UPLINK TRANSMISSION METHOD AND APPARATUS

TECHNICAL FIELD

[0001] This application relates to the communication field, and more specifically, to an uplink

transmission method and an apparatus.

BACKGROUND

[0002] Currently, transport block over multi-slot (transport block over multi-slot, TBoMS) rate
matching is performed once in each time unit, and a location that is in a circular buffer and that is of
a starting bit in bit selection in the latter rate matching is calculated in real time based on a location
that is in the circular buffer and that is of an ending bit in bit selection in the current rate matching.
In one data transmission, if a network device schedules, by using a physical downlink control channel
(physical downlink control channel, PDCCH), a terminal device to report uplink control information
(uplink control information, UCI), and indicates the terminal device to include the UCI on a physical
uplink shared channel (physical uplink shared channel, PUSCH), but the terminal device does not
detect the PUCCH, the UCI is not carried on the PUSCH. Consequently, the network device and the
terminal device cannot align locations that are in circular buffers and that are of starting bits in bit
selection in rate matching in one time unit. As a result, the network device incorrectly decodes all
coded bit sequences starting from the time unit in currently transmitted coded bit sequences. In this
case, how the network device and the terminal device determine a location that is in the circular buffer
and that is of a starting bit in bit selection in each rate matching of the network device and the terminal

device becomes an urgent problem to be resolved.

SUMMARY

[0003] This application provides an uplink transmission method and an apparatus, to increase a
decoding success rate of uplink transmission of a terminal device.

[0004] According to a first aspect, an uplink transmission method is provided, including: A
terminal device receives first indication information from a network device, where the first indication
information indicates the terminal device to send a first transport block in a plurality of time units.

The terminal device receives second indication information from the network device, where the
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second indication information indicates the terminal device to send uplink control information UCI
in a first time unit, and the first time unit is one of the plurality of time units. The terminal device
determines, based on a parameter G corresponding to the first time unit, a location that is in a circular
buffer and that is of a starting bit in a first coded bit sequence, where the first coded bit sequence is a
coded bit sequence that is output through rate matching in a second time unit, the parameter G is a
total quantity of coded bits available for transmission of the first transport block and the UCI in one
time unit, G is a positive integer, and the second time unit is a next time unit of the first time unit in
the plurality of time units. The terminal device sends the UCI and the first transport block to the
network device in the plurality of time units.

[0005] In the foregoing solution, the network device indicates the terminal device to include
indication information of the UCI in the first time unit; and when the terminal device detects the
indication, the total quantity of coded bits of the UCI is not removed from the parameter G used by
the network device and the terminal device to determine the location that is in the circular buffer and
that is of the starting bit in the coded bit sequence that is output through rate matching in the second
time unit (the next time unit of the first time unit). Therefore, starting from the second time unit, the
network device and the terminal device can align locations that are in circular buffers and that are of
starting bits in bit selection in each rate matching. This increases a decoding success rate.

[0006] With reference to the first aspect, in some implementations of the first aspect, that the
terminal device determines, based on a parameter G corresponding to the first time unit, a location
that is in a circular buffer and that is of a starting bit in a first coded bit sequence includes: The
terminal device determines, based on a times of the parameter G corresponding to the first time unit,
the location that is in the circular buffer and that is of the starting bit in the first coded bit sequence,
where 0<a<l.

[0007] With reference to the first aspect, in some implementations of the first aspect, the method
further includes: The terminal device determines a length of a second coded bit sequence based on
the parameter G corresponding to the first time unit, where the second coded bit sequence is a coded
bit sequence that is output through rate matching in the first time unit.

[0008] In the foregoing solution, when the terminal device receives the second indication
information, the network device and the terminal device may determine the location that is in the
circular buffer and that is of the starting bit in the first coded bit sequence, and a length of the second
coded bit sequence in a manner the same as that used when the terminal device does not receive the
second indication information. This extends an application scope of the uplink transmission method
provided in this application.

[0009] With reference to the first aspect, in some implementations of the first aspect, a is equal
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to any one of the following numbers: 0.1x, where 0<x<10; 0.2x, where 0<x<5; or 0.01x, where
0<x<100; and x is an integer.

[0010] With reference to the first aspect, in some implementations of the first aspect, that the
terminal device determines, based on a parameter G corresponding to the first time unit, a location
that is in a circular buffer and that is of a starting bit in a first coded bit sequence includes: The
terminal device determines, based on Z and the parameter G corresponding to the first time unit, the
location that is in the circular buffer and that is of the starting bit in the first coded bit sequence, where
Z. is a low-density parity-check LDPC factor.

[0011] In the foregoing solution, when resource mapping is performed on a terminal side, a step
of searching for a location that is in the first coded bit sequence and that is of a last bit mapped to a
previous time unit is reduced, and on the basis of determining, based on G, the location that is in the
circular buffer and that is of the starting bit in the first coded bit sequence, the location is determined
with reference to Z.. This simplifies calculation in a mapping process and reduces overheads.

[0012] With reference to the first aspect, in some implementations of the first aspect, the method
further includes: The terminal device maps the second coded bit sequence to a time-frequency
resource in the first time unit, where the second coded bit sequence is the coded bit sequence that is
output through rate matching in the first time unit, and a quantity of bits in the second coded bit
sequence is equal to the parameter G corresponding to the first time unit. The terminal device maps
the UCI to some time-frequency resources in the first time unit, to replace some bit sequences in the
first coded bit sequence carried in the some time-frequency resources.

[0013] In the foregoing solution, the UCI is multiplexed in the first time unit in a puncturing
manner, so that a bit sequence that is included in the first transport block and that is carried on a time-
frequency resource other than a time-frequency resource occupied by the UCI in the first time unit
does not change. This increases a decoding success rate and accuracy of the network device.

[0014] With reference to the first aspect, in some implementations of the first aspect, the first
indication information further indicates that the network device can send one transport block in the
plurality of time units, and the first transport block is one transport block, where the first indication
information includes a transport block over multi-slot transmission enabling field, or the first
indication information includes a transport block over multi-slot mapping type parameter.

[0015] In the foregoing solution, that the network device supports a function of transmission over
multi-slot is indicated to the terminal device in a plurality of forms, so that signaling designs are
enriched, and uplink transmission efficiency is improved.

[0016] According to a second aspect, an uplink transmission method is provided, including: A

network device sends first indication information to a terminal device, where the first indication
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information indicates the terminal device to send a first transport block in a plurality of time units.
The network device sends second indication information to the terminal device, where the second
indication information indicates the terminal device to send uplink control information UCI in a first
time unit, and the first time unit is one of the plurality of time units. The network device receives the
first transport block from the terminal device. The network device determines, based on a parameter
G corresponding to the first time unit, a location that is in a circular buffer and that is of a starting bit
in a first coded bit sequence, where the first coded bit sequence is a coded bit sequence that is output
through rate matching in a second time unit, the parameter G is a total quantity of coded bits available
for transmission of the first transport block and the UCI in one time unit, G is a positive integer, and
the second time unit is a next time unit of the first time unit in the plurality of time units.

[0017] In the foregoing solution, the network device indicates the terminal device to include
indication information of the UCI in the first time unit; and when the terminal device detects or does
not detect the indication, the total quantity of coded bits of the UCI is not removed from the parameter
G used by the network device and the terminal device to determine the location that is in the circular
buffer and that is of the starting bit in the coded bit sequence that is output through rate matching in
the second time unit (the next time unit of the first time unit). Therefore, starting from the second
time unit, the network device and the terminal device can align locations that are in circular buffers
and that are of starting bits in bit selection in each rate matching. This increases a decoding success
rate.

[0018] With reference to the second aspect, in some implementations of the second aspect, that
the network device determines, based on a parameter G corresponding to the first time unit, a location
that is in a circular buffer and that is of a starting bit in a first coded bit sequence includes: The
network device determines, based on a times of the parameter G corresponding to the first time unit,
the location that is in the circular buffer and that is of the starting bit in the first coded bit sequence,
where 0<a<l.

[0019] In the foregoing solution, G is multiplied by a that is greater than 0 and less than 1, so that
the network device can calculate the location that is in the circular buffer and that is of the starting bit
in the first coded bit sequence in advance. This shortens a gap between an ending bit in a second
coded bit sequence and the starting bit in the first coded bit sequence, and improves channel quality.
[0020] With reference to the second aspect, in some implementations of the first aspect, the
method further includes: The network device determines a length of the second coded bit sequence
based on the parameter G corresponding to the first time unit, where the second coded bit sequence
is a coded bit sequence that is output through rate matching in the first time unit.

[0021] In the foregoing solution, further, the length of the second coded bit sequence is still
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calculated based on G. Because G is greater than aG, it can be further ensured that the foregoing gap
is eliminated.

[0022] With reference to the second aspect, in some implementations of the first aspect, a is equal
to any one of the following numbers: 0.1x, where 0<x<10; 0.2x, where 0<x<5; or 0.01x, where
0<x<100; and x is an integer.

[0023] With reference to the second aspect, in some implementations of the first aspect, that the
network device determines, based on a parameter G corresponding to the first time unit, a location
that is in a circular buffer and that is of a starting bit in a first coded bit sequence includes: The
network device determines, based on Z. and the parameter G corresponding to the first time unit, the
location that is in the circular buffer and that is of the starting bit in the first coded bit sequence, where
Z. is a low-density parity-check LDPC factor.

[0024] In the foregoing solution, when resource mapping is performed on a terminal side, a step
of searching for a location that is in the first coded bit sequence and that is of a last bit mapped to a
previous time unit is reduced, and on the basis of determining, based on G, the location that is in the
circular buffer and that is of the starting bit in the first coded bit sequence, the location is determined
with reference to Z.. This simplifies calculation in a mapping process and reduces overheads.

[0025] With reference to the second aspect, in some implementations of the first aspect, the first
indication information further indicates that the network device can send one transport block in the
plurality of time units, and the first transport block is one transport block, where the first indication
information includes a transport block over multi-slot transmission enabling field, or the first
indication information includes a transport block over multi-slot mapping type parameter.

[0026] In the foregoing solution, that the network device supports a function of transmission over
multi-slot is indicated to the terminal device in a plurality of forms, so that signaling designs are
enriched, and uplink transmission efficiency is improved.

[0027] According to a third aspect, an uplink transmission method is provided, including: A
terminal device receives first indication information from a network device, where the first indication
information indicates the terminal device to send one transport block in a plurality of time units. The
terminal device determines that transmission of a first coded bit sequence in a first time unit is
canceled, where the first time unit is one of the plurality of time units, and the first coded bit sequence
is a coded bit sequence that is output through rate matching in the first time unit. The terminal device
sends the first coded bit sequence to the network device in a second time unit, where the second time
unit is a time unit other than the first time unit in the plurality of time units.

[0028] With reference to the third aspect, in some implementations of the third aspect, a starting

bit in a bit sequence sent by the terminal device in a next time unit of the second time unit is a next

5



bit of an ending bit in the first coded bit sequence.

[0029] With reference to the third aspect, in some implementations of the third aspect, the method
further includes: The terminal device sends a second coded bit sequence to the network device in a
third time unit, where the second coded bit sequence is a coded bit sequence that is output through
rate matching in the third time unit, a starting bit in the second coded bit sequence is a next bit of an
ending bit in a coded bit sequence carried in a last time unit in the plurality of time units, and the third
time unit is a next time unit for carrying an uplink transport block in the first time domain resource.
[0030] According to a fourth aspect, an uplink transmission apparatus is provided, including: a
transceiver module, configured to receive first indication information from a network device, where
the first indication information indicates the terminal device to send a first transport block in a
plurality of time units, where the transceiver module is further configured to receive second indication
information from the network device, where the second indication information indicates the terminal
device to send uplink control information UCI in a first time unit, and the first time unit is one of the
plurality of time units; and a processing module, configured to determine, based on a parameter G
corresponding to the first time unit, a location that is in a circular buffer and that is of a starting bit in
a first coded bit sequence, where the first coded bit sequence is a coded bit sequence that is output
through rate matching in a second time unit, the parameter G is a total quantity of coded bits available
for transmission of the first transport block and the UCI in one time unit, G is a positive integer, and
the second time unit is a next time unit of the first time unit in the plurality of time units, where the
transceiver module is further configured to send the UCI and the first transport block to the network
device in the plurality of time units.

[0031] In the foregoing solution, the network device indicates the terminal device to include
indication information of the UCI in the first time unit; and when the terminal device detects the
indication, the total quantity of coded bits of the UCI is not removed from the parameter G used by
the network device and the terminal device to determine the location that is in the circular buffer and
that is of the starting bit in the coded bit sequence that is output through rate matching in the second
time unit (the next time unit of the first time unit). Therefore, starting from the second time unit, the
network device and the terminal device can align locations that are in circular buffers and that are of
starting bits in bit selection in each rate matching. This increases a decoding success rate.

[0032] With reference to the fourth aspect, in some implementations of the fourth aspect, the
processing module is specifically configured to determine, based on a times of the parameter G
corresponding to the first time unit, the location that is in the circular buffer and that is of the starting
bit in the first coded bit sequence, where 0<a<I.

[0033] With reference to the fourth aspect, in some implementations of the fourth aspect, the
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processing module is further configured to determine a length of a second coded bit sequence based
on the parameter G corresponding to the first time unit, where the second coded bit sequence is a
coded bit sequence that is output through rate matching in the first time unit.

[0034] With reference to the fourth aspect, in some implementations of the fourth aspect, a is
equal to any one of the following numbers: 0.1x, where 0<x<10; 0.2x, where 0<x<5; or 0.01x, where
0<x<100; and x is an integer.

[0035] With reference to the fourth aspect, in some implementations of the fourth aspect, the
processing module is specifically configured to determine, based on Z. and the parameter G
corresponding to the first time unit, the location that is in the circular buffer and that is of the starting
bit in the first coded bit sequence, where Z. is a low-density parity-check LDPC factor.

[0036] With reference to the fourth aspect, in some implementations of the fourth aspect, the
processing module is further configured to map the second coded bit sequence to a time-frequency
resource in the first time unit, where the second coded bit sequence is the coded bit sequence that is
output through rate matching in the first time unit, and a quantity of bits in the second coded bit
sequence is equal to the parameter G corresponding to the first time unit.

[0037] The processing module is further configured to map the UCI to some time-frequency
resources in the first time unit, to replace some bit sequences in the first coded bit sequence carried
in the some time-frequency resources.

[0038] With reference to the fourth aspect, in some implementations of the fourth aspect, the first
indication information further indicates that the network device can send one transport block in the
plurality of time units, and the first transport block is one transport block.

[0039] The first indication information includes a transport block over multi-slot transmission
enabling field, or the first indication information includes a transport block over multi-slot mapping
type parameter.

[0040] According to a fifth aspect, an uplink transmission apparatus is provided, including: a
transceiver module, configured to send first indication information to a terminal device, where the
first indication information indicates the terminal device to send a first transport block in a plurality
of time units, where the transceiver module is further configured to send second indication
information to the terminal device, where the second indication information indicates the terminal
device to send uplink control information UCI in a first time unit, and the first time unit is one of the
plurality of time units; and the transceiver module is further configured to receive the first transport
block from the terminal device; and a processing module, configured to determine, based on a
parameter G corresponding to the first time unit, a location that is in a circular buffer and that is of a

starting bit in a first coded bit sequence, where the first coded bit sequence is a coded bit sequence
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that is output through rate matching in a second time unit, the parameter G is a total quantity of coded
bits available for transmission of the first transport block and the UCI in one time unit, G is a positive
integer, and the second time unit is a next time unit of the first time unit in the plurality of time units.
[0041] In the foregoing solution, the network device indicates the terminal device to include
indication information of the UCI in the first time unit; and when the terminal device detects or does
not detect the indication, the total quantity of coded bits of the UCI is not removed from the parameter
G used by the network device and the terminal device to determine the location that is in the circular
buffer and that is of the starting bit in the coded bit sequence that is output through rate matching in
the second time unit (the next time unit of the first time unit). Therefore, starting from the second
time unit, the network device and the terminal device can align locations that are in circular buffers
and that are of starting bits in bit selection in each rate matching. This increases a decoding success
rate.

[0042] With reference to the fifth aspect, in some implementations of the fifth aspect, the
processing module is specifically configured to determine, based on a times of the parameter G
corresponding to the first time unit, the location that is in the circular buffer and that is of the starting
bit in the first coded bit sequence, where 0<a<lI.

[0043] With reference to the fifth aspect, in some implementations of the fifth aspect, the
processing module is further configured to determine a length of a second coded bit sequence based
on the parameter G corresponding to the first time unit, where the second coded bit sequence is a
coded bit sequence that is output through rate matching in the first time unit.

[0044] With reference to the fifth aspect, in some implementations of the fifth aspect, a is equal
to any one of the following numbers: 0.1x, where 0<x<10; 0.2x, where 0<x<5; or 0.01x, where
0<x<100; and x is an integer.

[0045] With reference to the fifth aspect, in some implementations of the fifth aspect, the
processing module is specifically configured to determine, based on Z. and the parameter G
corresponding to the first time unit, the location that is in the circular buffer and that is of the starting
bit in the first coded bit sequence, where Z. is a low-density parity-check LDPC factor.

[0046] With reference to the fifth aspect, in some implementations of the fifth aspect, the first
indication information further indicates that the network device can send one transport block in the
plurality of time units, and the first transport block is one transport block.

[0047] The first indication information includes a transport block over multi-slot transmission
enabling field, or the first indication information includes a transport block over multi-slot mapping
type parameter.

[0048] According to a sixth aspect, an uplink transmission method is provided, where the method
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includes:

[0049] A terminal device receives downlink control information and first information from a
network device, where the downlink control information indicates the terminal device to transmit
aperiodic channel state information A-CSI on a first time domain resource, the first information
indicates to transmit a physical uplink shared channel PUSCH on a second time domain resource, and
the first time domain resource overlaps the second time domain resource. The terminal device cancels
transmission of the A-CSI, or the terminal device cancels PUSCH transmission on an overlapped time
domain resource between the first time domain resource and the second time domain resource.
[0050] With reference to the seventh aspect, in some implementations of the seventh aspect, the
first time domain resource and the second time domain resource are included in a same time unit.
[0051] According to an eighth aspect, an uplink transmission method is provided, where the
method includes:

[0052] A terminal device receives first indication information from a network device, where the
first indication information indicates the terminal device to send a first transport block in a plurality
of time units. The terminal device receives second indication information from the network device,
where the second indication information indicates the terminal device to send a HARQ-ACK and first
control information in a first time unit, the first control information includes channel state information
CSI and/or configured grant-uplink control information CG-UCI, and the first time unit is one of the
plurality of time units. The terminal device determines, based on a parameter G corresponding to the
first time unit, a location that is in a circular buffer and that is of a starting bit in a first coded bit
sequence, where the first coded bit sequence is a coded bit sequence that is output through rate
matching in a second time unit, the parameter G is a total quantity of coded bits available for
transmission of the first transport block and the HARQ-ACK in one time unit, G is a positive integer,
and the second time unit is a next time unit of the first time unit in the plurality of time units. The
terminal device sends the HARQ-ACK, the first information, and the first transport block to the
network device in the plurality of time units.

[0053] According to a ninth aspect, an uplink transmission method is provided, where the method
includes:

[0054] A terminal device receives first indication information from a network device, where the
first indication information indicates the terminal device to send a first transport block in a plurality
of time units.

[0055] The terminal device receives second indication information from the network device,
where the second indication information indicates the terminal device to send a HARQ-ACK in a first

time unit, and the first time unit is one of the plurality of time units.

9



[0056] When a quantity of bits occupied by the HARQ-ACK is greater than 2 bits, the terminal
device multiplexes the HARQ-ACK to the first transport block in a puncturing manner.

[0057] The terminal device sends, to the network device in the plurality of time units, the first
transport block to which the HARQ-ACK is multiplexed.

[0058] According to a tenth aspect, an uplink transmission method is provided, where the method
includes:

[0059] A network device sends first information to a terminal device, where the first information
indicates the terminal device to send one transport block in a first transmission manner.

[0060] When the network device does not receive or does not correctly receive the transport block,
the network device sends second information to the terminal device, where the second information
indicates the terminal device to send the transport block in a second transmission manner.

[0061] The first transmission manner is a single-code-block based physical uplink shared channel
PUSCH or single-code-block based PUSCH repetition of a repetition type A, and the second
transmission manner is a multi-slot transport block or multi-slot transport block repetition; or

the first transmission manner is a multi-code-block based physical uplink shared channel
PUSCH or multi-code-block based PUSCH repetition of a repetition type A, and the first transmission
manner is the same as the second transmission manner.

[0062] With reference to the tenth aspect, in some implementations of the tenth aspect, the method
further includes:

[0063] The network device determines the second transmission manner based on the first
transmission manner.

[0064] According to an eleventh aspect, an uplink transmission apparatus is provided, where the
apparatus includes:

a transceiver module, configured to receive downlink control information and first
information from a network device, where the downlink control information indicates the terminal
device to transmit aperiodic channel state information A-CSI on a first time domain resource, the first
information indicates to transmit a physical uplink shared channel PUSCH on a second time domain
resource, and the first time domain resource overlaps the second time domain resource; and

a processing module, configured to cancel transmission of the A-CSI, or cancel PUSCH
transmission on an overlapped time domain resource between the first time domain resource and the
second time domain resource.

[0065] According to a twelfth aspect, an uplink transmission apparatus is provided, where the
apparatus includes:

a transceiver module, configured to receive first indication information from a network
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device, where the first indication information indicates the terminal device to send a first transport
block in a plurality of time units, where

the transceiver module is further configured to receive second indication information from
the network device, where the second indication information indicates the terminal device to send a
HARQ-ACK and first control information in a first time unit, the first control information includes
channel state information CSI and/or configured grant-uplink control information CG-UCI, and the
first time unit is one of the plurality of time units; and

a processing module, configured to determine, based on a parameter G corresponding to
the first time unit, a location that is in a circular buffer and that is of a starting bit in a first coded bit
sequence, where the first coded bit sequence is a coded bit sequence that is output through rate
matching in a second time unit, the parameter G is a total quantity of coded bits available for
transmission of the first transport block and the HARQ-ACK in one time unit, G is a positive integer,
and the second time unit is a next time unit of the first time unit in the plurality of time units, where

the transceiver module is further configured to send the HARQ-ACK, the first information,
and the first transport block to the network device in the plurality of time units.

[0066] According to a thirteenth aspect, an uplink transmission apparatus is provided, where the
apparatus includes:

a transceiver module, configured to receive first indication information from a network
device, where the first indication information indicates the terminal device to send a first transport
block in a plurality of time units, where

the transceiver module is further configured to receive second indication information from
the network device, where the second indication information indicates the terminal device to send a
HARQ-ACK in a first time unit, and the first time unit is one of the plurality of time units; and

a processing module, configured to: when a quantity of bits occupied by the HARQ-ACK
is greater than 2 bits, multiplex the HARQ-ACK to the first transport block in a puncturing manner,
where

the transceiver module is further configured to send, to the network device in the plurality
of time units, the first transport block to which the HARQ-ACK is multiplexed.

[0067] According to a fourteenth aspect, an uplink transmission apparatus is provided, where the
apparatus includes:

a transceiver module, configured to send first information to a terminal device, where the
first information indicates the terminal device to send one transport block in a first transmission
manner.

[0068] When the transceiver module does not receive or does not correctly receive the transport
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block, the transceiver module is further configured to send second information to the terminal device,
where the second information indicates the terminal device to send the transport block in a second
transmission manner.
[0069] The first transmission manner is a single-code-block based physical uplink shared channel
PUSCH or single-code-block based PUSCH repetition of a repetition type A, and the second
transmission manner is a multi-slot transport block or multi-slot transport block repetition; or

the first transmission manner is a multi-code-block based physical uplink shared channel
PUSCH or multi-code-block based PUSCH repetition of a repetition type A, and the first transmission
manner is the same as the second transmission manner.
[0070] According to a fifteenth aspect, an uplink transmission method is provided, including:
[0071] A terminal device receives first indication information from a network device, where the
first indication information indicates the terminal device to send a first transport block in a plurality
of time units.
[0072] The terminal device receives second indication information from the network device,
where the second indication information indicates the terminal device to send uplink control
information UCI in a first time unit, and the first time unit is one of the plurality of time units.
[0073] The terminal device determines, based on a parameter G corresponding to the first time
unit, a location that is in a circular buffer and that is of a starting bit in a first coded bit sequence,
where the first coded bit sequence is a coded bit sequence that is output through rate matching in a
second time unit, the parameter G is a total quantity of coded bits available for transmission of the
first transport block and the UCI in one time unit, G is a positive integer, and the second time unit is
one of the plurality of time units.
[0074] The terminal device sends the UCI and the first transport block to the network device in
the plurality of time units.
[0075] In the foregoing solution, the network device indicates the terminal device to include
indication information of the UCI in the first time unit; and when the terminal device detects the
indication, the total quantity of coded bits of the UCI is not deducted from the parameter G used by
the network device and the terminal device to determine the location that is in the circular buffer and
that is of the starting bit in the coded bit sequence that is output through rate matching in the second
time unit. Therefore, starting from the second time unit, the network device and the terminal device
can align locations that are in circular buffers and that are of starting bits in bit selection in each rate
matching. This increases a decoding success rate.
[0076] In an implementation, the plurality of time units correspond to an equal parameter G.

[0077] In an implementation, that the terminal device determines, based on a parameter G
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corresponding to the first time unit, a location that is in a circular buffer and that is of a starting bit in
a first coded bit sequence includes:

determining, based on the parameter G corresponding to the first time unit and a real
periodicity N/, of bit selection, the location that is in the circular buffer and that is of the starting bit
in the first coded bit sequence.
[0078] In an implementation, the determining, based on the parameter G corresponding to the
first time unit and a real periodicity N/, of bit selection, the location that is in the circular buffer and
that is of the starting bit in the first coded bit sequence includes:

determining a first starting bit index k. ,, based on the parameter G corresponding to the
first time unit and the real periodicity N/, of bit selection; and

determining, based on the first starting bit index k; ,, the location k, ,, that is in the
circular buffer and that is of the starting bit in the first coded bit sequence.
[0079] n represents an index of the second time unit in the plurality of time units, and the index
is obtained by counting the plurality of time units from 0 in a time sequence.
[0080] In an implementation, the first starting bit index k. ,, meets the following:
[0081] k., = mod(k;o+nXxG,NS).
[0082] k; o represents a first starting bit index of a 1% time unit in the plurality of time units, N,
represents the real periodicity of bit selection, n represents the index of the second time unit in the
plurality of time units, and the index is obtained by counting the plurality of time units from 0 in the
time sequence.
[0083] In an implementation, the determining, based on k; ,, the location k, , that is in the
circular buffer and that is of the starting bit in the first coded bit sequence includes:
[0084] If0 < kyn < Kyyrr — 2Z, kyyy = Ky or

if Ky — 2Z¢ < kyn < Neps krn = krn + (Ko — Ky
[0085] KyuuL — 2Z. represents a location of a 1% filler bit in the circular buffer, and Ky, —
Kyy. represents a quantity of filler bits in the circular buffer.
[0086] In an implementation, the real periodicity N/, of bit selection meets the following:
[0087] N/ = Nop — (Kyyrr — Kyurn), where Kyyr, — Ky represents the quantity of filler
bits in the circular buffer, and N, represents a size of the circular buffer.
[0088] In an implementation, the first starting bit index k., of the 1*' time unit in the plurality of
time units meets the following:
[0089]  IfO0 < ko < Kyyrr — 2Z¢, ky o = ko, Where Ky, — 2Z, represents an index of the 1%

filler bit in the circular buffer;

13



if Kyyp, —2Zc < ko < Kyyp, —2Z. , kio = Kyyp, —2Z. , where Kyyp, — 2Z,
represents an index of a 1% parity bit in the circular buffer; or

if Kyuwr —2Zc < ko <Nep , kro = ko — (Kyuwr — Kyurr) » where Kyyrr — Kyuws
represents a quantity of filler bits in the circular buffer.
[0090] ko represents a location that is in the circular buffer and that is of a starting bit, in coded
bits, corresponding to the 1 time unit in the plurality of time units, and k,, is jointly determined by a
redundancy version RV and a base graph BG.
[0091] In the foregoing solution, it is ensured that a bit sequence obtained by performing bit
selection in each of a plurality of slots is consecutive, thereby ensuring decoding performance.
[0092] According to a sixteenth aspect, a communications apparatus is provided, including a
processor and a memory. The memory is configured to store a computer program, and the processor
is configured to execute the computer program stored in the memory, so that the communications
apparatus performs the communication method according to any one of the first aspect to the third
aspect, the seventh aspect to the tenth aspect, and the fifteenth aspect.
[0093] According to a seventeenth aspect, a computer-readable storage medium is provided. The
computer-readable storage medium stores a computer program, and when the computer program runs
on a computer, the computer is enabled to perform the communication method according to any one
of the first aspect to the third aspect, the seventh aspect to the tenth aspect, and the fifteenth aspect.
[0094] According to a seventeenth aspect, a chip system is provided, including: a processor,
configured to invoke a computer program from a memory and run the computer program, so that a
communications device in which the chip system is installed performs the communication method
according to any one of the first aspect to the third aspect, the seventh aspect to the tenth aspect, and

the fifteenth aspect.

BRIEF DESCRIPTION OF DRAWINGS

[0095] FIG. 1 is a schematic diagram of a wireless communications system 100 to which an
embodiment of this application is applicable;

[0096] FIG. 2 is a schematic diagram of a multi-slot transport block;

[0097] FIG. 3 is a schematic flowchart of signal processing;

[0098] FIG. 4 is a schematic diagram of a transmission occasion;

[0099] FIG. 5 is a schematic diagram of TBoMS resource mapping based on a redundancy version
cycle;

[00100] FIG. 6 is a schematic diagram of performing rate matching once in each slot in a TBoMS;
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[00101] FIG. 7 shows a location that is in a circular buffer and that is of a starting bit used by a
network device and a terminal device to perform bit selection in each rate matching;

[00102] FIG. 8 is a schematic interaction diagram of an uplink transmission method 100 according
to this application;

[00103] FIG. 9 is a schematic interaction diagram of an uplink transmission method 200 according
to this application;

[00104] FIG. 10 shows an example of two possible uplink-downlink slot configurations;

[00105] FIG. 11 is a schematic diagram of an example of determining a starting location of bit
selection in rate matching;

[00106] FIG. 12 is a schematic diagram in which bit sequences in a circular buffer are sequentially
carried by a PUSCH;

[00107] FIG. 13 is a schematic diagram in which bit sequences in a circular buffer are sequentially
carried by a PUSCH;

[00108] FIG. 14 is a schematic diagram of sequentially carrying bit sequences in a circular buffer
by a PUSCH;

[00109] FIG. 15 is a schematic diagram in which transmission over multi-slot bit sequences are
sequentially carried by a PUSCH;

[00110] FIG. 16 illustrates RV cycling configuration scheduling of a PUSCH repetition type A;
[00111] FIG. 17 illustrates RV cycling configuration scheduling of a PUSCH repetition type A;
[00112] FIG. 18 illustrates RV cycling configuration scheduling of a PUSCH repetition type A;
[00113] FIG. 19 illustrates RV cycling configuration scheduling of a PUSCH repetition type A;
[00114] FIG. 20 is a schematic diagram of an example of an uplink transmission method 500;
[00115] FIG. 21 is a schematic diagram of another example of an uplink transmission method 500;
[00116] FIG. 22 is a schematic diagram of still another example of an uplink transmission method
500;

[00117] FIG. 23 is a schematic diagram of an example of TBoMS transmission;

[00118] FIG. 24 is a schematic block diagram of a communications apparatus used for uplink
transmission according to an embodiment of this application;

[00119] FIG. 25 is a schematic diagram of an uplink transmission apparatus 20 according to an

embodiment of this application;
[00120] FIG. 26 is a schematic block diagram of £, in filler bits;
[00121] (a), (b), (c), and (d) in FIG. 27 are schematic diagrams of four different cases of locations

of k, ', 1;0 , and a filler bit in a circular buffer; and
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[00122] (a) and (b) in FIG. 28 show circular buffers whose lengths are N;, and N/, respectively.

DESCRIPTION OF EMBODIMENTS

[00123] Technical solutions in embodiments of this application may be applied to various
communications systems, for example, a 5th generation (5th generation, 5G) system or a new radio
(new radio, NR) 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, and a universal mobile telecommunications system (universal mobile
telecommunications system, UMTS). In addition, the technical solutions in the embodiments of this
application may be further applied to sidelink communication. For example, the technical solutions
in the embodiments of this application may be further applied to device to device (device to device,
D2D) communication, machine to machine (machine to machine, M2M) communication, machine
type communication (machine type communication, MTC), and communication in an internet of
vehicles system.

[00124] To help understand embodiments of this application, a communications system to which
an embodiment of this application is applicable is first described with reference to FIG. 1.

[00125] FIG. 1 is a schematic diagram of a wireless communications system 100 to which an
embodiment of this application is applicable. As shown in FIG. 1, the wireless communications
system 100 may include at least one network device, for example, a network device 111 shown in
FIG. 1. The wireless communications system 100 may further include at least one terminal device,
for example, a terminal device 121 shown in FIG. 1. A plurality of antennas may be configured for
both the network device and the terminal device, and the network device and the terminal device may
communicate with each other by using a multi-antenna technology.

[00126] When the network device communicates with the terminal device, the network device may
manage one or more cells. One cell may have an integer quantity of terminal devices. Optionally, the
network device 111 and the terminal device 121 form a single-cell communications system. Without
loss of generality, a cell is denoted as a cell #1. The network device 111 may be a network device in
the cell #1, or the network device 111 may serve a terminal device (for example, the terminal device
121) in the cell #1.

[00127] It should be noted that the cell may be understood as a region within coverage of a wireless
signal of the network device.

[00128] A transmitting end device mentioned in embodiments of this application may be a terminal

device, and a receiving end device may be a network device. For example, the transmitting end device
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is the terminal device 121, and the receiving end device is the network device 111.

[00129] It should be understood that FIG. 1 is merely an example for description, and this
application is not limited thereto. For example, embodiments of this application may be further
applied to any communication scenario in which data (or a data block) needs to be repeatedly sent.
[00130] It should be further understood that the network device in the wireless communications
system may be any device having a wireless transceiver function. The device includes but is not
limited to an evolved NodeB (evolved NodeB, eNB), a radio network controller (radio network
controller, RNC), a NodeB (NodeB, NB), a base station controller (base station controller, BSC), a
base transceiver station (base transceiver station, BTS), a home base station (for example, a home
evolved NodeB or a home NodeB, HNB), a baseband unit (baseband unit, BBU), an access point
(access point, AP) in a wireless fidelity (wireless fidelity, Wi-Fi) system, a wireless relay node, a
wireless backhaul node, a transmission point (transmission point, TP) or a transmission and reception
point (transmission and reception point, TRP), and the like. Alternatively, the device may be a gNB
in a 5G system such as an NR system, a transmission point (TRP or TP), or one antenna panel or a
group of antenna panels (including a plurality of antenna panels) of a base station in a 5G system.
Alternatively, the device may be a network node that constitutes a gNB or a transmission point, for
example, a baseband unit (BBU) or a distributed unit (distributed unit, DU).

[00131] In some deployments, the gNB may include a central unit (central unit, CU) and a DU.
The gNB may further include an active antenna unit (active antenna unit, AAU for short). The CU
implements some functions of the gNB, and the DU implements some functions of the gNB. For
example, the CU is responsible for processing a non-real-time protocol and service, and implements
functions of a radio resource control (radio resource control, RRC) layer and a packet data
convergence protocol (packet data convergence protocol, PDCP) layer. The DU is responsible for
processing a physical layer protocol and a real-time service, and implements functions of a radio link
control (radio link control, RLC) layer, a media access control (media access control, MAC) layer,
and a physical (physical, PHY) layer. The AAU implements some physical layer processing functions,
radio frequency processing, and a function related to an active antenna. Information at the RRC layer
is eventually converted into information at the PHY layer, or is converted from information at the
PHY layer. Therefore, in this architecture, higher layer signaling such as RRC layer signaling may
alternatively be considered as being sent by the DU or sent by the DU and the AAU. It may be
understood that the network device may be a device including one or more of a CU node, a DU node,
and an AAU node. In addition, the CU may be classified into a network device in an access network
(radio access network, RAN), or the CU may be classified into a network device in a core network

(core network, CN). This is not limited in this application.
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[00132] It should be further understood that the terminal device in the wireless communications
system may also be referred to as user equipment (user equipment, UE), an access terminal, a
subscriber unit, a subscriber station, a mobile station, a remote station, a remote terminal, a mobile
device, a user terminal, a terminal, a wireless communications device, a user agent, or a user apparatus.
The terminal device in embodiments of this application may be a mobile phone (mobile phone), a
tablet computer (Pad), a computer having a wireless transceiver function, 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), or the like. An application scenario is
not limited in embodiments of this application.

[00133] For ease of understanding of the embodiments of this application, the following first
briefly describes the embodiments with reference to several terms in this application.

[00134] 1. Time unit

[00135] The time unit is generally a unit of time. For example, the time unit may include but is not
limited to a subframe (subframe), a slot (slot), a symbol, a physical slot, an available slot, a first
symbol of a slot, a first symbol of a physical slot, a first symbol of an available slot, and the like. The
symbol (for example, the first symbol) may be a time domain symbol (for example, an orthogonal
frequency division multiplexing (orthogonal frequency division multiplexing, OFDM) symbol) or the
like. The time unit may be determined based on both an uplink-downlink slot configuration and a
TDRA table, and may be indicated by a starting symbol S and a length L in the TDRA table.

[00136] For the slot (slot), one slot format may include several orthogonal frequency division
multiplexing (orthogonal frequency division multiplexing, OFDM) symbols. For example, one slot
format may include 14 OFDM symbols, or one slot format may include 12 OFDM symbols, or one
slot format includes 7 OFDM symbols. In one slot, all OFDM symbols may be used for uplink
transmission or may be used for downlink transmission; or some may be used for downlink
transmission, some may be used for uplink transmission, and some are flexible time domain symbols
(which may be flexibly configured to be used for uplink or downlink transmission). It should be
understood that the foregoing examples are merely examples for description, and shall not constitute
any limitation on this application. In consideration of system forward compatibility, a quantity of
OFDM symbols included in a slot and the slot being used for uplink transmission and/or downlink
transmission are not limited to the foregoing examples. In this application, a time domain symbol

may be an OFDM symbol, to be specific, the time domain symbol may be replaced with the OFDM
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symbol.

[00137] 2. Transport block over multi-slot (transport block over multi-slot, TBoMS)

[00138] Compared with LTE and long term evolution advanced (long term evolution advanced,
LTE-A) wireless communications systems, an NR wireless communications system is deployed on a
higher frequency band to obtain a larger communication bandwidth. However, a higher frequency
band causes a larger path loss and a larger penetration loss, so that coverage performance of NR is
far lower than that of LTE and LTE-A.

[00139] To improve coverage performance of NR, a transport block over multi-slot technology is
proposed. For example, as shown in FIG. 2, TB#1 to TB#4 are aggregated into a large transport block
(transport block, TB). In this technology, small data packets in each slot are aggregated into a large
data packet and the aggregated data packet is transmitted in a plurality of slots, so as to reduce a
quantity of TB segmentation times to reduce cyclic redundancy code (cyclic redundancy code, CRC)
overheads, increase a transport block size (transport block size, TBS) to increase a coding gain, and
reduce frequency resources to improve power spectral density and coverage performance.

[00140] 3. Repeated transmission of type A (type A) and type B (type B)

[00141] As described above, in some scenarios, for example, some deep coverage scenarios, such
as a cell edge or a basement, a path loss of radio signal propagation is very severe. To improve uplink
transmission performance, a method for enhancing coverage performance is to repeatedly send a data
block. For example, a terminal device repeatedly sends a PUSCH, and a network device performs
combination detection on repeatedly sent data blocks. This manner can improve channel estimation
performance, data demodulation performance, and a cell coverage capability.

[00142] A current NR protocol is used as an example. In the current NR protocol, a PUSCH can
be repeatedly sent a maximum of 16 times, and a PUCCH can be repeatedly sent a maximum of 8
times. In the current NR protocol, repeated transmission of type A is supported for the PUCCH, and
repeated transmission of type A and type B is supported for the PUSCH.

[00143] (1) Repeated transmission of type A

[00144] Repeated transmission of type A means that N consecutive slots need to be scheduled for
N repetitions, and a starting location and a total length of a time domain symbol that needs to be
occupied in one slot for one repeated transmission are configured. In the N slots, a slot that meets a
condition that a starting location and a total length of a time domain symbol occupied for one repeated
transmission are the same as a configured starting location and total length may be actually used for
one repeated transmission. N is an integer greater than or equal to 1.

[00145] (2) Repeated transmission of type B

[00146] Repeated transmission of type B means that repeated transmission is performed N times
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on a plurality of consecutive time domain symbols based on a time domain starting symbol location
S of 1% repeated transmission and a quantity L of time domain symbols that need to be occupied in
each repetition. To be specific, starting from an S time domain symbol of a scheduled 1% slot,
subsequent N*L time domain symbols (which may be extended to another slot) are all used for
performing repeated transmission N times.

[00147] It should be understood that, for specific descriptions of repeated transmission of type A
and type B, refer to an existing protocol. The existing protocol does not limit the protection scope of
embodiments of this application.

[00148] For ease of description, repeated transmission of type A is denoted as a repetition type A
(repetition type A) and repeated transmission of type B is denoted as a repetition type B (repetition
type B) below.

[00149] 4. Redundancy version (redundancy version, RV)

[00150] Before an information bit string is sent by using a physical antenna, some signal
processing processes are generally performed, as shown in FIG. 3.

[00151] Channel coding: Redundancy and parity bits are introduced into an information bit string.
Therefore, after a signal arrives at a receiving end, the receiving end can better recover the information
bit string based on a check relationship between a plurality of received bits (including information
and parity bits). For a data channel, currently, NR may support low-density parity-check code (low-
density parity-check code, LDPC) channel coding. For example, a 100-bit (bit) information bit string
is converted into a 500-bit after-coded bit string through LDPC coding at a 1/5 code rate, and 400-bit
redundancy is introduced. A ratio of a length of the information bit string to a length of the after-
coded bit string is equal to the 1/5 code rate. For distinguishing, the after-coded bit string is denoted
as a coded bit string.

[00152] Rate matching (rate matching, RM): Rate matching is performed on each code block (code
block, CB), and mainly includes two parts: bit selection (bit selection) and bit interleaving (bit
interleaving). The bit selection means sequentially reading some coded bits from a circular buffer
(circular buffer) based on a redundancy version (redundancy version, RV), and the bit interleaving
means performing row-column interleaving on the some coded bits. Finally, the bits of each code
block that are obtained after the bit interleaving are sequentially concatenated, and a codeword
(codeword, CW) is output. After a relatively long coded bit string is obtained through channel coding
during information bit string transmission, not all coded bit strings are directly sent. Generally, the
terminal device may determine, based on a configured quantity of available resource elements
(resource element, RE) and a configured modulation order that are indicated by the network device

to the terminal device, a quantity of bits that can be sent, and then perform selection from a coded bit
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string (a current protocol specifies four start points, which are approximately evenly distributed in
the coded bit string, and are respectively marked as RV0, RV1, RV2, and RV3).

[00153] For example, a quantity of available REs in one current resource block (resource block,
RB) is as follows: 12*12=144, and quadrature phase shift keying (quadrature phase shift keying,
QPSK) modulation is performed, so that one physical resource block (physical resource block, PRB)
can carry 144*2=288 bits. Therefore, 288 bits need to be selected from the 500-bit coded bit string as
a selected bit string, and then modulation, resource mapping, and other processing are performed on
the selected bit string. In this case, corresponding code rate=information bit string/length of the
selected bit string=100/288.

[00154] More specifically, rate matching includes bit selection and bit interleaving. Bit selection
means selecting coded bits from the circular buffer based on a start point specified by the RV. A
selected coded bits length is determined by a size of a mapped time-frequency resource. Bit
interleaving means performing row-column interleaving on the selected bits. Therefore, a bit
interleaving granularity and a bit selection granularity are consistent, and may be collectively referred
to as a rate matching granularity.

[00155] For example, if the mapped time-frequency resource is one or more OFDM symbols
included in one TO, the length of the selected coded bits is a time-frequency resource on the one TO
(code block segmentation is not considered). It may also be understood that the rate matching
granularity is the one TO. Specifically, if code block segmentation is not considered, the length of the

selected coded bits is the size of the mapped time-frequency resource, and may be represented by

using a formula: Nm =Ny.-O N, , where N ro 1s a quantity of bits that can be carried by a time-

frequency resource on one transmission occasion, O, is a modulation order, and N, is a quantity

of layers.

[00156] 5. Repeated RV cycling mechanism

[00157] The following uses the repetition type A as an example to describe a current repeated RV
cycling mechanism.

[00158] It is assumed that an RV indicated by downlink control information (downlink control
information, DCI) for scheduling a physical uplink shared channel (physical uplink shared channel,
PUSCH) is rvis. For the repetition type A, an RV used on an n transmission occasion of the PUSCH
is shown in Table 1. One transmission occasion is defined as one slot. It should be understood that an
RV update granularity is one transmission occasion, that is, a used RV needs to be updated on each
transmission occasion. An update sequence is determined by an RV sequence, and the RV sequence
is {0, 2, 3, 1} by default, that is, the RV is cyclically updated in an order of {0, 2, 3, 1}, and a cycling
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start point is determined by rvis indicated by the DCI for scheduling the PUSCH. In addition, if RV
sequence indication information repK-RV is configured by using higher layer signaling, the RV is
updated in an order indicated by repK-RV. For the repetition type B, an RV used for an n™ actual
repetition of the PUSCH is shown in Table 1. The actual repetition is obtained after a nominal
repetition is segmented by a slot boundary and an invalid symbol. The nominal repetition is directly
configured by a base station, for example, parameters such as a start and length indicator value (start

and length indicator value, SLIV) and a quantity of repetitions K.

Table 1 Repeated resource mapping mechanism

rvid indicated by the | Repetition Type A: rvid used on the nth transmission occasion

DCI for scheduling | Repetition Type B: rvid used for the nth actual repetition

the PUSCH nmod4 =0 nmod4 =1 nmod 4 =2 nmod4 =3
0 0 2 3 1

2 2 3 1 0

3 3 1 0 2

1 1 0 2 3

[00159] The RV indicates a coded bit carried in one transmission occasion in the circular buffer.
Specifically, data obtained after low-density parity-check (low-density parity-check, LDPC) coding
is stored in the circular buffer, and is referred to as a coded bit. An RV start point is determined based
on rvjq in each transmission, and is denoted as ko. Coded bits are sequentially selected from ko in the
circular buffer, and are mapped to a time-frequency resource of one transmission occasion until the
time-frequency resource is used up. There are four V start points in total, which are respectively
indicated by rvi¢=0, rvie=1, rvie=2, and rviz=3, and are respectively denoted as RV0, RV1, RV2, and
RV3. Each RV start point ko is related to a base graph (basic grapy, BG) used for the LDPC coding,

as shown in Table 2, where IV, represents a length of coded bits, and Z . represents an expansion

factor of the LDPC coding.

Table 2 RV start point location ko

IVid ko
LDPC BG1 LDPC BG2
0 0 0
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I'Vid ko
LDPC BGl1 LDPC BG2
5 = = = =
7N, |, 13N, |,
| 6627, | 1507, |
3 = = = =
30, |, 25N, |,
| 667, | | 507, |
0 - - _ =
S6N,, |, BN, |,
| 66Z, | | 50Z, |

[00160] For example, as shown in (a) in FIG. 4, a circular ring represents a circular buffer that
stores a coded bit string sequence obtained after channel coding is performed on an information bit,
and locations of RV0 to RV3 are determined according to Table 2. (b) in FIG. 4 shows a resource
mapping result of TDRA that is based on the repetition type A, and coded bits are sequentially mapped
to time-frequency resources on four transmission occasions in an order of the RV sequence {0, 2, 3,
1}.
[00161] In the repeated resource mapping mechanism, that is, the RV cycling mechanism, one TB
includes only data packets in one slot, and one TBoMS is an aggregation result of data packets in a
plurality of slots. In a same quantity of slots, a TBS of the TBoMS is far greater than a repeated TBS.
Consequently, it is very likely that information bits cannot be completely sent, and demodulation
performance deteriorates.
[00162] For example, as shown in FIG. 5, a circular ring represents a circular buffer, and the
circular buffer is configured to store a coded bit string sequence obtained after channel coding is
performed on an information bit. A blank part in the circular ring is a coded parity bit, and a shadow
part in the circular ring is a coded information bit. RV0, RV1, RV2, and RV3 are approximately four
equal-division location points of the coded bit sequence. When the RV sequence {0, 2, 3, 1} is used
for sending, that is, bits transmitted in different slots are selected from different RV start points (a bit
sequence of a specific length is selected) for mapping and sending.
[00163] It should be noted that the circular buffer and the circular buffer have consistent meanings
throughout the document.
[00164] 6. Uplink control information (uplink control information, UCI) multiplexing technology
[00165] To reduce cross-modulation interference in uplink sending of the terminal device, when a
physical uplink control channel (physical uplink control channel, PUCCH) and a PUSCH overlap in
time domain, two transmission methods are supported:

(1) when a PUCCH priority is higher than a PUSCH priority, or when a PUCCH priority
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is the same as a PUSCH priority but a time line condition is not met, discarding PUSCH transmission;
and

(2) when the PUCCH priority is the same as the PUSCH priority and the time line
condition is met, multiplexing UCI carried on the PUCCH to the PUSCH for transmission.
[00166] In the second case, that is, the UCI is multiplexed on the PUSCH for transmission, the
UCI includes at least one of a hybrid automatic repeat request-acknowledgment (hybrid automatic
repeat request-acknowledgment, HARQ-ACK), channel state information (channel state information,
CSI), and configured grant-uplink control information (configured grant-uplink control information,
CG-UCI). Briefly descriptions are as follows:
[00167] (1) A UCI bit sequence is generated, including at least one of the HARQ-ACK, the CSI,
and the CG-UCI.
[00168] (2) Code block segmentation is performed on the generated UCI bit sequence, and a cyclic
redundancy check (cyclic redundancy check, CRC) code is generated and added.
[00169] (3) Channel coding is performed on each code block. The HARQ-ACK and the CSI are
independently coded, and a CSI part 1 and a CSI part 2 are independently coded. For the CG-UCI, if
no HARQ-ACK is multiplexed on the PUSCH for transmission, the CG-UCI is independently coded;
otherwise, the CG-UCI and the HARQ-ACK are jointly coded.
[00170] (4) Rate matching is performed on each coded code block, including calculating a quantity
of coded modulation symbols of each UCI layer and performing bit selection.
[00171] (5) Code block concatenation is performed to concatenate bit sequences that are output
through rate matching of each code block.
[00172] (6) The UCI bits on which code block concatenation is performed are modulated and then
mapped to a specified PUSCH transmission resource.
[00173] 7. Cancel transmission:
[00174] In a communication process, sending resources of some signals may conflict, that is, the
resources overlap. However, the terminal device may not have a capability of simultaneously sending
the signals. Therefore, some rules need to be defined, to determine signals that need to be
preferentially sent when the conflict occurs, so as to ensure that the network device and the terminal
device have a consistent understanding, and ensure normal communication. The following lists some
conflict processing mechanisms in various conflict scenarios in the conventional technology.
[00175] Case 1: A semi-statically configured downlink slot or symbol conflicts with an uplink data
channel PUSCH resource.
[00176] The network device configures a frame structure for the UE by sending higher layer

signaling, to be specific, which slots/or symbols are downlink slots/symbols, which slots/symbols are
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uplink slots/symbols, and which slots/symbols are flexible. Specifically, the higher layer signaling
may be tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationDedicated. Generally, a
downlink slot or symbol can be configured to transmit only a downlink signal, an uplink slot or
symbol can be configured to transmit only an uplink signal, and a flexible slot or symbol can be
configured to transmit an uplink signal or a downlink signal sometimes. If a symbol occupied by the
PUSCH overlaps the semi-statically configured downlink symbol, the PUSCH transmission is
canceled even if the symbols partially overlap.

[00177] Case 2: A dynamically indicated downlink symbol conflicts with a semi-statically
configured uplink data channel PUSCH resource.

[00178] There are two PUSCH scheduling modes, which are described as follows:

[00179] First scheduling mode: Dynamic grant (DG) scheduling, that is, grant-based scheduling.
A scheduling network device sends a control information PDCCH to a user. The PDCCH schedules
uplink data PUSCH transmission, that is, the PDCCH indicates a PDSCH or PUSCH time domain
resource.

[00180] Second scheduling mode: Configured grant scheduling. The configured grant scheduling
includes two types: a configured grant type 1 and a configured grant type 2. The scheduling mode of
the configured grant type 2 is similar to the first dynamic scheduling mode, that is, one PDCCH
activates the configured scheduling, and then sends the configured scheduling based on higher layer
configuration information. For the configured grant type 1, the network device does not send a control
information PDCCH to the user. A location of a time domain resource occupied by data transmission
is configured by using higher layer signaling.

[00181] The network device may send one PDCCH to carry a DCI format 2_0. The DCI format
may indicate that a symbol in one or more slots is an uplink symbol, a downlink symbol, or a flexible
symbol. Alternatively, the DCI may schedule a PDSCH or a CSI-RS on some symbols. If a symbol
occupied by a PUSCH of the configured grant scheduling overlaps a symbol indicated by the DCI
(the DCI may be the DCI format 2_0, or may be DCI for scheduling the downlink data PDSCH or
the CSI-RS), processing is performed according to the following rules:

[00182] If the terminal device does not report a partial cancellation capability, or the network

device does not indicate a partial cancellation capability, and if a starting symbol of the PUSCH is
within a time 7;,,,00,2 after a last symbol of the DCI, transmission of the PUSCH is not canceled;

otherwise, transmission of the PUSCH is canceled.

[00183] If the terminal device reports the partial cancellation capability, or the network device

indicates the partial cancellation capability, only transmission of the PUSCH after the time 7;,,,00,2

25



after the last symbol of the DCI is canceled, and transmission of the PUSCH before the time is not

canceled.

[00184] 7., is calculated by using the following formula:

pr

T

proc,2

=max ((N, +d,, +d,)(2048+144) - k27 - T, + T, + Ty, -5, )

[00185] Any one of overlapped PUCCH(s) and PUSCH(s) corresponds to the PDCCH, and
"correspondence" herein may indicate that the PDCCH is used to schedule PUSCH transmission, or
the PDCCH is used to schedule a PDSCH, and the PDCCH indicates a PUCCH carrying PDSCH
feedback information.

[00186] N2 is a PDSCH preparation time determined based on p for a UE processing capability 1

and a UE processing capability 2 respectively according to Table 3 and Table 4, where p corresponds

to one of (upL, puLr), and a value of p meets a maximum value of Toroc . Herein, ppr corresponds to
a subcarrier spacing of the PDCCH for scheduling the PUSCH, and putr corresponds to a subcarrier

spacing of an uplink channel for transmitting the PUSCH. For non-shared spectrum channel access

processing, 1, =0.If a 1! symbol of the PUSCH includes only a DM-RS, d»,1=0; otherwise, d2,1=1.

If DCI scheduling triggers BWP switching, d»» is equal to a switching time; otherwise, d2,=0. If a
high-priority PUSCH overlaps a low-priority PUCCH, d> of the high-priority PUSCH is set by a value
reported by the UE; otherwise, d>=0.

Table 3 PUSCH preparation time for a PUSCH timing capability 1

H PUSCH preparation time N2 [symbols]
0 10
1 12
2 23
3 36

Table 4 PUSCH preparation time for a PUSCH timing capability 2

H PUSCH preparation time N2 [symbols]
0 5

1 55

2 11 for frequency range 1
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[00187] Case 3: Repeated PUCCH and PUSCH resources conflict.

[00188] If the PUCCH is to be sent in N slots, the PUSCH is also to be sent in one slot or some
slots, and the PUCCH and the PUSCH may be sent in some slots. In this case, in overlapped slots,
the terminal device sends only the PUCCH, and does not send the PUSCH.

[00189] Case 4: A resource of a high-priority PUCCH conflicts with a resource of a low-priority
PUSCH.

[00190] A priority of the PUCCH may be indicated in DCI for scheduling a PDSCH, or may be
configured by using higher layer signaling. In conclusion, there is a manner of determining whether
a priority of a PUCCH is a high priority or a low priority. A priority of a dynamically scheduled
PUSCH is indicated in the DCI, and a priority of a scheduled PUSCH is configured by using the
higher layer signaling.

[00191] Once the resource of the high-priority PUCCH overlaps the resource of the low-priority
PUSCH, the low-priority PUSCH is canceled.

[00192] Case 5: In a carrier aggregation scenario, a direction of a symbol in a reference cell or
another cell conflicts with the PUSCH.

[00193] If a plurality of cells are configured for the UE, half-duplex-behavior = 'enable' is
configured to indicate that half-duplex collision processing needs to be performed, the UE is
incapable of supporting simultaneous transmission and reception in any cell, and the UE reports that
the network device can support a half-duplex operation, and blind detection of the DCI format 2 0 is
not configured, the following symbol conflicts with the PUSCH, and the PUSCH is canceled:
[00194] The symbol is indicated by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in
ServingCellConfigCommon in any serving cell as a symbol used to receive a synchronization signal
(synchronization signal, SS)/physical broadcast channel (physical broadcast channel, PBCH) block.
[00195] The symbol is indicated by a tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-
ConfigurationDedicated parameter in a reference cell as a downlink symbol, or is configured by
higher layer signaling to receive a PDCCH, a PDSCH, or a CSI-RS.

[00196] Case 6: Cancellation indication information indicates to cancel PUSCH transmission.
[00197] The network device may send cancellation indication information Cancellation indication
to the terminal device. The cancellation indication information is carried in a DCI format 2 4. A
bitmap specifically indicates a resource location at which a PUSCH is canceled in a reference time-
frequency resource. Specifically, a location indicated as 1 indicates cancellation. If at least one of
symbols occupied by the PUSCH is indicated as 1, all PUSCHs starting from a 1% symbol indicated
as 1 in the PUSCH are canceled.

[00198] For example, the PUSCH occupies symbols 2 to 12, and the symbols 3 and 4 are indicated
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as 1. In this case, the symbol 2 is still reserved, and all PUSCHs from the symbols 3 to 12 are canceled.
[00199] Compared with long term evolution LTE and LTE-A wireless communications systems, a
5G NR wireless communications system is deployed on a higher frequency band to obtain a larger
communication bandwidth. However, a high frequency band causes a larger path loss and a larger
penetration loss, so that coverage performance of NR is far lower than that of LTE and LTE-A.
[00200] To improve coverage performance, a TBoMS technology is proposed. In this technology,
small data packets in each slot are aggregated into a large data packet and the aggregated data packet
is transmitted in a plurality of slots, so as to reduce a quantity of TB segmentation times to reduce
CRC overheads, increase a TBS to increase a coding gain, and reduce frequency resources to improve
power spectral density and coverage performance.

[00201] Currently, TBoMS rate matching is performed once in each slot. As shown in FIG. 6, a
starting location of current bit selection in rate matching is a next bit of an ending location of previous
ky,i=0

. 1 represents a rate matching index; i=1,2L ; k,-
[, +1,i=12L

bit selection, that is, £, :{

represents a location that is in a circular buffer and that is of a starting bit in bit selection in current

rate matching; li,l represents a location that is in the circular buffer and that is of an ending bit in bit

selection in previous rate matching; and ko represents a location that is in the circular buffer and that
is of a starting bit in bit selection in 1% rate matching, and is determined by an RV number (rvi¢=0, 1,

2, or 3) in this TBoMS transmission and an LDPC base graph, as shown in Table 2. N, represents a

size of a code block obtained after channel coding/a circular buffer size (length); and Z . represents

an LDPC coding expansion factor (LDPC lifting size).
[00202] In 3GPP RANI#106-¢, it is proposed that a formula for calculating an intermediate

parameter, that is, an information bit MV;; . in TBS calculation for TBoMS PUSCH transmission is as

follows:

Ny =K-Ny RO, N,
[00203] [V, represents a quantity of resource elements (resource element, RE) in one slot; R

represents a code rate; O, represents a modulation order; N, represents a quantity of layers; and « is

a scaling factor of TBS calculation, and represents that TBs in « slots are aggregated into one large
TB. In addition, a quantity N of slots allocated to TBoMS PUSCH transmission indicates that the TB
into which the « slots are aggregated is transmitted in the N slots. The quantity N of slots and the

scaling factor K meet a condition: K<N, which means that the quantity of slots for the TB aggregation
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may be different from the quantity of slots for the TB transmission. As shown in FIG. 23, it is assumed
that a time division duplex (time division duplex, TDD) spectrum uplink-downlink slot configuration
1s DDSUU, N=8, and K=4. In this case, during TBoMS PUSCH transmission, a large TB into which
four slots are aggregated is transmitted in eight slots.

[00204] Currently, in a process in which the terminal device performs rate matching and the
network device performs rate de-matching (which may be understood as an inverse processing
process of rate matching of the terminal device), a location that is in a circular buffer and that is of a
starting bit in bit selection in current rate matching is calculated in real time based on a location that
is in the circular buffer and that is of an ending bit in bit selection in previous rate matching. Once
one party incorrectly determines the location that is in the circular buffer and that is of the ending bit
in bit selection in previous rate matching, starting from the current rate matching, locations of starting
bits in bit selection in all rate matching are incorrectly determined, causing error propagation.
Consequently, a bit expected to be received by the network device cannot be aligned with a bit sent
by the terminal, and a decoding error occurs on a network side. It should be understood that, before
the location that is in the circular buffer and that is of the ending bit in bit selection in previous rate
matching is calculated, a bit length that is output in previous rate matching needs to be determined.
Currently, the bit length that is output in rate matching is generally calculated based on a total quantity
of coded bits available for transmission of the TB (s is the total number of coded bits available for
transmission of the transport block). It should be noted that, when the UCI is multiplexed on the
PUSCH, the UCI occupies some coded bits originally available for the transmission of the TB.
Therefore, when ¢ is calculated, a total quantity of coded bits occupied by the UCI needs to be
deducted from a total quantity of coded bits occupied when the UCI is not multiplexed. The UCI may
include at least one of the following: a HARQ-ACK, A-CSI, a CSI part 1, a CSI part 2, CG-UCI, and
joint coding of the HARQ-ACK and the CG-UCI. An example in which the UCI is the A-CSI is used
below for detailed description.

[00205] For example, the network device sends a PDCCH to schedule the terminal to report the A-
CSI, and the reported A-CSI needs to be multiplexed on the TBoMS transmission. The network device
performs rate de-matching on an uplink shared control channel (uplink shared channel, UL-SCH),
and determines, in the foregoing manner, a location of a starting bit in bit selection in each rate
matching. If the A-CSI is multiplexed on the UL-SCH, when an output bit length is calculated through
rate matching, a total quantity of coded bits of the A-CSI needs to be deducted to obtain a total
quantity ¢ ¢ of coded bits available for the transmission of the TB. Assuming that the A-CSI is
multiplexed in a 2™ slot, a length of bits that are available for the transmission of the TB and that are

output in 2" rate matching is smaller than that in another slot. Therefore, a location that is in the
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circular buffer and that is of a starting bit in 3" rate matching needs to be advanced. In this case, when
performing rate de-matching, the network device also uses, as the length of the bits that are available
for the transmission of the TB and that are output in 2™ rate matching, G' that is obtained after the
total quantity of coded bits of the A-CSI is deducted. In this case, the network device considers that
the terminal device transmits the TB to the network device in an uplink slot shown in (a) in FIG. 7.
However, if the terminal device misses detecting the PDCCH, the terminal cannot learn that the A-
CSI needs to be reported. Therefore, when the terminal device determines the length of the bits that
are available for the transmission of the TB and that are output in 2" rate matching, the total quantity
of coded bits of the A-CSI is not deducted; and when the terminal device determines a location of a
starting bit in bit selection in rate matching in a 3" slot, the total quantity of coded bits of the A-CSI
is not deducted to obtain the total quantity ¢ of coded bits available for the transmission of the TB.
In this case, the uplink slot in which the terminal device transmits the TB to the network device is
shown in (b) in FIG. 7. It can be learned from comparison between (a) in FIG. 7 and (b) in FIG. 7
that, in this case, the network device and the terminal device do not align locations that are in circular
buffers and that are of starting bits in bit selection in each rate matching bit, causing a decoding error
of the network device.

[00206] The following describes G and ¢ by using examples. G'=® -9 -y . D is a total

quantity of coded bits that can be carried by allocated time-frequency resources, € is a quantity of

coded bits occupied by a reference signal or another channel, and ¥ represents a quantity of coded
bits occupied by the UCI, where @ is greater than or equal to 0. When there is no other reference
signal or other channel, & =0. When there is no UCI occupation, y =0.

[00207]  In apossible manner (there is no UCI multiplexing), G =Ny XO, XN, where Ny, O,

and N, respectively represent a quantity of REs, a modulation order, and a quantity of layers.

Nre=min(156, Ny ) npb, where np, represents a total quantity of allocated PRBs.

Npy' =N N,

PRB PRB RB . . . . .
oy — Noup =N, where N~ =12 is a quantity of subcarriers in frequency domain

in a physical resource block, N, M s a quantity L of symbols allocated to the PUSCH, NPD/R\;?;,S is a

symb
quantity of DM-RS REs of each PRB in allocated duration and includes that there is no data in a DM-
RS CDM group, and N;RB is overheads configured by a higher-layer parameter xOverhead of
PUSCH-ServingCellConfig.

[00208]  In another possible manner (there is UCI multiplexing), Q=N xQ XN, —y/ .

[00209] w isnot subtracted from G in an uplink transmission method provided in an embodiment
30



of this application in the foregoing two manners.
[00210] 8. Time domain resource allocation (Time Domain Resource allocation, TDRA) table
[00211] APUSCH-TDRA table is used to configure a time-domain relationship between a PDCCH
and a PUSCH. The PUSCH-TDRA table includes one or more PUSCH-TDRAs. The UE determines
a bit width of a DCI field based on a quantity of entries in the PUSCH-TDRA table. A value 0 in the
DCI field indicates a 1% element in the list, a value 1 in the DCI field indicates a 2" element in the
list, and so on.

PUSCH-TimeDomainResourceAllocationtist-r16 ::= SEQUENCE (S12E (1..maxizofUL-
Allocations-r16)) OF PUSCH-TimeDomainResourceAllocacion-r16

PUSCH-TimeDomainResourceAllocation-r16 ::=.-SEQUENCE-{

k2-r16 INTEGER (0..32)......... OPTIONAL, -Need —S

puschAllocationList-rl 6SEQUENCE-(SIZE (1.. maxNrofMultiplePUSCHs-r16))-OF
PUSCH-Allocation-r16,

b
PUSCH-Allocation-r16-::=.SEQUENCE{

|[mappingType-r16 ENUMERATED {type A, typeB} OPTIONAL, -Cond NotFormat01-
02-0r-TypeA

startSymbolAndLength-r16 INTEGER-(0..127)....... OPTIONAL, Cond NotFormatO1-
02-0r-TypeA

startSymipol-rl6-. INTEGER (0..13) OPTIONAL, Cond-RepTypeB

length-r16.... INTEGER-(1..14)........ OPTIONAL, Cond -RepTypeB

umberofRepetitions-r16......... ENUMERATED-(nl, n2, .n3, n4, n7, n8, nl2, nl6)
OPTIONAL,. Cond-Format01-02

[00212] For details, refer to TS 38.331.

[00213] 9. Filler bit (filler bit)

[00214] The filler bit is also referred to as a null bit (NULL) in this application.

[00215] It should be understood that LDPC coding requires that a size of a code block obtained
before coding is an integer multiple of Z, where Z. is an LDPC lifting size. However, after TBS
calculation, CRC addition, base graph selection, and code block segmentation, a size of each code
block is not necessarily an integer multiple of Z.. Therefore, a filler bit needs to be added after each
code block, so that a size of a code block obtained before the LDPC coding is an integer multiple of

Ze.
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[00216] For detailed descriptions of the filler bit, refer to TS 38.212 Section 5.2.2.

[00217] The following describes uplink transmission methods provided in this application with
reference to FIG. 8 to FIG. 14.

[00218] The following describes in detail an uplink transmission method 100 in an embodiment of
this application with reference to FIG. 8.

[00219] FIG. 8 is a schematic interaction diagram of the method 100 according to this application.
The method 100 may be implemented in two different manners based on whether a terminal device
detects second indication information.

[00220] In a first possible implementation, the terminal device detects the second indication
information.

[00221] S101: A network device sends first indication information to the terminal device, and
correspondingly the terminal device receives the first indication information from the network device,
where the first indication information indicates the terminal device to send a first transport block in a
plurality of time units.

[00222] It should be understood that the first transport block herein is one transport block.
[00223] It should be noted that the time unit in this application may be understood as an available
slot (available slot). Currently, the available slot is jointly determined based on an uplink-downlink
slot configuration, a TDRA, and a synchronization signal and physical broadcast channel block
(synchronization signal and PBCH block, SSB).

[00224] For example, the uplink-downlink slot configuration is DDSUU; and in a slot S, the first
10 symbols are downlink symbols, two symbols in the middle are flexible symbols, and the last two
symbols are uplink symbols. The TDRA indicates that a starting slot is 1% D, and indicates that a
quantity of slots is 4, a starting symbol S in one slot is a 1*' symbol, and a symbol length L is 10.
According to the indications of S and L, symbols corresponding to the slot D and the slot S are
downlink symbols and cannot be used for TBoMS transmission. Therefore, it may be determined that
available slots are four U in DDSUUDDSUU.

[00225]  For another example, S indicates a 13 symbol, and L=2. In this case, available slots may
be the first two S and U in DDSUUDDSUU. Because S and L indicate uplink symbols in the slot S,
the slot S may also be used for transmission over multi-slot.

[00226] S102: The network device sends second indication information to the terminal device, and
correspondingly the terminal device receives the second indication information from the network
device, where the second indication information indicates the terminal device to send uplink control
information UCI in a first time unit, and the first time unit is one of the plurality of time units.

[00227] It should be understood that the first indication information has indicated the terminal
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device to send the first transport block in the plurality of time units, the second indication information
indicates the terminal device to send the UCI in the first time unit, and the terminal device sends, to
the network device, the first transport block on which the UCI is multiplexed. The first transport block
on which the UCI is multiplexed may be understood as that the first time unit carries the UCI and a
coded bit of the first transport block.

[00228] S103: The terminal device determines, based on a parameter G corresponding to the first
time unit, a location that is in a circular buffer and that is of a starting bit in a first coded bit sequence,
where the first coded bit sequence is a coded bit sequence that is output through rate matching in a
second time unit, the parameter G is a total quantity of coded bits available for transmission of the
first transport block and the UCI in one time unit, G is a positive integer, and the second time unit is
a next time unit of the first time unit in the plurality of time units.

[00229] It should be understood that, in the plurality of time units, rate matching is performed once
in each time unit, and a coded bit sequence is output once. As the next time unit of the first time unit,
the location that is in the circular buffer and that is of the starting bit in the coded bit sequence (the
foregoing first coded bit sequence) that is output through rate matching in the second time unit is
determined based on the parameter G corresponding to the first time unit. Specifically, when the
location that is in the circular buffer and that is of the starting bit in the first coded bit sequence is
determined based on G, a length of a coded bit sequence that is output through rate matching in the
first time unit needs to be first determined based on G, and then the location that is in the circular
buffer and that is of the starting bit in the first coded bit sequence is determined based on the length.
Alternatively, the location that is in the circular buffer and that is of the starting bit in the first coded
bit sequence may be directly determined based on G.

[00230] S104: The terminal device sends the UCI and the first transport block to the network
device in the plurality of time units.

[00231] It should be understood that, during specific implementation, because some time domain
resources in the first time unit are used to carry the UCI, in S104, the network device may not be able
to completely send the first transport block indicated in S101.

[00232] S105: The network device determines, based on the parameter G corresponding to the first
time unit, the location that is in the circular buffer and that is of the starting bit in the first coded bit
sequence.

[00233] It should be understood that a solution in which the network device determines the location
that is in the circular buffer and that is of the starting bit in the first coded bit sequence in S105 is
similar to a solution in which the terminal device determines the location that is in the circular buffer

and that is of the starting bit in the first coded bit sequence in S103.
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[00234] For details, refer to corresponding descriptions in S203 in the first possible
implementation in the method 200.

[00235] In this embodiment of this application, the network device indicates the terminal device
to include indication information of the UCI in the first time unit; and when the terminal device
detects the indication, the total quantity of coded bits of the UCI is not deducted from the parameter
G used by the network device and the terminal device to determine the location that is in the circular
buffer and that is of the starting bit in the coded bit sequence that is output through rate matching in
the second time unit (the next time unit of the first time unit). Therefore, starting from the second
time unit, the network device and the terminal device can align locations that are in circular buffers
and that are of starting bits in bit selection in each rate matching. This increases a decoding success
rate.

[00236] In S103, in a possible implementation, the terminal device determines, based on a times
of the parameter G corresponding to the first time unit, the location that is in the circular buffer and
that is of the starting bit in the first coded bit sequence, where 0<a<l. Herein, a is equal to any one of
the following numbers: 0.1x, where 0<x<10; 0.2x, where 0<x<5; or 0.01x, where 0<x<100; and x is
an integer. For example, a may be any number in 0.1, 0.2, 0.3, ..., 0.9, or 1, or may be any number in
0.2,0.4,0.6, 0.8, and 1.

[00237] Similarly, when determining, based on aG, the location that is in the circular buffer and
that is of the starting bit in the first coded bit sequence, the terminal device needs to first determine,
based on aG, the length of the coded bit sequence that is output through rate matching in the first time
unit, and then determine, based on the length, the location that is in the circular buffer and that is of
the starting bit in the first coded bit sequence.

[00238] Correspondingly, the network device also determines, in a same manner, the location that
is in the circular buffer and that is of the starting bit in the first coded bit sequence.

[00239] The method 100 further includes:

[00240] The terminal device determines a length of a second coded bit sequence based on the
parameter G corresponding to the first time unit.

[00241] For details, refer to descriptions corresponding to step 2 and step 3 in S202 in a second
possible implementation in the method 200.

[00242] In this embodiment of this application, when the terminal device receives the second
indication information, the network device and the terminal device may determine the location that
is in the circular buffer and that is of the starting bit in the first coded bit sequence, and the length of
the second coded bit sequence in a manner the same as that used when the terminal device does not

receive the second indication information. This extends an application scope of the uplink
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transmission method provided in this application.

[00243] In S103, in another possible implementation, the terminal device determines, based on Z
and the parameter G corresponding to the first time unit, the location that is in the circular buffer and
that is of the starting bit in the first coded bit sequence, where Z. is a low-density parity-check LDPC
factor.

[00244] Correspondingly, the network device also determines, in a same manner, the location that
is in the circular buffer and that is of the starting bit in the first coded bit sequence.

[00245] For details, refer to corresponding descriptions in a third possible implementation in the
method 200.

[00246] It should be understood that, in the conventional technology, when resource mapping is
performed on a terminal side, a location that is in the circular buffer and that is of a last bit mapped
to a previous time unit needs to be found, resulting in high calculation overheads.

[00247] In this embodiment of this application, when resource mapping is performed on the
terminal side, a step of searching for a location that is in the first coded bit sequence and that is of the
last bit mapped to the previous time unit is reduced, and on the basis of determining, based on G, the
location that is in the circular buffer and that is of the starting bit in the first coded bit sequence, the
location is determined with reference to Z.. This simplifies calculation in a mapping process and
reduces overheads.

[00248] In S103, in another possible implementation, the terminal device determines, based on Zc
and a times of the parameter G corresponding to the first time unit, the location that is in the circular
buffer and that is of the starting bit in the first coded bit sequence, where Zc is a low-density parity-
check LDPC factor.

[00249] Correspondingly, the network device also determines, in a same manner, the location that
is in the circular buffer and that is of the starting bit in the first coded bit sequence.

[00250] For details, refer to descriptions corresponding to step 2 and step 3 in S202 in a second
possible implementation in the method 200.

[00251] It should be understood that, in the conventional technology, when resource mapping is
performed on a terminal side, a location that is in the circular buffer and that is of a last bit mapped
to a previous time unit needs to be found, resulting in high calculation overheads.

[00252] In this embodiment of this application, when resource mapping is performed on the
terminal side, a step of searching for a location that is in the first coded bit sequence and that is of the
last bit mapped to the previous time unit is reduced, and on the basis of determining, based on aG,
the location that is in the circular buffer and that is of the starting bit in the first coded bit sequence,

the location is determined with reference to Z.. This simplifies calculation in a mapping process and
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reduces overheads.

[00253] The method 100 further includes:

[00254] The terminal device maps the second coded bit sequence to a time-frequency resource in
the first time unit, where the second coded bit sequence is a coded bit sequence that is output through
rate matching in the first time unit, and a quantity of bits in the second coded bit sequence is equal to
the parameter G corresponding to the first time unit. The terminal device maps the UCI to some time-
frequency resources in the first time unit, to replace some bit sequences in the first coded bit sequence
carried in the some time-frequency resources.

[00255] It should be noted that, during specific implementation, a bit sequence mapped to a time-
frequency resource is not a sequence on which rate matching is performed, and may be mapped to
the time-frequency resource only after code block concatenation is performed.

[00256] In this embodiment of this application, the UCI is multiplexed in the first time unit in a
puncturing manner, so that a bit sequence that is included in the first transport block and that is carried
on a time-frequency resource other than a time-frequency resource occupied by the UCI in the first
time unit does not change. This increases a decoding success rate and accuracy of the network device.
[00257] The first indication information further indicates that the network device can send one
transport block in the plurality of time units, and the first transport block is one transport block, where
the first indication information includes a transport block over multi-slot transmission enabling field,
or the first indication information includes a transport block over multi-slot mapping type parameter.
[00258] It should be understood that the foregoing solution provides several possible signaling
designs of the first indication information. The first indication information may include the transport
block over multi-slot transmission enabling field by newly adding a TDRA table to the first indication
information. The first indication information may include the transport block over multi-slot mapping
type parameter by changing a mappingtype field in the first indication information from 1 bit to 2
bits.

[00259] For details, refer to corresponding descriptions in S201 in the method 200.

[00260] In this embodiment of this application, that the network device supports a function of
transmission over multi-slot is indicated to the terminal device in a plurality of forms, so that signaling
designs are enriched, and uplink transmission efficiency is improved.

[00261] In the second possible implementation, the terminal device does not detect the second
indication information.

[00262] For details of S101', refer to corresponding descriptions in S101 in the first possible
implementation.

[00263] S102': The network device sends the second indication information to the terminal device,
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where the second indication information indicates the terminal device to send uplink control
information UCI in a first time unit, and the first time unit is one of the plurality of time units.
However, the terminal device does not detect the second indication information from the network
device. Therefore, the terminal device does not send the UCI in the first time unit.

[00264] S103": The terminal device determines, based on a parameter G corresponding to the first
time unit, a location that is in a circular buffer and that is of a starting bit in a first coded bit sequence,
where the parameter G is a total quantity of coded bits available for transmission of the first transport
block and the UCI in one time unit, G is a positive integer, and the second time unit is a next time
unit of the first time unit in the plurality of time units.

[00265] It should be understood that, in this case, because the terminal device does not detect the
second indication information, the parameter G corresponding to the first time unit is a total quantity
of coded bits available for transmission of the first transport block in the first time unit.

[00266] It should be further understood that, in the plurality of time units, rate matching is
performed once in each time unit, and a coded bit sequence is output once. As the next time unit of
the first time unit, the location that is in the circular buffer and that is of the starting bit in the coded
bit sequence (the foregoing first coded bit sequence) that is output through rate matching in the second
time unit is determined based on the parameter G corresponding to the first time unit.

[00267] Optionally, S103"' may be replaced with the following: The terminal device determines,
according to the conventional technology, a location that is in a circular buffer and that is of a starting
bit in a first coded bit sequence.

[00268] S104": The terminal device sends the first transport block to the network device in the
plurality of time units.

[00269] It should be understood that the terminal device sends the first transport block in the
plurality of time units, and the network device considers that the terminal device sends the UCI in the
first time unit.

[00270] S105": The network device determines, based on a parameter G corresponding to the first
time unit, a location that is in a circular buffer and that is of a starting bit in a first coded bit sequence,
where the first coded bit sequence is a coded bit sequence that is output through rate matching in a
second time unit, the parameter G is a total quantity of coded bits available for transmission of the
first transport block and the UCI in one time unit, G is a positive integer, and the second time unit is
a next time unit of the first time unit in the plurality of time units.

[00271] It should be understood that, although the network device considers that the terminal
device sends the UCI in the first time unit, the total quantity of coded bits of the UCI is not deducted

from G used by the network device to determine the location that is in the circular buffer and that is
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of the starting bit in the first coded bit sequence. Therefore, regardless of whether the terminal device
determines, based on G in S103', the location that is in the circular buffer and that is of the starting
bit in the first coded bit sequence or determines, according to the conventional technology, the
location that is in the circular buffer and that is of the starting bit in the first coded bit sequence, the
location that is in the circular buffer, that is of the starting bit in the first coded bit sequence, and that
is calculated by the terminal device in S103' is consistent with the location that is in the circular buffer,
that is of the starting bit in the first coded bit sequence, and that is calculated by the network device
in S105'.

[00272] In this embodiment of this application, the network device indicates the terminal device
to include indication information of the UCI in the first time unit; and when the terminal device does
not detect the indication, the total quantity of coded bits of the UCI is not deducted from the parameter
G used by the network device and the terminal device to determine the location that is in the circular
buffer and that is of the starting bit in the coded bit sequence that is output through rate matching in
the second time unit (the next time unit of the first time unit). Therefore, starting from the second
time unit, the network device and the terminal device can align locations that are in circular buffers
and that are of starting bits in bit selection in each rate matching. This increases a decoding success
rate.

[00273] In S103', in a possible implementation, the terminal device determines, based on a times
of the parameter G corresponding to the first time unit, the location that is in the circular buffer and
that is of the starting bit in the first coded bit sequence, where 0<a<1. Herein, a is equal to any one of
the following numbers: 0.1x, where 0<x<10; 0.2x, where 0<x<5; or 0.01x, where 0<x<100; and x is
an integer. For example, a may be any number in 0.1, 0.2, 0.3, ..., 0.9, or 1, or may be any number in
0.2,0.4,0.6, 0.8, and 1.

[00274] Similarly, when determining, based on aG, the location that is in the circular buffer and
that is of the starting bit in the first coded bit sequence, the terminal device needs to first determine,
based on aG, the length of the coded bit sequence that is output through rate matching in the first time
unit, and then determine, based on the length, the location that is in the circular buffer and that is of
the starting bit in the first coded bit sequence.

[00275] Correspondingly, the network device also determines, in a same manner, the location that
is in the circular buffer and that is of the starting bit in the first coded bit sequence.

[00276] It should be understood that, when the terminal device does not detect the second
indication information, if the network device calculates the location of the starting bit in the first
coded bit sequence based on the parameter G from which the total quantity of coded bits of the UCI

is not deducted, there is a gap between the location and an ending bit in a second coded bit sequence.
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Because the gap is on a network device side, the gap is caused by an RE used to carry the UCI. A gap
in systematic bits may cause channel quality to deteriorate.

[00277] In this embodiment of this application, G is multiplied by a that is greater than 0 and less
than 1, so that the network device can calculate the location that is in the circular buffer and that is of
the starting bit in the first coded bit sequence in advance. This shortens a gap between the ending bit
in the second coded bit sequence and the starting bit in the first coded bit sequence, and improves
channel quality.

[00278] The method 100 further includes:

[00279] The terminal device determines a length of the second coded bit sequence based on the
parameter G corresponding to the first time unit, where the second coded bit sequence is a coded bit
sequence that is output through rate matching in the first time unit.

[00280] In this embodiment of this application, further, the length of the second coded bit sequence
is still calculated based on G. Because G is greater than aG, it can be further ensured that the foregoing
gap is eliminated.

[00281] In S103, in another possible implementation, the terminal device determines, based on Zc
and the parameter G corresponding to the first time unit, the location that is in the circular buffer and
that is of the starting bit in the first coded bit sequence, where Z. is a low-density parity-check LDPC
factor.

[00282] Correspondingly, the network device also determines, in a same manner, the location that
is in the circular buffer and that is of the starting bit in the first coded bit sequence.

[00283] For details, refer to corresponding descriptions in a third possible implementation in the
method 200.

[00284] It should be understood that, in the conventional technology, when resource mapping is
performed on a terminal side, a location that is in the circular buffer and that is of a last bit mapped
to a previous time unit needs to be found, resulting in high calculation overheads.

[00285] In this embodiment of this application, when resource mapping is performed on the
terminal side, a step of searching for a location that is in the first coded bit sequence and that is of the
last bit mapped to the previous time unit is reduced, and on the basis of determining, based on G, the
location that is in the circular buffer and that is of the starting bit in the first coded bit sequence, the
location is determined with reference to Z.. This simplifies calculation in a mapping process and
reduces overheads.

[00286] In S103, in another possible implementation, the terminal device determines, based on Zc
and a times of the parameter G corresponding to the first time unit, the location that is in the circular

buffer and that is of the starting bit in the first coded bit sequence, where Zc is a low-density parity-
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check LDPC factor.

[00287] Correspondingly, the network device also determines, in a same manner, the location that
is in the circular buffer and that is of the starting bit in the first coded bit sequence.

[00288] For details, refer to descriptions corresponding to step 2 and step 3 in S202 in a second
possible implementation in the method 200.

[00289] It should be understood that, in the conventional technology, when resource mapping is
performed on a terminal side, a location that is in the circular buffer and that is of a last bit mapped
to a previous time unit needs to be found, resulting in high calculation overheads.

[00290] In this embodiment of this application, when resource mapping is performed on the
terminal side, a step of searching for a location that is in the first coded bit sequence and that is of the
last bit mapped to the previous time unit is reduced, and on the basis of determining, based on aG,
the location that is in the circular buffer and that is of the starting bit in the first coded bit sequence,
the location is determined with reference to Z.. This simplifies calculation in a mapping process and
reduces overheads.

[00291] The first indication information further indicates that the network device can send one
transport block in the plurality of time units, and the first transport block is one transport block, where
the first indication information includes a transport block over multi-slot transmission enabling field,
or the first indication information includes a transport block over multi-slot mapping type parameter.
[00292] It should be understood that the foregoing solution provides several possible signaling
designs of the first indication information. The first indication information may include the transport
block over multi-slot transmission enabling field by newly adding a TDRA table to the first indication
information. The first indication information may include the transport block over multi-slot mapping
type parameter by changing a mappingtype field in the first indication information from 1 bit to 2
bits.

[00293] For details, refer to corresponding descriptions in S201 in the method 200.

[00294] In this embodiment of this application, that the network device supports a function of
transmission over multi-slot is indicated to the terminal device in a plurality of forms, so that signaling
designs are enriched, and uplink transmission efficiency is improved.

[00295] The following describes in detail an uplink transmission method 200 in an embodiment of
this application with reference to FIG. 9. FIG. 9 is a schematic interaction diagram of the method 200
according to this application.

[00296] Specifically, the method 200 may have a plurality of different implementations. The
following uses several different implementations as an example for description. The several different

implementations separately provide a method in which a terminal device calculates, based on G
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corresponding to a time unit #n—1, a location of a starting bit in a bit sequence that is output through
rate matching in a time unit #n.

[00297] In a first possible implementation, the terminal device calculates, based on G
corresponding to the time unit #n—1, the location of the starting bit in the bit sequence that is output
through rate matching in the time unit #n, and calculates, based on G corresponding to the time unit
#n or ¢, a length of the bit sequence that is output through rate matching in the time unit #n. If
quantities of OFDM symbols included in all time units are different, the time units correspond to
different G. If the quantities of OFDM symbols included in all the time units are the same, the time
units correspond to same G.

[00298] It should be noted that, in the following embodiment, for convenience, an example in
which one time unit is equal to one slot is used for description. During specific implementation, one
time unit may also be understood as a symbol, a physical slot, an available slot, or the like designed
in the term explanation part of this application. This is not limited in this application.

[00299] S201: A network device sends scheduling information to the terminal device, where the
scheduling information indicates the terminal device to send a PUSCH in a plurality of slots, and the
PUSCH carries a UL-SCH corresponding to one TB, or the scheduling information indicates the
terminal device to send a TBoMS PUSCH. In addition, the scheduling information further indicates
the terminal device to include UCI on the PUSCH.

[00300] It should be noted that the terminal device may detect signaling that is in the scheduling
information and that indicates the terminal device to include the UCI on the PUSCH, or may not
detect the signaling.

[00301] It should be understood that the terminal device carries the UCI on the PUSCH in the
following several cases. The following provides two common examples.

[00302] (1) DCI triggers the terminal device to perform A-CSI measurement and report CSI, and
the reported CSI and the PUSCH overlap in time domain.

[00303] (2) DCI triggers the terminal device to receive a PDSCH, and send a HARQ-ACK
corresponding to the PDSCH on a PUCCH. However, the PUCCH and the PUSCH overlap in time
domain, and a priority of the PUCCH is the same as a priority of the PUSCH.

[00304] Optionally, the scheduling information further indicates at least one of the following: a
quantity of TBoMS slots, a quantity of TBoMS repetitions, a TBS calculation scaling factor, an RV
update granularity, and TBoMS transmission enabling.

[00305] The following describes several possible signaling designs:

[00306] Possible design 1:

[00307] The scheduling information indicates that the quantity of TBoMS slots is equal to N,
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where N is less than or equal to 4, 6, or 8. A specific implementation may be that a field
numberOfSlots of 1 bit to 3 bits is newly added to PUSCH-Allocation in RRC signaling PUSCH-
TimeDomainResourceAllocationList to indicate the slot quantity N.
[00308] A candidate value of N is {1, 2, ..., 8} or subsets thereof. For example, the subsets may be
{2,4}, {2, 4,6}, {2,4,8}, {2,4,6,8}, {2,4,7}, {2,4,7,8},1{2,3,4, 7,8}, {1, 2, 4}, {1, 2, 4, 6},
{1,2,4,8}, {1,2,4,6,8}, {1,2,4,7}, {1,2,4,7,8},and {1, 2, 3,4, 7, 8}.
[00309] It should be understood that, if a TBoMS repetition is not supported, the quantity of
TBoMS slots indicates only a quantity of slots allocated to one TBoMS transmission. The TBS
calculation scaling factor and the RV update granularity are implicitly indicated by the quantity of
TBoMS slots. The TBS calculation scaling factor, the RV update granularity, and the quantity of
TBoMS slots are all equal to K. The terminal device may determine, in the implicit indication manner,
that K=N.
[00310] Whether the network device enables a TBoMS transmission function may be explicitly or
implicitly indicated to the terminal device. There are three possible explicit indication methods:
[00311] (1) A TDRA table dedicated to TBoMS time domain resource allocation is newly added
based on an existing TDRA table.

PUSCH-TimeDomainResourceAllocationListTBoMS.
[00312] It should be understood that, compared with another TDRA table, the foregoing newly
added TDRA table has a highest priority. In other words, if the newly added TDRA table is configured,
the TDRA table takes effect, and the another TDR A does not take effect. Therefore, if the newly added
TDRA table is configured, TBoMS transmission is enabled; otherwise, TBoMS transmission is not
enabled. The another TDRA table includes:

- pusch-TimeDomainAllocationList

- pusch-TimeDomainAllocationListDCI-0-1

- pusch-TimeDomainAllocationListDCI-0-2

- pusch-TimeDomainAllocationListForMultiPUSCH
[00313] (2) A 1-bit field enableTBoMS is newly added to PUSCH-Allocation in RRC signaling
PUSCH-TimeDomainResourceAllocationList. If the field is O or is not configured, it indicates that
TBoMS transmission is not enabled; otherwise, TBoMS transmission is enabled.
[00314] (3) A field mappingType in PUSCH-Allocation in RRC signaling PUSCH-
TimeDomainResourceAllocationList is changed from 1 bit to 2 bits, indicating {typeA, typeB,
TBoMS}. Herein, "10" or "11" indicates TBoMS transmission.
[00315] Optionally, if TBoMS transmission is explicitly enabled, but the quantity of TBoMS slots

is: N=1, TBoMS transmission is not enabled. The implicit indication method is as follows: When the
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quantity of TBoMS slots is greater than 1, it indicates that TBoMS transmission is enabled. If the
quantity of TBoMS slots is equal to 1 or the quantity of TBoMS slots is not configured, it indicates
that TBoMS transmission is not enabled.
[00316] Possible design 2:
[00317] Based on the possible design 1, the scheduling information further indicates the quantity
of TBoMS repetitions Nrep, which is indicated by an existing field numberOfRepetitions in PUSCH-
Allocation in RRC signaling PUSCH-TimeDomainResourceAllocationList.
[00318] It should be understood that, in this case, a TBoMS repetition is supported, and a total
quantity of slots for the TBoMS repetition is equal to NxNiep. Optionally, the total quantity of slots is
not expected to exceed 16, 24, or 32.
[00319] Possible design 3:
[00320] The scheduling information indicates the quantity of TBoMS slots. The quantity of slots
is less than or equal to 4, 6, or 8, and is indicated by an existing field numberOfRepetitions in PUSCH-
Allocation in RRC signaling PUSCH-TimeDomainResourceAllocationList. A candidate value is {1,
2, ..., 8} or subsets thereof. For example, the subsets may be {2, 4}, {2, 4, 6}, {2, 4, 8}, {2, 4,6, 8},
{2,4,7}, {2,4,7,8}, {2,3,4,7,8}, {1,2,4}, {1,2,4,6}, {1,2,4, 8}, {1,2,4,6, 8}, {1,2,4,7},
{1,2,4,7,8},and {1, 2,3,4,7, 8}.
[00321] It should be understood that, if a TBoMS repetition is not supported, the quantity of
TBoMS slots indicates only a quantity of slots allocated to one TBoMS transmission. The TBS
calculation scaling factor and the RV update granularity are implicitly indicated by the quantity of
TBoMS slots. The TBS calculation scaling factor, the RV update granularity, and the quantity of
TBoMS slots are all equal to K. The terminal device may determine, in the implicit indication manner,
that K=N.
[00322] In addition, because the quantity of slots is indicated by the existing field
numberOfRepetitions, two functions, namely, repetition and TBoMS, cannot be distinguished in the
conventional technology. Therefore, new signaling needs to be added to explicitly indicate whether
TBoMS transmission is enabled. For details, refer to the three explicit indication methods in the
possible design 1.
[00323] Possible design 4:
[00324] The scheduling information indicates the quantity of TBoMS slots. The quantity of slots
is less than or equal to 16, 24, or 32, and is indicated by an existing field numberOfRepetitions in
PUSCH-Allocation in RRC signaling PUSCH-TimeDomainResourceAllocationList. The field has 3
bits or 4 bits. A candidate value is {1, 2, ..., 32} or subsets thereof. For example, the subsets may be
{1,2,3,4,7,8,12,16}, {1,2,3,4,7,8, 12, 16, 20}, {1,2,3,4,7,8,12, 16, 24}, {1,2,3,4,7, 8, 12,
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16,28}, {1,2,3,4,7,8,12,16,32}, {1,2,3,4,7, 8,12, 16, 20, 24}, {1,2,3,4,7, 8, 12, 16, 20, 28},
{1,2,3,4,7,8,12, 16, 20, 32}, {1,2,3,4,7, 8, 12, 16, 24, 28}, {1, 2, 3,4, 7, 8, 12, 16, 24, 32}, {1,
2,3,4,7,8,12,16, 28,32}, {1,2,3,4,7,8, 12, 16, 20, 24, 28}, {1,2,3,4,7, 8, 12, 16, 20, 24, 32},
{1,2,3,4,7,8,12, 16, 20, 28, 32}, {1,2,3,4,7,8, 12, 16, 24, 28,32}, and {1, 2, 3,4, 7,8, 12, 16,
20, 24, 28, 32}.

[00325] The scheduling information indicates the TBS calculation scaling factor. A value of the
scaling factor is equal to K, and K is less than or equal to 4, 6, or 8. A new field scalingFactor of 1 bit
to 3 bits is added to PUSCH-Allocation in the RRC signaling PUSCH-
TimeDomainResourceAllocationList to indicate the scaling factor. A candidate value is {1, 2, ..., 8}
or subsets thereof. For example, the subsets may be {2, 4}, {2, 4, 6}, {2, 4, 8}, {2,4,6, 8}, {2,4, 7},
{2,4,7,8},1{2,3,4,7,8}, {1,2,4},{1,2,4,6}, {1,2,4,8}, {1,2,4,6,8}, {1,2,4,7}, {1,2,4,7,
8},and {1, 2,3,4,7, 8}.

[00326] Optionally, it is not expected that N or K is not an integer.

[00327] It should be understood that, if K=N, it is not a TBoMS repetition essentially, and the
quantity of slots represents only a quantity of slots allocated to one TBoMS transmission; or if K<N,
it is a TBoMS repetition essentially, the quantity of slots represents a total quantity of slots including
transmission of a TBoMS repetition, and K represents a quantity of slots for one TBoMS transmission,
and if N/K is an integer, a quantity of TBoMS repetitions is N/K. The RV update granularity is K
slots. It is not expected that K>N.

[00328] Whether to enable a TBoMS transmission function may be explicitly or implicitly
indicated. The explicit indication is shown in the three explicit indication methods in the possible
design 1. Optionally, if TBoMS transmission is explicitly enabled, but K=1 or K>N, TBoMS
transmission is not enabled. The implicit indication method is as follows: If the TBS calculation
scaling factor K is configured, K#1, and K < N, it indicates that TBoMS transmission is enabled;
otherwise (that is, the scaling factor K is not configured, or K is configured but K=1 or K>N), TBoMS
transmission is not enabled.

[00329] Possible design 5:

[00330] The scheduling information indicates the quantity of TBoMS slots. The quantity of slots
is less than or equal to 16, 24, or 32. A new field numberOfSlots of 3 bits or 4 bits is added to PUSCH-
Allocation in RRC signaling PUSCH-TimeDomainResourceAllocationList to indicate the quantity of
slots N. A candidate value is {1, 2, ..., 32} or subsets thereof. For example, the subsets may be {1, 2,
3,4,7,8,12, 16}, {1,2,3,4,7,8, 12, 16, 20}, {1,2,3,4, 7,8, 12, 16, 24}, {1,2,3,4, 7,8, 12, 16,
284, {1,2,3,4,7,8,12, 16,32}, {1,2,3,4,7,8, 12, 16, 20, 24}, {1, 2, 3,4, 7, 8, 12, 16, 20, 28}, {1,

2,3,4,7,8,12, 16, 20, 32}, {1,2,3,4,7,8,12, 16, 24, 28}, {1, 2,3,4,7, 8, 12, 16, 24, 32}, {1, 2,
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3,4,7,8,12,16, 28,32}, {1,2,3,4,7,8,12, 16, 20, 24, 28}, {1,2,3,4,7, 8, 12, 16, 20, 24, 32}, {1,
2,3,4,7,8,12, 16, 20, 28, 32}, {1,2,3,4, 7,8, 12, 16, 24, 28, 32}, and {1, 2, 3, 4, 7, 8, 12, 16, 20,
24,28, 32}.

[00331] The scheduling information indicates the TBS calculation scaling factor. A value of the
scaling factor is K, and K is less than or equal to 4, 6, or 8. An existing field numberOfRepetitions 1
bit to 3 bits in  PUSCH-Allocation in the RRC  signaling  PUSCH-
TimeDomainResourceAllocationList indicates the scaling factor. A candidate value is subsets of {1,
2, ..., 8}. For example, the subsets may be {1, 2, 3,4, 7,8, 12, 16}, {1,2,3,4,7, 8, 12, 16, 20}, {1,
2,3,4,7,8,12,16,24},{1,2,3,4,7,8,12, 16,28}, {1,2,3,4,7,8,12, 16,32}, {1,2,3,4,7,8, 12,
16, 20,24}, {1,2,3,4,7,8, 12, 16, 20, 28}, {1,2,3,4,7, 8, 12, 16, 20, 32}, {1,2,3,4, 7,8, 12, 16,
24,28}, {1,2,3,4,7,8,12, 16, 24,32}, {1,2,3,4,7,8,12, 16, 28, 32}, {1,2,3,4,7, 8, 12, 16, 20,
24,28}, {1,2,3,4,7,8,12, 16, 20, 24, 32}, {1,2,3,4,7, 8, 12, 16, 20, 28, 32}, {1,2,3,4,7,8, 12,
16, 24, 28, 32}, and {1, 2, 3,4, 7, 8, 12, 16, 20, 24, 28, 32}.

[00332] Optionally, it is not expected that N/K is not an integer.

[00333] It should be understood that a difference between the possible design 4 and the possible
design 5 lies in a specific signaling indication.

[00334] Possible design 6:

[00335] The scheduling information indicates the quantity of TBoMS slots. A value of the quantity
of slots is N, and N is less than or equal to 16, 24, or 32. A new field numberOfSlots of 3 bits or 4
bits is added to PUSCH-Allocation in RRC signaling PUSCH-TimeDomainResourceAllocationList
to indicate the quantity of slots N. A candidate value is {1, 2, ..., 32} or subsets thereof. For example,
the subsets may be {1, 2, 3,4, 7,8, 12, 16}, {1,2,3,4,7, 8,12, 16, 20}, {1,2,3,4,7,8, 12, 16, 24},
{1,2,3,4,7,8,12, 16,28}, {1,2,3,4,7,8,12, 16,32}, {1,2,3,4,7,8, 12, 16, 20, 24}, {1, 2, 3, 4,
7,8, 12, 16, 20, 28}, {1,2,3,4,7,8, 12, 16, 20, 32}, {1, 2,3,4,7, 8, 12, 16, 24, 28}, {1, 2, 3, 4, 7,
8,12, 16,24,32},4{1,2,3,4,7,8,12, 16, 28,32}, {1,2,3,4,7,8, 12, 16, 20, 24, 28}, {1, 2, 3,4, 7,
8, 12, 16, 20, 24, 32}, {1, 2,3,4,7, 8, 12, 16, 20, 28, 32}, {1,2,3,4,7, 8, 12, 16, 24, 28, 32}, and
{1,2,3,4,7,8, 12, 16, 20, 24, 28, 32}.

[00336] The scheduling information indicates the quantity of TBoMS repetitions Niep, Which is
indicated by an existing field numberOfRepetitions in PUSCH-Allocation in RRC signaling PUSCH-
TimeDomainResourceAllocationList.

[00337] It should be understood that, in this case, the TBoMS repetition is supported, the quantity
of repetitions is indicated by Nrep, and the quantity of slots indicates a quantity of all slots allocated
to the TBoMS repetition. The TBS calculation scaling factor and the RV update granularity are jointly

indicated by the quantity of TBoMS repetitions Niep and the quantity of slots, that is, K=N/Nrep.
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Therefore, it is not expected that N/Niep is not an integer.

[00338] Whether to enable a TBoMS transmission function may be explicitly or implicitly
indicated. The explicit indication is shown in the three explicit indication methods in the possible
design 1. Optionally, if TBoMS transmission is explicitly enabled, but Niep=N or N/Niep 1S not an
integer, TBoMS transmission is not enabled. The implicit indication method is as follows: If Niep<N
and N/Nip is an integer, TBoMS transmission is enabled; otherwise, TBoMS transmission is not
enabled.

[00339] Optionally, when the terminal device is scheduled to send a PUSCH, the PUSCH does not
carry a TB but carries CSI for reporting, TBoMS time domain resource allocation is not expected to
be performed to send the PUSCH.

[00340] The foregoing describes six signaling designs of the scheduling information.

[00341] S202: Generate the PUSCH based on the scheduling information.

[00342] The terminal device performs rate matching based on the scheduling information, to
generate the UL-SCH.

[00343] It should be understood that, in addition to rate matching, generating the UL-SCH further
includes processes such as TBS calculation, code block segmentation, LDPC coding, code block
concatenation, resource mapping, and modulation. Because these processes may be performed
according to the conventional technology, details are not described in this application.

[00344] Specifically, in step 1, the terminal device determines, based on the quantity of slots that
are indicated by the scheduling information and that are for sending the PUSCH, a quantity of times
of performing rate matching and a time unit in which each rate matching is performed.

[00345] Optionally, the quantity of times of performing rate matching is equal to the quantity of
slots for sending the PUSCH, and is equal to N. It should be understood that rate matching is
performed once in each slot, and a bit length that is output in each rate matching is determined by an
available time-frequency resource in one slot.

[00346] For example, as shown in (a) in FIG. 10, an uplink-downlink slot configuration is DDDSU,
and the quantity of slots for sending the PUSCH is equal to 4. Assuming that both a slot S and a slot
U can be used to send the PUSCH, a quantity of times of rate matching is equal to 4, a time unit for
performing rate matching RM#0/RM#2 is the slot S, and a time unit for performing rate matching
RM#1/RM#3 is the slot U.

[00347] For example, as shown in (b) in FIG. 10, an uplink-downlink slot configuration is DDSUU,
and the quantity of slots for sending the PUSCH is equal to 4. Assuming that only a slot U is used to
send the PUSCH, a quantity of times of rate matching is equal to 4, and a time unit for performing

each rate matching is the slot U.
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[00348] How to determine a bit sequence that is output through rate matching is described in detail
by performing step 2 to step 4 subsequently.

[00349] In step 2, a length of the bit sequence that is output through rate matching is calculated
based on the parameter G in the uplink transmission method provided in this application, and is

denoted as £_; in step 3, a start point of the bit sequence that is output through rate matching is
determined based on £ _; and in step 4, the terminal device performs bit selection based on a starting
bit location and the bit length £_, to determine the output bit sequence. Alternatively, in step 2, a
length g ' of the bit sequence that is output through rate matching is calculated based on the

parameter ¢ in the conventional technology; in step 3, a length of the bit sequence that is output
through rate matching is calculated based on the parameter G in the uplink transmission method

provided in this application, and is denoted as £ _, and a start point of the bit sequence that is output
through rate matching is determined based on £ ; and in step 4, the terminal device performs bit
selection based on a starting bit location and the bit length £ ', to determine the output bit sequence.
[00350] In a case in which there is only one code block, because £ =G, step 2 and step 3 may

alternatively be simplified as follows: Step 2 is not performed, and in step 3, the start point of the bit
sequence that is output through rate matching may be directly determined based on G.

[00351] Before step 2 to step 4 are specifically described, the following first uses (b) in FIG. 7 as
an example to describe a main difference between G and . It is assumed that UCI needs to be
multiplexed in a slot corresponding to RM#2. In this case, in the solution in the conventional
technology, when a location that is in a circular buffer and that is of a starting bit in a bit sequence
that is output in a slot corresponding to RM#3 is calculated, a total quantity ¢ of used coded bits is
only a total quantity of coded bits available for transmission of the TB, that is, ¢ does not include a
total quantity of coded bits occupied by the UCI. However, in this embodiment of this application,
when a location that is in a circular buffer and that is of a starting bit in a bit sequence that is output
in a slot corresponding to RM#3 is calculated, a total quantity G of coded bits includes a total quantity
of coded bits available for transmission of the TB and a total quantity of coded bits occupied by the
UCL

[00352] Step 2: The terminal device determines the bit length that is output through rate matching.
[00353] It should be understood that the terminal device needs to determine, based on the total
quantity G of coded bits or ¢, the bit length that is output through rate matching. However, G or G'
may be determined by the terminal device, or may be indicated by the network device (for example,

indicated by using RRC or DCI).
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[00354] It should be further understood that, if time domain resources available for uplink
transmission in different time units are different, for example, quantities of OFDM symbols included
in a special slot and an uplink slot are different, different slots also have different G or . Therefore,
the terminal device needs to separately determine different G or  based on different slots.

[00355] When the bit length is determined based on G or ¢, the following also describes a method
of determining the bit length based on that quantities of OFDM symbols included in all time units are
the same or are different.

[00356] 1. Calculate £_based on G

[00357] (1) The quantities of OFDM symbols included in all the time units are different.

[00358] The terminal device determines, based on a total quantity G _ of coded bits available for
transmission of the TB in the time unit #n, a bit length E,,n that is output through rate matching of a
code block #r in the time unit #n, where =0, 1, ..., or C—1, n=0, 1, ..., or N—1, and C is a quantity of
code blocks. For example, the terminal device determines the bit length £, ,, as shown in Algorithm
1, where C' is a quantity of scheduled code blocks.

[00359]  Optionally, the total quantity G = of coded bits is determined by a total quantity N, rEn OF
REs allocated to the PUSCH in the time unit #n, and the total quantity of coded bits occupied by the
UCI is not deducted. For example, G, =Ny, X0, XN, where ¢  represents a modulation order,
and n , represents a quantity of layers.

[00360] It should be understood that, regardless of whether the terminal device multiplexes the
UCI and the UL-SCH, a payload size of the UCl is not deducted from calculation of G _ . Specifically,
if the terminal device misses detecting scheduling information indicating that the UCI is multiplexed
with the UL-SCH, the terminal device naturally cannot learn of a size of the coded bits occupied by
the UCI. If the terminal device detects the scheduling information indicating that the UCI is
multiplexed with the UL-SCH and the UCI is multiplexed on the UL-SCH, G _ is not deducted.

[00361] For example, (a) in FIG. 10 is used as an example. It is assumed that an allocated time
unit is an available slot, and it is assumed that both the slot S and the slot U are considered as available

slots. A quantity of time units is equal to 4, a quantity of available symbols in the slot S is 4, a quantity

of available symbols in the slot U is 13, and a quantity of RBs is 40. In this case, Ny =Ngz, =1920,
and Ny =Ny ; =6240 . Tn addition, it is assumed that 0, =2, N, =1,and C'=C=2.Inthis case,

G,=G,=3840 | and G, =G,=12480 . Therefore, F,=F,=F,=F,=90 | and
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Eo,1 = E1,1 = E0,3 = El,3 =3900.

Algorithm 1:
Set j=0

for n=0 to N-1
for r=0 to C-1

if CBGTI indicates that an ' code block is not scheduled for transmission
Er,n = 0 5
else

If j<C —mod(G,/(N,-0,),C)-1

B =N, 0| 2|
LN.O,C

else

B =N, 0| 2|

N,-Q, -C

end if

J=J+1;

end if

end for

end for

[00362] (2) The quantities of OFDM symbols included in all the time units are the same, and a
manner of calculating the bit length based on G is as follows:

[00363] The terminal device determines, based on a total quantity G of coded bits available for
transmission of the TB in one time unit corresponding to one rate matching, a bit length E; that is
output through rate matching of a code block #r in the time unit #n, where r=0, 1, ..., or C—1, and n=0,
1, ..., or N-1. For example, the terminal device determines the bit length E;, as shown in Algorithm
2.

[00364] Optionally, the total quantity G of coded bits is determined by a total quantity N; of REs
allocated to the PUSCH in one time unit, and a size of the coded bits of the UCI is not deducted. For
example, G =N, x0Q,xN,  where O, represents a modulation order, and N , represents a
quantity of layers. It should be understood that, in this case, a total quantity of REs allocated to the
PUSCH in a time unit in which each rate matching is performed remains consistent.

[00365] For example, (b) in FIG. 10 is used as an example. Assuming that N=4, a quantity of
49



available symbols in each slot U is 13, and a quantity of RBs is 40, N, =6240. In addition, assuming
that 0, =2, N , =1, C'=C=3, G=12480. In this case, £, = £, = E, = 4160 ,

Algorithm 2:
Set j=0
for =0 to C-1

if CBGTI indicates that the code block #r is not scheduled for transmission
E, =0
else

if j<C'-mod(G/(N,-0Q,),C')-1

E =N, -0, {G—J :

N,-Q,C'
else
E":NL'QWI. L ;
N,-Q,C'
end if
j=Jj+1;
end if
end for

[00366] 2. Calculate £ based on ¢
[00367] (1) The quantities of OFDM symbols included in all the time units #n are different.

[00368] A manner of calculating Er’n' based on G ,' is similar to the manner (1) of calculating
Er,n based on G, . A difference is as follows:

[00369] All G, isreplaced with G ,', and all Er’n is replaced with Er’n'. The total quantity G, ' of
coded bits is determined by a total quantity AV, ren Of REs allocated to the PUSCH in the time unit #n,
and the total quantity of coded bits occupied by the UCI is deducted. For example, the total quantity
G, of coded bits is determined by the total quantity 2V, re.n Of REs allocated to the PUSCH in the
time unit #n (the total quantity of coded bits occupied by the UCI is not deducted). For example,
G, =N, X0, %N, and G,'= Ny, X0, XN, =¥, where O, represents a modulation order, N ,

represents a quantity of layers, and ¥  represents the total quantity of coded bits occupied by the UCI.
[00370] (2) The quantities of OFDM symbols included in all the time units #n are the same.
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[00371] A manner of calculating £, ' based on ¢ is similar to the manner (2) of calculating £,
based on G. A difference is as follows:

[00372] All G is replaced with ¢, and all £, needs to be replaced with £, '. The total quantity G
of coded bits is determined by a total quantity N, of REs allocated to the PUSCH in one time unit,
and the total quantity C of coded bits is determined by the total quantity V.. of REs allocated to the
PUSCH in one time unit, and the total quantity of coded bits occupied by the UCI is not deducted.
For example, G = N;; xQ, x N, and G'= N, xQ, x N, —v  where O, represents a modulation
order, N, represents a quantity of layers, and ¥ represents the total quantity of coded bits occupied
by the UCI.

[00373] Step 3: The terminal device determines a starting bit location in bit selection in rate
matching.

[00374] It should be understood that the terminal device determines the starting bit location in bit
selection in rate matching based on the bit length £, that is output through rate matching.

[00375] The following provides several possible implementations.

[00376] Possible implementation 1:

[00377] The terminal device determines, based on a location kr’,H of a starting bit in bit selection
of a code block #r in the time unit #n—1, a bit length E,,,n_l, and an RV update time interval K, a

location k,’n of a starting bit in bit selection in rate matching of the code block #r in the time unit #n.
[00378] For example, the terminal device determines, based on Algorithm 3 or based on the
following formula, the location k,,,n of the starting bit in bit selection in rate matching of the code

block #r in the time unit #n:

k,, n=mK

n—1

k =
" I mod (k0+ E,.,k,Ncbj, otherwise

k=0
[00379] Herein, m is an integer, ko represents an offset of the starting bit in bit selection, and N,
represents a size of a code block that is finally stored in the circular buffer after LDPC coding. It
should be understood that K, is jointly determined based on an RV index rv;s and a BG. The RV index
rvig 1s determined based on a start RV and an RV sequence. When n is an integer multiple of K, the

location k,,,n of the starting bit in bit selection in rate matching of the code block #r in the time unit

#n is determined by K, that is, specified by the RV. When n is not an integer multiple of K, the
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location k,,,n of the starting bit in bit selection in rate matching of the code block #r in the time unit
#n is determined by the location kr’n,l of the starting bit in bit selection in rate matching of the code

block #r in the time unit #n—1 and the bit length Er’n,l .

Algorithm 3:

forn = 0 to N-1
if n=mK

kr,n =ky;

else

k., =mod (k

r,n—1

+FE N );

r,n—12""cb

end if

end for

[00380] Possible implementation 2:

[00381] The terminal device determines, based on a bit length £, that is output through one rate
matching of a code block #r, and an RV update time interval K, a location k,,,n of a starting bit in bit

selection in rate matching of the code block #r in the time unit #n.

[00382] For example, the terminal device determines, based on the following formula, the location
k,,,, of the starting bit in bit selection in rate matching of the code block #r in the time unit #n, where

m is an integer.

k,, n=mK
©" | mod (k,+nE,,N,), otherwise

[00383] It should be understood that, in this case, a total quantity of REs allocated to the PUSCH
in a time unit in which each rate matching is performed remains consistent.

[00384] Possible implementation 3:

[00385] The terminal device determines, based on a location k,,,,_l of a starting bit in bit selection
in rate matching #n—1 of a code block #r, a bit length Er,n,l, a quantity of NULL bits, and an RV

update time interval K, a location k,,,n of a starting bit in bit selection in rate matching #n of the code
block #r.
[00386] For example, the terminal device determines, based on Algorithm 4, the location kr’n of

the starting bit in bit selection in rate matching #n of the code block #r. Herein, m is an integer, Knurt'
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represents a size of a code block obtained before a NULL bit is inserted, Knurr represents a size of a
code block obtained after the NULL bit is inserted, Z. represents an LDPC expansion factor,

K yu.'—2Z, represents a quantity of systematic bits, Ky, — K vy, ' represents a quantity of
NULL bits, and N, —(K o — Ko ') represents a quantity of non-NULL bits in the circular buffer.

ky, N, Ky, Kyuir', Z., and the BG are all determined by using the conventional technology.
[00387] It should be understood that, if bit selection in current rate matching passes through a
NULL bit, a starting location in bit selection in next rate matching is a starting location in current rate
matching plus a sequence length that is output through current rate matching plus a quantity of NULL
bits; otherwise, a starting location in bit selection in next rate matching is a starting location in current
rate matching plus a sequence length that is output through current rate matching.

Algorithm 4:

forn = 0 to N-1

ifn=mK

kr,O = kO 5

else

kr,n = kr,n—l + mOd(Er,n—l’ N, _(KNULL —K o ')) 5

if (k

r,n—1

(kr,n 2 KNULL '_2Zc +]vcb )

<KNULL '—ZZCand km ZKNULL '—ZZC) or

ke =k, + Ky, =Ky s
end if
k,,=mod(k,,.N,);

end if

end for

[00388] For example, (a) in FIG. 10 is used as an example. Assuming that a start RV is RV2, K=4,
N=4, KnurL=6336, KnuLL'=6056, N, =19008, and Z. =288, and only a 1% code block is considered,

EO,O =E0,2 =960 , and EO’1 =E0’3 =3900 . In this case, ko,o =0 , ko,l =960 , ko,z =4860 , and

](0,3 =6100, as shown in (a) in FIG. 11.
[00389] Possible implementation 4:

[00390] The terminal device determines, based on a location kr’,H of a starting bit in bit selection
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in rate matching #n—1 of a code block #r, a bit length £, that is output through one rate matching, a
quantity of NULL bits, and an RV update time interval K, a location k,,,, of a starting bit in bit

selection in rate matching #n of the code block #r. For example, this is shown in Algorithm 5. It should
be understood that, in this case, a total quantity of REs allocated to the PUSCH in a time unit in which

each rate matching is performed remains consistent.

Algorithm 5:

forn = 0 to N-1
if n=mK

kr,O =ky;

else

k n :kr,n—l +m0d(E"Mb _(KNUL _KNULL '))’

r’

if (kr,n—l <KNULL '_2Zc and kr,rr 2Ky '-22Z, )Or

(k2 Kyp '=2Z +N,,)
k., =k, +Ky — Ky ';
end if

k., = mod(k,.,n,NC,, );

end if

end for

[00391] For example, (b) in FIG. 10 is used as an example. Assuming that a start RV is RV1, an
RV sequence is {0, 2, 3, 1}, N=4, KnuLt=6336, Knur'=6176, N ., =19008, and Z, =288, and only a

1*t code block is considered, £, = 4160 . In this case, ko, =4896, k,,=9216 k ,=0, and

k,;=4160, as shown in (b) in FIG. 11.

[00392] The foregoing describes the possible implementation 4, and the following describes
possible implementations 5 to 8.

[00393] First, an overall idea and main steps of the possible implementations 5 to 8 are briefly
described.

[00394] A quantity of time units allocated to one TBoMS transmission is N, a TBS calculation
scaling factor K=N, and an RV update periodicity is also N. It should be understood that, if a TBoMS
repetition is not enabled, TBoMS transmission occupies N time units, one RV is used, and the used

RV is indicated by higher layer signaling; or if a TBoMS repetition is enabled, M represents a quantity
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of TBoMS repetitions, and each TBoMS repetition occupies N time units, so that M TBoMS
repetitions occupy MxN time units in total, an RV is updated in a 1% time unit of each TBoMS
repetition, and an update sequence is indicated by higher layer signaling.

[00395] In this case, a starting bit index (or a starting bit location) 4 in bit selection in rate
matching performed in each time unit may be determined in the following manner:

[00396] (1) For the 1° time unit in N time units of each TBoMS repetition:

[00397] K is determined based on the RV and the BG. For a specific determining manner, refer to
descriptions corresponding to Table 2 in this application.

[00398] Optionally, if a starting bit indicated by the starting bit index 4 in bit selection in rate
matching corresponding to the 1% time unit is filler bits (filler bits), % needs to be corrected to an
index of a next bit of a last bit of the filler bits.

[00399] It should be understood that the filler bits are not selected during bit selection. Therefore,
correcting % can ensure that a starting bit in bit selection in rate matching corresponding to another
time unit other than the 1* time unit in the N time units that are of each TBoMS repetition and that
are obtained by using a subsequent method is a next bit of an ending bit in bit selection in rate
matching corresponding to a previous time unit of the time unit (it is noted that, if the next bit is a
filler bit, the next bit is also corrected to a next bit of a last filler bit). In this way, it is ensured that
coded bit sequences that are output through rate matching corresponding to two adjacent time units

do not overlap in a case of no UCI multiplexing, discarding, or transmission cancellation.

[00400] For example, as shown in FIG. 26, before correction, K,,,, '—2Z <k, <K, —2Z..In

this case, after correction, &, = Ky, =22, , where K,;,, '—2Z, represents a location of a 1* bit of

the filler bits in the circular buffer, and K ,,., — 2Z. represents a location of a next bit of a last bit of
the filler bits in the circular buffer.
[00401] (2) For another time unit other than the 1% time unit in the N time units of one TBoMS
repetition:
[00402] A starting bit index & in bit selection in rate matching corresponding to the another time
unit is determined by at least one of the following parameters:

1. a starting bit index 4,' in bit selection in rate matching in a previous time unit;

2. a circular buffer length (periodicity) N ., , where the circular buffer is configured to
store a code block obtained after LDPC coding;

3. aquantity K vy, — Ky, " of filler bits in the circular buffer;

4. a starting location K y,,,'— 2Z. of a filler bit in the circular buffer;

5.alocation K ,,., — 2Z,. of a next bit of a last filler bit in the circular buffer;
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6. a value of G corresponding to the previous time unit;

7. abit length £, (E, is determined by the value of G corresponding to the previous time
unit) that is output through rate matching corresponding to the previous time unit and that is
determined in step 2;

8. a value of G corresponding to the 1* time unit;

9. a bit length £, (determined by the value of G corresponding to the 1% time unit) that is
output through rate matching corresponding to the 1% time unit and that is determined in step 2;

10. a value of G corresponding to any time unit in the N time units of the one TBoMS
repetition; and

11. a bit length £, (determined by the value of G corresponding to the any time unit) that
is output through rate matching corresponding to the any time unit in the N time units of the one
TBoMS repetition and that is determined in step 2.

[00403] For example, when a quantity of code blocks is: C=1, £ = £, = G [and = o . In this case,
k may be directly determined based on the value of G. When C>1, E, #G, and % needs to be

determined based on £,. G = N, xQ, x N, and Nrg=min(156,Ng;") nyn, where np, represents a

total quantity of allocated PRBs; N,,'= N nyhmb —Nﬁi‘fp —~ N where N =12 is a quantity of

subcarriers in frequency domain in a physical resource block, N, o » 18 a quantity L of symbols

sym
allocated to the PUSCH, NPD/R;S is a quantity of DM-RS REs of each PRB in allocated duration and

includes that there is no data in a DM-RS CDM group, and N;RB is overheads configured by a higher-

layer parameter xOverhead of PUSCH-ServingCellConfig; and r is a code block index, =0, 1, ..., or
C-1, and n=0, 1, ..., or N-1, where C is the quantity of code blocks. Specially, the quantity V, of
layers is equal to 1. In this case, G = Ny x 0, .

[00404] The following separately describes the possible implementations 5 to 8. A manner of
determining % based on E, or the value of G (that is, C#1 or C=1) is separately described.

[00405] Possible implementation 5:

[00406] Step (1):

[00407] Determine a real periodicity N,' of bit selection.

[00408] The following should be understood: (i) In a bit selection process, data in the circular
buffer is sequentially read. Because the circular buffer is periodic (a periodicity is N, ), bits selected
through the bit selection process are also periodic. Herein, a periodicity of the bits selected through

the bit selection process is referred to as the real periodicity N, ' of bit selection. (ii) Because filler
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bits are not selected through the bit selection process, the real periodicity of bit selection is less than
the circular buffer length (periodicity) N, .

[00409] For example, N,'=N_, — (KNULL Ko ') .

[00410] Step (2):

[00411] Map £, and ¢ to the real periodicity N, ' of bit selection to obtain a bit sequence length,

which is denoted as <.

[00412] A manner of representing L includes but is not limited to the following several examples:
L=mod(E,,N, ~(Kyu, ~ Ky ')); or
L= mod(Er,NC,, ') ; or
L=mod(G,N,, ~(Kyu, Ky ')); or
L=mod(G,N,,").
[00413] It should be understood that an addressing manner of the circular buffer is a modulo
operation. To be specific, when an addressing step is an integer multiple of the real periodicity N,

of bit selection, start addresses of two consecutive times addressing are unchanged. The modulo

operation may be understood as that £, or G is split into two parts. A bit sequence length
corresponding to the first part is less than N, ', that is, 0OSL <N, '. A bit sequence length
corresponding to the other part is ¢ times of N, ', where ¢ is an integer and ¢ > o . Therefore,
E =N,xe¢+Lor G=N_,'xe+L.

[00414] Step (3):

[00415] Assuming that there is no filler bit, determine a starting bit index ig (an intermediate

variable) of another time unit other than the 1% time unit in the N time units of the one TBoMS

repetition based on L and &;'.
[00416] A manner of representing /?O includes but is not limited to the following several examples:
/;0 =k,"+L;or
ko = ky "+ mod (E,, Ny, (K, =K yins ') 5 or
I;O =k,'+ mod(E,,NCb ') ; or
ko = ko '+ mod (G, Ny, = (K vy = Kyun ")) or
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ky =k, +mod(G,N,,").
[00417] Step (4):
[00418] Determine a starting bit index 4 of the time unit #n based on k', 1;0 , and a location of a

filler bit in the circular buffer.
[00419]  First, it is determined, based on k', /zo, and the location of the filler bit in the circular

buffer, whether a bit selection process in which a bit selection length is L is performed with the filler

bit. The following separately describes several different cases.

[00420] 1. If a bit sequence -1 is filled with filler bits, %is corrected based on a quantity
Ky, — Koy, | of filler bits, that is, k, =k, + Ky, —Kyy, -
[00421]  For example, as shown in (a) in FIG. 27, when &, '<K,;,, '—2Z and /;0 2Ky =272,

the  bit selection process is performed with  filler bits, and therefore
ky = mod (ky + Ky, =Ky N, ).

[00422] For another example, as shown in (b) in FIG. 27, when k,'>2K,,,, —2Z and
k,>K v, —2Z,+ N, (or this condition may be simplified as: when k,>K o, —2Z,+N,,), the
bit selection process is performed with filler bits, and therefore &, = rnod(/;0 + Ko = Kyor SN, Cb) :
[00423] 2. Ifa bit sequence -1 is filled with no filler bit, &, is obtained based on 1;0

[00424] For example, as shown in (¢) in FIG. 27, when k,'< K,,,, '-2Z_ and /;0 <Ky '—2Z,
(or this condition may be simplified as: when /go <Ky '—2Z,), the bit selection process is
performed with no filler bit, and therefore k, = mod (/;0 ,N Cb) or k,= /;0.

[00425] For another example,as shown in (d) in FIG. 27, when k,'>K,,,, —2Z and
/;0 <Ky —2Z.+N, , the bit selection process is performed with no filler bit, and therefore
k, = mod(l?o,Nd,) or k, =/€0.

[00426]  Optionally, if the starting bit indicated by 4 is a filler bit, K,,,, =22 <k, <K,,,, —2Z,.
In this case, ig is corrected based on K, ,, —2Z, and k', to obtain % . For example,
ky =mod(k, + K, —2Z,~k,"\N,,) or ky =k, + K, —27. —k,'".

[00427] The following provides several examples of the possible implementation 5:
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Algorithm 7-a:

ko = ko + mod(Er, Nep — (Kyyrr — KI(IULL));

if (ky < K\yy, — 2Zcandkg = Ky, — 2Zc)or (kg > Kyyu, — 2Zcandky = Ky, — 27, +
Nep)

ko = ko + Knur, — Ky

end if

ko = mod(ko, Ny );

Algorithm 7-b:

ko = ko + mod(Er, Nep — (Kyyrr — KI(IULL));

if (ky < K\yy — 2Zcandkg = Kyyp — 2Zc)or (ko = Kyyr — 2Zc + Nep )
ko = ko + Kyyr — Ky

end if

ko = mod(ko, Ny );

Algorithm 7-c:

ko = ko + mod(Er, Nep — (Kyyrr — KI(IULL));

if (ky < K\yy, — 2Zcandkg = Ky, — 2Zc)or (kg > Kyyu, — 2Zcandky = Ky, — 27, +
Nep)

ko = mOd(Eo + Knyrr — KI(IULLrNcb);

else

ko = mod(ko, Ny );

end if

Algorithm 7-d:

ko = ko +mod(Ey, Nepy — (Kyyrs — Kyyrn))s

if (k) < Ky, — 2Zcandkg = Ky, — 2Zc)or (ko = Kyyr, — 2Zc + Ny )
ko = mod(ko + Kyyrr — KI(JULL'NCb);

else

ko = mod(ko, Ny );

end if

Algorithm 7-e:

ko = ko +mod(G, Ney, — (Kyyr — Kyuir))s
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if (ky < Kyy, — 2Zcandkg > Ky, — 2Zc)or (kg > Kyyu, — 2Zcandky = Kfyy, — 27, +
Ney)

ko = ko + Ky — Kyyris

end if

ko = mod(ko, Ny );

Algorithm 7-f:

ko = ko + mOd(G'Ncb — (KnuiL — KI(IULL));

if (k§ < Ky, — 2Zcandko = Kyyy, — 2Zc)or (ko = Kyyu, — 2Z: + Nep )
ko = ko + Knyr, — Knyris

end if

ko = mod(ko, Ny );

Algorithm 7-g:

ko = ko + mOd(G'Ncb — (KnuiL — KI(IULL));

if (ky < Kyyy, — 2Zcandkg = Ky, — 2Zc)or (kg > Kyyu, — 2Zcandky = Ky, — 27, +
Nep)

ko = mOd(Eo + Knyrr — Kz(/ULL»Ncb);

else

ko = mod(ko, Ny );

end if

Algorithm 7-h:

ko = kg +mod(G, Ney, — (Kyuze — Knur))s

if (ki < Kyyp, — 2Zcandkg = Kfyyp, — 2Z.)or (ko = Kyyp, — 2Zc + Ngp)
ko = mod(ko + Kyyrr — KI(JULL'NCb);

else

ko = mod(ko, Np);

end if

[00428] Possible implementation 6:
[00429] A first counter / and a second counter £ are set to 0. It should be understood that the first

counter is configured to determine a starting bit k, in another time unit other than the 1*' time unit in

the N time units of the one TBoMS repetition, and the second counter is configured to count a quantity
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of selected coded bits.

[00430] Coded bits stored in the circular buffer are sequentially traversed based on £, or G, and a
starting bit index k' of a previous time unit of a current time unit, and then a starting bit index k, of
the current time unit is determined.

[00431] Step 1: Read a bit whose index is mod(ko +J, Nc,,) from the circular buffer.

[00432] Step 2: When the read bit is not a filler bit, add 1 to the second counter, that is, k =k +1;
otherwise, keep the second counter unchanged, and skip this step.

[00433] Step 3: Add 1 to the first counter, thatis, j=/j+1.
[00434]  Step 4: Determine whether the second counter & is less than £, or G; and if yes, return

to step 1 for continuing; otherwise, perform step 5.

[00435] Step 5: Determine that the starting bit index of the current time unit is
ky =mod (k, "+ j,N,, ).

[00436] The following describes two possible algorithms.

Algorithm 8-a:

J=0;

k=0;

while k < E,

if d (k! 4 ymoany, * NULL
k=k+1;

end if

J=J+1y

end while

ko = (ko + j)modNcp;

Algorithm 8-b:

J=0;
k=0;
while k < G

if d(k(')+j)‘m0chb #*+ NULL

k=k+1;
end if
J=J+1;
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end while

ko = (ko + j)modN,;

[00437] d represents a code block that is stored in the circular buffer and that is obtained after
LDPC coding.
[00438] Possible implementation 7:

[00439] A starting bit index k, of another time unit other than the 1* time unit in the N time units

of the one TBoMS repetition is determined based on E, or G, and a starting bit index &, ' of a
previous time unit.

[00440] Example 1: An interval between k,' and % is E or G . For example,

7

k, =mod(k, '+ E,.N,,) or k, =mod(k,'+G.N,,).
[00441] Example 2: k,, =m0d(kO +n><Er,Ncb) or k,, =m0d(k0 +n><G,NCb) , and

n=12,..,N -1 1t should be noted that, in Example 2, k, represents the starting bit index in bit
selection in rate matching corresponding to the 1% time unit (time unit #0) in the N time units of the
one TBoMS repetition, and is determined based on the RV and the BG; k, , represents a starting bit

index in bit selection in rate matching corresponding to the time unit #n (time unit #n,
n=12,...,N 1) of the r'" code block; and r is a code block index, 1=0, 1, ..., or C—1, and n=0, 1, ...,
or N—1, where C is the quantity of code blocks.

[00442] Possible implementation 8:

[00443]  k,, is determined based on k, and E, or G, where 7=1,2,...,N —1 and » represents a

time unit index. k, represents the starting bit index in bit selection in rate matching corresponding to
the 1 time unit (time unit #0) in the N time units of the one TBoMS repetition, and is determined
based on the RV and the BG; k,,’,, represents a starting bit index in bit selection in rate matching

corresponding to the time unit #n (time unit#n, n=1,2,..., N —1) of the r'" code block; and r is a code
block index, r=0, 1, ..., or C—1, and n=0, 1, ..., or N—1, where C is the quantity of code blocks.
[00444] Step a:

[00445] Calculate a sum of bit selection lengths in all time units before the time unit corresponding
to the time unit #n, that is, a sum of bit selection lengths in rate matching corresponding to a total of
n time units from the time unit #0 to the time unit #n—1.

[00446] For example, assuming that the bit selection lengths in all the time units are equal, that s,
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E_ or G, the sum of the bit selection lengths in rate matching corresponding to the total of n time

units from the time unit #0 to the time unit #n—11is »x E, or nxG.

[00447] Step b:

[00448] Determine the real periodicity N, ' of bit selection.

[00449] For example, N, '= N, — (KNULL - Ky ') .

[00450] Stepc:

[00451] Map nXxE and nxG to the real periodicity N, ' of bit selection, which is denoted as
Ln .

[00452] A manner of representing L, includes but is not limited to the following several examples:

L, =mod(nxE,, N, ~( Kyyyy =Ky, ) or

od(an,‘,Nc,, ') ; Or
(nXGN v — Ko ')); or
L mod(nxG N, )
[00453] Step d:
[00454] Assuming that there is no filler bit, determine a starting bit index ig(an intermediate

variable) of the time unit #n based on L, and k.

[00455] A manner of representing 7; includes but is not limited to the following several examples:

k =k,+L ;or
k, =l +m0od(nx ., N, ~( Ky, ~ Ky, ) or
k, =k, +mod(nxE,,N,"), or
=k +mod(nxG, N, ~( Ky, =Ky, ') or
k, =k, +mod(nxG,N,,").
[00456] Step e:

[00457] Determine a starting bit index k,,,n of the time unit #n based on &, ', l_q), and a location of

a filler bit in the circular buffer.

[00458]  First, it is determined, based on k', l_q), and the location of the filler bit in the circular
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buffer, whether a bit selection process in which a bit selection length is L is performed with the
filler bit. The following separately describes several different cases.

[00459] 1. If a bit selection process in which a bit selection length is L, is performed with filler
bits, 7; is corrected based on a quantity K,;,, —K,;,, ' of filler bits, that is, k, , = k, +K o =Ko
[00460] For example, when k, <K,,,,'—2Z and k) > Ky ' —2Z,, the bit selection process is
performed with filler bits, and therefore £, , = mod(l;n +K o = Kyor SN ) .

[00461] For another example, when k, >2K,,,, —2Z.  and k > Ky =2Z.+N, (or this
condition may be simplified as: when /;n 2 Ky =22+ N,), the bit selection process is performed
with filler bits, and therefore k,,, =mod (k, + K y,;, =Ky, SN, ).

[00462] 2. Ifabit selection process in which a bit selection length is L, is performed with no filler
bit, obtain X, , based on 7;

[00463] For example, when k, <K,,,,'-2Z. and /;” <Ky, =2Z, (or this condition may be
simplified as: when /;n <Ky —2Z,), the bit selection process is performed with no filler bit, and
therefore &, , = mod(l?n,Ncb) or k,, = En

[00464] For another example, when k,=K,,,, —2Z. and k < Ky =2Z.+N, , the bit
selection process is performed with no filler bit, and therefore k., = mod(l;”,Ncb) or k,,, = /;n :
[00465] Optionally, if the starting bit indicated by kr,n is a filler bit,
Ky =22, <k,, <Ky, —2Z,. In this case, k is corrected based on K,;;, —2Z_ and k, to obtain
k,, . For example, k,,, =mod(k, + K, —2Z,—k,.N,, ) or k_, =k, +K,,, —2Z,—k,.

[00466] The following provides several algorithm examples of the possible implementation 8:

Algorithm 9-a:

kn = ko +mod(n X Ey, Nep — (Kyuzs — Kur))s

if (ko < Kyy, — 2Zcandky, = Ky, — 2Z¢)or (ko > Ky, — 2Zcandk,, = Ky, — 27 +
Nep)

ky = kn + Kyyri, — Kyuwss

end if
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krn = mod(ky,, Nep);

Algorithm 9-b:

kn = ko + mod(n X Ey,Nep — (Kyyrr — KI(IULL));

if (ko < K{yy, — 2Zcandky, = Ky, — 2Zc)or (kn = Ky, — 2Zc + Ny )
kn = kn + Kyur, — Kyypss

end if

krn = mod(ky,, Nep);

Algorithm 9-c:

kn = ko + mod(n X Ey,Nep — (Kyyrr — KI(IULL));

lf (ko < KI(IULL - ZZCandEn 2 KI(IULL - ZZC)OI' (ko > KNULL - ZZCandEn 2 KI(IULL - ZZC +
Ncb)

kyn = mod(l_cn + Kyur — Kyurps Ncb);

else

kyn = mod(ky,, Nep);

end if

Algorithm 9-d:

kn = ko + mod(n X Ey,Nep — (Kyyrr — KI(IULL));

lf (ko < KI(]ULL - ZZCandl;n Z KI(]ULL - ZZC)OI' (En 2 KI(]ULL - ZZC + NCb)
krn = mod(l_cn + Ky — Knurws Ncb);

else

krn = mod(ky,, Nep);

end if

Algorithm 9-e:

kn = ko + mod(n X G,Nep — (Kyyrr — KI(IULL));

lf (ko < KI(IULL - ZZCandEn 2 KI(IULL - ZZC)OI' (ko > KNULL - ZZCandEn 2 KI(IULL - ZZC +
Ncb)

kn = kn + Kyuro — Kiuss

end if

krn = mod(ky,, Nep);

Algorithm 9-f:
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kn = ko + mod(n X G,Nep — (Kyyr — KI(JULL));

lf (ko < KI(]ULL - ZZCandl;n Z KI(]ULL - ZZC)OI' (En 2 KI(]ULL - ZZC + NCb)
kn = kn + Kyyro — Ky

end if

kyn = mod(ky,, Nep);

Algorithm 9-g:

kn = ko + mod(n X G,Nep — (Kyyrr — KI(IULL));

if (ko < Kyy, — 2Z.andky, = Ky, — 2Zc)or (ko > Ky, — 2Zcandk,, = Ky, — 27 +
Ncb)

krn = mod(l_cn + Ky, — Kyyrws Ncb);

else

krn = mod(ky,, Nep);

end if

Algorithm 9-h:

kn = ko + mod(n X G,Nep — (Kyyr — KI(JULL));

lf (ko < KI(]ULL - ZZCandl;n Z KI(]ULL - ZZC)OI' (En 2 KI(]ULL - ZZC + NCb)
krn = mod(l_cn + Ky — Knurws Ncb);

else

krn = mod(ky,, Nep);

end if

[00467] Possible implementation 9:
[00468] Algorithm 4 in the possible implementation 3 is improved:

Algorithm 4-a:

forn = 0to N-1

if n=0

if Knyp — 2Z¢ < ko < Knyiw — 22
kro = Knyr — 2Z¢;

else

kr,O = ko ;

3

end if
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else

r,n

k., = kr,n—l + mOd(Er,n—l Ny — (KNULL -K NULL’ )) 5
lf( 7,n—1 <KNULL’ _2Zc and kr,n 2 KNULL, _2Zc) or
(k. v —2Z.+N,,)

kr,n :kr,n +KNULL _K "

NULL >
end if
k, —mod(k N)

r,n?

end if

end for

[00469] It should be understood that the starting bit index indicated by the RV may fall on the filler
bit. In this case, the starting bit should be a next bit of the last filler bit.

[00470] Possible implementation 10:

[00471] Algorithm 5 in the possible implementation 4 is improved:

Algorithm 5-a:

forn = 0 to N-1

if n=0

if Kyyp — 2Z¢ < ko < Knyiw — 22
kro = Knurr — 2Z¢;

else

kr,O = ko ;

3

end if;
else

k.,= kr,nfl + mOd(Er > Ncb - (KNULL - KNULL’ )) >

r,n

if (K, 1 < Kyyp, '=2Z, and kr,n 2 Ky =22, )or

r,n—1

( NULL' ZZ +N )

kr,n = kr,n +KNULL _KNULL ';
end if
k., =mod(k,,.N,);

r,n?
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Algorithm 5-a:
end if

end for

[00472] It should be understood that the starting bit index indicated by the RV may fall on the filler
bit. In this case, the starting bit should be a next bit of the last filler bit.

[00473] Possible implementation 11:

[00474] A difference between Algorithm 10-a and Algorithm 10-d lies in that, for slots with
different G (Gy), Algorithm 10-a or 10-c may be used, and for slots with same G, Algorithm 10-b or
10-d may be used.

Algorithm 10-a:

J=0;

kr,O = kyo;

for n=1 to N-1
k=0;

while k < E,. ;4

if d(k, o+ jymoang, * NULL
k=k+1;

end if

J=J+l

end while

ke = (kyo + j)modNy;

end for

[00475] It should be understood that, for Algorithm 10-a or 10-c, a starting bit k. ,, in bit selection
in rate matching in the slot #n and the code block #r is a next bit of an ending bit in bit selection with
a bit selection length E,. ,_; in rate matching in the slot #n—1 and the code block #r. It should be noted
that bit selection herein is only used to determine a starting bit, and is not a bit sequence length that
is output through bit selection. The bit sequence length that is output through bit selection is
determined by the bit selection length used in step 4.

Algorithm 10-b:

J=0;
kyo = ko;
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for n=1 to N-1

k=0;

while k < E,,

if d(kr,0+j)m0chb # NULL
k=k+1;

end if

J=J+l

end while

ke = (kro + j)modNgy;

end for

Algorithm 10-c:

kro = ko;

for n=1 to N-1

J=0;

k=0;

while k < E} ;4

if d(k, ,_y+j)moan,, = NULL
k=k+1;

end if

J=J+1;

end while

kyn = (kr,n—l +f)m0chb;

end for

Algorithm 10-d:

kro = ko;

for n=1 to N-1

J=0;

k=0;

while k < E} ;4

if d(k, _y+j)moan,, = NULL
k=k+1;

end if
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j=Jj+1;
end while
kr,n = (kr,n—l +j)mOchb;

end for

[00476] Another embodiment of this application provides an uplink transmission method,
including:
[00477] A terminal device receives first indication information from a network device, where the
first indication information indicates the terminal device to send a first transport block in a plurality
of time units.
[00478] The terminal device receives second indication information from the network device,
where the second indication information indicates the terminal device to send uplink control
information UCI in a first time unit, and the first time unit is one of the plurality of time units.
[00479] The terminal device determines, based on a parameter G corresponding to the first time
unit, a location that is in a circular buffer and that is of a starting bit in a first coded bit sequence,
where the first coded bit sequence is a coded bit sequence that is output through rate matching in a
second time unit, the parameter G is a total quantity of coded bits available for transmission of the
first transport block and the UCI in one time unit, G is a positive integer, and the second time unit is
one of the plurality of time units.
[00480] The terminal device sends the UCI and the first transport block to the network device in
the plurality of time units.
[00481] A difference between this embodiment and the embodiment in FIG. 8 lies in that the
second time unit is one of the plurality of time units. For example, the second time unit is a next time
unit of the first time unit, or the second time unit is a 1% time unit in the plurality of time units, or the
second time unit is any one of the plurality of time units. For other related content in this embodiment,
refer to the descriptions in the foregoing embodiment. Details are not described herein again.
[00482] In an implementation, the plurality of time units correspond to an equal parameter G.
[00483] In an implementation, that the terminal device determines, based on a parameter G
corresponding to the first time unit, a location that is in a circular buffer and that is of a starting bit in
a first coded bit sequence includes:

determining, based on the parameter G corresponding to the first time unit and a real
periodicity N/, of bit selection, the location that is in the circular buffer and that is of the starting bit
in the first coded bit sequence.
[00484] For example, a first starting bit index k;, is determined based on the parameter G
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corresponding to the first time unit and the real periodicity N/, of bit selection.

[00485] The location k., that is in the circular buffer and that is of the starting bit in the first coded
bit sequence is determined based on the first starting bit index k. ,,.

[00486] With reference to a specific example, the following describes determining of the first
starting bit index k; ,, and the location k, ,, that is in the circular buffer and that is of the starting bit
in the first coded bit sequence.

[00487] A quantity of time units allocated to one TBoMS transmission is N, a TBS calculation
scaling factor K is equal to N, and an RV update periodicity is also N. It should be understood that, if
a TBoMS repetition is not enabled, TBoMS transmission occupies N time units, one RV is used, and
the used RV is indicated by higher layer signaling; or if a TBoMS repetition is enabled, M represents
a quantity of TBoMS repetitions, and each TBoMS repetition occupies N time units, so that M
TBoMS repetitions occupy MxN time units in total, an RV is updated in a 1*' time unit of each TBoMS
repetition, and an update sequence is indicated by higher layer signaling.

[00488] In this case, a starting bit index (or a starting bit location) k. ,, in bit selection in rate
matching performed in each time unit of one TBoMS repetition may be determined in the following
manner: n represents a time unit index, n = 0,1, ..., N — 1, r represents a code block index, r =
0,1,...,C — 1, and C represents a quantity of code blocks.

[00489] (1) Determine the real periodicity N/, of bit selection.

[00490] The following should be understood: (i) In a bit selection process, data in the circular
buffer is sequentially read one by one. Because the circular buffer is periodic (a periodicity is N,p),
bits selected through the bit selection process are also periodic. Herein, a periodicity of the bits
selected through the bit selection process is referred to as the real periodicity N/, of bit selection. (ii)
Because filler bits are not selected through the bit selection process, the real periodicity of bit selection
is less than the circular buffer length (periodicity) Np,.

[00491] For example, N/, = N, — (Kyyrr — Knoww) - Kyunr — Kyyr, represents a quantity of
filler bits in the circular buffer.

[00492] (2) For a 1% time unit in N time units of one TBoMS repetition:

[00493] A starting bit index k is determined based on an RV and a BG. For a specific determining
manner, refer to descriptions corresponding to Table 2 in this application.

[00494] The starting bit index k is corrected, and a corrected starting bit index is denoted as k..
An example is as follows:

[00495] If a starting bit indicated by the starting bit index k is a systematic bit (systematic bit),

that is, before correction, 0 < ko < Ky, — 2Z., correction is not required, that is, ky. o = ko, where
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KyyuL — 2Z. represents an index of a 1% filler bit in the circular buffer.

[00496] If a starting bit indicated by the starting bit index k,, is a filler bit (filler bit), that is, before
correction, Ky, — 2Z, < ko < Kyyp, — 2Z, , after correction, kyo = Kyy,, — 2Z, , where
KyyLL — 2Z, represents an index of a 1% parity bit in the circular buffer.

[00497] If a starting bit indicated by the starting bit index k is a parity bit (parity bit), that is,
before correction, Kyy,;, — 2Z. < ko < Ny, after correction, ky o = ko — (Kyyrr — Kyyrr)-

[00498] The foregoing example may alternatively be written in a form of Algorithm 11-a.

Algorithm 11-a:

if0 < ko < KyypL — 2Z,
ro = ko;

elseif Ky, — 2Z. < ko < KyyrL — 2Z;
ro = Kyuww — 2Z;

else

k;,o =ko— (KNULL - KI(IULL);

end

[00499] It should be understood that the starting bit index k,, indicates a location of a coded bit in
a circular buffer whose length is N, the starting bit index k. o indicates a location of a coded bit in
a circular buffer whose length is N/, and k, and k. o indicate a same coded bit. The circular buffer
whose length is N/, is obtained after a filler bit sequence is deducted from the circular buffer whose
length is N,. The circular buffer whose length is N/, is virtual and is only used to understand the
implementation.

[00500] For example, a coded bit sequence stored in the circular buffer whose length is N, is
shown in FIG. 28(a), where systematic bit indexes are 0 to Ky, — 2Z. — 1, filler bit indexes are
Ky, — 2Z; to Kyy, — 2Z. — 1, and parity bit indexes are Kyy;, — 2Z, to N, — 1; a coded bit
sequence stored in the circular buffer whose length is N/, is shown in FIG. 28(b), where systematic
bit indexes are 0 to Ky, — 2Z, — 1, and parity bit indexes are Ky, — 2Z. to N;, — 1; and the
coded bit sequence corresponding to the indexes 0 to Ky, — 2Z, — 1 in FIG. 28(a) is the same as
the coded bit sequence corresponding to the indexes 0 to Ky, — 2Z. — 1 in FIG. 28(b), and the
coded bit sequence corresponding to the indexes Ky, — 2Z. to N, — 1 in FIG. 28(a) is the same
as the coded bit sequence corresponding to the indexes Ky, — 2Z, to N/, — 1 in FIG. 28(b).
[00501] (3) For another time unit other than the 1% time unit in the N time units of the one TBoMS
repetition:
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[00502] A starting bit index k;.,, in bit selection in rate matching corresponding to the another time
unit is determined by at least one of the following parameters, where n = 1,2,...,N — 1:

a starting bit index k. o in bit selection in rate matching in the 1% time unit;

the real periodicity N/, of bit selection;

a value of G corresponding to a previous time unit;

a bit length E,. (E, is determined by the value of G corresponding to the previous time unit)
that is output through rate matching corresponding to the previous time unit and that is determined in
step 2;

a value of G corresponding to the 1% time unit;

a bit length E,. (determined by the value of G corresponding to the 1% time unit) that is
output through rate matching corresponding to the 1* time unit and that is determined in step 2;

a value of G corresponding to any time unit in the N time units of the one TBoMS
repetition; and

a bit length N, (determined by the value of G corresponding to the any time unit) that is
output through rate matching corresponding to the any time unit in the N time units of the one TBoMS
repetition and that is determined in step 2.

[00503] It should be understood that k; ,, is the location of the coded bit in the circular buffer
whose length is N¢,,.

[00504] For example, when a quantity of code blocks is: C = 1, E = E, = G, and r = 0. In this
case, k; , may be directly determined based on the value of G. When C>1, E, # G, and k;.,, needs to
be determined based on E,. G = Ngzg X Q,, X N, and Ngz = min(156, Npg)nprp, where npgg

represents a total quantity of allocated PRBs; Ngz = NEZ - N3, — NOR% o — NARE, where NRP =

12 is a quantity of subcarriers in frequency domain in a physical resource block, Nsslilmb 1S a quantity

L of symbols allocated to the PUSCH, NFRB . is a quantity of DM-RS REs of each PRB in allocated

duration and includes that there is no data in a DM-RS CDM group, and NZRB

is overheads
configured by a higher-layer parameter xOverhead of PUSCH-ServingCellConfig; and r is a code
block index, r =0,1,...,C-1, and n =1,2,...,N-1, where C is the quantity of code blocks.
Specially, the quantity N; of layers is equal to 1. In this case, G = Ngzg X Q-

[00505] Specific steps are as follows.

[00506] Step a:

[00507] Calculate a sum of bit selection lengths in all time units before the time unit corresponding
to the time unit #n, that is, a sum of bit selection lengths in rate matching corresponding to a total of
n time units from the time unit #0 to the time unit #n—1.
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[00508] For example, assuming that the bit selection lengths in all the time units are equal, that is,
E, or G, the sum of the bit selection lengths in rate matching corresponding to the total of n time units
from the time unit #0 to the time unit #n—1 isn X E, orn X G.

[00509] Step b:

[00510] Determine, based on n X E,. or n X G, and k; ¢, an index k., of a starting bit that is in the
circular buffer whose length is N/, and that is in bit selection in rate matching corresponding to the
time unit #n.

[00511] For example, k;., =mod(k;.o+nXG,N) , or k., =mod(k;.o+nXE,N}),
where mod represents a modulo operation.

[00512] It should be understood that an addressing manner of the circular buffer is a modulo
operation.

[00513] (4) Determine the starting bit index k. ,, based on the starting bit index k; ,,, where n =
0,1,...,N-1, and an example is as follows:

[00514] If a starting bit indicated by the starting bit index k. ,, is a systematic bit, that is, before
correction, 0 < ky,, < Kyyp, — 2Z,, correction is not required, that is, k;, = k.

[00515] If a starting bit indicated by the starting bit index k; ,, is a parity bit, that is, before
correction, Kyyy, — 2Z, < ky,, < Ngp, after correction, k;,, = ky, + (Kyurr — Kyyrr)-

[00516] It should be understood that the starting bit index k;. ,, indicates the location of the coded
bit in the circular buffer whose length is N;,. Therefore, the starting bit index needs to be corrected
to the indicated location of the coded bit in the circular buffer whose length is N, that is, the starting
bit index k, ,. Because a filler bit is inserted between a systematic bit and a parity bit, the starting bit
indicated by the starting bit index k; ,, is a parity bit, and the quantity Ky;;; — Kyy,, of filler bits
needs to be considered in counting of the starting bit index k ,,.

[00517] The foregoing example may alternatively be written in a form of Algorithm 11-b.

Algorithm 11-b:n=10,1,...,N — 1

1f0 S k-,’«-’n < KI(]ULL - ZZC

krn = ki n;

else

krn = Kkrn+ (Knure — Kyurn):
end

[00518] Optionally, for the starting bit index k, o in bit selection in rate matching corresponding

to the time unit #0, the following may be directly determined based on kg: k; o = k. (The starting
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bit index k,. , in selection in rate matching corresponding to the another time unit is still determined
based on Algorithm 11-b, wheren = 1,2, ...,N — 1).

[00519] Step 4: The terminal device performs bit selection based on the starting bit location and
the bit length, to determine an output bit sequence.

[00520] The terminal device performs bit selection based on the starting bit location and the bit
length, to determine a first coded bit sequence.

[00521] Optionally, the terminal device determines the first coded bit sequence based on a starting

bit location kr,n in bit selection in rate matching of a code block #r in the time unit #n and a bit length

E » that is output through rate matching of the code block #r in the time unit #n. For example, as

r

shown in Algorithm 6, d represents a code block stored in the circular buffer, and e represents the first

coded bit sequence.

Algorithm 6:
k=0;

J=0;
while k <E, ,
if d(kr,nﬁ)rnochb ¢ NULL

e =d

(k. ,)modN,, 5
k=k+1;

end if
J=J+l

end if

end while

[00522] Alternatively, in the foregoing step, EM may be replaced with £, , and dkm may be
replaced with 4, .
[00523] Alternatively, in the foregoing step, Er’n may be replaced with £, ', and dkm may be

replaced with 4, .

[00524] Alternatively, in the foregoing step, Er,n may be replaced with Er,n "

[00525] Cases in which Er,n and Er,n are separately replaced with £, , £, ', and E,,n' in the

foregoing step respectively correspond to different solutions in step 2 and step 3. Details are as
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follows:

[00526] In step 2, a length of the bit sequence that is output through rate matching is calculated
based on the parameter G in the uplink transmission method, and is denoted as £, ; in step 3, a start
point of the bit sequence that is output through rate matching is determined based on £, ; and in step
4, bit selection is performed based on a starting bit location and the bit length £, , to determine the
output bit sequence.

[00527] Alternatively, in step 2, a bit length that is output through rate matching of the code block

#r in the time unit #n is determined based on a total quantity G , of coded bits for transmission of a

TB in the time unit #n, and is denoted as £, > Instep 3, a start point of the bit sequence that is output

r

through rate matching in the time unit #n is determined based on £, ,,; and in step 4, bit selection is

performed based on a starting bit location and the bit length Er,n , to determine the output bit sequence.

[00528] Alternatively, in step 2, a length £,' of the bit sequence that is output through rate
matching is calculated based on the parameter G'; in step 3, a length of the bit sequence that is output
through rate matching is calculated based on the parameter G in the uplink transmission method, and
is denoted as E,, and a start point of the bit sequence that is output through rate matching is
determined based on £, ; and in step 4, bit selection is performed based on a starting bit location and
the bit length £, ', to determine the output bit sequence.

[00529] Alternatively, in step 2, a bit length that is output through rate matching of the code block

#r in the time unit #n is determined based on a total quantity G , ' of coded bits for transmission of
a TB in the time unit #n, and is denoted as E,,,, ': in step 3, a length of the bit sequence that is output
through rate matching is calculated based on the parameter G , in the uplink transmission method,

and is denoted as £

r

«» and a start point of the bit sequence that is output through rate matching in

the time unit #n is determined based on £, ; and in step 4, bit selection is performed based on a

oo
starting bit location and the bit length Er’n ', to determine the output bit sequence.

[00530] Optionally, the terminal device determines the first coded bit sequence based on a starting

bit location k, in bit selection in rate matching of a code block #r in the time unit #n and a bit length
Er’n that is output through rate matching of the code block #r in the time unit #n. For example, as

shown in Algorithm 6-a, d represents a code block stored in the circular buffer, and e represents the

first coded bit sequence.
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Algorithm 6-a:

k=0;
J=0;
while k< E

if d(kOJr/')mole,, # NULL

e =d

k (ko +/)modN,, +

k=k+1;
end if
J=J+l

end while

[00531] The terminal device obtains the starting bit location k in bit selection in rate matching of
the code block #r in the time unit #n in the possible implementation 5 and the possible implementation
6 in step 3 and Example 1 in the possible implementation 7. E represents the bit selection length in
bit selection in rate matching of the code block #r in the time unit #n, that is, Er’n ,E., E." or Er’n "
[00532] Optionally, in the foregoing different solutions, both the starting bit index (or the starting
bit location) 4 in bit selection in rate matching performed in each time unit and the bit selection length

E_ are determined by G. Further processing may be performed on the output bit sequence whose

length is £, (for example, the following mentioned solution of truncating an output bit sequence),

and then subsequent processing such as bit interleaving may be performed.

[00533] A quantity of time units allocated to one TBoMS transmission is N, a TBS calculation
scaling factor K=N, and an RV update periodicity is also N. It should be understood that, if a TBoMS
repetition is not enabled, TBoMS transmission occupies N time units, one RV is used, and the used
RV is indicated by higher layer signaling; or if a TBoMS repetition is enabled, M represents a quantity
of TBoMS repetitions, and each TBoMS repetition occupies N time units, so that M TBoMS
repetitions occupy MxN time units in total, an RV is updated in a 1% time unit of each TBoMS
repetition, and an update sequence is indicated by higher layer signaling.

[00534] Step 1:

[00535] A starting bit index of a previous time unit of a target time unit is &', and a bit selection
length is £, or G. For example, when a quantity of code blocks is: C=1, £ =E, =G ;and r=0. In
this case, 4 may be directly determined based on the value of G. When C>1, E,#G, and & needs to

be determined based on E,. G =N, xQ, x N, . Specially, the quantity N, of layers is equal to 1. In
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this case, G = N,, xQ, .
[00536] Step 2:
[00537]  Perform a bit selection process based on k', and E, or G, where a starting bit index k&, of

the target time unit is a next bit of a last bit in bit selection in the previous time unit.

[00538] Step 3:

[00539] Truncate, based on £, ' or G', a bit sequence selected in the previous time unit, to obtain
first £, ' or G' bits in the bit sequence, and perform subsequent processing such as bit interleaving
on the truncated bit sequence.

[00540] For example, the bit sequence that is output through bit selection is e, ey, ..., eg,_1 (or
eo, ey, .-, €g-1), the truncated bit sequence is €, €1, ..., € 4 (Or €y, €y, ...,e5/_1), and then the
subsequent operation such as bit interleaving is performed on the truncated bit sequence
€0, €1, -, €p 1_y.

[00541] Step 5: The terminal device sequentially performs bit interleaving and code block
concatenation based on the first coded bit sequence, to output a UL-SCH.

[00542] Optionally, the terminal device further generates the UCI based on scheduling information.
[00543] It should be understood that the terminal device performs this step only when receiving
signaling indicating that the terminal device carries the UCI on the PUSCH.

[00544] S203: The terminal device generates the PUSCH based on at least the UL-SCH, and sends
the PUSCH to the network device.

[00545] In a possible case 1, the terminal device generates the PUSCH based on the UL-SCH. It
should be understood that, in this case, the terminal device detects only signaling for sending the
PUSCH, and the network device does not send the signaling indicating the terminal device to include
the UCI on the PUSCH; or the network device sends the signaling indicating the terminal device to
include the UCI on the PUSCH, but the terminal device misses signaling detection.

[00546] For example, as shown in (a) in FIG. 12, in this case, bit sequences in a circular buffer are
sequentially carried by a PUSCH.

[00547] In a possible case 2, the terminal device multiplexes the UCI on the UL-SCH to generate
the PUSCH.

[00548] It should be understood that, in this case, the terminal device detects signaling that is sent
by the network device and that indicates the terminal device to send the PUSCH and carry the UCI
on the PUSCH.

[00549] In an example, when the terminal device calculates, by using £, ' in step 2 in S202, the

length of the bit sequence that is output through rate matching, it is assumed that the UCI is
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multiplexed in a 2" slot of the PUSCH, and the terminal device performs rate matching in the 2
uplink slot. A start point in bit selection in rate matching is determined based on £, in rate matching
in a previous uplink slot, that is, is determined based on G, and a bit length that is output through rate
matching in the previous uplink slot is £, " determined based on G'. In this case, as shown in (b) in
FIG. 12, because the total quantity of coded bits of the UCI needs to be deducted from G', G'<G.
Therefore, a starting bit in bit selection in rate matching in a 3™ uplink slot is after an ending bit in
bit selection in the 2™ uplink slot in the circular buffer, and there is a gap between the two bits.
Obviously, the gap is caused by the UCI occupying REs allocated to the PUSCH.

[00550] In another example, when the terminal device calculates, by using £, in step 2 in S202,
the length of the bit sequence that is output through rate matching, the UCI is multiplexed in a 2™
slot of the PUSCH, and the terminal device performs rate matching in the 2" uplink slot. A start point
in bit selection in rate matching is determined based on £, in rate matching in a previous uplink slot,
that is, is determined based on G, and a bit length that is output through rate matching in the previous
uplink slot is also determined based on G. In this case, as shown in (a) in FIG. 12, a starting bit in bit
selection in rate matching in a 3™ uplink slot is a next bit of an ending bit in bit selection in the 2"
uplink slot in the circular buffer.

[00551] It should be understood that, through comparison between (a) in FIG. 12 and (b) in FIG.
12, regardless of whether the UCI is multiplexed on the PUSCH, a start point in bit selection in each
rate matching remains consistent, that is, the start point is irrelevant to UCI multiplexing.

[00552] S204: The network device determines the UL-SCH based on the PUSCH.

[00553] Specifically, the network device determines a bit sequence length that is output through
rate matching, and a starting bit location by using a method the same as that used by the terminal
device in S202, and determines a location of the UL-SCH in the circular buffer.

[00554] It should be understood that the network device and the terminal device use a same
determining method, so that it can be ensured that the network device and the terminal device have a
consistent understanding of the location of the UL-SCH in the PUSCH, thereby ensuring that the UL-
SCH is correctly parsed.

[00555] For example, if the network device indicates, by using signaling, that the UCI is
multiplexed with the UL-SCH, but the terminal device does not detect the signaling, the terminal
device sends the PUSCH in (a) in FIG. 12, and the network device determines the UL-SCH and the
UCI in (b) in FIG. 12. Because the network device and the terminal device use a same method to
determine in advance the starting bit of the UL-SCH in the circular buffer, and the UCI is not excluded
during calculation of G, the network device can completely parse all bits carried in the 3™ slot.

[00556] In this embodiment of this application, the network device indicates the terminal device
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to carry indication information of the UCI in the first time unit; and when the terminal device detects
or does not detect the indication, the total quantity of coded bits of the UCI is not deducted from the
parameter G used by the network device and the terminal device to determine the location that is in
the circular buffer and that is of the starting bit in the coded bit sequence that is output through rate
matching in the second time unit (the next time unit of the first time unit). Therefore, starting from
the second time unit, the network device and the terminal device can align locations that are in circular
buffers and that are of starting bits in bit selection in each rate matching. This increases a decoding
success rate.

[00557] It should be noted that, as mentioned in the signaling design of the scheduling information
in S201, if the scaling factor K is equal to the quantity N of slots, it may be understood that the
network device does not support a TBoMS repetition in the N slots, and the quantity of slots represents
only a quantity of slots allocated to one TBoMS transmission; or if K<N, the quantity of slots
represents a total quantity of slots including transmission of a TBoMS repetition, and K represents a
quantity of slots for one TBoMS transmission, and if N/K is an integer, a quantity of TBoMS
repetitions is N/K. In step 3 in S202, in Algorithm 3, Algorithm 4, and Algorithm 5 in the possible

implementations 1, 3, and 4, that n=mK is used as a determining condition, where n is a quantity of

times of rate matching, and m is an integer. When the condition is met, k,,,n =k, , and the starting bit
location k,,,n in bit selection in rate matching of the code block #r in the time unit n is determined by
k, that is, specified by the RV. When K=N, that n=0 may be used as a special case in which n=mK.

In this case, /g is indicated by the RV. When 1<K<N, and N/K is an integer, km is indicated by the RV,

where m=N/K.

[00558] Optionally, the method 200 further includes:

[00559] It should be understood that, it is assumed that the network device indicates the terminal
device to send the UCI and multiplex the UCI in a b slot, but the terminal device does not detect the
PDCCH. In the foregoing solution, the network device and the terminal device can align starting bits
in bit sequences that are output through rate matching in all slots after the b slot. The method 200
may further optimize a resource mapping method in the b™ slot.

[00560] In the conventional technology, when the UCI is multiplexed to some time-frequency
resources in the b™ slot, bits of data information originally carried on the some time-frequency
resources are postponed backward. When the terminal device misses PDCCH detection, all bits sent
by the terminal device in the b™ slot are bits of the data information. In this case, the network device

considers that the some time-frequency resources carry the UCI, and time-frequency resources other
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than the some time-frequency resources in the b slot are bits of the data information. Consequently,
the network device cannot correctly detect the UL-SCH in a current slot.

[00561] In S202, when the length of the bit sequence that is output through rate matching is
calculated based on G in step 2 and the location that is in the circular buffer and that is of the starting
bit in the bit sequence that is output through rate matching is calculated based on G in step 3, the
terminal device maps a second coded bit sequence to a time-frequency resource in the first time unit,
where the second coded bit sequence is a coded bit sequence that is output through rate matching in
the first time unit, and a quantity of bits in the second coded bit sequence is equal to the parameter G
corresponding to the first time unit. The terminal device maps the UCI to some time-frequency
resources in the first time unit, to replace some bit sequences in the first coded bit sequence carried
in the some time-frequency resources.

[00562] It should be understood that, when a data bit is mapped to a time unit (a slot is used as an
example in this embodiment of this application), a UL-SCH is first mapped to all REs in the time unit,
and then UCI is mapped to a corresponding resource in a puncturing manner. In this way, the UCI
replaces resources carried on some REs in the time unit. In other words, a time-frequency resource
occupied by a data bit other than a data bit replaced by the UCI in the time unit remains unchanged.
[00563] In this embodiment of this application, in the foregoing solution, the UCI is multiplexed
in the first time unit in a puncturing manner, so that a bit sequence that is included in the first transport
block and that is carried on a time-frequency resource other than a time-frequency resource occupied
by the UCI in the first time unit does not change. This increases a decoding success rate and accuracy
of the network device.

[00564] In a second possible implementation, the terminal device calculates, based on aG
corresponding to the time unit #n—1, the location of the starting bit in the bit sequence that is output
through rate matching in the time unit #n, and calculates, based on G or G', a length of the bit
sequence that is output through rate matching in the time unit #n. If quantities of OFDM symbols
included in all time units are different, the time units correspond to different G. If the quantities of
OFDM symbols included in all the time units are the same, the time units correspond to same G.
[00565] For details of S201', refer to the descriptions in S201 in the first possible implementation.
[00566] For details of S202', refer to the descriptions in S202 in the first possible implementation.
A difference is as follows:

[00567] A parameter a is introduced, where 0<a<1; and a product aG of a and G or [aG] is used to
replace G in the first possible implementation to calculate the location that is in the circular buffer
and that is of the starting bit in the bit sequence that is output through rate matching, where []

represents rounding up, rounding down, or rounding off. For example, a may be indicated by RRC
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signaling and DCI signaling. For example, a parameter used to indicate a in the RRC signaling may
be one field added to a TDRA table, a parameter used to indicate a in the DCI may also be a newly
added field, and a width of the newly added field in the RRC or the DCI, for example, 3 bits, 4 bits,
or 5 bits, may represent 8/16/32 possible values respectively. For example, a possible value of a may
be a subset in a set {0.1x, 0.2x, 0.01x}, where 2 bits indicate that a size of the subset is 4, 3 bits
indicate that a size of the subset is 8, 4 bits indicate that a size of the subset is 16, 5 bits indicate that
a size of the subset is 32, and 6 bits indicate that a size of the subset is 64.

[00568] Alternatively, a parameter G may be further introduced. In a second possible
implementation, G-b is used to replace aG or [aG] to implement this method.

[00569] The following uses aG as an example to describe S202.

[00570] Specifically, in step 2, a length of the bit sequence that is output through rate matching is
calculated based on the parameter G in the uplink transmission method provided in this application,
andisdenoted as £, ;andinstep 3, £, " is calculated based on aG, and a start point of the bit sequence
that is output through rate matching is determined based on £, ". Alternatively, in step 2, a length
E ' of the bit sequence that is output through rate matching is calculated based on the parameter G'
in the conventional technology; and in step 3, £, " is calculated based on aG, and a start point of the
bit sequence that is output through rate matching is determined based on £, ".

[00571] When E." is calculated based on aG, G in S202 in the first possible implementation is
replaced with aG and then is substituted into a specific algorithm to obtain £, ", and £, is replaced
with £, " in a subsequent step for calculation.

[00572] Alternatively, aG may be replaced with aG,, and E. is replaced with £, " to implement
the foregoing solution.

[00573] S203": The terminal device generates the PUSCH based on at least the UL-SCH, and sends
the PUSCH to the network device.

[00574] In a possible case 1, the terminal device generates the PUSCH based on the UL-SCH. It
should be understood that, in this case, the terminal device detects only signaling for sending the
PUSCH, and the network device does not send the signaling indicating the terminal device to include
the UCI on the PUSCH; or the network device sends the signaling indicating the terminal device to
include the UCI on the PUSCH, but the terminal device misses signaling detection.

[00575] For example, as shown in (a) in FIG. 13, in this case, bit sequences in a circular buffer are
sequentially carried by a PUSCH. It can be learned from comparison between (a) in FIG. 12 and (a)
in FIG. 13 that a location of a starting bit in a bit sequence that is output through each rate matching
in (a) in FIG. 13 is advanced relative to that in (a) in FIG. 12.

[00576] In a possible case 2, the terminal device multiplexes the UCI on the UL-SCH to generate
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the PUSCH.

[00577] It should be understood that, in this case, the terminal device detects signaling that is sent
by the network device and that indicates the terminal device to send the PUSCH and carry the UCI
on the PUSCH.

[00578] In an example, when the terminal device calculates, by using £, ' in step 2 in S202', the
length of the bit sequence that is output through rate matching, it is assumed that the UCI is
multiplexed in a 2" slot of the PUSCH, and the terminal device performs rate matching in the 2™
slot. A start point in bit selection in rate matching is determined based on £, " in rate matching in a
previous uplink slot, that is, is determined based on aG, and a bit length that is output through rate
matching in the previous uplink slot is £, ' determined based on G'. In this case, because the total
quantity of coded bits of the UCI needs to be deducted from G', G' may be less than aG, or may be
greater than aG. Therefore, when G'<aG, a starting bit in bit selection in rate matching in a 3™ uplink
slot may still be later than an ending bit in 2™ bit selection in the circular buffer. As shown in (b) in
FIG. 13, there is still a gap between the two bits. However, compared with (b) in FIG. 12, in (b) in
FIG. 13, the location of the starting bit in the bit sequence that is output through each rate matching
is advanced, and a gap between the starting bit in the bit sequence that is output through 3™ rate
matching and the ending bit in the bit sequence that is output through 2" rate matching is also smaller.
Alternatively, when G'>aG, a starting bit in bit selection in 3™ rate matching may be a next bit of an
ending bit in 2" bit selection in the circular buffer. As shown in (a) in FIG. 13, there is no gap between
the starting bit in bit selection in 3™ rate matching and the ending bit in 2" bit selection, and a location
of a starting bit in a bit sequence that is output through each rate matching in (a) in FIG. 13 is advanced
relative to that in (a) in FIG. 12.

[00579] In another example, when the terminal device calculates, by using £, in step 2 in S202',
the length of the bit sequence that is output through rate matching, the UCI is multiplexed in a 2™
slot of the PUSCH, and the terminal device performs rate matching in the 2" uplink slot. A start point
in bit selection in rate matching is determined based on £, " in rate matching in a previous uplink
slot, that is, is determined based on aG, and a bit length that is output through rate matching in the
previous uplink slot is determined based on G, where aG<G. In this case, as shown in (a) in FIG. 13,
a starting bit in bit selection in rate matching in a third uplink slot is a next bit of an ending bit in bit
selection in the second uplink slot in the circular buffer, and a location of a starting bit in a bit sequence
that is output through each rate matching in (a) in FIG. 13 is advanced relative to that in (a) in FIG.
12.

[00580] It should be understood that, through comparison between (a) in FIG. 13 and (b) in FIG.

13, regardless of whether the UCI is multiplexed on the PUSCH, a start point in bit selection in each
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rate matching remains consistent, that is, the start point is irrelevant to UCI multiplexing.

[00581] In this embodiment of this application, G is multiplied by a that is greater than 0 and less
than 1, so that the network device can calculate the location that is in the circular buffer and that is of
the starting bit in the first coded bit sequence in advance. This shortens a gap between the ending bit
in the second coded bit sequence and the starting bit in the first coded bit sequence, and improves
channel quality.

[00582] It should be noted that, as mentioned in the signaling design of the scheduling information
in S201", if the scaling factor K is equal to the quantity N of slots, it may be understood that the
network device does not support a TBoMS repetition, and the quantity of slots represents only a
quantity of slots allocated to one TBoMS transmission; or if K<N, it may be understood that the
network device supports a TBoMS repetition, the quantity of slots represents a total quantity of slots
including transmission of a TBoMS repetition, and K represents a quantity of slots for one TBoMS
transmission, and if N/K is an integer, a quantity of TBoMS repetitions is N/K. In step 3 in S202', in
Algorithm 3, Algorithm 4, and Algorithm 5 in the possible implementations 1, 3, and 4, that n=mK is

used as a determining condition, where n is a quantity of times of rate matching, and m is an integer.
When the condition is met, k,,o =k, , and the starting bit location k,’n in bit selection in rate
matching of the code block #r in the time unit #n is determined by 4, that is, specified by the RV.

When K=N, that n=0 may be used as a special case in which n=mK. In this case, /gis indicated by

the RV. When 1<K<N, and N/K is an integer, km is indicated by the RV, where m=N/K.

[00583] Optionally, the method 200 further includes:

[00584] It should be understood that, it is assumed that the network device indicates the terminal
device to send the UCI and multiplex the UCI in a b slot, but the terminal device does not detect the
PDCCH. In the foregoing solution, the network device and the terminal device can align starting bits
in bit sequences that are output through rate matching in all slots after the b slot. The method 200
may further optimize a resource mapping method in the b'" slot.

[00585] In the conventional technology, when the UCI is multiplexed to some time-frequency
resources in the b" slot, bits of data information originally carried on the some time-frequency
resources are postponed backward. When the terminal device misses PDCCH detection, all bits sent
by the terminal device in the b™ slot are bits of the data information. In this case, the network device
considers that the some time-frequency resources carry the UCI, and time-frequency resources other
than the some time-frequency resources in the b slot are bits of the data information. Consequently,
the network device cannot correctly detect the UL-SCH in a current slot.

[00586] In S202', when the length of the bit sequence that is output through rate matching is
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calculated based on G, G, aG, or aG, in step 2 and the location that is in the circular buffer and that
is of the starting bit in the bit sequence that is output through rate matching is calculated based on G,
Q,, aG, or aQ, in step 3, the terminal device maps a second coded bit sequence to a time-frequency

resource in the first time unit, where the second coded bit sequence is a coded bit sequence that is
output through rate matching in the first time unit, and a quantity of bits in the second coded bit
sequence is equal to the parameter G corresponding to the first time unit. The terminal device maps
the UCI to some time-frequency resources in the first time unit, to replace some bit sequences in the
first coded bit sequence carried in the some time-frequency resources.

[00587] It should be understood that, when a data bit is mapped to a time unit (a slot is used as an
example in this embodiment of this application), a UL-SCH is first mapped to all REs in the time unit,
and then UCI is mapped to a corresponding resource in a puncturing manner. In this way, the UCI
replaces resources carried on some REs in the time unit. In other words, a time-frequency resource
occupied by a data bit other than a data bit replaced by the UCI in the time unit remains unchanged.
[00588] In this embodiment of this application, the UCI is multiplexed in the first time unit in a
puncturing manner, so that a bit sequence that is included in the first transport block and that is carried
on a time-frequency resource other than a time-frequency resource occupied by the UCI in the first
time unit does not change. This increases a decoding success rate and accuracy of the network device.
[00589] In a third possible implementation, the terminal device calculates, based on G
corresponding to the time unit #n—1 and Z, a location of a starting bit in a bit sequence that is output
through rate matching in a time unit #n.

[00590] For details of S201", refer to corresponding descriptions in the first possible
implementation.

[00591] For details of S202", refer to corresponding descriptions in the first possible
implementation. A difference is as follows:

[00592] Step 3: The terminal device determines a starting bit location in bit selection in rate
matching, where the following several possible solutions are used for replacement:

[00593] Solution 1:

[00594] A starting bit in a bit sequence that is output through current rate matching is denoted as
kq, and an ending bit in previous rate matching is denoted as ln-1. In this case, a manner of determining

the starting bit in current rate matching based on the ending bit in previous rate matching may be, for

lnfl Zc, k,, — l anl anl l
Z

n—1 | "n-1 n—1 -
Z ,ork = Z.,where | = |, | = |, and | = | respectively
C C C C C C

Z

example, k, =
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/
represent rounding off, rounding down, and rounding up of Z—’l l,-1 may be explicitly calculated

c

based on a starting location and a length, or may be obtained by recording a last bit location in
previous rate matching, or the like.

[00595] Solution 2:

[00596] A location of a starting bit in a bit sequence that is output through current rate matching is
determined based on a location of a starting bit in a bit sequence that is output through previous rate
matching. Specifically, the location of the starting bit in the bit sequence that is output through current
rate matching may be determined based on the location of the starting bit that is output through
previous rate matching and a gap between starting bits in bit sequences that are output through two

consecutive times of rate matching.

N
[00597] In an example, k, = mod(k, , +1,Z,,N,,), or k, =mod(k,, +1ch,{Zd’}ZC), where the
C

starting bit in the bit sequence that is output through previous rate matching is denoted as #,_, , the
starting bit in the bit sequence that is output through current rate matching is denoted as kn, N
represents a code block size, n represents a time unit, /,Z . is the gap between the starting bits in the

bit sequences that are output through the two consecutive times of rate matching, Z. is a low-density

N
parity-check LDPC factor, and {7‘%’} represents rounding off, rounding up, or rounding down of
c

ch

Z.

[00598] / in the gap between the starting bits in the bit sequences that are output through the two

consecutive times of rate matching may be calculated in the following manner. /, = {—:| , \‘—J , Or

E
{;—|, E, is the length of the bit sequence that is output through previous rate matching and that is

c

c c c

E E E
obtained through calculation based on G in step 2 in S202; {;}, {;J, and {?’—‘ respectively

. . . E,
represent rounding off, rounding down, and rounding up of 75 and r represents a code block.

N
[00599]  In another example, &, = mod(k,, +1,,N ), or kK, =mod(k, +]r,{ ZCb }ZC) , where the
c
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starting bit in the bit sequence that is output through previous rate matching is denoted as &,_, , the
starting bit in the bit sequence that is output through current rate matching is denoted as kn, N
represents a code block size, n represents a time unit, and Z, is the gap between the starting bits in the
bit sequences that are output through the two consecutive times of rate matching.

[00600] The gap I between the starting bits in the bit sequences that are output through the two

r

E
consecutive times of rate matching may be calculated in the following manner. 7 =|:?}Z

c o

c

Er Er : : : 1
7 Z,, or 7 Z; E, is the length of the bit sequence that is output through previous rate

c Cc

E E
matching and that is obtained through calculation based on G in step 2 in S202; {?’} , \‘—FJ , and

c

{—’—| respectively represent rounding off, rounding down, and rounding up of ~ sTrepresents a code

c

N
block; Z. is a low-density parity-check LDPC factor; and {7&} represents rounding off, rounding

C

ch

Zc

up, or rounding down of

[00601] It should be noted that G in Solution 2 is calculated when quantities of OFDM symbols
included in all time units are the same.

[00602] For example, a value in I; herein may be configured. For example, a column is added to
the TDRA table for configuration, and a candidate value is a subset in {1, 2, ..., 66}, or a subset in {1,
2,...,55}.

[00603] The foregoing solution may alternatively be implemented in another manner:

[00604]  E. isreplaced with £, and £ is replaced with 1,,; or £, is replaced with E.,', and 7, is

replaced with I,,n; or E, is replaced with £, '; or £, is replaced with Er,n ", and 7 is replaced with

1

[00605] Solution 3:

[00606] Based on Solution 2, if a higher-layer parameter rateMatching is not set to
limitedBufferRM, that is, the parameter /zzra is equal to 0, Ne,=N. For example, for BG1, N=66Z.
Therefore, the method in Solution 2 may be simplified as follows:

[00607] k&, =mod(k,,+1,,66) where / is the same as that in Solution 2. It is noted that k,Z.
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represents a starting bit location.

[00608] Alternatively, similarly, for example, for BG2, N=50 Z, and k, = mod(k,_, +,,50),
[00609] It should be noted that, as mentioned in the signaling design of the scheduling information
in S201, if the scaling factor K is equal to the quantity N of slots, it may be understood that the
network device does not support a TBoMS repetition, and the quantity of slots represents only a
quantity of slots allocated to one TBoMS transmission; or if K<N, it may be understood that the
network device supports a TBoMS repetition, the quantity of slots represents a total quantity of slots
including transmission of a TBoMS repetition, and K represents a quantity of slots for one TBoMS
transmission, and if N/K is an integer, a quantity of TBoMS repetitions is N/K. In Solution 2 or
Solution 3, when K=N, and when n=0, ko is indicated by the RV; and when 1<K<N, and N/K is an
integer, kn, is indicated by the RV, where m=N/K.

[00610] It should be understood that, when N¢,=N, Solution 3 can greatly reduce calculation
overheads.

[00611] In addition, in Solution 1 to Solution 3, £, may alternatively be replaced with £, '
obtained through calculation of G'. The rest implementation is consistent with the foregoing specific
implementation, and details are not described herein again.

[00612] For details of S203", refer to corresponding descriptions in the first possible
implementation.

[00613] For details of S204", refer to corresponding descriptions in the first possible
implementation.

[00614] In this embodiment of this application, when resource mapping is performed on the
terminal side, a step of searching for a location that is in the first coded bit sequence and that is of the
last bit mapped to the previous time unit is reduced, and on the basis of determining, based on G, the
location that is in the circular buffer and that is of the starting bit in the first coded bit sequence, the
location is determined with reference to Z.. This simplifies calculation in a mapping process and
reduces overheads.

[00615] In a fourth possible implementation, the terminal device calculates, based on aG
corresponding to the time unit #n—1 and Z, a location of a starting bit in a bit sequence that is output
through rate matching in a time unit #n.

[00616] G in the third possible implementation is replaced with aG, and £, may be alternatively
replaced with £, " obtained through calculation of aG. The rest implementation is consistent with the
foregoing specific implementation, and details are not described herein again.

[00617] The following describes an uplink transmission method 300 provided in this application

with reference to FIG. 14 and FIG. 15.
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[00618] For a PUSCH repetition type A, when K>1, same symbol allocation is applied across K
consecutive slots, and a PUSCH is limited to only a single transport layer. UE shall repeat a TB in
the K consecutive slots and apply the same symbol allocation in the slots. A redundancy version
applied on an n'" transmission occasion of the TB is determined according to Table 1 above, where
n=0, 1, ..., or K-1. For example, as shown in FIG. 14, the UE sends one repetition in each available
uplink slot.

[00619] In the method 300, for a TBoMSPUSCH repetition, a quantity of slots for one TBoMS
transmission is N, and a quantity of repetitions for one TBoMS transmission is M. When N>1 and
M>1, a same symbol configuration is applied across NxM available slots. The UE shall repeat the
TB in M groups (or M repetitions) of N available slots, and apply the same symbol allocation in the
slots. The redundancy version applied on the n transmission occasion of the TB may be determined
according to Table 5, where n=0, 1, ..., or NxM-1, or n=0, N, 2N, ..., or (M—1)N. Within each group
(or each repetition), a single RV is applied across the N consecutive available slots (or N transmission

occasions). For example, as shown in FIG. 15, N=2, and M=4.

Table 5

rvig indicated by DCI | rviq used on the n' transmission occasion (TBoMS)
for scheduling the n/Nmod4=0 [n/Nmod4=1 |n/Nmod4=2 |n/Nmod4=3
PUSCH

0 0 2 3 1
2 2 3 1 0
3 3 1 0 2
1 1 0 2 3

[00620] Compared with an existing method for dynamically scheduling a single slot for
transmission of one repetition, this embodiment of this application provides a method for dynamically
scheduling uplink transmission in a plurality of slots for one TBoMS transmission, thereby improving
the TBoMS transmission method.

[00621] The following describes an uplink transmission method 400 provided in this application
with reference to FIG. 16 to FIG. 19.

[00622] In the conventional technology, for RV cycling configuration scheduling of a PUSCH
repetition type A, a higher-layer parameter repK-RV defines a redundancy version mode to be applied
to a repetition. If cg-RetransmissionTimer is provided, a redundancy version of configured grant-

uplink transmission is determined by UE. If the parameter repK-RV is not provided in
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configuredGrantConfig and cg-RetransmissionTimer is not provided, the redundancy version of
configured grant-uplink transmission shall be set to 0. If a parameter repK-RVRetransmissionTimer
is not provided in configuredGrantConfig and cg-, an n™ transmission occasion in K repetitions is
associated with a (mod(n—1, 4)+1)™ value in a configured RV sequence, where n=1, 2, ..., or K. If
startingFromRVO0 in a configured grant configuration is set to 'off', initial transmission of a transport
block may only start at a 15 transmission occasion in the K repetitions; otherwise, initial transmission
of a transport block starts at:

(1) the 1% transmission occasion in the K repetitions, where the 1% transmission occasion
corresponds to a case in which a configured RV sequence is {0, 2, 3, 1}; or

(2) any transmission occasion in the K repetitions associated with RV=0, where the any
transmission occasion corresponds to a configured RV sequence {0, 3, 0, 3}; or

(3) any transmission occasion in the K repetitions other than a last transmission occasion
when K>8, where the any transmission occasion corresponds to a configured RV sequence {0, 0, 0,
0}.
[00623] In the method 400, the higher-layer parameter repK-RV defines a redundancy version
mode to be applied to a repetition. If cg-RetransmissionTimer is provided, a redundancy version of
configured grant-uplink transmission is determined by UE. If the parameter repK-RV is not provided
in configuredGrantConfig and cg-RetransmissionTimer is not provided, for each repetition (or each
group of N transmissions), the redundancy version of configured grant-uplink transmission shall be
set to 0. If the parameter repK-RV is provided in configuredGrantConfig and cg-RetransmissionTimer
is not provided, an n™ transmission occasion in MxN transmission occasions is associated with a
(mod((n—1)/N, 4)+1)" value in a configured RV sequence, where n=1, N+1, 2N+1, ..., or (M—1)xN+1.
If startingFromRVO0 in a configured grant configuration is set to off', initial transmission of a transport
block may only start at a 1% transmission occasion in the MxN transmission occasions; otherwise,
initial transmission of a transport block may start at:

(1) the 1% transmission occasion in the MxN transmission occasions, where the 1%
transmission occasion corresponds to a configured RV sequence {0, 2, 3, 1}; or

(2) any transmission occasion in the MxN transmission occasions associated with RV=0,
where the any transmission occasion corresponds to a configured RV sequence {0, 3, 0, 3}; or

(3) any transmission occasion in the MxN transmission occasions associated with RV=0,
where the any transmission occasion corresponds to a configured RV sequence {0, 0, 0, 0}; or

(4) any transmission occasion in the MxN transmission occasions associated with RV=0
other than an ((M—1)xN+1)" transmission occasion that meets a condition 1, where the any

transmission occasion corresponds to a configured RV sequence {0, 0, 0, 0}.
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[00624] The condition 1 is: M>p, N>u, and MxN>p, where u=2, 4, 8, 16, 32, or 64.

[00625] In each repetition of single TBoMS, a single RV is applied across N consecutive available
slots (or N transmission occasions).

[00626] The following separately describes several specific implementations by using an example
in which N=2 and M=4. FIG. 16 corresponds to startingFromRV0 set to 'off’, FIG. 17 corresponds to
a startingFromRV0 set to 'on' & RV sequence {0,2,3,1}, FIG. 18 corresponds to a startingFromRV0
set to 'on' & RV sequence {0,3,0,3}, and FIG. 19 corresponds to a startingFromRV0 set to 'on' & RV
sequence {0,0,0,0}.

[00627] Compared with an existing method for dynamically scheduling a single slot for
transmission of one repetition, this embodiment of this application provides a method for statically
scheduling uplink transmission in a plurality of slots for one TBoMS transmission, thereby improving
the TBoMS transmission method.

[00628] The following describes an uplink transmission method 500 in this application with
reference to FIG. 20 to FIG. 22.

[00629] For the PUSCH repetition Type A, regardless of whether PUSCH transmission on a
transmission occasion is canceled, the RV is still cyclically performed according to the method shown
in FIG. 14. Herein, it is assumed that a 1% downlink slot corresponds to RVO0. In other words, the RV
corresponding to PUSCH transmission on the canceled transmission occasion is skipped. More
accurately, it is determined that the RV corresponding to each transmission occasion is unchanged, as
shown in Table 6.1.2.1-2. For reasons for canceling transmission on some time domain resources,
refer to Case 1 to Case 6.

[00630] In the method 500, in a case in which transmission in some time units in TBOMS
transmission is canceled, three uplink transmission solutions are proposed. The following uses an
example in which one time unit is one slot for description.

[00631] Solution 1: For TBoMS PUSCH transmission (regardless of a repetition or a non-
repetition), if PUSCH transmission on a transmission occasion is canceled, the RV is still cyclically
performed according to the method described in Embodiment 1/2, and coded bits corresponding to
PUSCH transmission on the canceled transmission occasion are skipped. (The "corresponding coded
bits" are coded bits that are output through code block segmentation, channel coding, rate matching,
and code block concatenation.)

[00632] Asshown in FIG. 20, for example, four repetitions are performed during one transmission,
and two slots are occupied for one repetition. Transmission in a 1 slot corresponding to a repetition
#2 is canceled. In this case, a bit sequence that originally needs to be transmitted continues to be

transmitted in a 2™ slot corresponding to the repetition #2, and a bit sequence that is transmitted in
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another repetition remains unchanged.

[00633] It should be noted that one slot in the method is one available slot and corresponds to one
transmission occasion. A correspondence may be an entire slot, or some slots, or some slots indicated
by S and L, where S and L are a starting symbol and a length in an RRC signaling TDRA table. The
available slot is determined based on an RRC configured uplink-downlink slot configuration (for
example, tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated), the TDRA
table, and SSB determining, and discarding due to a conflict is not considered.

[00634] Solution 2: For TBoMS PUSCH transmission (regardless of a repetition or a non-
repetition), if PUSCH transmission on a transmission occasion is canceled, the RV is still cyclically
performed according to the method 300 or 400.

[00635] In addition, if a starting bit in bit selection in rate matching on the transmission occasion
of canceled PUSCH transmission is indicated by an RV (that is, a 1% transmission occasion for one
repetition, or a 1% slot in M groups of N slots), a starting bit in bit selection in rate matching on a next
transmission occasion of the transmission occasion of canceled PUSCH transmission is indicated by
the RV.

[00636] If a starting bit in rate matching on the transmission occasion of canceled PUSCH
transmission is not indicated by an RV (that is, a non 1 transmission occasion for one repetition, or
a non 1% slot in M groups of N slots), a starting bit in bit selection in rate matching on a next
transmission occasion of the transmission occasion of canceled PUSCH transmission is closely
connected to an ending bit in bit selection in rate matching on a previous transmission occasion of
the transmission occasion of canceled PUSCH transmission.

[00637] It should be noted that one slot in the method is one available slot and corresponds to one
transmission occasion. A correspondence may be an entire slot, or some slots, or some slots indicated
by S and L, where S and L are a starting symbol and a length in an RRC signaling TDRA table. The
available slot is determined based on an RRC configured uplink-downlink slot configuration (tdd-
UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated), the TDRA table, and SSB
determining, and discarding due to a conflict is not considered.

[00638] Solution 3: An available slot is re-defined, and the available slot is determined based on
an RRC configured wuplink-downlink slot configuration (for example, tdd-UL-DL-
ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated) and the TDRA table, and discarding
due to a conflict is considered. One available slot corresponds to one transmission occasion. A
correspondence may be an entire slot, or some slots, or some slots indicated by S and L, where S and
L are a starting symbol and a length in an RRC signaling TDRA table. Then, RV cycling is performed

by using the method described in Embodiment 1/2.
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[00639] The following describes an uplink transmission method 600 provided in this application.
[00640] According to the method 600, rate matching can be performed in N slots together.
Specifically, in the method, a parameter G is a total quantity of coded bits available for transmission
of a transport block and UCI in one time unit, and the one time unit is the N slots.

[00641] UCI multiplexing is performed in the N slots in a puncturing manner, and the UCI is
multiplexed in only one slot.

[00642] Because rate matching is performed only once in the N slots, bit selection is performed
only once, a start point is determined by an RV, and a length is determined based on G.

[00643] First, UL-SCH bits are obtained after rate matching and code block concatenation. Bits
corresponding to the UCI are multiplexed on UL-SCH bits in a puncturing manner. The UL-SCH bits
multiplexed with the UCI are mapped to time-frequency resources of the N slots.

[00644] The following describes an uplink transmission method 700 provided in this application.
[00645] In a possible implementation 1, A-CSI (aperiodic CSI) is not expected to be multiplexed
on a TBoMS PUSCH.

[00646] It should be understood that the A-CSI is triggered by DCI, and is multiplexed on a
PUSCH scheduled by the DCI to complete reporting of the A-CSI. If the DCI schedules a plurality
of PUSCHs, for example, a TBoMS, the A-CSI is multiplexed only on a 1 PUSCH to complete
reporting. However, in an output coded bit sequence obtained according to a current rate matching
method, generally, a 1% time unit carries systematic bits. Therefore, the A-CSI is not expected to be
multiplexed on the TBoMS PUSCH, so that impact of A-CSI multiplexing on systematic bits in the
TBoMS PUSCH can be reduced, and a decoding success rate can be increased.

[00647] In apossible implementation 2, if A-CSI triggered by a network device by using DCI and
a configured grant (configured grant, CG) TBoMS PUSCH that is indicated by other information
overlap in a time unit, or resources used to transmit the A-CSI and the CG TBoMS PUSCH overlap
in time domain, the following several transmission manners may be used:

[00648] Manner 1: Cancel PUSCH transmission in an overlapped time unit.

[00649] Manner 2: Cancel A-CSI transmission in an overlapped time unit.

[00650] In a possible implementation 3, CSI is not expected to be multiplexed on a TBoMS
PUSCH.

[00651] It should be understood that a quantity of bits of the CSI is relatively large. Compared
with multiplexing the CSI on the TBoMS PUSCH or transmitting the CSI on the TBoMS PUSCH in
a puncturing manner, impact of CSI multiplexing on systematic bits in the TBoMS PUSCH can be
reduced, and a decoding success rate can be increased. The CSI means all types of CSI.

[00652] Herein, puncturing in this embodiment of this application is explained. For example, when
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the CSI is multiplexed on the TBoMS PUSCH in a puncturing manner, assuming that the CSI
occupies 40 bits, which are respectively {al, a2, ..., a40}, the TBoMS PUSCH occupies 100 bits,
which are respectively {bl, b2, ..., b100}, and the CSI is multiplexed on an 11" bit to a 50" bit of the
TBoMS PUSCH, {al, a2, ..., a40} is replaced with {b11, b12...,b50}, and locations of {b1, b2...,b10}
and {b51, b52, ..., bl00} remain unchanged.

[00653] In a possible implementation 4, a starting bit in a 1% time unit is determined by the RV,
starting bits in a 2" time unit to an n™ time unit are determined by using Method #1, and starting bits
in an (n+1)™ time unit to an N time unit are determined by using Method #2.

[00654] Method #1 is a method for calculating an index of a starting bit in bit selection in a rate
matching process in a time unit based on G' in the foregoing embodiment of this application. Method
#2 1s a method for calculating an index of a starting bit in bit selection in a rate matching process in
a time unit based on G in the foregoing embodiment of this application. For definitions of G and G',

refer to the foregoing descriptions. Details are not described herein again.

G
[00655] Specifically, k,.,=/,+1 , where /,=k,+E,-1 | and E,=N,0, — | , or
NLQmC

G : . . . .
E =N,0, {N Q" C'J ; k, and /, respectively represent an index of a starting bit and an index of an
L=m

ending bit in bit selection in the rate matching process in the n™ time unit; &,., represents an index
of a starting bit in bit selection in a rate matching process in a next time unit (that is, the (n+1)™ time
unit); N, represents a quantity of layers; @, represents a modulation order; C' represents a
quantity of scheduled code blocks; G, represents a quantity of available coded bits available for
transmission of a TB in the n™ time unit; and £, is a quantity of bits in a bit sequence.

[00656] In Method #1, G, herein is G'; and in Method #2, G, herein is G. For specific
implementation, refer to a corresponding part in the method 200. A start point of a bit sequence that
is output through rate matching in each time unit is calculated based on G, and a length of the output
bit sequence is calculated based on G or G'.

[00657] A value of n may be a default value. For example, n=2, n=3, or n=4. Alternatively, a value
of n may be a specified value. For example, a column is added to the TDRA table to indicate a value
of n, and a value set of n is n={2, 3, 4} or the like.

[00658] Possible implementation 5:

[00659] According to the protocol release Rel-15/16, the UCI that is multiplexed on the PUSCH
is classified into three types: a HARQ-ACK, CSI, and CG-UCI.

[00660] 1. For multiplexing of the HARQ-ACK, the DCI schedules the UE to receive the PDSCH,

and the UE feeds back the HARQ-ACK on the PUCCH after receiving the PDSCH. If DCI detection
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is missed, non-alignment occurs in Method #1. If Method #2 is used, it is possible that a systematic
bit is punctured. However, considering that a quantity of HARQ-ACK bits is small, impact of
multiplexing by puncturing on the PUSCH is small, and therefore a performance loss of Method #2
is not large.

[00661] 2. For multiplexing of the CSI, a problem of missing detection does not occur, and Method
#1 may be used. On the contrary, if Method #2 is used, because a quantity of bits of the CSI is large,
impact of puncturing on the PUSCH is large, and therefore a performance loss of Method #2 is large.
[00662] There are three CSI feedback modes: periodic CSI (period CSI, P-CSI), semi-persistent
CSI (semi-persistent CSI, SP-CSI), and aperiodic (aperiodic, A-CSI).

[00663] (1) The P-CSI is configured and triggered by using RRC signaling, and is carried on a
PUCCH for reporting. Therefore, a case in which the terminal device misses DCI detection does not
occur.

[00664] (2) The SP-CSI is configured by using RRC signaling, is triggered by using MAC CE
signaling, and is carried on a PUCCH or a PUSCH for reporting. Therefore, a case in which the
terminal device misses DCI detection does not occur.

[00665] (3) The A-CSI is configured by using RRC signaling, is triggered by using DCI signaling,
and is carried on a PUSCH for reporting. The PUSCH is also scheduled by using the DCI. Because
the DCI triggers and schedules the PUSCH at the same time, if DCI detection is missed, the PUSCH
is not transmitted. Therefore, there is no problem to be resolved in this application.

[00666] It can be learned from the foregoing descriptions that, because the P-CSI and the SP-CSI
are not triggered by the DCI, the problem of missing detection does not occur. Because same DCI is
used for scheduling the PUSCH and triggering reporting of the A-CSI, if DCI detection is missed, the
PUSCH is not sent, and therefore the problem of missing detection does not occur.

[00667] 3. For multiplexing of the CG-UCI, the CG-UCI is configured by using RRC signaling,
and is triggered by using RRC or DCI. When the CG-UCI is triggered by using the RRC, a problem
of missing detection does not occur. When the CG-UCI is triggered by using the DCI, a problem of
missing detection occurs, but the PUSCH is not sent. Therefore, Method #1 is also applicable.
[00668] However, in consideration of the fact that joint coding is performed when the CG-UCI and
the HARQ-ACK are multiplexed on the PUSCH at the same time, after coding, the CG-UCI and the
HARQ-ACK are multiplexed on the PUSCH as the HARQ-ACK, and impact may be large due to
direct puncturing.

[00669] In conclusion, DCI detection missing occurs only when the HARQ-ACK is multiplexed.
A case of simultaneous multiplexing of the CG-UCI and the HARQ-ACK is special and needs to be

further discussed.
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[00670] For the foregoing case, the following several manners may be considered for processing.
[00671] Manner 1

[00672] In Method #2, G, represents a total quantity of coded bits available for transmission of a
TB in an n'" time unit assuming that no HARQ-ACK multiplexing occurs.

[00673] Example 1: When only the HARQ-ACK is multiplexed on the PUSCH, a total quantity of
coded bits available for transmission of the HARQ-ACK in the n™ time unit is not deducted from G, .
[00674] Example 2: When the UCI is multiplexed on the PUSCH and the UCI is the CSI and/or
the CG-UCI, a total quantity of coded bits for transmission of the UCI in the n™ time unit is deducted
from G, , that is, Method #1 is used.

[00675] Example 3: When the CSI and the HARQ-ACK are multiplexed on the PUSCH, a total
quantity of coded bits for transmission of the CSI in the n'" time unit is deducted from G, , and a total
quantity of coded bits for transmission of the HARQ-ACK in the n'" time unit is not deducted.
[00676] Example 1 is used as an example. Assuming that the HARQ-ACK occupies 10 bits, and
the PUSCH occupies 100 bits, when the HARQ-ACK is multiplexed on the PUSCH in a puncturing
manner, a puncturing location is last 10 bits in the 100 bits occupied by the PUSCH.

[00677] Manner 2

[00678] G, uses G' in Method #1. In other words, refer to the solution in the conventional
technology. However, a HARQ-ACK multiplexing process is modified:

[00679] (1) When a quantity of bits occupied by the HARQ-ACK is less than or equal to 2 bits,
the HARQ-ACK is multiplexed on the PUSCH in a puncturing manner in the conventional technology.
[00680] (2) When a quantity of bits occupied by the HARQ-ACK is greater than 2 bits, UL-SCH
coded bits are still punctured, where a puncturing location is consistent with a location at which the
HARQ-ACK is multiplexed for direct rate matching in the conventional technology. For details of
UCI multiplexing in the conventional technology, refer to 38.212 6.2.7.

[00681] In an example, when the CG-UCI is multiplexed, the TBoMS is not applied to an
unlicensed frequency band, and is applied only to a licensed spectrum.

[00682] It should be understood that the CG-UCI is only enhancement of a CG PUSCH in an
unlicensed frequency band, that is, the CG PUSCH reports the CG-UCI only in the unlicensed
spectrum, and does not report the CG-UCI in the licensed spectrum.

[00683] Inanother example, the CG-UCI and the HARQ-ACK are jointly coded, and are processed
as the HARQ-ACK. In other words, this case is consistent with the HARQ-ACK solution in the
foregoing example.

[00684] In a possible implementation 6, two switching manners of Method #1 and Method #2 are

further described.
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[00685] In a switching manner 1, switching is performed based on a location of the DCI.

[00686] Ifthe DCI for scheduling the PDSCH (and the HARQ-ACK is multiplexed on the PUSCH)
is present only before the DCI for scheduling the PUSCH, Method #1 is used; otherwise, Method #2
is used.

[00687] In a switching manner 2, switching is performed according to the indication in the TDRA
table.

[00688] For example, a column is added to the TDRA table, and the column includes one bit, to
indicate that Method #1 or Method #2 is used.

[00689] In the foregoing several possible implementations, impact of CSI multiplexing on
systematic bits in the TBoMS PUSCH can be reduced, and a decoding success rate can be increased.
[00690] The following describes an uplink transmission method 800 provided in this application.
[00691] The network device sends scheduling information to the terminal device. The scheduling
information indicates the terminal device to send the TB through the PUSCH. Then, a network side
does not receive the TB or does not receive a correct TB. The network device sends the scheduling
information to the terminal device again, to indicate the terminal device to retransmit the TB. The
terminal device receives the scheduling information, and the terminal device retransmits the TB to
the network device based on the scheduling information. In addition, the scheduling information
further indicates an uplink transmission manner used when the terminal device retransmits the TB.
[00692] Table 6 shows four uplink transmission manners. The network side may indicate to
dynamically switch between different rows in the TDRA table by using DCI. N is a quantity of slots,

and M is a quantity of repetitions.

Table 6
Single-slot Type A PUSCH TBoMS
TBoMS
PUSCH repetition repetition
N=1, and
\/ X X X
M=1
N=1, and
X \/ X X
M>1
N>1, and
an X X \/ X
M=1
N>1, and
X X X \/
M>1
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[00693] It should be understood that the TBoMS is limited to be transmitted on one CB, but the
PUSCH is not limited to be transmitted on one CB. When dynamic switching is performed between
single-slot PUSCHs or Type A PUSCH repetitions, and TBoMS or TBoMS repetitions, the following
problem may occur: When switching from PUSCH transmission not limited to a single CB to TBoMS
transmission limited to a single CB, it is likely that TBoMS transmission cannot be implemented due
to lack of support of an existing protocol.

[00694] For the foregoing problem, the method 800 proposes a rule of dynamic switching between
different transmission manners.

[00695] Rule 1: Dynamic switching is not performed.

[00696] Dynamic switching is not expected to be performed between a PUSCH/Type A PUSCH
repetition {N=1, M>1} and a TBoMS/TBoMS repetition {N>1, M>1}. In other words, when initial
transmission is the PUSCH/Type A PUSCH repetition {N=1, M>1}, retransmission cannot be the
TBoMS/TBoMS repetition {N>1, M>1}. When initial transmission is the TBoMS/TBoMS repetition
{N>1, M>1}, retransmission cannot be the PUSCH/Type A PUSCH repetition {N=1, M>1}.

[00697] For example, all rows in the TDRA table meet only N=1 or only N>1, and N=1 and N>1
cannot occur at the same time. Semi-static switching between the two is performed by reconfiguring
the TDRA table through RRC.

[00698] Rule 2: Switching from initial TBoMS transmission to PUSCH retransmission is
performed.

[00699] Rule 2-1: Only switching from initial transmission of the TBoMS/IBoMS repetition {N>1,
M>1} to retransmission of the single-slot PUSCH {N=1, M=1} is supported.

[00700] Alternatively, rule 2-2: Only switching from initial transmission of the TBoMS/TBoMS
repetition {N>1, M>1} to retransmission of the Type A PUSCH repetition {N=1, M>1} is supported.
[00701] Alternatively, rule 2-3: Only switching from initial transmission of the TBoMS/IBoMS
repetition {N>1, M>1} to the single-slot PUSCH {N=1, M=1} or to the Type A PUSCH repetition
{N=1, M>1} is supported.

[00702] Rule 3: Switching from initial PUSCH transmission to TBoMS retransmission is
performed.

[00703] Only when a single CB is transmitted, switching from initial transmission of the
PUSCH/Type A PUSCH repetition {N=1, M>1} to retransmission of the TBoMS/TBoMS repetition
{N>1, M>1} is supported; otherwise, dynamic switching is not supported.

[00704] In the foregoing embodiment, a rule for dynamically switching between different

transmission manners is specified, so that a case in which TBoMS transmission cannot be
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implemented can be reduced.

[00705] The following describes an uplink transmission method 900 provided in this application.

[00706] Corresponding to the possible design 1 to the possible design 6 in S201 in the method 200,
a column may be added to the TDRA table configured in PUSCH-TimeDomainAllocationList to
indicate the quantity N of time units allocated to the TBoMS. For example, a repetition quantity
configuration column of the PUSCH repetition type A, that is, numberOfRepetitions, is configured in
the TDRA table, to indicate a quantity M of repetitions of a single TBoMS when TBoMS transmission
is enabled. However, this implementation provides TDRA indications only for dynamic grant and
TBoMS transmission of a configured grant type 2 (configured grant type 2) of configured grant
scheduling, but does not cover TDRA indications for TBoMS transmission of a configured grant type
1 (configured grant type 1).

[00707] To further improve the uplink transmission method provided in this application, in the
method 900, a new field is introduced into an information element (information element, IE)
ConfiguredGrantCofig of RRC signaling to indicate the quantity N of allocated time units for single
TBoMS transmission, so as to implement the TDRA indications for TBoMS transmission of the
configured grant type 1 (configured grant type 1). For example, a specific indication manner may be
shown as follows. A new field numberOfSlots indicates N, and N includes at least {2, 4, 8}, for
example, {1, 2, 4, 8}.

[00708] For example, for TBoMS transmission of the configured grant type 1 or the configured
grant type 2, if N exists in the TDRA table, N is provided by an index row in the TDRA table;
otherwise, N is provided by a newly added field in ConfiguredGrantCofig. Further, if N is provided
by a newly added field in ConfiguredGrantCofig, and N>1, TBoMS transmission is enabled. If N is
provided by a newly added field in ConfiguredGrantCofig, and N=1, the single-slot PUSCH is
enabled. When TBoMS transmission is enabled, an existing field repK indicates a quantity M of
repetitions of the single TBoMS.

[00709] In the foregoing embodiment, the TDRA indication of TBoMS transmission of the
configured grant type 1 is specified, so that the uplink transmission method provided in this
embodiment of this application is further improved, and a decoding success rate is further increased.
[00710] The methods provided in embodiments of this application are described above in detail
with reference to FIG. 6 to FIG. 23. Apparatuses provided in embodiments of this application are
described in detail below with reference to FIG. 24 and FIG. 25.

[00711] FIG. 24 is a schematic block diagram of a communications apparatus used for uplink
transmission according to an embodiment of this application. As shown in FIG. 24, the

communications apparatus 10 may include a transceiver module 11 and a processing module 12.
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[00712] The transceiver module 11 may be configured to receive information sent by another
apparatus, or may be configured to send information to another apparatus. For example, the
transceiver module 11 receives first indication information or sends second indication information.
The processing module 12 may be configured to perform content processing of the apparatus, for
example, determine, based on a parameter G corresponding to a first time unit, a location that is in a
circular buffer and that is of a starting bit in a first coded bit sequence.

[00713] In a possible design, the communications apparatus 10 may correspond to the terminal
device in the foregoing method embodiment.

[00714] Specifically, the communications apparatus 10 may correspond to the terminal device or
the UE in any one of the method 100 to the method 600 according to embodiments of this application.
The communications apparatus 10 may include modules configured to perform operations performed
by the terminal device in the corresponding method. In addition, each unit in the communications
apparatus 10 is configured to implement an operation performed by the terminal device in the
corresponding method.

[00715] For example, when the communications apparatus 10 corresponds to the terminal device
in the method 100, the transceiver module 11 is configured to perform steps S101, S102, and S104,
and the processing module 12 is configured to perform S103.

[00716] For example, when the communications apparatus 10 corresponds to the terminal device
in the method 200, the transceiver module 11 is configured to perform steps S201 and S203, and the
processing module 12 is configured to perform S202.

[00717] In another possible design, the communications apparatus 10 may correspond to the
network device in the foregoing method embodiment.

[00718] Specifically, the communications apparatus 10 may correspond to the network device in
any one of the method 100 to the method 400 according to embodiments of this application. The
communications apparatus 10 may include modules configured to perform operations performed by
the network device in the corresponding method. In addition, each unit in the communications
apparatus 10 is configured to implement an operation performed by the network device in the
corresponding method.

[00719] For example, when the communications apparatus 10 corresponds to the network device
in the method 100, the transceiver module 11 is configured to perform steps S101, S102, and S104,
and the processing module 12 is configured to perform S105.

[00720] For example, when the communications apparatus 10 corresponds to the network device
in the method 200, the transceiver module 11 is configured to perform steps S201 and S203, and the

processing module 12 is configured to perform step S204.
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[00721] FIG. 25 is a schematic diagram of a communications apparatus 20 according to an
embodiment of this application.

[00722] In a possible design, the apparatus 20 may be a network device, or may be a chip, a chip
system, or the like located in the network device.

[00723] In a possible design, the apparatus 20 may be a terminal device, including various
handheld devices, vehicle-mounted devices, wearable devices, or computing devices that have a
wireless communication function, or other processing devices connected to a wireless modem, and
various forms of terminals, mobile stations, terminals, user equipment, soft terminals, or the like, or
may be a chip, a chip system, or the like located in the terminal device.

[00724] The apparatus 20 may include a processor 21 (that is, an example of the processing module)
and a memory 22. The memory 22 is configured to store instructions, and the processor 21 is
configured to execute the instructions stored in the memory 22, so that the apparatus 20 implements
the steps performed by the devices in the foregoing possible designs in the methods corresponding to
FIG. 8 to FIG. 23.

[00725] Further, the apparatus 20 may include an input port 23 (that is, an example of the
transceiver module) and an output port 24 (that is, another example of the transceiver module). Further,
the processor 21, the memory 22, the input port 23, and the output port 24 may communicate with
each other through an internal connection path, to transmit a control signal and/or a data signal. The
memory 22 is configured to store a computer program, and the processor 21 may be configured to
invoke the computer program from the memory 22 and run the computer program, to control the input
port 23 to receive a signal and control the output port 24 to send a signal, so as to complete the steps
of the terminal device, the radio access network device, the UE, or the base station in the foregoing
methods. The memory 22 may be integrated into the processor 21, or may be disposed separately
from the processor 21.

[00726] Optionally, if the uplink transmission apparatus 20 is a communications device, the input
port 23 is a receiver, and the output port 24 is a transmitter. The receiver and the transmitter may be
a same physical entity or different physical entities. When the receiver and the transmitter are a same
physical entity, the receiver and the transmitter may be collectively referred to as a transceiver.
[00727] Optionally, if the apparatus 20 is a chip or a circuit, the input port 23 is an input interface,
and the output port 24 is an output interface.

[00728] In an implementation, it may be considered that functions of the input port 23 and the
output port 34 are implemented through a transceiver circuit or a special-purpose transceiver chip. It
may be considered that the processor 21 is implemented through a special-purpose processing chip,

a processing circuit, a processor, or a general-purpose chip.
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[00729] In another implementation, it may be considered that the device provided in this
embodiment of this application is implemented by using a general-purpose computer. To be specific,
program code for implementing functions of the processor 21, the input port 23, and the output port
24 is stored in the memory 22, and the general-purpose processor implements the functions of the
processor 21, the input port 23, and the output port 24 by executing the code in the memory 22.
[00730] The modules or units in the apparatus 20 may be configured to perform actions or
processing processes performed by a random access device (for example, a terminal device) in the
foregoing method. To avoid repetition, detailed descriptions thereof are omitted herein.

[00731] For concepts, explanations, detailed descriptions, and other steps of the apparatus 20 that
are related to the technical solutions provided in embodiments of this application, refer to the
descriptions of the content in the foregoing methods or other embodiments. Details are not described
herein again.

[00732] It should be understood that, in embodiments of this application, the processor may be a
central processing unit (CPU, central processing unit), or the processor may be another general
purpose processor, a digital signal processor (DSP, digital signal processor), an application-specific
integrated circuit (application-specific integrated circuit, ASIC), a field programmable gate array
(field programmable gate array, FPGA) or another programmable logic device, a discrete gate or
transistor logic device, a discrete hardware component, or the like. The general-purpose processor
may be a microprocessor, or the processor may be any conventional processor or the like.

[00733] Anembodiment of this application further provides a computer-readable storage medium.
The computer-readable storage medium stores computer instructions used to implement the method
performed by the network device or the terminal device in the foregoing method embodiment.
[00734] For example, when the computer program is executed by a computer, the computer is
enabled to implement the method performed by the network device or the terminal device in the
foregoing method embodiment.

[00735] Anembodiment of this application further provides a computer-readable storage medium.
The computer-readable storage medium stores computer instructions used to implement the method
performed by the network device or the terminal device in the foregoing method embodiment.
[00736] For example, when the computer program is executed by a computer, the computer is
enabled to implement the method performed by the network device or the terminal device in the
foregoing method embodiment.

[00737] It may be understood that the memory in embodiments of this application may be a volatile
memory or a nonvolatile memory, or may include a volatile memory and a nonvolatile memory. The

nonvolatile memory may be a read-only memory (read-only memory, ROM), a programmable read-
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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, and not limitation, many forms
of RAMs may be used, for example, a static random access memory (static RAM, SRAM), a dynamic
random access memory (DRAM), a synchronous dynamic random access memory (synchronous
DRAM, SDRAM), a double data rate synchronous dynamic random access memory (double data rate
SDRAM, DDR SDRAM), an enhanced synchronous dynamic random access memory (enhanced
SDRAM, ESDRAM), a synchlink dynamic random access memory (synchlink DRAM, SLDRAM),
and a direct rambus random access memory (direct rambus RAM, DR RAM).

[00738] All or some of the foregoing embodiments may be implemented by using software,
hardware, firmware, or any combination thereof. When software is used to implement embodiments,
the foregoing embodiments may be implemented completely or partially in a form of a computer
program product. The computer program product includes one or more computer instructions or
computer programs. When the computer instructions or the computer programs are loaded or
executed on a computer, all or some of the procedures or functions according to embodiments of this
application are generated. The computer may be a general-purpose computer, a special-purpose
computer, a computer network, or other programmable apparatuses. 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, infrared, radio, or microwave) manner. The
computer-readable storage medium may be any usable medium accessible by a computer, or a data
storage device, such as 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, or a magnetic tape), an
optical medium (for example, a DVD), or a semiconductor medium. The semiconductor medium may
be a solid-state drive.

[00739] It should be understood that a term "and/or" in this specification describes only an
association relationship between 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, a character "/" in this specification generally indicates an "or"
relationship between the associated objects.

[00740] It should be understood that sequence numbers of the foregoing processes do not mean

execution sequences in various embodiments of this application. The execution sequences of the
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processes should be determined based on functions and internal logic of the processes, and should
not be construed as any limitation on the implementation processes of embodiments of this
application.

[00741] 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 using electronic hardware or a combination of computer software and electronic
hardware. Whether the functions are performed by using 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.

[00742] 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.

[00743] In 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 embodiment is merely an example. 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 by using some interfaces. The indirect
couplings or communication connections between the apparatuses or units may be implemented in
electronic, mechanical, or other forms.

[00744] 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 place, or may be
distributed on a plurality of network units. Some or all of the units may be selected based on actual
requirements to achieve the objectives of the solutions of embodiments.

[00745] In addition, functional units in embodiments of this application may be integrated into one
processing unit, or each of the units may exist alone physically, or two or more units are integrated
into one unit.

[00746] When the functions are implemented in the 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
104



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.

[00747] 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 uplink transmission method, comprising:

receiving, by a terminal device, first indication information from a network device, wherein the
first indication information indicates the terminal device to send a first transport block in a plurality
of time units;

receiving, by the terminal device, second indication information from the network device,
wherein the second indication information indicates the terminal device to send uplink control
information UCI in a first time unit, and the first time unit is one of the plurality of time units;

determining, by the terminal device based on a parameter G corresponding to the first time unit,
a location that is in a circular buffer and that is of a starting bit in bit selection in a first coded bit
sequence, wherein the first coded bit sequence is a coded bit sequence that is output through rate
matching in a second time unit, the parameter G is a total quantity of coded bits available for
transmission of the first transport block and the UCI in one time unit, G is a positive integer, and the
second time unit is a next time unit of the first time unit in the plurality of time units; and

sending, by the terminal device, the UCI and the first transport block to the network device in
the plurality of time units.

2. The method according to claim 1, wherein

the terminal device sends the first UCI to the network device in the first time unit, and sends the
UCI and the first transport block to the network device in the plurality of time units.

3. The method according to claim 1 or 2, wherein the terminal device further determines, based
on at least one of the following parameters, the location that is in the circular buffer and that is of the
starting bit in bit selection in the first coded bit sequence:

a starting bit index in bit selection in rate matching in the first time unit;

a circular buffer length; or

a quantity of filler bits in the circular buffer.

4. The method according to claim 1 or 3, wherein the method further comprises:

when the terminal device does not send the first UCI to the network device in the first time unit,
determining, by the terminal device based on a quantity of filler bits skipped when bit selection is
performed in the first time unit, a starting bit index for performing bit selection in the second time
unit.

5. The method according to any one of claims 1 to 4, wherein the method further comprises:

determining, by the terminal device based on a parameter G' corresponding to the second time
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unit, a bit length for performing bit selection in the second time unit, wherein the parameter G' is a
total quantity of coded bits available for transmission of only the first transport block in the second
time unit.

6. The method according to any one of claims 1 to 5, wherein that the first indication information
indicates that the terminal device can send the first transport block in the plurality of time units
comprises:

when the terminal device receives the first indication information and a quantity of time units
indicated by the first indication information is greater than 1, the first indication information indicates
that the terminal device can send the first transport block in the plurality of time units.

7. The method according to claim 6, wherein a quantity of the plurality of time units is at least
1,2,4, or8.

8. An uplink transmission method, comprising:

sending, by a network device, first indication information to a terminal device, wherein the first
indication information indicates the terminal device to send a first transport block in a plurality of
time units;

sending, by the network device, second indication information to the terminal device, wherein
the second indication information indicates the terminal device to send uplink control information
UClI in a first time unit, and the first time unit is one of the plurality of time units;

receiving, by the network device, the first transport block from the terminal device in the
plurality of time units; and

determining, by the network device based on a parameter G corresponding to the first time unit,
a location that is in a circular buffer and that is of a starting bit in bit selection in a first coded bit
sequence, wherein the first coded bit sequence is a coded bit sequence that is output through rate
matching in a second time unit, the parameter G is a total quantity of coded bits available for
transmission of the first transport block and the UCI in one time unit, G is a positive integer, and the
second time unit is a next time unit of the first time unit in the plurality of time units.

9. The method according to claim 8, wherein the network device further determines, based on at
least one of the following parameters, the location that is in the circular buffer and that is of the
starting bit in bit selection in the first coded bit sequence:

a starting bit index in bit selection in rate matching in the first time unit;

a circular buffer length; or

a quantity of filler bits in the circular buffer.

10. The method according to claim 8 or 9, wherein the method further comprises:

determining, by the network device based on a quantity of filler bits skipped when bit selection
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is performed in the first time unit, a starting bit index for performing bit selection in the second time
unit.

11. The method according to any one of claims 8 to 10, wherein the method further comprises:

determining, by the network device based on a parameter G' corresponding to the second time
unit, a bit length for performing bit selection in the second time unit, wherein the parameter G' is a
total quantity of coded bits available for transmission of only the first transport block in the second
time unit.

12. The method according to any one of claims 8 to 11, wherein that the first indication
information indicates that the terminal device can send the first transport block in the plurality of time
units comprises:

when the terminal device receives the first indication information and a quantity of time units
indicated by the first indication information is greater than 1, the first indication information that the
terminal device can send the first transport block in the plurality of time units.

13. The method according to claim 12, wherein a quantity of the plurality of time units is at least
1,2,4, or8.

14. An uplink transmission apparatus, comprising:

a transceiver module, configured to receive first indication information from a network device,
wherein the first indication information indicates the terminal device to send a first transport block in
a plurality of time units, wherein

the transceiver module is further configured to receive second indication information from the
network device, wherein the second indication information indicates the terminal device to send
uplink control information UCI in a first time unit, and the first time unit is one of the plurality of
time units; and

a processing module, configured to determine, based on a parameter G corresponding to the first
time unit, a location that is in a circular buffer and that is of a starting bit in bit selection in a first
coded bit sequence, wherein the first coded bit sequence is a coded bit sequence that is output through
rate matching in a second time unit, the parameter G is a total quantity of coded bits available for
transmission of the first transport block and the UCI in one time unit, G is a positive integer, and the
second time unit is a next time unit of the first time unit in the plurality of time units, wherein

the transceiver module is further configured to send the UCI and the first transport block to the
network device in the plurality of time units.

15. The apparatus according to claim 14, wherein the transceiver module is configured to: send
the first UCI to the network device in the first time unit, and send the UCI and the first transport block

to the network device in the plurality of time units.
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16. The apparatus according to claim 14 or 15, wherein the processing module is further
configured to determine, based on at least one of the following parameters, the location that is in the
circular buffer and that is of the starting bit in bit selection in the first coded bit sequence:

a starting bit index in bit selection in rate matching in the first time unit;

a circular buffer length; and

a quantity of filler bits in the circular buffer.

17. The apparatus according to claim 14 or 16, wherein the method further comprises:

the processing module is further configured to: when the transceiver module does not send the
first UCI to the network device in the first time unit, determine, based on a quantity of filler bits
skipped when bit selection is performed in the first time unit, a starting bit index for performing bit
selection in the second time unit.

18. The method according to any one of claims 14 to 17, wherein the method further comprises:

the processing module is further configured to determine, based on a parameter G' corresponding
to the second time unit, a bit length for performing bit selection in the second time unit, wherein the
parameter G' is a total quantity of coded bits available for transmission of only the first transport
block in the second time unit.

19. The apparatus according to any one of claims 14 to 18, wherein that the first indication
information indicates that the terminal device can send the first transport block in the plurality of time
units comprises:

when the terminal device receives the first indication information and a quantity of time units
indicated by the first indication information is greater than 1, the first indication information that the
terminal device can send the first transport block in the plurality of time units.

20. The apparatus according to claim 19, wherein a quantity of the plurality of time units is at
least 1, 2, 4, or 8.

21. An uplink transmission apparatus, comprising:

a transceiver module, configured to send first indication information to a terminal device,
wherein the first indication information indicates the terminal device to send a first transport block in
a plurality of time units, wherein

the transceiver module is further configured to send second indication information to the
terminal device, wherein the second indication information indicates the terminal device to send
uplink control information UCI in a first time unit, and the first time unit is one of the plurality of
time units; and

the transceiver module is further configured to receive the first transport block from the terminal

device in the plurality of time units; and
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a processing module, configured to determine, based on a parameter G corresponding to the first
time unit, a location that is in a circular buffer and that is of a starting bit in bit selection in a first
coded bit sequence, wherein the first coded bit sequence is a coded bit sequence that is output through
rate matching in a second time unit, the parameter G is a total quantity of coded bits available for
transmission of the first transport block and the UCI in one time unit, G is a positive integer, and the
second time unit is a next time unit of the first time unit in the plurality of time units.

22. The apparatus according to claim 21, wherein the processing module is further configured
to determine, based on at least one of the following parameters, the location that is in the circular
buffer and that is of the starting bit in bit selection in the first coded bit sequence:

a starting bit index in bit selection in rate matching in the first time unit;

a circular buffer length; and

a quantity of filler bits in the circular buffer.

23. The apparatus according to claim 21 or 22, wherein the method further comprises:

the processing module is further configured to determine, based on a quantity of filler bits
skipped when bit selection is performed in the first time unit, a starting bit index for performing bit
selection in the second time unit.

24. The apparatus according to any one of claims 21 to 23, wherein the method further comprises:

the processing module is further configured to determine, based on a parameter G' corresponding
to the second time unit, a bit length for performing bit selection in the second time unit, wherein the
parameter G' is a total quantity of coded bits available for transmission of only the first transport
block in the second time unit.

25. The apparatus according to any one of claims 21 to 24, wherein that the first indication
information indicates that the terminal device can send the first transport block in the plurality of time
units comprises:

when the terminal device receives the first indication information and a quantity of time units
indicated by the first indication information is greater than 1, the first indication information that the
terminal device can send the first transport block in the plurality of time units.

26. The apparatus according to claim 25, wherein a quantity of the plurality of time units is at
least 1, 2, 4, or 8.

27. An uplink transmission method, wherein the method comprises:

receiving, by a terminal device, downlink control information and first information from a
network device, wherein the downlink control information indicates the terminal device to transmit
aperiodic channel state information A-CSI on a first time domain resource, the first information

indicates to transmit a physical uplink shared channel PUSCH on a second time domain resource, and
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the first time domain resource overlaps the second time domain resource; and

canceling, by the terminal device, transmission of the A-CSI, or canceling, by the terminal device,
PUSCH transmission on an overlapped time domain resource between the first time domain resource
and the second time domain resource.

28. An uplink transmission method, wherein the method comprises:

receiving, by a terminal device, first indication information from a network device, wherein the
first indication information indicates the terminal device to send a first transport block in a plurality
of time units;

receiving, by the terminal device, second indication information from the network device,
wherein the second indication information indicates the terminal device to send a HARQ-ACK and
first control information in a first time unit, the first control information comprises channel state
information CSI and/or configured grant-uplink control information CG-UCI, and the first time unit
is one of the plurality of time units;

determining, by the terminal device based on a parameter G corresponding to the first time unit,
a location that is in a circular buffer and that is of a starting bit in a first coded bit sequence, wherein
the first coded bit sequence is a coded bit sequence that is output through rate matching in a second
time unit, the parameter G is a total quantity of coded bits available for transmission of the first
transport block and the HARQ-ACK in one time unit, G is a positive integer, and the second time
unit is a next time unit of the first time unit in the plurality of time units; and

sending, by the terminal device, the HARQ-ACK, the first information, and the first transport
block to the network device in the plurality of time units.

29. An uplink transmission method, wherein the method comprises:

receiving, by a terminal device, first indication information from a network device, wherein the
first indication information indicates the terminal device to send a first transport block in a plurality
of time units;

receiving, by the terminal device, second indication information from the network device,
wherein the second indication information indicates the terminal device to send a HARQ-ACK in a
first time unit, and the first time unit is one of the plurality of time units;

when a quantity of bits occupied by the HARQ-ACK is greater than 2, multiplexing, by the
terminal device, the HARQ-ACK to the first transport block in a puncturing manner; and

sending, by the terminal device to the network device in the plurality of time units, the first
transport block to which the HARQ-ACK is multiplexed.

30. An uplink transmission method, wherein the method comprises:

sending, by a network device, first information to a terminal device, wherein the first information
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indicates the terminal device to send one transport block in a first transmission manner;

skipping receiving or incorrectly receiving, by the network device, the transport block; and

sending, by the network device, second information to the terminal device, wherein the second
information indicates the terminal device to send the transport block in a second transmission manner,
wherein

the first transmission manner is a single-code-block based physical uplink shared channel
PUSCH or single-code-block based PUSCH repetition of a repetition type A, and the second
transmission manner is a multi-slot transport block or multi-slot transport block repetition; or

the first transmission manner is a multi-code-block based physical uplink shared channel
PUSCH or multi-code-block based PUSCH repetition of a repetition type A, and the first transmission
manner is the same as the second transmission manner.

31. An uplink transmission method, comprising:

receiving, by a terminal device, first indication information from a network device, wherein the
first indication information indicates the terminal device to send a first transport block in a plurality
of time units;

receiving, by the terminal device, second indication information from the network device,
wherein the second indication information indicates the terminal device to send uplink control
information UCI in a first time unit, and the first time unit is one of the plurality of time units;

determining, by the terminal device based on a parameter G corresponding to the first time unit,
a location that is in a circular buffer and that is of a starting bit in a first coded bit sequence, wherein
the first coded bit sequence is a coded bit sequence that is output through rate matching in a second
time unit, the parameter G is a total quantity of coded bits available for transmission of the first
transport block and the UCI in one time unit, G is a positive integer, and the second time unit is one
of the plurality of time units; and

sending, by the terminal device, the UCI and the first transport block to the network device in
the plurality of time units.

32. The method according to claim 31, wherein the plurality of time units correspond to an equal
parameter G.

33. The method according to claim 31 or 32, wherein the determining, by the terminal device
based on a parameter G corresponding to the first time unit, a location that is in a circular buffer and
that is of a starting bit in a first coded bit sequence comprises:

determining, based on the parameter G corresponding to the first time unit and a real periodicity
N/, of bit selection, the location that is in the circular buffer and that is of the starting bit in the first

coded bit sequence.
112



34. The method according to claim 33, wherein the determining, based on the parameter G
corresponding to the first time unit and a real periodicity N/, of bit selection, the location that is in
the circular buffer and that is of the starting bit in the first coded bit sequence comprises:

determining a first starting bit index k;. , based on the parameter G corresponding to the first
time unit and the real periodicity N, of bit selection; and

determining, based on the first starting bit index k. ,, the location k,. ,, that is in the circular
buffer and that is of the starting bit in the first coded bit sequence, wherein

n represents an index of the second time unit in the plurality of time units, and the index is
obtained by counting the plurality of time units from 0 in a time sequence.

35. The method according to claim 34, wherein the first starting bit index k; , meets the
following:

k;.n = mod(k;.o +n X G,N/, ), wherein

k; o represents a first starting bit index of a 1% time unit in the plurality of time units, N,
represents the real periodicity of bit selection, n represents the index of the second time unit in the
plurality of time units, and the index is obtained by counting the plurality of time units from 0 in the
time sequence.

36. The method according to claim 34 or 35, wherein the determining, based on the first starting
bit index k7. ,,, the location k,. ,, that is in the circular buffer and that is of the starting bit in the first
coded bit sequence comprises:

if 0 < kypy < Kyyrr — 2Z¢, kypy = kg o1

if Kyyry — 2Z¢ < kyn < Nép, Krn = kyn + (Kyure — Kyyir), wherein

KyyLL — 2Z. represents a location of a 1 filler bit in the circular buffer, and Kyy;; — KyyiL
represents a quantity of filler bits in the circular buffer.

37. The method according to any one of claims 33 to 36, wherein the real periodicity N/, of bit
selection meets the following:

ep = Nep — (Kyyrr — Kyyr), wherein Ky, — Kyy . represents the quantity of filler bits in
the circular buffer, and N, represents a size of the circular buffer.

38. The method according to any one of claims 34 to 37, wherein the first starting bit index k.
of the 1* time unit in the plurality of time units meets the following:

if 0 < kg < Kyyr — 2Zc, kyo = ko, wherein Ky, — 2Z. represents an index of the 1% filler
bit in the circular buffer;

if Kyyo, — 2Z: < ko < Kyyrr, — 2Zc, kyo = Kyyry — 2Z, wherein Ky, — 2Z, represents an

index of a 1% parity bit in the circular buffer; or
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if Kyyrp —2Zc < kg <Ngp > kro=ko— (Kyurw — Kyyr) » wherein - Kyypp — Ky,
represents the quantity of filler bits in the circular buffer, wherein

k, represents a location that is in the circular buffer and that is of a starting bit, in coded bits,
corresponding to the 1% time unit in the plurality of time units, and k, is jointly determined by a
redundancy version RV and a base graph BG.

39. An uplink transmission method, comprising:

sending, by a terminal device, a transport block to a network device in N available slots, wherein
the transport block is configured to be repeatedly sent M times in the N slots, wherein

when a redundancy version sequence is {0, 2, 3, 1}, initial transmission of the transport block
starts from a 1% transmission occasion in MxN transmission occasions;

when a redundancy version sequence is {0, 3, 0, 3}, initial transmission of the transport block
starts from any one of MxN transmission occasions associated with RV=0; or

when a redundancy version sequence is {0, 0, 0, 0}, initial transmission of the transport block
starts from any one of MxN transmission occasions associated with RV=0, wherein

an n transmission occasion in the MxN transmission occasions is associated with a (mod((n—
1)/N, 4)+1)" value in the redundancy version sequence, n=1, N+1, 2N+1, ..., or (M—1)xN+1, and the
redundancy version sequence is configured by the network device.

40. An uplink transmission method, comprising:

receiving, by a network device, a transport block from a terminal device in N available slots,
wherein the transport block is configured to be repeatedly sent M times in the N slots, wherein

when a redundancy version sequence is {0, 2, 3, 1}, initial transmission of the transport block
starts from a 1% transmission occasion in MxN transmission occasions;

when a redundancy version sequence is {0, 3, 0, 3}, initial transmission of the transport block
starts from any one of MxN transmission occasions associated with RV=0; or

when a redundancy version sequence is {0, 0, 0, 0}, initial transmission of the transport block
starts from any one of MxN transmission occasions associated with RV=0, wherein

an n transmission occasion in the MxN transmission occasions is associated with a (mod((n—
1)/N, 4)+1)" value in the redundancy version sequence, n=1, N+1, 2N+1, ..., or (M—1)xN+1, and the
redundancy version sequence is configured by the network device.

41. A communications apparatus, comprising:

a processor and a memory, wherein

the memory is configured to store a computer program; and

the processor is configured to execute the computer program stored in the memory, so that the

communications apparatus performs the communication method according to any one of claims 1 to
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7, or performs the communication method according to any one of claims 8 to 13, or performs the
communication method according to any one of claims 27 to 40.

42. A computer-readable storage medium, wherein the computer-readable storage medium stores
a computer program, and when the computer program runs on a computer, the computer is enabled
to perform the communication method according to any one of claims 1 to 7, or perform the
communication method according to any one of claims 8 to 13, or perform the communication method
according to any one of claims 27 to 40.

43. A chip system, comprising a processor, configured to invoke a computer program from a
memory and run the computer program, so that a communications device in which the chip system is
installed performs the communication method according to any one of claims 1 to 7, or performs the
communication method according to any one of claims 8 to 13, or performs the communication

method according to any one of claims 27 to 40.
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