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METHODS AND APPARATUSES FOR CBGTI INDICATION IN DCI
SCHEDULING MULTIPLE PHYSICAL DATA CHANNELS

TECHNICAL FIELD

[0001] Embodiments of the present disclosure generally relate to wireless
communication technology, and more particularly to methods and apparatuses for
code block group (CBG) transmission information (CBGTI) indication in downlink
control channel (DCI) scheduling multiple physical data channels, e.g., physical
downlink shared channels (PDSCHs) or physical uplink shared channels (PUSCHs).

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, some kinds of traffic, e.g., extended
reality (XR) traffic, may have a variable data packet size and stringent transmission
latency. For such kinds of traffic, using one DCI scheduling multiple PDSCHs or
PUSCHs can greatly save DCI overhead, reduce scheduling latency and power
consumption for PDCCH monitoring of a user equipment (UE). In addition, besides
TB-based (re)transmission, a CBG-based (re)transmission is also supported in a

wireless communication system.

[0004] There is a need for combining the multi-PDSCH or multi-PUSCH scheduling
by a single DCI with the CBG-based (re)transmission.
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SUMMARY

[0005] Some embodiments of the present disclosure provide a UE. The UE may
include: a processor; and a transceiver coupled to the transceiver and configured to:
receive downlink control information (DCI) scheduling a first set of transport blocks
(TBs) in a transmission, wherein the DCI includes a field indicating CBG-level
transmission information for a second set of TBs, wherein the second set of TBs is a
subset of the first set of TBs and scheduled by the DCI for retransmission in the
transmission; and receive a CBG(s) of each TB of the second set of TBs based on the
field in response to the transmission being scheduled for downlink (DL) transmission;
or transmit a CBG(s) of each TB of the second set of TBs based on the field in

response to the transmission being scheduled for uplink (UL) transmission.

[0006] Some embodiments of the present disclosure provide a base station (BS).
The BS may include: a processor; and a transceiver coupled to the transceiver and
configured to: transmit DCI scheduling a first set of TBs in a transmission, wherein
the DCI includes a field indicating CBG-level transmission information for a second
set of TBs, wherein the second set of TBs is a subset of the first set of TBs and
scheduled by the DCI for retransmission in the transmission; and transmit a CBG(s)
of each TB of the second set of TBs based on the field in response to the transmission
being scheduled for DL transmission; or receive a CBG(s) of each TB of the second
set of TBs based on the field in response to the transmission being scheduled for UL

transmission.

[0007] Some embodiments of the present disclosure provide a method performed by
a UE. The method may include: receiving DCI scheduling a first set of TBs in a
transmission, wherein the DCI includes a field indicating CBG-level transmission
information for a second set of TBs, wherein the second set of TBs is a subset of the
first set of TBs and scheduled by the DCI for retransmission in the transmission; and
receiving a CBG(s) of each TB of the second set of TBs based on the field in response
to the transmission being scheduled for DL transmission; or transmitting a CBG(s) of
each TB of the second set of TBs based on the field in response to the transmission

being scheduled for UL transmission.

[0008] Some other embodiments of the present disclosure provide a method
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performed by a BS. The method may include: transmitting DCI scheduling a first
set of TBs in a transmission, wherein the DCI includes a field indicating CBG-level
transmission information for a second set of TBs, wherein the second set of TBs is a
subset of the first set of TBs and scheduled by the DCI for retransmission in the
transmission; and transmitting a CBG(s) of each TB of the second set of TBs based on
the field in response to the transmission being scheduled for DL transmission; or
receiving a CBG(s) of each TB of the second set of TBs based on the field in response

to the transmission being scheduled for UL transmission.

[0009] 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

[0010] 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.

[0011] FIG. 1 illustrates a schematic diagram of a wireless communication system in

accordance with some embodiments of the present disclosure;

[0012] FIGS. 2 and 3 illustrate schematic diagrams of DCI scheduling a

transmission in accordance with some embodiments of the present disclosure;
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[0013] FIG. 4 illustrates exemplary NDIs and bitmap in accordance with some

embodiments of the present disclosure;

[0014] FIG. 5 illustrates exemplary NDIs and indicator in accordance with some

embodiments of the present disclosure;

[0015] FIGS. 6-8 illustrate exemplary NDIs and bitmap in accordance with some

embodiments of the present disclosure;

[0016] FIGS. 9 and 10 illustrate flow charts of exemplary methods for CBGTI

indication in a DCI according to some embodiments of the present disclosure; and

[0017] FIG. 11 illustrates a simplified block diagram of an exemplary apparatus for

CBGTI indication in DCI according to some embodiments of the present disclosure.

DETAILED DESCRIPTION

[0018] 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.

[0019] 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 a specific network
architecture(s) 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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[0020] FIG. 1 illustrates a schematic diagram of a wireless communication system

100 in accordance with some embodiments of the present disclosure.

[0021] As shown in FIG. 1, 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 is depicted in FIG. 1, it is contemplated that
any number of UEs and BSs may be included in the wireless communication system

100.

[0022] 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 UL communication signals.

[0023] 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 DL communication signals.
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[0024] 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.

[0025] 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.

[0026] 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.

[0027] In a wireless communication system, some kinds of traffic, e.g., extended
reality (XR) traffic, may have a variable data packet size and stringent transmission
latency. Sometimes, such kinds of traffic may have a larger data packet size and
require several slots to complete the transmission. Using one DCI scheduling
multiple PDSCHs or PUSCHs can greatly save DCI overhead, reduce scheduling
latency and UE power consumption for PDCCH monitoring. Accordingly, it is

desirable to schedule multiple PDSCHs or PUSCHs in multiple slots on the same cell
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by a DCI or schedule multiple PDSCHs or PUSCHs on multiple cells by a DCIL.

[0028] In NR, besides TB-based (re)transmission, CBG-based (re)transmission is
also supported. For the TB-based (re)transmission, one HARQ-ACK feedback bit,
namely a TB-based HARQ-ACK feedback or a TB-level HARQ-ACK feedback, may
correspond to one TB and be used to indicate whether the TB is correctly decoded by
the UE or not. For the CBG-based (re)transmission, one HARQ-ACK feedback bit,
namely a CBG-based HARQ-ACK feedback or a CBG-level HARQ-ACK feedback,
may correspond to one CBG of a TB and be used to indicate whether the CBG is

correctly decoded by the UE or not.

[0029] For the CBG-based (re)transmission, a UE may receive a radio resource
control (RRC) signaling from a BS. The RRC signaling may configure a maximum
number of CBGs per TB. For example, the maximum number of CBGs per TB may
be 2, 4, 6 and 8. For both semi-static HARQ-ACK codebook and dynamic
HARQ-ACK codebook, the number of HARQ-ACK bits for one TB may be equal to
the configured maximum number of CBGs per TB, regardless of the variable TB size

of a given TB.

[0030] Given the above, when combining the multi-PDSCH or multi-PUSCH
scheduling by a single DCI with the CBG-based retransmission, the problem is that
the CBGTI indication in the scheduling DCI may require a huge signaling overhead.
For example, assuming that RRC signaling configures that a maximum number of
CBGs per TB is 8 and a maximum number of TBs schedulable by a DCI is 8. Then,
an CBGTTI indication in a DCI may need 8*8=64 bits, wherein each bit is associated
with a corresponding CBG of a corresponding TB and indicates whether the
corresponding CBG is retransmitted or not. Accordingly, to exploit the benefit of
CBG-based transmission and multi-PDSCH or multi-PUSCH scheduling by a single
DCI, how to reduce the signaling overhead on CBGTI indication in a DCI needs to be

addressed.

[0031] Given the above, embodiments of the present disclosure propose solutions
for CBGTTI indication in DCI scheduling multiple physical data channels, which can
at least solve the above technical problems. For example, embodiments of the

present disclosure provide several solutions for indicating transmission information of
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CBGs of scheduled TBs in a DCI when CBG-based transmission and multi-PDSCH
or multi-PUSCH scheduling by a single DCI are both configured to the UE.
Embodiments of the present disclosure can reduce the signaling overhead to a
relatively reasonable level. More details on the embodiments of the present
disclosure will be illustrated in the following text in combination with the appended

drawings.

[0032] Embodiment 1

[0033] In Embodiment 1, a BS (e.g., BS 102 as shown in FIG. 1) may transmit, to a
UE (e.g., UE 101 as shown in FIG. 1), a DCI scheduling a first set of TBs on a set of
PDSCHs in a DL transmission. The first set of TBs may include one or more TBs,
where each TB of the first set of TBs may be scheduled on a corresponding PDSCH
of the set of PDSCHs. In some embodiments of the present disclosure, the first set
of TBs on the set of PDSCHs may be scheduled on different serving cells of the UE
or in different slots on the same serving cell of the UE. In some embodiments, the
cells (or carriers) on which the PDSCHs are scheduled may or may not include the

cell (or carrier) on which the DCI is transmitted.

[0034] The UE may receive, from the BS, the DCI scheduling the first set of TBs on
the set of PDSCHs in a DL transmission.

[0035] The DCI may include a field indicating CBG-level transmission information.

[0036] In some embodiments of the present disclosure, the BS may transmit RRC
signaling indicating whether the field is included in a DCI or not. The UE may
determine whether the field is included in a DCI based on the RRC signaling. In
some embodiments of the present disclosure, the field is included in a DCI in the case
that a CBG-based transmission is configured for the UE and the DCI schedules a
plurality of physical data channels (e.g., PDSCHs or PUSCHs) or a plurality of TBs
(e.g., the first set of TBs includes a plurality of TBs).

[0037] The size of the field may be based on (e.g., equal to or greater than) the
maximum number of TBs schedulable by the DCI. In some embodiments of the

present disclosure, the maximum number of TBs schedulable by the DCI may be
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configured by RRC signaling from the BS. In some embodiments of the present
disclosure, the maximum number of TBs schedulable by the DCI may be implicitly
determined. For example, it may be determined based on at least one of: the
maximum number of start and length indicator values (SLIVs) in an entry of a time
domain resource allocation (TDRA) table; the maximum number of schedulable cells
by the DCI; or the maximum number of codewords per a PDSCH. Since the UE can
determine the size of the field, the UE can determine the DCI payload size of the DCI.

[0038] In some embodiments of the present disclosure, the field may indicate
CBG-level transmission information for the first set of TBs. For example, the field
may include a bitmap. The size of the bitmap may be based on (e.g., equal to or
greater than) the maximum number of TBs schedulable by the DCI. Each bit in the
bitmap may correspond to a TB of the first set of TBs and indicates whether all CBGs
or only a subset of CBGs of the TB are transmitted in the transmission. The first set
of TBs may include initially transmitted TBs and retransmitted TBs. A second set of
TBs may be a subset of the first set of TBs and are scheduled by the DCI for
retransmission in the transmission. That is, the second set of TBs are retransmitted

TBs.

[0039] In some embodiments of the present disclosure, the field may indicate
CBG-level transmission information for the retransmitted TBs (e.g., the second set of
TBs). For example, the field may include a bitmap. The size of the bitmap may be
based on (e.g., equal to or greater than) the maximum number of TBs schedulable by
the DCI.  Each bit in the bitmap corresponds to a TB of the second set of TBs and
indicates whether all CBGs or only a subset of CBGs of the TB are transmitted in the

transmission.

[0040] A subset of CBGs of a TB in the above embodiments may refer to failed
CBGs of the TB, which includes a CBG(s) which is not correctly decoded in a

previous transmission of the TB or a CBG(s) that is responded with a NACK in the
CBG-based HARQ-ACK feedback.

[0041] For a TB, when a bit in the bitmap indicates that all CBGs of the TB are
transmitted in the transmission, it implies that the entire TB is transmitted in the

transmission; when a bit in the bitmap indicates that a subset of CBGs of the TB are
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transmitted in the transmission, it implies that the subset of CBGs (e.g., failed CBGs)

are retransmitted in the transmission.

[0042] For example, for a TB, the corresponding bit "1" in the bitmap may indicate
that only the subset of CBGs of the TB is transmitted in the transmission; the
corresponding bit "0" in the bitmap may indicate that all CBGs of the TB are

transmitted in the transmission; or vice versa.

[0043] The following descriptions illustrate the operation of the BS side.

[0044] According to some embodiments of the present disclosure, before the current
transmission, the BS may receive CBG-based HARQ-ACK feedback for one or more

TBs in a previous transmission.

[0045] In some examples, for a TB of the one or more TBs, the corresponding
CBG-based HARQ-ACK feedback may indicate a NACK(s) for a subset of CBGs of
the TB. That is, the CBG-based HARQ-ACK feedback for this TB (denoted as TB
#1 for clarity) indicates that the subset of CBGs of TB #1 is not correctly decoded at
the UE and may need to be retransmitted. The BS may determine to retransmit TB
#1 (e.g., the entire TB #1 or the subset of CBGs (e.g., failed CBG(s)) of TB #1). In
such cases, the second set of TBs scheduled by the DCI for retransmission may
include TB #1. The BS may correspondingly set a bit in the bitmap corresponding to
TB #1. For example, in the case that the BS determines to retransmit the entire TB
#1, the corresponding bit may be set to indicate all CBGs of the TB are transmitted.
In the case that the BS determines to retransmit the failed CBG(s) of TB #1, the

corresponding bit may be set to indicate a subset of CBGs of the TB is transmitted.

[0046] In some examples, for each CBG of the one or more TBs, the corresponding
CBG-based HARQ-ACK feedback may indicate an ACK. That is, all of the one or
more TBs are correctly decoded at the UE. In such cases, the first set of TBs may

not include any retransmitted TB, but only includes initially transmitted TB.

[0047] Whether a TB scheduled by a DCl is initially transmitted or retransmitted can
be determined based on a corresponding NDI in the DCI.  For example, according to

some embodiments of the present disclosure, for an initially transmitted TB in the first

10
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set of TBs, the BS may set an NDI corresponding to the TB to indicate that the TB is
initially transmitted. The BS may also set a bit in the bitmap in the field
corresponding to the TB to indicate that all CBGs of the TB are transmitted in the

transmission.

[0048] According to some embodiments of the present disclosure, for a
retransmitted TB in the first set of TBs, the BS may set an NDI corresponding to the
TB to indicate that the TB is retransmitted. In the case that the BS determines to
retransmit the entire TB, the BS may set a bit in the bitmap in the field corresponding
to the TB to indicate that all CBGs of the TB are transmitted in the transmission. In
the case that the BS determines to only retransmit a subset of CBGs which are not
correctly decoded in the previous transmission or responded with NACKSs in the
CBG-based HARQ-ACK feedback, the BS may set a bit in the bitmap in the field
corresponding to the TB to indicate that only a subset of CBGs of the TB are

transmitted.

[0049] According to some embodiments of the present disclosure, for a TB of the
first set of TBs, the BS may set a bit of the bitmap corresponding to the TB to indicate
all CBGs of the TB are transmitted in the transmission in response to at least one of

the following:

¢ the transmission is an initial transmission of the TB;

* a plurality of CBGs (e.g., majority) of the TB need to be retransmitted, for
example, indicated as not correctly decoded in a previous transmission or
responded with NACK in the corresponding CBG-based HARQ-ACK feedback;

¢ the TB has a small size;

* the TB is scheduled by a fallback DCI format (e.g., DCI format 1_0) in a
previous transmission;

* the TB is transmitted without associated scheduling DCI in a previous
transmission, e.g., the TB is scheduled on a semi-persistent scheduling (SPS)
PDSCH; or

* none of CBGs of the TB is correctly decoded in a previous transmission or all
CBGs of the TB are responded with NACK in the corresponding CBG-based
HARQ-ACK feedback.

[0050] The following descriptions illustrate the operation from the UE side.

11
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[0051] In response to receiving the DCI scheduling the first set of TBs, the UE may
check NDIs corresponding to the first set of TBs. For example, for a TB in the first
set of TBs, the UE may check an NDI corresponding to the TB.

[0052] In the case that the NDI indicates that the TB is initially transmitted, in an
example, the UE may ignore the bit corresponding to the TB in the field in the DCI; in
another example, the UE may check the bit corresponding to the TB in the field and
assume that the bit indicates that all CBGs of the TB are transmitted in the
transmission. In such case, the UE does not expect that the bit is set to a value
indicating only a subset of CBGs of the TB is transmitted in the transmission when

the NDI indicates that the TB is initially transmitted.

[0053] In the case that the NDI indicates that the TB is retransmitted, the UE may
check the bit corresponding to the TB in the field in the DCI and determine whether
all CBGs of the TB are transmitted in the transmission or only a subset of CBGs (e.g.,
failed CBGs) of the TB is transmitted in the transmission based on the corresponding

bit in the field.

[0054] In such case, when all CBGs of the TB are transmitted in the transmission,
the UE may combine all CBGs of the TB received in the transmission with all CBGs
of the TB received in a previous transmission for decoding the TB. When only the
subset of CBGs of the TB is transmitted in the transmission, the UE may combine the
subset of CBGs of the TB received in the transmission with CBG(s) of the TB
received in a previous transmission and having the same CBG index(es) as those of

the subset of CBGs for further decoding.

[0055] It is assumed that TB1 and TB2 are not correctly decoded in a previous
transmission, wherein CBG1 and CBG2 of TB1 and CBG2 and CBG3 of TB2 are
incorrectly decoded while CBGO and CBG3 of TB1 and CBGO and CBG1 of TB2 are
correctly decoded. It is assumed that the maximum number of TBs schedulable by a
DCI is 4 and the maximum number of CBGs per a TB is 4. Consequently, the
CBG-based HARQ-ACK feedback for TB1 which is transmitted by the UE and
received by the BS may be {A, N, N, A} and the CBG-based feedback for TB2 which
is transmitted by the UE and received by the BS may be {A, A, N, N}, wherein “A”
denotes an ACK and “N” denotes a NACK.
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[0056] After receiving the CBG-based HARQ-ACK feedback for TB1 and TB2, the
BS may determine to schedule the retransmissions of both TB1 and TB2 and initial

transmissions of TB3 and TB4 by a DCI.

[0057] In some embodiments, TB1 is carried by PDSCH 1, TB2 is carried by
PDSCH 2, TB3 is carried by PDSCH 3, and TB4 is carried by PDSCH 4.

[0058] In an example, the four PDSCHs are scheduled in different slots on the same
serving cell (e.g., on the same component carrier (CC)) of the UE as shown in FIG. 2.
For example, referring to FIG. 2, PDSCH 1, PDSCH 2, PDSCH 3, and PDSCH 4 are

scheduled in slot n, slot n+1, slot n+2, and slot n+3 of the same CC, respectively.

[0059] In another example, the four PDSCHs are scheduled in different serving cells
(e.g., on different CCs) of the UE as shown in FIG. 3. For example, referring to FIG.
3, PDSCH 1, PDSCH 2, PDSCH 3, and PDSCH 4 are scheduled on CC1 to CC4,
respectively. It should be noted that although each of PDSCH 1, PDSCH 2, PDSCH
3, and PDSCH 4 is shown as scheduled on a different CC in FIG. 3, two or more of
the PDSCHs may be scheduled on the same CCs in some other embodiments of the

present disclosure.

[0060] The DCI may include 4 NDIs, e.g., "a0, al, a2, a3," corresponding to
TB1-TB4, respectively. In some examples, a0 corresponds to TB1 and indicates that
TB1 is retransmitted, al corresponds to TB2 and indicates that TB2 is retransmitted,
a2 corresponds to TB3 and indicates that TB3 is initially transmitted, a3 corresponds

to TB4 and indicates that TB4 is initially transmitted.

[0061] The DCI may include a field indicating CBG-level transmission information
for TB1, TB2, TB3, and TB4. For example, the field may include a bitmap "b0, b1,
b2, b3," wherein b0 corresponds to TB1 and indicates that a subset of CBGs (e.g.,
failed CBGs) of TB1 is transmitted in the transmission, bl corresponds to TB2 and
indicates that a subset of CBGs (e.g., failed CBGs) of TB2 is transmitted in the
transmission, b2 corresponds to TB3 and indicates that all CBGs of TB3 is
transmitted in the transmission, and b3 corresponds to TB4 and indicates that all

CBGs of TB4 is transmitted in the transmission.
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[0062] In response to receiving the DCI scheduling TB1 to TB4, for each TB, the
UE may check an NDI corresponding to the TB. For example, for TB3, the UE may
check "a2" in the DCI, and since "a2" indicates that TB3 is initially transmitted, the
UE may ignore "b2" or may check "b2". Similarly, for TB4, the UE may check "a3"
in the DCI, and since "a3" indicates that TB4 is initially transmitted, the UE may

ignore "b3" or may check "b3".

[0063] For TB1, since the NDI "a0" indicates that TB1 is retransmitted, the UE may
check "b0" in the bitmap, and determines that CBG1 and CBG2 of TB1 are
retransmitted based on the value of "b0" indicating only failed CBGs are transmitted
and the previous HARQ-ACK feedback for TB1. Then, the UE may combine CBG1
and CBG2 of TBI received in the transmission with CBGs with the same indexes as

CBG1 and CBG2 received in the previous transmission for further decoding.

[0064] Similarly, for TB2, since the NDI "al" indicates that TB2 is retransmitted,
the UE may check "b1" in the bitmap, and determines that CBG2 and CBG3 of TB2
are retransmitted based on the value of "bl" indicating only failed CBGs are
transmitted and the previous HARQ-ACK feedback for TB2. Then, the UE may
combine CBG2 and CBG3 of TB2 received in the transmission with CBGs with the
same indexes as CBG2 and CBG3 received in the previous transmission for further

decoding.

[0065] FIG. 4 illustrates exemplary NDIs and a bitmap in accordance with some
embodiments of the present disclosure. Referring to FIG. 4, each NDI "a0," "al",
"a2," or "a3" may correspond to a bit "b0," "bl", "b2," or "b3" in the bitmap,
respectively. For example, the UE may first check an NDI corresponding to a TB
and then check a bit corresponding to the TB.

[0066] Embodiment 2

[0067] In Embodiment 2, a BS (e.g., BS 102 as shown in FIG. 1) may transmit, to a
UE (e.g., UE 101 as shown in FIG. 1), a DCI scheduling a first set of TBs on a set of
PDSCHs in a DL transmission. The first set of TBs may include one or more TBs,
where each TB of the first set of TBs may be scheduled on a corresponding PDSCH

of the set of PDSCHs. In some embodiments of the present disclosure, the first set
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of TBs on the set of PDSCHs may be scheduled on different serving cells of the UE
or in different slots on the same serving cell of the UE. In some embodiments, the
cells (or carriers) on which the PDSCHs are scheduled may or may not include the

cell (or carrier) on which the DCI is transmitted.

[0068] The UE may receive, from the BS, the DCI scheduling the first set of TBs on
the set of PDSCHs in a DL transmission.

[0069] The DCI may include a field indicating CBG-level transmission information.

[0070] In some embodiments of the present disclosure, the BS may transmit RRC
signaling indicating whether the field is included in a DCI or not. The UE may
determine whether the field is included in the DCI based on the RRC signaling. In
some embodiments of the present disclosure, the field is included in a DCI in the case
that a CBG-based transmission is configured for the UE and the DCI schedules a
plurality of physical data channels (e.g., PDSCHs or PUSCHs) or a plurality of TBs
(e.g., the first set of TBs includes a plurality of TBs).

[0071] In some embodiments, the first set of TB may include a second set of TBs,
wherein the second set of TBs may be a subset of the first set of TBs and are
scheduled by the DCI for retransmission in the transmission. That is, the second set
of TBs are retransmitted TBs. In some embodiments, the field in the DCI may
include an indicator indicating whether all CBGs or only a subset of CBGs of each

TB of the second set of TBs are transmitted.

[0072] A subset of CBGs of a TB in the above embodiments may refer to failed
CBGs of the TB, which include a CBG(s) which is not correctly decoded in a

previous transmission of the TB or a CBG(s) which is responded with a NACK in a
CBG-based HARQ-ACK feedback.

[0073] When the indicator indicates that all CBGs of each TB of the second set of
TBs are transmitted, it implies that all CBGs of each TB of the second set of TBs are
retransmitted in the transmission, i.e., the entire TB of each TB of the second set of
TBs is retransmitted in the transmission. When the indicator indicates that only a

subset of CBGs of each TB of the second set of TBs is transmitted, it implies that only
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the corresponding subset of CBGs (e.g., failed CBGs) of each TB of the second set of

TBs is retransmitted in the transmission.

[0074] For example, the indicator may be a 1-bit indicator corresponding to all of
the second set of TBs. The bit value "1" may indicate that only the subset of CBGs
of each TB of the second set of TBs is retransmitted in the transmission; and the bit
value "0" may indicate that all CBGs of each TB of the second set of TBs are

retransmitted in the transmission; or vice versa.

[0075] The following descriptions illustrate the operation of the BS side.

[0076] According to some embodiments of the present disclosure, before the current
transmission, the BS may receive CBG-based HARQ-ACK feedback for one or more

TBs in a previous transmission.

[0077] In some examples, for a TB of the one or more TBs, the corresponding
CBG-based HARQ-ACK feedback may indicate a NACK(s) for a subset of CBGs of
the TB. That is, the CBG-based HARQ-ACK feedback for this TB (denoted as TB
#1A for clarity) indicates that the subset of CBGs of TB #1A is not correctly decoded
at the UE and may need to be retransmitted. The BS may determine to retransmit
TB #1A (e.g., the entire TB #1A or the subset of CBGs (e.g., failed CBG(s)) of TB
#1A). In such cases, the second set of TBs scheduled by the DCI for retransmission
may include TB #1A.

[0078] In some examples, for each CBG of the one or more TBs, the corresponding
CBG-based HARQ-ACK feedback may indicate an ACK. That is, all of the one or
more TBs is correctly decoded at the UE. In such cases, the first set of TBs may not

include any retransmitted TB, but only includes initially transmitted TB.

[0079] Whether a TB scheduled by a DCI is initially transmitted or retransmitted can
be determined based on a corresponding NDI in the DCI.  For example, according to
some embodiments of the present disclosure, for an initially transmitted TB in the first
set of TBs, the BS may set an NDI corresponding to the TB to indicate that the TB is
initially transmitted. In an embodiment of the present disclosure, when the first set

of TBs does not include a retransmitted TB, the BS may set the indicator in the DCI to
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indicate that all CBGs of each TB of the first set of TBs are transmitted in the

transmission.

[0080] According to some embodiments of the present disclosure, for a
retransmitted TB in the first set of TBs, the BS may set an NDI corresponding to the
TB to indicate that the TB is retransmitted. In the case that the first set of TBs
includes a retransmitted TB(s) (e.g., the second set of TBs), it is up to the BS to set
the indicator in the DCI to indicate that all CBGs of each TB of the retransmitted
TB(s) are transmitted in the transmission, or only a subset of CBGs of each TB of the
retransmitted TB(s) is transmitted. The BS may make such determination based on

various principles.

[0081] For example, according to some embodiments of the present disclosure, the
BS may set the indicator in the DCI to indicate all CBGs of each TB of the first (or
second) set of TBs are transmitted in the transmission in response to at least one of the

following:

all the first set of TBs are initially transmitted;

* a plurality of CBGs (e.g., majority) of all the second set of TBs need to be
retransmitted, for example, indicated as not correctly decoded in a previous
transmission or responded with NACK in the corresponding CBG-based
HARQ-ACK feedback;

* all or most of the second set of TBs have a small size;

* all or most of the second set of TBs are scheduled by a fallback DCI format (e.g.,
DCI format 1_0) in a previous transmission;

* all or most of the second set of TBs are transmitted without associated scheduling
DCI in a previous transmission, e.g., all the second set of TBs are scheduled on
SPS PDSCHs; or

* none or a few of CBGs of all the second set of TBs are correctly decoded in a
previous transmission or all CBGs of all the second set of TBs are responded with
NACK in the corresponding CBG-based HARQ-ACK feedback.

[0082] According to some embodiments of the present disclosure, in the case that
the BS determines to retransmit all CBGs of each TB in the second set of TBs, the BS
may set the indicator in the DCI to indicate that all CBGs of each TB of the second set

of TBs are transmitted in the transmission. In the case that the BS determines to
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retransmit a subset of CBGs of each TB in the second set of TBs, the BS may set the
indicator in the DCI to indicate that a subset of CBGs of each TB of the second set of

TBs are transmitted in the transmission.

[0083] The following descriptions illustrate the operation from the UE side.

[0084] In response to receiving the DCI scheduling the first set of TBs, the UE may
check NDIs corresponding to the first set of TBs. For example, for a TB in the first
set of TBs, the UE may check an NDI corresponding to the TB.

[0085] In the case that the NDI indicates that the TB is initially transmitted, in an
example, the UE may ignore the indicator in the DCI; in another example, the UE
may check the indicator in the DCI. In the case that the NDIs indicate that all the
scheduled TBs are initially transmitted, in an example, the UE may ignore the
indicator in the DCI; in another example, the UE may check the indicator in the DCI
and assume that the indicator indicates that all CBGs of the scheduled TBs are
transmitted in the transmission. The UE does not expect that the indicator in the
DCI is set to a value indicating only a subset of CBGs of the scheduled TBs is
transmitted in the transmission when the NDI indicates that all the scheduled TBs are

initially transmitted.

[0086] In the case that the NDI indicates that the TB is retransmitted, the UE may
check the indicator in the DCI and determine whether all CBGs of the TB are
transmitted in the transmission or only a subset of CBGs (e.g., failed CBGs) of the TB

is transmitted in the transmission based on the indicator in the DCI.

[0087] In such case, when all CBGs of the TB are transmitted in the transmission,
the UE may combine all CBGs of the TB received in the transmission with all CBGs
of the TB received in a previous transmission for decoding the TB. When only the
subset of CBGs of the TB is transmitted in the transmission, the UE may combine the
subset of CBGs of the TB received in the transmission with CBG(s) of the TB
received in a previous transmission and having the same CBG index(es) as those of

the subset of CBGs for further decoding.

[0088] It is assumed that TB1 and TB2 are not correctly decoded in previous
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transmission, wherein CBG1 and CBG2 of TB1 and CBG2 and CBG3 of TB2 are
incorrectly decoded while CBGO and CBG3 of TB1 and CBGO and CBG1 of TB2 are
correctly decoded. It is assumed that the maximum number of TBs schedulable by a
DCI is 4 and the maximum number of CBGs per a TB is 4. Consequently, the
CBG-based HARQ-ACK feedback for TB1 which is transmitted by the UE and
received by the BS may be {A, N, N, A} and the CBG-based feedback for TB2 which
is transmitted by the UE and received by the BS may be {A, A, N, N}, wherein “A”
denotes an ACK and “N” denotes a NACK.

[0089] After receiving the CBG-based HARQ-ACK feedbacks for TB1 and TB2,
the BS may determine to schedule the retransmissions of both TB1 and TB2 and
initial transmissions of TB3 and TB4 by a DCIL

[0090] In some embodiments, TB1 is carried by PDSCH 1, TB2 is carried by
PDSCH 2, TB3 is carried by PDSCH 3, and TB4 is carried by PDSCH 4. In an
example, the four PDSCHs are scheduled in different slots on the same serving cell
(e.g., on the same CC) of the UE as shown in FIG. 2. In another example, the four
PDSCHs are scheduled in different serving cells (e.g., on different CCs) of the UE as
shown in FIG. 3. It should be noted that although each of PDSCH 1, PDSCH 2,
PDSCH 3, and PDSCH 4 is shown as scheduled on a different CC in FIG. 3, two or
more of the PDSCHs may be scheduled on the same CCs in some other embodiments

of the present disclosure.

[0091] The DCI may include 4 NDIs, e.g., "a0, al, a2, a3," corresponding to
TB1-TB4, respectively. In some examples, a0 corresponds to TB1 and indicates that
TB1 is retransmitted, al corresponds to TB2 and indicates that TB2 is retransmitted,
a2 corresponds to TB3 and indicates that TB3 is initially transmitted, a3 corresponds

to TB4 and indicates that TB4 is initially transmitted.

[0092] The DCI may include an indicator "b0" corresponding to both TB1 and TB2.
For example, b0 indicates that only a subset of CBGs (e.g., failed CBGs) of each of

TB1 and TB2 are transmitted in the transmission.

[0093] In response to receiving the DCI scheduling TB1 to TB4, for each TB, the
UE may check an NDI corresponding to the TB. For example, for TB3, the UE may
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check "a2" in the DCI, and since "a2" indicates that TB3 is initially transmitted, the

UE may ignore "b0" or may check "b0."

[0094] Similarly, for TB4, the UE may check "a3" in the DCI, and since "a3"
indicates that TB4 is initially transmitted, the UE may ignore "b0" or may check "b0".

[0095] For TB1, since the NDI "a0" indicates that TB1 is retransmitted, the UE may
check "b0", and determines that CBG1 and CBG2 of TB1 are retransmitted based on
the value of "b0" indicating only failed CBG are transmitted and the previous
HARQ-ACK feedback for TB1. Then, the UE may combine CBG1 and CBG2 of
TB1 received in the transmission with CBGs with the same indexes as CBGI1 and

CBG?2 received in the previous transmission for further decoding.

[0096] Similarly, for TB2, since the NDI "al" indicates that TB2 is retransmitted,
the UE may check "b0", and determines that CBG2 and CBG3 of TB2 are
retransmitted based on the value of "b0" indicating only failed CBG are transmitted
and the previous HARQ-ACK feedback for TB2. Then, the UE may combine CBG2
and CBG3 of TB2 received in the transmission with CBGs with the same indexes as

CBG2 and CBG3 received in the previous transmission for further decoding.

[0097] FIG. 5 illustrates exemplary NDIs and an indicator in accordance with some
embodiments of the present disclosure. Referring to FIG. 5, all of the NDIs "a0,"

"al", "a2," and "a3" may correspond to the same indicator "b0".

[0098] Embodiment 3

[0099] In Embodiment 3, a BS (e.g., BS 102 as shown in FIG. 1) may transmit, to a
UE (e.g., UE 101 as shown in FIG. 1), a DCI scheduling a first set of TBs on a set of
physical data channels in a transmission. The first set of TBs may include one or
more TBs, where each TB of the first set of TBs may be scheduled on a
corresponding physical data channel of the set of physical data channels. In some
embodiments of the present disclosure, the first set of TBs on the set of physical data
channels may be scheduled on different serving cells of the UE or in different slots on
the same serving cell of the UE. In some embodiments, the cells (or carriers) on

which the set of physical data channels are scheduled may or may not include the cell
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(or carrier) on which the DCI is transmitted. The transmission may be a DL
transmission or a UL transmission. In the case that the transmission is the DL
transmission, the set of physical data channels are a set of PDSCHs. In the case that
the transmission is the UL transmission, the set of physical data channels are a set of

PUSCHs.

[00100] The UE may receive, from the BS, the DCI scheduling the first set of TBs on

the set of physical data channels.

[00101] The DCI may include a field indicating CBG-level transmission information.
In some embodiments of the present disclosure, such field may always be include in a
DCI regardless of whether the DCI schedules a single physical data channel or a
plurality of physical data channels.

[00102] In some embodiments of the present disclosure, the first set of TB may
include a second set of TBs, wherein the second set of TBs may be a subset of the
first set of TBs and are scheduled by the DCI for retransmission in the transmission.
That is, the second set of TBs are retransmitted TBs. In some embodiments, the
field may indicate CBG-level transmission information for a specific TB of the

second set of TBs.

[00103] The size of the field may be based on (e.g., equal to or greater than) the
maximum number of CBGs per a TB. Since the UE can determine the size of the
field, the UE can determine the DCI payload size of the DCI. For example, the field
may include a bitmap corresponding to a specific TB (denoted as TB #1B) of the
second set of TBs. The size of the bitmap may be based on (e.g., equal to or greater
than) the maximum number of CBGs per a TB. Each bit in the bitmap corresponds
to a CBG of TB #1B and indicates whether the CBG of TB #1B is transmitted in the

transmission.

[00104] For example, for a CBG of TB #1B, the corresponding bit "1" in the bitmap
may indicate that the CBG of TB #IB is transmitted in the transmission; the
corresponding bit "0" in the bitmap may indicate that the CBG of TB #1B is not

transmitted in the transmission; or vice versa.
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[00105] In some embodiments of the present disclosure, the second set of TBs may be
ordered according to a predefined rule. For example, in some embodiments of the
present disclosure, the TBs in the second set of TBs may be ordered according to
associated HARQ process numbers, or associated downlink assignment indicator
(DAI) values, or times associated with the TBs in the second set of TBs, or indices of
the serving cell on which the TBs in the second set of TBs are scheduled. TB #1B
may be a TB located at a specific position of the ordered TBs. For example, TB #1B
may be the first TB among the ordered second set of TBs.

[00106] For example, the second set of TBs may be ordered according to a predefined
order (e.g., an ascending order) of HARQ process numbers associated with the TBs in
the second set of TBs. TB #1B is the first one (e.g., the TB with the smallest HARQ

process number) among the ordered second set of TBs.

[00107] In another example, the second set of TBs may be ordered according to a
predefined order (e.g., an ascending order) of DAI values associated with the TBs in
the second set of TBs. TB #1B is the first one (e.g., the TB with the smallest DAI
value) among the ordered second set of TBs. The DAI value herein may be an
actual value without performing a modulo operation. For example, assuming that a
DAI field in a DCI format includes 2 bits, a BS may perform a modulo operation on
the actual DAI value with 4 (i.e., 2°) to obtain the value indicated by the DAI field.
The UE can obtain the actual DAI value via an inverse operation on the value

indicated by the DAI field.

[00108] In another example, the second set of TBs may be ordered according to a
predefined order (e.g., an ascending order) of times associated with the second set of
TBs. TB #1B is the first one (e.g., the earliest TB received by the UE or transmitted
by the BS in the case of DL transmission or the earliest TB transmitted by the UE or
received by the BS in the case of UL transmission) among the ordered second set of

TBs.

[00109] In another example, the second set of TBs may be ordered according to a
predefined order of serving cell indices associated with the second set of TBs. TB
#1B is the first one among the ordered second set of TBs. In some cases, the

predefined order of serving cell indices may be an ascending order of the serving cell
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indices, TB #1B may be the one with lowest serving cell index among the second set
of TBs. In some other cases, the predefined order of serving cell indices may be a
descending order of the serving cell indices, TB #1B may be the one with highest

serving cell index among the second set of TBs.

[00110] The following descriptions illustrate the operations of the BS side and the UE

side when the transmission is a DL transmission.

[00111] BS side

[00112] In the case that the transmission is a DL transmission, in some cases, before
the current transmission, the BS may receive CBG-based HARQ-ACK feedback for

one or more TBs in a previous transmission.

[00113] In some examples, for a TB of the one or more TBs, the corresponding
CBG-based HARQ-ACK feedback may indicate a NACK(s) for a subset of CBGs of
the TB. That is, the CBG-based HARQ-ACK feedback for this TB (denoted as TB
#1C for clarity) indicates that the subset of CBGs of TB #1C is not correctly decoded
at the UE and may need to be retransmitted. The BS may determine to retransmit
TB #1C. In such cases, the second set of TBs scheduled by the DCI for

retransmission may include TB #1C.

[00114] In the case that the second set of TBs includes at least one TB, the bitmap in
the field of the DCI may correspond to a specific TB in the second set of TBs. The
method for determine the specific TB as described above may apply here. For
example, the BS may set each bit in the bitmap such that each bit may correspond to a
CBG of the specific TB and indicates whether the CBG is transmitted. In some
embodiment, for the remaining TBs in the second set of TBs, the BS may transmit all

CBGs of each TB of the other TBs.

[00115] In some examples, for each CBG of the one or more TBs, the corresponding
CBG-based HARQ-ACK feedback may indicate an ACK. That is, all of the one or
more TBs are correctly decoded at the UE. In such cases, the first set of TBs may
not include any retransmitted TB, but only includes the initially transmitted TB. In

such cases, the BS may set all bits in the bitmap to indicate that the corresponding
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CBGs are transmitted in the transmission. For example, all bits in the bitmap may
be set to "1". Whether a TB scheduled by a DCI is initially transmitted or
retransmitted can be determined based on a corresponding NDI in the DCI. For
example, for an initially transmitted TB in the first set of TBs, the BS may set an NDI
corresponding to the TB to indicate that the TB is an initially transmitted TB. For a
retransmitted TB in the first set of TBs, the BS may set an NDI corresponding to the
TB to indicate that the TB is a retransmitted TB.

[00116] UE side

[00117] In response to receiving the DCI scheduling the first set of TBs, the UE may
check an NDI for each of the first set of TBs. In the case that the NDI for each of
the first set of TBs indicates that each of the first set of TBs is initially transmitted, in
an example, the UE may ignore the bitmap in the DCI; or in another example, the UE
may check the bitmap in the DCI and assume that the bitmap indicates that all of the
corresponding CBGs are transmitted in the transmission. In such case, the UE does
not expect that a bit in the bitmap is set to a value indicating a corresponding CBG is

not transmitted in the transmission.

[00118] In the case that the NDI for each of the first set of TBs indicates that the first
set of TB includes a second set of TBs for retransmission, the bitmap may only apply
to a specific TB (e.g., TB #1B) of the second set of TBs. The UE may determine the
specific TB according to the method as described above. The UE may check the
bitmap in the DCI and determine which CBG(s) of the specific TB are retransmitted
in the transmission. Then, the UE may combine the retransmitted CBG(s) of the
specific TB in the transmission with a CBG(s) of the specific TB which is received in
a previous transmission and has the same CBG index(es) as those of the retransmitted
CBG(s) for further decoding. The UE may determine that the remaining TBs of the

second set of TBs are transmitted on a TB-based retransmission.

[00119] The following example illustrates the operations of the BS and the UE when

the transmission is a DL transmission.

[00120] It is assumed that TB1 and TB2 are not correctly decoded in previous
transmission, wherein CBG1 and CBG2 of TB1 and CBG2 and CBG3 of TB2 are

24



WO 2024/007296 PCT/CN2022/104600

incorrectly decoded while CBGO and CBG3 of TB1 and CBGO and CBG1 of TB2 are
correctly decoded. It is assumed that the maximum number of TBs schedulable by a
DCI is 4 and the maximum number of CBGs per a TB is 4. Consequently, the
CBG-based HARQ-ACK feedback for TB1 which is transmitted by the UE and
received by the BS may be {A, N, N, A} and the CBG-based feedback for TB2 which
is transmitted by the UE and received by the BS may be {A, A, N, N}, wherein “A”
denotes an ACK and “N” denotes a NACK.

[00121] After receiving the CBG-based HARQ-ACK feedbacks for TB1 and TB2,
the BS may determine to schedule the retransmissions of both TB1 and TB2 and
initial transmissions of TB3 and TB4 by a DCIL

[00122] In some embodiments, TB1 is carried by PDSCH 1, TB2 is carried by
PDSCH 2, TB3 is carried by PDSCH 3, and TB4 is carried by PDSCH 4. In an
example, the four PDSCHs are scheduled in different slots on the same serving cell
(e.g., on the same CC) of the UE as shown in FIG. 2. In another example, the four
PDSCHs are scheduled in different serving cells (e.g., on different CCs) of the UE as
shown in FIG. 3. It should be noted that although each of PDSCH 1, PDSCH 2,
PDSCH 3, and PDSCH 4 is shown as scheduled on a different CC in FIG. 3, two or
more of the PDSCHs may be scheduled on the same CCs in some other embodiments

of the present disclosure.

[00123] The DCI may include 4 NDIs, e.g., "a0, al, a2, a3," corresponding to
TB1-TB4, respectively. In some examples, a0 corresponds to TB1 and indicates that
TB1 is retransmitted, al corresponds to TB2 and indicates that TB2 is retransmitted,
a2 corresponds to TB3 and indicates that TB3 is initially transmitted, a3 corresponds

to TB4 and indicates that TB4 is initially transmitted.

[00124] Assuming that TB1 is the specific TB in TB1 and TB2 determined based on
the above methods, then the DCI may include a bitmap "b0, b1, b2, b3" corresponding
to TB1, wherein b0 corresponds to CBGO of TB1 and indicates that CBGO of TB1 is
not retransmitted, b1l corresponds to CBG1 of TB1 and indicates that CBG1 of TB1 is
retransmitted, b2 corresponds to CBG2 of TB1 and indicates that CBG2 of TBI1 is
retransmitted, and b3 corresponds to CBGO and indicates that CBG3 of TBI is not

retransmitted.
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[00125] In response to receiving the DCI scheduling TB1 to TB4, for each TB, the
UE may check an NDI corresponding to the TB. The UE may determine that TB1 is
the specific retransmitted TB. The UE may check bitmap "bO, bl, b2, b3"
corresponding to TB1 and may determine that that CBG1 and CBG2 of TB1 are
retransmitted based on the bitmap. Then, the UE may combine CBG1 and CBG2 of
TB1 received in the transmission with CBGs with the same indexes as CBGI1 and
CBG2 received in the previous transmission for further decoding. In some

embodiments, the UE may receive all CBGs of TB2.

[00126] FIG. 6 illustrates exemplary NDIs and a bitmap in accordance with some
other embodiments of the present disclosure. Referring to FIG. 6, NDI "a0" may
correspond to bitmap "b0, bl, b2, b3." For example, the UE may check NDI "a(0"
corresponding to the specific retransmitted TB (e.g., TB1) and check the bitmap "b0,
bl, b2, b3" corresponding to TB1.

[00127] The following descriptions illustrate the operations of the BS side and the UE

side when the transmission is a UL transmission.

[00128] BS side

[00129] In the case that the transmission is a UL transmission, in some cases, the first
set of TBs scheduled by the DCI may not include any retransmitted TB, but only
includes initially transmitted TB. In such cases, the BS may set all bits in the bitmap
to indicate that all of the corresponding CBGs are transmitted in the transmission.

For example, all bits in the bitmap may be set to "1".

[00130] In some other cases, the first set of TBs scheduled by the DCI may include a
second of TBs for retransmission. In such cases, the bitmap in the field of the DCI
may correspond to a specific TB in the second set of TBs, the BS may set each bit in
the bitmap such that each bit may correspond to a CBG of the specific TB and

indicates whether the CBG is transmitted in the transmission.

[00131] In the above cases, for an initially transmitted TB in the first set of TBs, the
BS may set an NDI corresponding to the TB to indicate that the TB is an initially
transmitted TB. For a retransmitted TB in the first set of TBs, the BS may set an
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NDI corresponding to the TB to indicate that the TB is a retransmitted TB.

[00132] UE side

[00133] In response to receiving the DCI scheduling the first set of TBs, the UE may
check an NDI for each of the first set of TBs. In the case that the NDI for each of
the first set of TBs indicates that each of the first set of TBs is initially transmitted, in
an example, the UE may ignore the bitmap in the DCI; or in another example, the UE
may check the bitmap in the DCI and assume that the bitmap indicates that all of the
corresponding CBGs are transmitted in the transmission. In such case, the UE does
not expect that the bitmap is set to indicate that only a subset of CBGs is transmitted
in the transmission. In such cases, the UE may transmit all CBGs of each TB of the

first set of TBs to the BS.

[00134] In the case that the NDI for each of the first set of TBs indicates that the first
set of TB includes a second set of TBs for retransmission, the bitmap may only apply
to a specific TB (e.g., TB #1B) of the second set of TBs. The UE may determine the
specific TB according to the method as described above. The UE may check the
bitmap in the DCI and determine which CBG(s) of the specific TB are to be
retransmitted in the transmission. Then, the UE may transmit the CBG(s) of the TB
which is indicated to be transmitted by the bitmap to the BS.

[00135] Embodiment 4

[00136] In Embodiment 4, a BS (e.g., BS 102 as shown in FIG. 1) may transmit, to a
UE (e.g., UE 101 as shown in FIG. 1), a DCI scheduling a first set of TBs on a set of
physical data channels in a transmission. The first set of TBs may include one or
more TBs, where each TB of the first set of TBs may be scheduled on a
corresponding physical data channel of the set of physical data channels. In some
embodiments of the present disclosure, the first set of TBs on the set of physical data
channels may be scheduled on different serving cells of the UE or in different slots on
the same serving cell of the UE. In some embodiments, the cells (or carriers) on
which the set of physical data channels are scheduled may or may not include the cell
(or carrier) on which the DCI is transmitted. The transmission may be a DL

transmission or a UL transmission. In the case that the transmission is the DL
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transmission, the set of physical data channels are a set of PDSCHs. In the case that
the transmission is the UL transmission, the set of physical data channels are a set of

PUSCHs.

[00137] The UE may receive, from the BS, the DCI scheduling the first set of TBs on

the set of physical data channels.

[00138] The DCI may include a field indicating CBG-level transmission information.
In some embodiments of the present disclosure, such field may always be include in a
DCI regardless of whether the DCI schedules a single physical data channel or a
plurality of physical data channels.

[00139] In some embodiments of the present disclosure, the first set of TBs may
include a second set of TBs, wherein the second set of TBs may be a subset of the
first set of TBs and are scheduled by the DCI for retransmission in the transmission.
That is, the second set of TBs are retransmitted TBs. In some embodiments, the
field may indicate CBG-level transmission information for one or two TBs of the
second set of TBs. The size of the field may be based on (e.g., equal to or greater
than) the maximum number of CBGs per a TB. Since the UE can determine the size

of the field, the UE can determine the DCI payload size of the DCI.

[00140] For example, the second set of TBs may only include a single TB. The field
may include a bitmap corresponding to the single TB. The size of the bitmap may
be based on (e.g., equal to or greater than) the maximum number of CBGs per a TB.
Each bit in the bitmap corresponds to a CBG of the single TB of the second set of TBs
and indicates whether the CBG of the TB is transmitted in the transmission. For
example, bit "1" in the bitmap may indicate that the corresponding CBG of the TB is
transmitted in the transmission; bit "0" in the bitmap may indicate that the

corresponding CBG of the TB is not transmitted in the transmission; or vice versa.

[00141] In another example, the second set of TBs may only include two TBs. Then,
the field may indicate CBG-level transmission information for the two TBs. In such
embodiments, the bitmap corresponds to the two TBs, each bit in the bitmap
corresponds to a number of consecutive CBGs (e.g., two consecutive CBGs) of a TB

of two TBs and indicates whether the number of consecutive CBGs of the TB is
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transmitted in the transmission. For example, bit "1" in the bitmap may indicate that
a number of consecutive CBGs corresponding to the bit are transmitted in the
transmission; bit "0" in the bitmap may indicate that a number of consecutive CBGs

corresponding to the bit are not transmitted in the transmission; or vice versa.

[00142] For example, assuming that the maximum number of CBGs per a TB is 4 and
the bitmap include 4 bits, then the first two bits of the bitmap may correspond to one
(denotes as TB #A) of the two TBs and the last two bits of the bitmap may correspond
to the other (denotes as TB #B) of the two TBs. The first two bits of the bitmap may
correspond to the first two CBGs and the last two CBGs of TB #A, respectively.
The last two bits of the bitmap may correspond to the first two CBGs and the last two
CBGs of TB #B, respectively.

[00143] In another example, the second set of TBs may include more than two TBs.
Then, the field may indicate CBG-level transmission information for two TBs
(denoted as TB #1D and TB #2D) in the second set of TBs. In such embodiments,
the bitmap corresponds to a number of consecutive CBGs of TB #1D or TB #2D of
the second set of TBs and indicates whether the number of consecutive CBGs of TB
#1D or TB #2D are transmitted in the transmission. For example, bit "1" in the
bitmap may indicate that the number of consecutive CBGs corresponding to the bit
are transmitted in the transmission; bit "0" in the bitmap may indicate that the number
of consecutive CBGs corresponding to the bit are not transmitted in the transmission;

or vice versa.

[00144] Various methods may be employed to determine TB #1D or TB #2D in the
second set of TBs. For example, the second set of TBs may be ordered according to
a predefined rule. TB #1D or TB #2D may be a TB located at a specific position of
the ordered TBs. For example, TB #1D and TB #2D may be the first and second

TBs among the ordered second set of TBs.

[00145] For example, in some embodiments of the present disclosure, TBs in the
second set of TBs are ordered according to associated HARQ process numbers, or
associated downlink assignment indicator (DAI) values, or times associated with the
TBs in the second set of TBs, or indices of the serving cell on which the TBs in the

second set of TBs are scheduled. The ordering methods described in Embodiment 3
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may apply here. TB #1D may be the first one among the ordered second set of TBs.
TB #2D may be a TB immediately following TB #1D among the ordered second set
of TBs.

[00146] The following descriptions illustrate the operations of the BS side and the UE

side when the transmission is a DL transmission.

[00147] BS side

[00148] In the case that the transmission is a DL transmission, in some cases, before
the current transmission, the BS may receive CBG-based HARQ-ACK feedback for

one or more TBs in a previous transmission.

[00149] In some examples, for a TB of the one or more TBs, the corresponding
CBG-based HARQ-ACK feedback may indicate NACK(s) for a subset of CBGs of
the TB. That is, the CBG-based HARQ-ACK feedback for this TB (denoted as TB
#1E for clarity) indicates that the subset of CBGs of TB #1E is not correctly decoded

at the UE and may need to be retransmitted.

[00150] The BS may determine to retransmit TB #1E. In such cases, the second set
of TBs scheduled by the DCI for retransmission may include TB #1E.

[00151] In the case that the BS determines to retransmit a single TB, the bitmap in the
field of the DCI may correspond to the single TB, the BS may set each bit in the
bitmap such that each bit may correspond to a CBG of the single TB and indicates
whether the CBG is transmitted.

[00152] In the case that the BS determines to retransmit two TBs, the BS may include
the two TBs in the first set of TBs. In such cases, the second set of TBs scheduled
by the DCI for retransmission may include the two TBs. The bitmap in the field of
the DCI may correspond to the two TBs, the BS may set each bit in the bitmap such
that each bit may correspond to a number of consecutive CBGs (e.g., two consecutive
CBGs) of a TB of the two TBs and indicates whether the number of consecutive

CBGs are transmitted.

[00153] In the case that the BS determines to retransmit more than two TBs, the BS
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may include the more than two TBs in the first set of TBs. In such cases, the second
set of TBs scheduled by the DCI for retransmission may include more than two TBs.
The bitmap in the field of the DCI may correspond to two specific TBs of the more
than two TBs, the BS may set each bit in the bitmap such that each bit may
correspond to a number of consecutive CBGs (e.g., two consecutive CBGs) of one of
the two specific TBs and indicates whether the number of consecutive CBGs are

transmitted.

[00154] In some examples, for each CBG of the one or more TBs, the corresponding
CBG-based HARQ-ACK feedback may indicate an ACK. That is, all of the one or
more TBs are correctly decoded at the UE. In such cases, the first set of TBs may
not include any retransmitted TB, but only includes initially transmitted TB. In such
cases, the BS may set all bits in the bitmap to indicate that all of the corresponding
CBGs are transmitted in the transmission. For example, all bits in the bitmap may

be setto "1".

[00155] Whether a TB scheduled by a DCI is initially transmitted or retransmitted can
be determined based on a corresponding NDI in the DCI. For example, for an
initially transmitted TB in the first set of TBs, the BS may set an NDI corresponding
to the TB to indicate that the TB is an initially transmitted TB. For a retransmitted
TB in the first set of TBs, the BS may set an NDI corresponding to the TB to indicate
that the TB is a retransmitted TB.

[00156] UE side

[00157] In response to receiving the DCI scheduling the first set of TBs, the UE may
check an NDI for each of the first set of TBs. In the case that the NDI for each of
the first set of TBs indicates that each of the first set of TBs is initially transmitted, in
an example, the UE may ignore the bitmap in the DCI; or in another example, the UE
may check the bitmap in the DCI and assume that the bitmap indicates that all of the
corresponding CBGs are transmitted in the transmission. In such case, the UE does
not expect that the bitmap is set to indicate that only a subset of CBGs is transmitted

in the transmission.

[00158] In the case that the NDI for each of the first set of TBs indicates that only one
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TB is retransmitted, the UE may check the bitmap in the DCI and determine which
CBG(s) of the one TB are retransmitted in the transmission. Then, the UE may
combine the retransmitted CBG(s) of the one TB in the transmission with a CBG(s) of
the one TB which is received in a previous transmission and has the same CBG

index(es) as those of the retransmitted CBG(s) for further decoding.

[00159] In the case that the NDI for each of the first set of TBs indicates that only
two TBs are retransmitted, the UE may check the bitmap in the DCI and determine
which CBG group(s) (e.g., each group includes a number of consecutive CBGs) of the
two TBs are retransmitted in the transmission. Then, for a retransmitted CBG in a
retransmitted CBG group of a TB, the UE may combine the retransmitted CBG with a
CBG of the TB which is received in a previous transmission and has the same CBG

index as that of the retransmitted CBG for further decoding.

[00160] In the case that the NDI for each of the first set of TBs indicates that more
than two TBs are retransmitted, the UE may check the bitmap in the DCI and
determine which CBG group(s) (e.g., each group includes a number of consecutive
CBGs) of two specific TBs of the more than two TBs are retransmitted in the
transmission. The above method for determine the two specific TBs among the
more than two TBs may apply here. Then, for a retransmitted CBG in a
retransmitted CBG group of one of the two specific TBs, the UE may combine the
retransmitted CBG with a CBG of the one of the two specific TBs which is received
in a previous transmission and has the same CBG index as that of the retransmitted

CBG for further decoding.

[00161] The following example illustrates the operations of the BS and the UE when

the transmission is a DL transmission.

[00162] It is assumed that TB1 and TB2 are not correctly decoded in previous
transmission, wherein CBG1 and CBG2 of TB1 and CBG2 and CBG3 of TB2 are
incorrectly decoded while CBGO and CBG3 of TB1 and CBGO and CBG1 of TB2 are
correctly decoded. It is assumed that the maximum number of TBs schedulable by a
DCI is 4 and the maximum number of CBGs per a TB is 4. Consequently, the
CBG-based HARQ-ACK feedback for TB1 which is transmitted by the UE and
received by the BS may be {A, N, N, A} and the CBG-based feedback for TB2 which
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is transmitted by the UE and received by the BS may be {A, A, N, N}, wherein “A”
denotes an ACK and “N” denotes a NACK.

[00163] After receiving the CBG-based HARQ-ACK feedbacks for TB1 and TB2,
the BS may determine to schedule the retransmissions of both TB1 and TB2 and
initial transmissions of TB3 and TB4 by a DCIL

[00164] In some embodiments, TB1 is carried by PDSCH 1, TB2 is carried by
PDSCH 2, TB3 is carried by PDSCH 3, and TB4 is carried by PDSCH 4. In an
example, the four PDSCHs are scheduled in different slots on the same serving cell
(e.g., on the same CC) of the UE as shown in FIG. 2. In another example, the four
PDSCHs are scheduled in different serving cells (e.g., on different CCs) of the UE as
shown in FIG. 3. It should be noted that although each of PDSCH 1, PDSCH 2,
PDSCH 3, and PDSCH 4 is shown as scheduled on a different CC in FIG. 3, two or
more of the PDSCHs may be scheduled on the same CCs in some other embodiments

of the present disclosure.

[00165] The DCI may include 4 NDIs, e.g., "a0, al, a2, a3," corresponding to
TB1-TB4, respectively. In some examples, a0 corresponds to TB1 and indicates that
TB1 is retransmitted, al corresponds to TB2 and indicates that TB2 is retransmitted,
a2 corresponds to TB3 and indicates that TB3 is initially transmitted, a3 corresponds

to TB4 and indicates that TB4 is initially transmitted.

[00166] DCI may include a bitmap "b0, b1, b2, b3" corresponding to TB1 and TB2,
wherein b0 corresponds to CBGO and CBG1 of TB1 and indicates that CBGO and
CBGI1 of TBI1 are retransmitted, bl corresponds to CBG2 and CBG3 of TB1 and
indicates that CBG2 and CBG3 of TB1 are retransmitted, b2 corresponds to CBGO
and CBG1 of TB2 and indicates that that CBGO and CBG1 of TB2 are not
retransmitted, and b3 corresponds to CBG2 and CBG3 of TB2 and indicates that
CBG2 and CBG3 of TB2 are retransmitted.

[00167] In response to receiving the DCI scheduling TB1 to TB4, for each TB, the
UE may check an NDI corresponding to the TB. The UE may determine that there
are two retransmitted TBs (e.g., TB1 and TB2) based on the NDI. Then, the UE
may check bitmap "b0, bl, b2, b3" corresponding to TB1 and TB2. The UE may
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determine that CBGO, CBG1, CBG2 and CBG3 of TB1 are retransmitted and CBG2
and CBG3 of TB2 are retransmitted. Then, for a retransmitted CBG of a TB1 or
TB2, the UE may combine the retransmitted CBG with a CBG of TB1 or TB2 which
is received in a previous transmission and has the same CBG index as that of the

retransmitted CBG for decoding the corresponding TB.

[00168] FIG. 7 illustrates exemplary NDIs and a bitmap in accordance with some
other embodiments of the present disclosure. Referring to FIG. 7, NDI "a0" may
correspond to the bitmap "b0 and b1" and NDI "al" may correspond to the bitmap "b2
and b3".

[00169] In the above example, the BS determines to schedule the retransmissions of
both TB1 and TB2 by a DCI. However, in some other examples, the BS may
determine to only schedule TB1 for retransmission with other initially transmitted
TBs by a DCI.  Since TBI1 is the only retransmitted TB, then the bitmap "bO bl b2
b3" corresponds to TB1, where b0 is set to indicate that CBGO of TB1 is not
retransmitted, bl is set to indicate that CBG1 of TB1 is retransmitted, b2 is set to
indicate that CBG2 of TB1 is retransmitted, where b3 is set to indicate that CBG3 of

TB1 is not retransmitted.

[00170] The following descriptions illustrate the operations of the BS side and the UE

side when the transmission is a UL transmission.

[00171] BS side

[00172] In the case that the transmission is a UL transmission, in some cases, the first
set of TBs scheduled by the DCI may not include any retransmitted TB, but only
includes initially transmitted TB. In such cases, the BS may set all bits in the bitmap
to indicate that all of the corresponding CBGs are transmitted in the transmission.

For example, all bits in the bitmap may be set to "1".

[00173] In some other cases, the first set of TBs scheduled by the DCI may include
one TB for retransmission. In such cases, the bitmap in the field of the DCI may
correspond to the one TB, the BS may set each bit in the bitmap such that each bit
may correspond to a CBG of the one TB and indicates whether the CBG is
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transmitted in the transmission.

[00174] In some other cases, the first set of TBs scheduled by the DCI may include
two TBs for retransmission. In such cases, the bitmap in the field of the DCI may
correspond to the two TBs, the BS may set each bit in the bitmap such that each bit
may correspond to a number of consecutive CBGs of a TB of the two TBs and
indicates whether the number of consecutive CBGs are transmitted in the

transmission.

[00175] In some other cases, the first set of TBs scheduled by the DCI may include
more than two TBs for retransmission. In such cases, the bitmap in the field of the
DCI may correspond to two of the more than two TBs. The above method for
determine the two specific TBs among the more than two TBs may apply here. The
BS may set each bit in the bitmap such that each bit may correspond to a number of
consecutive CBGs of one of the two specific TBs and indicates whether the number of

consecutive CBGs are transmitted.

[00176] In the above cases, for an initially transmitted TB in the first set of TBs, the
BS may set an NDI corresponding to the TB to indicate that the TB is an initially
transmitted TB. For a retransmitted TB in the first set of TBs, the BS may set an
NDI corresponding to the TB to indicate that the TB is a retransmitted TB.

[00177] UE side

[00178] In response to receiving the DCI scheduling the first set of TBs, the UE may
check an NDI for each of the first set of TBs. In the case that the NDI for each of
the first set of TBs indicates that each of the first set of TBs is initially transmitted, in
an example, the UE may ignore the bitmap in the DCI; or in another example, the UE
may check the bitmap in the DCI and assume that the bitmap indicates that all of the
corresponding CBGs are transmitted in the transmission. In such case, the UE does
not expect that the bitmap is set to indicate that only a subset of CBGs is transmitted
in the transmission. In such cases, the UE may transmit all CBGs of each TB of the

first set of TBs to the BS.

[00179] In the case that the NDI for each of the first set of TBs indicates that the first
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set of TBs includes only one TB for retransmission, the UE may check the bitmap in
the DCI and determine which CBG(s) of the one TB are to be retransmitted in the
transmission. Then, the UE may transmit the CBG(s) of the TB which is indicated

to be retransmitted by the bitmap to the BS.

[00180] In the case that the NDI for each of the first set of TBs indicates that the first
set of TB includes only two TBs for retransmission, the UE may check the bitmap in
the DCI and determine which CBG group(s) (e.g., each group includes a number of
consecutive CBGs) of the two TBs are to be retransmitted in the transmission. Then,
the UE may transmit the CBG group(s) of the two TBs which is indicated to be

retransmitted by the bitmap to the BS.

[00181] In the case that the NDI for each of the first set of TBs indicates that the first
set of TB includes more than two TBs for retransmission, the UE may check the
bitmap in the DCI and determine which CBG group(s) (e.g., each group includes a
number of consecutive CBGs) of two specific TBs of the more than two TBs are to be
retransmitted in the transmission. The above method for determine the two specific
TBs among the more than two TBs may apply here. Then, the UE may transmit the
CBGs in the CBG group(s) of the two specific TBs which is indicated to be
retransmitted by the bitmap to the BS.

[00182] Embodiment 5

[00183] In Embodiment 5, a BS (e.g., BS 102 as shown in FIG. 1) may transmit, to a
UE (e.g., UE 101 as shown in FIG. 1), a DCI scheduling a first set of TBs on a set of
physical data channels in a transmission. The first set of TBs may include one or
more TBs, where each TB of the first set of TBs may be scheduled on a
corresponding physical data channel of the set of physical data channels. In some
embodiments of the present disclosure, the first set of TBs on the set of physical data
channels may be scheduled on different serving cells of the UE or in different slots on
the same serving cell of the UE. In some embodiments, the cells (or carriers) on
which the set of physical data channels are scheduled may or may not include the cell
(or carrier) on which the DCI is transmitted. The transmission may be a DL
transmission or a UL transmission. In the case that the transmission is the DL

transmission, the set of physical data channels are a set of PDSCHs. In the case that
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the transmission is the UL transmission, the set of physical data channels are a set of

PUSCHs.

[00184] The UE may receive, from the BS, the DCI scheduling the first set of TBs on
the set of physical data channels.

[00185] The DCI may include a field indicating CBG-level transmission information.
In some embodiments of the present disclosure, such field may always be include in a
DCI regardless of whether the DCI schedules a single physical data channel or a
plurality of physical data channels.

[00186] In some embodiments of the present disclosure, the first set of TB may
include a second set of TBs, wherein the second set of TBs may be a subset of the
first set of TBs and are scheduled by the DCI for retransmission in the transmission.
That is, the second set of TBs are retransmitted TBs. In some embodiments, the
field may indicate CBG-level transmission information for the second set of TBs.
The size of the field may be based on (e.g., equal to or greater than) the maximum
number of CBGs per a TB. Since the UE can determine the size of the field, the UE
can determine the DCI payload size of the DCI.

[00187] For example, the field may include a bitmap corresponding to the second set
of TBs. The size of the bitmap may be based on (e.g., equal to or greater than) the
maximum number of CBGs per a TB. Each bit in the bitmap corresponds to a CBG
index and indicates whether a CBG(s) of TB(s) of the second set of TBs with the
CBG index is transmitted in the transmission. For example, for a CBG index, bit "1"
in the bitmap may indicate that all the CBGs of the TBs in the second set of TBs with
the CBG index are transmitted in the transmission; bit "0" in the bitmap may indicate
that all the CBGs of the TBs in the second set of TBs with the CBG index are not

transmitted in the transmission; or vice versa.

[00188] The following descriptions illustrate the operations of the BS side and the UE

side when the transmission is a DL transmission.

[00189] BS side
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[00190] In the case that the transmission is a DL transmission, in some cases, before
the current transmission, the BS may receive CBG-based HARQ-ACK feedback for

one or more TBs in a previous transmission.

[00191] In some examples, for a TB of the one or more TBs, the corresponding
CBG-based HARQ-ACK feedback may indicate NACK(s) for a subset of CBGs of
the TB. That is, the CBG-based HARQ-ACK feedback for this TB (denoted as TB
#1F for clarity) indicates that the subset of CBGs of TB #1F is not correctly decoded

at the UE and may need to be retransmitted.

[00192] The BS may determine to retransmit TB #1F (e.g., the entire TB #1F or the
subset of CBGs (e.g., failed CBG(s)) of TB #1F). In such cases, the second set of
TBs scheduled by the DCI for retransmission may include TB #1F.

[00193] It is assumed that the BS determines to retransmit at least one TB (e.g., the
second set of TBs). For a given CBG index, as long as the BS intends to retransmit a
CBG with the given CBG index of a TB in the at least one TB, the BS may retransmit
all the CBGs of the at least one TBs with the given CBG index and set the
corresponding bit to indicate that a CBG(s) of TB(s) of the at least one TBs with the

given CBG index is transmitted.

[00194] Only when the BS intends to not retransmit all the CBGs of the at least one
TBs with the given CBG index, the BS may not transmit all the CBGs of the at least
one TBs with the given CBG index and set the corresponding bit to indicate that a
CBG(s) of TB(s) of the at least one TBs with the given CBG index is not transmitted.

[00195] In some examples, for each CBG of the one or more TBs, the corresponding
CBG-based HARQ-ACK feedback may indicate an ACK. That is, all of the one or
more TBs are correctly decoded at the UE. In such cases, the first set of TBs may
not include any retransmitted TB, but only includes initially transmitted TB. In such
cases, the BS may set all bits in the bitmap to indicate that all of the corresponding
CBGs are transmitted in the transmission. For example, all bits in the bitmap may

be setto "1".

[00196] Whether a TB scheduled by a DCl is initially transmitted or retransmitted can
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be determined based on a corresponding NDI in the DCI. For example, for an
initially transmitted TB in the first set of TBs, the BS may set an NDI corresponding
to the TB to indicate that the TB is an initially transmitted TB. For a retransmitted
TB in the first set of TBs, the BS may set an NDI corresponding to the TB to indicate
that the TB is a retransmitted TB.

[00197] UE side

[00198] In response to receiving the DCI scheduling the first set of TBs, the UE may
check an NDI for each of the first set of TBs. In the case that the NDI for each of
the first set of TBs indicates that each of the first set of TBs is initially transmitted, in
an example, the UE may ignore the bitmap in the DCI; or in another example, the UE
may check the bitmap in the DCI and assume that the bitmap indicates that all of the
corresponding CBGs are transmitted in the transmission. In such case, the UE does
not expect that a bit in the bitmap is set to a value indicating a corresponding CBG(s)

is not transmitted in the transmission.

[00199] In the case that the NDI for each of the first set of TBs indicates that at least
one TB of the first set of TBs is retransmitted, the UE may determine that the bitmap
corresponds to all of the at least one TB. The UE may check the bitmap in the DCI
and determine which CBG(s) of the at least one TB is retransmitted in the
transmission. Then, for a retransmitted CBG of a TB, the UE may combine the
retransmitted CBG of the TB in the transmission with a CBG of the TB which is
received in a previous transmission and has the same CBG index as that of the

retransmitted CBG for further decoding.

[00200] The following example illustrates the operations of the BS and the UE when

the transmission is a DL transmission.

[00201] It is assumed that TB1 and TB2 are not correctly decoded in previous
transmission, wherein CBG1 and CBG2 of TB1 and CBG2 and CBG3 of TB2 are
incorrectly decoded while CBGO and CBG3 of TB1 and CBGO and CBG1 of TB2 are
correctly decoded. It is assumed that the maximum number of TBs schedulable by a
DCI is 4 and the maximum number of CBGs per a TB is 4. Consequently, the
CBG-based HARQ-ACK feedback for TB1 which is transmitted by the UE and
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received by the BS may be {A, N, N, A} and the CBG-based feedback for TB2 which
is transmitted by the UE and received by the BS may be {A, A, N, N}, wherein “A”
denotes an ACK and “N” denotes a NACK.

[00202] After receiving the CBG-based HARQ-ACK feedbacks for TB1 and TB2,
the BS may determine to schedule the retransmissions of both TB1 and TB2 and
initial transmissions of TB3 and TB4 by a DCIL

[00203] In some embodiments, TB1 is carried by PDSCH 1, TB2 is carried by
PDSCH 2, TB3 is carried by PDSCH 3, and TB4 is carried by PDSCH 4. In an
example, the four PDSCHs are scheduled in different slots on the same serving cell
(e.g., on the same CC) of the UE as shown in FIG. 2. In another example, the four
PDSCHs are scheduled in different serving cells (e.g., on different CCs) of the UE as
shown in FIG. 3. It should be noted that although each of PDSCH 1, PDSCH 2,
PDSCH 3, and PDSCH 4 is shown as scheduled on a different CC in FIG. 3, two or
more of the PDSCHs may be scheduled on the same CCs in some other embodiments

of the present disclosure.

[00204] The DCI may include 4 NDIs, e.g., "a0, al, a2, a3," corresponding to
TB1-TB4, respectively. In some examples, a0 corresponds to TB1 and indicates that
TB1 is retransmitted, al corresponds to TB2 and indicates that TB2 is retransmitted,
a2 corresponds to TB3 and indicates that TB3 is initially transmitted, a3 corresponds

to TB4 and indicates that TB4 is initially transmitted

[00205] DCI may include a bitmap "b0, b1, b2, b3" corresponding to TB1 and TB2,
wherein b0 corresponds to a CBG index 0 and indicates that CBGO of TB1 and CBGO
of TB2 are not retransmitted, bl corresponds to a CBG index 1 and indicates that
CBG1 of TB1 and CBG1 of TB2 are retransmitted, b2 corresponds to a CBG index 2
and indicates that CBG2 of TB1 and CBG2 of TB2 are retransmitted, and b3
corresponds to a CBG index 3 and indicates that CBG3 of TB1 and CBG3 of TB2 are

retransmitted.

[00206] In response to receiving the DCI scheduling TB1 to TB4, for each TB, the
UE may check an NDI corresponding to the TB. The UE may determine that there
are two retransmitted TBs (e.g., TB1 and TB2) based on the NDI. Then, the UE
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may check bitmap "b0, bl, b2, b3" corresponding to TB1 and TB2. The UE may
determine that CBG1 of TB1 and CBG1 of TB2, CBG2 of TB1 and CBG2 of TB2,
and CBG3 of TB1 and CBG3 of TB2 are retransmitted. Then, for a retransmitted
CBG of a TB1 or TB2, the UE may combine the retransmitted CBG with a CBG of
TB1 or TB2 which is received in a previous transmission and has the same CBG

index as that of the retransmitted CBG for decoding the corresponding TB.

[00207] FIG. 8 illustrates exemplary NDIs and a bitmap in accordance with some
other embodiments of the present disclosure. Referring to FIG. 8§, NDI "a0" may
correspond to the bitmap "b0, b1, b2, b3" and NDI "al" may also correspond to the
bitmap "b0O, bl, b2, b3". For example, the UE may first check NDI "a0"
corresponding to TB1 and then check the bitmap "b0, b1, b2, b3" corresponding to
TB1. Similarly, the UE may first check NDI "al" corresponding to TB2 and then
check the bitmap "b0, b1, b2, b3" corresponding to TB2.

[00208] In the above example, the BS determines to schedule the retransmissions of
both TB1 and TB2 by a DCI. However, in some other examples, the BS may
determine to only schedule TB1 for retransmission with other initially transmitted
TBs by a DCI.  Since TBI1 is the only retransmitted TB, then the bitmap "b0 bl b2
b3" corresponds to TB1, where b0 corresponds to a CBG index 0 and is set to indicate
that CBGO of TB1 is not retransmitted, b1l corresponds to a CBG index 1 and is set to
indicate that CBG1 of TB1 is retransmitted, b2 corresponds to a CBG index 2 and is
set to indicate that CBG2 of TB1 is retransmitted, and b3 corresponds to a CBG index
3 and is set to indicate that CBG3 of TB1 is not retransmitted.

[00209] The following descriptions illustrate the operations of the BS side and the UE

side when the transmission is a UL transmission.

[00210] BS side

[00211] In the case that the transmission is a UL transmission, in some cases, the first
set of TBs scheduled by the DCI may not include any retransmitted TB, but only
includes initially transmitted TB. In such cases, the BS may set all bits in the bitmap
to indicate that all of the corresponding CBGs are transmitted in the transmission.

For example, all bits in the bitmap may be set to "1".
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[00212] In some other cases, the first set of TBs scheduled by the DCI may include at
least one TB for retransmission. In such cases, the bitmap in the field of the DCI
may correspond to the at least one TB, the BS may set each bit in the bitmap such that
each bit may correspond to a CBG index and indicate whether a CBG(s) of TB(s) of

the at least one TB with the CBG index is transmitted in the transmission.

[00213] In the above cases, for an initially transmitted TB in the first set of TBs, the
BS may set an NDI corresponding to the TB to indicate that the TB is an initially
transmitted TB. For a retransmitted TB in the first set of TBs, the BS may set an
NDI corresponding to the TB to indicate that the TB is a retransmitted TB.

[00214] UE side

[00215] In response to receiving the DCI scheduling the first set of TBs, the UE may
check an NDI for each of the first set of TBs. In the case that the NDI for each of
the first set of TBs indicates that each of the first set of TBs is initially transmitted, in
an example, the UE may ignore the bitmap in the DCI; or in another example, the UE
may check the bitmap in the DCI and assume that the bitmap indicates that all of the
corresponding CBGs are transmitted in the transmission. In such case, the UE does
not expect that the bitmap is set to indicate that only a subset of CBGs of each TB of
the first set of TBs is transmitted in the transmission. In such cases, the UE may

transmit all CBGs of each TB of the first set of TBs to the BS.

[00216] In the case that the NDI for each of the first set of TBs indicates that the first
set of TB includes at least one TB for retransmission, the UE may check the bitmap in
the DCI and determine which CBG(s) of the at least one TB are to be retransmitted in
the transmission. Then, the UE may transmit the CBG(s) of the at least one TB

which is indicated to be retransmitted by the bitmap to the BS.

[00217] FIG. 9 is a flow chart illustrating an exemplary method for CBGTI indication
in a DCI according to some embodiments of the present disclosure. The method in

FIG. 9 may be implemented by a UE (e.g., UE 101 as shown in FIG. 1).

[00218] In the exemplary method shown in FIG. 9, in step 901, the UE may receive,
from a BS (e.g., BS 102 as shown in FIG. 1), a DCI scheduling a first set of TBs in a
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transmission. The DCI may include a field indicating CBG-level transmission
information for a second set of TBs, wherein the second set of TBs is a subset of the

first set of TBs and scheduled by the DCI for retransmission in the transmission.

[00219] In step 903, the UE may receive a CBG(s) of each TB of the second set of
TBs based on the field in response to the transmission being scheduled for DL
transmission in response to the transmission being scheduled for DL transmission.

For example, the specific operation in this step may refer to Embodiments 1-5.

[00220] Alternatively, in step 903, the UE may transmit a CBG(s) of each TB of the
second set of TBs based on the field in response to the transmission being scheduled
for UL transmission. For example, the specific operation in this step may refer to

Embodiments 3-5.

[00221] In some embodiments of the present disclosure, the field may include a
bitmap and a size of the bitmap is based on a maximum number of TBs schedulable
by the DCI. For example, the definitions regarding the bitmap may refer to
Embodiment 1. In an embodiment, each bit of the bitmap corresponds to a TB of the
second set of TBs and indicates whether all CBGs or only a subset of CBGs of the TB
are transmitted in the transmission. In another embodiment, each bit of the bitmap
corresponds to a TB of the first set of TBs and indicates whether all CBGs or only a

subset of CBGs of the TB are transmitted in the transmission.

[00222] In some embodiments of the present disclosure, the field may include an
indicator indicating whether all CBGs or only a subset of CBGs of each TB of the
second set of TBs are transmitted. For example, the definitions regarding the bitmap

may refer to Embodiment 2.

[00223] In some embodiments of the present disclosure, the subset of CBGs of a TB
comprises a CBG(s) which is not correctly decoded in a previous transmission or a

CBG(s) responded with a NACK in a CBG-based HARQ-ACK feedback.

[00224] In some embodiments of the present disclosure, the field may include a

bitmap and a size of the bitmap is based on maximum number of CBGs per TB.

43



WO 2024/007296 PCT/CN2022/104600

[00225] In an embodiment of the present disclosure, each bit of the bitmap
corresponds to a CBG of a TB of the second set of TBs and indicates whether the
CBG of the TB is transmitted in the transmission. For example, the second set of
TBs may be ordered according to a predefined rule and the TB may be the first TB in
the second set of TBs. For example, the definitions regarding the bitmap may refer

to Embodiment 3.

[00226] In an embodiment of the present disclosure, each bit of the bitmap
corresponds to a CBG of a single TB and indicates whether the CBG of the single TB
is transmitted in the transmission in response to that the second set of TBs only
includes the single TB. Alternatively, each bit of the bitmap corresponds to a
number of (e.g., two) consecutive CBGs of a TB of two TBs and indicates whether
the number of consecutive CBGs of the TB are transmitted in the transmission in
response to that the second set of TBs only includes the two TBs. Alternatively,
each bit of the bitmap corresponds to a number of (e.g., two) consecutive CBGs of a
first TB or a second TB of the second set of TBs and indicates whether the number of
consecutive CBGs of the first TB or the second TB is transmitted in the transmission
in response to that the second set of TBs includes more than two TBs. In some
examples, the second set of TBs may be ordered according to a predefined rule and
the first TB and the second TB are the first and second TBs of the second set of TBs.

For example, the definitions regarding the bitmap may refer to Embodiment 4.

[00227] In some embodiments, TBs in the second set of TBs are ordered according to
associated HARQ process numbers, or associated DAI values, or times associated
with the TBs in the second set of TBs, or indices of the serving cell on which the TBs

in the second set of TBs are scheduled.

[00228] In an embodiment of the present disclosure, each bit of the bitmap
corresponds to a CBG index and indicates whether a CBG(s) of TB(s) of the second
set of TBs with the CBG index is transmitted in the transmission. For example, the

definitions regarding the bitmap may refer to Embodiment 5.

[00229] FIG. 10 is a flow chart illustrating an exemplary method for CBGTI
indication in a DCI according to some embodiments of the present disclosure. The

method in FIG. 10 may be implemented by a BS (e.g., BS 102 as shown in FIG. 1).
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[00230] In the exemplary method shown in FIG. 10, in step 1001, the BS may
transmit, to a UE (e.g., UE 101 as shown in FIG. 1), a DCI scheduling a first set of
TBs in a transmission. The DCI may include a field indicating CBG-level
transmission information for a second set of TBs, wherein the second set of TBs is a
subset of the first set of TBs and scheduled by the DCI for retransmission in the

transmission.

[00231] In step 1003, the BS may transmit, to the UE, a CBG(s) of each TB of the
second set of TBs based on the field in response to the transmission being scheduled
for DL transmission. For example, the specific operation in this step may refer to

Embodiments 1-5.

[00232] Alternatively, in step 1003, the BS may receive, from the UE, a CBG(s) of
each TB of the second set of TBs based on the field in response to the transmission
being scheduled for UL transmission. For example, the specific operation in this

step may refer to Embodiments 3-5.

[00233] In some embodiments of the present disclosure, the field may include a
bitmap and a size of the bitmap is based on a maximum number of TBs schedulable
by the DCI. For example, the definitions regarding the bitmap may refer to

Embodiment 1.

[00234] In an embodiment, each bit of the bitmap corresponds to a TB of the second
set of TBs and indicates whether all CBGs or only a subset of CBGs of the TB are

transmitted in the transmission.

[00235] In another embodiment, each bit of the bitmap corresponds to a TB of the
first set of TBs and indicates whether all CBGs or only a subset of CBGs of the TB

are transmitted in the transmission.

[00236] In an embodiment, a bit of the bitmap corresponds to a TB of the first set of
TBs and indicates all CBGs of the TB are transmitted in the transmission in response
to at least one of the following: the transmission is an initial transmission of the TB; a
plurality of CBGs of the TB is not correctly decoded in a previous transmission; the

TB has a small size; the TB is scheduled by a fallback DCI format in a previous
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transmission; the TB is transmitted without associated scheduling DCI in a previous
transmission; or none of CBGs of the TB is correctly decoded in a previous

transmission.

[00237] In some embodiments of the present disclosure, the field may include an
indicator indicating whether all CBGs or only a subset of CBGs of each TB of the
second set of TBs are transmitted. For example, the definitions regarding the bitmap

may refer to Embodiment 2.

[00238] In some embodiments of the present disclosure, the subset of CBGs of a TB

comprises a CBG(s) which is not correctly decoded in a previous transmission or a

CBG(s) responded with a NACK in a CBG-based HARQ-(ACK feedback.

[00239] In some embodiments of the present disclosure, the field may include a

bitmap and a size of the bitmap is based on maximum number of CBGs per TB.

[00240] In an embodiment of the present disclosure, each bit of the bitmap
corresponds to a CBG of a TB of the second set of TBs and indicates whether the
CBG of the TB is transmitted in the transmission. For example, the second set of
TBs may be ordered according to a predefined rule and the TB may be the first TB in
the second set of TBs. For example, the definitions regarding the bitmap may refer

to Embodiment 3.

[00241] In an embodiment of the present disclosure, each bit of the bitmap
corresponds to a CBG of a single TB and indicates whether the CBG of the single TB
is transmitted in the transmission in response to that the second set of TBs only
includes the single TB. Alternatively, each bit of the bitmap corresponds to a
number of (e.g., two) consecutive CBGs of a TB of two TBs and indicates whether
the number of consecutive CBGs of the TB are transmitted in the transmission in
response to that the second set of TBs only includes the two TBs. Alternatively,
each bit of the bitmap corresponds to a number of (e.g., two) consecutive CBGs of a
first TB or a second TB of the second set of TBs and indicates whether the number of
consecutive CBGs of the first TB or the second TB is transmitted in the transmission
in response to that the second set of TBs includes more than two TBs. In some

examples, the second set of TBs may be ordered according to a predefined rule and
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the first TB and the second TB are the first and second TBs of the second set of TBs.

For example, the definitions regarding the bitmap may refer to Embodiment 4.

[00242] In some embodiments, TBs in the second set of TBs are ordered according to
associated HARQ process numbers, or associated DAI values, or times associated
with the TBs in the second set of TBs, or indices of the serving cell on which the TBs

in the second set of TBs are scheduled.

[00243] In an embodiment of the present disclosure, each bit of the bitmap
corresponds to a CBG index and indicates whether a CBG(s) of TB(s) of the second
set of TBs with the CBG index is transmitted in the transmission. For example, the

definitions regarding the bitmap may refer to Embodiment 5.

[00244] FIG. 11 illustrates a simplified block diagram of an exemplary apparatus for
CBGTI indication in DCI according to some embodiments of the present disclosure.
As shown in FIG. 11, the apparatus 1100 may include at least one processor 1106 and
at least one transceiver 1102 coupled to the processor 1106. The apparatus 1100
may be a UE or a BS.

[00245] Although in this figure, elements such as the at least one transceiver 1102
and processor 1106 are described in the singular, the plural is contemplated unless a
limitation to the singular is explicitly stated. In some embodiments of the present
disclosure, the transceiver 1102 may be divided into two devices, such as a receiving
circuitry and a transmitting circuitry. In some embodiments of the present disclosure,
the apparatus 1100 may further include an input device, a memory, and/or other

components.

[00246] In some embodiments of the present disclosure, the apparatus 1100 may be a
UE. The transceiver 1102 and the processor 1106 may interact with each other so as
to perform the operations with respect to the UE described in FIGS. 1-10. In some
embodiments of the present disclosure, the apparatus 1100 may be a BS. The
transceiver 1102 and the processor 1106 may interact with each other so as to perform

the operations with respect to the BS described in FIGS. 1-10.

[00247] In some embodiments of the present disclosure, the apparatus 1100 may
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further include at least one non-transitory computer-readable medium.

[00248] 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 1106 to implement the
method with respect to the UE as described above.  For example, the
computer-executable instructions, when executed, cause the processor 1106
interacting with transceiver 1102 to perform the operations with respect to the UE

described in FIGS. 1-10.

[00249] In some embodiments of the present disclosure, the non-transitory
computer-readable medium may have stored thereon computer-executable instructions
to cause the processor 1106 to implement the method with respect to the BS as
described above. For example, the computer-executable instructions, when executed,
cause the processor 1106 interacting with transceiver 1102 to perform the operations

with respect to the BS described in FIGS. 1-10.

[00250] 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.

[00251] 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
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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.

[00252] 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

nn

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
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

nn

first," "the second" or the like is only used to clearly illustrate the embodiments of the

present disclosure, but is not used to limit the substance of the present disclosure.

49



WO 2024/007296 PCT/CN2022/104600

What is claimed is:

1.

10.

A user equipment (UE), comprising:
a processor; and
a transceiver coupled to the transceiver and configured to:

receive downlink control information (DCI) scheduling a first set of transport
blocks (TBs) in a transmission, wherein the DCI includes a field indicating code
block group (CBG)-level transmission information for a second set of TBs, wherein
the second set of TBs is a subset of the first set of TBs and scheduled by the DCI for
retransmission in the transmission; and

receive a CBG(s) of each TB of the second set of TBs based on the field in
response to the transmission being scheduled for downlink (DL) transmission; or

transmit a CBG(s) of each TB of the second set of TBs based on the field in
response to the transmission being scheduled for uplink (UL) transmission.

The UE of Claim 1, wherein the field comprises a bitmap and a size of the bitmap is
based on a maximum number of TBs schedulable by the DCI.

The UE of Claim 2, wherein each bit of the bitmap corresponds to a TB of the
second set of TBs and indicates whether all CBGs or only a subset of CBGs of the
TB are transmitted in the transmission.

The UE of Claim 2, wherein each bit of the bitmap corresponds to a TB of the first
set of TBs and indicates whether all CBGs or only a subset of CBGs of the TB are
transmitted in the transmission.

The UE of Claim 1, wherein the field comprises an indicator indicating whether all
CBGs or only a subset of CBGs of each TB of the second set of TBs are transmitted.

The UE of Claim 3, 4 or 5, wherein the subset of CBGs of a TB comprises a CBG(s)
which is not correctly decoded in a previous transmission or a CBG(s) responded

with a negative acknowledgement (NACK) in a CBG-based hybrid automatic repeat
request (HARQ)-acknowledgement (ACK) feedback.

The UE of Claim 1, wherein the field comprises a bitmap and a size of the bitmap is
based on maximum number of CBGs per TB.

The UE of Claim 7 wherein each bit of the bitmap corresponds to a CBG of a TB of
the second set of TBs and indicates whether the CBG of the TB is transmitted in the
transmission.

The UE of Claim 8, wherein the second set of TBs is ordered according to a
predefined rule and the TB is the first TB in the ordered TBs.

The UE of Claim 7, wherein

each bit of the bitmap corresponds to a CBG of a single TB and indicates
whether the CBG of the single TB is transmitted in the transmission in response to
that the second set of TBs only includes the single TB; or

each bit of the bitmap corresponds to a number of consecutive CBGs of a TB
of two TBs and indicates whether the number of consecutive CBGs of the TB are
transmitted in the transmission in response to that the second set of TBs only
includes the two TBs; or
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11.

12.

13.

14.

15.

each bit of the bitmap corresponds to a number of consecutive CBGs of a first
TB or a second TB of the second set of TBs and indicates whether the number of
consecutive CBGs of the first TB or the second TB is transmitted in the transmission
in response to that the second set of TBs includes more than two TBs.

The UE of Claim 9 or 10, wherein TBs in the second set of TBs are ordered
according to associated HARQ process numbers, or associated downlink assignment
indicator (DAI) values, or times associated with the TBs in the second set of TBs, or
indices of the serving cell on which the TBs in the second set of TBs are scheduled.

The UE of Claim 7, wherein each bit of the bitmap corresponds to a CBG index and
indicates whether a CBG(s) of TB(s) of the second set of TBs with the CBG index is
transmitted in the transmission.

A base station (BS), comprising:
a processor; and
a transceiver coupled to the transceiver and configured to:

transmit downlink control information (DCI) scheduling a first set of
transport blocks (TBs) in a transmission, wherein the DCI includes a field indicating
code block group (CBG)-level transmission information for a second set of TBs,
wherein the second set of TBs is a subset of the first set of TBs and scheduled by the
DCI for retransmission in the transmission; and

transmit a CBG(s) of each TB of the second set of TBs based on the field in
response to the transmission being scheduled for downlink (DL) transmission; or

receive a CBG(s) of each TB of the second set of TBs based on the field in
response to the transmission being scheduled for uplink (UL) transmission.

The BS of Claim 13, wherein the field comprises a bitmap and a size of the bitmap
is based on maximum number of CBGs per TB, and wherein each bit of the bitmap
corresponds to a CBG of a TB of the second set of TBs and indicates whether the
CBG of the TB is transmitted in the transmission.

A method performed by a user equipment (UE), comprising:

receiving downlink control information (DCI) scheduling a first set of
transport blocks (TBs) in a transmission, wherein the DCI includes a field indicating
code block group (CBG)-level transmission information for a second set of TBs,
wherein the second set of TBs is a subset of the first set of TBs and scheduled by the
DCI for retransmission in the transmission; and

receiving a CBG(s) of each TB of the second set of TBs based on the field in
response to the transmission being scheduled for downlink (DL) transmission; or

transmitting a CBG(s) of each TB of the second set of TBs based on the field
in response to the transmission being scheduled for uplink (UL) transmission.
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TBs, wherein the second set of TBs is a subset of the first
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the transmission
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receiving a CBG(s) of each TB of the second set of TBs
based on the field in response to the transmission being
scheduled for DL transmission; or

transmitting a CBG(s) of each TB of the second set of TBs
based on the field in response to the transmission being
scheduled for UL transmission

— 903

FIG. 9



WO 2024/007296 4/4 PCT/CN2022/104600

1000

transmitting DCI scheduling a first set of TBs in a
transmission, wherein the DCI includes a field indicating
CBG-level transmission information for a second set of
TBs, wherein the second set of TBs is a subset of the first
set of TBs and scheduled by the DCI for retransmission in
the transmission

— 1001

transmitting a CBG(s) of each TB of the second set of TBs
based on the field in response to the transmission being
scheduled for DL transmission; or

receiving a CBG(s) of each TB of the second set of TBs
based on the field in response to the transmission being
scheduled for UL transmission

-—- 1003

FIG. 10

1100
\

PROCESSOR — 1106

L

TRANSCEIVER 1102

FIG. 11



INTERNATIONAL SEARCH REPORT International application No.
PCT/CN2022/104600

A. CLASSIFICATION OF SUBJECT MATTER
HO04W 72/04(2009.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4L; HO4W; H04Q

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNPAT, CNKI, WPI, EPODOC: transceiver, coupled, downlink control information, scheduling, transport blocks, TBs,
indicating, code block group, CBG, level, retransmission, downlink, uplink

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 2019050662 A1 (QUALCOMM INCORPORATED) 14 March 2019 (2019-03-14) 1-15
description, pages 2-8

X WO 2019050681 Al (QUALCOMM INCORPORATED) 14 March 2019 (2019-03-14) 1-15
description, pages 2-10

A WO 2021081717 Al (BEIJING XIAOMI MOBILE SOFTWARE CO., LTD.) 06 May 2021 1-15
(2021-05-06)
the whole document

A US 2020084789 Al (SAMSUNG ELECTRONICS CO., LTD.) 12 March 2020 1-15
(2020-03-12)
the whole document

D Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority
«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand the
to be of particular relevance principle or theory underlying the invention
«g” earlier application or patent but published on or after the international «X» document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive step
«1» document which may throw doubts on priority claim(s) or which is when the document is taken alone
cited to establish the publication date of another citation or other «y» document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

«p>» document published prior to the international filing date but later than . &

e ] document member of the same patent famil;
the priority date claimed P Y

Date of the actual completion of the international search Date of mailing of the international search report
15 November 2022 28 November 2022
Name and mailing address of the ISA/CN Authorized officer
National Intellectual Property Administration, PRC
6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing LI Kai
100088, China
Facsimile No. (86-10)62019451 Telephone No. 86-(10)-53961606

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/CN2022/104600

Patent document

Publication date

Patent family member(s)

Publication date

cited in search report (day/month/year) (day/month/year)
WO 2019050662 Al 14 March 2019 EP 3679671 Al 15 July 2020
us 2019074937 Al 07 March 2019
CN 111095835 A 01 May 2020
IN 202027002586 A 02 October 2020
WO 2019050681 Al 14 March 2019 CN 111052652 A 21 April 2020
EP 3679673 Al 15 July 2020
us 2019074952 Al 07 March 2019
IN 202047003285 A 28 February 2020
WO 2021081717 Al 06 May 2021 EP 4054099 Al 07 September 2022
CN 113383506 A 10 September 2021
IN 202247030072 A 10 June 2022
uUs 2020084789 Al 12 March 2020 WO 2018203612 Al 08 November 2018

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - claims
	Page 53 - claims
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - wo-search-report
	Page 59 - wo-search-report

