kHz and L = 10 or 14, or S is greater
than 15 kHz and less than 30 kHz, or S = 30 kHz and L = 14, or S is greater than 30 kHz and less
than 60 kHz, or S = 60 kHz and L = 14,

[0084] By way of example and not limitation, the first value range may include {2,4,10} . The

second value range may include {14}. The third value range may include 15 kHz, 30 kHz, 60
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kHz, or greater than 60 kHz. The fourth value range may include 15 kHz, 30 kHz, or 60 kHz.
[0085] For beneficial effect of the information transmission method provided in the fourth
aspect, refer to beneficial effect of the third aspect and possible implementations of the third aspect.
Details are not described herein again.

[0086] According to a sixth aspect, an information transmission apparatus is provided. The
apparatus includes a processing unit, configured to determine, by using a terminal device, a target
offset parameter, an uplink control channel resource index, a physical resource block offset
parameter, and a number of initial cyclic shift indexes included in an initial cyclic shift index set,
where the processing unit is further configured to determine, by using the terminal device, a
resource block index based on the target offset parameter, the uplink control channel resource
index, the physical resource block offset parameter, and the number of initial cyclic shift indexes
included in the initial cyclic shift index set; and a transceiver unit, configured to send, by using the
terminal device on a resource associated with the resource block index, uplink control information
to a network device.

[0087] With reference to the sixth aspect, in some implementations of the sixth aspect, the
uplink control information is transmitted with frequency hopping. The processing unit is
configured to determine, by using the terminal device based on the target offset parameter, the
uplink control channel resource index, the physical resource block offset parameter, and the
number of initial cyclic shift indexes included in the initial cyclic shift index set, a first resource
block index corresponding to a p" hop of transmission with frequency hopping of the uplink
control information, where p is a positive integer; and/or the processing unit is further configured
to determine, by using the terminal device based on the target offset parameter, the uplink control
channel resource index, the physical resource block offset parameter, the number of initial cyclic
shift indexes included in the initial cyclic shift index set, and a first frequency range, a second
resource block index corresponding to a g™ hop of transmission with frequency hopping of the
uplink control channel data, where q is a positive integer. The resource associated with the resource
block index falls within the first frequency range.

[0088] With reference to the sixth aspect, in some implementations of the sixth aspect, the
target offset parameter includes a first sub-offset parameter and a second sub-offset parameter. The

processing unit is further configured to determine, by using the terminal device, the first resource
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block index based on the first sub-offset parameter; and/or the processing unit is further configured
to determine, by using the terminal device, the second resource block index based on the second
sub-offset parameter.

[0089] With reference to the sixth aspect, in some implementations of the sixth aspect, the
processing unit is further configured to determine the first resource block index based on the
following correspondence among the target offset parameter, the uplink control channel resource
index, the physical resource block offset parameter, and the number of initial cyclic shift indexes

included in the initial cyclic shift index set:

Xy = RB;C\/SS +LrPUCCH / NCSJ+ D, or
X1 = RB;I/fvsgt +|_rPUCCH / Ncs J + D1-
. . . offset - ;
1 ’
[0090] X, is the first resource block index, RBg,, is the physical resource block offset

parameter, Iy, is the uplink control channel resource index, N is the number of initial
cyclic shift indexes included in the initial cyclic shift index set, D is the target offset parameter,

D is the first sub-offset parameter used to determine the first resource block index, and

|_rPUCCH / Nch indicates rounding down a result of Iy, / N@

[0091] With reference to the sixth aspect, in some implementations of the sixth aspect, the
processing unit is further configured to determine the second resource block index based on the
following correspondence among the target offset parameter, the uplink control channel resource
index, the physical resource block offset parameter, and the number of initial cyclic shift indexes

included in the initial cyclic shift index set:

X, =N

size

—1-RBge —| foucer / Nes |+ D, or
X, =N —1-RBJ™ —| Foyeen / Nes |+ D, or
Xz = N;izvfp -1- RB;%? _I_rPUCCH / Nch"' D2-
[0092] X, is the second resource block index, N, isa number of resource blocks included

in the first frequency range, N;'Zwep is a number of resource blocks included in a second frequency

range, the second frequency range is less than or equal to a maximum channel bandwidth supported
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by the terminal device, RB;&S,? is the physical resource block offset parameter, Iy, Is the
uplink control channel resource index, NCS is the number of initial cyclic shift indexes included
in the initial cyclic shift index set, D is the target offset parameter, Dz is the second sub-offset
parameter used to determine the second resource block index, and LrPUCCH/ Nch indicates

rounding down a result of Iy, / Ny

[0093] With reference to the sixth aspect, in some implementations of the sixth aspect, that the
processing unit is configured to determine, by using the terminal device, the target offset parameter
includes: The processing unit is configured to determine, by using the terminal device, the target
offset parameter based on a first location and a second location. The first location is a location of
a y" resource block index in the first frequency range. The second location is a location of a
resource block whose resource block index is z and that falls within the second frequency range.
y and z are non-negative integers. The first frequency range is greater than the maximum channel
bandwidth supported by the terminal device. The second frequency range is less than or equal to
the maximum channel bandwidth supported by the terminal device. Alternatively, the transceiver
unit is further configured to receive, by using the terminal device, first information from the
network device. Alternatively, the processing unit is configured to determine, by using the terminal
device, the target offset parameter based on the first information. Alternatively, the processing unit
is configured to determine, by using the terminal device, the target offset parameter based on a
predefined parameter. Alternatively, the processing unit is configured to determine, by using the
terminal device, the target offset parameter according to a predefined rule.

[0094] With reference to the sixth aspect, in some implementations of the sixth aspect, the
processing unit is further configured to send, by using the terminal device without frequency
hopping, the uplink control information on the resource associated with the resource block index.
[0095] With reference to the sixth aspect, in some implementations of the sixth aspect, before
the processing unit is configured to determine, by using the terminal device, the target offset
parameter, the processing unit is further configured to determine, by using the terminal device, that
a subcarrier spacing S corresponding to the terminal device and a number L of symbols of an
uplink control channel resource meet a first preset condition.

[0096] For beneficial effect of the information transmission apparatus provided in the sixth

26



10

15

20

25

30

aspect, refer to beneficial effect of the first aspect and the second aspect and possible
implementations of the first aspect and the second aspect. Details are not described herein again.
[0097] According to a seventh aspect, an information transmission apparatus is provided. The
apparatus includes: a processing unit, configured to determine a number L of symbols and/or a
subcarrier spacing S that are/is used to send uplink control information, where the processing unit
is further configured to determine that L and/or S meet/meets at least one of the following
conditions: a minimum value of L is greater than or equal to 4; a minimum value of L is determined
based on S; a value of L falls within a first value range, an uplink control channel is transmitted
without frequency hopping within the first value range, or the uplink control channel is transmitted
with frequency hopping within the first value range, and frequency tuning is not needed between
two adjacent hops of transmission with frequency hopping; a value of L falls within a second value
range, an uplink control channel is transmitted with frequency hopping within the second value
range, and frequency tuning is needed between two adjacent hops of transmission with frequency
hopping; a value of S falls within a third value range, an uplink control channel is transmitted
without frequency hopping within the third value range, or the uplink control channel is transmitted
with frequency hopping within the third value range, and frequency tuning is not needed between
two adjacent hops of transmission with frequency hopping; a value of S falls within a fourth value
range, an uplink control channel can be transmitted with frequency hopping within the fourth value
range, and frequency tuning is needed between two adjacent hops of transmission with frequency
hopping; and a transceiver unit, configured to send or receive the uplink control information.
[0098] For beneficial effect of the information transmission apparatus provided in the seventh
aspect, refer to beneficial effect of the third aspect and the fifth aspect and possible
implementations of the third aspect and the fifth aspect. Details are not described herein again.
[0099] According to an eighth aspect, an information transmission apparatus is provided. The
apparatus includes: a transceiver unit, configured to send, by using a network device, first
information to a terminal device. The first information is used by the terminal device to determine
a resource block index. The first information further indicates a target offset parameter, an uplink
control channel resource index, a physical resource block offset parameter, and a number of initial
cyclic shift indexes included in an initial cyclic shift index set. The transceiver unit is further

configured to receive, by using the network device on a resource associated with the resource block
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index, uplink control information sent by the terminal device.

[00100] With reference to the eighth aspect, in some implementations of the eighth aspect, the
uplink control information is transmitted with frequency hopping. That the first information is used
by the terminal device to determine the resource block index includes: The first information is
used by the terminal device to determine a first resource block index corresponding to a p™ hop of
transmission with frequency hopping of the uplink control information, where p is a positive
integer; and/or the first information is used by the terminal device to determine a second resource
block index corresponding to a g hop of transmission with frequency hopping of the uplink
control information, where q is a positive integer.

[00101] With reference to the eighth aspect, in some implementations of the eighth aspect, the
target offset parameter includes a first sub-offset parameter and a second sub-offset parameter. The
first sub-offset parameter is used to determine the first resource block index. The second sub-offset
parameter is used to determine the second resource block index.

[00102]  With reference to the eighth aspect, in some implementations of the eighth aspect, p =
landg=2;orp=2andq=1.

[00103] With reference to the eighth aspect, in some implementations of the eighth aspect, the
first resource block index, the target offset parameter, the uplink control channel resource index,
the physical resource block offset parameter, and the number of initial cyclic shift indexes included

in the initial cyclic shift index set satisfy the following correspondence:

X, = RB;&? +|_rPUCCH / Nch"' D, or
X, = RB;I/?;t +LrPUCCH / Nch+ D,.
[00104] X, is the first resource block index, RB;&S,? is the physical resource block offset

parameter, Iy, is the uplink control channel resource index, N is the number of initial
cyclic shift indexes included in the initial cyclic shift index set, D is the target offset parameter,

D is the first sub-offset parameter used to determine the first resource block index, and

|_rpucc+| / Nch indicates rounding down a result of Iy, / N@

[00105]  With reference to the eighth aspect, in some implementations of the eighth aspect, the

second resource block index, the target offset parameter, the uplink control channel resource index,
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the physical resource block offset parameter, and the number of initial cyclic shift indexes included

in the initial cyclic shift index set satisfy the following correspondence:

X, =N

size

-1- RB;&? _LrPUCCH / NchJr D,or
X, = N;ivzvep -1- RB;&? _LrPUCCH / Nch+ D, or
Xz = N;izvvep -1- RB;%? _I_rPUCCH / Nch"‘ Dz-

[00106] X, is the second resource block index, N,, isanumber of resource blocks included

in a first frequency range, the resource associated with the resource block index falls within the

size

first frequency range, Ng,» isanumber of resource blocks included in a second frequency range,
the second frequency range is less than or equal to a maximum channel bandwidth supported by

the terminal device, RBgﬁt is the physical resource block offset parameter, Iy, isthe uplink
control channel resource index, N is the number of initial cyclic shift indexes included in the
initial cyclic shift index set, D is the target offset parameter, Dz is the second sub-offset
parameter used to determine the second resource block index, and LrPUCCH/ Nch indicates

rounding down a result of Iy, /Ny

[00107] With reference to the eighth aspect, in some implementations of the eighth aspect, that
the first information indicates the target offset parameter includes: The first information indicates
a first location and a second location. The first location and the second location are used to
determine the target offset parameter. The first location is a location of a y™ resource block index
in the first frequency range. The second location is a location of a resource block whose resource
block index is z and that falls within the second frequency range. y and z are non-negative integers.
The first frequency range is greater than the maximum channel bandwidth supported by the
terminal device. The second frequency range is less than or equal to the maximum channel
bandwidth supported by the terminal device. Alternatively, the first information includes the target
offset parameter. Alternatively, the first information includes a predefined parameter, and the
predefined parameter is used to determine the target offset parameter. Alternatively, the first
information includes a predefined rule, and the predefined rule is used to determine the target offset

parameter.
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[00108] With reference to the eighth aspect, in some implementations of the eighth aspect, a
value of the target offset parameter is an integer less than 0. Alternatively, a value of the target
offset parameter is an integer multiple of K, where K =2, 3, or 4.

[00109] With reference to the eighth aspect, in some implementations of the eighth aspect, the
transceiver unit is further configured to receive, by using the network device without frequency
hopping on the resource associated with the resource block index, the uplink control information
sent by the terminal device.

[00110] With reference to the eighth aspect, in some implementations of the eighth aspect, the
apparatus further includes a processing unit. Before the transceiver unit is configured to send, by
using the network device, the first information to the terminal device, the processing unit is
configured to determine, by using the network device, that a subcarrier spacing S corresponding
to the terminal device and a number L of symbols of an uplink control channel resource meet a
first preset condition.

[00111] For beneficial effect of the information transmission apparatus provided in the eighth
aspect, refer to beneficial effect of the fourth aspect and possible implementations of the fourth
aspect. Details are not described herein again.

[00112] According to a ninth aspect, a communication apparatus is provided. The apparatus
may be configured to perform an operation of the communication device according to any one of
the first aspect and the possible implementations of the first aspect, or configured to perform an
operation of the communication device according to any one of the second aspect and the possible
implementations of the second aspect, or configured to perform an operation of the communication
device according to any one of the third aspect and the possible implementations of the third aspect,
or configured to perform an operation of the communication device according to any one of the
fourth aspect and the possible implementations of the fourth aspect, or configured to perform an
operation of the communication device according to any one of the fifth aspect and the possible
implementations of the fifth aspect. Specifically, the apparatus may include a corresponding
component (means) configured to perform the steps or functions described in any one of the
foregoing aspects. The steps or the functions may be implemented by using software, hardware,
or a combination of hardware and software.

[00113] According to a tenth aspect, a computer-readable medium is provided. The computer-

30



10

15

20

25

30

readable medium stores a computer program (which may also be referred to as code or instructions).
When the computer program is run on a computer, the method according to any one of the first
aspect and the possible implementations of the first aspect is performed, or the method according
to any one of the second aspect and the possible implementations of the second aspect is performed,
or the method according to any one of the third aspect and the possible implementations of the
third aspect is performed, or the method according to any one of the fourth aspect and the possible
implementations of the fourth aspect is performed, or the method according to any one of the fifth
aspect and the possible implementations of the fifth aspect is performed.

[00114] According to an eleventh aspect, a chip system is provided, including a memory and a
processor. The memory is configured to store a computer program. The processor is configured to
invoke the computer program from the memory and run the computer program, so that a
communication device on which the chip system is installed performs the method according to any
one of the first aspect and the possible implementations of the first aspect, or performs the method
according to any one of the second aspect and the possible implementations of the second aspect,
or performs the method according to any one of the third aspect and the possible implementations
of the third aspect, or performs the method according to any one of the fourth aspect and the
possible implementations of the fourth aspect, or performs the method according to any one of the
fifth aspect and the possible implementations of the fifth aspect.

[00115] According to a twelfth aspect, a chip is provided. The chip includes a processor and a
communication interface. The communication interface is configured to communicate with an
external component or an internal component. The processor is configured to implement the
method according to any one of the first aspect and the possible implementations of the first aspect,
or the processor is configured to implement the method according to any one of the second aspect
and the possible implementations of the second aspect, or the processor is configured to implement
the method according to any one of the third aspect and the possible implementations of the third
aspect, or the processor is configured to implement the method according to any one of the fourth
aspect and the possible implementations of the fourth aspect, or the processor is configured to
implement the method according to any one of the fifth aspect and the possible implementations
of the fifth aspect.

[00116] In a possible implementation, the chip may further include a memory. The memory
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stores instructions. The processor is configured to execute the instructions stored in the memory
or other instructions. When the instructions are executed, the processor is configured to implement
the method according to any one of the first aspect and the possible implementations of the first
aspect, or the processor is configured to implement the method according to any one of the second
aspect and the possible implementations of the second aspect, or the processor is configured to
implement the method according to any one of the third aspect and the possible implementations
of the third aspect, or the processor is configured to implement the method according to any one
of the fourth aspect and the possible implementations of the fourth aspect, or the processor is
configured to implement the method according to any one of the fifth aspect and the possible
implementations of the fifth aspect.

[00117] According to a thirteenth aspect, a computer program product is provided. The
computer program product includes a computer program (which may also be referred to as code
or instructions). When the computer program is run, a computer is enabled to perform the method
according to any one of the first aspect and the possible implementations of the first aspect, or
perform the method according to any one of the second aspect and the possible implementations
of the second aspect, or perform the method according to any one of the third aspect and the
possible implementations of the third aspect, or perform the method according to any one of the
fourth aspect and the possible implementations of the fourth aspect, or perform the method
according to any one of the fifth aspect and the possible implementations of the fifth aspect.
[00118] According to a fourteenth aspect, a communication device is provided, including a
processor and a memory. The memory is configured to store a computer program, and the
processor is configured to invoke the computer program from the memory and run the computer
program, so that the communication apparatus performs the communication method according to
any one of the first aspect to the fifth aspect and the possible implementations of the first aspect to
the fifth aspect.

[00119] There are one or more processors, and there are one or more memories. The memory
may be integrated with the processor, or the memory and the processor are separately disposed.
[00120] Ina possible design, a communication device is provided, including a communication
interface, a processor, and a memory. The processor is configured to control the communication

interface to receive and send a signal. The memory is configured to store a computer program. The
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processor is configured to invoke the computer program from the memory and run the computer
program, so that the communication device performs the method according to any one of the first
aspect to the fifth aspect and the corresponding possible implementations of the aspects.

[00121] According to a fifteenth aspect, a system is provided. The system includes the

corresponding terminal device and network device according to the foregoing aspects.

BRIEF DESCRIPTION OF DRAWINGS

[00122] FIG. 1 is a schematic diagram of a system scenario to which an embodiment of this
application is applicable;

[00123] FIG. 2 is a schematic flowchart of a contention mode-based random access process;
[00124] FIG. 3 is a schematic diagram of a physical uplink control channel resource used by a
terminal device to feed back a contention resolution message;

[00125] FIG. 4 is a diagram of comparison between resource locations of physical uplink
control channels corresponding to two terminal devices with different capabilities;

[00126] FIG. 5isaschematic flowchart of an information transmission method according to an
embodiment of this application;

[00127] FIG. 6 is a schematic flowchart of an information transmission method according to
another embodiment of this application;

[00128] FIG. 7 is a schematic flowchart of an information transmission method according to
another embodiment of this application;

[00129] FIG. 8 is a schematic flowchart of an information transmission method according to
another embodiment of this application;

[00130] FIG. 9 is a schematic block diagram of an information transmission apparatus
according to an embodiment of this application;

[00131] FIG. 10 is a schematic diagram of a structure of another information transmission
apparatus according to an embodiment of this application; and

[00132] FIG. 11 is a schematic diagram of a structure of still another information transmission

apparatus according to an embodiment of this application.
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DESCRIPTION OF EMBODIMENTS

[00133] The following describes technical solutions of this application with reference to
accompanying drawings.

[00134] The technical solutions in embodiments of this application may be applied to various
communication systems, such as a global system for mobile communication (Global System of
Mobile communication, GSM) system, a code division multiple access (Code Division Multiple
Access, CDMA) system, a wideband code division multiple access (Wideband Code Division
Multiple Access, WCDMA\) system, a general packet radio service (General Packet Radio Service,
GPRS) system, a long term evolution (Long Term Evolution, LTE) system, an LTE frequency
division duplex (Frequency Division Duplex, FDD) system, an LTE time division duplex (Time
Division Duplex, TDD) system, a universal mobile telecommunication system (Universal Mobile
Telecommunication System, UMTS), a worldwide interoperability for microwave access
(Worldwide Interoperability for Microwave Access, WiMAX) communication system, a future 5
generation (5th Generation, 5G) system, or a new radio (New Radio, NR) system.

[00135] The technical solutions in embodiments of this application are applicable to a signal
transmission scenario, for example, signal transmission between a network device and a terminal
device, signal transmission between network devices, signal transmission between terminal
devices (for example, signal transmission between a reduced-capability terminal and an eMBB
terminal, or signal transmission between reduced-capability terminals), communication of Internet
of Vehicles, Internet of Things, industrial Internet and the like, and satellite communication. This
is not limited in this application. In embodiments of this application, communication between the
terminal device and the network device is used as an example for description.

[00136] An example of a system architecture in embodiments of this application is first
described with reference to FIG. 1. As shown in FIG. 1, the system architecture includes a terminal
device and a base station (or referred to as an access network). For example, the terminal devices
are a terminal device #1 and a terminal device #2.

[00137] Terminal device

[00138] The terminal device in embodiments of this application may be user equipment (user
equipment, UE), an access terminal, a subscriber unit (subscriber unit), a subscriber station, a
mobile station (mobile station), a mobile console, a remote station, a remote terminal, a mobile

34



10

15

20

25

30

device, a user terminal (terminal equipment), a terminal, a wireless communication device, a user
agent, or a user apparatus. Alternatively, the terminal device may be a cellular phone, a cordless
phone, a session initiation protocol (session Initiation protocol, SIP) phone, a wireless local loop
(wireless local loop, WLL) station, a personal digital assistant (personal digital assistant, PDA), a
handheld device having a wireless communication function, a computing device or another
processing device, vehicle-mounted device, or wearable device connected to a wireless modem, a
virtual reality (virtual reality, VR) terminal device, an augmented reality (augmented reality, AR)
terminal device, a wireless terminal in industrial control (industrial control), a wireless terminal in
self driving (self driving), a wireless terminal in remote medical (remote medical), a wireless
terminal in a smart grid (smart grid), a wireless terminal in transportation safety (transportation
safety), a wireless terminal in a smart city (smart city), a wireless terminal in a smart home (smart
home), a terminal in satellite communication, a terminal device in a 5G network or a future
communication network, or the like. This is not limited in embodiments of this application.
[00139] It should be noted that the terminal devices in this application may be classified into a
first-type terminal device and a second-type terminal device. The first-type terminal device is, for
example, reduced-capability UE (reduced capability UE, REDCAP UE). The second-type terminal
device may be legacy UE, for example, eMBB UE.

[00140] The first-type terminal device and the second-type terminal device have different
features. The features include one or more of the following: a bandwidth, a number of supported
or configured resources, a number of transmit antenna ports and/or a number of receive antenna
ports, a number of radio frequency channels, a number of hybrid automatic repeat request (hybrid
automatic repeat request, HARQ) processes, a supported peak rate, an application scenario, a delay
requirement, a processing capability, a protocol version, a duplex mode, and a service.

[00141] The following describes the foregoing features in detail by using examples.

[00142] Bandwidth, or channel bandwidth, or maximum channel bandwidth supported or
configured by the terminal device: The first-type terminal device and the second-type terminal
device have different bandwidths. For example, a bandwidth of the first-type terminal device may
be 20 MHz, 10 MHz, or 5 MHz, and a bandwidth of the second-type terminal device may be 100
MHz. It may be understood that, with development of communication technologies, a maximum

channel bandwidth supported by the first-type terminal device may no longer be 20 MHz, 10 MHz,
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or 5 MHz, but evolve into a wider or narrower bandwidth, for example, 3 MHz, 25 MHz, or 50
MHz.

[00143] Number of supported or configured resources: The number of resources may be a
number of resource blocks (resource blocks, RBs), time-frequency resource elements (resource
elements, RES), subcarriers, RB groups, resource element group bundle units (resource element
group bundle, REG bundle), control channel elements, subframes, radio frames, slots, mini-slots
and/or symbols. A number of resources supported or configured by the first-type terminal device
is different from a number of resources supported or configured by the second-type terminal device.
For example, the number of resources supported by the first-type terminal device is 48 RBs, and
the number of resources supported by the second-type terminal device is 96 RBs.

[00144] Number of transmit antenna ports and/or number of receive antenna ports: A number
of transmit antenna ports and/or a number of receive antenna ports of the first-type terminal device
are/is different from those of the second-type terminal device. For example, the number of transmit
antenna ports of the first-type terminal device may be 1, and the number of receive antenna ports
of the first-type terminal device may be 2. The number of transmit antenna ports of the second-
type terminal device may be 2, and the number of receive antenna ports of the second-type terminal
device may be 4.

[00145] Number of radio frequency channels: A number of radio frequency channels of the first-
type terminal device is different from that of the second-type terminal device. For example, the
number of radio frequency channels of the first-type terminal device may be 1, and the number of
radio frequency channels of the second-type terminal device may be 2.

[00146] Number of HARQ processes: A number of HARQ processes supported by the first-type
terminal device is different from that supported by the second-type terminal device. For example,
the number of HARQ processes of the first-type terminal device may be 8, and the number of
HARQ processes of the second-type terminal device may be 16.

[00147] Supported peak rate: A maximum peak rate of the first-type terminal device is different
from that of the second-type terminal device. For example, the maximum peak rate supported by
the first-type terminal device may be 100 Mbps, and the peak rate supported by the second-type
terminal device may be 200 Mbps.

[00148] Application scenario: The first-type terminal device and the second-type terminal
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device serve different application scenarios. For example, the first-type terminal device is applied
to industrial wireless sensing, video surveillance, wearable devices, and the like, and the second-
type terminal device is applied to mobile communication, video, Internet access, and the like.
[00149] Delay requirement: The first-type terminal device and the second-type terminal device
have different transmission delay requirements. For example, a delay requirement of the first-type
terminal device may be 500 milliseconds, and a delay requirement of the second-type terminal
device may be 100 milliseconds.

[00150] Processing capability: Under different subcarrier spacing (subcarrier spacing, SCS)
conditions, the first-type terminal device and the second-type terminal device have different
processing speeds for channel or data processing time sequences. For example, the first-type
terminal device does not support complex calculation. The complex calculation may include:
artificial intelligence (artificial intelligence, Al) and virtual reality (virtual reality, VR) rendering.
The second-type terminal device supports complex calculation. Alternatively, it is understood that
a processing capability of the first-type terminal device is lower than that of the second-type
terminal device.

[00151] Protocol version: The first-type terminal device and the second-type terminal device
are terminal devices of different protocol versions. For example, a protocol version supported by
the first-type terminal device is Release 17 and a protocol version later than Release 17, and a
protocol version supported by the second-type terminal device is a protocol version earlier than
Release 17, for example, Release 15 or Release 16.

[00152] Duplex mode: The duplex mode includes a half-duplex mode and a full-duplex mode.
The first-type terminal device and the second-type terminal device use different duplex modes.
For example, the first-type terminal device operates in the half-duplex mode, and the second-type
terminal device operates in the full-duplex mode.

[00153] Service: The service includes but is not limited to an Internet of Things application, for
example, video surveillance and a mobile broadband (mobile broadband, MBB). The first-type
terminal device and the second-type terminal device support different services. For example, a
service supported by the first-type terminal device is the video surveillance, and a service
supported by the second-type terminal device is the mobile broadband MBB. This is not limited

in this embodiment of this application.
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[00154] It should be understood that another type of terminal device or a future new type of
terminal device that also supports the technical solutions of this application also falls within the
protection scope of this application.

[00155] The first terminal device or the terminal device #1 in this application may be an
example of the first-type terminal device, and the second terminal device or the terminal device
#2 may be an example of the second-type terminal device.

[00156] It should be further noted that a first frequency range in this application is greater than
the maximum channel bandwidth supported by the first-type terminal device, a second frequency
range in this application is less than or equal to the maximum channel bandwidth supported by the
first-type terminal device, and a third frequency range in this application is less than or equal to a
maximum channel bandwidth supported by the second-type terminal device. The first frequency
range and the second frequency range correspond to the first-type terminal device, and the third
frequency range corresponds to the second-type terminal device. A first frequency domain resource
corresponds to a resource that is in the first frequency range and that is used by the first-type
terminal device to send uplink control information. A second frequency domain resource
corresponds to a resource that is in the second frequency range and that is used by the first-type
terminal device to send the uplink control information. A third frequency domain resource
corresponds to a resource that is in the third frequency range and that is used by the second-type
terminal device to send the uplink control information.

[00157] Network device

[00158] The network device in embodiments of this application is configured to communicate
with a terminal device, may be a radio base station in a network, or may be a network element of
a radio access network (radio access network, RAN), and is responsible for all functions related to
an air interface. Functions of the base station include: a radio link maintenance function including
maintenance of a radio link with a terminal and protocol conversion between radio link data and
Internet protocol (internet protocol, IP) data; a radio resource management function including
radio link establishment and release, radio resource scheduling and allocation, and the like; and
some mobility management functions including terminal configuration for measurement, terminal
radio link quality evaluation, determining of inter-cell handover of a terminal, and the like.

[00159] The network device may be an evolved NodeB (evolved NodeB, eNB or eNodeB) in
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an LTE system, a base station (gNodeB, gNB) in a 5G network, or a radio controller in a cloud
radio access network (cloud radio Access Network, CRAN) scenario. Alternatively, the network
device may be a relay station, an access point, a vehicle-mounted device, a satellite, a wearable
device, a transmission point (transmitting and receiving point, TRP), a transmitting point
(transmitting point, TP), a mobile switching center, or a device that provides a base station function
in device-to-device (Device-to-Device, D2D) communication, vehicle-to-everything (vehicle-to-
everything, V2X) communication, machine-to-machine (machine-to-machine, M2M)
communication, and Internet of Things (Internet of Things) communication, a base station in a
future evolved network such as 6G, or the like. This is not limited in this embodiment of this
application.

[00160]  With continuous development of mobile communication technologies, various terminal
devices with different capabilities emerge. The International Telecommunication Union
(international telecommunication union, 1TU) defines three major application scenarios for a 5G
mobile communication system and a future mobile communication system: enhanced mobile
broadband (enhanced mobile broadband, eMBB), ultra-reliable and low-latency communication
(ultra reliable and low latency communication, URLLC), and massive machine-type
communication (massive machine type communication, mMMTC). Typical eMBB services include
an ultra-high-definition video, augmented reality (augmented reality, AR), and virtual reality
(virtual reality, VR). Typical URLLC services include wireless control in an industrial
manufacturing or production procedure, motion control of an unmanned vehicle and an unmanned
aircraft, and tactile interaction applications such as remote repair and remote surgery. Typical
mMTC services include wearables, sensors, video surveillance, smart grid distribution automation,
smart cities, and the like, and these services are mainly characterized by a huge number of
connected mMMTC terminal devices, a small amount of data transmission, and a low data
transmission delay requirement. Generally, these mMTC terminal devices need to satisfy
requirements for low costs and long standby time.

[00161] In addition, currently, the 3rd Generation Partnership Project (3rd generation
partnership project, 3GPP) is studying a reduced-capability terminal device. A technology for
implementing capability reduction is to reduce a terminal capability by reducing a maximum

channel bandwidth supported by the terminal device.
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[00162] Based on the foregoing description, it can be easily learned that terminal devices in
different application scenarios may have different capabilities, and the terminal devices with
different capabilities have different requirements for a mobile communication system. Specifically,
maximum channel bandwidths supported by the terminal devices with different capabilities may
be different. For example, for a frequency range FR1 of an NR system (namely, a frequency range
of 410 MHz to 7125 MHz), a maximum channel bandwidth supported by a normal eMBB terminal
device is 100 MHz. For a reduced-capability terminal device, to reduce complexity and costs of
the terminal device, a maximum channel bandwidth supported by the terminal device may be 5
MHz, or 10 MHz, or 20 MHz, or 40 MHz.

[00163] The foregoing terminal devices with different capabilities may coexist in a same
communication system. However, because the maximum channel bandwidths supported by the
terminal devices with different capabilities are different, a problem of resource fragmentation may
be caused. It may be understood that: A terminal device with a small maximum channel bandwidth
may cause a frequency domain resource of a terminal device with a large maximum channel
bandwidth to be split into several small frequency domain resources. When the network device
allocates a resource to a serving terminal device, the resource can be allocated to the terminal
device only on the several scattered frequency domain resources. There is a large limitation on
scheduling of the network device, and consequently flexibility of resource allocation is reduced.
[00164] Therefore, how to better support coexistence of the terminal devices with different
capabilities in the same communication system and avoid a limitation on resource scheduling
caused by resource fragmentation becomes an urgent problem to be resolved.

[00165] The following further describes the technical problem in this application by using the
following as an example: a physical uplink control channel (physical uplink control channel,
PUCCH) resource used by the terminal device to send a hybrid automatic repeat request (hybrid
automatic repeat request, HARQ) for a contention resolution message (namely, the following
Msg4) to the network device in a random access process.

[00166] Random access is a necessary process of establishing a radio link between the terminal
device and a network device. Data interoperation (normal DL/UL transmission) can be normally
performed between the network device and the terminal device only after random access is

completed. The terminal device may implement two basic functions through random access: (1)
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Uplink synchronization is established, to implement uplink synchronization with the network
device. (2) A unique terminal identifier, namely, a cell radio network temporary identifier (cell-
radio network temporary identifier, C-RNTI) is established, to request the network device to
allocate an uplink resource.

[00167] The random access process includes a contention-based random access process and a
contention free random access process. In the contention-based random access process, the UE
randomly selects a random access preamble (preamble) to initiate a random access process to the
network device. Therefore, if a plurality of UEs use a same preamble to initiate a random access
process at a same moment, a conflict occurs, and access may fail. In the contention free random
access process, during access, the UE uses a specific access preamble provided by the network
device, and therefore does not conflict with other UE, to ensure an access success rate.

[00168] A random access process 100 of the terminal device is first described below with
reference to FIG. 2 by using a contention mode-based four-step random access process as an
example.

[00169] S101: The terminal device initiates a random access request to the network device on
a preconfigured random access channel occasion (RACH occasion, RO) resource. The random
access request includes a first random access preamble (preamble), or may be a message 1, namely,
an Msg1, in the random access process.

[00170] It should be noted that before the S101, the random access process further includes:
The terminal device receives a broadcast message of the network device, and randomly selects a
random access preamble from several random access preambles (preambles) in the broadcast
message as the first random access preamble.

[00171] It should be understood that a plurality of terminal devices may send random access
requests on a same RO resource, and these terminal devices may be distinguished based on
different preambles. However, because a number of preambles in the foregoing broadcast message
is limited, a plurality of UEs may select a same preamble. This problem may be resolved in step
S104.

[00172] S102: The network device sends a random access response (random access response,
RAR) (which may be referred to as a message 2, namely, an Msg2) to the terminal device.

[00173] It should be noted that the random access response includes uplink grant (uplink grant,
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UL grant) information. The uplink grant information indicates a resource for sending Msg3 by the
terminal device.

[00174] S103: The terminal device sends, based on a resource indicated by the uplink
scheduling information, a message 3 (which may be referred to as an Msg3) to the network device.
[00175] S104: The network device sends the contention resolution (contention resolution)
message (which may be referred to as a new message 4, namely, an Msg4) to the terminal device.
[00176] Because preambles selected by different terminal devices may conflict with each other,
a plurality of terminal devices may select a same preamble. The network device indicates, in this
step, a terminal device that successfully accesses the network.

[00177]  After the S104, the terminal device performs HARQ feedback on the received Msg4
on the PUCCH resource.

[00178] With reference to FIG. 3 and Table 1, the following further describes the PUCCH
resource used by the terminal device to feed back the Msg4.

[00179] Itshould be noted that a terminal device in the NR system usually transmits information
in a bandwidth part (bandwidth part, BWP) (refer to FIG. 3). When the terminal device needs to
transmit information in a frequency hopping manner in a slot, PUCCH resources used for
frequency hopping of the terminal device are usually located at two ends of the BWP. Resources
corresponding to the PUCCH resources used for frequency hopping are consecutive in time
domain, and are nonconsecutive in frequency.

[00180] It should be understood that frequency hopping may be performed on the PUCCH
resource used by the terminal device to feed back the Msg4. Optional time-frequency resource
locations of a first hop and a second hop may be predefined.

[00181] The following Table 1 shows possible optional resource locations of the first hop and
the second hop of the PUCCH resource. An index in a first column indicates a PUCCH resource
set. A number of symbols in a fourth column indicates a number of symbols occupied by the
PUCCH resource set in time domain, and may be denoted as L. A physical resource block offset

in a fifth column indicates a physical resource block offset parameter corresponding to the PUCCH

offset

resource set in frequency domain, and may be denoted as RBg, . An initial cyclic shift in a sixth

column indicates an initial cyclic shift index set corresponding to the PUCCH resource set in

frequency domain. A total number of initial cyclic shift indexes included in the initial cyclic shift
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index set may be denoted as N. N;ivz\fp is a number of resource blocks RBs included in the

BWP.
Table 1

Index | PUCCH format | Start symbol | Number of symbols | PRB offset | Initial cyclic shift
0 0 12 2 0 {0, 3}
1 0 12 2 0 {0, 4, 8}
2 0 12 2 3 {0, 4, 8}
3 1 10 4 0 {0, 6}
4 1 10 4 0 {0, 3,6, 9}
5 1 10 4 2 {0, 3, 6, 9}
6 1 10 4 4 {0, 3, 6, 9}
7 1 4 10 0 {0, 6}
8 1 4 10 0 {0, 3, 6, 9}
9 1 4 10 2 {0, 3, 6, 9}
10 |1 4 10 4 {0, 3, 6, 9}
11 1 0 14 0 {0, 6}
12 |1 0 14 0 {0, 3, 6, 9}
13 1 0 14 2 {0, 3, 6, 9}
14 |1 0 14 4 {0, 3, 6, 9}
15 1 0 14 LNE:;?P /4J {0, 3,6, 9}

[00182] FIG. 3 shows time-frequency distribution of PUCCH resources in a PUCCH resource
set whose index is 0 in Table 1 (FIG. 3 shows only eight PUCCH resources, where each PUCCH
resource includes an RB corresponding to a first hop and an RB corresponding to a second hop,
and the RBs corresponding to the two hops are respectively located at two ends of the BWP).
[00183] The following further describes meanings of parameters in Table 1 with reference to
FIG. 3 by using a first row (that is, the PUCCH resource set indicated by the index 0) in Table 1.

[00184] The first row in Table 1 corresponds to the PUCCH resource set whose index is 0. The
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PUCCH resource set includes 16 PUCCH resources. A PUCCH format 0 means that a PUCCH
format corresponding to the PUCCH resource set is a PUCCH format 0. In time domain, a start
symbol 12 means that a start symbol corresponding to the PUCCH resource set is a twelfth symbol.
The PUCCH resource set occupies two symbols, which may be understood that the PUCCH
resource set occupies the twelfth symbol and a thirteenth symbol (refer to FIG. 3). In frequency
domain, a PRB offset 0 means that: an offset of a resource block in which a first PUCCH resource
in the PUCCH resource set is located relative to an RB (namely, a resource block whose index is
0 in FIG. 3) at a boundary of the BWP is 0. An initial cyclic shift {0, 3} indicates that the total
number of initial cyclic shift indexes included in the initial cyclic shift index set is 2, to be specific,
it indicates that an initial cyclic shift 0 and an initial cyclic shift 3 can be respectively used by two
PUCCH resources to ensure orthogonality. Different cyclic shifts are used by the two PUCCH
resources to prevent interference. The cyclic shift 0 is used by one PUCCH resource, and the cyclic
shift 3 is used by the other PUCCH resource. The 16 PUCCH resources are respectively distributed
at two ends of the BWP, and eight PUCCH resources are distributed at each end.

[00185] It should be noted that the PUCCH resource of the terminal device may be indicated
by the network device. For example, the network device may first indicate an index of a PUCCH
resource set by using a system information block (system information block, SIB) (for example,
SIB 1), for example, indicate the PUCCH resource set whose index is 0 in Table 1, and then further

indicate a PUCCH resource in the PUCCH resource set. An index of the PUCCH resource in the

PUCCH resource set may be represented as I ,1y,. For example, a PUCCH resource in which

oy = 0 s indicated in the PUCCH resource set (including the 16 resources) whose index is 0.

[00186] In FIG. 3, an index of an RB of a resource that corresponds to the first hop and that is
used by the terminal device to feed back the Msg4 and an index of an RB of a resource that
corresponds to the second hop and that is used by the terminal device to feed back the Msg4 may
be calculated in the following manner.

[00187] If a PUCCH resource index feecn is 0 to 7, that is, floor(feuccn /8) = 0, the index
(which may be denoted as X,) of the RB corresponding to the first hop of the PUCCH in a BWP
range is:

X, =RBas +| Foyee / Nes | Formula 1
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[00188] In this case, the index (which may be denoted as X,) of the RB corresponding to the
second hop of the PUCCH is:

X, =N ~1-RBywe —| e / Nes | Formula 2
[00189] If a PUCCH resource index rfeyccq 1S 8 to 15, that is, floor(feuce /8) = 1, the index
(which may be denoted as X, ) of the RB corresponding to the first hop of the PUCCH is:

X, =N, =1= RBI* —| (e —8)/ Ngs | Formula 3
[00190] In this case, the index (which may be denoted as X,) of the RB corresponding to the
second hop of the PUCCH is:

X, =RByws +| (Touee —8)/ N | Formula 4

[00191] Ng&> isthe number of resource blocks RBs included in the BWP in which the terminal
device operates, RBgy:' is the physical resource block offset parameter corresponding to the
PUCCH resource set in frequency domain, fucen 1S an index value of a PUCCH resource in the
PUCCH resource set, N5 isthe total number of initial cyclic shift indexes included in the initial

cyclic shift index set, floor( reuccn /8) indicates rounding down a result of feuecn /8, and
| (e —8)/ Ngs | indicates rounding down a result of (faycci —8)/ Nes .

[00192] For example, in FIG. 3 (the index of the corresponding PUCCH resource set is 0), an
index of an RB in which a first hop of a PUCCH resource with Ty 0 is located is O+[0/2]=0,

and an index of an RB in which a second hop of the PUCCH resource with T, 0 is located is
Nawe —1-0—[0/2] =Ngi, 1.

[00193] From a perspective of the network device, resources used by the terminal device (which
may be referred to as the terminal device #1 below) to send the first hop and the second hop of the
PUCCH with frequency hopping cause a frequency resource to be split, and consequently cause a
problem of resource fragmentation.

[00194] FIG. 4 shows resource locations of two terminals with different capabilities. The
terminal device #1 may be a reduced-capability terminal device (reduced capability user
equipment, RedCap UE). The terminal device #2 may be an eMBB terminal device. A maximum
channel bandwidth supported by the eMBB terminal device is greater than a maximum channel

bandwidth supported by the RedCap UE. If the first hop and the second hop of the PUCCH
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resource used by the RedCap UE for HARQ feedback of the Msg4 fall within a BWP range of the
eMBB terminal device, a frequency domain resource that can be used by the eMBB terminal
device is split into three segments of resources shown by arrows in FIG. 4, and there is a problem
of resource fragmentation. When the network device allocates a resource to the eMBB terminal
device, the resource can be allocated to the eMBB terminal device only on the three scattered
frequency domain resources (namely, a frequency domain resource #1, a frequency domain
resource #2, and a frequency domain resource #3). There is a large limitation on scheduling of the
network device, and consequently flexibility of resource allocation is reduced.

[00195] It should be understood that, in an initial access process of the RedCap UE, uplink
transmission of the RedCap UE needs to be sent within a bandwidth of an initial UL BWP
configured for the RedCap UE (or within a range of the maximum channel bandwidth supported
by the RedCap UE). The first hop and the second hop of the PUCCH resource used by the
corresponding RedCap UE for HARQ feedback of the Msg4 also need to be sent in the initial UL
BWHP.

[00196] It should be further understood that this embodiment of this application is described by
using the reduced-capability terminal device and the eMBB terminal device as examples, and this
embodiment of this application is further described by using the following as an example: a
PUCCH resource with frequency hopping used for HARQ feedback of the Msg4 sent by the
network device in the random access process of the terminal device. This should not constitute any
limitation on this application herein. Actually, regardless of whether frequency hopping is required
or regardless of a specific type of the terminal device, as long as channel bandwidths supported by
two terminal devices with different capabilities have a part or all of a same frequency range, a
terminal device that supports a small maximum channel bandwidth may cause frequency domain
resource fragmentation of a terminal device that supports a large maximum channel bandwidth.
The technical problem in this scenario can be resolved by using the technical solutions in this
application.

[00197] To resolve the foregoing problem, this application provides a communication method,
to re-determine a PUCCH resource used by a terminal device #1, to avoid resource fragmentation
of a terminal device #2. The re-determined PUCCH resource used by the terminal device #1 falls

within a first frequency range, and the first frequency range is greater than a BWP in which the
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terminal device #1 operates (or greater than a maximum channel bandwidth supported by the
terminal device #1). For example, the re-determined PUCCH resource used by the terminal device
#1 may be located at two ends of a carrier, or may be adjacent to a PUCCH resource of the terminal
device #2 (which may be understood as being adjacent in frequency to a resource used by the
terminal device #2 to send uplink control information, for example, a resource block in which the
PUCCH resource of the terminal device #1 is located and a resource block in which the PUCCH
resource of the terminal device #2 is located are adjacent resource blocks in frequency).

[00198] The following describes in detail an information transmission method 200 in this
application with reference to FIG. 5. It should be noted that a terminal device in the following
method 200 is the foregoing terminal device #1.

[00199] S201: The terminal device determines a target offset parameter, an uplink control
channel resource index, a physical resource block offset parameter, and a number of initial cyclic
shift indexes included in an initial cyclic shift index set.

[00200] In a possible implementation, the terminal device may determine, based on first
configuration information, one or more of the following parameters: the target offset parameter,
the uplink control channel resource index, the physical resource block offset parameter, and the
number of initial cyclic shift indexes included in the initial cyclic shift index set. The first
configuration information may be sent by a network device to the terminal device.

[00201] By way of example and not limitation, manners of determining the target offset
parameter include but are not limited to the following several manners: (1) The terminal device
determines the target offset parameter based on a first location and a second location, where the
first location is a location of a y™ resource block index in a first frequency range, the second
location is a location of a resource block whose resource block index is z in a second frequency
range, y and z are non-negative integers, the first frequency range is greater than a maximum
channel bandwidth supported by the terminal device, and the second frequency range is less than
or equal to the maximum channel bandwidth supported by the terminal device. Optionally, y and
z may be the same, for example, y = z = 0. (2) The terminal device determines the target offset
parameter based on first information, where the first information is received by the terminal device
from the network device. For example, the first information is a master information block (master

information block, MIB), a system information block 1 (system information block 1, SIB 1), a
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field in the SIB 1, downlink control information for scheduling a PDSCH carrying the SIB 1, or a
field in the DCI for scheduling the PDSCH carrying the SIB 1. (3) The target offset parameter is a
predefined parameter. For example, the terminal device determines the target offset parameter in
a predefined manner. The target offset parameter may be a predefined value. (4) The terminal
device (which may be referred to as the terminal device #1) determines the target offset parameter
according to a predefined rule, for example, determines the target offset parameter based on a
frequency location (an example of the predefined rule) occupied by a PUCCH resource set
configured by another terminal device (which may be referred to as the terminal device #2) that
has a resource conflict, so that a frequency domain resource of a PUCCH of the terminal device
#1 is at a frequency location adjacent to a frequency domain resource of a PUCCH of the terminal
device #2. For example, a resource block in which the PUCCH resource of the terminal device #1
is located and a resource block in which the PUCCH resource of the terminal device #2 is located
are adjacent resource blocks in frequency.

[00202] Optionally, a value of the target offset parameter may be an integer less than 0, or may
be an integer multiple of K, where K =2, 3, or 4.

[00203] S202: The terminal device determines, based on the target offset parameter, the uplink
control channel resource index, the physical resource block offset parameter, and the number of
initial cyclic shift indexes included in the initial cyclic shift index set, a resource block index for
uplink control channel transmission.

[00204] It should be noted that if uplink control channel transmission is transmission with
frequency hopping, the target offset parameter may be used to separately determine a first resource
block index corresponding to a p™ hop and a second resource block index corresponding to a g™
hop of transmission with frequency hopping, where p and q are positive integers. Alternatively,
the target offset parameter may be used to separately determine frequency locations corresponding
to the p™" hop and the g™ hop of transmission with frequency hopping.

[00205] Optionally,p=1andq=2;orp=2andq=1.

[00206] It should be noted that if uplink control channel transmission is transmission with
frequency hopping, the target offset parameter may include a first sub-offset parameter and a
second sub-offset parameter. The first sub-offset parameter is used to determine the first resource

block index. The second sub-offset parameter is used to determine the second resource block index.
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[00207] In a possible implementation, floor( frucch /8) = 0 is used as an example, where
floor(eucen /8) indicates rounding down a result of feyec /8. The terminal device determines the
first resource block index (denoted as X, ) based on the following relationship among the target
offset parameter, the uplink control channel resource index, the physical resource block offset
parameter, and the number of initial cyclic shift indexes included in the initial cyclic shift index

set:

X, =RB3w +| Fyeen / Nes |+ D Formula 5, or
X, =RBgm +| foyeens / Nes |+ D, Formula 6

[00208] The terminal device determines the second resource block index (denoted as X, ) based
on the following relationship among the target offset parameter, the uplink control channel
resource index, the physical resource block offset parameter, and the number of initial cyclic shift
indexes included in the initial cyclic shift index set:

X, =Ny, ~1-RBgi —| Fyeen / Nes |[+D Formula 7, or

size
X, =Ngip —1-RBgwe —| fyeon / Nes |+ D Formula 8, or
X, = Ngyw —1—RBgi —| Foyeer / Nes |+ D, Formula 9

[00209] X, is the first resource block index, X, is the second resource block index, Ng,. is
a number of resource blocks included in the first frequency range, N:w. isanumber of resource
blocks included in the second frequency range, the second frequency range is less than or equal to
the maximum channel bandwidth supported by the terminal device, RBgy:' is the physical
resource block offset parameter, fuccn 1S the uplink control channel resource index, N¢s is the
number of initial cyclic shift indexes included in the initial cyclic shift index set, D is the target
offset parameter, D, is the first sub-offset parameter used to determine the first resource block

index, D, is the second sub-offset parameter used to determine the second resource block index,
and LrPUCCH / Nch indicates rounding down a result of Teyccn / Nes .

[00210] In a possible implementation, floor( feucch /8) = 1 is used as an example, where
floor(reuccn /8) indicates rounding down a result of feyccn /8. The terminal device determines the
first resource block index (denoted as X,) based on the following relationship among the target

offset parameter, the uplink control channel resource index, the physical resource block offset
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parameter, and the number of initial cyclic shift indexes included in the initial cyclic shift index

set:

X, =RBg +| (Toucey —8)/ N |[+D Formula 10, or

X, =RBgws +| (Toycey —8)/ N |+ D, Formula 11

[00211] The terminal device determines the second resource block index (denoted as X, ) based
on the following relationship among the target offset parameter, the uplink control channel
resource index, the physical resource block offset parameter, and the number of initial cyclic shift

indexes included in the initial cyclic shift index set:

X, =Ng,, ~1-RB3% —| (Tyeers —8)/ Neg |+ D Formula 12, or
X, =Ng» —1-RBg —| (T —8)/ Ngs |+D Formula 13, or
X, =Nap —1-RBw —| (foyeey —8)/ N |+ D, Formula 14

[00212] X, is the first resource block index, X, is the second resource block index, Ng,. is
a number of resource blocks included in the first frequency range, N:w. isanumber of resource
blocks included in the second frequency range, the second frequency range is less than or equal to
the maximum channel bandwidth supported by the terminal device, RBgy:' is the physical
resource block offset parameter, fuccn 1S the uplink control channel resource index, N¢s is the
number of initial cyclic shift indexes included in the initial cyclic shift index set, D is the target

offset parameter, D, is the first sub-offset parameter used to determine the first resource block

index, D, is the second sub-offset parameter used to determine the second resource block index,
and | (foyee —8)/ N | indicates rounding down a result of (foycci —8)/ Nes .

[00213] Optionally, before the terminal device determines the target offset parameter, the
terminal device may first determine that a subcarrier spacing (which may be denoted as S)
corresponding to the first terminal device and a number of symbols (which may be denoted as L)
of an uplink control channel resource meet a first preset condition.

[00214] By way of example and not limitation, the first preset condition may be one or more of
the following conditions:

[00215] (1) A minimum value of L is greater than or equal to 4.

[00216] (2) A minimum value of L is determined based on S.
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[00217] (3) Avalue of L falls within a first value range, an uplink control channel is transmitted
without frequency hopping within the first value range, or the uplink control channel is transmitted
with frequency hopping within the first value range, and frequency tuning is not needed between

two adjacent hops of transmission with frequency hopping.
[00218] By way of example and not limitation, the first value range may include {2, 4,10} :

[00219] (4) A value of L falls within a second value range, an uplink control channel is
transmitted with frequency hopping within the second value range, and frequency tuning is needed

between two adjacent hops of transmission with frequency hopping.
[00220] By way of example and not limitation, the second value range may include {14} :

[00221] (5) Avalue of S falls within a third value range, an uplink control channel is transmitted
without frequency hopping within the third value range, or the uplink control channel is transmitted
with frequency hopping within the third value range, and frequency tuning is not needed between
two adjacent hops of transmission with frequency hopping.

[00222] By way of example and not limitation, the third value range may include 15 kHz, 30
kHz, 60 kHz, or greater than 60 kHz.

[00223] (6) A value of S falls within a fourth value range, an uplink control channel can be
transmitted with frequency hopping within the fourth value range, and frequency tuning is needed
between two adjacent hops of transmission with frequency hopping.

[00224] By way of example and not limitation, the fourth value range may include 15 kHz, 30
kHz, or 60 kHz.

[00225] S203: The terminal device sends uplink control information on a resource associated
with the resource block index.

[00226] It should be noted that the terminal device may send the uplink control information
without frequency hopping on the resource associated with the resource block index, or may send
the uplink control information with frequency hopping on the resource associated with the resource
block index, or may repeatedly send the uplink control information on the resource associated with
the resource block index.

[00227] The following further describes an information transmission method 300 in this
application with reference to FIG. 6.

[00228] The information transmission method may be understood as follows: A resource #a
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(corresponding to a second frequency domain resource) that is used to send uplink control
information and that is determined by the terminal device #1 (for example, redcap UE) based on
an uplink control channel resource index, a physical resource block offset parameter, a number of
resource blocks included in a second frequency range (the second frequency range is less than or
equal to a maximum channel bandwidth supported by a terminal device), and a number of initial
cyclic shift indexes included in an initial cyclic shift index set falls within the second frequency
range. In other words, the resource #a is located in a BWP of the terminal device #1, or the resource
#a falls within a maximum channel bandwidth supported by the terminal device #1. The resource
#a causes fragmentation of an available resource (corresponding to a third frequency range) of the
terminal device #2. Herein, the resource #a may be determined according to Formula 1 to Formula
4, and details are not described herein again. On this basis, the terminal device #1 first determines
a first frequency range and a first offset parameter (which may be denoted as Z,), and then
determines, based on the first offset parameter, a number of resource blocks included in the first
frequency range (the first frequency range is greater than the maximum channel bandwidth
supported by the terminal device), the uplink control channel resource index, the physical resource
block offset parameter, and the number of initial cyclic shift indexes included in the initial cyclic
shift index set, a resource #b used to send the uplink control information. The resource #b falls
within the first frequency range, and the resource #b falls outside the second frequency range. This
improves a frequency hopping gain of sending a PUCCH, reduces a limitation on resource
allocation for the terminal device #2, reduces resource fragmentation, and improves flexibility of
the available resource of the terminal device #2 from a perspective of a network device.

[00229] It should be noted that the first offset parameter in this embodiment may be understood
as the foregoing target offset parameter.

[00230] It should be noted that the first offset parameter may be understood as an offset value
between a location (corresponding to a first location) of a 0™ resource block index (that is, a start
RB in the first frequency range) in the first frequency range and a location (corresponding to a
second location) of a 0" resource block index (that is, a start RB in the second frequency range) in
the second frequency range. Optionally, the first offset parameter may be in a unit of RB. The first
offset parameter may be a positive value or a negative value, and the positive value and the

negative value respectively correspond to different first offset parameter directions. For example,
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the positive value may indicate an offset toward a direction in which an RB index increases, that
is, the start RB in the second frequency range is greater than the start RB in the first frequency
range. The negative value may indicate an offset toward a direction in which an RB index
decreases, that is, the start RB in the second frequency range is less than the start RB in the first
frequency range. 0 may indicate that a location of the start RB in the first frequency range is aligned
with a location of the start RB in the second frequency range.

[00231] It should be noted that the first offset parameter may alternatively be understood as an
offset value between a location (corresponding to a second location) of a 0" resource block index
(that is, a start RB in the second frequency range) in the second frequency range and a location
(corresponding to a first location) of a 0" resource block index (that is, a start RB in the first
frequency range) in the first frequency range. Optionally, the first offset parameter may be in a
unit of RB. The first offset parameter may be a positive value or a negative value, and the positive
value and the negative value respectively correspond to different first offset parameter directions.
For example, the positive value may indicate an offset toward a direction in which an RB index
increases, that is, the start RB in the second frequency range is less than the start RB in the first
frequency range. The negative value may indicate an offset toward a direction in which an RB
index decreases, that is, the start RB in the second frequency range is greater than the start RB in
the first frequency range. 0 may indicate that a location of the start RB in the first frequency range
is aligned with a location of the start RB in the second frequency range.

[00232] It should be further noted that the first frequency range may be a carrier, or a BWP in
which the terminal device #2 operates, or any bandwidth greater than the second frequency range
in a carrier range, or any frequency range whose bandwidth is greater than the second frequency
range (any BWP whose bandwidth is greater than the second frequency range). This is not limited
in this application, provided that it can be ensured that the resource #b falls outside the second
frequency range.

[00233] Ina possible implementation, the resource #b is a resource used by the terminal device
#1 to transmit (or send) the uplink control information with frequency hopping. In this case, a
resource that corresponds to a first hop and that sends the uplink control information may be
denoted as the resource #b1. A resource that corresponds to a second hop and that sends the uplink

control information may be denoted as the resource #b2. The resource #b1 and the resource #b2
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fall within the first frequency range. For example, the resource #bl and the resource #b2 are
respectively located at two ends of the carrier. Alternatively, the resource #b1 and the resource #b2
are separately adjacent to a PUCCH resource of the terminal device #2. Similarly, for ease of
description, the resource #a in a scenario with frequency hopping is also classified into a resource
#al and a resource #a2.

[00234] It should be noted that, to resolve a resource fragment problem in the information
transmission method, the network device may indicate the terminal device #1 to determine the
foregoing related parameters of the resource #b (or the resource #bl and the resource #b2).
Manners for determining the first offset parameter include but are not limited to the following
several manners:

[00235] (1) The network device directly configures the first offset parameter Z, for the
terminal device #1.

[00236] (2) The network device configures the first frequency range for the terminal device #1,
and the terminal device #1 calculates the first offset parameter Z, based on the start RB
(corresponding to the first location) in the first frequency range and the start RB (corresponding
to the second location) in the second frequency range.

[00237] Optionally, the network device may carry, in an SIB 1 or downlink control information
for scheduling a PDSCH carrying the SIB 1, configuration information related to the first offset
parameter or the first frequency range in the foregoing manner.

[00238] Inapossible implementation, a scenario with frequency hopping is used as an example.
The terminal device #1 may determine the resource #bl and the resource #b2 in the following
manner: The terminal device #1 first determines locations of the resource #al and the resource #a2
that fall within the second frequency range. In this case, refer to Formula 1 to Formula 4. Details
are not described herein again. The terminal device #1 then determines an offset parameter Dy
(corresponding to a first sub-offset) between the resource #al and the resource #b1 and an offset
parameter D> (corresponding to a second sub-offset) between the resource #a2 and the resource
#b2 based on the first offset parameter. For example, D1 may be the first offset parameter, and D>
may be determined based on the first offset parameter and the number of RBs included in the first
frequency range.

[00239] FIG. 6 shows three scenarios (a), (b), and (c) in which the terminal device #1

54



10

15

20

25

determines the resource #b1 and the resource #b2 in this application. Each scenario corresponds
to a different frequency location relationship between the second frequency range (for example,
the BWP) and the first frequency range of the terminal device #1 (for example, RedCap UE). In
all the foregoing three scenarios, frequency resource locations corresponding to the resource #b1
and the resource #b2 may be determined in the following manner.
[00240] If a PUCCH resource index feycen is 0 to 7, that is, floor(feucen /8) = 0, an index X,
(namely, a first resource block index) of an RB corresponding to the resource #bl in the first
frequency range is:

X, =RBg +| loeer / Nes |+ D,

Formula 15

=R Oﬁv\jgt +LrPUCCH /Nch+Z1
[00241] In this case, an index (namely, a second resource block index) X, of an RB
corresponding to the resource #b2 in the first frequency range is:

X, = N;ivzfp -1- RBQUVS;‘ —LrPUCCH / Nch"‘ D,

= Ngwe —1=RBae | Foycen / Ngs |+ (N, +Z, = N3un)  Formula 16
=Ny, —1- RB;UVS;‘ - LrPUCCH I N J +Z,
[00242] If a PUCCH resource index focew 1S 8 to 15, that is, floor(feuces /8) = 1, an index X,
(namely, a first resource block index) of an RB corresponding to the resource #bl in the first
frequency range is:

X, = N, ~1- R ~ | (Fouccs ~8)/ Nes |+ D,

= Ngwe —1-RBoe —| (Toyeen —8)/ Nes | +(Ng, +Z, — Ngur) Formula 17

=Ng,e —1- RBg\f,fVS;t —L(rpLJCCH -8)/ Nch+ Z
[00243] In this case, an index (namely, a second resource block index) X, of an RB
corresponding to the resource #b2 in the first frequency range is:

X, = RBgﬁWS;t +L(rPUCCH —8)/Neg J"' D,

Formula 18

= RBgﬁwsgt +L(rPUCCH -8)/ NCSJ+Zl
[00244] N, is the number of resource blocks included in the first frequency range, Ngw, is
the number of resource blocks included in the second frequency range, RBgy: is the physical
resource block offset parameter, fccn IS the uplink control channel resource index, N¢s is the
number of initial cyclic shift indexes included in the initial cyclic shift index set, D, isa first sub-

offset parameter used to determine the first resource block index, D, is a second sub-offset

parameter used to determine the second resource block index, Z, is the first offset parameter,
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floor( fruccr /8) indicates rounding down a result of Toccu /8, and | (eyeey —8)/ N | indicates

rounding down a result of (feycen —8)/ Nes.

[00245] It should be noted that frequency locations of the resource #b1 and the resource #b2
are associated with a total number of RBs in the first frequency range and the first offset parameter.
[00246] Ina possible implementation, before the terminal device #1 determines the resource #b
(or the resource #bl and the resource #b2), the information transmission method may further
include: The network device determines that the resource #a (or the resource #al and the resource
#a2) corresponding to the terminal device #1 does not meet a preset condition #1. The preset
condition #1 is used to determine whether the resource #a (or the resource #al and the resource
#a2) corresponding to the terminal device #1 causes fragmentation of an available resource of
another terminal device (for example, the terminal device #1). For example, the preset condition
#1 may be that the resource #a (or the resource #al and the resource #a2) corresponding to the
terminal device #1 is located in the BWP of the terminal device #2. If the preset condition #1 is
not met, it may be understood that the BWPs of the terminal device #1 and the terminal device #2
do not overlap in frequency. In other words, there is no resource fragmentation problem.

[00247] In the foregoing information transmission method, the terminal device #1 may
determine, based on the first offset parameter and the first frequency range, that the resource #b
(or the resource #b1 and the resource #b2) falling outside the second frequency range is used to
send the uplink control information. The resource #b (or the resource #bl and the resource #b2)
falls within the first frequency range. The resource #b (or the resource #b1 and the resource #b2)
may be located at the two ends of the carrier, or may be adjacent to a resource used by the terminal
device #2 to send the uplink control information. This avoids the resource fragmentation problem.
[00248] The following further describes an information transmission method 400 in this
application with reference to FIG. 7.

[00249] The information transmission method may be further understood as follows: The
terminal device #1 may not first determine a resource #a (or a resource #al and a resource #a2),
does not need to determine an offset parameter D1 and an offset parameter D2, but only needs to
determine a resource #b based on a first frequency range, an uplink control channel resource index,
a physical resource block offset parameter, and a number of initial cyclic shift indexes included in

an initial cyclic shift index set. The resource #b falls within the first frequency range, and the
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resource #b falls outside a second frequency range. This improves a frequency hopping gain of
sending a PUCCH, reduces a limitation on resource allocation for the terminal device #2, reduces
resource fragmentation, and improves flexibility of an available resource of the terminal device #2
from a perspective of a network device.

[00250] In a possible implementation, the terminal device #1 determines, in the following
manner, frequency resource locations corresponding to a resource #b1 and a resource #b2.
[00251] If a PUCCH resource index feycen is 0 to 7, that is, floor(feucen /8) = 0, an index X,

of an RB corresponding to the resource #b1 in the first frequency range is:
X, =RB3wm +| Fouee / Nes | Formula 19

[00252] In this case, an index X, of an RB corresponding to the resource #b2 in the first

frequency range is:
X, =N, —1-RB3 —| Foyeen / Nes | Formula 20

[00253] If a PUCCH resource index feuccn IS 8 to 15, that is, floor(feuccn /8) = 1, an index X,

of an RB corresponding to the resource #b1 in the first frequency range is:
Xy = Ng,e =1- RBg\f/fi;t _L(rPUCCH -8)/ Nch Formula 21

[00254] Inthis case, an index X, of an RB in which a second hop of the PUCCH is located is:
X, =RBgym +| (Touee —8)/ N | Formula 22

[00255] N, isanumber of resource blocks included in the first frequency range, RBgy:s' is
the physical resource block offset parameter, r.uccn IS the uplink control channel resource index,

N¢s is the number of initial cyclic shift indexes included in the initial cyclic shift index set,
floor( reucen /8) indicates rounding down a result of Toycew /8, and L(rPUCCH -8)/ Nch indicates

rounding down a result of (feycen —8)/ Nes.

[00256] It should be understood that, in different frequency domain ranges, a same RB index
may indicate different frequency domain resources. For example, a resource whose RB index is 0
and that falls within the first frequency range and a resource whose RB index is 0 and that falls
with the second frequency range correspond to different frequency domain ranges.

[00257] The resource #b (or the resource #b1 and the resource #b2) determined in the foregoing
embodiment of this application can avoid a resource fragmentation problem from a perspective of

the network device, but the resource #b (or the resource #b1 and the resource #b2) may conflict
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with a resource (namely, a third frequency domain resource) that is determined by the terminal
device #2 and that is used to transmit uplink control information. To further avoid a conflict
between frequency domain resources of PUCCHs of the terminal device #1 and the terminal device
#2, and to further improve flexibility of frequency locations of a first hop and a second hop
corresponding to the frequency domain resource of the PUCCH of the terminal device #1, the
network device may further configure an offset parameter (which may be denoted as a second
offset parameter N_offset) of the resource #b (or the resource #b1 and the resource #b2) for the
terminal device #1. The terminal device #1 may further adjust a frequency location of the PUCCH
based on the second offset parameter, to avoid the resource conflict. For example, the PUCCH
resource of the terminal device #1 may be allocated, based on the second offset parameter, to a
frequency location adjacent to the PUCCH resource of the terminal device #2.

[00258] Optionally, the second offset parameter may be in a unit of RB. The second offset
parameter may be a positive value or a negative value, and the positive value and the negative
value respectively correspond to different second offset parameter directions. For example, the
positive value may indicate an offset toward a direction in which an RB index increases, that is, a
start RB in the second frequency range is greater than a start RB in the first frequency range. The
negative value may indicate an offset toward a direction in which an RB index decreases, that is,
a start RB in the second frequency range is less than a start RB in the first frequency range. 0 may
indicate that a location of a start RB in the first frequency range is aligned with a location of a start
RB in the second frequency range. For example, the positive value may indicate an offset toward
a direction in which an RB index increases, that is, a start RB in the second frequency range is less
than a start RB in the first frequency range. The negative value may indicate an offset toward a
direction in which an RB index decreases, that is, a start RB in the second frequency range is
greater than a start RB in the first frequency range. 0 may indicate that a location of a start RB in
the first frequency range is aligned with a location of a start RB in the second frequency range.
[00259] In this embodiment, the second offset parameter may be understood as a target offset
parameter indicating that a first sub-offset parameter is the same as a second sub-offset parameter.
[00260] As shown in FIG. 7, a scenario with frequency hopping is used as an example.
Locations of the resource #b1 and the resource #b2 may be adjusted based on the second offset

parameter (N_offset), and a resource #b1 and a resource #b2 obtained after location adjustment
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are respectively denoted as a resource #b11 and a resource #b22.

[00261] In a possible implementation, the terminal device #1 determines, in the following
manner, frequency resource locations corresponding to the resource #b11 and the resource #b22.
[00262] If the PUCCH resource index feycew IS 010 7, that is, floor(feuecn /8) = 0, an index X,

of an RB corresponding to the resource #b11 is:

X, =RBgwm +| Foyeen | Nes |+ N_offset Formula 23
[00263] Inthis case, an index X, of an RB corresponding to the resource #b22 is:

X, =Ng —1—RB3wa —| Foyeey / Nes |+ N_offset Formula 24
[00264] If the PUCCH resource index Tfeycen IS 8 to 15, that is, floor(feucen /8) = 1, an index
X, of an RB corresponding to the resource #b11 is:

X, =Nawe 1= RBe —| (e —8)/ Ngs |+ N _offset Formula 25
[00265] Inthis case, an index X, of an RB corresponding to the resource #b22 is:

X, =RBy +| (fuee —8)/ N |+ N_offset Formula 26
[00266] In this implementation, the target offset parameter may be understood as including the
second offset parameter.
[00267] With reference to the embodiment corresponding to FIG. 6, frequency resource
locations corresponding to the resource #b11 and the resource #b22 are determined in another
possible manner:

[00268] If the PUCCH resource index feycew IS 010 7, that is, floor(feyecn /8) = 0, an index X,

(namely, a first resource block index) of an RB corresponding to the resource #b11 is:
X, =RBw +| Fycon / Nes |+Z, +N_offset  Formula 27

[00269] In this case, an index X, (namely, a second resource block index) of an RB
corresponding to the resource #b22 is:

X, =N —1-RBm —| foycen / Nes |+2,+N_offset Formula 28
[00270]  If the PUCCH resource index Iy, is 8 to 15, that is, floor( Iy yy/8) = 1, an index
)(1 (namely, a first resource block index) of an RB corresponding to the resource #b11 is:

X, =N, —1-RBy —L(rF>UCCH -8)/ NCSJ+Z1 +N_offset Formula 29

size
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[00271] In this case, an index X, (namely, a second resource block index) of an RB

corresponding to the resource #b22 is:

X, =RBg +| (Toyecy —8)/ N |+Z, +N_offset Formula 30

[00272] N _offset is the second offset parameter, NSize is the number of resource blocks

size

included in the first frequency range, N, isanumber of resource blocks included in the second

frequency range, RB;ﬁ\Afff is the physical resource block offset parameter, Iy, is the uplink

control channel resource index, N is the number of initial cyclic shift indexes included in the
initial cyclic shift index set, 21 is a first offset parameter, floor( I, ,,/8) indicates rounding

down a result of Fyypy /8, and | (Teyeey —8)/ N | indicates rounding down a result of

(foucen —8) / N

[00273] In this implementation, the target offset parameter may be understood as including the
first offset parameter and the second offset parameter.

[00274] It should be noted that manners which the terminal device #1 determines the second
offset parameter may include the following manners:

[00275] (1) A terminal device determines the second offset parameter by receiving third
information of the network device. For example, the third information may be an SIB 1, or a field
in the SIB 1, or DCI for scheduling a PDSCH carrying the SIB 1, or a field in the DCI for
scheduling the PDSCH carrying the SIB 1, or a field in uplink control channel configuration
information PUCCH-ConfigCommon.

[00276] (2) A terminal device determines the second offset parameter in a predefined manner.
For example, the second offset parameter may be a predefined value, an integer multiple of 2, an
integer multiple of 3, or an integer multiple of 4, and a unit may be RB.

[00277] (3) Aterminal device determines the second offset parameter according to a predefined
rule, for example, determines the second offset parameter based on a frequency location (an
example of the predefined rule) that is occupied by a PUCCH resource set and that is allocated to
the terminal device #2, so that the frequency domain resource of the PUCCH of the terminal device
#1 is at the frequency location adjacent to the frequency domain resource of the PUCCH of the

terminal device #2.
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Table 2

Index | PUCCH | Start Number of | PRB offset | Initial cyclic Step of a second
format | symbol | symbols shift offset parameter
(RB)

0 0 12 2 0 {0, 3} 4

1 0 12 2 0 {0, 4, 8} 3

2 0 12 2 3 {0, 4, 8} 3

3 1 10 4 0 {0, 6} 4

4 1 10 4 0 {0, 3,6, 9} 2

5 1 10 4 2 {0, 3, 6, 9} 2

6 1 10 4 4 {0, 3, 6, 9} 2

7 1 4 10 0 {0, 6} 4

8 1 4 10 0 {0, 3, 6, 9} 2

9 1 4 10 2 {0, 3, 6, 9} 2

10 |1 4 10 4 {0, 3,6, 9} 2

1 |1 0 14 0 {0, 6} 4

12 |1 0 14 0 {0, 3, 6, 9} 2

13 1 0 14 2 {0, 3, 6, 9} 2

14 |1 0 14 4 {0, 3, 6, 9} 2

15 1 0 14 LNéiVZVeP /4J {0, 3,6, 9} 2

[00278] In the foregoing information transmission method, the terminal device #1 may

determine, based on the first frequency range, that the resource #b (or the resource #bl and the
resource #b2) is used to send the uplink control information. The resource #b (or the resource #b1
and the resource #b2) falls within the first frequency range. The resource #b (or the resource #b1l
and the resource #b2) may avoid fragmentation of an available frequency domain resource of the
terminal device #2. In the foregoing information transmission method, the terminal device #1 may
further determine the second offset parameter, and determine the resource #b11 and the resource
#b22 based on the second offset parameter, to avoid the conflict with the frequency resource of the

PUCCH of the terminal device #2. For example, a conflict between a frequency resource used by
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the terminal device #1 to send an Msg4 and a frequency resource used by the terminal device #2
to send the Msg4 can be avoided. Optionally, the second offset parameter may be used to make the
frequency resource of the PUCCH of the terminal device #1 and the frequency resource of the
PUCCH of the terminal device #2 adjacent in frequency domain.

[00279] The following further describes an information transmission method 500 in this
application with reference to FIG. 8.

[00280] In the foregoing embodiments of this application, in the scenario with frequency
hopping, the network device configures an offset parameter for one hop of frequency domain
resource of the frequency domain resource of the PUCCH of the terminal device #1, and the
terminal device #1 determines another hop of frequency domain resource of the frequency domain
resource of the PUCCH of the terminal device #1 based on the offset parameter. In another possible
implementation, the network device may alternatively respectively configure offset parameters for
two hops of frequency domain resources of the PUCCH of the terminal device #1. For example,
an offset parameter corresponding to a first hop of frequency domain resource is referred to as a
third offset parameter (which may be denoted as RB_offsetl), and an offset parameter
corresponding to a second hop of frequency domain resource is denoted as a fourth offset
parameter (which may be denoted as RB_offset2).

[00281] In this embodiment, a target offset parameter includes the third offset parameter
(corresponding to a first sub-offset parameter) and the fourth offset parameter (corresponding to a
second sub-offset parameter).

[00282] Asshown inFIG. 8, in this implementation, the terminal device #1 determines locations
of a resource #b1 and a resource #b2 based on the third offset parameter and the fourth offset
parameter that are configured by the network device. Specifically, a frequency location of the
resource #b1 corresponding to a first hop of the PUCCH of the terminal device #1 is determined
based on the third offset parameter, and a frequency location of the resource #b2 corresponding to
a second hop of the PUCCH of the terminal device #1 is determined based on the fourth offset
parameter, to avoid resource fragmentation of the terminal device #2. For example, the resource
#b1 and the resource #b2 may fall outside a maximum channel bandwidth range supported by the
terminal device #2, or the resource #b1 and the resource #b2 may be located at two ends of the

maximum channel bandwidth range supported by the terminal device #2.
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[00283] In a possible implementation, the terminal device #1 determines, in the following
manner, frequency resource locations corresponding to the resource #b1 and the resource #b2.
[00284] If a PUCCH resource index Tfeyccq 1S 0 to 7, that is, floor(feuccn /8) = 0, an index X,

of an RB corresponding to the resource #b1 in a first frequency range is:

X, =RBgys +| loucen  Nes |+N_offsetl Formula 31

[00285] In this case, an index X, of an RB corresponding to the resource #b2 in the first

frequency range is:
X, = Nawp —1-RBgwe —| Fopees / Nes |+ N_offset2 Formula 32

[00286] If a PUCCH resource index feuccn IS 8 to 15, that is, floor(feuccn /8) = 1, an index X,

of an RB corresponding to the resource #b1 in a first frequency range is:

X, =Nawp ~1-RBw —( Foyeey —8)/ N |+ N_offsetl Formula 33
[00287] Inthis case, an index X, of an RB in which the second hop of the PUCCH is located
is:

X, =RBy +| (fouee —8)/ Nes |+ N_offset2 Formula 34
[00288] N _offsetl is the third offset parameter, N _offset2 is the fourth offset parameter,
Nawe isanumber of resource blocks included in a second frequency range, RBgy: s a physical
resource block offset parameter, roycen 1S the uplink control channel resource index, N¢s is a

number of initial cyclic shift indexes included in an initial cyclic shift index set, floor(feycch /8)
indicates rounding down a result of fuycc /8, and |_(r,,uccH -8)/ Nch indicates rounding down a

result of (feycen —8)/ Nes .

[00289] It should be noted that the third offset parameter and the fourth offset parameter may
be positive values or negative values. The positive value and the negative value respectively
correspond to different frequency domain movement directions. For example, the positive value
may indicate an offset toward a direction in which an RB index increases, and a negative value
may indicate an offset toward a direction in which an RB index decreases. Optionally, the third
offset parameter and the fourth offset parameter may be in a unit of RB.

[00290] It should be further noted that ranges of the third offset parameter and the fourth offset
parameter are related to the first frequency range. For example, if the first frequency range is a

carrier, that units of the third offset parameter and the fourth offset parameter are RBs is used as
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an example. The ranges of the third offset parameter and the fourth offset parameter are integers
whose values are 0 to 274.

[00291] Ina possible implementation, configuration of the third offset parameter and the fourth
offset parameter is associated with uplink control channel configuration information PUCCH-
ConfigCommon. Each PUCCH resource set corresponds to configuration of a group of third offset

parameters and fourth offset parameters. A possible structure includes at least the following content:

PUCCH-ConfigCommon ::= SEQUENCE {
pucch-ResourceCommon INTEGER (0..15)
pucch-GroupHopping ENUMERATED{neither,enable,disable}
hoppingld INTEGER (0..1023)
p0-nominal INTEGER (-202..24)
N_offsetl INTEGER (0...274)
N_offset2 INTEGER (0...274)
}

[00292] Ina possible implementation, configuration of the third offset parameter and the fourth
offset parameter is associated with configuration of a PUCCH resource set. Each resource set
corresponds to configuration of a group of third offset parameters and fourth offset parameters.
Possible association is as follows:

[00293] Inthe foregoing information transmission method, the network device may indicate the
third offset parameter and the fourth offset parameter. The network device may flexibly adjust the
frequency locations (namely, the resource #b1 and the resource #b2) of the first hop and the second
hop of the PUCCH of the terminal device #1 based on the third offset parameter and the fourth
offset parameter. Correspondingly, the terminal device #1 may respectively determine frequency
domain locations of the resource #b1 and the resource #b2 in the scenario with frequency hopping
based on the third offset parameter and the fourth offset parameter, to avoid fragmentation of an
available frequency domain resource of the terminal device #2.

[00294] To resolve a resource fragment problem, in this application, the first hop of frequency
domain resource and/or the second hop of frequency domain resource of the PUCCH resource of

the terminal device #1 fall/falls outside a maximum channel bandwidth supported by the terminal
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device #1 (that is, outside a BWP). Therefore, the terminal device #1 needs to perform frequency
tuning (retuning) to send the first hop of the PUCCH and/or the second hop of the PUCCH. It may
be understood that an interval of at least retuning time (for example, the retuning time is 140
microseconds) is needed between the first hop of frequency domain resource and the second hop
of frequency domain resource of the PUCCH resource of the terminal device #1. As a result, a
plurality of symbols of the first hop of PUCCH resource and/or the second hop of PUCCH resource
may need to be occupied for frequency tuning, and transmission performance of the terminal
device # 1 deteriorates. In this case, orthogonality of the PUCCH resource is further damaged, and
interference to another terminal device may be caused.

[00295] The following further describes the information transmission method in this application
for the foregoing problem of whether frequency tuning is performed between the first hop and the
second hop of PUCCH transmission.

[00296] In a possible implementation, the terminal device #1 supports frequency hopping
outside a BWP in which the terminal device #1 operates only when a subcarrier spacing (subcarrier
spacing, SCS) (which may be denoted as S) and a PUCCH length (which may be denoted as L)
meet a preset condition #2. In other words, the terminal device #1 performs only frequency
hopping within the BWP in which the terminal device #1 operates.

[00297] It should be noted that whether the subcarrier spacing S and the PUCCH length L meet
the preset condition #2 may be determined by the network device, or may be determined by the
terminal device (for example, the terminal device #1). This is not limited in this application.
[00298] By way of example and not limitation, the preset condition #2 may be that L and/or S
meet/meets at least one of the following conditions:

[00299] (1) A minimum value of L is greater than or equal to 4.

[00300] (2) A minimum value of L is determined based on S.

[00301] (3) A value of L falls within a first value range, the PUCCH is transmitted without
frequency hopping, or the PUCCH is transmitted with frequency hopping, and frequency tuning is
not needed between two adjacent hops of transmission with frequency hopping.

[00302] (4) A value of L falls within a second value range, the PUCCH is transmitted with
frequency hopping, and frequency tuning is needed between two adjacent hops of transmission

with frequency hopping.
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[00303] (5) A value of S falls within a third value range, the PUCCH is transmitted without
frequency hopping, or the PUCCH is transmitted with frequency hopping, and frequency tuning is
not needed between two adjacent hops of transmission with frequency hopping.

[00304] (6) A value of S falls within a fourth value range, the PUCCH can be transmitted with
frequency hopping, and frequency tuning is needed between two adjacent hops of transmission
with frequency hopping.

[00305] Ifthe condition (1) is met, two hops of PUCCH transmission sent by the terminal device
fall outside the second frequency range. For example, when L = 10, the two hops of PUCCH
transmission sent by the terminal device fall outside the second frequency range.

[00306] If the condition (2) is met, two hops of PUCCH transmission sent by the terminal device
fall outside the second frequency range or within the second frequency range. For example, when
S =15 kHz, a minimum value of L is 10, to be specific, the two hops of PUCCH transmission sent
by the terminal device fall outside the second frequency range. For example, when S = 30 kHz, a
minimum value of L is 14, to be specific, the two hops of PUCCH transmission sent by the terminal
device fall outside the second frequency range. For example, when S = 60 kHz, the PUCCH sent
by the terminal device is transmitted without frequency hopping, or the PUCCH is transmitted
with frequency hopping, and two adjacent hops of transmission with frequency hopping fall within
the second frequency range.

[00307] If the condition (3) is met, the PUCCH sent by the terminal device is transmitted
without frequency hopping, or is transmitted with frequency hopping, and two hops fall within the
second frequency range. The first value range may be that L is less than or equal to 4.

[00308] If the condition (4) is met, two hops of PUCCH transmission sent by the terminal device
fall outside the second frequency range. The second value range may be that L is greater than 4,
or L is greater than or equal to 10.

[00309] If the condition (5) is met, a PUCCH sent by the terminal device is transmitted without
frequency hopping, or is transmitted with frequency hopping, and two hops fall within the second
frequency range. The third value range may be that S is greater than or equal to 60 kHz, or S is
greater than 30 kHz.

[00310] Ifthe condition (6) is met, two hops of PUCCH transmission sent by the terminal device

fall outside the second frequency range. The fourth value range may be that S is less than or equal
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to 30 kHz.

[00311] The conditions (1) to (6) may be combined with each other. For example, the condition
(3) may be used together with the condition (5), to be specific, when the value of L falls within the
first value range and S falls within the third value range, the PUCCH is transmitted without
frequency hopping, or the PUCCH is transmitted with frequency hopping, frequency tuning is not
needed between two adjacent hops of transmission with frequency hopping. For example, the
condition (4) may be used together with the condition (6), to be specific, when the value of L falls
within the second value range and S falls within the fourth value range, the PUCCH can be
transmitted with frequency hopping, and frequency tuning is needed between two adjacent hops
of transmission with frequency hopping.

[00312] In a possible implementation, the network device may send second information to the
terminal device. The second information may indicate whether uplink control information of the
terminal device is transmitted with frequency hopping. Optionally, if the second information
indicates that the uplink control information of the terminal device is transmitted with frequency
hopping, the second information may further indicate whether frequency tuning needs to be
performed for transmission with frequency hopping of the uplink control information. In other
words, the second information may further indicate that the uplink control information is
transmitted with frequency hopping within the second frequency range, or the uplink control
information is transmitted with frequency hopping outside the second frequency range.

[00313] In a possible implementation, the terminal device #1 supports frequency hopping
outside an initial uplink BWP of the terminal device #1 only when a subcarrier spacing (subcarrier
spacing, SCS) (which may be denoted as S) and a PUCCH length (which may be denoted as L)
meet a preset condition #2 (namely, a first preset condition). In other words, the terminal device
#1 does not perform frequency hopping or performs only frequency hopping within the initial
uplink BWP of the terminal device #1.

[00314] By way of example and not limitation, the preset condition #2 may be that (1) SCS =
15 kHz, and a number of symbols of the PUCCH is 2 or 4, or may be that (2) SCS = 30 kHz or 60
kHz, and a number of symbols of the PUCCH is 2, 4, or 10, or may be that (3) the SCS is greater
than 60 kHz.

[00315] If the foregoing implementation is used, PUCCH resource sets corresponding to some
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indexes in an existing PUCCH resource set configuration table (for example, Table 1) are
unavailable for the terminal device #1. For example, PUCCH resource sets corresponding to
indexes 0 to 6 in Table 1 cannot be used as frequency hopping resources of the PUCCH. For the
terminal device #1, different time domain configuration may be used for resources in the PUCCH
resource sets corresponding to these indexes.

[00316] Table 3 shows possible reconfiguration of Table 1. Reconfiguration of rows in which
numbers of symbols of the PUCCH are 2 and 4 in Table 1 may be as follows: in a first PUCCH
resource set, corresponding indexes in Table 3 are 0, 1, and 2, the PUCCH of the terminal device
#1 is transmitted within a first time interval, and the first hop and the second hop of the PUCCH
may fall outside the BWP; and in a second PUCCH resource set, corresponding indexes in Table
3are 3, 4,5, and 6, the PUCCH is transmitted within a second time interval, and the first hop and
the second hop of the PUCCH may fall outside the BWP. Duration of the first time interval is
different from duration of the second time interval. For example, the first time interval may be 1.5
slots or a number of symbols corresponding to the 1.5 slots, and the second time interval may be
two slots or a number of symbols corresponding to the two slots. The first time interval and the
second time interval may not be reflected in the table, that is, are determined in a predefined
manner. For example, L = 10 corresponds to the first time interval, and L = 14 corresponds to the
second time interval. The first time interval and the second time interval can ensure that there is
sufficient time between the first hop and the second hop for frequency tuning. The network device
may indicate, based on fourth information, whether the terminal device performs frequency
hopping, and/or indicate, based on fifth information, whether the terminal device performs
frequency hopping within or outside the BWP. For example, the fourth information and the fifth
information each may be an MIB, an SIB 1, DCI for scheduling a PDSCH carrying the SIB 1,
RRC signaling, or DCI.

[00317] Inanimplementation, the network device may indicate, based on X" information (1 bit
or a plurality of bits), that the terminal device applies Table 1 or Table 3. The X™ information may

be an MIB, an SIB 1, DCI for scheduling a PDSCH carrying the SIB 1, RRC signaling, or DCI.
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Table 3

Index | PUCCH Start Number of symbols PRB offset | Initial cyclic
format symbol shift

0 0 4 10, and within a first time | 0 {0, 3}
interval

1 0 4 10, and within a first time 0 {0, 4, 8}
interval

2 0 4 10, and within a first time 3 {0, 4, 8}
interval

3 1 0 14, and within a second 0 {0, 6}
time interval

4 1 0 14, and within a second 0 {0, 3,6, 9}
time interval

5 1 0 14, and within a second 2 {0, 3, 6, 9}
time interval

6 1 0 14, and within a second 4 {0, 3,6, 9}
time interval

7 1 4 10 0 {0, 6}

8 1 4 10 0 {0, 3,6, 9}

9 1 4 10 2 {0, 3,6, 9}

10 1 4 10 4 {0, 3,6, 9}

11 1 0 14 0 {0, 6}

12 1 0 14 0 {0, 3,6, 9}

13 |1 0 14 2 {0, 3,6, 9}

14 |1 0 14 4 {0, 3,6, 9}

15 |1 0 14 | Ngie /4] [{0.3,6,9}

[00318] In the foregoing embodiment, the terminal device #1 performs frequency hopping

outside the initial uplink BWP of the terminal device #1 only when the subcarrier spacing and the

5 PUCCH length meet the preset condition #2. When the subcarrier spacing and the PUCCH length
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do not meet the preset condition #2, the terminal device #1 does not perform frequency hopping
outside the initial uplink BWP of the terminal device #1, or the terminal device #1 performs only
frequency hopping within the initial uplink BWP of the terminal device #1. This reduces impact
of re-adjustment time on performance of a short PUCCH corresponding to the terminal device #1.
[00319] Itshould be noted that in the foregoing embodiments of this application, in the scenario
with frequency hopping, both the first hop (corresponding to the resource #b1, the resource b#11,
or the first sub-frequency domain resource) and the second hop (corresponding to the resource #b2,
the resource b#22, or the second sub-frequency domain resource) may fall outside the second
frequency range. Alternatively, the first hop may fall within the second frequency range, and the
second hop may fall outside the second frequency range. Alternatively, the first hop may fall
outside the second frequency range, and the second hop may fall within the second frequency
range. Specific locations of the first hop and the second hop are not limited in this application,
provided that a limitation on resource scheduling of a network side can be reduced and flexibility
of resource configuration can be improved.

[00320] It should be further noted that an example in which an RB is a unit of the PUCCH
resource is used for description in this embodiment of this application, and should not constitute a
limitation on this application. Actually, an RE, a subcarrier, or the like may alternatively be used
as a unit of the PUCCH resource. This is not limited in this application.

[00321] It should be understood that the frequency domain resource and the frequency resource
in the foregoing embodiments have a same meaning in this application.

[00322] It should be further noted that the terminal device in an initial access state is used as an
example for description in embodiments of this application, and should not constitute a limitation
on this application. Actually, embodiments of this application are not only applicable to PUCCH
resource allocation of the terminal device in the initial access state, but also applicable to PUCCH
resource allocation of the terminal device in a connected state.

[00323] It should be understood that specific examples in embodiments of this application are
merely intended to help a person skilled in the art better understand embodiments of this
application, but are not intended to limit the scope of embodiments of this application.

[00324] It should be further understood that a value of a sequence number of each of the

foregoing processes does not mean an order of an execution sequence. The execution sequence of
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each process should be determined based on a function and internal logic of each process, and
should not be construed as any limitation on the implementation processes of embodiments of this
application.

[00325] It should be further understood that in embodiments of this application, unless
otherwise stated or there is a logic conflict, terms and/or descriptions in different embodiments are
consistent and may be mutually referenced, and technical features in different embodiments may
be combined based on an internal logical relationship thereof, to form a new embodiment.
[00326] It should be further noted that in embodiments of this application, "preset",
"preconfiguration”, or the like may be implemented by pre-storing corresponding code or a table
in a device (for example, a network device), or in another manner that may be used to indicate
related information. A specific implementation of the “preset"”, the "preconfiguration™ or the like
is not limited in this application. For example, the specific implementation is a preset rule or a
preset constant in embodiments of this application.

[00327] It may be understood that, in the foregoing embodiments of this application, the
methods implemented by a communication device may alternatively be implemented by a
component (for example, a chip or a circuit) that can be disposed inside the communication device.
[00328] The foregoing describes in detail the information transmission methods provided in
embodiments of this application with reference to FIG. 5 and FIG. 8. The foregoing methods are
mainly described from a perspective of interaction between the terminal device and the network
device. It may be understood that, to implement the foregoing functions, the terminal device and
the network device include corresponding hardware structures and/or software modules for
performing the functions. A person skilled in the art may be aware that, in combination with units
and algorithm steps of the examples described in embodiments disclosed in this specification, this
application can be implemented by hardware or a combination of hardware and computer software.
Whether a function is performed by hardware or hardware driven by computer software depends
on particular applications and design constraints 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.
[00329] Based on a same technical concept, this application further provides a corresponding

communication apparatus. The communication apparatus provided in this application may include

71



10

15

20

25

30

modules or units that are in one-to-one correspondence with the methods/operations/steps/actions
in the foregoing method embodiments. The unit may be implemented by a hardware circuit,
software, or a combination of a hardware circuit and software. The following describes
communication apparatuses provided in this application with reference to FIG. 9 to FIG. 11. It
should be understood that descriptions of apparatus embodiments correspond to the descriptions
of the method embodiments. Therefore, for content that is not described in detail, refer to the
foregoing method embodiments. For brevity, some content is not described again.

[00330] Inembodiments of this application, division into functional modules may be performed
on a transmit end device or a receive end device based on the foregoing method examples. For
example, various functional modules may be divided based on corresponding functions, or two or
more functions may be integrated into one processing module. The integrated module may be
implemented in a form of hardware, or may be implemented in a form of a software functional
module. It should be noted that, in embodiments of this application, division into modules is an
example, and is merely a logical function division. In actual implementation, another division
manner may be used. An example in which each functional module is obtained through division
based on each corresponding function is used below for description.

[00331] FIG. 9 is a schematic diagram of a structure of an information transmission apparatus
600. The communication apparatus includes a processing unit 610 and a transceiver unit 620.
[00332] The information transmission apparatus 600 may be applied to a network device, or
may be applied to a terminal device, or may be a chip configured to implement functions of the
network device or the terminal device in the foregoing method embodiments. This is not limited
in this application.

[00333] It should be understood that the communication apparatus 600 may be a device
corresponding to each of the method 200 to the method 500 in embodiments of this application.
The communication apparatus 600 may include units configured to perform any one of the
information transmission methods in FIG. 5 to FIG. 8. In addition, the units in the communication
apparatus 600 and the foregoing other operations and/or functions respectively implement
corresponding procedures of the method 200 to the method 500 in FIG. 5 to FIG. 8.

[00334] Ina possible design, the communication apparatus 600 may implement any function of

the terminal device and/or the network device in the embodiment shown in any one of FIG. 5 to
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FIG. 8.

[00335] For example, the processing unit 610 is configured to determine, by using the terminal
device, a target offset parameter, an uplink control channel resource index, a physical resource
block offset parameter, and a number of initial cyclic shift indexes included in an initial cyclic shift
index set.

[00336] The processing unit 610 is further configured to determine, by using the terminal device,
a resource block index based on the target offset parameter, the uplink control channel resource
index, the physical resource block offset parameter, and the number of initial cyclic shift indexes
included in the initial cyclic shift index set.

[00337] The processing unit 610 is further configured to determine, by using the terminal device
based on the target offset parameter, the uplink control channel resource index, the physical
resource block offset parameter, and the number of initial cyclic shift indexes included in the initial
cyclic shift index set, a first resource block index corresponding to a p™" hop of transmission with
frequency hopping of uplink control information, where p is a positive integer.

[00338] The processing unit 610 is further configured to determine, by using the terminal device
based on the target offset parameter, the uplink control channel resource index, the physical
resource block offset parameter, the number of initial cyclic shift indexes included in the initial
cyclic shift index set, and a first frequency range, a second resource block index corresponding to
a g™ hop of transmission with frequency hopping of uplink control channel data, where q is a
positive integer. A resource associated with the resource block index falls within the first frequency
range.

[00339] In a possible implementation, the target offset parameter includes a first sub-offset
parameter and a second sub-offset parameter.

[00340] The processing unit 610 is further configured to determine, by using the terminal device,
the first resource block index based on the first sub-offset parameter.

[00341] The processing unit 610 is further configured to determine, by using the terminal device,
the second resource block index based on the second sub-offset parameter.

[00342] The processing unit 610 is further configured to determine the first resource block index
based on the following correspondence among the target offset parameter, the uplink control

channel resource index, the physical resource block offset parameter, and the number of initial
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X, = RB;C\/SS +LrPUCCH / NCSJ+ D, or
X1 = RB;&? +|_rPUCCH / NCSJ+ Dl-
[00343] X, is the first resource block index, RBwe is the physical resource block offset

parameter, I, is the uplink control channel resource index, N is the number of initial
cyclic shift indexes included in the initial cyclic shift index set, D is the target offset parameter,

D, is the first sub-offset parameter used to determine the first resource block index, and

LFPUCCH / Nch indicates rounding down a result of I, / N

[00344] The processing unit 610 is further configured to determine the second resource block
index based on the following correspondence among the target offset parameter, the uplink control
channel resource index, the physical resource block offset parameter, and the number of initial

cyclic shift indexes included in the initial cyclic shift index set:

Xy =Ny, —1- Rng\f;t _LrPUCCH /Nch+ D,or

X, = N;i\fvep -1- RB;$S _LrPUCCH / Nch+ D, or
Xz = NESiiVZ\fP -1- RB;I/fvsgt _I_rPUCCH / Nch"' Dz-

[00345] X, is the second resource block index, N, is a number of resource blocks included

in the first frequency range, Ngi\f\‘fp is a number of resource blocks included in a second frequency

range, the second frequency range is less than or equal to a maximum channel bandwidth supported

offset

by the terminal device, RBg,, is the physical resource block offset parameter, Iy, is the
uplink control channel resource index, N is the number of initial cyclic shift indexes included
in the initial cyclic shift index set, D is the target offset parameter, D, is the second sub-offset
parameter used to determine the second resource block index, and LrPUCCH/ Nch indicates

rounding down a result of Toyeey / N -

[00346] The processing unit 610 is further configured to determine, by using the terminal device,

the target offset parameter based on a first location and a second location. The first location is a
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location of a y™ resource block index in the first frequency range. The second location is a location
of a resource block whose resource block index is z and that falls within the second frequency
range. y and z are non-negative integers. The first frequency range is greater than the maximum
channel bandwidth supported by the terminal device. The second frequency range is less than or
equal to the maximum channel bandwidth supported by the terminal device.

[00347] The processing unit 610 is further configured to determine, by using the terminal device,
the target offset parameter based on first information.

[00348] The processing unit 610 is further configured to determine, by using the terminal device,
the target offset parameter based on a predefined parameter.

[00349] The processing unit 610 is further configured to determine, by using the terminal device,
the target offset parameter according to a predefined rule.

[00350] The processing unit 610 is further configured to send, by using the terminal device
without frequency hopping, the uplink control information on the resource associated with the
resource block index.

[00351] The processing unit 610 is further configured to determine, by using the terminal device,
that a subcarrier spacing S corresponding to the terminal device and a number L of symbols of an
uplink control channel resource meet a first preset condition.

[00352] The transceiver unit 620 is configured to send, by using the terminal device on the
resource associated with the resource block index, the uplink control information to the network
device.

[00353] The transceiver unit 620 is further configured to receive, by using the terminal device,
the first information from the network device.

[00354] The transceiver unit 620 is further configured to receive, by using the terminal device,
first configuration information from the network device. The first configuration information
indicates a first terminal device to send the uplink control information by using at least one first
frequency domain resource. The first frequency domain resource falls within the first frequency
range.

[00355] The transceiver unit 620 is further configured to receive, by using the terminal device,
second configuration information from the network device. The second configuration information

indicates a second frequency range allocated by the network device to the first terminal device.
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The second frequency range includes at least one second frequency domain resource. The second
frequency domain resource is used by the first terminal device to send the uplink control
information. The second frequency domain resource further falls within a third frequency domain
range allocated by the network device to a second terminal device. It should be noted that the first
frequency domain resource falls outside the third frequency domain range. Alternatively, the first
frequency domain resource is located at an edge part of the third frequency domain range.
[00356] For another example, the processing unit 610 is configured to determine a number L of
symbols and/or a subcarrier spacing S that are/is used to send uplink control information.

[00357] The processing unit 610 is further configured to determine that L and/or S meet/meets
at least one of the following conditions: A minimum value of L is greater than or equal to 4. A
minimum value of L is determined based on S. A value of L falls within a first value range, an
uplink control channel is transmitted without frequency hopping within the first value range, or
the uplink control channel is transmitted with frequency hopping within the first value range, and
frequency tuning is not needed between two adjacent hops of transmission with frequency hopping.
A value of L falls within a second value range, an uplink control channel is transmitted with
frequency hopping within the second value range, and frequency tuning is needed between two
adjacent hops of transmission with frequency hopping. A value of S falls within a third value range,
an uplink control channel is transmitted without frequency hopping within the third value range,
or the uplink control channel is transmitted with frequency hopping within the third value range,
and frequency tuning is not needed between two adjacent hops of transmission with frequency
hopping. A value of S falls within a fourth value range, an uplink control channel can be transmitted
with frequency hopping within the fourth value range, and frequency tuning is needed between
two adjacent hops of transmission with frequency hopping.

[00358] The transceiver unit 620 is configured to send or receive the uplink control information.
[00359] The transceiver unit 620 is further configured to send or receive first information.
[00360] The transceiver unit 620 is further configured to send or receive first configuration
information.

[00361] The transceiver unit 620 is further configured to send or receive second configuration
information.

[00362] For another example, the transceiver unit 620 is configured to send, by using the
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network device, first information to the terminal device. The first information is used by the
terminal device to determine a resource block index. The first information further indicates a target
offset parameter, an uplink control channel resource index, a physical resource block offset
parameter, and a number of initial cyclic shift indexes included in an initial cyclic shift index set.

[00363] The transceiver unit 620 is further configured to receive, by using the network device
on a resource associated with the resource block index, uplink control information sent by the
terminal device.

[00364] In a possible implementation, the target offset parameter includes a first sub-offset
parameter and a second sub-offset parameter. The resource block index includes a first resource
block index and a second resource block index. The first sub-offset parameter is used to determine
the first resource block index. The second sub-offset parameter is used to determine the second
resource block index.

[00365] It should be noted that, that the first information indicates the target offset parameter
includes: The first information indicates a first location and a second location. The first location
and the second location are used to determine the target offset parameter. The first location is a
location of a y™ resource block index in a first frequency range. The second location is a location
of a resource block whose resource block index is z and that falls within a second frequency range.
y and z are non-negative integers. The first frequency range is greater than a maximum channel
bandwidth supported by the terminal device. The second frequency range is less than or equal to
the maximum channel bandwidth supported by the terminal device. Alternatively, the first
information includes the target offset parameter. Alternatively, the first information includes a
predefined parameter, and the predefined parameter is used to determine the target offset parameter.
Alternatively, the first information includes a predefined rule, and the predefined rule is used to
determine the target offset parameter. Optionally, a value of the target offset parameter is an integer
less than 0. Alternatively, a value of the target offset parameter is an integer multiple of K, where
K=2,3, or4.

[00366] The transceiver unit 620 is further configured to receive, by using the network device
without frequency hopping on the resource associated with the resource block index, the uplink
control information sent by the terminal device.

[00367] The processing unit 610 is configured to determine, by using the network device, that
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a subcarrier spacing S corresponding to the terminal device and a number L of symbols of an
uplink control channel resource meet a first preset condition.

[00368] FIG. 10 is a structural block diagram of an information transmission apparatus 700
according to an embodiment of this application. The information transmission apparatus 700
shown in FIG. 10 includes a processor 710, a memory 720, and a communication interface 730.
The processor 710 is coupled to a memory, and is configured to execute instructions stored in the
memory, to control the communication interface 730 to send a signal and/or receive a signal.
[00369] It should be understood that the processor 710 and the memory 720 may be integrated
into one processing apparatus. The processor 710 is configured to execute program code stored in
the memory 720 to implement the foregoing functions. During specific implementation, the
memory 720 may alternatively be integrated into the processor 710, or may be independent of the
processor 710.

[00370] The information transmission apparatus 700 may be applied to a network device, or
may be applied to a terminal device, or may be a chip configured to implement functions of the
network device or the terminal device in the foregoing method embodiments. This is not limited
in this application.

[00371] Specifically, the communication apparatus 700 may correspond to the terminal device
or the network device corresponding to the communication methods in FIG. 5 to FIG. 8 in
embodiments of this application. The communication apparatus 700 may include units configured
to perform the communication methods in FIG. 5 to FIG. 8. In addition, the units in the
communication apparatus 700 and the foregoing other operations and/or functions are respectively
used to perform corresponding procedures of the method 200 to the method 500. It should be
understood that a specific process in which the units perform the foregoing corresponding steps is
described in detail in the foregoing method embodiments, and for brevity, details are not described
herein.

[00372] When the communication apparatus 700 is a chip, the chip includes a transceiver unit
and a processing unit. The transceiver unit may be an input/output circuit or a communication
interface. The processing unit may be a processor, a microprocessor, or an integrated circuit that
IS integrated on the chip.

[00373] An embodiment of this application further provides a processing apparatus, including
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a processor and an interface. The processor may be configured to perform any method in the
foregoing method embodiments.

[00374] It should be understood that the processing apparatus may be a chip. For example, the
processing apparatus may be a field programmable gate array (field programmable gate array,
FPGA), an application-specific integrated chip (application specific integrated circuit, ASIC), a
system on chip (system on chip, SoC), a central processing unit (central processing unit, CPU), a
network processor (network processor, NP), a digital signal processing circuit (digital signal
processor, DSP), a micro controller unit (micro controller unit, MCU), a programmable controller
(programmable logic device, PLD), or another integrated chip.

[00375] Inanimplementation process, the steps in the foregoing methods may be completed by
using a hardware integrated logical circuit in the processor, or by using instructions in a form of
software. The steps of the methods disclosed with reference to embodiments of this application
may be directly performed and completed by a hardware processor, or may be performed and
completed by using a combination of hardware in the processor and a software module. The
software module may be located in a mature storage medium in the art, such as a random access
memory, a flash memory, a read-only memory, a programmable read-only memory, an electrically
erasable programmable memory, or a register. The storage medium is located in the memory, and
the processor reads information in the memory and completes the steps in the foregoing methods
in combination with hardware of the processor. To avoid repetition, details are not described herein
again.

[00376] It should be noted that, the processor in embodiments of this application may be an
integrated circuit chip, and has a signal processing capability. In an implementation process, the
steps in the foregoing method embodiments may be completed by using a hardware integrated
logic circuit in the processor, or by using instructions in a form of software. The processor may be
a general-purpose processor, a digital signal processor (DSP), an application-specific integrated
circuit (ASIC), a field programmable gate array (FPGA) or another programmable logic device, a
discrete gate or a transistor logic device, or a discrete hardware component. The processor may
implement or perform the methods, the steps, and the logical block diagrams that are disclosed in
embodiments of this application. The general-purpose processor may be a microprocessor, or the

processor may be any conventional processor or the like. The steps of the methods disclosed with
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reference to embodiments of this application may be directly performed and completed by a
hardware decoding processor, or may be performed and completed by using a combination of
hardware and software modules in the decoding processor. The software module may be located
in a mature storage medium in the art, such as a random access memory, a flash memory, a read-
only memory, a programmable read-only memory, an electrically erasable programmable memory,
or a register. The storage medium is located in the memory, and the processor reads information
in the memory and completes the steps in the foregoing methods in combination with hardware of
the processor.

[00377] It may be understood that the memory in embodiments of this application may be a
volatile memory or a nonvolatile memory, or may include both a volatile memory and a nonvolatile
memory. The non-volatile memory may be a read-only memory (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 EPROM, EEPROM), or a flash memory. The volatile memory may be a
random access memory (random access memory, RAM), and is used as an external cache. By way
of example but not limitative description, many forms of RAMs 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 synchronous link dynamic random access memory (synchlink DRAM, SLDRAM),
and a direct rambus random access memory (direct rambus RAM, DR RAM). It should be noted
that the memories in the systems and methods described in this specification include but are not
limited to these memories and any memory of another proper type.

[00378] According to the methods provided in embodiments of this application, this application
further provides a computer program product. The computer program product includes computer
program code. When the computer program code is run on a computer, the computer is enabled to
perform the method in either of the embodiments shown in FIG. 5 and FIG. 8.

[00379] Asshown in FIG. 11, an embodiment of this application further provides an apparatus

800. The apparatus 800 may be configured to implement functions of the communication apparatus
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in the foregoing methods. The apparatus 800 may be a communication apparatus or a chip in the
communication apparatus. The communication apparatus includes:

at least one input/output interface 810 and a logic circuit 820, where the input/output
interface 810 may be an input/output circuit, or may be referred to as a communication interface.
The logic circuit 820 may be a signal processor, a chip, or another integrated circuit that can
implement the methods in this application.
[00380] The at least one input/output interface 810 is configured to input or output information.
For example, when the apparatus is a communication apparatus corresponding to a terminal device
or is used in the communication apparatus corresponding to the terminal device, the input/output
interface 810 is configured to obtain first information, first configuration information, or second
configuration information, and the input/output interface 810 is further configured to send uplink
control information.
[00381] The logic circuit 820 is configured to perform a part or all of the steps in any one of the
methods provided in embodiments of this application. The logic circuit may implement the
functions implemented by the processing unit 610 in the communication apparatus 600 and the
processor 710 in the communication apparatus 700. For example, when the apparatus is the
communication apparatus or is applied to the communication apparatus, the apparatus is
configured to perform the steps performed by the communication apparatus in the possible
implementations in the foregoing method embodiments. For example, the logic circuit 820 is
configured to determine, with reference to various possible implementations in the foregoing
method embodiments, a target offset parameter, an uplink control channel resource index, a
physical resource block offset parameter, and a number of initial cyclic shift indexes included in
an initial cyclic shift index set. For another example, the logic circuit 820 is configured to
determine, with reference to various possible implementations in the foregoing method
embodiments based on the target offset parameter, the uplink control channel resource index, the
physical resource block offset parameter, and the number of initial cyclic shift indexes included in
the initial cyclic shift index set, a resource block index for uplink control channel transmission.
[00382] When the communication apparatus is a chip applied to the communication apparatus,
the chip implements functions of the communication apparatus in the foregoing method

embodiments. The chip receives information from another module (for example, a radio frequency
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module or an antenna) in the communication apparatus. Alternatively, the chip sends information
to another module (for example, a radio frequency module or an antenna) in the communication
apparatus.

[00383] According to the communication method provided in embodiments of this application,
this application further provides a computer program product. The computer program product
includes a computer program or instructions. When the computer program or the instructions is/are
run on a computer, any communication method in either of the embodiments shown in FIG. 5 and
FIG. 8 is performed.

[00384] According to the methods provided in embodiments of this application, this application
further provides a computer-readable medium. The computer-readable medium stores program
code. When the program code is run on a computer, the computer is enabled to perform the method
in either of the embodiments shown in FIG. 5 and FIG. 8.

[00385] According to the methods provided in embodiments of this application, this application
further provides a system. The system includes the foregoing apparatus or device.

[00386] All orapart of the foregoing embodiments may be implemented by software, hardware,
firmware, or any combination thereof. When software is used to implement embodiments, all or a
part of the embodiments may be implemented in a form of a computer program product. The
computer program product includes one or more computer instructions. When the computer
instructions are loaded and executed on a computer, the procedures or functions according to
embodiments of this application are all or partially generated. The computer may be a general-
purpose computer, a dedicated computer, a computer network, or another programmable apparatus.
The computer instructions may be stored in a computer-readable storage medium or may be
transmitted from a computer-readable storage medium to another computer-readable storage
medium. For example, the computer instructions may be transmitted from a website, computer,
server, or data center to another website, computer, server, or data center in a wired (for example,
a coaxial cable, an optical fiber, or a digital subscriber line (digital subscriber line, DSL)) or
wireless (for example, infrared, radio, or microwave) manner. The computer-readable storage
medium may be any usable medium accessible by the computer, or a data storage device, for
example, a server or a data center, integrating one or more usable media. The usable medium may

be a magnetic medium (for example, a floppy disk, a hard disk drive, or a magnetic tape), an optical
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medium (for example, a high-density digital video disc (digital video disc, DVD)), a
semiconductor medium (for example, a solid-state drive (solid state disc, SSD)), or the like.
[00387] The network device and the terminal device in the foregoing apparatus embodiments
correspond to the network device or the terminal device in the method embodiments. A
corresponding module or unit performs a corresponding step. For example, a communication unit
(or a communication interface) performs a receiving step or a sending step in the method
embodiments, and the processing unit 610 (or a processor) may perform a step other than the
sending step and the receiving step. For a function of a specific unit, refer to a corresponding
method embodiment. There may be one or more processors.

[00388] The terms such as "component”, "module™, and "system" used in this specification are
used to indicate computer-related entities, hardware, firmware, combinations of hardware and
software, software, or software being executed. For example, a component may be, but is not
limited to, a process that runs on a processor, a processor, an object, an executable file, an execution
thread, a program, and/or a computer. As shown in the figures, both a computing device and an
application that runs on the computing device may be components. One or more components may
reside within a process and/or a thread of execution, and a component may be located on one
computer and/or distributed between two or more computers. In addition, these components may
be executed from various computer-readable media that store various data structures. For example,
the components may communicate by using a local and/or remote process and based on, for
example, a signal having one or more data packets (for example, data from two components
interacting with another component in a local system, a distributed system, and/or across a network
such as the Internet interacting with other systems by using the signal).

[00389] It should also be understood that the term “and/or" in this specification describes only
an association relationship for describing associated objects and represents that three relationships
may exist. For example, A and/or B may represent the following three cases: Only A exists, both
A and B exist, and only B exists. In addition, the character "/" in this specification generally
indicates an "or" relationship between the associated objects.

[00390] It should be further understood that numbers "first”, "second™, "#a", "#b", "#1", "#2",
and the like are introduced in embodiments of this application only to distinguish between different

objects, for example, distinguish between different "configuration information”, "terminal
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devices", "preset conditions"”, "offset parameters", or the like. Understanding of a specific object
and a correspondence between different objects should be determined based on functions and
internal logic of the objects, and should not constitute any limitation on implementation processes
of embodiments of this application.

[00391] A person of ordinary skill in the art may be aware that, in combination with the
examples described in embodiments disclosed in this specification, units and algorithm steps may
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 constraints 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.
[00392] It may be clearly understood by a person skilled in the art that, for the purpose of
convenient and brief description, for a detailed working process of the foregoing system, apparatus,
and unit, refer to a corresponding process in the foregoing method embodiments. Details are not
described herein again.

[00393] In the several embodiments provided in this application, it should be understood that
the disclosed system, apparatus, and method may be implemented in other manners. For example,
the described apparatus embodiments are merely examples. For example, division into the units is
merely logical function division and may be other division during actual implementation. For
example, a plurality of units or components may be combined or integrated into another system,
or some features may be ignored or not performed. In addition, the displayed or discussed mutual
couplings or direct couplings or communication connections may be implemented through some
interfaces. The indirect couplings or communication connections between the apparatuses or units
may be implemented in electronic, mechanical, or another form.

[00394] The units described as separate parts may or may not be physically separate, and parts
displayed as units may or may not be physical units, that is, may be located in one location, or may
be distributed on a plurality of network units. Some or all of the units may be selected based on an
actual requirement to achieve the objectives of the solutions of embodiments.

[00395] In addition, functional units in embodiments of this application may be integrated into

one processing unit 610, or each of the units may exist alone physically, or two or more units may
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be integrated into one unit.

[00396] When the functions are implemented in a form of a software functional unit and sold
or used as an independent product, the functions may be stored in a computer-readable storage
medium. Based on such an understanding, the technical solutions of this application essentially, or
the part contributing to the conventional technology, or some of the technical solutions may be
implemented in a form of a software product. The computer software product is stored in a storage
medium, and includes 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 foregoing storage medium includes
any medium that can store program code, such as a USB flash drive, a removable hard disk, a read-
only memory (Read-Only Memory, ROM), a random access memory (Random Access Memory,
RAM), a magnetic disk, or an optical disc.

[00397] The foregoing descriptions are merely specific implementations of this application, but
are not intended to limit the protection scope of this application. Any variation or replacement
readily figured out by a person skilled in the art within the technical scope disclosed in this
application shall fall within the protection scope of this application. Therefore, the protection scope

of this application shall be subject to the protection scope of the claims.
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CLAIMS

What is claimed is:

1. An information transmission method, comprising:

determining, by a terminal device, a target offset parameter, an uplink control channel
resource index, a physical resource block offset parameter, and a number of initial cyclic shift
indexes comprised in an initial cyclic shift index set;

determining, by the terminal device, a resource block index based on the target offset
parameter, the uplink control channel resource index, the physical resource block offset parameter,
and the number of initial cyclic shift indexes comprised in the initial cyclic shift index set; and

sending, by the terminal device on a resource associated with the resource block index, uplink
control information to a network device.

2. The method according to claim 1, wherein the uplink control information is transmitted
with frequency hopping; and

the determining, by the terminal device, a resource block index comprises:

determining, by the terminal device based on the target offset parameter, the uplink control
channel resource index, the physical resource block offset parameter, and the number of initial
cyclic shift indexes comprised in the initial cyclic shift index set, a first resource block index
corresponding to a p" hop of transmission with frequency hopping of the uplink control
information, wherein p is a positive integer; and/or

determining, by the terminal device based on the target offset parameter, the uplink control
channel resource index, the physical resource block offset parameter, the number of initial cyclic
shift indexes comprised in the initial cyclic shift index set, and a first frequency range, a second
resource block index corresponding to a g™ hop of transmission with frequency hopping of the
uplink control channel data, wherein g is a positive integer, and the resource associated with the
resource block index falls within the first frequency range.

3. The method according to claim 2, wherein the target offset parameter comprises a first sub-
offset parameter and a second sub-offset parameter, wherein the first sub-offset parameter is used
to determine the first resource block index, and the second sub-offset parameter is used to
determine the second resource block index.

4. The method according to claim 2 or 3, wherein
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p=1andqg=2;or

p=2,andq=1.

5. The method according to any one of claims 2 to 4, wherein

the first resource block index, the target offset parameter, the uplink control channel resource
index, the physical resource block offset parameter, and the number of initial cyclic shift indexes

comprised in the initial cyclic shift index set satisfy the following correspondence:

X, = RB;C\/SS +LrPUCCH / Nch+ D,or

X, = RBgwe +| Foucen / Nes |+ Dy, wherein

X, is the first resource block index, RBgﬁt is the physical resource block offset parameter,
log 1S the uplink control channel resource index, N is the number of initial cyclic shift
indexes comprised in the initial cyclic shift index set, D is the target offset parameter, Dl [
the first sub-offset parameter used to determine the first resource block index, and Lrpucm / Nch

indicates rounding down a result of Iy oy, / Nis.

6. The method according to any one of claims 2 to 4, wherein
the second resource block index, the target offset parameter, the uplink control channel
resource index, the physical resource block offset parameter, and the number of initial cyclic shift

indexes comprised in the initial cyclic shift index set satisfy the following correspondence:

X, =Ny, —1- Rng\f;t _LrPUCCH /Nch+ D,or

X, = Ng\f\fp -1- RB;&SS _I_rPUCCH / Nch"' D, or
X, = Ngip =1=RBgue' | foucen / Nes |+ D, , wherein

X, is the second resource block index, N,, is a number of resource blocks comprised in

the first frequency range, N;izwep is a number of resource blocks comprised in a second frequency
range, the second frequency range is less than or equal to a maximum channel bandwidth supported

by the terminal device, RB;ﬁ\Afff is the physical resource block offset parameter, Iy, is the

uplink control channel resource index, NCS is the number of initial cyclic shift indexes comprised
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in the initial cyclic shift index set, D is the target offset parameter, D, is the second sub-offset
parameter used to determine the second resource block index, and LrPUCCH/ Nch indicates

rounding down a result of Iy, /Ny

7. The method according to any one of claims 1 to 6, wherein the determining, by a terminal
device, a target offset parameter comprises:

determining, by the terminal device, the target offset parameter based on a first location and
a second location, wherein the first location is a location of a y™ resource block index in the first
frequency range, the second location is a location of a resource block whose resource block index
is z and that falls within the second frequency range, y and z are non-negative integers, the first
frequency range is greater than the maximum channel bandwidth supported by the terminal device,
and the second frequency range is less than or equal to the maximum channel bandwidth supported
by the terminal device; or

determining, by the terminal device, the target offset parameter based on first information,
wherein the first information is received by the terminal device from the network device, or

the target offset parameter is a predefined parameter; or

determining, by the terminal device, the target offset parameter according to a predefined rule.

8. The method according to any one of claims 1 to 7, wherein

a value of the target offset parameter is an integer less than 0; or

a value of the target offset parameter is an integer multiple of K, wherein K = 2, 3, or 4.

9. The method according to claim 1, wherein

sending, by the terminal device without frequency hopping, the uplink control information
on the resource associated with the resource block index.

10. The method according to any one of claims 1 to 9, wherein before the determining, by a
terminal device, a target offset parameter, the method further comprises:

determining, by the terminal device, that a subcarrier spacing S corresponding to the terminal
device and a number L of symbols of an uplink control channel resource meet a first preset
condition.

11. An information transmission method, comprising:

determining, by a terminal device, a number L of symbols and/or a subcarrier spacing S that
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are/is used to send uplink control information; and

if L and/or S meet/meets at least one of the following conditions:

a minimum value of L is greater than or equal to 4;

a minimum value of L is determined based on S;

a value of L falls within a first value range, an uplink control channel is transmitted without
frequency hopping, or the uplink control channel is transmitted with frequency hopping, and
frequency tuning is not needed between two adjacent hops of transmission with frequency hopping;

a value of L falls within a second value range, an uplink control channel is transmitted with
frequency hopping, and frequency tuning is needed between two adjacent hops of transmission
with frequency hopping;

a value of S falls within a third value range, an uplink control channel is transmitted without
frequency hopping, or the uplink control channel is transmitted with frequency hopping, and
frequency tuning is not needed between two adjacent hops of transmission with frequency hopping;
or

a value of S falls within a fourth value range, an uplink control channel can be transmitted
with frequency hopping, and frequency tuning is needed between two adjacent hops of
transmission with frequency hopping,

transmitting, by the terminal device, the uplink control information.

12. An information transmission method, comprising:

sending, by a network device, first information to a terminal device, wherein the first
information is used by the terminal device to determine a resource block index, and the first
information further indicates a target offset parameter, an uplink control channel resource index, a
physical resource block offset parameter, and a number of initial cyclic shift indexes comprised in
an initial cyclic shift index set; and

receiving, by the network device on a resource associated with the resource block index,
uplink control information sent by the terminal device.

13. The method according to claim 12, wherein the uplink control information is transmitted
with frequency hopping; and

that the first information is used by the terminal device to determine the resource block index

comprises:
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the first information is used by the terminal device to determine a first resource block index
corresponding to a p" hop of transmission with frequency hopping of the uplink control
information, wherein p is a positive integer; and/or

the first information is used by the terminal device to determine a second resource block index
corresponding to a g hop of transmission with frequency hopping of the uplink control
information, wherein q is a positive integer.

14. The method according to claim 13, wherein the target offset parameter comprises a first
sub-offset parameter and a second sub-offset parameter, wherein the first sub-offset parameter is
used to determine the first resource block index, and the second sub-offset parameter is used to
determine the second resource block index.

15. The method according to claim 13 or 14, wherein

p=1,andq=2;or

p=2,andq=1.

16. The method according to any one of claims 13 to 15, wherein

the first resource block index, the target offset parameter, the uplink control channel resource
index, the physical resource block offset parameter, and the number of initial cyclic shift indexes

comprised in the initial cyclic shift index set satisfy the following correspondence:

X, = RBgws +| foucen / Nes |+ D, or

X, =RBgys +| feucen / Nes |+ Dy, wherein

X, is the first resource block index, RBgﬁt is the physical resource block offset parameter,
Iy is the uplink control channel resource index, N is the number of initial cyclic shift
indexes comprised in the initial cyclic shift index set, D is the target offset parameter, Dl [
the first sub-offset parameter used to determine the first resource block index, and |_rPUCCH / Nch

indicates rounding down a result of Iy, / N

17. The method according to any one of claims 13 to 15, wherein
the second resource block index, the target offset parameter, the uplink control channel
resource index, the physical resource block offset parameter, and the number of initial cyclic shift

indexes comprised in the initial cyclic shift index set satisfy the following correspondence:
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Xy =Ny, —1- RB;(I\}? _LrPUCCH /NchJr D,or

size

Xz = Ng\f\fp -1- RB;&? _I_rPUCCH / Nch"' D, or

X, = Ngim —1-RBge —| Foyeen / Nes |+ D,, wherein

X, is the second resource block index, N, isanumber of resource blocks comprised in a
first frequency range, the resource associated with the resource block index falls within the first
frequency range, N;izwep is a number of resource blocks comprised in a second frequency range,

the second frequency range is less than or equal to a maximum channel bandwidth supported by

the terminal device, RBgﬁt is the physical resource block offset parameter, I,y is the uplink
control channel resource index, NCS is the number of initial cyclic shift indexes comprised in the
initial cyclic shift index set, D is the target offset parameter, Dz is the second sub-offset
parameter used to determine the second resource block index, and LrPUCCH/ Nch indicates

rounding down a result of Iy, /Ny

18. The method according to any one of claims 12 to 17, wherein that the first information
indicates the target offset parameter comprises:

the first information indicates a first location and a second location, the first location and the
second location are used to determine the target offset parameter, the first location is a location of
ay" resource block index in the first frequency range, the second location is a location of a resource
block whose resource block index is z and that falls within the second frequency range, y and z
are non-negative integers, the first frequency range is greater than the maximum channel
bandwidth supported by the terminal device, and the second frequency range is less than or equal
to the maximum channel bandwidth supported by the terminal device; or

the first information comprises the target offset parameter; or

the first information comprises a predefined parameter, and the predefined parameter is used
to determine the target offset parameter; or

the first information comprises a predefined rule, and the predefined rule is used to determine
the target offset parameter.

19. The method according to any one of claims 12 to 18, wherein

91



10

15

20

25

30

a value of the target offset parameter is an integer less than 0; or

a value of the target offset parameter is an integer multiple of K, wherein K =2, 3, or 4.

20. The method according to claim 12, wherein

receiving, by the network device without frequency hopping on the resource associated with
the resource block index, the uplink control information sent by the terminal device.

21. The method according to any one of claims 12 to 20, wherein before the sending, by a
network device, first information to a terminal device, the method further comprises:

determining, by the network device, that a subcarrier spacing S corresponding to the terminal
device and a number L of symbols of an uplink control channel resource meet a first preset
condition.

22. An information transmission method, comprising:

determining, by a network device, a number L of symbols and/or a subcarrier spacing S that
are/is used by a terminal device to send uplink control information; and

if L and/or S meet/meets at least one of the following conditions:

a minimum value of L is greater than or equal to 4;

a minimum value of L is determined based on S;

a value of L falls within a first value range, an uplink control channel is transmitted without
frequency hopping, or the uplink control channel is transmitted with frequency hopping, and
frequency tuning is not needed between two adjacent hops of transmission with frequency hopping;

a value of L falls within a second value range, an uplink control channel is transmitted with
frequency hopping, and frequency tuning is needed between two adjacent hops of transmission
with frequency hopping;

a value of S falls within a third value range, an uplink control channel is transmitted without
frequency hopping, or the uplink control channel is transmitted with frequency hopping, and
frequency tuning is not needed between two adjacent hops of transmission with frequency hopping;
or

a value of S falls within a fourth value range, an uplink control channel can be transmitted
with frequency hopping, and frequency tuning is needed between two adjacent hops of
transmission with frequency hopping,

receiving, by the network device, the uplink control information sent by the terminal device.
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23. An information transmission apparatus, comprising:

a processing unit, configured to determine, by using a terminal device, a target offset
parameter, an uplink control channel resource index, a physical resource block offset parameter,
and a number of initial cyclic shift indexes comprised in an initial cyclic shift index set, wherein

the processing unit is further configured to determine, by using the terminal device, a resource
block index based on the target offset parameter, the uplink control channel resource index, the
physical resource block offset parameter, and the number of initial cyclic shift indexes comprised
in the initial cyclic shift index set; and

a transceiver unit, configured to send, by using the terminal device on a resource associated
with the resource block index, uplink control information to a network device.

24. The apparatus according to claim 23, wherein the uplink control information is transmitted
with frequency hopping, and

the processing unit is further configured to determine, by using the terminal device based on
the target offset parameter, the uplink control channel resource index, the physical resource block
offset parameter, and the number of initial cyclic shift indexes comprised in the initial cyclic shift
index set, a first resource block index corresponding to a p™ hop of transmission with frequency
hopping of the uplink control information, wherein p is a positive integer; and/or

the processing unit is further configured to determine, by using the terminal device based on
the target offset parameter, the uplink control channel resource index, the physical resource block
offset parameter, the number of initial cyclic shift indexes comprised in the initial cyclic shift index
set, and a first frequency range, a second resource block index corresponding to a g™ hop of
transmission with frequency hopping of the uplink control channel data, wherein q is a positive
integer, and the resource associated with the resource block index falls within the first frequency
range.

25. The apparatus according to claim 24, wherein the target offset parameter comprises a first
sub-offset parameter and a second sub-offset parameter; and

the processing unit is further configured to determine, by using the terminal device, the first
resource block index based on the first sub-offset parameter; and/or

the processing unit is further configured to determine, by using the terminal device, the

second resource block index based on the second sub-offset parameter.
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26. The apparatus according to claim 24 or 25, wherein

the processing unit is further configured to determine the first resource block index based on
the following correspondence among the target offset parameter, the uplink control channel
resource index, the physical resource block offset parameter, and the number of initial cyclic shift

indexes comprised in the initial cyclic shift index set:

X, = RBJ +LrPUCCH / Nch+ D, or

X, =RBgys +| feucen / Nes |+ Dy, wherein

X, isthe first resource block index, RBgﬁt is the physical resource block offset parameter,
Iy is the uplink control channel resource index, N is the number of initial cyclic shift
indexes comprised in the initial cyclic shift index set, D is the target offset parameter, Dl IS
the first sub-offset parameter used to determine the first resource block index, and |_r,,ucCH / Nch

indicates rounding down a result of Iy, / N

27. The apparatus according to claim 24 or 25, wherein

the processing unit is further configured to determine the second resource block index based
on the following correspondence among the target offset parameter, the uplink control channel
resource index, the physical resource block offset parameter, and the number of initial cyclic shift

indexes comprised in the initial cyclic shift index set:

X, =Ny, —1- Rng\f;t _LrPUCCH /Nch+ D,or

X, = Ng\f\fp -1- RB;&SS _I_rPUCCH / Nch"' D, or
X, = Ngip =1=RBgue' | foucen / Nes |+ D, , wherein

X, is the second resource block index, N,, is a number of resource blocks comprised in

the first frequency range, N;izwep is a number of resource blocks comprised in a second frequency
range, the second frequency range is less than or equal to a maximum channel bandwidth supported

by the terminal device, RB;ﬁ\Afff is the physical resource block offset parameter, Iy, is the

uplink control channel resource index, NCS is the number of initial cyclic shift indexes comprised
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in the initial cyclic shift index set, D is the target offset parameter, D, is the second sub-offset
parameter used to determine the second resource block index, and LrPUCCH/ Nch indicates

rounding down a result of Iy, /Ny

28. The apparatus according to any one of claims 23 to 27, wherein that the processing unit
is configured to determine, by using the terminal device, the target offset parameter comprises:

the processing unit is configured to determine, by using the terminal device, the target offset
parameter based on a first location and a second location, wherein the first location is a location
of a y™ resource block index in the first frequency range, the second location is a location of a
resource block whose resource block index is z and that falls within the second frequency range,
y and z are non-negative integers, the first frequency range is greater than the maximum channel
bandwidth supported by the terminal device, and the second frequency range is less than or equal
to the maximum channel bandwidth supported by the terminal device; or

the transceiver unit is further configured to receive, by using the terminal device, first
information from the network device; and

the processing unit is configured to determine, by using the terminal device, the target offset
parameter based on the first information; or

the processing unit is configured to determine, by using the terminal device, the target offset
parameter based on a predefined parameter; or

the processing unit is configured to determine, by using the terminal device, the target offset
parameter according to a predefined rule.

29. The apparatus according to claim 23, wherein

the processing unit is further configured to send, by using the terminal device without
frequency hopping, the uplink control information on the resource associated with the resource
block index.

30. The apparatus according to any one of claims 23 to 29, wherein before the processing unit
is configured to determine, by using the terminal device, the target offset parameter,

the processing unit is further configured to determine, by using the terminal device, that a
subcarrier spacing S corresponding to the terminal device and a number L of symbols of an uplink

control channel resource meet a first preset condition.
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31. An information transmission apparatus, comprising:

a processing unit, configured to determine, by using a terminal device, a number L of symbols
and/or a subcarrier spacing S that are/is used to send uplink control information, wherein

the processing unit is further configured to determine that L and/or S meet/meets at least one
of the following conditions:

a minimum value of L is greater than or equal to 4;

a minimum value of L is determined based on S;

a value of L falls within a first value range, an uplink control channel is transmitted without
frequency hopping, or the uplink control channel is transmitted with frequency hopping, and
frequency tuning is not needed between two adjacent hops of transmission with frequency hopping;

a value of L falls within a second value range, an uplink control channel is transmitted with
frequency hopping, and frequency tuning is needed between two adjacent hops of transmission
with frequency hopping;

a value of S falls within a third value range, an uplink control channel is transmitted without
frequency hopping, or the uplink control channel is transmitted with frequency hopping, and
frequency tuning is not needed between two adjacent hops of transmission with frequency hopping;
or

a value of S falls within a fourth value range, an uplink control channel can be transmitted
with frequency hopping, and frequency tuning is needed between two adjacent hops of
transmission with frequency hopping; and

a transceiver unit, configured to transmit, by using the terminal device, the uplink control
information.

32. An information transmission apparatus, comprising:

a transceiver unit, configured to send, by using a network device, first information to a
terminal device, wherein the first information is used by the terminal device to determine a
resource block index, and the first information further indicates a target offset parameter, an uplink
control channel resource index, a physical resource block offset parameter, and a number of initial
cyclic shift indexes comprised in an initial cyclic shift index set; and

the transceiver unit is further configured to receive, by using the network device on a resource

associated with the resource block index, uplink control information sent by the terminal device.
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33. The apparatus according to claim 32, wherein the uplink control information is transmitted
with frequency hopping; and

that the first information is used by the terminal device to determine the resource block index
comprises:

the first information is used by the terminal device to determine a first resource block index
corresponding to a p" hop of transmission with frequency hopping of the uplink control
information, wherein p is a positive integer; and/or

the first information is used by the terminal device to determine a second resource block index
corresponding to a g hop of transmission with frequency hopping of the uplink control
information, wherein q is a positive integer.

34. The apparatus according to claim 33, wherein the target offset parameter comprises a first
sub-offset parameter and a second sub-offset parameter, wherein the first sub-offset parameter is
used to determine the first resource block index, and the second sub-offset parameter is used to
determine the second resource block index.

35. The apparatus according to claim 33 or 34, wherein

p=1,andq=2;or

p=2,andq=1.

36. The apparatus according to any one of claims 33 to 35, wherein

the first resource block index, the target offset parameter, the uplink control channel resource
index, the physical resource block offset parameter, and the number of initial cyclic shift indexes

comprised in the initial cyclic shift index set satisfy the following correspondence:

X, =RBJ +LrPUCCH / Nch+ D, or

X, =RBgys +| feucen / Nes |+ Dy, wherein

X, isthe first resource block index, RBgﬁt is the physical resource block offset parameter,
Iy is the uplink control channel resource index, N is the number of initial cyclic shift
indexes comprised in the initial cyclic shift index set, D is the target offset parameter, Dl IS
the first sub-offset parameter used to determine the first resource block index, and |_rPUCCH / Nch

indicates rounding down a result of Iy, / N
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37. The apparatus according to any one of claims 33 to 35, wherein

the second resource block index, the target offset parameter, the uplink control channel
resource index, the physical resource block offset parameter, and the number of initial cyclic shift
indexes comprised in the initial cyclic shift index set satisfy the following correspondence:

X, =Ny, —1- Rng\f;t _LrPUCCH /Nch+ D,or

size

X, =Ngin —1-RBg | Foyee / Nes [+ D, or

X, = Ngim —1-RBgue —| foycen / Nes |+ D, , wherein

X, is the second resource block index, N, isanumber of resource blocks comprised in a
first frequency range, the resource associated with the resource block index falls within the first
frequency range, N;izwep is a number of resource blocks comprised in a second frequency range,

the second frequency range is less than or equal to a maximum channel bandwidth supported by

the terminal device, RBQﬁt is the physical resource block offset parameter, I,y is the uplink
control channel resource index, NCS is the number of initial cyclic shift indexes comprised in the
initial cyclic shift index set, D is the target offset parameter, Dz is the second sub-offset
parameter used to determine the second resource block index, and LrPUCCH/ Nch indicates

rounding down a result of Iy, /Ny

38. The apparatus according to any one of claims 32 to 37, wherein that the first information
indicates the target offset parameter comprises:

the first information indicates a first location and a second location, the first location and the
second location are used to determine the target offset parameter, the first location is a location of
ay" resource block index in the first frequency range, the second location is a location of a resource
block whose resource block index is z and that falls within the second frequency range, y and z
are non-negative integers, the first frequency range is greater than the maximum channel
bandwidth supported by the terminal device, and the second frequency range is less than or equal
to the maximum channel bandwidth supported by the terminal device; or

the first information comprises the target offset parameter; or

the first information comprises a predefined parameter, and the predefined parameter is used
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to determine the target offset parameter; or

the first information comprises a predefined rule, and the predefined rule is used to determine
the target offset parameter.

39. The apparatus according to any one of claims 32 to 38, wherein

a value of the target offset parameter is an integer less than 0; or

a value of the target offset parameter is an integer multiple of K, wherein K =2, 3, or 4.

40. The apparatus according to claim 32, wherein

the transceiver unit is further configured to receive, by using the network device without
frequency hopping on the resource associated with the resource block index, the uplink control
information sent by the terminal device.

41. The apparatus according to any one of claims 32 to 40, wherein the apparatus further
comprises a processing unit, wherein

before the transceiver unit is configured to send, by using the network device, the first
information to the terminal device,

the processing unit is configured to determine, by using the network device, that a subcarrier
spacing S corresponding to the terminal device and a number L of symbols of an uplink control
channel resource meet a first preset condition.

42. An information transmission apparatus, comprising:

a processing unit, configured to determine, by using a network device, a number L of symbols
and/or a subcarrier spacing S that are/is used by a terminal device to send uplink control
information, wherein

the processing unit is further configured to determine, by using the network device, that L
and/or S meet/meets at least one of the following conditions:

a minimum value of L is greater than or equal to 4;

a minimum value of L is determined based on S;

a value of L falls within a first value range, an uplink control channel is transmitted without
frequency hopping, or the uplink control channel is transmitted with frequency hopping, and
frequency tuning is not needed between two adjacent hops of transmission with frequency hopping;

a value of L falls within a second value range, an uplink control channel is transmitted with

frequency hopping, and frequency tuning is needed between two adjacent hops of transmission
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with frequency hopping;

a value of S falls within a third value range, an uplink control channel is transmitted without
frequency hopping, or the uplink control channel is transmitted with frequency hopping, and
frequency tuning is not needed between two adjacent hops of transmission with frequency hopping;
or

a value of S falls within a fourth value range, an uplink control channel can be transmitted
with frequency hopping, and frequency tuning is needed between two adjacent hops of
transmission with frequency hopping; and

a transceiver unit, configured to receive, by using the network device, the uplink control
information sent by the terminal device.

43. A computer-readable storage medium, wherein the computer-readable storage medium
stores a computer program, and when the computer program is run, an apparatus is enabled to
perform the method according to any one of claims 1 to 10, or

an apparatus is enabled to perform the method according to claim 11, or

an apparatus is enabled to perform the method according to any one of claims 12 to 21, or

an apparatus is enabled to perform the method according to claim 22.

44. A computer program product, comprising a computer program, wherein when the
computer program is run on a computer, the method according to any one of claims 1 to 10 is
performed, or the method according to claim 11 is performed, or the method according to any one
of claims 12 to 21 is performed, or the method according to claim 22 is performed.

45. A communication apparatus, comprising:

a memory, configured to store a computer program; and

a processor, configured to execute the computer program stored in the memory, so that the
communication apparatus performs the method according to any one of claims 1 to 10, or

the communication apparatus performs the method according to claim 11, or

the communication apparatus performs the method according to any one of claims 12 to 21,
or

the communication apparatus performs the communication method according to claim 22.
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