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(57) Abstract: Embodiments of the present disclosure relate to Hybrid Automatic Repeat Request (HARQ) feedback. In example
embodiments, the method comprises selecting, at a network device, a retransmission feedback mode from a first feedback mode and a
second feedback mode, the first feedback mode being used for a transmission block (TB) -level feedback for a terminal device, and the
second feedback mode being used for a combination of TB-level and code block group (CBG) -level feedback for the terminal device;
generating control information at least in part based on the retransmission feedback mode; and transmitting the control information to
the terminal device. In this way, overhead of retransmission feedback will be reduced and flexibility of the retransmission feedback
can be improved.
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RETRANSMISSION FEEDBACK CONTROL

FIELD

[0001] Embodiments of the present disclosure generally relate to the field of
teleccommunication and, in particular, to devices, methods, apparatuses and computer

readable storage media for controlling retransmission feedback.

BACKGROUND

[0002] Wireless communications networks are widely deployed to provide various
communication services. These wireless telecommunication networks may include one or
more user equipments (UEs) and one or more base stations (BSs). In a new radio (NR)
network, the UE can transmit one or more data subframes to the BS over an unlicensed
spectrum. The UE may autonomously initiate retransmission for a HARQ process that
was initially transmitted via a configured grant (CG) mechanism for NR-unlicensed
spectrum when it receives NACK feedback via downlink control information, for example

Downlink Feedback Information (DFI), for the corresponding HARQ process.

[0003] In CG mechanism, UE is configured with a persistent or semi-persistent (PUSCH)
resource allocation as well as other necessary transmission parameters. The resource
allocation may be periodic. The UE may transmit on the configured grant PUSCH resource
only when it has data to transmit and, in some cases, only if UE does not have any
scheduled physical uplink control channel PUSCH resource available. The gNB blindly
detect the presence of configured grant PUSCH transmission on the configured resources.
One of the benefits of configured grant mechanism is reduced latency. There are also

other similar mechanisms, e.g. autonomous uplink transmission in LTE.

[0004] In order to improve efficiency and reduce latency in the NR network, a concept
called Code Block Groups (CBGs) based transmission is introduced which will essentially
divide the large transport block (TB) into smaller groups. As each group contains at least
one code block (CB), the group is referred as code block group (CBG). Currently, the DFI
could provide CBG level feedback indication while UE can retransmit the failed CBGs
based on received DFI. However, such a feedback mechanism may introduce unnecessary

overhead and is not flexible enough.
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SUMMARY

[0005] Generally, embodiments of the present disclosure relate to a method for controlling

retransmission feedback and the corresponding communication devices.

[0006] In a first aspect, there is provided a method for communication. The method
comprises selecting, at a network device, a retransmission feedback mode from a first
feedback mode and a second feedback mode, the first feedback mode being used for a
TB-level feedback for a terminal device, and the second feedback mode being used for a
combination of TB-level and CBG-level feedback for the terminal device. The method
also comprises generating control information at least in part based on the retransmission
feedback mode. The method further comprises transmitting the control information to the

terminal device.

[0007] In a second aspect, embodiments of the disclosure provide a method for
communication. = The method comprises receiving, at a terminal device, control
information from a network device, a control information indicating a retransmission
feedback mode selected from a first feedback mode and a second feedback mode, the first
feedback mode being used for a TB-level feedback from the terminal device, and the
second feedback mode being used for a combination of TB-level and CBG-level feedback
from the terminal device. The method also comprises performing retransmission based on

the control information.

[0008] In a third aspect, embodiments of the disclosure provide a device. The device
comprises at least one processor; and at least one memory including computer program
codes; the at least one memory and the computer program codes are configured to, with the
at least one processor, cause the device to select, at a network device, a retransmission
feedback mode from a first feedback mode and a second feedback mode, the first feedback
mode being used for a TB-level feedback for a terminal device, and the second feedback
mode being used for a combination of TB-level and CBG-level feedback for the terminal
device. The device is also caused to generate control information at least in part based on
the retransmission feedback mode. The device is further caused to transmit the control

information to the terminal device.

[0009] In a fourth aspect, embodiments of the disclosure provide a device. The device

comprises at least one processor; and at least one memory including computer program
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codes; the at least one memory and the computer program codes are configured to, with the
at least one processor, cause the device to receive, at a terminal device, control information
from a network device, a control information indicating a retransmission feedback mode
selected from a first feedback mode and a second feedback mode, the first feedback mode
being used for a TB-level feedback for the terminal device, and the second feedback mode
being used for a combination of TB-level and CBG-level feedback for the terminal device.

The device is also caused to perform retransmission based on the control information.

[0010] In a fifth aspect, embodiments of the disclosure provide an apparatus for
communication. The apparatus comprises means for selecting, at a network device, a
retransmission feedback mode from a first feedback mode and a second feedback mode, the
first feedback mode being used for a TB-level feedback for a terminal device, and the
second feedback mode being used for a combination of TB-level and CBG-level feedback
for the terminal device. The apparatus further comprises means for generating control
information at least in part based on the retransmission feedback mode. The apparatus

also comprises means for transmitting the control information to the terminal device.

[0011] In a sixth aspect, embodiments of the disclosure provide an apparatus for
communication. The apparatus comprises means for receiving, at a terminal device,
control information from a network device, a control information indicating a
retransmission feedback mode selected from a first feedback mode and a second feedback
mode, the first feedback mode being used for a TB-level feedback from the terminal device,
and the second feedback mode being used for a combination of TB-level and CBG-level
feedback from the terminal device. The apparatus also comprises means for performing

retransmission based on the control information.

[0012] In a seventh aspect, embodiments of the disclosure provide a computer readable
storage medium. The computer readable storage medium comprises program instructions
stored thereon, the instructions, when executed by a processor of a device, causing the

device to perform the method according to the first aspect or the second aspect.

[0013] Other features and advantages of the embodiments of the present disclosure will
also be apparent from the following description of specific embodiments when read in
conjunction with the accompanying drawings, which illustrate, by way of example, the

principles of embodiments of the disclosure.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Embodiments of the disclosure are presented in the sense of examples and their
advantages are explained in greater detail below, with reference to the accompanying

drawings, where

[0015] Fig. 1 illustrates a schematic diagram of a communication system according to

embodiments of the present disclosure;
[0016] Fig. 2 illustrates a block diagram of a codebook for HARQ feedback;

[0017] Fig. 3 illustrates a schematic diagram of interactions among devices according to

embodiments of the present disclosure;

[0018] Fig. 4 illustrates a flowchart of a method implemented at a device according to

embodiments of the present disclosure;

[0019] Fig. 5 illustrates a block diagram of an example bitmap for HARQ feedback

according to embodiments of the present disclosure;

[0020] Fig. 6 illustrates a block diagram of an example bitmap for HARQ feedback

according to embodiments of the present disclosure;

[0021] Fig. 7 illustrates a block diagram of an example codebook for HARQ feedback

according to embodiments of the present disclosure;

[0022] Fig. 8 illustrates a block diagram of an example bitmap for HARQ feedback

according to embodiments of the present disclosure;

[0023] Fig. 9 illustrates a block diagram of an example codebook for HARQ feedback

according to embodiments of the present disclosure;

[0024] Fig. 10 illustrates a flowchart of a method implemented at a device according to

embodiments of the present disclosure;

[0025] Fig. 11 illustrates a schematic diagram of a device according to embodiments of

the present disclosure; and

[0026] Fig. 12 shows a block diagram of an example computer readable medium in

accordance with some embodiments of the present disclosure,

[0027] Throughout the figures, same or similar reference numbers indicate same or

similar elements.
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DETAILED DESCRIPTION

[0028] The subject matter described hercin will now be discussed with reference to
several example embodiments. It should be understood these embodiments are discussed
only for the purpose of enabling those skilled persons in the art to better understand and
thus implement the subject matter described herein, rather than suggesting any limitations

on the scope of the subject matter.

[0029] The terminology used herein is for the purpose of describing particular
embodiments only and is not intended to be limiting of example embodiments. As used

(13

herein, the singular forms “a,” “an” and “the” are intended to include the plural forms as

well, unless the context clearly indicates otherwise. It will be further understood that the

b1 AN 194

terms “comprises,” “comprising,” “includes” and/or “including,” when used herein, specify
the presence of stated features, integers, steps, operations, elements and/or components, but
do not preclude the presence or addition of one or more other features, integers, steps,

operations, elements, components and/or groups thereof.

[0030] It should also be noted that in some alternative implementations, the functions/acts
noted may occur out of the order noted in the figures. For example, two functions or acts
shown in succession may in fact be executed concurrently or may sometimes be executed in

the reverse order, depending upon the functionality/acts involved.

[0031] As used herein, the term “communication network™ refers to a network following
any suitable communication standards, such as Long Term Evolution (LTE),
LTE-Advanced (LTE-A), Wideband Code Division Multiple Access (WCDMA),
High-Speed Packet Access (HSPA), and so on.  Furthermore, the communications between
a terminal device and a network device in the communication network may be performed
according to any suitable generation communication protocols, including, but not limited to,
the first generation (1G), the second generation (2G), 2.5G, 2.75G, the third generation
(3G), the fourth generation (4G), 4.5G, the future fifth generation (5G) communication
protocols, and/or any other protocols either currently known or to be developed in the

future.

[0032] Embodiments of the present disclosure may be applied in various communication
systems. Given the rapid development in communications, there will of course also be
future type communication technologies and systems with which the present disclosure

may be embodied. It should not be seen as limiting the scope of the present disclosure to
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only the aforementioned system. For the purpose of illustrations, embodiments of the

present disclosure will be described with reference to 5G communication system.

[0033] The term “network device” used herein includes, but not limited to, a base station
(BS), a gateway, a registration management entity, and other suitable device in a
communication system. The term “base station” or “BS” represents a node B (NodeB or
NB), an evolved NodeB (eNodeB or eNB), a NR NB (also referred to as a gNB), a Remote
Radio Unit (RRU), a radio header (RH), a remote radio head (RRH), a relay, a low power

node such as a femto, a pico, and so forth.

[0034] The term “terminal device” used herein includes, but not limited to, “user
equipment (UE)” and other suitable end device capable of communicating with the network
device. By way of example, the “terminal device” may refer to a terminal, a Mobile
Terminal (MT), a Subscriber Station (SS), a Portable Subscriber Station, a Mobile Station
(MS), or an Access Terminal (AT).

[0035] The term “circuitry” used herein may refer to one or more or all of the following:

[0036] (a) hardware-only circuit implementations (such as implementations in only analog

and/or digital circuitry) and

[0037] (b) combinations of hardware circuits and software, such as (as applicable):
[0038] (1) a combination of analog and/or digital hardware circuit(s) with

[0039] software/firmware and

[0040] (ii) any portions of hardware processor(s) with software (including digital signal
processor(s)), software, and memory(ies) that work together to cause an apparatus, such as

a mobile phone or server, to perform various functions) and

[0041] (c) hardware circuit(s) and or processor(s), such as a microprocessor(s) or a portion
of a microprocessor(s), that requires software (e.g., firmware) for operation, but the

software may not be present when it is not needed for operation.”

[0042] This definition of circuitry applies to all uses of this term in this application,
including in any claims. As a further example, as used in this application, the term circuitry
also covers an implementation of merely a hardware circuit or processor (or multiple
processors) or portion of a hardware circuit or processor and its (or their) accompanying
software and/or firmware. The term circuitry also covers, for example and if applicable to

the particular claim element, a baseband integrated circuit or processor integrated circuit for
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a mobile device or a similar integrated circuit in server, a cellular network device, or other

computing or network device.

[0043] Fig. 1 shows an example communication network 100 in which embodiments of
the present disclosure can be implemented. The network 100 includes a network device
110 and terminal devices 120-1 and 120-2 (hereinafter collectively referred to as terminal
devices 120 or individually referred to as a terminal device 120) served by the network
device 110. The serving area of the network device 110 is called as a cell 102. It is to be
understood that the number of network devices and terminal devices is only for the purpose
of illustration without suggesting any limitations. The network 100 may include any
suitable number of network devices and terminal devices adapted for implementing
embodiments of the present disclosure. Although not shown, it would be appreciated that

one or more terminal devices may be in the cell 102 and served by the network device 110.

[0044] The communications in the network 100 may conform to any suitable standards
including, but not limited to, Long Term Evolution (LTE), LTE-Evolution, LTE-Advanced
(LTE-A), Wideband Code Division Multiple Access (WCDMA), Code Division Multiple
Access (CDMA) and Global System for Mobile Communications (GSM) and the like.
Furthermore, the communications may be performed according to any generation
communication protocols either currently known or to be developed in the future.
Examples of the communication protocols include, but not limited to, the first generation
(1G), the second generation (2G), 2.5G, 2.75G, the third generation (3G), the fourth

generation (4G), 4.5G, the fifth generation (5G) communication protocols.

[0045] Typically, in order to bring in more efficiency and reduce latency in NR network,
the terminal device may transmit data via uplink channel, such as PUSCH, in form of
CBGs to the network device over unlicensed spectrum. These CBGs will be decoded by
the network device and the network device will send HARQ feedback for each of the

individual groups.

[0046] The advantage of this approach is that since NR will be supporting huge Transport
Block Sizes (TBS) and the scheduler usually works with a 10% BLER target, so this means
that if the terminal device transmits a huge TBS data, around 10% of this data will be
retransmitted. Unlike LTE, the entire TB does not need be retransmitted if the
transmission gets NACK. Instead only those CBGs which the network device 110 failed

to successfully decode are retransmitted.
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[0047] To enable CBG based retransmissions in configured grant resources, the HARQ
feedback in the configured grant-Downlink feedback information (CG-DFI) will need to be
updated to include the CBG feedback information. In further enhanced Licensed Assisted
Access (feLAA), a codebook in DFI is adopted for indicating TB-level ACK/NACK (A/N)
for all HARQ processes, where the codebook size is scaled with the number of HARQ
processes. Due to unreliable LBT, making a codebook design based on the deterministic
timing relation between the CG-PUSCH and HARQ feedback challenging, it can be
expected the same codebook design principle will also be used in NR-U. That means
HARQ feedback for all HARQ processes can be expected in NR CG-DFI. However,
including CBG-level feedback for all HARQ processes may make the expected control
information payload size very large in some cases making it difficult to include all feedback
in one DCI.  For example, when a terminal device is configured with 8 HARQ processes
and 8 CBGs per TB for configured grant, it would lead to a codebook with 64 bits in
CG-DFI. Therefore, in current NR DCI format 0 0 and format O 1, there are not
sufficiently large payload to accommodate CBG-level HARQ feedback for all HARQ

Processes.

[0048] Conventionally, in a HARQ feedback procedure, one possible solution for
CGB-level HARQ feedback is splitting the information across multiple DCIs. That means,
the CBG-based feedback payload for all HARQ processes is divided into multiple parts and
then encased into multiple DCIs. However, such solution does not solve the issue of high

feedback overhead in CG-DFI or try to compress the CG-DFI overhead.

[0049] Another possible solution for HARQ feedback is using a hybrid codebook. In
this solution, the network device 110 can provide a combination of TB-level feedback and
CBG-level feedback in a codebook. Fig.2 illustrates a block diagram of codebook 200 for
HARQ feedback. In order to indicate whether TB-level A/N or CBG-level A/N is adopted
for each HARQ process, a bitmap can be included in CG-DFI. Further, to simplify DFI
blind decoding on terminal device side, the DFI payload should have a predetermined,
semi-static size. In this possible solution, the DFI may contain bits for CBG feedback for
a predetermined number of HARQ processes, e.g. for 3 HARQ processes, as shown in Fig.
2. However, as the actually needed number of HARQ feedback bits varies dynamically,
this potential solution may cause useless extra overhead in case that only some HARQ
processes have pending HARQ feedback and those processes are correctly decoded at the

network device. On other hand, occasionally there may be need to provide CBG based
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HARQ feedback for more than (the exemplary) 3 HARQ processes. In these situations,
this possible solution suffers from the limited capability to provide CBG feedback.

[0050] In order to address at least some of the above problems and other potential
problems, according to embodiments of the present disclosure, there is proposed a solution
for retransmission feedback. In this solution, the network device 110 can select a
retransmission feedback mode from a first feedback mode and a second feedback mode.
In the first feedback mode, the network device 110 only needs to perform TB-level
feedback and in the second feedback mode, the network device 110 can perform a
combination of TB-level and CBG-level feedback. As such, the network device 110 can
transmit CBG-level HARQ feedback on-demand. As all code blocks (CBs) are decoded
correctly is the most common scenario, the HARQ feedback overhead can be reduced
dramatically by avoiding always using a large payload size DFI to carry both TB-level and
CBGe-level feedback.

[0051] Principle and implementations of the present disclosure will be described in detail
below with reference to Fig. 3, which illustrates a schematic diagram of interactions 300 in
accordance with embodiments of the present disclosure. The interactions 300 may be
implemented at any suitable devices. Only for the purpose of illustrations, the interactions
300 are described to be implemented at the terminal device 120 and the network device
110.

[0052] The network device 110 selects 310 a retransmission feedback mode by
considering the requirement for the CBG-level HARQ feedback. The network device 110
can select a first feedback mode which is used for a TB-level feedback. In the first
feedback mode, the network device 110 can transmit the retransmission feedback mode in
one transmission of control information, for example, with one DCI. In some
embodiments, the control information may be CG-DFI or other suitable type of downlink
information.

[0053] The network device 110 can also select a second feedback mode which is used for
a combination of a TB-level and CBG-level feedback. In the second mode, the network
device 110 can transmit the feedback information with two DCIs, such as, a first CG-DFI
and a second CG-DFI, a third CG-DFI and a fourth CG-DFI. The first CG-DFI/ third
CG-DFI can be used to indicate the HARQ feedback codebook structure in the second
CG-DFJ/fourth DCI.

[0054] After sclecting the retransmission feedback mode, the network device 110
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generates 320 control information. If there is no CBG-level HARQ feedback, the network
device 110 generates a bitmap in one CG-DFI to indicate the TB-level HARQ feedback.
Otherwise, the network device 110 generates a bitmap in the first CG-DFI/third CG-DFI
and a codebook in the second CG-DFI/fourth CG-DFI.

[0055] The network device 110 transmits 330 the generated control information to the
terminal device 120. In some embodiments, the control information can be transmitted on
Physical Downlink Control Channel (PDCCH.)

[0056] The terminal device 120 receives 330 the control information. In some
embodiments, the terminal device 120 performs a blind-decode procedure. The terminal
device 120 extracts the control information and obtains retransmission feedback mode.
The terminal device 120 may perform 340 retransmission based on the control information.
[0057] In some embodiments, if the network device 110 receives a PUSCH transmission
from the terminal device 120, the network device 110 may inform the terminal device 120
of the retransmission feedback mode. As such the terminal device 120 may perform
retransmission based on the retransmission feedback mode.

[0058] Operations at the network device 110 will be discussed by referring Fig. 4 to Fig. 9
as below.

[0059] Fig. 4 illustrates a flow chart of a method 400 in accordance with embodiments of
the present disclosure. The method 400 may be implemented at any suitable devices.
Only for the purpose of illustrations, the method 400 is described to be implemented at the
network device 110.

[0060] At block 410, the network device 110 selects a retransmission feedback mode from
a first feedback mode and a second feedback mode. The first feedback mode can be used
for a TB-level feedback for the terminal device 120, and the second feedback mode can be
used for a combination of TB-level and CBG-level feedback from the terminal device 120.
[0061] In some embodiments, the network device 110 selects a retransmission feedback
mode based on a status of the network, a predefined rule between network device 110 and
the terminal device 120, or the results of decoding, and so on.

[0062] At block 420, the network device 110 generates control information based on the
sclected retransmission feedback mode. The control information may be generated in a
variety of ways.

[0063] In some embodiments, the network device 110 may select the first feedback mode
to perform TB-level feedback only. In this case, the network device 110 generates the

control information comprising a first bitmap for HARQ processes between the network

10
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device 110 and the terminal device 120. In some embodiments, the first bitmap comprises
an indication of a TB-level ACK or a TB-level NACK for the HARQ process. That is, the
network device 110 only needs to transmit one DCI. The first bitmap for HARQ
processes may be comprised in this DCI.  An example of a structure of such DCI will be
discussed with respect to Fig. 5.

[0064] It should be noted that, in some embodiments, the first bitmap may comprise
indications of a TB-level ACK or a TB-level NACK for part of the HARQ processes or all
HARQ processes.

[0065] By this way, the first DCI could reuse NR DCI format 0 0, which has small
payload size. As the first DCI is more important, the network device 110 could use a high
aggregation level to transmit the first DCI. Due to small payload size, it will not increase
the PDCCH capacity too much. Therefore, overhead of retransmission feedback will be
reduced.

[0066] Alternatively, in some embodiments, the network device 110 may select the second
feedback mode to perform a combination of TB-level and CBG-level feedback. In this
case, the network device may use two DCIs for the second feedback mode.

[0067] In some embodiments, if the network device 110 selects the second feedback mode
as the retransmission feedback mode, the network device 110 generates the control
information comprising a second bitmap and a first feedback codebook. The second
bitmap indicates feedback levels for the HARQ processes and the first feedback codebook
comprises a plurality of portions corresponding to the HARQ processes, and a size of each
portion is associated to the respective feedback level for the HARQ process.

[0068] In some embodiments, the second bitmap can be transmitted in the first DCI and
the first feedback codebook can be transmitted in the second DCI. In some embodiments,
the first DCI can comprise a first indication for presence of the first feedback codebook.
Upon receipt of the first indication, the terminal device 120 may detect the first feedback
codebook based on the first indication.

[0069] Alternatively or in addition, in some embodiments, the network device 110 may
not transmit the first indication. In this case, the terminal device 120 performs the
blind-decode procedure by detecting search space on the control information comprising
one or more DCIs. Based on the number of the detected DCI(s), and other optional
assistant information (such as, format of the DCI(s), search space of the DCI(s) or one or
more indications, e.g., an indication for the first feedback mode, an indication for the

presence of a first feedback codebook, an indication for the presence of a second feedback
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codebook, or indication that a third DCI comprises a third bitmap), the terminal device 120
may determine the retransmission feedback mode.

[0070] By this way, when CBG-level feedback is needed, it can be transmitted with a DCI
format supporting sufficiently large payload (e.g., NR DCI format O_1). There is no need
to overly compress CBG-level feedback as it is not regularly transmitted, but only when
actually needed.

[0071] Detailed structures of the first DCI and the second DCI will be discussed with
reference to Figs. 6 and 7.

[0072] Alternatively, in some embodiments, if the network device 110 selects the second
feedback mode as the retransmission feedback mode, the network device 110 generates a
third bitmap and a second feedback codebook. The third bitmap may comprise an
indication of a TB-level ACK or an indication for retransmission for a corresponding
HARQ process. The second feedback codebook comprises a fourth bitmap indicating a
feedback level of a first HARQ process corresponding to the indication for retransmission.
[0073] In some embodiments, if the feedback level of said first HARQ process indicated
by the fourth bitmap is the CBG-level, the second feedback codebook may further comprise
a fifth bitmap corresponding to the first HARQ process. The fifth bitmap comprises an
indication of a CBG-level ACK or a CBG-level NACK for the first HARQ process.

[0074] In some embodiments, the third bitmap is transmitted in third DCI and the second
feedback codebook is transmitted in fourth DCI.

[0075] By this way, when CBG-level feedback is needed, it can be transmitted with a DCI
format supporting sufficiently large payload (e.g., NR DCI format 0 1). There is no need
to over-compress CBG-level feedback as it is not regularly transmitted, but only when
actually needed.

[0076] Detailed structures of the third DCI and the fourth DCI will be discussed with
reference to Figs. 8 and 9.

[0077] At block 430, the network device 110 transmits the control information to the
terminal device 120.

[0078] In some embodiments, the network device 110 transmits the second bitmap in first
DCI and transmits the first feedback codebook in second DCI.

[0079] In some embodiments, the network device 110 transmits the third bitmap in third
DCI and transmits the second feedback codebook in fourth DCI.

[0080] In some embodiments, third DCI further comprises at least one of: a second

indication for presence of the second feedback codebook, and a third indication that the
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third DCI comprises the third bitmap.

[0081] In this way, by avoiding always using large size payload, the overhead for the
retransmission feedback will be reduced. Further, the current DCI format can be reused.
[0082] As mentioned above, the network device 110 may select the first feedback mode to
perform retransmission feedback and generate one DCI comprising a first bitmap.
Referring to Fig.5, the structure of the DCI for the first retransmission feedback mode will
be discussed as below.

[0083] Fig. 5 illustrates a block diagram of a bitmap 500 for HARQ feedback. If only
TB-level A/N feedback is needed for all HARQ processes, the network device 110 shall
only transmit one DCI, such as, CG-DFI, as shown in Fig. 5. In addition, except the first
bitmap, the DCI can also comprise other control information for configured grant PUSCH
operation, e.g., CIF; transmit power control command, etc. This DCI could re-use NR
DCI format 0_0, which has small payload size. As the first CG-DFI is more important,
the network device 110 could use a high aggregation level to transmit the first DFI. Due
to low payload size, it will not increase the PDCCH capacity too much.

[0084] Bitmap 500 illustrates a bitmap of “00011111” and each bit in the bitmap indicates
the ACK (‘17) or NACK (‘0’) information for corresponding HARQ process. It should be
noted that the number of the HARQ processes and the values of the HARQ FEEDBACK
(TB-LEVEL) shown with respect to Fig. 5 are only for purpose if illustrations, rather than
limitations. The number of the HARQ processes can be any suitable number and the
values of the HARQ FEEDBACK can be any suitable value. It should also be noted that
although one HARQ process corresponds to one bit as shown in Fig. 5, in other implements,
one HARQ process can correspond to a plurality of bits. It should be noted that the HARQ
processes can be ordered in the bitmap in various ways, e.g. according to the increasing or
decreasing order of HARQ process number. However, the ordering is predefined to ensure
correct interpretation of bitmap both at network device and terminal device.

[0085] As mentioned above, the network device 110 can perform retransmission feedback
in the second feedback mode. The network device 110 generates first DCI comprising a
second bitmap and a second DCI comprising a first feedback codebook. Referring to
Fig.6 and Fig. 7, detailed structures of the first DCI and the second DCI are discussed as
below. Fig. 6 illustrates a block diagram of a bitmap 600 for HARQ feedback. Fig. 7
illustrates a block diagram of a codebook 700 for HARQ feedback. It should be noted that
the number of the HARQ processes, the values of the HARQ FEEDBACK and the values
of ACK/RE-TX shown with respect to Fig. 6 and Fig. 7 are only for purpose if illustrations,
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rather than limitations. The number of the HARQ processes can be any suitable number
and the values of the HARQ FEEDBACK and the values of TB/CBG can be any suitable
value.

[0086] If the network device 110 contains both TB-level and CBG-level feedback for the
terminal device 120 with configured UL grant transmission, a first DCI and a second DCI
(e.g., the first and the second CG-DFI) will be used to indicate HARQ A/N feedback to the
terminal device 120. As shown in Fig. 6 and Fig. 7, the terminal device 120 has 8 HARQ
processes for UL transmission. Bitmap 600 illustrates a bitmap of “11010111” and each
bit in the bitmap indicates the TB-level (‘1’) or CBG-level (‘0’) information for
corresponding HARQ process. 8-bit bitmap in the first CG-DFI is used to indicate
TB-level A/N or CBG-level A/N is adopted for each HARQ process. Here, ‘1’ means
TB-level A/N will be provided to the HARQ process and ‘0’ means CBG-level A/N will be
provided to the HARQ process. Bitmap 600 illustrates that HARQ process #3 and HARQ
process #5 will provide CBG-level A/N feedback.

[0087] The first CG-DFI could re-use NR DCI format 0_0, which has small payload size.
In addition, the first CG-DFI can comprise an optional one-bit information to indicate the
presence of the second CG-DFI.

[0088] Codebook 700 is an example of the first feedback codebook comprised in the
second CG-DFI. The first feedback codebook of HARQ ACK feedback is determined by
the followings: the information of TB-level A/N or CBG-level A/N used for each HARQ
process, which is indicated in the first CG-DFI, and the number of CBGs for each HARQ
process. This information is indicated by the network device 110 via RRC signalling or
indicated by the terminal device 120 via CG-UCI.  As shown in Fig. 7, 14-bit codebook of
“00011101110111” 1n the second CG-DFI is used to indicate HARQ A/N feedback for
different HARQ processes. As HARQ process #3 and #5 have four CBGs in their TB,
4-bit information is used to indicate CBG-level A/N feedback for these two HARQ
processes.

[0089] The second CG-DFI could re-use NR DCI format 0 1, which has relative larger
payload size. In addition, the second CG-DFI can comprise an indication (such as, one-bit
flag) to indicate it is the second CG-DFI.

[0090] Alternatively, when the network device 110 can perform retransmission feedback
in the second feedback mode, the network device 110 can generate a third DCI comprising
a third bitmap and a fourth DCI comprising a second feedback codebook. Referring to
Fig.8 and Fig. 9, detailed structures of the third DCI and the fourth DCI are discussed as
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below. Fig. 8 illustrates a block diagram of a bitmap 800 for HARQ feedback. Fig. 9
illustrates a block diagram of a codebook 900 for HARQ feedback. It should be noted that
the number of the HARQ processes, the values of ACK/RE-TX and the values of
PRESENCE OF CBG BASED FEEDBACK and values of HARQ FEEDBACK shown
with respect to Fig. 8 and Fig. 9 are only for purpose if illustrations, rather than limitations.
The number of the HARQ processes can be any suitable number and the values of
ACK/RE-TX and the values of PRESENCE OF CBG BASED FEEDBACK and values of
HARQ FEEDBACK can be any suitable value.

[0091] The network device 110 contains both TB-level and CBG-level feedback for the
terminal device 120 with configured UL grant transmission and both the third DCI and the
fourth DCI (such as, the third and the fourth CG-DFI) are used to indicate HARQ A/N
feedback to the terminal device 120. As shown in Fig. 8 and Fig. 9, the terminal device
120 has 8 HARQ processes for UL transmission. Bitmap 800 illustrating a bitmap of
“10010111” is used to indicate TB-level ACK or a need for retransmission for each HARQ
process. Here, ‘1’ means TB-level ACK and ‘0’ means need for retransmission. In
addition, the third CG-DFI may comprise a second indication, for example, one bit, to
indicate the presence of the second DFI and an optional indication (e.g., one-bit flag) to
indicate that the third DCI comprise the third bitmap. Upon receipt of the second
indication, the terminal device 120 may detect the second feedback codebook based on the
second indication.

[0092] Alternatively or in addition, in some embodiments, the network device 110 may
not transmit the second indication. In this case, the terminal device 120 performs the
blind-decode procedure by detecting search space on the control information comprising
one or more DCIs.  This procedure is similar to the blind-decode procedure in absence of
the first indication, and thus details are omitted herein.

[0093] As shown in Fig. 9, the fourth CG-DFI contains first an 8-bit bitmap whether CBG
based feedback is contained in the DFI. The size of the bitmap may correspond to the
number of HARQ processes configured for CG-PUSCH operation or, alternatively, to the
number of HARQ processes for which the bitmap 800 indicated need for a retransmission.
As the third DFT indicated retransmissions for HARQ processes #2, #3 and #5, and the
fourth DFI contains CBG based feedback only for HARQ processes #3 and #5, the terminal
device 120 determines that TB based NACK is indicated for HARQ process #2. The
terminal device 120 determines the CBG based feedback for HARQ processes #3 and #5.
In this example, HARQ processes #3 and #5 have four CBGs. As a result, 16 bits are used
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to indicate CGB based feedback for HARQ process #3 and #5. The remaining bits of the
DFI (aligned e.g. with DCI 0-1 size) are padded with dummy bits.

[0094] In addition, the fourth CG-DFI can comprise an indication (such as, one-bit flag)
to indicate it is the fourth CG-DFI.

[0095] The third CG-DFI can reuse NR DCI format 0_0 and the fourth CG-DFI can reuse
NR DCI format 0_1.

[0096] In this way, the terminal device 120 can perform at least some of the
retransmissions even if it detects only one DFI. In case that the terminal device 120
detects only the third DFI, the terminal device 120 will interpret its content as TB-based
A/N. Further, in case that the terminal device 120 detects only the fourth DFI, the
terminal device 120 can perform retransmissions for HARQ processes for which it
contained the CBG based HARQ feedback.

[0097] Now details of operations of the terminal device 120 will be discussed with
reference to Fig. 10. Fig. 10 illustrates a flow chart of a method 1000 in accordance with
embodiments of the present disclosure. The method 1000 may be implemented at any
suitable devices. Only for the purpose of illustrations, the method 1000 is described to be

implemented at the terminal device 120.

[0098] At block 1010, the terminal device 120 receives control information from a
network device 110. The control information can indicate a retransmission feedback
mode selected from a first feedback mode and a second feedback mode. The first
feedback mode can be used for a TB-level feedback for the terminal device 120, and the
second feedback mode can be used for a combination of TB-level and CBG-level feedback

from the terminal device 120.

[0099] In some embodiments, the terminal device 120 determines whether the control
information comprises a first indication for presence of a first feedback codebook or a
second indication for presence of a second feedback codebook. If the terminal device 120
determines that the control information comprises neither the first indication nor the second
indication, the terminal device 120 extracts the first bitmap from the control information.
The first bitmap comprises an indication of a TB-level ACK or a TB-level NACK for the
HARQ process.

[00100] In some embodiments, if the terminal device 120 determines that the control
information comprises the first indication, the terminal device 120 extracts the second

bitmap and the first feedback codebook. The second bitmap indicates feedback levels the
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HARQ processes and the first feedback codebook comprises a plurality of portions
corresponding to the HARQ processes. The size of the portion is associated to the

respective feedback level for the HARQ process.

[00101] In some embodiments, the terminal device 120 receives the second bitmap in first
DCI and the first feedback codebook in second DCI on a downlink control channel. In an
example, the first DCI may comprise the first indication. Upon detection of the first
indication from the first DCI, the terminal device 120 may know that there is a first

feedback codebook in the second DCI.

[00102] In some embodiments, if the terminal device 120 determines that the control
information comprises the second indication, the terminal device 120 extracts the third
bitmap and the second feedback codebook. The third bitmap comprises an indication of a
TB-level ACK or an indication for retransmission for the HARQ process and the second
feedback codebook comprises the fourth bitmap indicating a feedback level of a first

HARQ process corresponding to the indication for retransmission.

[00103] In some embodiments, if the feedback level of the first HARQ process indicated
by the fourth bitmap is the CBG-level, the second feedback codebook further comprises the
fifth bitmap corresponding to the first HARQ process. The fifth bitmap may comprise an
indication of a CBG-level ACK or a CBG-level NACK for the first HARQ process.

[00104] In some embodiments, the terminal device 120 receives the third bitmap in third

DCT and the second feedback codebook in fourth DCI on a downlink control channel.

[00105] In some embodiments, the third DCI comprises at least one of: the second
indication for presence of the second feedback codebook, and the third indication that the

third DCI comprises the third bitmap.

[00106] At block 1020, the terminal device 120 performs retransmission based on the

control information.

[00107] In some embodiments, the terminal device 120 determines whether the fourth DCI
1s successfully received. If the fourth DCI is successfully received, the terminal device
120 performs retransmission at least in part based on the third bitmap and the fourth DCL.
If the fourth DCI is unsuccessfully received, the terminal device 120 performs

retransmission based on the third bitmap.

[00108] In some embodiments, if the terminal device 120 determines that the third DCI is
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unsuccessfully received and at least in part the fourth DCI is successfully received, the
terminal device 120 performs retransmission based on the fourth bitmap and fifth bitmap in

the fourth DCI.

[00109] In some embodiments, an apparatus for performing the method 400 (for example,
the network device 110) may comprise respective means for performing the corresponding
steps in the method 400. These means may be implemented in any suitable manners.

For example, it can be implemented by circuitry or software modules.

[00110] In some embodiments, the apparatus comprises means for selecting, at a network
device, a retransmission feedback mode from a first feedback mode and a second feedback
mode, the first feedback mode being used for a TB-level feedback for a terminal device,
and the second feedback mode being used for a combination of TB-level and CBG-level
feedback for the terminal device; means for generating control information at least in part
based on the retransmission feedback mode; and means for transmitting the control

information to the terminal device.

[00111] In some embodiments, the means for generating the control information comprises:
means for in response to the first feedback mode being selected as the retransmission
feedback mode, generating the control information comprising a first bitmap for HARQ
processes between the network device and the terminal device, the first bitmap comprising

an indication of a TB-level ACK or a TB-level NACK for the HARQ process.

[00112] In some embodiments, the means for generating the control information comprises:
means for in response to the second feedback mode being selected as the retransmission
feedback mode, generating the control information comprising: a second bitmap for HARQ
processes between the network device and the terminal device, the second bitmap
indicating feedback levels for the HARQ processes, and a first feedback codebook
comprising a plurality of portions corresponding to the HARQ processes, wherein a size of

each portion is associated to the respective feedback level for the HARQ process.

[00113] In some embodiments, the means for transmitting the control information to the
terminal device comprises: means for transmitting the second bitmap in first DCI and the

first feedback codebook in second DCI on a downlink control channel.

[00114] In some embodiments, the first DCI further comprises a first indication for

presence of the first feedback codebook.

[00115] In some embodiments, the means for generating control information comprises:
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means for in response to the second feedback mode being selected as the retransmission
feedback mode, generating the control information comprising: a third bitmap for HARQ
processes between the network device and the terminal device, the third bitmap comprising
an indication of a TB-level ACK or an indication for retransmission for the HARQ process,
and a second feedback codebook comprising a fourth bitmap indicating a feedback level of

a first HARQ process corresponding to the indication for retransmission.

[00116] In some embodiments, if the feedback level of the first HARQ process indicated
by the fourth bitmap is the CBG-level, the second feedback codebook further comprises: a
fifth bitmap corresponding to the first HARQ process, the fifth bitmap comprising an
indication of a CBG-level ACK or a CBG-level NACK for the first HARQ process.

[00117] In some embodiments, the means for transmitting the control information to the
terminal device comprises: means for transmitting the third bitmap in third DCI and the

second feedback codebook in fourth DCI on a downlink control channel.

[00118] In some embodiments, the third DCI further comprises at least one of: a second
indication for presence of the second feedback codebook, and a third indication that the

third DCI comprises the third bitmap.

[00119] In some embodiments, an apparatus for performing the method 1000 (for example,
the terminal device 120) may comprise respective means for performing the corresponding
steps in the method 1000. These means may be implemented in any suitable manners.

For example, it can be implemented by circuitry or software modules.

[00120] In some embodiments, the apparatus comprises means for receiving, at a terminal
device, control information from a network device, a control information indicating a
retransmission feedback mode selected from a first feedback mode and a second feedback
mode, the first feedback mode being used for a TB-level feedback from the terminal device,
and the second feedback mode being used for a combination of TB-level and CBG-level
feedback from the terminal device; and means for performing retransmission based on the

control information.

[00121] In some embodiments, the means for receiving the control information comprises
means for determining whether the control information comprises a first indication for
presence of a first feedback codebook or a second indication for presence of a second
feedback codebook; and means for in response to determining that the control information

comprises neither the first indication nor the second indication, extracting, from the control
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information, a first bitmap for HARQ processes between the network device and the
terminal device, the first bitmap comprising an indication of a TB-level ACK or a TB-level

NACK for the HARQ process.

[00122] In some embodiments, the apparatus further comprises means for in response to
determining that the control information comprises the first indication, extracting, from the
control information, a second bitmap for HARQ processes between the network device and
the terminal device, the second bitmap indicating feedback levels the HARQ processes, and
a first feedback codebook comprising a plurality of portions corresponding to the HARQ
processes, wherein a size of each portion is associated to the respective feedback level for

the HARQ process.

[00123] In some embodiments, the means for receiving the control information from the
network device comprises: means for receiving the second bitmap in first DCI and the first

feedback codebook in second DCI on a downlink control channel.
[00124] In some embodiments, the first DCI comprises the first indication.

[00125] In some embodiments, the apparatus further comprises means for in response to
determining that the control information comprises the second indication, extracting, from
the control information, a third bitmap for HARQ processes between the network device
and the terminal device, the third bitmap comprising an indication of a TB-level ACK or an
indication for retransmission for the HARQ process, and a second feedback codebook
comprising a fourth bitmap indicating a feedback level of a first HARQ process

corresponding to the indication for retransmission.

[00126] In some embodiments, if the feedback level of the first HARQ process indicated
by the fourth bitmap is the CBG-level, the second feedback codebook further comprises: a
fifth bitmap corresponding to the first HARQ process, the fifth bitmap comprising an
indication of a CBG-level ACK or a CBG-level NACK for the first HARQ process.

[00127] In some embodiments, the means for receiving the control information from the
network device comprises: means for receiving the third bitmap in third DCI and the

second feedback codebook in fourth DCI on a downlink control channel.

[00128] In some embodiments, the third DCI comprises at least one of: the second
indication for presence of the second feedback codebook, and a third indication that the

third DCI comprises the third bitmap.
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[00129] In some embodiments, the means for performing retransmission based on the
control information comprises: means for determining whether the fourth DCI is
successfully received; means for in response to determining that the fourth DCI is
successfully received, performing retransmission at least in part based on the third bit map
and the fourth DCI; and means for in response to determining that the fourth DCI is

unsuccessfully received, performing retransmission based on the third bitmap.

[00130] In some embodiments, the means for performing retransmission based on the
control information comprises: in response to determining that the third DCI is
unsuccessfully received and the fourth DCI is successfully received, performing

retransmission at least in part based on the fourth bitmap and fifth bitmap in the fourth DCI.

[00131] Fig. 11 is a simplified block diagram of a device 1100 that is suitable for
implementing embodiments of the present disclosure. The device 1100 may be
implemented at the network device 110. The device 1100 may also be implemented at the

terminal device 120.

[00132] As shown, the device 1100 includes one or more processors 1110, one or more
memories 1120 coupled to the processor(s) 1110, one or more transmitters and/or receivers

(TX/RX) 1140 coupled to the processor 1110.

[00133] The processor 1110 may be of any type suitable to the local technical network, and
may include one or more of general purpose computers, special purpose computers,
microprocessors, digital signal processors (DSPs) and processors based on multicore
processor architecture, as non-limiting examples. The device 1100 may have multiple
processors, such as an application specific integrated circuit chip that is slaved in time to a

clock which synchronizes the main processor.

[00134] The memory 1120 may be of any type suitable to the local technical network and
may be implemented using any suitable data storage technology, such as a non-transitory
computer readable storage medium, semiconductor based memory devices, magnetic
memory devices and systems, optical memory devices and systems, fixed memory and

removable memory, as non-limiting examples.

[00135] The memory 1120 stores at least a part of a program 1130. The device 1100 may
load the program 1130 from the computer readable medium to the RAM for execution.
The computer readable medium may include any types of tangible non-volatile storage,

such as ROM, EPROM, a flash memory, a hard disk, CD, DVD, and the like. Fig. 12
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shows an example of the computer readable medium 1200 in form of CD or DVD. The

computer readable medium has the program 1130 stored thereon.

[00136] The TX/RX 1140 is for bidirectional communications. The TX/RX 1140 has at
least one antenna to facilitate communication, though in practice an Access Node
mentioned in this application may have several ones. The communication interface may

represent any interface that is necessary for communication with other network elements.

[00137] The program 1130 is assumed to include program instructions that, when executed
by the associated processor 1110, enable the device 1100 to operate in accordance with the
embodiments of the present disclosure, as discussed herein with reference to Figs. 5 and 7.
That is, embodiments of the present disclosure can be implemented by computer software
executable by the processor 1110 of the device 1100, or by hardware, or by a combination

of software and hardware.

[00138] While this specification contains many specific implementation details, these
should not be construed as limitations on the scope of any disclosure or of what may be
claimed, but rather as descriptions of features that may be specific to particular
embodiments of particular disclosures. Certain features that are described in this
specification in the context of separate embodiments can also be implemented in
combination in a single embodiment. Conversely, various features that are described in
the context of a single embodiment can also be implemented in multiple embodiments
separately or in any suitable sub-combination. Moreover, although features may be
described above as acting in certain combinations and even initially claimed as such, one or
more features from a claimed combination can in some cases be excised from the
combination, and the claimed combination may be directed to a sub-combination or

variation of a sub-combination.

[00139] Similarly, while operations are depicted in the drawings in a particular order, this
should not be understood as requiring that such operations be performed in the particular
order shown or in sequential order, or that all illustrated operations be performed, to
achieve desirable results. In certain circumstances, multitasking and parallel processing
may be advantageous. Moreover, the separation of various system components in the
embodiments described above should not be understood as requiring such separation in all
embodiments, and it should be understood that the described program components and

systems can generally be integrated together in a single software product or packaged into
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multiple software products.

[00140] Various modifications, adaptations to the foregoing exemplary embodiments of
this disclosure may become apparent to those skilled in the relevant arts in view of the
foregoing description, when read in conjunction with the accompanying drawings. Any
and all modifications will still fall within the scope of the non-limiting and exemplary
embodiments of this disclosure. Furthermore, other embodiments of the disclosures set
forth herein will come to mind to one skilled in the art to which these embodiments of the
disclosure pertain having the benefit of the teachings presented in the foregoing

descriptions and the associated drawings.

[00141] Therefore, it is to be understood that the embodiments of the disclosure are not to
be limited to the specific embodiments disclosed and that modifications and other
embodiments are intended to be included within the scope of the appended claims.
Although specific terms are used herein, they are used in a generic and descriptive sense

only and not for purpose of limitation.
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WHAT IS CLAIMED IS:

1. A method comprising:

selecting, at a network device, a retransmission feedback mode from a first feedback
mode and a second feedback mode, the first feedback mode being used for a transmission
block (TB)-level feedback for a terminal device, and the second feedback mode being used
for a combination of TB-level and code block group (CBG)-level feedback for the terminal
device;

generating control information at least in part based on the retransmission feedback
mode; and

transmitting the control information to the terminal device.

2. The method of claim 1, wherein generating the control information comprises:

in response to the first feedback mode being selected as the retransmission feedback
mode, generating the control information comprising a first bitmap for Hybrid Automatic
Repeat Request (HARQ) processes between the network device and the terminal device, the
first bitmap comprising an indication of a TB-level ACK or a TB-level NACK for the
HARQ process.

3. The method of claim 1, wherein generating control information comprises:
in response to the second feedback mode being selected as the retransmission
feedback mode, generating the control information comprising:

a second bitmap for HARQ processes between the network device and the
terminal device, the second bitmap indicating feedback levels for the HARQ
processes, and

a first feedback codebook comprising a plurality of portions corresponding to
the HARQ processes, wherein a size of each portion is associated to the respective

feedback level for the HARQ process.

4.  The method of claim 3, wherein transmitting the control information to the
terminal device comprises:
transmitting the second bitmap in first downlink control information (DCI) and the

first feedback codebook in second DCI on a downlink control channel.
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5. The method of claim 4, wherein the first DCI further comprises a first

indication for presence of the first feedback codebook.

6.  The method of claim 1, wherein generating control information comprises:
in response to the second feedback mode being selected as the retransmission
feedback mode, generating the control information comprising:

a third bitmap for HARQ processes between the network device and the
terminal device, the third bitmap comprising an indication of a TB-level ACK or an
indication for retransmission for the HARQ process, and

a second feedback codebook comprising a fourth bitmap indicating a
feedback level of a first HARQ process corresponding to the indication for

retransmission.

7. The method of claim 6, wherein if the feedback level of the first HARQ
process indicated by the fourth bitmap is the CBG-level, the second feedback codebook
further comprises:

a fifth bitmap corresponding to the first HARQ process, the fifth bitmap comprising
an indication of a CBG-level ACK or a CBG-level NACK for the first HARQ process.

8. The method of claim 6, wherein transmitting the control information to the
terminal device comprises:
transmitting the third bitmap in third DCI and the second feedback codebook in

fourth DCI on a downlink control channel.

9. The method of claim 8, wherein the third DCI further comprises at least one
of:
a second indication for presence of the second feedback codebook, and

a third indication that the third DCI comprises the third bitmap.

10. A method comprising:
recelving, at a terminal device, control information from a network device, a control
information indicating a retransmission feedback mode selected from a first feedback mode

and a second feedback mode, the first feedback mode being used for a TB-level feedback

25



10

15

20

25

30

WO 2020/164128 PCT/CN2019/075260

for the terminal device, and the second feedback mode being used for a combination of
TB-level and CBG-level feedback for the terminal device; and

performing retransmission based on the control information.

11. The method of claim 10, wherein receiving the control information
comprising:

determining whether the control information comprises a first indication for
presence of a first feedback codebook or a second indication for presence of a second
feedback codebook; and

in response to determining that the control information comprises neither the first
indication nor the second indication, extracting, from the control information, a first bitmap
for HARQ processes between the network device and the terminal device, the first bitmap

comprising an indication of a TB-level ACK or a TB-level NACK for the HARQ process.

12. The method of claim 11, further comprising:
in response to determining that the control information comprises the first indication,
extracting, from the control information,

a second bitmap for HARQ processes between the network device and the
terminal device, the second bitmap indicating feedback levels the HARQ processes,
and

a first feedback codebook comprising a plurality of portions corresponding to
the HARQ processes, wherein a size of each portion is associated to the respective

feedback level for the HARQ process.

13. The method of claim 12, wherein receiving the control information from the
network device comprises:

receiving the second bitmap in first DCI and the first feedback codebook in second

DCI on a downlink control channel.

14. The method of claim 13, wherein the first DCI comprises the first indication.

15. The method of claim 11, further comprising:
in response to determining that the control information comprises the second

indication, extracting, from the control information,
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a third bitmap for HARQ processes between the network device and the
terminal device, the third bitmap comprising an indication of a TB-level ACK or an
indication for retransmission for the HARQ process, and

a second feedback codebook comprising a fourth bitmap indicating a
feedback level of a first HARQ process corresponding to the indication for

retransmission.

16. The method of claim 15, wherein if the feedback level of the first HARQ
process indicated by the fourth bitmap is the CBG-level, the second feedback codebook
further comprises:

a fifth bitmap corresponding to the first HARQ process, the fifth bitmap comprising
an indication of a CBG-level ACK or a CBG-level NACK for the first HARQ process.

17. The method of claim 15, wherein receiving the control information from the
network device comprises:
receiving the third bitmap in third DCI and the second feedback codebook in fourth

DCI on a downlink control channel.

18. The method of claim 17, wherein the third DCI comprises at least one of:
the second indication for presence of the second feedback codebook, and

a third indication that the third DCI comprises the third bitmap.

19. The method of claim 18, wherein the performing retransmission based on the
control information comprises:

determining whether the fourth DCI is successfully received;

in response to determining that the fourth DCI is successfully received, performing
retransmission at least in part based on the third bit map and the fourth DCI; and

in response to determining that the fourth DCI is unsuccessfully received,

performing retransmission based on the third bitmap.

20. The method of claim 17, wherein performing retransmission based on the
control information comprises:
in response to determining that the third DCI is unsuccessfully received and the

fourth DCI is successfully received, performing retransmission at least in part based on the
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fourth bitmap and the fifth bitmap in the fourth DCI.

21. Adevice, comprising:

at least one processor; and

at least one memory including computer program codes;

the at least one memory and the computer program codes are configured to, with the

at least one processor, cause the device to perform the method of any of claims 1-9.

22. Adevice, comprising:

at least one processor; and

at least one memory including computer program codes;

the at least one memory and the computer program codes are configured to, with the

at least one processor, cause the device to perform the method of any of claims 10-20.

23. A computer readable storage medium comprising program instructions stored
thereon, the instructions, when executed by a processor of a device, causing the device to

perform the method of any of claims 1-9.

24. A computer readable storage medium comprising program instructions stored
thereon, the instructions, when executed by a processor of a device, causing the device to

perform the method of any of claims 10-20.

25. An apparatus, comprising:

means for selecting, at a network device, a retransmission feedback mode from a
first feedback mode and a second feedback mode, the first feedback mode being used for a
transmission block (TB)-level feedback for a terminal device, and the second feedback
mode being used for a combination of TB-level and code block group (CBG)-level
feedback for the terminal device;

means for generating control information at least in part based on the retransmission
feedback mode; and

means for transmitting the control information to the terminal device.

26. An apparatus, comprising:

means for receiving, at a terminal device, control information from a network device,
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a control information indicating a retransmission feedback mode selected from a first
feedback mode and a second feedback mode, the first feedback mode being used for a
TB-level feedback for the terminal device, and the second feedback mode being used for a
combination of TB-level and CBG-level feedback for the terminal device; and

means for performing retransmission based on the control information.
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