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REPETITION TRANSMISSION MEHOD AND APPARATUS, NETWORK DEVICE,
AND COMPUTER READABLE STORAGE MEDIUM

This application claims priority to Chinese Patent Application No. 201810910225.9 filed on

Aug. 10, 2018, disclosure of which is incorporated herein by reference in its entirety.

TECHNICAL FIELD
The present disclosure relates to, but is not limited to, the field of network communications and,
in particular, relates to, but is not limited to, a repeated transmission method and apparatus, a

network device, and a computer readable storage medium.

BACKGROUND

Standard formulation in a first phase of the 5th Generation mobile communication technology
(5G) has been completed. From the perspective of standard formulation and technical
development trends, a 5G system is dedicated to researche on a higher rate (e.g. Gbps), massive
links (e.g. 1 M/km?), ultra-low latency (e.g. 1 ms), higher reliability, energy efficiency
improvement by a factor of 100, and other technical indicators to support new demand changes.
In the first phase of 5G, slot-based aggregation according to dynamic scheduling and grant-free
slot-based repetitions are introduced to ensure coverage, which means that a terminal repeatedly
sends a transport block (TB) by use of a plurality of slots, and the TB is allocated with same
time domain resources on each slot. The number of slots that can be aggregated or repeated is
1/2/4/8. In a second phase of 5G, to support a feature of ultra-reliable low-latency transmissions
and transmit ultra-reliable low-latency traffic in a short transmission time period, uplink
aggregation transmissions according to dynamic scheduling and uplink grant-free repeated
transmissions are enhanced, and mini-slot based aggregation or repetitions are introduced. That
is, the terminal repeatedly sends the TB on a plurality of mini-slots consecutive in time domain
in one slot, and each mini-slot has a same time domain duration.

Merely a solution for repeatedly sending uplink data on corresponding time domain symbols in
different slots has been formulated. A solution for repeatedly sending the uplink data in a single

slot has greater limitations. When a transmission occasion conflicts with a transmission

1



10

15

20

25

30

direction of a slot configuration, the entire uplink data repeatedly transmitted will be discarded,

which greatly wastes network resources.

SUMMARY

Embodiments of the present disclosure provide a repeated transmission method and apparatus, a
network device, and a computer readable storage medium, which mainly solve the problem in
the related art of an IAB access in IAB architecture.

The embodiments of the present disclosure provide a method of repeated transmission. The
method includes steps described below.

A plurality of transmission occasions (TOs) for uplink data to be repeatedly transmitted is
determined.

When at least one TO, among the plurality of TOs for the uplink data to be repeatedly
transmitted, does not conflict with a transmission direction of a slot configuration, the uplink
data is repeatedly transmitted on the TO.

If the transmission direction of the slot configuration indicates N consecutive flexible (F)
symbols, and an adjacent symbol before the N consecutive F symbols is a downlink (D) symbol,
the uplink data is repeatedly transmitted from a time domain symbol corresponding to an M-th
F symbol among the N consecutive F symbols, wherein M<N, and first (M-1) F symbols
among the N consecutive F symbols serve as a guard period.

The embodiments of the present disclosure further provide a repeated transmission method. The
method includes steps described below.

It is determined whether a type of a repeated transmission of uplink data is a first transmission
type or a second transmission type. The first transmission type is repeatly transmitted uplink
data according to a plurality of slots, and the second transmission type is repeatly transmitted
uplink data according to a plurality of mini-slots in one slot.

The uplink data is repeatedly transmitted according to the determined type of the repeated
transmission of the uplink data.

The embodiments of the present disclosure further provide a method for receiving repeated
transmission. The method includes steps described below.

A plurality of TOs for uplink data to be repeatedly transmitted is determined.
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When at least one TO, among the plurality of TOs for the uplink data to be repeatedly
transmitted, does not conflict with a transmission direction of slot configuration, repeatedly
transmitted uplink data is received on the TO.

If the transmission direction of the slot configuration indicates N consecutive flexible (F)
symbols, and an adjacent symbol before the N consecutive F symbols is a downlink (D) symbol,
the uplink data is repeatedly transmitted from a time domain symbol corresponding to an M-th
F symbol among the N consecutive F symbols, wherein M<N, and first (M-1) F symbols among
the N consecutive F symbols serve as a guard period.

The embodiments of the present disclosure further provide a repeated transmission apparatus.
The apparatus includes a first transmission determining module and a first transmission module.
The embodiments of the present disclosure provide a device involving repeated transmission.
The device comprises at least one processor configured to perform steps described below.

A plurality of transmission occasions (TOs) for uplink data to be repeatedly transmitted is
determined.

When at least one TO, among the plurality of TOs for the uplink data to be repeatedly
transmitted, does not conflict with a transmission direction of a slot configuration, the uplink
data is repeatedly transmitted on the TO.

If the transmission direction of the slot configuration indicates N consecutive flexible (F)
symbols, and an adjacent symbol before the N consecutive F symbols is a downlink (D) symbol,
the uplink data is repeatedly transmitted from a time domain symbol corresponding to an M-th
F symbol among the N consecutive F symbols, wherein M<N, and first (M-1) F symbols
among the N consecutive F symbols serve as a guard period.

The embodiments of the present disclosure further provide a device involving repeated
transmission. The device comprises at least one processor configured to perform steps described
below.

A plurality of TOs for uplink data to be repeatedly transmitted is determined.

When at least one TO, among the plurality of TOs for the uplink data to be repeatedly
transmitted, does not conflict with a transmission direction of slot configuration, repeatedly
transmitted uplink data is received on the TO.

If the transmission direction of the slot configuration indicates N consecutive flexible (F)
2a



symbols, and an adjacent symbol before the N consecutive F symbols is a downlink (D) symbol,
the uplink data is repeatedly transmitted from a time domain symbol corresponding to an M-th
F symbol among the N consecutive F symbols, wherein M<N, and first (M-1) F symbols among

the N consecutive F symbols serve as a guard period.
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The first transmission determining module is configured to determine a plurality of TOs for
uplink data to be repeatedly transmitted.

The first transmission module is configured to: when at least one TO, among the plurality of
TOs for the uplink data to be repeatedly transmitted, does not conflict with a transmission
direction of slot configuration, repeatedly transmit the uplink data on the TO.

The embodiments of the present disclosure further provide a repeated transmission apparatus.
The apparatus includes a second transmission determining module and a transmission receiving
module.

The second transmission determining module is configured to determine a plurality of TOs for
uplink data to be repeatedly transmitted.

The transmission receiving module is configured to: when at least one TO, among the plurality
of TOs for the uplink data to be repeatedly transmitted, does not conflict with a transmission
direction of slot configuration, receive repeatedly transmitted uplink data on the TO.

The embodiments of the present disclosure further provide a repeated transmission apparatus.
The apparatus includes a type determining module and a second transmission module.

The type determining module is configured to determine whether a type of a repeated
transmission of uplink data is a first transmission type or a second transmission type. The first
transmission type is repeatly transmitted uplink data according to a plurality of slots, and the
second transmission type is repeatly transmitted uplink data according to a plurality of
mini-slots in one slot.

The second transmission module is configured to repeatedly transmit the uplink data according
to the determined type of the repeated transmission of the uplink data.

The embodiments of the present disclosure further provide a network device. The network
device includes a processor, a memory and a communication bus.

The communication bus is configured to implement connection and communication between the
processor and the memory.

The processor is configured to execute one or more computer programs stored in the memory to
implement the preceding method.

The embodiments of the present disclosure further provide a computer readable storage medium,

storing one or more programs executable by one or more processors to implement the preceding
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method.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a flowchart of a repeated sending method according to a first embodiment of the
present disclosure;

FIG. 2 is a flowchart of a repeated sending method according to a second embodiment of the
present disclosure;

FIG. 3 is a schematic diagram illustrating an uplink data transmission according to an
embodiment of the present disclosure;

FIG. 4 is a schematic diagram illustrating an uplink data transmission according to an
embodiment of the present disclosure;

FIG. 5 is a schematic diagram illustrating an uplink data transmission according to an
embodiment of the present disclosure;

FIG. 6 is a schematic diagram illustrating an uplink data transmission according to an
embodiment of the present disclosure;

FIG. 7 is a schematic diagram illustrating an uplink data transmission according to an
embodiment of the present disclosure;

FIG. 8 is a schematic diagram illustrating an uplink data transmission according to an
embodiment of the present disclosure;

FIG. 9 is a schematic diagram illustrating latency according to an embodiment of the present
disclosure;

FIG. 10 is a schematic diagram illustrating an uplink data transmission according to an
embodiment of the present disclosure;

FIG. 11 is a schematic diagram illustrating latency according to an embodiment of the present
disclosure;

FIG. 12 is a schematic diagram illustrating an uplink data transmission according to an
embodiment of the present disclosure;

FIG. 13 is a schematic diagram illustrating an uplink data transmission according to an
embodiment of the present disclosure;

FIG. 14 is a flowchart of a repeated transmission method according to a twelfth embodiment of
4
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the present disclosure;

FIG. 15 is a structural diagram of a repeated transmission apparatus according to a thirteenth
embodiment of the present disclosure;

FIG. 16 is a structural diagram of a repeated transmission apparatus according to a fourteenth
embodiment of the present disclosure;

FIG. 17 is a structural diagram of a repeated transmission apparatus according to a fifteenth
embodiment of the present disclosure; and

FIG. 18 is a structural diagram of a network device according to a sixteenth embodiment of the

present disclosure.

DETAILED DESCRIPTION

Embodiments of the present disclosure are optionally described below in detail in conjunction
with the drawings and specific implementations. The embodiments described herein are
intended to explain the present disclosure and not to limit the present disclosure.

Regardless of mini-slot based aggregation based on dynamic scheduling or grant-free mini-slot
based repetitions, when a transmission occasion collides with a transmission direction of slot
configuration, whether the transmission occasion is omitted, and how to determine resource
configuration of repeated transmission occasions are to be considered. Moreover, due to the
collision with a transmission direction of slot configuration, a base station may delay
configuring a plurality of transmission occasions which are even configured on different slots.
As listed above, a 5G system supports traffic with a strict latency requirement. How to ensure
that a terminal completes a plurality of repeated uplink data within certain latency is also a
problem to be considered. In addition, it is worth mentioning that in a plurality of embodiments
of the present disclosure, the collision of the transmission occasion with the transmission
direction of the slot configuration may also be referred to as a conflict of the transmission
occasion with the transmission direction of the slot configuration. The uplink data may
specifically include a TB, a physical uplink shared channel (PUSCH), and data sent from the
terminal to the base station, etc. which may all be regarded as the uplink data in the plurality of
embodiments of the present disclosure.

First embodiment
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This embodiment provides a repeated transmission method. Referring to FIG. 1, the repeated
transmission method includes S101 and S102.

In S101, a plurality of transmission occasions (TOs) for uplink data to be repeatedly transmitted
is determined.

In S102, when at least one TO, among the plurality of TOs for the uplink data to be repeatedly
transmitted, does not conflict with a transmission direction of slot configuration, the uplink data
is repeatedly transmitted on the TO.

In some embodiments, the step in which the uplink data is repeatedly transmitted on the TO
may include a step described below.

The uplink data to be repeatedly transmitted is transmitted from an earliest TO in the time
domain that does not conflict with the transmission direction of slot configuration. The slot
configuration may include an uplink symbol U, a downlink symbol D, and a flexibly configured
symbol F. For the uplink data to be repeatedly transmitted in the embodiments of the present
disclosure, a transmission direction matched with the uplink data is U, that is, when the
transmission direction of the slot configuration is U, the transmission occasion (TO) of the
uplink data does not conflict with the transmission direction of the slot configuration; if the
transmission direction of the slot configuration is D, the TO certainly conflicts with it; and if the
transmission direction of the slot configuration is F, the conflict or not is determined according
to a current transmission situation.

In some embodiments, the step in which the uplink data to be repeatedly transmitted is
transmitted from the earliest TO in the time domain that does not conflict with the transmission
direction of slot configuration may include a step described below.

Among the uplink data to be repeatedly transmitted, uplink data with a redundancy version (RV)
index of 0 is repeatedly transmitted from the earliest TO in the time domain. Generally, an RV
index corresponding to an earliest TO which may transmit uplink data is 0, which follows an
agreement between a base station and a terminal, and complies with a rule thereof. When the
same piece of uplink data to be repeatedly transmitted includes two or more pieces of uplink
data with an RV index of 0, a first RV index of 0 or any RV index of 0 may be taken as
reference.

Alternatively, among the uplink data to be repeatedly transmitted, uplink data corresponding to
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the earliest TO in the time domain is repeatedly transmitted from the earliest TO in the time
domain. Except for the reference to RV=0, the uplink data corresponding to the earliest TO in
the time domain which does not conflict may start to be transmitted from the earliest TO in the
time domain. In this case, an RV index of the uplink data starting to be transmitted may not be
0.

In some embodiments, the earliest TO in the time domain that does not conflict with the
transmission direction of slot configuration includes following TOs:

among the plurality of TOs, an earliest TO in the time domain in which none of time domain
symbols conflicts with the transmission direction of the slot configuration; this means that for
the earliest TO in the time domain, none of the time domain symbols in the TO conflicts with
the transmission direction of slot configuration; if the TO includes two time domain symbols,
neither of the two time domain symbols conflicts with the transmission direction of slot
configuration, for example, the corresponding transmission direction of slot configuration is UU
or FU;

or among the plurality of TOs, an earliest TO in the time domain in which at least one time
domain symbol does not conflict with the transmission direction of slot configuration. In this
case, the earliest TO in the time domain means that as long as one of time domain symbols in
the TO does not conflict, the TO may be considered as the earliest TO in the time domain which
does not conflict.

In some embodiments, the slot configuration may be obtained in at least one of manners below.
A slot configuration is indicated by downlink control information (DCI).

A slot configuration is indicated by radio resource control (RRC).

In some embodiments, the step in which the uplink data is repeatedly transmitted on the TO
may include that when at least one time domain symbol in the TO does not conflict with the
transmission direction of slot configuration, rate matching is performed on a non-conflicting
time domain symbol in the TO. Since at least one time domain symbol in the TO does not
conflict with the transmission direction of slot configuration and the other symbols may conflict,
to ensure a normal transmission of the uplink data, the rate matching is performed on the
non-conflicting time domain symbol in the TO.

In some embodiments, the step in which the rate matching is performed on the non-conflicting
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time domain symbol in the TO may include a step described below.

A modulation order in a modulation and coding scheme (MCS) parameter configured via the
RRC is maintained unchanged, a new code rate is calculated according to remaining available
resources in the TO, and the rate matching is performed according to the new code rate.
Alternatively, a new modulation order and a code rate are calculated for an uplink transmission,
information about the calculated modulation order is reported to the base station, and the code
rate is calculated according to the modulation order and the remaining available resources in the
TO.

Alternatively, a new modulation order is calculated according to available resources, and the
uplink data is directly sent according to a code rate and the new modulation order.

In some embodiments, the step in which the uplink data is repeatedly transmitted on the TO
may further include a step described below.

The DCI is detected to indicate a usage situation of the TO. The DCI is a newly added detection
means for a repeated transmission of the uplink data on a base station side, and the terminal may
determine a usage situation of a current TO by detecting the DCI. In some embodiment, the step
in which the DCI is detected to indicate the usage situation of the TO includes steps described
below.

The DCI is detected to acquire a relevant parameter configured for an uplink grant-free
transmission.

A transmission parameter of an indicated TO is adjusted, and the uplink data is repeatedly
transmitted according to an adjusted TO.

In some embodiments, the relevant parameter configured for the uplink grant-free transmission
may include at least one of: a time domain resource, a frequency domain resource, a number K
of repeated transmissions configured via the RRC, a TO index, an MCS, or a time when a
reconfigured parameter takes effect or a number of times that the reconfigured parameter takes
effect.

In some embodiments, the step in which the uplink data is repeatedly transmitted on the TO
may further include: not counting a TO in which a time domain symbol conflicts with the
transmission direction of slot configuration into a number of repeated transmissions of the

uplink data, and continuing the repeated transmissions of the uplink data on a TO configured
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later. This means that the uplink data is not transmitted on a conflicting TO, and a
non-conflicting TO is directly configured on later time domain symbols for a transmission.

In some embodiments, the step in which the uplink data is repeatedly transmitted on the TO
further includes: repeatedly transmitting uplink data corresponding to the TO in which the time
domain symbol conflicts with the transmission direction of the slot configuration is postponed
to the preconfigured redundant TO. This means that when the base station configures TOs for
the terminal, a number of repetitions required by the terminal is directly added by a certain
redundant configuration amount, to flexibly adjust a repeated transmission of an uplink signal.
For example, when the number of repeated transmissions required by the terminal is 4, the
number of TOs configured by the base station for the terminal may be 5, so that when one of the
first four TOs conflicts, the redundant TO may make up 4 available TOs to repeatedly send the
uplink data.

In some embodiments, the step in which the uplink data is repeatedly transmitted on the TO
further includes: repeatedly transmitting the uplink data on a preconfigured TO which does not
conflict with the transmission direction of the slot configuration. This means that the TOs are
directly configured in a pre-configuration manner, time domain symbols which will conflict
with the transmission direction of the slot configuration are skipped, and the TOs are directly
configured on non-conflicting time domain symbols.

In some embodiments, further included is acquiring a time window, and determining a situation
of sending the uplink data on a delayed TO through the time window. The time window is set to
ensure latency. Among 5G traffic, ultra-reliable low-latency communication (URLLC) has a
high latency requirement. If uplink data corresponding to the conflicting TOs is all delayed, a
latency requirement may not be satisfied, resulting in problems of URLLC traffic. Therefore,
the time window is set to monitor whether the number of repeated transmissions of the uplink
data exceeds an expectation.

In some embodiments, a sum of the time window and processing time of the terminal and the
base station is less than or equal to a first preset threshold. The first preset threshold varies
according to latency requirements of different traffic. For example, for the URLLC traffic, a size
of the first preset threshold may be 1 ms. Of course, this embodiment merely provides a

possible example of the first preset threshold. Those skilled in the art should understand that the
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first preset threshold may be a reasonable duration for a corresponding traffic type and is not
limited in this embodiment.

In some embodiments, the step of determining the situation of sending the uplink data on the
delayed TO through the time window includes a step described below.

Among the uplink data to be repeatedly transmitted, a duration from a first transmission to the
delayed TO is compared with the time window, and when the duration is less than or equal to
the time window, the uplink data may be sent on the delayed TO.

Alternatively, among the uplink data to be repeatedly transmitted, a duration from when a last
symbol of a control resource set CORESET where the DCI is located is detected to the delayed
TO is compared with the time window, and when the duration is less than or equal to the time
window, the uplink data may be sent on the delayed TO.

In some embodiments, the step in which the uplink data is repeatedly transmitted on the TO
may further include a step described below.

An actual number of repetitions of the uplink data is determined according to an indication from
the base station. In this case, the indication from the base station is directly received to
determine the number of repeated transmissions. For example, the base station determines the
number of repeated transmissions to be 2 according to the latency of the uplink data, and then a
terminal side repeatedly transmits the uplink data twice on non-conflicting TOs. Even if the
number is set to 4, two repeated transmissions indicated by the base station are still performed.
In some embodiments, the step in which the actual number of repetitions of the uplink data is
determined according to the indication from the base station may include a step described
below.

It is determined whether the uplink data is capable of being sent on each TO according to a
target value of latency, and the actual number of repetitions is determined.

In some embodiments, the slot configuration includes a downlink symbol D, an uplink symbol
U, and a flexibly configured symbol F; where when the transmission direction of the slot
configuration indicates N consecutive F symbols, and a transmission direction of an adjacent
symbol before the N consecutive F symbols is D, the uplink data is repeatedly transmitted from
a time domain symbol corresponding to an M-th F symbol among the N consecutive F symbols,

where M<N, and the first (M-1) F symbols among the N consecutive F symbols serve as a guard
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period. Since downlink data is sent in D symbol, and according to different types of downlink
data, a processing duration which the downlink data tends to occupy may include not only time
domain symbols for the downlink data but also a certain period of time behind, F is not suitable
for sending the uplink data. To ensure downlink data processing, the M-th F among the N
consecutive F symbols may serve as the TO for transmitting the uplink data, and the first (M-1)
F symbols may serve as the guard period for the downlink data.

In some embodiments, when a duration required for processing downlink data transmitted on
time domain symbols corresponding to D symbols is greater than or equal to a second preset
threshold, M<N. The downlink data is generally the DCI, a semi-statically configured physical
downlink shared channel (PDSCH), or a physical downlink control channel (PDCCH), etc.

This embodiment provides a repeated transmission method. The plurality of transmission
occasions (TOs) for the uplink data to be repeatedly transmitted is determined, and when at least
one TO, among the plurality of TOs for the uplink data to be repeatedly transmitted, does not
conflict with the transmission direction of the slot configuration, the uplink data is repeatedly
transmitted on the TO, thereby implementing the repeated transmissions of the uplink data,
preventing the uplink data to be repeatedly transmitted from being directly discarded in case of
a conflict, saving network resources, and ensuring user experience.

Second embodiment

This embodiment provides a repeated transmission method. Referring to FIG. 2, the repeated
transmission method includes S201 and S202.

In S201, a plurality of TOs for uplink data to be repeatedly transmitted is determined.

In S202, when at least one TO, among the plurality of TOs for the uplink data to be repeatedly
transmitted, does not conflict with a transmission direction of a slot configuration, repeatedly
transmitted uplink data is received through the TO.

In some embodiments, the step in which the repeatedly transmitted uplink data is received on
the TO includes that when at least one time domain symbol in the TO conflicts with the
transmission direction of the slot configuration, rate matching is performed on a non-conflicting
time domain symbol in the TO.

In some embodiments, the step in which the rate matching is performed on the non-conflicting

time domain symbol in the TO includes: maintaining a modulation order in an MCS parameter
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configured via RRC unchanged, calculating a new code rate according to remaining available
resources in the TO, and performing the rate matching according to the new code rate.

In some embodiments, the step in which the repeatedly transmitted uplink data is received on
the TO includes a step described below.

DCl is configured to indicate a usage situation of the TO to a terminal.

In some embodiment, the step in which the DCI is configured to indicate the usage situation of
the TO includes a step described below.

A relevant parameter configured for an uplink grant-free transmission is reconfigured through
the DCI.

In some embodiments, the step in which the repeatedly transmitted uplink data is received
through the TO may include at least one of steps described below.

A TO in which a time domain symbol conflicts with the transmission direction of the slot
configuraion is not counted into a number of repeated transmissions of the uplink data, the TO
is configured later, and the repeatedly transmitted uplink data is received on the TO configured
later.

Uplink data corresponding to the TO in which the time domain symbol conflicts with the
transmission direction of the slot configuraion is received through a preconfigured redundant
TO.

The repeatedly transmitted uplink data is received through a preconfigured TO which does not
conflict with the transmission direction of the slot configuraion.

In some embodiments, the step in which the repeatedly transmitted uplink data is received
through the TO includes a step described below.

The terminal is notified of a actual number of repeated transmissions of the uplink data.

In some embodiments, the step in which the terminal is notified of the actual number of
repeated transmissions of the uplink data include a step described below.

It is determined whether the uplink data is capable of being sent on each TO according to a
target value of latency, and an actual number of repetitions is determined.

Third embodiment

This embodiment provides a repeated transmission method. According to standards in a first

phase of 5G, for a certain TB, a terminal can merely send the TB for the first time at a time
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domain position corresponding to RV=0. In the following examples, the number K of repetitions
is 4.

An RV pattern is {0231}. As shown in FIG. 3, when TO#1 to TO#4 correspond to RV indexes
of 0, 2, 3, 1, respectively, and time domain symbols where TO#1 is located collide with a
dynamic slot format indicator (SFI), repeated transmissions need to be postponed to a TO that
may transmit a PUSCH, and an RV index of 0 is also postponed to the TO. That is, the RV index
of 0 on TO#1 is postponed to TO#2. Then the terminal performs a first transmission of the TB
on TO#2.

The RV pattern is {0303}. As shown in FIG. 4, when TO#1 to TO#4 correspond to RV indexes
of 0, 3, 0, 3, respectively, and all time domain symbols where TO#1 to TO#3 are located collide
with the dynamic SFI, an RV index of 0 corresponding to TO#1 needs to be postponed to TO#4.
Then the terminal performs the first transmission of the TB from RV=0 on TO#4.

The RV pattern is {0303}. As shown in FIG. 5, when TO#1 to TO#4 correspond to RV indexes
of 0, 3, 0, 3, respectively, and time domain symbols where TO#1 is located collide with the
dynamic SFI, the RV index of 0 corresponding to TO#1 needs to be postponed to TO#2. Then
the terminal performs the first transmission of the TB from RV=0 on TO#2.

Fourth embodiment

This embodiment provides a repeated transmission method. In a process of standard researches
in a second phase of 5G, if a first phase is to be enhanced, a terminal is no longer limited to
performing a first time of sending at a time domain position corresponding to RV=0 to ensure
that the terminal can flexibly send a certain TB. In the following examples, the number K of
repetitions is 4.

An RV pattern is {0231}. As shown in FIG. 6, when TO#1 to TO#4 correspond to RV indexes
of 0, 2, 3, 1, respectively, and time domain symbols where TO#1 is located collide with a
dynamic SFI, the terminal may send the TB on a TO that may transmit a PUSCH. That is, the
terminal performs a first transmission of the TB from RV index=2 on TO#2.

The RV pattern is {0303}. As shown in FIG. 7, when TO#1 to TO#4 correspond to RV indexes
of 0, 3, 0, 3, respectively, and all time domain symbols where TO#1 to TO#3 are located collide
with the dynamic SFI, the terminal performs the first transmission of the TB from RV=3 on

TO#4.
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The RV pattern is {0303}. As shown in FIG. 8, when TO#1 to TO#4 correspond to RV indexes
of 0, 3, 0, 3, respectively, and time domain symbols where TO#1 is located collide with the
dynamic SFI, the terminal performs the first transmission of the TB from RV=3 on TO#2.

Fifth embodiment

This embodiment provides a repeated transmission method. A simple and effective method is
that a gNB and a user equipment (UE) agree that if a certain repetition in a UL grant-free
transmission conflicts with a dynamic SFI, rate matching is performed on a TO in the time
domain where the repetition is located, and the rate matching is performed again according to
available symbols on the TO for the repetition (the available symbols on the TO for the
repetition are defined as symbols that do not conflict with a transmission direction in the
dynamic SFI). Due to the lack of DCI signaling to indicate a corresponding parameter after the
rate matching (such as a modulation order and a code rate), the gNB and the UE need to specify
a criterion for performing the rate matching to avoid an inconsistent understanding between a
base station side and a user side which causes a decoding error. The criterion for performing the
rate matching between the gNB and the UE includes at least one of the following selection
manners:

(1) The rate matching is performed on all of TOs for repeated transmissions in the uplink
grant-free transmission that conflict with the dynamic SFI. A principle of the rate matching is to
maintain a modulation order in an MCS parameter configured via RRC unchanged. Both a user
and the base station calculate a new code rate according to remaining available resources in a
certain repeated transmission that collides, and the user performs the rate matching according to
the new code rate.

(2) The rate matching is performed on all of the TOs for repeated transmissions in the uplink
grant-free transmission that conflict with the dynamic SFI. The principle of the rate matching is
to allow the UE to change the modulation order and a code rate in the MCS parameter
configured via the RRC. The UE performs an uplink transmission according to the calculated
new modulation order and code rate, and the user reports information about the calculated
modulation order to the base station. The base station calculates the code rate according to the
modulation order reported by the UE and the remaining available resources in the TO for data

demodulation.
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The user may report the information about the modulation order in two manners below.

Manner one: a PUCCH is used. When configuring grant-free PUSCH resources through the
RRC or DCI, the base station also configures PUCCH resources. After the user adjusts the MCS,
the user transmits data on a grant-free resource corresponding to the TO and sends MCS
information on the PUCCH. Furthermore, N bits are configured via the RRC for an MCS
correspondence, such as 2 bits. 01 represents Quadrature Phase Shift Keying (QPSK). When the
terminal adjusts the MCS to be the QPSK, the PUCCH carries 2 bits, 01, which means the
QPSK. That is, a resource other than grant-free resources is used for notification.

Manner two: a PUSCH is used. The base station and the terminal agree in advance which RB
index to send the MCS and agree to use a fixed modulation order and code rate for sending the
MCS. For example, a low-index RB and the QPSK+a code rate of 1/2 are used. For example, if
frequency domain resources allocated to the PUSCH are RB1 to RB10, RB1 is used for sending
the MCS information. Then the base station knows that some resources collide with the SFIL
The base station will firstly decode RB1 to obtain the MCS, and then decode and demodulate
data information on the PUSCH.

(3) The rate matching is performed on all of the TOs for repeated transmissions in the uplink
grant-free transmission that conflict with the dynamic SFI. The principle of the rate matching is
to maintain a code rate in the MCS parameter configured via the RRC unchanged. Both the UE
and the base station calculate a new modulation order according to the remaining available
resources in the TO for the repetition, the user performs an uplink data transmission according
to the code rate and the new modulation order, and the base station performs data demodulation
according to the code rate and the new modulation order. That is, the terminal does not report
the new modulation order.

Sixth embodiment

This embodiment provides a repeated transmission method. In this embodiment, a new piece of
DCl is introduced to indicate how to use a resource. A function of the new DCI is to reset some
parameters configured for the UL grant-free transmission. Upon receiving the DCI, a UE merely
changes a transmission parameter of an indicated TO, and continues transmission of unindicated
TOs in an original manner (semi-static configuration). The new DCI needs to be scrambled with

a new RNTI to distinguish the DCI from other DCI used for granted data transmissions and
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other DCI used for activation or deactivation. The parameters configured for the UL grant-free
transmission and reconfigured through the new DCI include at least one of the following
parameters:

a time domain resource, a frequency domain resource, a number K of repeated transmissions
configured via RRC, a TO index, an MCS, or

a time when a reconfigured parameter takes effect or a number of times that the reconfigured
parameter takes effect.

Specifically, according to the new DCI, an indication of the TO may be performed in any one of
manner below.

(1) The number K of repeated transmissions configured via the RRC is not allowed to be reset
through the newly-introduced DCI. According to a current frame structure, a base station
indicates to the UE an index of a TO in which the UL grant-free transmission collides with the
frame structure, time-frequency domain resources and the MCS of the TO in which the UL
grant-free transmission collides with the frame structure, and the UE transmits the
corresponding TO according to indication information in the DCI. Time that the parameter
reconfigured through the DCI takes effect may be indicated through 1 bit, where 0 means that
the parameter reset through the DCI merely takes effect once (for this time of reconfiguration),
and 1 means that the parameter reset through the DCI takes effect multiple times until the base
station reconfigures UL grant-free resources for the UE or the SFI changes again.

Optionally, considering overheads of an indication of frequency domain resources, the DCI may
not include a frequency domain resource indication field, that is, the frequency domain
resources are not reset, and a size of the frequency domain resources is still configured
according to that before reconfiguration through the DCI.

(2) The number K of repeated transmissions configured via the RRC is allowed to be
reconfigured through the newly-introduced DCI. The DCI needs to indicate a new number K of
repeated transmissions and the indexs of TO corresponding to the number of transmissions and
indicate time-frequency domain resources and MCSs for the corresponding TO indexes, and the
UE transmits the corresponding TOs according to the indication information in the DCI. Time
that the parameter reconfigured through the DCI takes effect may be indicated through 1 bit,

where 0 means that the parameter reset through the DCI merely takes effect once (for this time
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of reconfiguration), and 1 means that the parameter reset through the DCI takes effect multiple
times until the base station reconfigures the UL grant-free resources for the UE or the SFI
changes again.

Optionally, considering the overheads of the indication of frequency domain resources, the DCI
may not include the frequency domain resource indication field, that is, the frequency domain
resources are not reconfigured, and the size of the frequency domain resources is still
configured according to that before the reconfiguration through the DCI.

Seventh embodiment

This embodiment provides a repeated transmission method. In a UL grant-free transmission, to
improve reliability, a gNB will configure a plurality of repeated transmissions for a traffic
packet. When a UE performs the repeated transmissions, if a certain repetition collides with a
dynamic SFI, and not all of symbols in a TO for the repetition collide with the dynamic SFI, the
UE does not discard the repeated transmission, merely deletes a corresponding symbol that
collides, and transmits data on a symbol that does not collide.

Furthermore, a base station retransmits UL data deleted due to the collision by using an
available resource on a symbol or a slot behind a time domain position where a last TO in a
grant-free transmission period is located.

Eighth embodiment

This embodiment provides a repeated transmission method. As long as a transmission direction
of one symbol at a time domain position where a certain TO is located collides with a
semi-static SFI, the TO is not counted into a number of repetitions, and a base station will delay
configuring the TO.

However, traffic with a strict latency requirement such as URLLC requires that a duration from
an arrival of a TB to an end of all times of repeated sending cannot exceed latency of 1 ms. For
a delay in sending a TO, a terminal may complete multiple times of repeated sending without
the latency being exceeded in a manner below.

The base station configures a time window T via RRC signaling, and the terminal determines a
practical transmission of the TO and a number of times according to the time window T.
Optionally, as shown in FIG. 9, a size of T refers to a time interval t2 from when a last symbol

of a CORESET where DCI for dynamic scheduling is located is detected by the terminal to a
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time domain duration of data sending corresponding to a maximum actual number of repetitions
that can be supported. A sum of t2 and processing time t1+t3 of the terminal and the base station
does not exceed, for example, a latency requirement of 1ms.

Furthermore, if the terminal determines that the duration to TO#n is less than or equal to t2, the
terminal may send uplink data on TO#n. If the terminal determines that the duration to TO#n is
greater than t2, the terminal may not send the uplink data on TO#n.

Optionally, for TO#n, n may be any one or more of [1, K]. K is the number of repetitions
configured by a higher layer and notified through the DCI.

FIG. 9 schematically shows that the latency of 1 ms is divided into multiple time periods. In
FIG. 9, t1 +12 + {3 is equal to the latency of 1 ms, tl is total time for the terminal to process the
uplink data, alignment subframes, and sending an SR, and for the base station to process the SR,
t2 is total time of a time domain duration within which the terminal detects the last symbol of
the CORESET where the DCI is located, demodulates the DCI, prepares a PUSCH, and
repeatedly sends the PUSCH, and t3 is total time for the base station to demodulate PUSCH
data and determine an acknowledgement (ACK) or negative acknowledgement (NACK).

For the aggregation transmission of the PUSCH scheduled through the DCI, the RRC or the
DCI notifies that the number K of times of repeated sending is 4. As shown in FIG. 10, time
domain positions of four TOs are not allocated in a same slot. Since transmission directions of
symbols #0 and #1 on slot n+1 are D, TO#4 is configured on symbols #2 and #3.

In conjunction with a schematic diagram illustrating latency shown in FIG. 9, the terminal
determines that the sending of the PUSCH on TO#4 in FIG. 10 will exceed t2 according to a
size of t2. Therefore, the terminal will not send a fourth repetition of the PUSCH on TO#4.
Alternatively, the terminal determines that the sending of the PUSCH on TO#4 in FIG. 10 will
not exceed a threshold of t2, and thus the terminal will send the fourth repetition of the PUSCH
on TO#4.

Assuming that the terminal finally determines that the PUSCH can merely be repeatedly sent
three times, the "time domain duration of data sending corresponding to the maximum actual
number of repetitions that can be supported" mentioned above refers to a time domain duration
of the practical three times of repeated data sending from a first time of sending on TO#I1 to

TO#3 where the repeated sending ends.
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Ninth embodiment

For uplink grant-free repeated transmissions of a PUSCH, as shown in FIG. 11, a size of T
refers to a time interval t2 from when a terminal performs a first transmission of the PUSCH to
a time domain duration of data sending corresponding to a maximum actual number of
repetitions that can be supported. A sum of t2 and processing time t1+t3 of the terminal and a
base station does not exceed, for example, a latency requirement of 1ms.

FIG. 11 schematically shows that the latency of 1 ms is divided into multiple time periods. In
FIG. 11, t1 + t2 + £3 is equal to the latency of 1 ms, t1 is time for the terminal to process uplink
data and align subframes, t2 is a time domain duration within which the terminal repeatedly
sends the PUSCH, and t3 is total time for the base station to demodulate PUSCH data and
determine an ACK/NACK.

For the grant-free repeated transmissions of the PUSCH, RRC or DCI notifies that the number
K of times of repeated sending is 4. As shown in FIG. 12, time domain positions of four TOs are
not allocated in a same slot. Since a dynamic SFI indicates that transmission directions of
symbols #0 and #1 on slot n+1 are D and F, TO#3 is configured on symbols #2 and #3, and
TO#4 is configured on symbols #4 and #5.

In conjunction with a schematic diagram illustrating latency shown in FIG. 11, the terminal
determines that the sending of the PUSCH on TO#3 and TO#4 in FIG. 12 will exceed t2
according to a size of t2. Therefore, the terminal will not send a fourth repetition of the PUSCH
on TO#3 and TO#4.

Alternatively, the terminal determines that the sending of the PUSCH on TO#3 and TO#4 in
FIG. 12 will not exceed a threshold of 2, and thus the terminal will send the fourth repetition of
the PUSCH on TO#3 and TO#4.

Assuming that the terminal finally determines that the PUSCH can merely be repeatedly sent
two times, the "time domain duration of data sending corresponding to the maximum actual
number of repetitions that can be supported" mentioned above refers to a time domain duration
of the practical two times of repeated data sending from a first time of sending on TO#1 to
TO#2 where the repeated sending ends.

Tenth embodiment

This embodiment provides a repeated transmission method. For a delay in sending a TO, a
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terminal may complete multiple times of repeated sending without latency being exceeded in a
manner below.

A base station notifies the terminal of an actual number of repetitions.

The base station does not notify the terminal of a size of a time window t2. The base station
itself determines that TO#n cannot be used for sending PUSCH data according to t1 + t2 + t3
not exceeding a target value of latency, for example, 1 ms, otherwise a threshold of t2 will be
exceeded. Therefore, the base station notifies the terminal of the actual number of repetitions
through DCI.

Optionally, the base station notifies the terminal of the actual number of repetitions through the
DCL

Optionally, for TO#n, n may be any one or more of [1, K]. K is the number of repetitions
configured by a higher layer.

Eleventh embodiment

This embodiment provides a repeated transmission method. In multiple embodiments above, for
later time domain symbols that can send a TO, transmission directions of these symbols can
merely be F or U. Moreover, these symbols will not collide with a PDCCH blind detection
period and a semi-static downlink traffic transmission. When a semi-static frame structure
indicates that a transmission direction of a first symbol where a delayed TO is located is F, and
the symbol is located immediately after a D symbol, whether a PUSCH can be transmitted on
the F symbol needs to be made clearly. Possible manners are described below.

(1) The F symbol cannot be used for transmitting uplink data.

When signaling of the semi-static frame structure indicates that a direction of a symbol is F and
the symbol is located immediately after the D symbol, the symbol cannot be used for
transmitting the uplink data. As shown in FIG. 13, TO#4 can merely send the PUSCH from a
time domain position corresponding to symbol #3 having a direction F.

(2) When the adjacent D symbol is used for sending DCI/PDSCH/PDCCH, the F symbol cannot
be used for transmitting the uplink data. When the D symbol is not used for sending the DCI,
but used for sending, for example, a reference signal (RS), a PSS/SSS, or downlink data, where
the RS may include a DMRS, a CSI-RS, a PTRS, etc., the F symbol can be used for transmitting

the uplink data.
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Twelfth embodiment

This embodiment provides a repeated transmission method. Referring to FIG. 14, the repeated
transmission method includes S141 and S142.

In S141, whether a type of a repeated transmission of uplink data is a first transmission type or a
second transmission type is determined. The first transmission type is repeatly transmitted
uplink data according to a plurality of slots, and the second transmission type is repeatly
transmitted uplink data according to a plurality of mini-slots in one slot.

In S142, the uplink data is repeatedly transmitted according to the determined type of the
repeated transmission of the uplink data.

In some embodiments, a step of indicating a type of repeatly transmitted uplink data to be the
first transmission type or the second transmission type may include a step described below.

An indication is performed through higher-layer RRC signaling or physical layer DCI signaling.
In some embodiments, the step of indicating the type of repeatly transmitted uplink data to be
the first transmission type or the second transmission type may include a step described below.
The first transmission type and the second transmission type are distinguished according to a
DMRS sequence+an Orthogonal Cover Code (OCC) or a DMRS sequence+a CS index.

In some embodiments, the step of indicating the type of repeatly transmitted uplink data to be
the first transmission type or the second transmission type may include a step described below.
The first transmission type and the second transmission type are distinguished according to
different radio network temporary identifiers (RNTIs).

Currently, Release 15 (R15), a first phase of 5G, has introduced slot-based aggregation based on
dynamic scheduling and grant-free slot-based repetitions. Specifically, it means that a terminal
repeatedly sends a TB by use of a plurality of slots, and the TB is allocated with same time
domain resources on each slot. To support the enhancement of aggregation transmissions based
on dynamic scheduling and uplink grant-free repeated transmissions in aspects of latency and
reliability, Release 16 (R16), a second phase of 5G, needs to introduce mini-slot based
aggregation or repetitions. For example, the terminal repeatedly sends the TB on multiple
mini-slots consecutive in time domain within one slot, and each mini-slot has a same time
domain duration. In this application, a transmission solution of repeated sending of the TB

based on multiple slots is referred to as the first transmission type, and a transmission solution
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of aggregation and repeated sending of the TB based on multiple mini-slots in one slot is
referred to as the second transmission type.

According to a time domain notification manner in 5G R15, it is assumed that a number of
repetitions configured by a base station is K. The base station merely notifies a time domain
starting position and a time domain duration of a first TO. However, the terminal does not know
whether time domain positions of the remaining (K-1) TOs are configured on consecutive (K-1)
slots according to the first transmission type or configured on consecutive (K-1) mini-slots
according to the second transmission type. Therefore, regardless of DCI dynamic scheduling or
grant-free transmissions, the following solutions are provided to solve this problem:

Solution one: the indication is performed through the higher-layer RRC signaling or the
physical layer DCI signaling. 1 bit is introduced to indicate the first transmission type or the
second transmission type to the terminal. For example, 0 represents the first transmission type,
and 1 represents the second transmission type.

Solution two: they are distinguished according to the DMRS sequence + the OCC or the DMRS
sequence+the CS index. For example, for a certain terminal, a cyclic shift (CS) 1 of the DMRS
sequence allocated by the base station to the terminal represents the first transmission type; a
CS6 (just different) of the DMRS sequence allocated by the base station to the terminal
represents the second transmission type.

Solution three: they are distinguished according to different radio-network temporary identifiers
(RNTIs). For example, for dynamically scheduled repeated transmissions of a PUSCH,
C-RNTIIl represents the first transmission type, and C-RNTI2 represents the second
transmission type. For grant-free repeated transmissions of the PUSCH, CS-RNTI1 represents
the first transmission type, and CS-RNTI2 represents the second transmission type.

Thirteenth embodiment

This embodiment provides a repeated transmission apparatus. Referring to FIG. 15, the repeated
transmission apparatus includes a first transmission determining module 151 and a first
transmission module 152.

The first transmission determining module 151 is configured to determine a plurality of TOs for
uplink data to be repeatedly transmitted.

The first transmission module 152 is configured to: when at least one TO, among the plurality
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of TOs for the uplink data to be repeatedly transmitted, does not conflict with a transmission
direction of a slot configuration, repeatedly transmit the uplink data on the TO.

In some embodiments, the step in which the uplink data is repeatedly transmitted on the TO
may include a step described below.

The uplink data is repeatedly transmitted from an earliest TO in the time domain that does not
conflict with the transmission direction of the slot configuration. The transmission direction of
the slot configuration may include an uplink symbol U, a downlink symbol D, and a flexibly
configured symbol F. For the uplink data to be repeatedly transmitted in multiple embodiments
of the present disclosure, a transmission direction matched with the uplink data is U, that is,
when the transmission direction of the slot configuration is U, the TO of the uplink data does
not conflict with the transmission direction of the slot configuration; if the transmission
direction of the slot configuration is D, the TO certainly conflicts with it; and if the transmission
direction of the slot configuration is F, the conflict or not is determined according to a current
transmission situation.

In some embodiments, the step in which the uplink data to be repeatedly transmitted is
transmitted from the earliest TO in the time domain that does not conflict with the transmission
direction of the slot configuration may include a step described below.

Among the uplink data to be repeatedly transmitted, uplink data with a redundancy version (RV)
index of 0 is repeatedly transmitted from the earliest TO in the time domain. Generally, an RV
index corresponding to an earliest TO which may transmit uplink data is 0, which follows an
agreement between a base station and a terminal, and complies with a rule thereof. When the
same piece of uplink data to be repeatedly transmitted includes two or more pieces of uplink
data with an RV index of 0, a first RV index of 0 or any RV index of 0 may be taken as
reference.

Alternatively, among the uplink data to be repeatedly transmitted, uplink data corresponding to
the earliest TO in the time domain is repeatedly transmitted from the earliest TO in the time
domain. In addition to the reference to RV=0, the uplink data corresponding to the earliest TO in
the time domain which does not conflict may start to be transmitted from the earliest TO in the
time domain. In this case, an RV index of the uplink data starting to be transmitted may not be

0.
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In some embodiments, the earliest TO in the time domain that does not conflict with the
transmission direction of the slot configuration includes following TOs:

among the plurality of TOs, an earliest TO in the time domain in which none of time domain
symbols conflicts with the transmission direction of the slot configuration; this means that for
the earliest TO in the time domain, none of the time domain symbols in the TO conflicts with
the transmission direction of the slot configuration; if the TO includes two time domain symbols,
neither of the two time domain symbols conflicts with the transmission direction of the slot
configuration, for example, the corresponding transmission direction of the slot configuration is
UU or FU;

or among the plurality of TOs, an earliest TO in the time domain in which at least one time
domain symbol does not conflict with the transmission direction of the slot configuration. In
this case, the earliest TO in the time domain means that as long as one of time domain symbols
in the TO does not conflict, the TO may be considered as the earliest TO in the time domain
which does not conflict.

In some embodiments, the slot configuration may be obtained in at least one of manners below.
A slot configuration is indicated by DCI.

A slot configuration is indicated via RRC.

In some embodiments, the step in which the uplink data is repeatedly transmitted on the TO
may include that when at least one time domain symbol in the TO does not conflict with the
transmission direction of the slot configuration, rate matching is performed on a non-conflicting
time domain symbol in the TO. Since at least one time domain symbol in the TO does not
conflict with the transmission direction of the slot configuration and the other symbols may
conflict, to ensure a normal transmission of the uplink data, the rate matching is performed on
the non-conflicting time domain symbol in the TO.

In some embodiments, the step in which the rate matching is performed on the non-conflicting
time domain symbol in the TO may include a step described below.

A modulation order in an MCS parameter configured via the RRC is maintained unchanged, a
new code rate is calculated according to remaining available resources in the TO, and the rate
matching is performed according to the new code rate.

Alternatively, a new modulation order and a code rate are calculated for an uplink transmission,
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information about the calculated modulation order is reported to the base station, and the code
rate is calculated according to the modulation order and the remaining available resources in the
TO.

Alternatively, a new modulation order is calculated according to available resources, and the
uplink data is directly sent according to a code rate and the new modulation order.

In some embodiments, the step in which the uplink data is repeatedly transmitted on the TO
may further include a step described below.

The DCI is detected to indicate a usage situation of the TO. The DCI is a newly added detection
means for a repeated transmission of the uplink data on a base station side, and the terminal may
determine a usage situation of a current TO by detecting the DCI. In some embodiment, the step
in which the DCI is detected to indicate the usage situation of the TO includes steps described
below.

The DCI is detected to acquire a relevant parameter configured for an uplink grant-free
transmission.

A transmission parameter of an indicated TO is adjusted, and the uplink data is repeatedly
transmitted according to an adjusted TO.

In some embodiments, the relevant parameter configured for the uplink grant-free transmission
may include at least one of: a time domain resource, a frequency domain resource, a number K
of repeated transmissions configured via the RRC, a TO index, an MCS, or a time when a
reconfigured parameter takes effect or a number of times that the reconfigured parameter takes
effect.

In some embodiments, the step in which the uplink data is repeatedly transmitted on the TO
may further include: not counting a TO in which a time domain symbol conflicts with the
transmission direction of the slot configuration into a number of repeated transmissions of the
uplink data, and continuing the repeated transmissions of the uplink data on a TO configured
later. This means that the uplink data is not transmitted on a conflicting TO, and a
non-conflicting TO is directly configured on later time domain symbols for a transmission.

In some embodiments, the step in which the uplink data is repeatedly transmitted on the TO
further includes: repeatedly transmitting uplink data corresponding to the TO in which the time

domain symbol conflicts with the transmission direction of the slot configuration on a
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preconfigured redundant TO. This means that when the base station configures TOs for the
terminal, a number of repetitions required by the terminal is directly added by a certain
redundant configuration amount, to flexibly adjust a repeated transmission of an uplink signal.
For example, when the number of repeated transmissions required by the terminal is 4, the
number of TOs configured by the base station for the terminal may be 5, so that when one of the
first four TOs conflicts, the redundant TO may make up 4 available TOs to repeatedly send the
uplink data.

In some embodiments, the step in which the uplink data is repeatedly transmitted on the TO
further includes: repeatedly transmitting the uplink data on a preconfigured TO which does not
conflict with the transmission direction of the slot configuration. This means that the TOs are
directly configured in a pre-configuration manner, time domain symbols which will conflict
with the transmission direction of the slot configuration are skipped, and the TOs are directly
configured on non-conflicting time domain symbols.

In some embodiments, further included is acquiring a time window, and determining a situation
of sending the uplink data on a delayed TO through the time window. The time window is set to
ensure latency. Among 5G traffic, URLLC has a high latency requirement. If uplink data
corresponding to the conflicting TOs is all delayed, a latency requirement may not be satisfied,
resulting in problems of URLLC traffic. Therefore, the time window is set to monitor whether
the number of repeated transmissions of the uplink data exceeds an expectation.

In some embodiments, a sum of the time window and processing time of the terminal and the
base station is less than or equal to a first preset threshold. The first preset threshold varies
according to latency requirements of different traffic. For example, for the URLLC traffic, a size
of the first preset threshold may be 1 ms. Of course, this embodiment merely provides a
possible example of the first preset threshold. Those skilled in the art should understand that the
first preset threshold may be a reasonable duration for a corresponding traffic type and is not
limited in this embodiment.

In some embodiments, the step of determining the situation of sending the uplink data on the
delayed TO through the time window includes a step described below.

Among the uplink data to be repeatedly transmitted, a duration from a first transmission to the

delayed TO is compared with the time window, and when the duration is less than or equal to
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the time window, the uplink data may be sent on the delayed TO.

Alternatively, among the uplink data to be repeatedly transmitted, a duration from when a last
symbol of a control resource set CORESET where the DCI is located is detected to the delayed
TO is compared with the time window, and when the duration is less than or equal to the time
window, the uplink data may be sent on the delayed TO.

In some embodiments, the step in which the uplink data is repeatedly transmitted on the TO
may further include a step described below.

A actual number of repetitions of the uplink data is determined according to an indication from
the base station. In this case, the indication from the base station is directly received to
determine the number of repeated transmissions. For example, the base station determines the
number of repeated transmissions to be 2 according to the latency of the uplink data, and then a
terminal side repeatedly transmits the uplink data twice on non-conflicting TOs. Even if the
number is set to 4, two repeated transmissions indicated by the base station are still performed.
In some embodiments, the step in which the actual number of repetitions of the uplink data is
determined according to the indication from the base station may include a step described
below.

It is determined whether the uplink data is capable of being sent on each TO according to a
target value of latency, and the actual number of repetitions is determined.

In some embodiments, the transmission direction of the slot configuration includes a downlink
symbol D, an uplink symbol U, and a flexibly configured symbol F; where when the
transmission direction of the slot configuration indicates N consecutive F symbols, and a
transmission direction of an adjacent symbol before the N consecutive F symbols is D, the
uplink data is repeatedly transmitted from a time domain symbol corresponding to an M-th F
among the N consecutive F symbols , where M<N, and the first (M-1) F symbols among the N
consecutive F symbols serve as a guard period. Since downlink data is sent in D symbols, and
according to different types of downlink data, a processing duration which the downlink data
tends to occupy may include not only time domain symbols for the downlink data but also a
certain period of time behind, F is not suitable for sending the uplink data. To ensure downlink
data processing, the M-th F among the N consecutive F symbols may serve as the TO for

transmitting the uplink data, and the first (M-1) F symbols may serve as the guard period for
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the downlink data.

In some embodiments, when a duration required for processing downlink data transmitted on
time domain symbols corresponding to Ds is greater than or equal to a second preset threshold,
M<N.

This embodiment provides a repeated transmission apparatus. The plurality of transmission
occasions (TOs) for the uplink data to be repeatedly transmitted is determined, and when at least
one TO, among the plurality of TOs for the uplink data to be repeatedly transmitted, does not
conflict with the transmission direction of the slot configuration, the uplink data is repeatedly
transmitted on the TO, thereby implementing the repeated transmissions of the uplink data,
preventing the uplink data to be repeatedly transmitted from being directly discarded in case of
a conflict, saving network resources, and ensuring user experience.

Fourteenth embodiment

This embodiment provides a repeated transmission apparatus. Referring to FIG. 16, the repeated
transmission apparatus includes a second transmission determining module 161 and a
transmission receiving module 162.

The second transmission determining module 161 is configured to determine a plurality of TOs
for uplink data to be repeatedly transmitted.

The transmission receiving module 162 is configured to: when at least one TO, among the
plurality of TOs for the uplink data to be repeatedly transmitted, does not conflict with a
transmission direction of a slot configuration, receive repeatedly transmitted uplink data on the
TO.

In some embodiments, the step in which the repeatedly transmitted uplink data is received on
the TO includes that when at least one time domain symbol in the TO conflicts with the
transmission direction of the slot configuration, rate matching is performed on a non-conflicting
time domain symbol in the TO.

In some embodiments, the step in which the rate matching is performed on the non-conflicting
time domain symbol in the TO includes: maintaining a modulation order in an MCS parameter
configured via RRC unchanged, calculating a new code rate according to remaining available
resources in the TO, and performing the rate matching according to the new code rate.

In some embodiments, the step in which the repeatedly transmitted uplink data is received on
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the TO includes a step described below.

DCl is configured to indicate a usage situation of the TO to a terminal.

In some embodiment, the step in which the DCI is configured to indicate the usage situation of
the TO includes a step described below.

A relevant parameter configured for an uplink grant-free transmission is reconfigured through
the DCI.

In some embodiments, the step in which the repeatedly transmitted uplink data is received on
the TO includes a step described below.

The terminal is notified of an actual number of repeated transmissions of the uplink data.

In some embodiments, the step in which the terminal is notified of the actual number of
repeated transmissions of the uplink data include a step described below.

It is determined whether the uplink data is capable of being sent on each TO according to a
target value of latency, and an actual number of repetitions is determined.

Fifteenth embodiment

This embodiment provides a repeated transmission apparatus. Referring to FIG. 17, the repeated
transmission apparatus includes a type determining module 171 and a second transmission
module 172.

The type determining module 171 is configured to determine whether a type of a repeated
transmission of uplink data is a first transmission type or a second transmission type. The first
transmission type is repeatly transmitted uplink data according to a plurality of slots, and the
second transmission type is repeatly transmitted uplink data according to a plurality of
mini-slots in one slot.

The second transmission module 172 is configured to repeatedly transmit the uplink data
according to the determined type of the repeated transmission of the uplink data.

In some embodiments, a step of indicating a type of repeatly transmitted uplink data to be the
first transmission type or the second transmission type may include a step described below.

An indication is performed through higher-layer RRC signaling or physical layer DCI signaling.
In some embodiments, the step of indicating the type of repeatly transmitted uplink data to be
the first transmission type or the second transmission type may include a step described below.

The first transmission type and the second transmission type are distinguished according to a
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DMRS sequence+an OCC or a DMRS sequence+a CS index.

In some embodiments, the step of indicating the type of repeatly transmitted uplink data to be
the first transmission type or the second transmission type may include a step described below.
The first transmission type and the second transmission type are distinguished according to
different radio network temporary identifiers (RNTIs).

Currently, Release 15 (R15), a first phase of 5G, has introduced slot-based aggregation
according to dynamic scheduling and grant-free slot-based repetitions. Specifically, it means
that a terminal repeatedly sends a TB by use of a plurality of slots, and the TB is allocated with
same time domain resources on each slot. To support the enhancement of aggregation
transmissions according to dynamic scheduling and uplink grant-free repeated transmissions in
aspects of latency and reliability, Release 16 (R16), a second phase of 5G, needs to introduce
mini-slot based aggregation or repetitions. For example, the terminal repeatedly sends the TB on
multiple mini-slots consecutive in time domain within one slot, and each mini-slot has a same
time domain duration. In this application, a transmission solution of repeated sending of the TB
according to multiple slots is referred to as the first transmission type, and a transmission
solution of aggregation and repeated sending of the TB according to multiple mini-slots in one
slot is referred to as the second transmission type.

According to a time domain notification manner in 5G R15, it is assumed that a number of
repetitions configured by a base station is K. The base station merely notifies a time domain
starting position and a time domain duration of a first TO. However, the terminal does not know
whether time domain positions of the remaining (K-1) TOs are configured on consecutive (K-1)
slots according to the first transmission type or configured on consecutive (K-1) mini-slots
according to the second transmission type. Therefore, regardless of DCI dynamic scheduling or
grant-free transmissions, the following solutions are provided to solve this problem:

Solution one: the indication is performed through the higher-layer RRC signaling or the
physical layer DCI signaling. 1 bit is introduced to indicate the first transmission type or the
second transmission type to the terminal. For example, 0 represents the first transmission type,
and 1 represents the second transmission type.

Solution two: they are distinguished according to the DMRS sequence + the OCC or the DMRS

sequence+the CS index. For example, for a certain terminal, a cyclic shift (CS) 1 of the DMRS
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sequence allocated by the base station to the terminal represents the first transmission type; a
CS6 (just different) of the DMRS sequence allocated by the base station to the terminal
represents the second transmission type.

Solution three: they are distinguished according to different radio-network temporary identifiers
(RNTIs). For example, for dynamically scheduled repeated transmissions of a PUSCH,
C-RNTI1 represents the first transmission type, and C-RNTI2 represents the second
transmission type. For grant-free repeated transmissions of the PUSCH, CS-RNTI1 represents
the first transmission type, and CS-RNTI2 represents the second transmission type.

Sixteenth embodiment

This embodiment further provides a network device. Referring to FIG. 18, the network device
includes a processor 181, a memory 182 and a communication bus 183.

The communication bus 183 is configured to implement connection and communication
between the processor 181 and the memory 182.

The processor 181 is configured to execute one or more computer programs stored in the
memory 182 to implement steps of the repeated transmission method in the above-mentioned
multiple embodiments, which are not repeated here.

This embodiment further provides a computer readable storage medium. The computer readable
storage medium includes volatile or nonvolatile, removable or non-removable media
implemented in any method or technology for storage of information (such as computer
readable instructions, data structures, computer program modules or other data). The computer
readable storage medium includes, but is not limited to, a random access memory (RAM), a
read-only memory (ROM), an electrically erasable programmable read only memory
(EEPROM), a flash memory, or other memory technologies, a compact disc read-only memory
(CD-ROM), a digital versatile disc (DVD) or another optical disc storage, a magnetic cassette, a
magnetic tape, disk storage or another magnetic storage apparatus, or any other medium used
for storing desired information and accessible by a computer.

The computer readable storage medium in this embodiment may be configured to store one or
more computer programs executable by a processor to implement at least one step of the
repeated transmission method in multiple embodiments described above.

This embodiment further provides a computer program (or computer software) which may be
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distributed on a computer readable medium and executed by a computing apparatus to
implement at least one step of the repeated transmission method in multiple embodiments
described above.

This embodiment further provides a computer program product including a computer readable
apparatus on which the computer program shown above is stored. The computer readable
apparatus in this embodiment may include the computer readable storage medium shown above.
It can be seen that those of ordinary skill in the art should understand that functional
modules/units in all or part of the steps of the method, the system and the apparatus disclosed
above may be implemented as software (which may be implemented by computer program
codes executable by a computing apparatus), firmware, hardware and appropriate combinations
thereof. In the hardware implementation, the division of the functional modules/units mentioned
above may not correspond to the division of physical components. For example, one physical
component may have multiple functions, or one function or step may be performed jointly by
several physical components. Some or all physical components may be implemented as
software executed by processors such as central processing units, digital signal processors or
microcontrollers, hardware, or integrated circuits such as application specific integrated circuits.
In addition, as is known to those of ordinary skill in the art, a communication medium generally
includes computer readable instructions, data structures, computer program modules or other
data in modulated data signals such as carriers or other transmission mechanisms, and may
include any information delivery medium. Therefore, the present disclosure is not limited to any

specific combination of hardware and software.
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What is claimed is:

1. A method of repeated transmission, comprising:

determining a plurality of transmission occasions (TOs), for uplink data to be repeatedly
transmitted; and

in response to at least one TO, among the plurality of TOs for the uplink data to be
repeatedly transmitted, being not conflicted with a transmission direction of a slot configuration,
repeatedly transmitting the uplink data on the at least one TO,

wherein if the transmission direction of the slot configuration indicates N consecutive
flexible (F) symbols, and an adjacent symbol before the N consecutive F symbols is a downlink
(D) symbol, the uplink data is repeatedly transmitted from a time domain symbol corresponding
to an M-th F symbol among the N consecutive F symbols, wherein M<N, and first (M-1) F

symbols among the N consecutive F symbols serve as a guard period.

2. The method of claim 1, wherein the repeatedly transmitting the uplink data on the at least one
TO comprises:

in response to the plurality of TOs being not conflicted with the transmission direction of
the slot configuration, transmitting the uplink data to be repeatedly transmitted from an earliest
TO in a time domain that does not conflict with the transmission direction of the slot

configuration.

3. The method of claim 1, wherein each of the F symbols comprises a symbol that is flexibly

configured in transmission direction.

4. The method of claim 1, wherein N is 1, 2 or 8.

5. The method of claim 1, wherein the slot configuration is obtained in at least one of following
manners:
detecting a slot format indicator field in downlink control information (DCI); or

detecting a slot format indication command configured via radio resource control (RRC).

6. The method of claim 1, wherein the repeatedly transmitting the uplink data on the at least one
TO comprises: if at least one time domain symbol in each of the at least one TO does not

conflict with the transmission direction of the slot configuration, performing rate matching on a
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non-conflicting time domain symbol in the each of the at least one TO.

7. The method of claim 1, wherein repeatedly transmitting the uplink data on the at least one TO
comprises:

detecting DCI to indicate a usage situation of the at least one TO.

8. The method of claim 1, wherein the repeatedly transmitting the uplink data on the at least one
TO further comprises at least one of:

not counting a TO in which a time domain symbol conflicts with the transmission direction
of the slot configuration into a number of repeated transmissions of the uplink data, and
continuing the repeated transmissions of the uplink data on a TO configured later;

repeatedly transmitting uplink data corresponding to a TO in which a time domain symbol
conflicts with the transmission direction of the slot configuration on a preconfigured redundant
TO; or

repeatedly transmitting the uplink data on a preconfigured TO which does not conflict with

the transmission direction of the slot configuration.

9. The method of claim 1, wherein the slot configuration comprises at least the D symbol, at

least one uplink (U) symbol, and at least the N consecutive F symbols.

10. A method for receiving repeated transmission, comprising:

determining a plurality of transmission occasions (TOs) for uplink data to be repeatedly
transmitted; and

in response to at least one TO, among the plurality of TOs for the uplink data to be
repeatedly transmitted, being not conflicted with a transmission direction of a slot configuration,
receiving repeatedly transmitted uplink data on the at least one TO,

wherein if the transmission direction of the slot configuration indicates N consecutive
flexible (F) symbols, and an adjacent symbol before the N consecutive F symbols is a downlink
(D) symbol, the uplink data is repeatedly transmitted from a time domain symbol corresponding
to an M-th F symbol among the N consecutive F symbols, wherein M<N, and first (M-1) F

symbols among the N consecutive F symbols serve as a guard period.

11. The method of claim 10, wherein each of the F symbols comprises a symbol that is flexibly

configured in transmission direction.
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12. The method of claim 10, wherein N is 1, 2 or 8.

13. The method of claim 10, wherein the slot configuration comprises at least the D symbol, at

least one uplink (U) symbol, and at least the N consecutive F symbols.

14. A device involving repeated transmission, comprising at least one processor configured to:

determine a plurality of transmission occasions (TOs), for uplink data to be repeatedly
transmitted; and

in response to at least one TO, among the plurality of TOs for the uplink data to be
repeatedly transmitted, being not conflicted with a transmission direction of a slot configuration,
repeatedly transmit the uplink data on the at least one TO,

wherein if the transmission direction of the slot configuration indicates N consecutive
flexible (F) symbols, and an adjacent symbol before the N consecutive F symbols is a downlink
(D) symbol, the uplink data is repeatedly transmitted from a time domain symbol corresponding
to an M-th F symbol among the N consecutive F symbols, wherein M<N, and first (M-1) F

symbols among the N consecutive F symbols serve as a guard period.

15. A device involving repeated transmission, comprising at least one processor configured to:

determine a plurality of transmission occasions (TOs) for uplink data to be repeatedly
transmitted; and

in response to at least one TO, among the plurality of TOs for the uplink data to be
repeatedly transmitted, being not conflicted with a transmission direction of a slot configuration,
receive repeatedly transmitted uplink data on the at least one TO,

wherein if the transmission direction of the slot configuration indicates N consecutive
flexible (F) symbols, and an adjacent symbol before the N consecutive F symbols is a downlink
(D) symbol, the uplink data is repeatedly transmitted from a time domain symbol corresponding
to an M-th F symbol among the N consecutive F symbols, wherein M<N, and first (M-1) F

symbols among the N consecutive F symbols serve as a guard period.
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