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METHOD AND APPARATUS FOR HARQ-ACK CODEBOOK
DETERMINATION FOR MULTI-SLOT SCHEDULING

TECHNICAL FIELD

[0001] Embodiments of the present disclosure generally relate to wireless
communication technology, and more particularly to hybrid automatic repeat request

acknowledgement (HARQ-ACK) codebook determination.

BACKGROUND

[0002] Wireless communication systems are widely deployed to provide various
telecommunication services, such as telephony, video, data, messaging, broadcasts,
and so on. Wireless communication systems may employ multiple access
technologies capable of supporting communication with multiple users by sharing
available system resources (e.g., time, frequency, and power). Examples of wireless
communication systems may include fourth generation (4G) systems, such as long
term evolution (LTE) systems, LTE-advanced (LTE-A) systems, or LTE-A Pro
systems, and fifth generation (5G) systems which may also be referred to as new radio

(NR) systems.

[0003] In a wireless communication system, a user equipment (UE) may monitor a
physical downlink control channel (PDCCH) in one or more search spaces. The
PDCCH may carry downlink control information (DCI), which may schedule uplink
channels, such as a physical uplink shared channel (PUSCH), or downlink channels,
such as a physical downlink shared channel (PDSCH). A UE may transmit hybrid
automatic repeat request acknowledgement (HARQ-ACK) feedback (e.g., included in
a HARQ-ACK codebook) corresponding to PDSCH transmissions through a physical
uplink control channel (PUCCH) or a physical uplink shared channel (PUSCH).

[0004] There is a need for handling HARQ-ACK codebook determination in a

wireless communication system.
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SUMMARY

[0005] Some embodiments of the present disclosure provide a method for wireless
communication performed by a user equipment (UE). The method may include:
receiving a set of first downlink control information (DCI) formats for scheduling a
first group of physical downlink shared channels (PDSCHs), wherein each of the first
DCI formats schedules at least one PDSCH on a serving cell of the UE and indicates a
first downlink assignment indicator (DAI), and the first DAI indicates an
accumulative number of PDSCHs among the first group of PDSCHs; receiving a set
of second DCI formats for scheduling a second group of PDSCHs, wherein each of
the second DCI formats may schedule a maximum of one PDSCH on a serving cell of
the UE and indicates a second DAI, and the second DALI indicates an accumulative
number of physical downlink control channel (PDCCH) transmissions carrying the
second DCI formats; and transmitting a hybrid automatic repeat request
acknowledgement (HARQ-ACK) codebook including a first HARQ-ACK
sub-codebook for the first group of PDSCHs and a second HARQ-ACK
sub-codebook for the second group of PDSCHs.

[0006] Some embodiments of the present disclosure provide a method for wireless
communication performed by a user equipment (UE). The method may include:
receiving a set of first downlink control information (DCI) formats, wherein each of
the first DCI formats schedules at least one physical downlink shared channel
(PDSCH) on a serving cell of the UE; receiving a set of second DCI formats, wherein
each of the second DCI formats may schedule a maximum of one PDSCH on a
serving cell of the UE; and transmitting a HARQ-ACK codebook for PDSCHs
scheduled by the set of first DCI formats and the set of second DCI formats, wherein
each DCI format of the set of first DCI formats and the set of second DCI formats
indicates a downlink assignment indicator (DAI) indicating an accumulative number
of PDSCHs among the PDSCHs scheduled by the set of first DCI formats and the set

of second DCI formats.

[0007] Some embodiments of the present disclosure provide a method for wireless
communication performed by a base station (BS). The method may include:

transmitting a set of first downlink control information (DCI) formats for scheduling a
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first group of physical downlink shared channels (PDSCHs), wherein each of the first
DCI formats schedules at least one PDSCH on a cell and indicates a first downlink
assignment indicator (DAI), and the first DAI indicates an accumulative number of
PDSCHs among the first group of PDSCHs; transmitting a set of second DCI formats
for scheduling a second group of PDSCHs, wherein each of the second DCI formats
may schedule a maximum of one PDSCH on a cell and indicates a second DAI, and
the second DAI indicates an accumulative number of physical downlink control
channel (PDCCH) transmissions carrying the second DCI formats; and receiving a
HARQ-ACK codebook including a first HARQ-ACK sub-codebook for the first
group of PDSCHs and a second HARQ-ACK sub-codebook for the second group of
PDSCHs.

[0008] Some embodiments of the present disclosure provide a method for wireless
communication performed by a base station (BS). The method may include:
transmitting a set of first downlink control information (DCI) formats, wherein each
of the first DCI formats schedules at least one physical downlink shared channel
(PDSCH) on a cell; transmitting a set of second DCI formats, wherein each of the
second DCI formats may schedule a maximum of one PDSCH on a cell; and receiving
a HARQ-ACK codebook for PDSCHs scheduled by the set of first DCI formats and
the set of second DCI formats, wherein each DCI format of the set of first DCI
formats and the set of second DCI formats indicates a downlink assignment indicator
(DAD) indicating an accumulative number of PDSCHs among the PDSCHs scheduled
by the set of first DCI formats and the set of second DCI formats.

[0009] Some embodiments of the present disclosure provide a UE. According to
some embodiments of the present disclosure, the UE may include: a transceiver; and a
processor coupled to the transceiver, wherein the transceiver and the processor may
interact with each other so as to perform a method according to some embodiments of

the present disclosure.

[0010] Some embodiments of the present disclosure provide a BS. According to
some embodiments of the present disclosure, the BS may include: a transceiver; and a
processor coupled to the transceiver, wherein the transceiver and the processor may

interact with each other so as to perform a method according to some embodiments of
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the present disclosure.

[0011] Some embodiments of the present disclosure provide an apparatus.
According to some embodiments of the present disclosure, the apparatus may include:
at least one non-transitory computer-readable medium having stored thereon
computer-executable instructions; at least one receiving circuitry; at least one
transmitting circuitry; and at least one processor coupled to the at least one
non-transitory computer-readable medium, the at least one receiving circuitry and the
at least one transmitting circuitry, wherein the at least one non-transitory
computer-readable medium and the computer executable instructions may be
configured to, with the at least one processor, cause the apparatus to perform a

method according to some embodiments of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] In order to describe the manner in which the advantages and features of the
disclosure can be obtained, a description of the disclosure is rendered by reference to
specific embodiments thereof, which are illustrated in the appended drawings.
These drawings depict only exemplary embodiments of the disclosure and are not

therefore to be considered limiting of its scope.

[0013] FIG. 1 illustrates a schematic diagram of a wireless communication system in

accordance with some embodiments of the present disclosure;

[0014] FIG. 2 illustrates a schematic diagram of a DCI format scheduling a plurality

of DL transmissions in accordance with some embodiments of the present disclosure;

[0015] FIG. 3 illustrates a schematic diagram of HARQ-ACK codebook

determination in accordance with some embodiments of the present disclosure;

[0016] FIG 4 illustrates a schematic diagram of HARQ-ACK codebook

determination in accordance with some embodiments of the present disclosure;

[0017] FIG. 5 illustrates a schematic diagram of HARQ-ACK codebook

determination in accordance with some embodiments of the present disclosure;
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[0018] FIG 6 illustrates a flow chart of an exemplary procedure of wireless

communications in accordance with some embodiments of the present disclosure;

[0019] FIG 7 illustrates a flow chart of an exemplary procedure of wireless

communications in accordance with some embodiments of the present disclosure;

[0020] FIG 8 illustrates a flow chart of an exemplary procedure of wireless

communications in accordance with some embodiments of the present disclosure;

[0021] FIG 9 illustrates a flow chart of an exemplary procedure of wireless

communications in accordance with some embodiments of the present disclosure; and

[0022] FIG 10 illustrates a block diagram of an exemplary apparatus in accordance

with some embodiments of the present disclosure.

DETAILED DESCRIPTION

[0023] The detailed description of the appended drawings is intended as a
description of the preferred embodiments of the present disclosure and is not intended
to represent the only form in which the present disclosure may be practiced. It
should be understood that the same or equivalent functions may be accomplished by
different embodiments that are intended to be encompassed within the spirit and scope

of the present disclosure.

[0024] Reference will now be made in detail to some embodiments of the present
disclosure, examples of which are illustrated in the accompanying drawings. To
facilitate understanding, embodiments are provided under specific network
architecture and new service scenarios, such as the 3rd generation partnership project
(3GPP) 5G (NR), 3GPP long-term evolution (LTE) Release 8, and so on. It is
contemplated that along with the developments of network architectures and new
service scenarios, all embodiments in the present disclosure are also applicable to
similar technical problems; and moreover, the terminologies recited in the present
disclosure may change, which should not affect the principles of the present

disclosure.
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[0025] FIG. 1 illustrates a schematic diagram of a wireless communication system

100 in accordance with some embodiments of the present disclosure.

[0026] As shown in FIG. 1, a wireless communication system 100 may include some
UEs 101 (e.g., UE 101a and UE 101b) and a base station (e.g., BS 102). Although a
specific number of UEs 101 and BS 102 are depicted in FIG. 1, it is contemplated that
any number of UEs and BSs may be included in the wireless communication system

100.

[0027] The UE(s) 101 may include computing devices, such as desktop computers,
laptop computers, personal digital assistants (PDAs), tablet computers, smart
televisions (e.g., televisions connected to the Internet), set-top boxes, game consoles,
security systems (including security cameras), vehicle on-board computers, network
devices (e.g., routers, switches, and modems), or the like. According to some
embodiments of the present disclosure, the UE(s) 101 may include a portable wireless
communication device, a smart phone, a cellular telephone, a flip phone, a device
having a subscriber identity module, a personal computer, a selective call receiver, or
any other device that is capable of sending and receiving communication signals on a
wireless network. In some embodiments of the present disclosure, the UE(s) 101
includes wearable devices, such as smart watches, fitness bands, optical
head-mounted displays, or the like. Moreover, the UE(s) 101 may be referred to as a
subscriber unit, a mobile, a mobile station, a user, a terminal, a mobile terminal, a
wireless terminal, a fixed terminal, a subscriber station, a user terminal, or a device, or
described using other terminology used in the art. The UE(s) 101 may communicate

with the BS 102 via uplink (UL) communication signals.

[0028] The BS 102 may be distributed over a geographic region. In certain
embodiments of the present disclosure, the BS 102 may also be referred to as an
access point, an access terminal, a base, a base unit, a macro cell, a Node-B, an
evolved Node B (eNB), a gNB, a Home Node-B, a relay node, or a device, or
described using other terminology used in the art. The BS 102 is generally a part of
a radio access network that may include one or more controllers communicably
coupled to one or more corresponding BSs 102. The BS 102 may communicate with

UE(s) 101 via downlink (DL) communication signals.
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[0029] The wireless communication system 100 may be compatible with any type of
network that is capable of sending and receiving wireless communication signals.
For example, the wireless communication system 100 is compatible with a wireless
communication network, a cellular telephone network, a time division multiple access
(TDMA)-based network, a code division multiple access (CDMA)-based network, an
orthogonal frequency division multiple access (OFDMA)-based network, an LTE
network, a 3GPP-based network, a 3GPP 5G network, a satellite communications

network, a high altitude platform network, and/or other communications networks.

[0030] In some embodiments of the present disclosure, the wireless communication
system 100 is compatible with 5G NR of the 3GPP protocol. For example, BS 102
may transmit data using an orthogonal frequency division multiple (OFDM)
modulation scheme on the DL and the UE(s) 101 may transmit data on the UL using a
discrete Fourier transform-spread-orthogonal frequency division multiplexing
(DFT-S-OFDM) or cyclic prefix-OFDM (CP-OFDM) scheme. More generally,
however, the wireless communication system 100 may implement some other open or

proprietary communication protocols, for example, WiMAX, among other protocols.

[0031] In some embodiments of the present disclosure, the BS 102 and UE(s) 101
may communicate using other communication protocols, such as the IEEE 802.11
family of wireless communication protocols. Further, in some embodiments of the
present disclosure, the BS 102 and UE(s) 101 may communicate over licensed
spectrums, whereas in some other embodiments, the BS 102 and UE(s) 101 may
communicate over unlicensed spectrums. The present disclosure is not intended to
be limited to the implementation of any particular wireless communication system

architecture or protocol.

[0032] NR Release 17 is designed to expand the frequency range to 71GHz. Due
to the phase noise effect at a high frequency band, higher subcarrier spacing (SCS)
may be specified for the purpose of reliability. For example, 240 kHz SCS, 480 kHz
SCS, 960 kHz SCS, and 1920 kHz SCS may be considered. It is known that the
higher the SCS, the shorter the duration of a slot. For example, Table 1 below shows
exemplary slot durations for different SCSs. It should be understood that Table 1 is

only for illustrative purposes, and should not be construed as limiting the
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embodiments of the present disclosure.

Table 1: Slot durations for different SCSs

H Af = 2% 15 [kHz] Slot duration
0 15 Ims

1 30 0.5ms

2 60 0.25ms

3 120 0.125ms

4 240 0.0625ms

5 480 31.25us

6 960 15.625us

[0033] In the above Table 1, the SCS configuration # is associated with an SCS
(listed in the second column of Table 1). For example, " # =3" may indicate an SCS

of 120 kHz, and the slot duration for such SCS is 0.125ms.

[0034] In NR Release 17, multi-slot PDSCH scheduling is supported. A DCI
supporting multi-slot PDSCH may refer to a DL DCI where at least one entry of the
time domain resource allocation (TDRA) table allows scheduling more than one
PDSCH. When the multi-slot PDSCH scheduling is supported, a single DCI can
schedule a plurality of PDSCHs on a serving cell for a UE. Each PDSCH may have
an individual transport block(s) (TB(s)) and confined within a slot. In some
embodiments of the present disclosure, the maximum number of PDSCHs that can be
scheduled by a single DCI may be 8 for an SCS of 480 kHz and an SCS of 960 kHz.
In some embodiments of the present disclosure, the maximum number of PDSCHs
that can be scheduled by a single DCI may be 4 for an SCS of 480 kHz. In some
embodiments of the present disclosure, multi-slot PDSCH scheduling may or may not

be supported for an SCS of 120 kHz.

[0035] FIG. 2 illustrates a schematic diagram of a DCI format scheduling a plurality
of DL transmissions in accordance with some embodiments of the present disclosure.
As shown in FIG. 2, DCI format 211 may schedule four PDSCHs (e.g., PDSCHs
221-224) carrying four different TBs on multiple slots (e.g., slot n to slot n+3). For

example, one PDSCH is transmitted on one slot. In this case, four HARQ processes
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are needed for the four PDSCHs.

[0036] It should be understood that FIG. 2 is only for illustrative purposes, and
should not be construed as limiting the embodiments of the present disclosure. For
example, a DCI format may schedule fewer or more PDSCHs or a PUSCH in some

other embodiments of the present disclosure.

[0037] The multi-slot PDSCH scheduling may cause HARQ-ACK codebook
ambiguity between a UE and a BS when a DCI format scheduling multiple PDSCHs
is missed by the UE, which will be explained in the following text.

[0038] FIG 3 illustrates a schematic diagram of HARQ-ACK codebook
determination in accordance with some embodiments of the present disclosure. It
should be understood that FIG. 3 is only for illustrative purposes, and should not be

construed as limiting the embodiments of the present disclosure.

[0039] Two types of HARQ-ACK codebooks may be defined for HARQ-ACK
multiplexing for multiple received PDSCHs. One may be named a Type-1
HARQ-ACK codebook (also referred to as “semi-static HARQ-ACK codebook™), and
another may be named a Type-2 HARQ-ACK codebook (also referred to as “dynamic
HARQ-ACK codebook™). The definitions of the Type-1 HARQ-ACK codebook and
Type-2 HARQ-ACK codebook are specified in 3GPP specifications. In the example
of FIG 3, it is assumed that the UE is configured with a single serving cell and a

Type-2 HARQ-ACK codebook.

[0040] As shown in FIG 3, a BS may schedule a plurality of PDSCHs to a UE via a
plurality of DCI formats (e.g., DCI formats 311-314). The BS may indicate that the
HARQ-ACK feedback for the plurality of PDSCHs is to be transmitted in the same
PUCCH (e.g., PUCCH 331).

[0041] In some examples, each of DCI formats 311-314 may schedule one or more
PDSCHs, and may indicate an accumulative number of PDCCH transmissions, up to
the current serving cell and the current PDCCH monitoring occasion. For instance,
DCI formats 311-314 may respectively indicate downlink assignment indicators

(DAIs) (e.g., counter DAIs) having the values of 1, 2, 3, and 4. In some other
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embodiments of the present disclosure, the UE may be configured with carrier
aggregation (CA), and the DCI format may further indicate a total DAI, which may
denote the total number of PDCCH transmissions, up to the current PDCCH

monitoring occasion.

[0042] Still referring to FIG. 3, when no error case happens, that is, the UE receives
all DCI formats 311-314, the UE can generate a HARQ-ACK codebook including
HARQ-ACK information bits (i.e., HARQ-ACK feedback) for all PDSCHs scheduled
by the DCI formats 311-314. For example, assuming that the numbers of PDSCHs
scheduled by DCI formats 311-314 are 2, 1, 3, and 2, respectively, the UE may
generate a HARQ-ACK codebook {a0, al, b0, c0, c1, c2, d0, d1}, where “a0” and
“al” are ACK or NACK bits corresponding to the PDSCHs scheduled by DCI format
311, “b0” is an ACK or NACK bit corresponding to the PDSCH scheduled by DCI
format 312, “c0,” “c1” and “c2” are ACK or NACK bits corresponding to the
PDSCHs scheduled by DCI format 313, and “d0” and “d1” are ACK or NACK bits
corresponding to the PDSCHs scheduled by DCI format 314.

[0043] In the case that the UE receives DCI formats 311, 312, and 314, but misses
DCI format 313, the UE can identify that one DCI is missed between DCI formats
312 and 314 based on the respective DAI values (e.g., “2” and “4”) of DCI formats
312 and 314. However, the UE cannot identify how many PDSCHs are scheduled
by the missing DCI format since the missing DCI format can schedule one or more
PDSCHs. For example, the UE cannot know DCI format 313 has scheduled 3
PDSCHs. As a result, the UE cannot determine a correct HARQ-ACK codebook.

[0044] In some embodiments of the present disclosure, to solve the above problem,
i.e., HARQ-ACK codebook ambiguity due to a missed DCI format(s), the UE may
determine the number of HARQ-ACK information bits for the PDSCH(s) scheduled
by a DCI format based on the maximum number of PDSCHs that can be scheduled by
a single DCI format. For example, assuming that the maximum number of PDSCHs
that can be scheduled by a single DCI format is 4, in the above error case where DCI
format 313 is missed, the UE may generate a HARQ-ACK codebook {{a0, al, NACK,
NACK}, {b0, NACK, NACK, NACK}, {NACK, NACK, NACK, NACK}, {d0, dI,
NACK, NACK}}. In these embodiments, a relatively high signaling overhead may

10
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be brought about.

[0045] In some embodiments of the present disclosure, to solve the above problem,
instead of determining a DAI (e.g., the counter DAI or total DAI) per a DCI basis
(hereinafter also referred to as “per-PDCCH counted DAI”), the value of the DAI may
be determined per a PDSCH basis (hereinafter also referred to as “per-PDSCH
counted DAT”).

[0046] For example, each of DCI formats 311-314 may indicate an accumulative
number of PDSCH transmissions, up to the current serving cell and the current
PDCCH monitoring occasion. In some other embodiments of the present disclosure,
the UE may be configured with CA, and a DCI format may further indicate a total
DAI, which may denote the total number of PDSCH transmissions, up to the current
PDCCH monitoring occasion. In this way, even when a DCI format is missed by the
UE, the UE can still determine the number of PDSCHs scheduled by the missing DCI
based on the per-PDSCH counted DAISs.

[0047] For example, assuming that the numbers of PDSCHs scheduled by DCI
formats 311-314 are 2, 1, 3, and 2, DCI formats 311-314 may respectively indicate
DAIs (e.g., counter DAIs) having the values of 2, 3, 6, and 8. In the case that the UE
receives DCI formats 311, 312, and 314, but misses DCI format 313, the UE can
identify that DCI format 313 schedules 3 PDSCHs based on the respective DAI
values (e.g., “3” and “8”) of DCI formats 312 and 314. As a result, the UE may
generate a HARQ-ACK codebook {a0, al, b0, NACK, NACK, NACK, d0, d1}.

[0048] Clearly, compared to the per-PDCCH counted DAI, the per-PDSCH counted
DAI can save signaling overhead since the number of HARQ-ACK information bits
depends on the number of practically scheduled PDSCHs, instead of the maximum

number of PDSCHs that can be scheduled by a single DCI format.

[0049] With the increase of the PDSCH number that can be scheduled by a single
DCI format, the bit width of the counter DAI and total DAI may need to be increased.
For example, in order to identify an error case where at most 3 consecutive DCI
formats are missed, the bit width of the counter DAI and total DAI may need to be

increased for all serving cells including a serving cell not configured with multi-slot

11
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PDSCH scheduling. For example, a 2-bit counter DAI may need to be increased to 5
bits and a 2-bit total DAI may need to be increased to 5 bits when a single DCI format
can schedule up to 8 PDSCHs.

[0050] When the per-PDSCH counted DAI (e.g., counter DAI and total DAI) is
employed, how to indicate such DAI in a fallback DCI format (e.g., DCI format 1_0)
would become a problem. A fallback DCI format may not need to support multi-slot
PDSCH scheduling. A fallback DCI format may schedule a maximum of one
PDSCH on a serving cell of a UE. For example, a fallback DCI format may be used
to schedule a single PDSCH or indicate semi-persistent scheduling (SPS) PDSCH
release. When the HARQ-ACK feedback for a single PDSCH or SPS PDSCH
release scheduled by a fallback DCI format is to be multiplexed with the HARQ-ACK
feedback for other PDSCHs scheduled by a non-fallback DCI format(s) (e.g., DCI
format 1_1) supporting scheduling one or more PDSCHs, the fallback DCI format
may need to indicate a DAI value matching that of the non-fallback DCI format(s).
Since there is only, for example, a 2-bit DAI (e.g., counter DAI) in a fallback DCI
format (e.g., DCI format 1_0) and it is not possible to include, for example, a 5-bit
DAI in the fallback DCI format, it would be problematic to indicate the accumulative
number of PDSCH transmissions based on the 2-bit DAI of the fallback DCI format
and to guarantee that the values of DAIs indicated in the fallback DCI format and
other DCI formats that can schedule a plurality of PDSCHs are matched.

[0051] For example, referring to FIG. 3, assuming that the numbers of PDSCHs

scheduled by DCI formats 311-314 are 2, 1, 3, and 2, DCI formats 311-313 are

non-fallback DCI formats which can support a relatively large size (e.g., 3, 4, or 5 bits)
DAI, while DCI format 314 is a fallback DCI format which only indicates a relatively

small size (e.g., 2 bits) DAL it may not be possible for the small size DAI to indicate

an accumulative number of scheduled PDSCHs up to the current DCI format (e.g.,

DCI format 314). That is, it is not possible to use 2 bits to represent the value of 8

(i.e., 2+1+3+42).

[0052] Embodiments of the present disclosure provide solutions to solve the above
issues. For example, solutions for determining a HARQ-ACK codebook are

proposed. Various methods for indicating the DAI in a DCI format are proposed.

12
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More details on the embodiments of the present disclosure will be illustrated in the

following text in combination with the appended drawings.

[0053] In some embodiments of the present disclosure, when a UE is configured
with a TDRA table allowing multi-slot PDSCH scheduling (e.g., at least one entry of
the TDRA table indicates more than one start and length indicator value (SLIV) for
PDSCH scheduling), the UE may generate a HARQ-ACK codebook including two
HARQ-ACK sub-codebooks corresponding to different types of DCI formats (e.g.,
non-fallback DCI format and fallback DCI format).

[0054] For instance, the UE may receive two sets of DCI formats (e.g., a set of DCI
formats #1 and a set of DCI formats #2). The set of DCI formats #1 (e.g.,
non-fallback DCI formats) may schedule a group of PDSCHs (PDSCH group #1), and
the set of DCI formats #2 (e.g., fallback DCI formats) may schedule another group of
PDSCHs (PDSCH group #2). Each DCI format #1 may schedule at least one
PDSCH on a serving cell of the UE and may indicate a DAI (hereinafter, “DAI #17).
Each DCI format #2 may schedule a maximum of one PDSCH on a serving cell of the
UE and may indicate a DAI (hereinafter, “DAI #27). In some examples, a DCI
format #2 may schedule a single PDSCH. In some examples, a DCI format #2 may
indicate SPS PDSCH release.

[0055] The HARQ-ACK feedback for PDSCH group #2 scheduled by the set of DCI
formats #2 may be indicated to be multiplexed with the HARQ-ACK feedback for
PDSCH group #1 scheduled by the set of DCI formats #1. The UE may generate a
HARQ-ACK codebook including, for example, sub-codebook #1 and sub-codebook
#2. Sub-codebook #1 may include HARQ-ACK information bits for PDSCH group
#1 scheduled by the set of DCI formats #1; and sub-codebook #2 may include
HARQ-ACK information bits for PDSCH group #2 scheduled by the set of DCI
formats #2. In some examples, sub-codebook #1 is placed in the front of the
HARQ-ACK codebook, followed by sub-codebook #2. In some examples,
sub-codebook #2 is placed in the front of the HARQ-ACK codebook, followed by
sub-codebook #1.

[0056] DAI #1 and DAI #2 may be updated separately, i.e., counted independently.
For example, among the set of DCI formats #1, DAI #1 may be used to count the
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accumulative number of transmitted PDSCHs among PDSCH group #1. The
specific definition of DAI #1 will be described in the following text. Among the set
of DCI formats #2, DAI #2 may be used to count the accumulative number of

PDCCHs carrying the DCI formats#2.

[0057] In this way, the number of bits of DAI #2 can be smaller than the number of
bits of DAI #1. For example, DAI #2 in a DCI format #2 may include two bits.
For instance, a DCI format #2 may include a two-bit DAI field indicating DAI #2.
The number of bits of DAI #1 may be determined based on the maximum number of
PDSCHs that can be scheduled by DCI format #1. For instance, DCI format #1 may
include an N-bit DAI field indicating DAI #1, wherein N may be equal to 3, 4, or 5.

[0058] One of the following definitions of DAI #1 in DCI format #1 may be applied

to the above embodiments.

[0059] In some embodiments, DAI #1 may indicate the accumulative number of
dynamically scheduled PDSCHs plus the number of PDCCH transmission(s) for SPS
PDSCH release. In these embodiments, the SPS PDSCH is not counted in the
accumulative number of PDSCHs indicated by DAI #1.

[0060] In some other embodiments, DAI #1 may indicate the accumulative number
of PDSCHs (including dynamically scheduled PDSCH(s) and SPS PDSCH(s)) plus
the number of PDCCH transmission(s) for SPS PDSCH release. In these
embodiments, the SPS PDSCH is counted in the accumulative number of PDSCHs
indicated by DAI #1.

[0061] In some other embodiments, DAI #1 may indicate the accumulative number
of dynamically scheduled PDSCHs. In these embodiments, DCI format #1 is not
used for indicating DL SPS release. DCI format #2 is used for indicating DL SPS
release. In addition, the SPS PDSCH is not counted in the accumulative number of

PDSCHs indicated by DAI #1.

[0062] In yet other embodiments, DAI #1 may indicate the accumulative number of
PDSCHs (including dynamically scheduled PDSCH(s) and SPS PDSCH(s)). In
these embodiments, DCI format #1 is not used for indicating DL SPS release. DCI
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format #2 is used for indicating DL SPS release.

[0063] FIG. 4 illustrates a schematic diagram of HARQ-ACK codebook
determination in accordance with some embodiments of the present disclosure.
Details described in all of the foregoing embodiments of the present disclosure are
applicable for the embodiments shown in FIG. 4. For example, in FIG. 4, DCI
formats 411-414 are non-fallback DCI formats and DCI formats 415 and 416 are
fallback DCI formats. The above descriptions with respect to DCI format #1 and
DCI format #2 may apply to DCI formats 411-414 and DCI formats 415 and 416,

respectively.

[0064] In the example of FIG. 4, it is assumed that the UE is configured with a single
serving cell and a non-fallback DCI format can schedule a maximum of 4 PDSCHs
with each PDSCH carrying a different TB. It should be understood that FIG. 4 is
only for illustrative purposes, and should not be construed as limiting the

embodiments of the present disclosure.

[0065] When a non-fallback DCI format can schedule a maximum of 4 PDSCHs, 4
bits may be required for indicating the value of the DAI (hereinafter, “Y”) in the
non-fallback DCI format. These 4 bits in the non-fallback DCI format (e.g., DCI
formats 411-414) can indicate a DAI value having a range from 1 to 16. When Y
exceeds 16, a modular operation, for example, X= Y mod 16, may be performed by
the BS, and the value of X is then indicated in the above-mentioned 4 bits in the

non-fallback DCI format.

[0066] For example, it is assumed that DCI formats 411-414 respectively schedule 2,
3,4, and 4 PDSCHs on a serving cell of a UE. The BS may indicate corresponding
DAI values in DCI formats 411-414 according to the accumulative number of
PDSCHs on the serving cell. Therefore, the value of DAIs to be indicated in DCI
formats 411-414 may equal 2, 5, 9, and 13, respectively.

[0067] Each of DCI formats 415 and 416 can schedule a maximum of 1 PDSCH.
The BS may indicate the DAI values in DCI formats 415 and 416 according to the
accumulative number of PDCCHs carrying the corresponding DCI formats. The

value of DAIs in DCI formats 415 and 416 may thus equal 1 and 2, respectively.
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Each of DCI formats 415 and 416 may include 2 bits for indicating the value of the
corresponding DAL

[0068] At the UE side, based on the 4-bit DAI in DCI formats 411-414, the UE can
derive the number of scheduled PDSCHs, and generate HARQ-ACK information bit(s)
for each scheduled PDSCH. The generated HARQ-ACK information bits may be
included in a sub-codebook and may be ordered according to, for example, the
ascending or descending order of the 4-bit DAIs. Based on the 2-bit DAI in DCI
formats 415 and 416, the UE can derive the number of transmitted PDCCHs and
scheduled PDSCHs, and generate HARQ-ACK information bit(s) for each scheduled
PDSCH. The generated HARQ-ACK information bits may be included in another
sub-codebook and may be ordered according to, for example, the ascending or
descending order of the 2-bit DAIs. The above two sub-codebooks may then be
concatenated and transmitted in PUCCH 431.

[0069] In some embodiments of the present disclosure, when a UE is configured
with a TDRA table allowing multi-slot PDSCH scheduling (e.g., at least one entry of
the TDRA table indicates more than one SLIV for PDSCH scheduling), the UE may
generate a single HARQ-ACK codebook. The DAI may be counted jointly among
different types of DCI formats (e.g., non-fallback DCI format and fallback DCI

format).

[0070] For instance, the UE may receive two sets of DCI formats (e.g., a set of DCI
formats #1A and a set of DCI formats #2A). Each DCI format #l1A (e.g.,
non-fallback DCI format) may schedule at least one PDSCH on a serving cell of the
UE. Each DCI format #2A (e.g., fallback DCI format) may schedule a maximum of
one PDSCH on the serving cell of the UE. In some examples, a DCI format #2A
may schedule a single PDSCH. In some examples, a DCI format #2A may indicate
SPS PDSCH release. The HARQ-ACK feedback for PDSCHs scheduled by the set
of DCI formats #1A may be indicated to be multiplexed with the HARQ-ACK
feedback for PDSCHs scheduled by the set of DCI formats #2A.

[0071] Each of DCI format #l1A and DCI format #2A may indicate a DAI
(hereinafter, “DAI #1A”). DAI #lA may indicate an accumulative number of
PDSCH transmissions among the PDSCHs scheduled by the set of DCI formats #1A
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and the set of DCI formats #2A. The definitions of DAI #1 as described above may
also be applied to DAI #1A. The UE can generate HARQ-ACK information bit(s)
for each PDSCH scheduled by the set of DCI formats #1A and the set of DCI formats
#2A. The generated HARQ-ACK information bits may be included in a
HARQ-ACK codebook and ordered according to, for example, the ascending or
descending order of the values of DAIs #1A.

[0072] The number of bits of DAI #1A may be determined based on the maximum
number of PDSCHs that can be scheduled by DCI format #1A. For instance, the
number of bits of DAI #1A (hereinafter, “M”) may be equal to 3, 4, or 5.

[0073] DCI format #1 A may include a specific field for indicating the value of DAI
#1A. That is, the bitwidth of this specific field is equal to M. For example, the
bitwidth of a DAI field in DCI format #1A may be increased from 2 bit to M bits.
However, in order to not increase the payload size of DCI format #2A, DCI format
#2A may use a DAI field combined with another field in DCI format #2A to indicate
the value of DAI #1A. The bitwidth of the DAI field and the another field may be

greater than or equal to M.

[0074] For instance, when a DCI format #1A can schedule a maximum of 8
PDSCHs, 5 bits (e.g., M=5) may be required for indicating the value of DAI #1A
(hereinafter, “Y17”). These 5 bits can indicate a DAI value having a range from 1 to
32. When Y1 exceeds 32, a modular operation, for example, X1= Y1 mod 32, may
be performed by the BS. The value of X1 may be indicated in the M-bit DAI field
of DCI format #1A or be indicated by the combination of the DAI field and the
another field of DCI format #2A.

[0075] In some examples, the another field may be a PUCCH resource indicator
(PRD) field. The PRI field may be used to indicate one or more least significant bits
(LSBs) or most significant bits (MSBs) of DAI #1 A that cannot be accommodated by
the DAI field. When the total number of bits of the DAI field and PRI field of DCI
format #2A is greater than the number of bits of DAI #1A, a part of the PRI field of
DCI format #2A may be used for jointly indicating the value of DAI #1A. The
remaining bit(s) of the PRI field may still be used to indicate the PRI.  Alternatively,
the remaining bit(s) of the PRI field may be ignored.
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[0076] For instance, DCI format #2A may reuse a 3-bit PRI field combined with a
2-bit DAI field to indicate DAI #1A. Therefore, there are a maximum of 5 bits that
can be used to indicate DAI#1A. When M = 4, only 2 bits of the PRI field are used
to indicate the DAI #1A and the remaining 1 bit of the PRI field may be used to
indicate the PRI (e.g., the LSB or the MSB of the PRI).

[0077] When the last received DCI format among the set of DCI formats #1A and
the set of DCI formats #2A is a DCI format #2A, the UE may assume that the PRI in
the last received DCI format #1A indicates the latest PUCCH resource. That is, the
UE may apply the PRI field in the last received DCI format #1A among the set of
DCI formats #1A as the latest PRI.

[0078] In some examples, the another field may be a transmit power control (TPC)
field. The TPC field may be used to indicate one or more LSBs or MSBs of DAI
#1A that cannot be accommodated by the DAI field. When the total number of bits
of the DAI field and TPC field of DCI format #2A is greater than the number of bits
of DAI #1A, a part of the TPC field of DCI format #2A may be used for jointly
indicating the value of DAI #1A. The remaining bit(s) of the TPC field may still be
used to indicate the TPC adjustment command. Alternatively, the remaining bit(s)

of the TPC field may be ignored.

[0079] For instance, DCI format #2A may reuse a 2-bit TPC field combined with a
2-bit DALI field to indicate DAI #1A. Therefore, there are a maximum of 4 bits that
can be used to indicate DAI #1A. When M = 4, all bits in the TPC field are used to
indicate the DAI #1A. When M = 3, only 1 bit of the TPC field are used to indicate
the DAI #1A and the remaining 1 bit of the TPC field may be used to indicate the
TPC adjustment command (e.g., the LSB or the MSB of the TPC adjustment

command).

[0080] When the last received DCI format among the set of DCI formats #1A and
the set of DCI formats #2A is a DCI format #2A, the UE may assume that the TPC in
the last received DCI format #1A indicates the latest TPC adjustment command.
That is, the UE may apply the TPC field in the last received DCI format #1 A among
the set of DCI formats #1A as the latest TPC adjustment command.
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[0081] In some embodiments of the present disclosure, instead of indicating the DAI
#1A by a combination of a DAI field and another field, DCI format #2A may use the
DAI field to indicate a part of DAI #1A. In some examples, the DAI field of DCI
format #2A may indicate a number of LSBs (e.g., 2 LSBs) of the value of DAI #1A.

[0082] From a UE’s perspective, the UE does not expect to receive a plurality of
consecutive DCI formats #2A with HARQ-ACK feedback for the scheduled PDSCHs
to be multiplexed in the same HARQ-ACK codebook with HARQ-ACK feedback for
the PDSCHs scheduled by one or more DCI formats #1A. For example, the UE may
not consecutively receive any two DCI formats #2A of the set of DCI formats #2A.
For instance, after the UE receives one DCI format #2A (e.g., DCI format #2A;), the
UE may receive at least one DCI format #1A before receiving another DCI format
#2A (e.g., DCI format #2A;,;), or DCI format #2A is the last DCI format received by
the UE among the set of DCI formats #1A and the set of DCI formats #2A. From
the BS’s perspective, it may not consecutively transmit any two DCI formats #2A of

the set of DCI formats #2A to the UE.

[0083] FIG. 5 illustrates a schematic diagram of HARQ-ACK codebook
determination in accordance with some embodiments of the present disclosure.
Details described in all of the foregoing embodiments of the present disclosure are
applicable for the embodiments shown in FIG. 5. For example, in FIG. 5, DCI
formats 511, 513, and 514 are non-fallback DCI formats and DCI format 512 is a
fallback DCI format. The above descriptions with respect to DCI format #1A may
apply to DCI formats 511, 513, and 514, and the above descriptions with respect to
DCI format #2A may apply to DCI format 512.

[0084] In the example of FIG. 5, it is assumed that the UE is configured with a single
serving cell and a non-fallback DCI format can schedule a maximum of 4 PDSCHs
with each PDSCH carrying a different TB. It should be understood that FIG. 5 is
only for illustrative purposes, and should not be construed as limiting the

embodiments of the present disclosure.

[0085] When a non-fallback DCI format can schedule a maximum of 4 PDSCHs, 4
bits may be required for indicating the value of the DAI (hereinafter, “Y2”) in the
non-fallback DCI format. These 4 bits in the non-fallback DCI format (e.g., DCI
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formats 511, 513, and 514) can indicate a DAI value having a range from 1 to 16.
When Y2 exceeds 16, a modular operation, for example, X2= Y2 mod 16, may be
performed by the BS, and the value of X2 is then indicated in the above-mentioned 4

bits in the non-fallback DCI format.

[0086] For example, it is assumed that DCI formats 511, 513, and 514 respectively
schedule 2, 4, and 4 PDSCHs on a serving cell of a UE, and DCI format 512
schedules one PDSCH on the serving cell. The BS may indicate corresponding DAI
values in DCI formats 511-514 according to the accumulative number of PDSCHs on
the serving cell. Therefore, the value of DAIs to be indicated in DCI formats
511-514 may equal 2, 3, 7, and 11, respectively. In some examples, the 4-bit DAI
fields in DCI formats 511, 513, and 514 may be “0001,” “0110,” and “1010,”
respectively. The 2-bit DAI field in DCI format 512 may be “10,” which includes
the two LSBs of “0010.”

[0087] At the UE side, based on the 4-bit DAI fields in DCI formats 511, 513, and
514 and 2-bit DAI field in DCI format 512, the UE can derive the number of
scheduled PDSCHs, and generate HARQ-ACK information bit(s) for each scheduled
PDSCH. Since a fallback DCI format has a relative high reliability, the missing
problem of the fallback DCI format may not be taken into account. In the case that
one of DCI formats 511, 513, and 514 is missed, the UE can still derive the number of
PDSCHs scheduled by the missed DCI format. For example, when DCI format 511
is missed, the UE can derive the number of PDSCHs scheduled by DCI format 511
based on the 2-bit DAI field in DCI format 512. That is, the number of PDSCHs
scheduled by DCI format 511 is 2 (e.g., the DAI value indicated by DCI format 512
minus the number of PDSCHs scheduled by DCI format 512).

[0088] In this way, the UE can generate HARQ-ACK information bit(s) for each
PDSCH scheduled by DCI formats 511-514. The generated HARQ-ACK
information bits may be included in a HARQ-ACK codebook and ordered according
to, for example, the ascending or descending order of the values of DAIs #1A. The

HARQ-ACK codebook may be transmitted in PUCCH 531.

[0089] In some examples, a modular operation (e.g., Vo5, mod P) may be applied
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to the value of DAI #1A, wherein V%,, denotes the value of DAI #1A and P
denotes the number of different values that can be indicated by the DAI field of DCI
format #2A. The result of the modular operation may be indicated in the DAI field
of DCI format #2A. For example, assuming that DCI format #2A includes a 2-bit
DAI field, Table 2 below shows examples of values of the 2-bit DAI field
corresponding to the values of DAI #1A. It should be understood that Table 2 is
only for illustrative purposes, and should not be construed as limiting the

embodiments of the present disclosure.

Table 2: Examples of values of a DAI field

0,0 1,5,9,13,17,21, ...
0,1 2,6,10, 14, 18,22, ..
1,0 3,7,11,15, 19,23, ...
1,1 4,8, 12, 16,20, 24, ...

[0090] According to Table 2, when the value of a DAI is equal to 5, a 2-bit DAI
field of a DCI format #2A may indicate “00,” which corresponds to (5 mod 4).

[0091] FIG. 6 illustrates a flow chart of an exemplary procedure 600 for wireless
communications in accordance with some embodiments of the present disclosure.
Details described in all of the foregoing embodiments of the present disclosure are
applicable for the embodiments shown in FIG. 6. In some examples, the procedure

may be performed by a UE, for example, UE 101 in FIG. 1.

[0092] Referring to FIG. 6, in operation 611, a UE may receive a set of first DCI
formats for scheduling a first group of PDSCHs. Each of the first DCI formats may
schedule at least one PDSCH on a serving cell of the UE and may indicate a first DAL
The first DAI may indicate an accumulative number of PDSCHs among the first

group of PDSCHs.

[0093] In operation 613, the UE may receive a set of second DCI formats for
scheduling a second group of PDSCHs. Each of the second DCI formats may
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schedule a maximum of one PDSCH on a serving cell of the UE and may indicate a
second DAL The second DAI may indicate an accumulative number of PDCCH

transmissions carrying the second DCI formats.

[0094] The first DAIs of the first DCI formats and the second DAIs of the second
DCI formats may be counted independently. The number of bits of the first DAI
may be determined based on a maximum number of PDSCHs scheduled by the first
DCI format. The number of bits of the second DAI may be smaller than the number
of bits of the first DAI

[0095] The first DAI may indicate one of the following: an accumulative number of
dynamically scheduled PDSCHs plus the number of PDCCH transmissions for SPS
PDSCH release; an accumulative number of dynamically scheduled PDSCHs and SPS
PDSCHs plus the number of PDCCH transmissions for SPS PDSCH release; an
accumulative number of dynamically scheduled PDSCHs; and an accumulative

number of dynamically scheduled PDSCHs and SPS PDSCHs.

[0096] For example, the first DCI format and the second DCI format may
respectively be DCI format #1 and DCI format #2 as described above. The first DAI
and second DAI may respectively be DAI #1 and DAI #2 as described above.

[0097] In operation 615, the UE may transmit a HARQ-ACK codebook including a
first HARQ-ACK sub-codebook for the first group of PDSCHs and a second
HARQ-ACK sub-codebook for the second group of PDSCHs.

[0098] In some examples, the first HARQ-ACK sub-codebook may be placed in the
front of the HARQ-ACK codebook, followed by the second HARQ-ACK
sub-codebook. In some other examples, the second HARQ-ACK sub-codebook may
be placed in the front of the HARQ-ACK codebook, followed by the first
HARQ-ACK sub-codebook. The first and second HARQ-ACK sub-codebooks may

respectively be sub-codebook #1 and sub-codebook #2 as described above.

[0099] It should be appreciated by persons skilled in the art that the sequence of the
operations in exemplary procedure 600 may be changed and some of the operations in

exemplary procedure 600 may be eliminated or modified, without departing from the
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spirit and scope of the disclosure.

[00100] FIG. 7 illustrates a flow chart of an exemplary procedure 700 for wireless
communications in accordance with some embodiments of the present disclosure.
Details described in all of the foregoing embodiments of the present disclosure are
applicable for the embodiments shown in FIG. 7. In some examples, the procedure

may be performed by a BS, for example, BS 102 in FIG. 1.

[00101] Referring to FIG. 7, in operation 711, a BS may transmit a set of first DCI
formats for scheduling a first group of PDSCHs. Each of the first DCI formats may
schedule at least one PDSCH on a cell and indicate a first DAL, The first DAI may
indicate an accumulative number of PDSCHs among the first group of PDSCHs.

[00102] In operation 713, the BS may transmit a set of second DCI formats for
scheduling a second group of PDSCHs. Each of the second DCI formats may
schedule a maximum of one PDSCH on a cell and indicate a second DAL The
second DAI may indicate an accumulative number of PDCCH transmissions carrying

the second DCI formats.

[00103] The first DAIs of the first DCI formats and the second DAIs of the second
DCI formats may be counted independently. The number of bits of the first DAI
may be determined based on a maximum number of PDSCHs scheduled by the first
DCI format. The number of bits of the second DAI may be smaller than the number
of bits of the first DAI

[00104] The first DAI may indicate one of the following: an accumulative number of
dynamically scheduled PDSCHs plus the number of PDCCH transmissions for SPS
PDSCH release; an accumulative number of dynamically scheduled PDSCHs and SPS
PDSCHs plus the number of PDCCH transmissions for SPS PDSCH release; an
accumulative number of dynamically scheduled PDSCHs; and an accumulative

number of dynamically scheduled PDSCHs and SPS PDSCHs.

[00105] For example, the first DCI format and the second DCI format may
respectively be DCI format #1 and DCI format #2 as described above. The first DAI
and second DAI may respectively be DAI #1 and DAI #2 as described above.
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[00106] In operation 715, the BS may receive a HARQ-ACK codebook including a
first HARQ-ACK sub-codebook for the first group of PDSCHs and a second
HARQ-ACK sub-codebook for the second group of PDSCHs.

[00107] In some examples, the first HARQ-ACK sub-codebook may be placed in the
front of the HARQ-ACK codebook, followed by the second HARQ-ACK
sub-codebook. In some other examples, the second HARQ-ACK sub-codebook may
be placed in the front of the HARQ-ACK codebook, followed by the first
HARQ-ACK sub-codebook. The first and second HARQ-ACK sub-codebooks may

respectively be sub-codebook #1 and sub-codebook #2 as described above.

[00108] It should be appreciated by persons skilled in the art that the sequence of the
operations in exemplary procedure 700 may be changed and some of the operations in
exemplary procedure 700 may be eliminated or modified, without departing from the

spirit and scope of the disclosure.

[00109] FIG. 8 illustrates a flow chart of an exemplary procedure 800 for wireless
communications in accordance with some embodiments of the present disclosure.
Details described in all of the foregoing embodiments of the present disclosure are
applicable for the embodiments shown in FIG. 8. In some examples, the procedure

may be performed by a UE, for example, UE 101 in FIG. 1.

[00110] Referring to FIG. 8, in operation 8§11, a UE may receive a set of first DCI
formats, wherein each of the first DCI formats may schedule at least one PDSCH on a
serving cell of the UE. In operation 813, the UE may receive a set of second DCI
formats, wherein each of the second DCI formats may schedule a maximum of one
PDSCH on a serving cell of the UE. In operation 815, the UE may transmit a
HARQ-ACK codebook for PDSCHs scheduled by the set of first DCI formats and the

set of second DCI formats.

[00111] In some embodiments, each DCI format of the set of first DCI formats and
the set of second DCI formats may indicate a DAI indicating an accumulative number
of PDSCHs among the PDSCHs scheduled by the set of first DCI formats and the set
of second DCI formats. The DAIs of the first DCI formats and the second DCI
formats may be counted jointly. The number of bits of the DAI of the first DCI
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format may be determined based on a maximum number of PDSCHs scheduled by the

first DCI format.

[00112] For example, the first DCI format and the second DCI format may
respectively be DCI format #1A and DCI format #2A as described above. The DAI
may respectively be DAI #1A as described above.

[00113] In some embodiments of the present disclosure, the DAI of the second DCI
format may be jointly indicated by a DAI field and another field in the second DCI
format. The total number of bits of the DAI field and the another field of the second
DCI format may be greater than or equal to the number of bits of the DAI of the first
DCI format. In response to the total number of bits of the DAI field and the another
field of the second DCI format being greater than the number of bits of the DAI field
of the first DCI format, the DAI field and a part of the another field of the second DCI
format may be used for jointly indicating the value of the DAI of the second DCI

format.

[00114] In some examples, the another field of the second DCI format may be a PRI
field of the second DCI format. In response to the last received DCI format among
the set of first DCI formats and the set of second DCI formats being a second DCI
format, the UE may apply a PRI field in the last received first DCI format among the
set of first DCI formats as the latest PRI.

[00115] In some examples, the another field of the second DCI format may be a TPC
field of the second DCI format. In response to the last received DCI format among
the set of first DCI formats and the set of second DCI formats being a second DCI
format, the UE may apply a TPC field in the last received first DCI format among the

set of first DCI formats as the latest TPC adjustment command.

[00116] In some embodiments of the present disclosure, the second DCI format may
include a DAI field. The size of the DAI field (e.g., 2 bit) may be smaller than the
number of bits of the DAIL. In some examples, the DAI field of the second DCI
format may indicate a number of LSBs (e.g., 2 bit) of the value of the DAI. In some
examples, the value of the DAI field of the second DCI format may be determined

based on a modular operation, for example, (“the value of the DAI” mod “the number
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of different values that can be indicated by the DAI field”). The UE may receive

any two second DCI formats of the set of second DCI formats inconsecutively.

[00117] It should be appreciated by persons skilled in the art that the sequence of the
operations in exemplary procedure 800 may be changed and some of the operations in
exemplary procedure 800 may be eliminated or modified, without departing from the

spirit and scope of the disclosure.

[00118] FIG. 9 illustrates a flow chart of an exemplary procedure 900 for wireless
communications in accordance with some embodiments of the present disclosure.
Details described in all of the foregoing embodiments of the present disclosure are
applicable for the embodiments shown in FIG. 9. In some examples, the procedure

may be performed by a BS, for example, BS 102 in FIG. 1.

[00119] Referring to FIG. 9, in operation 911, a BS may transmit a set of first DCI
formats, wherein each of the first DCI formats may schedule at least one PDSCH on a
cell. In operation 913, the BS may transmit a set of second DCI formats, wherein
each of the second DCI formats may schedule a maximum of one PDSCH on a cell.
In operation 915, the BS may receive a HARQ-ACK codebook for PDSCHs
scheduled by the set of first DCI formats and the set of second DCI formats.

[00120] In some embodiments, each DCI format of the set of first DCI formats and
the set of second DCI formats may indicate a DAI indicating an accumulative number
of PDSCHs among the PDSCHs scheduled by the set of first DCI formats and the set
of second DCI formats. The DAIs of the first DCI formats and the second DCI
formats may be counted jointly. The number of bits of the DAI of the first DCI
format may be determined based on a maximum number of PDSCHs scheduled by the

first DCI format.

[00121] For example, the first DCI format and the second DCI format may
respectively be DCI format #1A and DCI format #2A as described above. The DAI
may respectively be DAI #1A as described above.

[00122] In some embodiments of the present disclosure, the DAI of the second DCI

format may be jointly indicated by a DAI field and another field in the second DCI
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format. The total number of bits of the DAI field and the another field of the second
DCI format may be greater than or equal to the number of bits of the DAI of the first
DCI format. In response to the total number of bits of the DAI field and the another
field of the second DCI format being greater than the number of bits of the DAI field
of the first DCI format, the DAI field and a part of the another field of the second DCI
format may be used for jointly indicating the value of the DAI of the second DCI

format.

[00123] In some examples, the another field of the second DCI format may be a PRI
field of the second DCI format. In response to the last received DCI format among
the set of first DCI formats and the set of second DCI formats being a second DCI
format, the BS may apply a PRI field in the last received first DCI format among the
set of first DCI formats as the latest PRI.

[00124] In some examples, the another field of the second DCI format may be a TPC
field of the second DCI format. In response to the last received DCI format among
the set of first DCI formats and the set of second DCI formats being a second DCI
format, the BS may apply a TPC field in the last received first DCI format among the

set of first DCI formats as the latest TPC adjustment command.

[00125] In some embodiments of the present disclosure, the second DCI format may
include a DAI field. The size of the DAI field (e.g., 2 bit) may be smaller than the
number of bits of the DAIL. In some examples, the DAI field of the second DCI
format may indicate a number of LSBs (e.g., 2 bit) of the value of the DAI. In some
examples, the value of the DAI field of the second DCI format may be determined
based on a modular operation, for example, (“the value of the DAI” mod “the number
of different values that can be indicated by the DAI field”). The BS may transmit

any two second DCI formats of the set of second DCI formats inconsecutively.

[00126] It should be appreciated by persons skilled in the art that the sequence of the
operations in exemplary procedure 900 may be changed and some of the operations in
exemplary procedure 900 may be eliminated or modified, without departing from the

spirit and scope of the disclosure.

[00127] FIG. 10 illustrates a block diagram of an exemplary apparatus 1000
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according to some embodiments of the present disclosure. As shown in FIG. 10, the
apparatus 1000 may include at least one processor 1006 and at least one transceiver

1002 coupled to the processor 1006. The apparatus 1000 may be a UE or a BS.

[00128] Although in this figure, elements such as the at least one transceiver 1002
and processor 1006 are described in the singular, the plural is contemplated unless a
limitation to the singular is explicitly stated. In some embodiments of the present
application, the transceiver 1002 may be divided into two devices, such as a receiving
circuitry and a transmitting circuitry. In some embodiments of the present
application, the apparatus 1000 may further include an input device, a memory, and/or

other components.

[00129] In some embodiments of the present application, the apparatus 1000 may be
a UE. The transceiver 1002 and the processor 1006 may interact with each other so
as to perform the operations with respect to the UE described in FIGS. 1-9. In some
embodiments of the present application, the apparatus 1000 may be a BS. The
transceiver 1002 and the processor 1006 may interact with each other so as to perform

the operations with respect to the BS described in FIGS. 1-9.

[00130] In some embodiments of the present application, the apparatus 1000 may

further include at least one non-transitory computer-readable medium.

[00131] For example, in some embodiments of the present disclosure, the
non-transitory ~ computer-readable  medium may have stored thereon
computer-executable instructions to cause the processor 1006 to implement the
method with respect to the UE as described above.  For example, the
computer-executable instructions, when executed, cause the processor 1006
interacting with transceiver 1002, so as to perform the operations with respect to the

UE described in FIGS. 1-9.

[00132] In some embodiments of the present disclosure, the non-transitory
computer-readable medium may have stored thereon computer-executable instructions
to cause the processor 1006 to implement the method with respect to the BS as
described above. For example, the computer-executable instructions, when executed,

cause the processor 1006 interacting with transceiver 1002 to perform the operations
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with respect to the BS described in FIGS. 1-9.

[00133] Those having ordinary skill in the art would understand that the operations or
steps of a method described in connection with the aspects disclosed herein may be
embodied directly in hardware, in a software module executed by a processor, or in a
combination of the two. A software module may reside in RAM memory, flash
memory, ROM memory, EPROM memory, EEPROM memory, registers, a hard disk,
a removable disk, a CD-ROM, or any other form of storage medium known in the art.
Additionally, in some aspects, the operations or steps of a method may reside as one
or any combination or set of codes and/or instructions on a non-transitory
computer-readable medium, which may be incorporated into a computer program

product.

[00134] While this disclosure has been described with specific embodiments thereof,
it is evident that many alternatives, modifications, and variations may be apparent to
those skilled in the art. For example, various components of the embodiments may
be interchanged, added, or substituted in other embodiments. Also, all of the
elements of each figure are not necessary for the operation of the disclosed
embodiments. For example, one of ordinary skill in the art of the disclosed
embodiments would be enabled to make and use the teachings of the disclosure by
simply employing the elements of the independent claims. Accordingly,
embodiments of the disclosure as set forth herein are intended to be illustrative, not
limiting. Various changes may be made without departing from the spirit and scope

of the disclosure.

[00135] In this document, the terms "includes," "including," or any other variation
thereof, are intended to cover a non-exclusive inclusion, such that a process, method,
article, or apparatus that includes a list of elements does not include only those
elements but may include other elements not expressly listed or inherent to such

non

process, method, article, or apparatus. An element proceeded by "a,” "an," or the
like does not, without more constraints, preclude the existence of additional identical
elements in the process, method, article, or apparatus that includes the element. Also,
the term "another" is defined as at least a second or more. The term "having" and

the like, as used herein, are defined as "including." Expressions such as "A and/or
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B" or "at least one of A and B" may include any and all combinations of words
enumerated along with the expression. For instance, the expression "A and/or B" or
"at least one of A and B" may include A, B, or both A and B. The wording "the
first," "the second" or the like is only used to clearly illustrate the embodiments of the

present application, but is not used to limit the substance of the present application.
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WHAT IS CLAIMED:

1. A method for wireless communications performed by a user equipment (UE),

comprising:

receiving a set of first downlink control information (DCI) formats for
scheduling a first group of physical downlink shared channels (PDSCHs), wherein
each of the first DCI formats schedules at least one PDSCH on a serving cell of the
UE and indicates a first downlink assignment indicator (DAI), and the first DAI
indicates an accumulative number of PDSCHs among the first group of PDSCHs;

receiving a set of second DCI formats for scheduling a second group of
PDSCHs, wherein each of the second DCI formats schedules a maximum of one
PDSCH on a serving cell of the UE and indicates a second DAI, and the second DAI
indicates an accumulative number of physical downlink control channel (PDCCH)
transmissions carrying the second DCI formats; and

transmitting a hybrid automatic repeat request acknowledgement
(HARQ-ACK) codebook including a first HARQ-ACK sub-codebook for the first
group of PDSCHs and a second HARQ-ACK sub-codebook for the second group of

PDSCHs.

2. The method of claim 1, wherein the first DAIs of the first DCI formats and

the second DAISs of the second DCI formats are counted independently.
3. The method of claim 1, wherein a number of bits of the first DAI is
determined based on a maximum number of PDSCHs scheduled by the first DCI

format.

4. The method of claim 1 or 3, wherein a number of bits of the second DAI is

smaller than the number of bits of the first DAL
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5. The method of claim 1, wherein the first DAI indicates one of the following:

an accumulative number of dynamically scheduled PDSCHs plus the number
of PDCCH transmissions for semi-persistent scheduling (SPS) PDSCH release;

an accumulative number of dynamically scheduled PDSCHs and SPS
PDSCHs plus the number of PDCCH transmissions for SPS PDSCH release;

an accumulative number of dynamically scheduled PDSCHs; and

an accumulative number of dynamically scheduled PDSCHs and SPS
PDSCHs.

6. The method of claim 1, wherein:

the first HARQ-ACK sub-codebook is placed in the front of the HARQ-ACK
codebook, followed by the second HARQ-ACK sub-codebook; or
the second HARQ-ACK sub-codebook is placed in the front of the

HARQ-ACK codebook, followed by the first HARQ-ACK sub-codebook.

7. A method for wireless communications performed by a user equipment (UE),

comprising:

receiving a set of first downlink control information (DCI) formats, wherein
each of the first DCI formats schedules at least one physical downlink shared channel
(PDSCH) on a serving cell of the UE;

receiving a set of second DCI formats, wherein each of the second DCI
formats schedules a maximum of one PDSCH on a serving cell of the UE; and

transmitting a hybrid automatic repeat request acknowledgement
(HARQ-ACK) codebook for PDSCHs scheduled by the set of first DCI formats and
the set of second DCI formats,

wherein each DCI format of the set of first DCI formats and the set of second
DCI formats indicates a downlink assignment indicator (DAI) indicating an
accumulative number of PDSCHs among the PDSCHs scheduled by the set of first

DCI formats and the set of second DCI formats.
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8. The method of claim 7, wherein the DAIs of the first DCI formats and the

second DCI formats are counted jointly.

9. The method of claim 7, wherein a number of bits of the DAI of the first DCI
format is determined based on a maximum number of PDSCHs scheduled by the first

DCI format.

10. The method of claim 9, wherein the DAI of the second DCI format is jointly
indicated by a DAI field and another field in the second DCI format, and a total
number of bits of the DAI field and the another field of the second DCI format is

greater than or equal to the number of bits of the DAI of the first DCI format.

11. The method of claim 10, wherein in response to the total number of bits of the
DAI field and the another field of the second DCI format being greater than the
number of bits of the DAI field of the first DCI format, the DAI field and a part of the
another field of the second DCI format are used for jointly indicating the value of the

DAI of the second DCI format.

12. The method of claim 10, wherein the another field of the second DCI format
is a PUCCH resource indicator (PRI) field or a transmit power control (TPC) field of

the second DCI format.

13. The method of claim 12, wherein in response to the last received DCI format
among the set of first DCI formats and the set of second DCI formats being a second
DCI format, applying a PRI field in the last received first DCI format among the set
of first DCI formats as the latest PRI or applying a TPC field in the last received first
DCI format among the set of first DCI formats as the latest TPC adjustment

command.
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14. The method of claim 7, wherein the second DCI format includes a DAI field

indicating a number of least significant bits (LSBs) of the value of the DAL

15. The method of claim 14, wherein receiving the set of second DCI formats

comprises receiving any two second DCI formats of the set of second DCI formats

inconsecutively.
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