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(57) ABSTRACT

Embodiments of the present disclosure relate to a method
and apparatus for multiple transmit-receive points (multi-
TRP) transmission. According to an embodiment of the
present disclosure, a method can include: receiving at least
two configured grant (CG) configurations in a bandwidth
part (BWP); receiving association information for associat-
ing the at least two CG configurations; and transmitting one
or more repetitions of a transport block (TB) on one or more
physical uplink shared channel (PUSCH) transmission occa-
sions from each CG configuration of the at least two CG
configurations based on the association information.
Embodiments of the present disclosure can support the TB
transmitted toward multi-TRP according to the multiple CG
configurations.
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METHODS AND APPARATUSES FOR
MULTI-TRP TRANSMISSION

TECHNICAL FIELD

[0001] Embodiments of the present application generally
relate to wireless communication technology, and in par-
ticular to a method and an apparatus for multiple transmit-
receive point (multi-TRP) transmission.

BACKGROUND

[0002] Multi-TRP transmission has been introduced into
New Radio (NR). In NR Rel-17, it is proposed to identify
and specify features to improve reliability and robustness for
channels besides a physical downlink shared channel
(PDSCH), e.g., physical downlink control channel
(PDCCH), physical uplink shared channel (PUSCH), and
physical uplink control channel (PUCCH), using multiple
TRPs and/or multi-panel, with Rel-17 reliability features.
Specifically, transmitting a PUSCH towards multiple TRPs
based on configured grant (CG) is an important method to
improve PUSCH reliability in Rel-17.

[0003] There are two methods that may be used to imple-
ment the CG based PUSCH transmission. One method is
transmitting the repetitions of a transport block (TB)
towards multiple TRPs on multiple PUSCH transmission
occasions from a single CG configuration. Another method
is transmitting the repetitions of a TB towards multiple TRPs
on multiple PUSCH transmission occasions from multiple
CG configurations.

[0004] To better support the latter method, some problems,
e.g., how to associate the multiple CG configurations, how
to transmit the TB based on the multiple CG configurations,
how to determine the sounding reference signal (SRS)
resources for the multiple CG configurations, how to ensure
the same HARQ process for the multiple CG configurations,
etc., need to be addressed.

[0005] Given the above, it is desirable to provide
improved technology for multi-TRP transmission, so as to
better support the TB transmitted toward multiple TRPs
according to the multiple CG configurations.

SUMMARY OF THE APPLICATION

[0006] Some embodiments of the present application pro-
vide a technical solution for multi-TRP transmission.
[0007] According to some embodiments of the present
application, a method may include: receiving at least two
CG configurations in a bandwidth part (BWP); receiving
association information for associating the at least two CG
configurations; and transmitting one or more repetitions of a
TB on one or more PUSCH transmission occasions from
each CG configuration of the at least two CG configurations
based on the association information.

[0008] Insome embodiments, one CG configuration of the
at least two CG configurations includes index(es) of remain-
ing CG configuration(s) of the at least two CG configura-
tions. In an embodiment of the present application, the
method may further include: receiving downlink control
information (DCI) for activating the at least two CG con-
figurations, wherein the DCI includes a hybrid automatic
repeat request (HARQ) process number (HPN) which has
the same value as an index of the one CG configuration.
[0009] In some embodiments, the association information
includes an association CG configuration list containing one
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or more association states, and one association state of the
one or more association states includes indexes of the at least
two CG configuration. In an embodiment of the present
application, the method may further include: receiving DCI
for activating the at least two CG configurations, wherein the
DCI includes an HPN which indicates an entry in the
association CG configuration list corresponding to the one
association state.

[0010] In some embodiments, the association information
is indicated by a medium access control (MAC) control
element (CE) command. In an embodiment of the present
application, indexes of the at least two CG configurations are
included in a same octet of the MAC CE.

[0011] In some embodiments, each CG configuration of
the at least two CG configurations includes a slot offset
within a periodicity of the at least two CG configurations. In
an embodiment of the present application, the one or more
PUSCH transmission occasions from each CG configuration
of the at least two CG configurations are non-overlapped in
time domain due to the slot offset of each CG configuration.
[0012] In some embodiments, one or more PUSCH trans-
mission occasions from each CG configuration of the at least
two CG configurations are concatenated according to an
order of CG configuration. In an embodiment of the present
application, a start slot of the first PUSCH transmission
occasion from a succeeding CG configuration equals to an
end slot of the last PUSCH transmission occasion from a
preceding CG configuration plus one.

[0013] In some embodiments, each CG configuration of
the at least two CG configurations includes a first number of
consecutive repetitions of the TB transmitted according to
the corresponding CG configuration, and the at least one CG
configuration includes a second number of total repetitions
of the TB. In an embodiment of the present application, the
method may further include: transmitting the first number
consecutive repetitions of the TB on the first number of
PUSCH transmission occasions from each CG configuration
according to an order of CG configuration; repeating the
transmitting until the second number of total repetitions is
reached.

[0014] In some embodiments, each CG configuration of
the at least two CG configurations includes a first number of
total repetitions of the TB transmitted according to the
corresponding CG configuration and a second number of
consecutive repetitions of the TB transmitted according to
the corresponding CG configuration. In an embodiment of
the present application, the method may further include:
transmitting the second number of consecutive repetitions of
the TB on the second number of PUSCH transmission
occasions from each CG configuration for which the first
number of total repetitions of the TB is not reached accord-
ing to an order of CG configuration, wherein the order of CG
configuration is determined based on all CG configuration(s)
of the at least two CG configurations for which the first
number of total repetitions of the TB is not reached; and
repeating the transmitting until the first number of total
repetitions of the TB included in each CG configuration is
reached.

[0015] In some embodiments, a time duration for all
repetitions of the TB is less than or equal to a time duration
derived by a periodicity of the at least two CG configura-
tions.

[0016] In some embodiments, each CG configuration of
the at least two CG configurations includes a sounding
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reference signal (SRS) resource indicator (SRI), and the SRI
includes at least one bit indicating an SRS resource set used
for transmitting the one or more repetitions of the TB
according to the corresponding CG configuration.

[0017] In some embodiments, the method may further
include: receiving DCI indicating at least one SRI, wherein
each of the at least one SRI includes at least one bit
indicating an SRS resource set used for transmitting the one
or more repetitions of the TB according to each CG con-
figuration of the at least two CG configurations.

[0018] In some embodiments, each CG configuration of
the at least two CG configurations includes an SRS resource
set index for indicating an SRS resource set used for
transmitting the one or more repetitions of the TB according
to the corresponding CG configuration.

[0019] In some embodiments, each CG configuration of
the at least two CG configurations includes a control
resource set (CORESET) pool index, wherein the CORE-
SET pool index is associated with an SRS resource set used
for transmitting the one or more repetitions of the TB
according to the corresponding CG configuration.

[0020] In some embodiments, the at least two CG con-
figurations have a same HARQ process ID.

[0021] In an embodiment of the present application, the
HARQ process ID is determined based on a first symbol of
a first PUSCH transmission occasion of a CG configuration
with a lowest index among the at least two CG configura-
tions.

[0022] In another embodiment of the present application,
the HARQ process ID is determined based on an earliest
start symbol of all PUSCH transmission occasions from the
at least two CG configurations.

[0023] In yet another embodiment of the present applica-
tion, the HARQ process 1D is determined to be a lowest
HARQ process ID among all HARQ process IDs calculated
based on the at least two CG configurations.

[0024] In some embodiments, all repetitions of the TB
have a same TB size.

[0025] In an embodiment of the present application, the
TB size is determined based on a number of resource blocks
(RBs) corresponding to a first PUSCH transmission occa-
sion of all PUSCH transmission occasions from the at least
two CG configurations.

[0026] In another embodiment of the present application,
the TB size is determined based on a number of RBs
corresponding to a PUSCH transmission occasion of a CG
configuration with a lowest index among the at least two CG
configurations.

[0027] In yet another embodiment of the present applica-
tion, the TB size is determined to be a smallest TB size
among all TB size calculated based on the at least two CG
configurations.

[0028] In some embodiments, the at least two CG con-
figurations have a same periodicity and a same number of
HARQ processes.

[0029] In some embodiments, the at least two CG con-
figurations have a same number of transmission layers.
[0030] In some embodiments, the at least two CG con-
figurations have a same priority and a same PUSCH repeti-
tion type.

[0031] According to some embodiments of the present
application, a method may include: transmitting at least two
CG configurations in a BWP; transmitting association infor-
mation for associating the at least two CG configurations;
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and receiving one or more repetitions of a TB on one or more
PUSCH transmission occasions from each CG configuration
of the at least two CG configurations based on the associa-
tion information.

[0032] Insome embodiments, one CG configuration of the
at least two CG configurations includes index(es) of remain-
ing CG configuration(s) of the at least two CG configura-
tions. In an embodiment of the present application, the
method may further include: transmitting DCI for activating
the at least two CG configurations, wherein the DCI includes
an HPN which has the same value as an index of the one CG
configuration.

[0033] In some embodiments, the association information
includes an association CG configuration list containing one
or more association states, and one association state of the
one or more association states includes indexes of the at least
two CG configurations. In an embodiment of the present
application, the method may further include: transmitting
DCI for activating the at least two CG configurations,
wherein the DCI includes an HPN which indicates an entry
in the association CG configuration list corresponding to the
one association state.

[0034] In some embodiments, the association information
is indicated by a MAC CE command. In an embodiment of
the present application, indexes of the at least two CG
configurations are included in a same octet of the MAC CE.
[0035] In some embodiments, each CG configuration of
the at least two CG configurations includes a slot offset
within a periodicity of the at least two CG configurations. In
an embodiment of the present application, the one or more
PUSCH transmission occasions from each CG configuration
of the at least two CG configurations are non-overlapped in
time domain due to the slot offset of each CG configuration.
[0036] In some embodiments, one or more PUSCH trans-
mission occasions from each CG configuration of the at least
two CG configurations are concatenated according to an
order of CG configuration. In an embodiment of the present
application, a start slot of the first PUSCH transmission
occasion from a succeeding CG configuration equals to an
end slot of the last PUSCH transmission occasion from a
preceding CG configuration plus one.

[0037] In some embodiments, each CG configuration of
the at least two CG configuration includes a first number of
consecutive repetitions of the TB transmitted according to
the corresponding CG configuration, and the at least one CG
configuration includes a second number of total repetitions
of the TB. In an embodiment of the present application, the
method may further include: receiving the first number of
consecutive repetitions of the TB on the first number of
PUSCH transmission occasions from each CG configuration
according to an order of CG configuration; repeating the
receiving until the second number of total repetitions is
reached.

[0038] In some embodiments, each CG configuration of
the at least two CG configurations includes a first number of
total repetitions of the TB transmitted according to the
corresponding CG configuration and a second number of
consecutive repetitions of the TB transmitted according to
the corresponding CG configuration. In an embodiment of
the present application, the method may further include:
receiving the second number of consecutive repetitions of
the TB on the second number of PUSCH transmission
occasions from each CG configuration for which the first
number of total repetitions of the TB is not reached accord-
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ing to an order of CG configuration, wherein the order of CG
configuration is determined based on all CG configuration(s)
of the at least two CG configurations for which the first
number of total repetitions of the TB is not reached; and
repeating the receiving until the first number of total rep-
etitions of the TB included in each CG configuration is
reached.

[0039] In some embodiments, a time duration for all
repetitions of the TB is less than or equal to a time duration
derived by a periodicity of the at least two CG configura-
tions.

[0040] In some embodiments, each CG configuration of
the at least two CG configurations includes an SRI, and the
SRI includes at least one bit indicating an SRS resource set
used for receiving the one or more repetitions of the TB
according to the corresponding CG configuration.

[0041] In some embodiments, the method may further
include: transmitting DCI indicating at least one SRI,
wherein each of the at least one SRI includes at least one bit
indicating an SRS resource set used for receiving the one or
more repetitions of the TB according to each CG configu-
ration of the at least two CG configurations.

[0042] In some embodiments, each CG configuration of
the at least two CG configurations includes an SRS resource
set index for indicating an SRS resource set used for
receiving the one or more repetitions of the TB according to
the corresponding CG configuration.

[0043] In some embodiments, each CG configuration of
the at least two CG configurations includes a CORESET
pool index, wherein the CORESET pool index is associated
with an SRS resource set used for receiving the one or more
repetitions of the TB according to the corresponding CG
configuration.

[0044] In some embodiments, the at least two CG con-
figurations have a same HARQ process ID.

[0045] In an embodiment of the present application, the
HARQ process ID is determined based on a first symbol of
a first PUSCH transmission occasion of a CG configuration
with a lowest index among the at least two CG configura-
tions.

[0046] In another embodiment of the present application,
the HARQ process ID is determined based on an earliest
start symbol of all PUSCH transmission occasions from the
at least two CG configurations.

[0047] In yet another embodiment of the present applica-
tion, the HARQ process 1D is determined to be a lowest
HARQ process ID among all HARQ process IDs calculated
based on the at least two CG configurations.

[0048] In some embodiments, all repetitions of the TB
have a same TB size.

[0049] In an embodiment of the present application, the
TB size is determined based on a number of RBs corre-
sponding to a first PUSCH transmission occasion of all
PUSCH transmission occasions from the at least two CG
configurations.

[0050] In another embodiment of the present application,
the TB size is determined based on a number of RBs
corresponding to a PUSCH transmission occasion of a CG
configuration with a lowest index among the at least two CG
configurations.

[0051] In yet another embodiment of the present applica-
tion, the TB size is determined to be a smallest TB size
among all TB sizes calculated based on the at least two CG
configurations.
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[0052] In some embodiments, the at least two CG con-
figurations have a same periodicity and a same number of
HARQ processes.

[0053] In some embodiments, the at least two CG con-
figurations have a same number of transmission layers.
[0054] In some embodiments, the at least two CG con-
figurations have a same priority and a same PUSCH repeti-
tion type.

[0055] Some embodiments of the present application also
provide an apparatus, including: at least one non-transitory
computer-readable medium having computer executable
instructions stored therein; 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. The computer executable instruc-
tions are programmed to implement any method as stated
above with the at least one receiving circuitry, the at least
one transmitting circuitry and the at least one processor.
[0056] Embodiments of the present application provide a
technical solution for multi-TRP transmission, so as to better
support the TB transmitted toward multi-TRP according to
the multiple CG configurations, thereby realizing reliability
and robustness of the PUSCH transmission in the multi-TRP
transmission.

BRIEF DESCRIPTION OF THE DRAWINGS

[0057] In order to describe the manner in which advan-
tages and features of the application can be obtained, a
description of the application is rendered by reference to
specific embodiments thereof, which are illustrated in the
appended drawings. These drawings depict only example
embodiments of the application and are not therefore to be
considered limiting of its scope.

[0058] FIG. 1 is a schematic diagram illustrating an exem-
plary wireless communication system according to some
embodiments of the present application;

[0059] FIG. 2 is a schematic diagram illustrating an exem-
plary TB transmission towards multiple TRPs according to
multiple CG configurations according to some embodiments
of the present application;

[0060] FIG. 3 illustrates a method for multi-TRP trans-
mission according to some embodiments of the present
application;

[0061] FIG. 4 illustrates an exemplary CG configuration
information element (IE) according to some embodiments of
the present application;

[0062] FIG. 5 illustrates an exemplary BWP uplink con-
figuration IE according to some embodiments of the present
application;

[0063] FIG. 6 illustrates an exemplary MAC CE command
according to some embodiments of the present application;
[0064] FIG. 7 illustrates an exemplary TB transmission on
PUSCH transmission occasions from multiple CG configu-
rations according to some embodiments of the present
application;

[0065] FIG. 8 illustrates another exemplary TB transmis-
sion on PUSCH transmission occasions from multiple CG
configurations according to some other embodiments of the
present application;

[0066] FIG. 9 illustrates yet another exemplary TB trans-
mission on PUSCH transmission occasions from multiple
CG configurations according to some other embodiments of
the present application;



US 2024/0057075 Al

[0067] FIG. 10 illustrates yet another exemplary TB trans-
mission on PUSCH transmission occasions from multiple
CG configurations according to some other embodiments of
the present application;

[0068] FIG. 11 illustrates an exemplary CG configuration
IE according to some other embodiments of the present
application;

[0069] FIG. 12 illustrates an exemplary CG configuration
IE according to some other embodiments of the present
application;

[0070] FIG. 13 illustrates yet another exemplary TB trans-
mission on PUSCH transmission occasions from multiple
CG configurations according to some other embodiments of
the present application; and

[0071] FIG. 14 illustrates a simplified block diagram of an
apparatus for multi-TRP transmission according to some
embodiments of the present application.

DETAILED DESCRIPTION

[0072] The detailed description of the appended drawings
is intended as a description of the preferred embodiments of
the present application and is not intended to represent the
only form in which the present application 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 application.

[0073] Reference will now be made in detail to some
embodiments of the present application, examples of which
are illustrated in the accompanying drawings. To facilitate
understanding, embodiments are provided under specific
network architecture and new service scenarios, such as the
3rd generation partnership project (3GPP) 5G (NR), 3GPP
long-term evolution (LTE) Release 8, and so on. It is
contemplated that along with the developments of network
architectures and new service scenarios, all embodiments in
the present application are also applicable to similar tech-
nical problems; and moreover, the terminologies recited in
the present application may change, which should not affect
the principle of the present application.

[0074] A wireless communication system generally
includes one or more base stations (BSs) and one or more
UEs. Furthermore, a BS may be configured with one TRP (or
panel) or more TRPs (or panels). A TRP can act like a small
BS. The TRPs can communicate with each other by a
backhaul link. Such backhaul link may be an ideal backhaul
link or a non-ideal backhaul link. Latency of the ideal
backhaul link may be deemed as zero, and latency of the
non-ideal backhaul link may be tens of milliseconds and
much larger, e.g. on the order of tens of milliseconds, than
that of the ideal backhaul link.

[0075] In a wireless communication system, one single
TRP can be used to serve one or more UEs under control of
a BS. In different scenario, TRP may be called in different
terms. Persons skilled in the art should understand that as the
3rd Generation Partnership Project (3GPP) and the commu-
nication technology develop, the terminologies recited in the
specification may change, which should not affect the scope
of the present application. It should be understood that the
TRP(s) (or panel(s)) configured for the BS may be trans-
parent to a UE.

[0076] FIG.1 is a schematic diagram illustrating an exem-
plary wireless communication system 100 according to
some embodiments of the present application.
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[0077] Referring to FIG. 1, a wireless communication
system 100 can include a base station (BS) 101, TRPs 103
(e.g., TRP 103a and TRP 1034), and UEs 105 (e.g., UE
105a, UE 1055, and UE 105¢). Although only one base
station 101, two TRPs 103 and three UEs 105 are shown for
simplicity, it should be noted that the wireless communica-
tion system 100 may include more or less communication
device(s) or apparatus in accordance with some other
embodiments of the present application.

[0078] In some embodiments of the present application, a
BS 101 may 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, an ng-eNB, a Home Node-B,
a relay node, or a device, or described using other termi-
nology used in the art. The UEs 105 (for example, the UE
105a, the UE 10554, and the UE 105¢) may include, for
example, but is not limited to, a computing device, a
wearable device, a mobile device, an IoT device, a vehicle,
etc.

[0079] The TRPs 103, for example, the TRP 1034 and the
TRP 1035 can communicate with the base station 101 via,
for example, a backhaul link. Each of TRPs 103 can serve
some or all of UEs 105. As shown in FIG. 1, the TRP 103a
can serve some mobile stations (which include the UE 105a,
the UE 1055, and the UE 105¢) within a serving area or
region (e.g., a cell or a cell sector). The TRP 1035 can serve
some mobile stations (which include the UE 1054, the UE
1054, and the UE 105¢) within a serving area or region (e.g.,
a cell or a cell sector). The TRP 1034 and the TRP 1035 can
communicate with each other via, for example, a backhaul
link.

[0080] In Rel-17, PUSCH transmission with multi-TRP is
specified to improve reliability and robustness. According to
some embodiments of the present application, the PUSCH
transmission towards multiple TRPs may be transmitted
based on one or more configured grants.

[0081] There are two methods that may be used to imple-
ment the CG based PUSCH transmission. One method is
transmitting the repetitions of a transport block (TB)
towards multiple TRPs on multiple PUSCH transmission
occasions from a single CG configuration. Another method
is transmitting the repetitions of a TB towards multiple TRPs
on multiple PUSCH transmission occasions from multiple
CG configurations, wherein each CG configuration may
have one or more PUSCH transmission occasions.

[0082] FIG. 2 is a schematic diagram illustrating an exem-
plary TB transmission towards multiple TRPs according to
multiple CG configurations according to some embodiments
of the present application.

[0083] Referring to FIG. 2, it is assumed that there are two
TRPs (e.g., TRP #1 and TRP #2), two CG configurations
(e.g., CG configuration #1 and CG configuration #2), two
SRS resource sets (e.g., SRS resource set #1 and SRS
resource set #2), two uplink (UL) transmission configuration
indicators (TCI) (e.g., TCI #1 and TCI #2) or two SRS
resource indicators (SRI) (e.g., SRI #1 and SRI #2) are used
in the multi-TRP transmission.

[0084] A UE may transmit one or more repetitions of a TB
(e.g., TB #1) towards TRP #1 on one or more PUSCH
transmission occasions from CG configuration #1. The spa-
tial relation of the one or more repetitions towards TRP #1
may be determined based on a UL TCI #1 or an SRI #1
which indicates one or more SRS resources in an SRS
resource set #1. The UE may also transmit one or more
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repetitions of a TB towards TRP #2 on one or more PUSCH
transmission occasions from CG configuration #2. The spa-
tial relation of the one or more repetitions towards TRP #2
may be determined based on a UL TCI #2 or an SRI #2
which indicates one or more SRS resources in an SRS
resource set #2.

[0085] To support the multi-TRP transmission as shown in
FIG. 2, the UE needs to know which CG configurations are
associated for the multi-TRP transmission. The UE may also
need to know how to transmit the repetitions of the TB on
multiple PUSCH transmission occasions from multiple
associated CG configurations. Moreover, since multiple SRS
resource sets are supported in multi-TRP transmission, the
UE may need to know which SRS resource set is used for
each CG configuration of the multiple associated CG con-
figurations. In addition, other requirements, such as the same
TB size and same HARQ process 1D, should be ensured for
the multiple associated CG configurations.

[0086] That is, in order to support TB transmission
towards multi-TRP based on multiple CG configurations,
several problems, e.g., how to associate the multiple CG
configurations, how to transmit the TB based on the multiple
CG configurations, how to determine the SRS resource set
for the multiple CG configurations, how to ensure the same
HARQ process for the multiple CG configurations, and
other requirements, need to be addressed.

[0087] Given the above, embodiments of the present
application aim to provide solutions for multi-TRP trans-
mission. Accordingly, embodiments of the present applica-
tion at least can solve the above technical problems, thereby
implementing the TB transmission toward multi-TRP
according to the multiple CG configurations. More details
on embodiments of the present application will be illustrated
in the following text in combination with the appended
drawings.

[0088] FIG. 3 illustrates a method for multi-TRP trans-
mission according to some embodiments of the present
application. Although the method is illustrated in a system
level by a UE and a BS (e.g., UE 105 and BS 101 as
illustrated and shown in FIG. 1), persons skilled in the art
can understand that the method implemented in the UE and
that implemented in the BS can be separately implemented
and incorporated by other apparatus with the like functions.
[0089] In the exemplary method in FIG. 3, at step 301, the
BS may transmit at least two CG configurations in a BWP
to the UE. At step 302, the UE may receive the at least two
CG configurations. Each CG configuration may be config-
ured with a unique index (e.g. configuredGrantConfiglndex-
rl6 as specified in 3GPP standard document TS 38.331).
[0090] Each CG configuration may include a plurality of
parameters for the PUSCH transmission. According to some
embodiments, the CG configuration for PUSCH transmis-
sion may be classified into two types, i.e., type 1 CG (also
referred to as type 1 PUSCH transmissions with a configured
grant or type 1 CG configuration) and type 2 configured
grant (also referred to as type 2 PUSCH transmissions with
a configured grant or type 2 CG configuration).

[0091] For the type 1 CG, the CG configuration may be
configured by a radio resource control (RRC) signalling
(e.g., ConfiguredGrantConfig as specified in 3GPP standard
document 38.331). The CG configuration may include all
the parameters for the PUSCH transmission. These param-
eters may include but not are limited to: periodicity, number
of repetitions, number of HARQ processes, SRI, CG con-
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figuration index, priority, UL grant (e.g. rrc-ConfiguredU-
plinkGrant), and so on. For the type 1 CG, after receiving the
RRC signalling including the CG configuration, the UE may
perform the PUSCH transmission based on the CG configu-
ration without the detection of a UL grant in a DCI. That is,
for the type 1 CG, the PUSCH transmission is semi-
statically configured to operate after the reception of a CG
configuration without the detection of a UL grant in a DCI.

[0092] For the type 2 CG, the CG configuration may also
be configured by a radio resource control (RRC) signalling
(e.g., ConfiguredGrantConfig as specified in 3GPP standard
document 38.331), but may include only a portion of param-
eters for the PUSCH transmission. For example, the CG
configuration may include but not limit to: periodicity,
number of repetitions, number of HARQ processes, CG
configuration index, priority, and so on. The difference
between type 2 CG and type 1 CG is that for the type 2 CG,
after receiving the CG configuration, the UE may also
receive DCI for activating the CG configuration. The DCI
may indicate an UL grant for the PUSCH transmission. After
receiving the DCI, the UE may perform the PUSCH trans-
mission based on the parameters included in the CG con-
figuration and the UL grant indicated by the DCI. That is, for
the type 2 CG, the PUSCH transmission is semi-persistently
scheduled by a UL grant in a valid activation DCI. The CG
configuration may be deactivated by another DCI.

[0093] In step 303, the BS may transmit association infor-
mation for associating the at least two CG configurations.
Consequently, in step 304, the UE may receive the associa-
tion information. Although FIG. 3 illustrates that step 303 is
performed after step 301 and step 304 is performed after step
302, persons skilled in the art can understand that step 303
and step 301 may be performed simultaneously and step 304
step 302 may be performed simultaneously in some other
embodiments. For example, the association information may
be included in one CG configuration of the at least two CG
configurations.

[0094] According to some embodiments of the present
application, one CG configuration of the at least two CG
configurations may include index(es) of remaining CG con-
figuration(s) of the at least two CG configurations. The
remaining CG configuration(s) may be configured before or
as same time as the one CG configuration. By this way, the
at least two CG configurations may be associated with each
other. The associated CG configurations may have a same
priority. In this case, the association information may
include configuring index(es) of remaining CG configura-
tion(s) of the at least two CG configurations in one CG
configuration.

[0095] In some embodiments, each CG configuration may
be presented by a ConfiguredGrantConfig IE as specified in
3GPP standard document TS 38.331. Each CG configuration
is configured with a unique index by configuredGrantCon-
figlndex-r16 in the ConfiguredGrantConfig IE. Given this,
the at least two configurations may be associated together by
adding one or more associated CG configuration indexes in
one ConfiguredGrantConfig IE.

[0096] FIG. 4 illustrates an exemplary CG configuration
IE according to some embodiments of the present applica-
tion. In FIG. 4, it is assumed that there are two CG
configurations are configured for the multi-TRP transmis-
sion, and the ConfiguredGrantConfig IE in FIG. 4 is for one
CG configuration of the two CG configurations
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[0097] Referring to FIG. 4, the ConfiguredGrantConfig IE
may include a parameter configuredGrantConfiglndex-r16
indicating the index of the one CG configuration and a newly
added parameter associatedconfiguredGrantConfiglndex
indicating the index of the other associated one configura-
tion. In addition to these two parameters, other parameters
may have the same meaning as specified in 3GPP standard
document TS 38.331.

[0098] After receiving the one CG configuration of the at
least two CG configurations, for type 1 CG, the UE may
determine the at least two CG configurations are associated
because the indexes of the at least two CG configurations are
included in the one CG configuration.

[0099] For type 2 CG, in some embodiments, the UE may
receive a respective DCI for activating a respective CG
configuration of the at least two CG configurations. Each
DCI may include an HPN which has the same value as an
index of the corresponding CG configuration. The one CG
configuration which contains the index(es) of remaining CG
configuration(s) of the at least two CG configurations should
be activated at the latest and the remaining CG configuration
(s) should be activated before activating the one CG con-
figuration which contains the index(es) of remaining CG
configuration(s).

[0100] Fortype 2 CG, in some other embodiments, the UE
may also receive DCI for activating the at least two CG
configuration. The DCI may include an HPN which has the
same value as an index of the one CG configuration. After
receiving the DCI, the UE may assume that the one CG
configuration and the associated CG configurations (i.e., the
at least two CG configurations) are activated.

[0101] For example, it is assumed that two type 2 CG
configurations (i.e., configuration #3 and CG configuration
#5) are configured for the multi-TRP transmission. The CG
configuration #3 may include the index (i.e., “5”) of CG
configuration #5.

[0102] After receiving the two CG configurations, the UE
may also receive DCI for activating the two CG configura-
tions. The DCI may include an HPN with a value “0011.”
Then the UE may determine that CG configuration #3 is
activated because the value of HPN equals to the index “3”
of CG configuration #3. The UE may also determine that CG
configuration #5 is activated simultaneously with CG con-
figuration #3 because the two CG configurations are asso-
ciated. After that, the UE may transmit repetitions of a TB
according to both CG configuration #3 and CG configuration
#5.

[0103] According to some embodiments of the present
application, the association information may include an
association CG configuration list containing one or more
entries. Hach entry may correspond to an association state.
Each association state may include one or more indexes of
one or more CG configuration. The one or more CG con-
figurations whose indexes are included in a same association
state may be associated with each other and have the same
priority. Given this, one association state of the one or more
association states may include indexes of the at least two CG
configurations such that the at least two CG configurations
are associated with each other.

[0104] Insome embodiments, the association CG configu-
ration list may be included in a BWP uplink configuration IE
(e.g., BWP-UplinkDedicated IE as specified in 3GPP stan-
dard document TS 38.331).
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[0105] FIG. 5 illustrates an exemplary BWP uplink con-
figuration IE according to some embodiments of the present
application. In FIG. 5, the newly added parameter Config-
uredGrantActivationStateList in BWP-UplinkDedicated
may refer to the association CG configuration list, and the
parameter maxNrofCG-ActivationState may refer to the
maximum number of association states in the association
CG configuration list. The newly added parameter Config-
uredGrant ActivationState may refer to the association state
in the association CG configuration list. In addition to these
parameters, other parameters may have the same meanings
as specified in 3GPP standard document TS 38.331.

[0106] After receiving the at least two CG configurations
and one association state including the indexes of the at least
two CG configurations, for type 1 CG, the UE may deter-
mine the at least two CG configurations are associated
because the indexes of the at least two CG configurations are
included in the one association state. Then the UE may
transmit repetitions of a TB according to the at least two CG
configurations.

[0107] For type 2 CG, the UE may also receive DCI for
activating the at least two CG configuration. The DCI may
include an HPN field which indicates an entry in the
association CG configuration list corresponding to the one
association state including the indexes of the at least two CG
configurations. After receiving the DCI, the UE may deter-
mine that the at least two CG configurations are activated.

[0108] For example, it is assumed that an association CG
configuration list is configured in a BWP which contains
three entries (e.g., entry #0, entry #1, and entry #2). Each
entry may correspond to an association state. That is, the
association CG configuration list may include three asso-
ciation states (e.g., state #0, state #1, and state #2). Entry #0
(i.e., the association state #0) may include CG configuration
#0, entry #1 (i.e., the association state #1) may include CG
configuration #2 and CG configuration #4, and entry #2 (i.e.,
the association state #2) may include CG configuration #1
and CG configuration #5.

[0109] For type 1 CG, if a UE transmits one or more
repetitions of a TB according to CG configuration #2, the UE
may also transmit another one or more repetitions of the TB
according to CG configuration #4 because the CG configu-
ration #2 and the CG configuration #4 are in the same
association state.

[0110] For type 2 CG, assume that the UE detects an
activation DCI including an HPN with a value “0010.” Since
the value “0010” which equals to 2 may indicate entry #2
corresponding to the association state #2, the DCI will
activate the associated CG configuration #1 and CG con-
figuration #5 simultaneously in the association state #2.
Then, the UE may transmit one or more repetitions of a TB
according to CG configuration #1 and transmit another one
or more repetitions of the TB according to CG configuration
#5.

[0111] According to some other embodiments, the asso-
ciation information may be indicated by a MAC CE com-
mand. Compared with a RRC signalling, using a MAC CE
command to associate the one or more CG configurations
may be more flexible and has less delay. The associated CG
configurations may have a same priority.

[0112] In some embodiments, indexes of the one or more
CG configuration in a same octet of the MAC CE command
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may be associated with each other. Given this, the indexes
of at least two CG configurations may be included in a same
octet of the MAC CE.

[0113] FIG. 6 illustrates an exemplary MAC CE command
according to some embodiments of the present application.
[0114] Referring to FIG. 6, the MAC CE command may
include N octets (e.g., Oct 1 to Oct N), wherein N is an
integer larger than 1. Oct 1 may include a reserved bit, a
serving cell ID, and a BWP ID. Each CG,; J (where i=0, 1, 2
..., N=2; j=0,1) may refer to a CG configuration index.
Each octet of the remaining N—1 octets may include two
indexes of the two CG configurations, which means that the
two CG configurations are associated with each other. For
example, CG,, , may be associated with CG, ;, CG, , may be
associated with CG, , . . ., and CG,., , may be associated
with CG,,, ;. In the case that the two indexes in the same
octet are the same, the UE may assume that the CG
configuration with the same index is not associated with
other CG configurations. For example, assuming that CGy
is the same as CGy ;, the UE may determine that the CG
configuration with the index CG, is not associated with
other CG configurations.

[0115] For example, it is assumed that the association
information is indicated by a MAC CE command as shown
in FIG. 6, wherein CG, , equals to 0000 and CG,1 equals
to 0010, then a UE may assume CG configuration #0 and CG
configuration #2 are associated. If a UE transmits one or
more repetitions of the TB according to CG configuration
#0, the UE may also transmit another one or more repetitions
of the TB according to CG configuration #2.

[0116] Assuming that CG, ;equals 0100 and CG, ; equals
0100, then a UE may assume CG configuration #4 is not
associated with other CG configurations and will transmit
one or more repetitions of the TB only according to CG
configuration #4.

[0117] After receiving the association information and the
at least two CG configurations, at step 305, the UE may
transmit one or more repetitions of a TB on one or more
PUSCH transmission occasions from each CG configuration
of the at least two CG configurations based on the associa-
tion information. Consequently, in step 306, the BS may
receive the one or more repetitions of the TB on one or more
PUSCH transmission occasions from each CG configuration
of the at least two CG configurations.

[0118] In some embodiments, a time duration for all
repetitions (e.g., all repetitions transmitted based on the at
least two CG configurations) of the TB is less than or equal
to a time duration derived by a periodicity of the at least two
CG configurations. In other words, the UE is not expected to
be configured with a time duration for the transmission of a
number of total repetitions of a TB larger than the time
duration derived by the periodicity.

[0119] According to some embodiments, the PUSCH rep-
etition schemes may be classified into two types, i.e.,
PUSCH repetition Type A and PUSCH repetition Type B.

[0120] The PUSCH repetition Type A is a slot level
repetition scheme. According to TS 38.214, for PUSCH
repetition Type A, the starting symbol S relative to the start
of the slot, and the number of consecutive symbols L
counting from the symbol S allocated for the PUSCH are
determined from the start and length indicator (SLIV). The
SLIV may be included in a time domain resource allocation
(TDRA) table as specified in 3GPP standard documents. In
case number of repetitions K>1, the same symbol allocation
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is applied across the K consecutive slots and the PUSCH is
limited to a single transmission layer. The UE shall repeat
the TB across the K consecutive slots applying the same
symbol allocation in each slot. The number of repetitions K
may be configured in a CG configuration by a parameter
repK or by a parameter numberofrepetitions in an entry of a
TDRA table if present.
[0121] The PUSCH repetition Type B is a sub-slot level
repetition scheme. According to TS 38.214, for PUSCH
repetition Type B, the starting symbol S relative to the start
of the slot, and the number of consecutive symbols L
counting from the symbol S allocated for the PUSCH are
provided by startSymbol and length of the indexed row of
the resource allocation table, respectively. For PUSCH rep-
etition Type B, except for PUSCH transmitting channel state
information (CSI) report(s) with no transport block, the
number of nominal repetitions is given by numberofrepeti-
tions. For the n-th nominal repetition, n=0, . . . , numberof-
repetitions—1,

[0122] The slot where the nominal repetition starts is

given by

lS+n*LJ (69)
K +|—F—|

slot
Nimp

and the starting symbol relative to the start of the slot is
given by mod (S+n*L, N_,.,”) (2).
[0123] The slot where the nominal repetition ends is
given by

[S+(n+1)*L—1J 3
K+|l———— |,

slot
Niymp

and the ending symbol relative to the start of the slot is given
by mod (S+(n+1)*L~1, N,,.,")(4).

[0124] Here K, is the slot where the PUSCH transmission
starts, and Nsymbxlm is the number of symbols per slot as
defined in Clause 4.3.2 of [4, TS 38.211].

[0125] In Rel-16, a CG configuration only configures a
periodicity without an offset. Accordingly, if multiple asso-
ciated type 1 CG configurations are configured or multiple
associated type 2 CG configurations are activated, the
PUSCH transmission occasions may start from a same slot
or even start from a same symbol. However, since the
PUSCH transmissions according to different CG configura-
tion are transmitted in a time-division multiplexing (TDM)
manner, the PUSCH transmission occasions from a same
slot or a same symbol cannot be implemented. Even though
each CG configuration of the at least two CG configurations
may occupy different symbols within a slot to implement the
TDM scheme, it will impose much limitations on the CG
configurations and limit the flexibility of the BS. There are
several methods which can solve the above problem.
[0126] According to some embodiments of the present
application, each CG configuration of the at least two CG
configurations may include a slot offset within a periodicity
of the at least two CG configurations. The slot offset
configured in each configuration of the at least two CG
configurations may be same or different. The one or more
PUSCH transmission occasions from each CG configuration
of the at least two CG configurations are non-overlapped in
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time domain due to the slot offset of each CG configuration.
In these embodiments, a time duration for all repetitions of
the TB is less than or equal to a time duration derived by a
periodicity of the at least two CG configurations

[0127] FIG. 7 illustrates an exemplary TB transmission on
PUSCH transmission occasions from multiple CG configu-
rations according to some embodiments of the present
application.

[0128] Referring to FIG. 7, it is assumed that two type 2
CG configurations (e.g., CG configuration #0 and CG con-
figuration #1) are configured for the multi-TRP transmission
and the transmission type of PUSCH repetitions is PUSCH
repetition type B. The number of repetitions configured in
each CG configuration is two, which means that CG con-
figuration #0 and CG configuration #1 may both have two
PUSCH transmission occasions in a periodicity.

[0129] Since type 2 CG configurations are configured, at
atime, the UE may receive DCI #0 including an HPN having
a value “0000.” That is, after receiving the DCI, both CG
configuration #0 and CG configuration #1 are activated.
[0130] The DCI may also include a time domain resource
assignment field with a value m. The value m provides a row
index m+1 to the TDRA table. The indexed row defines the
slot offset K,, the start symbol, and the length. In the
example of FIG. 7, it is assumed that the K, is equal to 1, the
start symbol is equal to 0, and the length is equal to 5
symbols. Moreover, it is assumed that the slot offset con-
figured in CG configuration #0 is zero and the slot offset
configured in CG configuration #1 is two.

[0131] Referring to FIG. 7, assuming that the DCI is
received in slot n-1, since K,-1 and the slot offset of CG
configuration #0 is zero, the start slot of the PUSCH
transmission from CG configuration #0 may be slot n.
Moreover, since PUSCH repetition type B is configured, the
start symbol 0 and length 5 may be input to the formulas
(1)-(4) to determine the two PUSCH transmission occasions.
Accordingly, the two PUSCH transmission occasions from
CG configuration #0 may be nominal occasion #0 (which is
from symbol O to symbol 4) and nominal occasion #1 (which
is from symbol 5 to symbol 9) in slot n as shown in FIG. 7.
[0132] For the CG configuration #1, since K,=1 and the
slot offset of CG configuration #1 is two, the start slot of the
PUSCH transmission from CG configuration #1 may be slot
n+2. Moreover, since PUSCH repetition type B is config-
ured, the start symbol 0 and length 5 may be input to the
formulas (1)-(4) to determine the two PUSCH transmission
occasions. Accordingly, the two PUSCH transmission occa-
sions from CG configuration #1 may be nominal occasion #2
(which from symbol 0 to symbol 4) and nominal occasion #3
(which from symbol 5 to symbol 9) in slot n+2 as shown in
FIG. 7.

[0133] According to some other embodiments, in order to
implement the TDM scheme of the TB transmission accord-
ing to at least two CG configurations, one or more PUSCH
transmission occasions from each CG configuration of the at
least two CG configurations may be concatenated according
to an order of CG configuration. The start slot of the first
PUSCH transmission occasion from a succeeding CG con-
figuration equals to an end slot of the last PUSCH trans-
mission occasion from a preceding CG configuration plus
one.

[0134] In some embodiments, the order of CG configura-
tion may be an order from the CG configuration with
smallest index to the CG configuration with largest index.
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That is, the PUSCH transmission occasions from CG con-
figurations with larger index are appended after the PUSCH
transmission occasions from CG configurations with smaller
index.

[0135] In some other embodiments, the order of CG
configuration may be an order from the CG configuration
with largest index to the CG configuration with smallest
index. That is, the PUSCH transmission occasions from CG
configurations with smaller index are appended after the
PUSCH transmission occasions from CG configurations
with larger index.

[0136] In some other embodiments, the order of CG
configuration may be any other order configured by the BS
or predefined for the UE. Then, the PUSCH transmission
occasions from one CG configuration may be appended to
the PUSCH transmission occasions from another CG con-
figuration according to the defined order.

[0137] In these embodiments, the PUSCH occasion(s)
from each CG configuration is determined same as Rel-16.
That is, for PUSCH repetition Type A, the PUSCH trans-
mission occasion within a slot is determined by a corre-
sponding SLIV, same allocation is applied across the RepKi
consecutive slots from a CG configuration. For PUSCH
repetition Type B, the start symbol and slot and the end
symbol and slot of each PUSCH nominal transmission
occasion from a CG configuration is determined same in
Rel-16. By concatenating the PUSCH occasion(s) from each
CG configuration in sequentially, the TDM manner may be
implemented.

[0138] In these embodiments, assuming that there are two
CG configurations are configured, and the number of rep-
etitions of a TB transmitted on PUSCH transmission occa-
sion(s) from one CG configuration is RepK1 and the number
of repetitions of the TB transmitted on PUSCH transmission
occasion(s) from another CG configuration is RepK2, then
the total number of repetitions of a TB towards multi-TRP
is RepK which equals to RepKl plus RepK2. A time
duration for all repetitions of the TB (i.e., RepK) is less than
or equal to a time duration derived by a periodicity of each
of the two CG configurations.

[0139] FIG. 8 illustrates another exemplary TB transmis-
sion on PUSCH transmission occasions from multiple CG
configurations according to some other embodiments of the
present application.

[0140] Referring to FIG. 8, it is assumed that two type 1
CG configuration (e.g., CG configuration #0 and CG con-
figuration #1) are configured simultaneously for the multi-
TRP transmission and the transmission type of PUSCH
repetitions is PUSCH repetition type B. The number of
repetitions configured in CG configuration #0 is five and the
number of repetitions configured in CG configuration #1 is
2, which means that CG configuration #0 has five PUSCH
transmission occasions in a periodicity and CG configura-
tion #1 may have two PUSCH transmission occasions in the
periodicity.

[0141] Moreover, assuming that start symbol is symbol #0
and length of the CG PUSCH is 5 symbols as indicated by
SLIV #0 configured in CG configuration #0, and the start
symbol is symbol #1 and length of the CG PUSCH is 5
symbols as indicated by SLIV #1 configured in CG con-
figuration #1.
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[0142] Referring to FIG. 8, since type 1 CG configurations
are configured simultaneously, the start slots of CG configu-
ration #0 and CG configuration #1 may be the same, e.g.,
slot n.

[0143] Since PUSCH repetition type B is configured, the
start symbol 0 and length 5 may be input to the formulas
(1)-(4), such that the five PUSCH transmission occasions
from CG configuration #0 may be nominal occasion #0
(which is from symbol 0 to symbol 4 in slot n), nominal
occasion #1 (which is from symbol 5 to symbol 9 in slot n),
nominal occasion #2 (which is from symbol 10 in slot n to
symbol 0 in slot n+1), nominal occasion #3 (which is from
symbol 1 to symbol 5 in slot n+1), and nominal occasion #4
(which is from symbol 6 to symbol 10 in slot n+1) as shown
in FIG. 8.

[0144] For the CG configuration #1, by applying the start
symbol 1 and length 5 into the formulas (1)-(4), it can be
determined that the two PUSCH transmission occasions
from CG configuration #1 may be nominal occasion #5
(which is from symbol 1 to symbol 5 in slot n) and nominal
occasion #6 (which is from symbol 6 to symbol 10 in slot n)
as shown in FIG. 8.

[0145] In order to implement the TDM transmission
scheme, the PUSCH transmission occasions from CG con-
figuration #0 and CG configuration #1 may be concatenated
according to an order of CG configuration with the smallest
index to CG configuration with the largest index. That is, the
two PUSCH transmission occasions from CG configuration
#1 may be appended after the five PUSCH transmission
occasions from CG configuration #0. Then, the start slot of
the two PUSCH transmission occasions from CG configu-
ration #1 may be changed to slot n+2, which equals to an end
slot of CG configuration #0 (i.e., slot n+1) plus one.
[0146] According to some other embodiments, in order to
implement the TDM transmission scheme, each CG con-
figuration of the at least two CG configurations may include
a first number of consecutive repetitions of the TB trans-
mitted according to the corresponding CG configuration,
and the at least one CG configuration includes a second
number of total repetitions of the TB. For each CG configu-
ration, the first number may be configured to be the same or
different.

[0147] In some embodiments, the first number of consecu-
tive repetitions of the TB may be configured by a parameter
RepK in each CG configuration as specified in 3GPP stan-
dard documents or may be configured by numberofrepeti-
tions in an entry of a TDRA table if present as specified in
3GPP standard documents. The second number of total
repetitions of a TB may be configured by a newly added
parameter total_RepK introduced in one or more CG con-
figurations of the at least two CG configurations. For
example, the total_RepK may be included in one CG con-
figuration which includes indexes of remaining CG configu-
rations of the at least two CG configurations. In another
example, the total_RepK may be included in each of the at
least two CG configurations.

[0148] After receiving the at least two CG configurations,
the UE may transmit the first number of consecutive rep-
etitions of the TB on the first number of PUSCH transmis-
sion occasions from each CG configuration according to an
order of CG configuration. The order of CG configuration
may be an order from the CG configuration with smallest
index to the CG configuration with largest index, or an order
from the CG configuration with largest index to the CG
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configuration with smallest index, or any other order con-
figured by the BS or predefined in the UE. The UE may
repeat the transmitting until the second number of total
repetitions is met. For all the PUSCH transmission occa-
sions arranged in order for transmitting the second number
of total repetitions, the start slot of the first PUSCH trans-
mission occasion from a succeeding CG configuration
equals to an end slot of the last PUSCH transmission
occasion from a preceding CG configuration plus one.
[0149] FIG. 9 illustrates yet another exemplary TB trans-
mission on PUSCH transmission occasions from multiple
CG configurations according to some other embodiments of
the present application.

[0150] Referring to FIG. 9, it is assumed that two type 1
CG configuration (e.g., CG configuration #0 and CG con-
figuration #1) are configured for the multi-TRP transmission
and the transmission type of PUSCH repetitions is PUSCH
repetition Type A. The number of consecutive repetitions of
a TB configured in CG configuration #0 is 2, the number of
consecutive repetitions of the TB configured in CG configu-
ration #1 is 2. and the number of total repetitions is 8.
[0151] Moreover, assuming that start symbol is symbol #0
and length of the PUSCH transmission occasion is 10
symbols as indicated by SLIV #0 configured in CG con-
figuration #0, and the start symbol is symbol #3 and length
of the CG PUSCH is 10 symbols as indicated by SLIV #1
configured in CG configuration #1.

[0152] Since the type of PUSCH repetitions is PUSCH
repetition Type A, the two PUSCH transmission occasions
from CG configuration #0 in two consecutive slots may have
the same symbol allocation (i.e., from symbol #0 to symbol
#9), and the two PUSCH transmission occasions from CG
configuration #1 in two consecutive slots may have the same
symbol allocation (i.e., from symbol #3 to symbol #12).
[0153] Referring to FIG. 9, the order of the CG configu-
ration may be an order from CG configuration with smallest
index to the CG configuration with largest index. Therefore,
the UE may first transmit two repetitions of the TB on the
two consecutive PUSCH transmission occasions (i.e., trans-
mission occasion 0 in slot n and transmission occasion 1 in
slot n+1) from CG configuration #0, and then transmit two
repetitions of the TB on the two consecutive PUSCH trans-
mission occasions (i.e., transmission occasion 2 in slot n+2
and transmission occasion 3 in slot n+3) from CG configu-
ration #1. The UE may repeat the transmitting until the 8
total repetitions of TB is reached. In FIG. 9, the transmitting
may be repeated twice in general until reaching 8 total
repetitions of the TB. The transmission occasion #0 to
transmission occasion #3 may be referred to as a transmis-
sion unit. That is, the transmission unit may be repeated
twice.

[0154] Referring to FIG. 9, for the eight PUSCH trans-
mission occasions, the start slot of the first PUSCH trans-
mission occasion from a succeeding CG configuration
equals to an end slot of the last PUSCH transmission
occasion from a preceding CG configuration plus one. For
example, the start slot (e.g., slot n+2) of transmission
occasion #2 from CG configuration #1 equals to the end slot
(e.g., slot n+1) of transmission occasion #1 from CG con-
figuration #0 plus one. Similarly, the start slot (e.g., slot n+4)
of transmission occasion #4 from CG configuration #0
equals to the end slot (e.g., slot n+3) of transmission
occasion #3 from CG configuration #1 plus one, and the start
slot (e.g., slot n+6) of transmission occasion #6 from CG
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configuration #1 equals to the end slot (e.g., slot n+5) of
transmission occasion #5 from CG configuration #0 plus
one.

[0155] According to some other embodiments, in order to
implement the TDM transmission scheme, each CG con-
figuration of the at least two CG configurations may include
a first number of total repetitions of a TB transmitted
according to the corresponding CG configuration and a
second number of consecutive repetitions of the TB trans-
mitted according to the corresponding CG configuration. For
each CG configuration, the first number may be configured
to be the same or different, and the second number may be
configured to be the same or different.

[0156] In some embodiments, the first number of total
repetitions of the TB may be configured by a parameter
RepK in each CG configuration as specified in 3GPP stan-
dard documents or may be configured by numberofrepeti-
tions in an entry of a TDRA table if present as specified in
3GPP standard documents. The second number of consecu-
tive repetitions of the TB may be configured by a parameter
Con_K newly added in each of the at least two CG con-
figurations.

[0157] After receiving the at least two CG configurations,
the UE may transmit the second number of consecutive
repetitions of the TB on the second number of PUSCH
transmission occasions from each CG configuration for
which the first total number of repetitions of the TB is not
reached according to an order of CG configuration. The
order of CG configuration is determined based on all CG
configuration(s) of the at least two CG configurations for
which the first total number of repetitions of the TB is not
reached. The UE may repeat the transmitting until the first
total number of repetitions of a TB included in each CG
configuration is reached.

[0158] The order of CG configuration may be an order
from the CG configuration with smallest index to the CG
configuration with largest index, or an order from the CG
configuration with largest index to the CG configuration
with smallest index, or any other order configured by the BS
or predefined in the UE.

[0159] For all the PUSCH transmission occasions
arranged in order for transmitting the first number of total
repetitions included in each CG configuration, the start slot
of' the first PUSCH transmission occasion from a succeeding
CG configuration equals to an end slot of the last PUSCH
transmission occasion from a preceding CG configuration
plus one.

[0160] FIG. 10 illustrates yet another exemplary TB trans-
mission on PUSCH transmission occasions from multiple
CG configurations according to some other embodiments of
the present application.

[0161] Referring to FIG. 10, it is assumed that three type
1 CG configurations (e.g., CG configuration #0, CG con-
figuration #1, and CG configuration #1) are configured for
the multi-TRP transmission and the type of PUSCH repeti-
tions is PUSCH repetition type A. The first number of total
repetitions of a TB and the second number of consecutive
repetitions of a TB configured in CG configuration #0 are 2
and 2 respectively, the first number of total repetitions of a
TB and the second number of consecutive repetitions of a
TB configured in CG configuration #1 are 3 and 1 respec-
tively, and the first number of total repetitions of a TB and
the second number of consecutive repetitions of a TB
configured in CG configuration #2 are 4 and 2 respectively.
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[0162] Moreover, assuming that start symbol is symbol #0
and length of the PUSCH transmission occasion is 10
symbols as indicated by SLIV #0 configured in CG con-
figuration #0, the start symbol is symbol #2 and length of the
PUSCH transmission occasion is 10 symbols as indicated by
SLIV #1 configured in CG configuration #1, and the start
symbol is symbol #3 and length of the CG PUSCH is 10
symbols as indicated by SLIV #2 configured in CG con-
figuration #2. Since the type of PUSCH repetitions is
PUSCH repetition Type A, the PUSCH transmission occa-
sions from the same CG configuration may have the same
symbol application.

[0163] Since the type of PUSCH repetitions is PUSCH
repetition type A, the PUSCH transmission occasions from
CG configuration #0 in two slots may have the same symbol
allocation (i.e., from symbol #0 to symbol #9), the three
PUSCH transmission occasions from CG configuration #1
in three slots may have the same symbol allocation (i.e.,
from symbol #2 to symbol #11), and the four PUSCH
transmission occasions from CG configuration #2 in four
slots may have the same symbol allocation (i.e., from
symbol #3 to symbol #12).

[0164] Referring to FIG. 10, the order of the CG configu-
ration may be an order from CG configuration with smallest
index to the CG configuration with largest index. Therefore,
the UE may first transmit the two repetitions of the TB on
the two consecutive PUSCH transmission occasions (i.e.,
transmission occasion #0 in slot n and transmission occasion
#1 in slot n+1) from CG configuration #0, followed by one
repetition of the TB on the one PUSCH transmission occa-
sion (i.e., transmission occasion #2 in slot n+2) from CG
configuration #1, followed by two repetitions of the TB on
the two consecutive PUSCH transmission occasions (i.e.,
transmission occasion #3 in slot n+3 and transmission
occasion #4 in slot n+4) from CG configuration #2.

[0165] After that, the first number of total repetitions
included in CG configuration #0 is reached. Therefore, the
UE may transmit the remaining repetitions according to an
order determined based on CG configuration #1 and CG
configuration #2. That is, the UE may transmit one repetition
of the TB on the one PUSCH transmission occasion (i.e.,
transmission occasion #5 in slot n+5) from CG configuration
#1, followed by two repetitions of the TB on the two
consecutive PUSCH transmission occasions (i.e., transmis-
sion occasion #6 in slot n+6 and transmission occasion #7 in
slot n+7) from CG configuration #2.

[0166] After that, the first number of total repetitions
included in CG configuration #2 is reached. Therefore, the
UE may transmit the remaining one repetition according to
CG configuration #1. That is, the UE may transmit one
repetition of the TB on the PUSCH transmission occasion
(i.e., transmission occasion #8 in slot n+8) from CG con-
figuration #1.

[0167] Referring to FIG. 10, for the nine PUSCH trans-
mission occasions, the start slot of the first PUSCH trans-
mission occasion from a succeeding CG configuration
equals to an end slot of the last PUSCH transmission
occasion from a preceding CG configuration plus one. For
example, the start slot (e.g., slot n+2) of transmission
occasion #2 from CG configuration #1 equals to the end slot
(e.g., slot n+1) of transmission occasion #1 from CG con-
figuration #0 plus one. Similarly, the start slot (e.g., slot n+3)
of transmission occasion #3 from CG configuration #2
equals to the end slot (e.g., slot n+2) of transmission
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occasion #2 from CG configuration #1 plus one. The same
rule may also be applied to remaining PUSCH transmission
occasions.

[0168] The UE may be configured an SRI in a CG con-
figuration for type 1 CG or may receive an activation DCI
including an SRI for type 2 CG. The SRI may indicate one
or more SRS resources based on which the UE may deter-
mine the PUSCH transmission port, spatial relation, the
pathloss reference signal (PL-RS) and so on. For multi-TRP
transmission, one or more SRS resource sets may be con-
figured for the UE. Given this, the UE may need to know
which SRS resource set is used for which CG configuration.

[0169] According to some embodiments of the present
application, each CG configuration of the at least two CG
configurations may include an SRI. The SRI may include at
least one bit indicating an SRS resource set used for trans-
mitting the one or more repetitions of the TB according to
the corresponding CG configuration.

[0170] According to some other embodiments of the pres-
ent application, the UE may receive DCI indicating at least
one SRI in SRI field, wherein each of the at least one SRI
may include at least one bit indicating an SRS resource set
used for transmitting the one or more repetitions of the TB
according to each CG configuration of the at least two CG
configurations.

[0171] In an embodiment, the DCI may indicate one SRI,
the one SRI may include at least one bit indicating an SRS
resource set. After receiving the SRI, the UE may transmit
the one or more repetitions of the TB according to the CG
configuration activated by the DCI by using the SRS
resource(s) in an SRS resource set indicated by at least one
bits in the SRI.

[0172] In another embodiment, the DCI may indicate two
or more SRIs, each of the two or more SRIs may include at
least one bits indicating an SRS resource set used for
transmitting the one or more repetitions of the TB according
to a corresponding CG configuration. For example, for two
associated CG configurations, the first SRI indicated by the
DCI may indicate an SRS resource set for PUSCH trans-
mission according to a CG configuration with a lower index
and the second SRI indicated by the DCI may indicate an
SRS resource set for PUSCH transmission according to a
CG configuration with a higher index.

[0173] For example, it is assumed that two SRS resource
sets are configured for the UE. The most significant bit
(MSB) of the SRI may be used to distinguish the SRS
resource set. For example, the MSB “0” of the SRI may
indicate SRS resource(s) in SRS resource set #0, and the
MSB “1” of the SRI may indicate SRS resource(s) in SRS
resource set #1. In other examples, the least significant bit
(LSB) of the SRI may be used to distinguish the SRS
resource set.

[0174] For example, it is assumed that two SRS resource
sets are configured for a UE and each SRS resource set
contains two SRS resources. Moreover, two associated CG
configurations (e.g., type 1 CG configuration #0 and type 1
CG configuration #1) may be configured for the UE and a
codebook based PUSCH is transmitted based on CG con-
figuration #0 and CG configuration #1.

[0175] The SRI in each type 1 CG configuration may be
five bits. In CG configuration #0, the value of SRI equals to
“00000”. In CG configuration #1 the value of SRI equals to
“10000”.
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[0176] The MSB “0” of SRI in CG configuration #0 may
indicate that SRS resource set #0 is used for PUSCH
transmission according to CG configuration #0, and remain-
ing four bits “0000” may indicate that the first SRS resource
(s) in the SRS resource set #0 used for PUSCH transmission
according to CG configuration #0. Accordingly, the UE may
transmit one or more repetitions of the TB based on the first
SRS resource in SRS resource set #0 and CG configuration
#0.

[0177] The MSB “1” of SRI in CG configuration #1 may
indicate that SRS resource set #1 is used for PUSCH
transmission according to CG configuration #1, and remain-
ing four bits “0000” may indicate that the first SRS resource
in the SRS resource set #1 used for PUSCH transmission
according to CG configuration #1. Accordingly, the UE may
transmit one or more repetitions of the TB based on the first
SRS resource in SRS resource set #1 and CG configuration
#1.

[0178] According to some other embodiments of the pres-
ent application, each CG configuration of the at least two CG
configurations may include an SRS resource set index for
indicating an SRS resource set used for transmitting the one
or more repetitions of the TB according to the corresponding
CG configuration.

[0179] For type 1 CG, the corresponding SRS resource(s)
for transmitting one or more repetitions of a TB according
to a CG configuration is determined by the SRI and SRS
resource set index configured in the CG configuration.
[0180] Fortype 2 CG, if DCI activates a CG configuration,
the corresponding SRS resource(s) for transmitting one or
more repetitions of a TB according to the CG configuration
may be determined by the SRI indicated in the DCI and SRS
resource set index configured in the CG configuration.
[0181] In some embodiments, each CG configuration may
be presented by a ConfiguredGrantConfig IE as specified in
3GPP standard document TS 38.331. Referring to FIG. 11,
it illustrates an exemplary CG configuration IE according to
some embodiments of the present application. In FIG. 11,
the ConfiguredGrantConfig IE may include a newly added
parameter SRS-ResourceSetld which represents an index of
an SRS resource set. If an SRS resource set index is not
configured, the SRS resource(s) indicated by SRI used for
PUSCH transmission according to the CG configuration is in
SRS resource set #0.

[0182] According to the some other embodiments of the
present application, in the case that multiple CORESETs are
configured in a serving cell, the parameter CORESET pool
index e.g. CORESETPoollndex in 3GPP standard document
TS 38.331) may be configured (to indicate at least one
CORESET may be associated with a TRP. In addition, each
CORESET pool index may be associated with an SRS
resource set by a fixed rule. For example, CORESET pool
index #0 is associated with an SRS resource set #0 and
CORESET pool index #1 is associated with an SRS resource
set #1. In another example, CORESET pool index #0 is
associated with an SRS resource set #1 and CORESET pool
index #1 is associated with an SRS resource set #0. Given
this, each CG configuration could be associated with an SRS
resource set implicitly. For type 1 CG, in order to determine
the SRS resource set used for a CG configuration, each CG
configuration of the at least two CG configurations may
include a CORESET pool index. If a CORESET pool index
is not configured in a CG configuration, the default value of
the CORESET pool index may equal to zero.
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[0183] In some embodiments, each CG configuration may
be presented by a ConfiguredGrantConfig IE as specified in
3GPP standard document TS 38.331. Referring to FIG. 12,
it illustrates an exemplary CG configuration IE according to
some embodiments of the present application. In FIG. 12,
the ConfiguredGrantConfig IE may include a newly added
parameter coresetPoollndex-r16 which represents a CORE-
SET pool index.

[0184] For type 2 CG, a CORESETPoollndex associated
with a CG configuration may be implicitly determined by a
CORESETPoollndex configured for a CORESET transmit-
ting DCI activating the CG configuration. The CORESET-
Poollndex is associated with an SRS resource set used for
transmitting the one or more repetitions of the TB according
to the CG configuration by a fixed rule.

[0185] For example, it is assumed that three CORESETs
are configured in a serving cell, wherein CORESET #0 is
configured with a CORESETPoollndex #0, CORESET #1
and CORESET #2 are configured with a CORESETPoolln-
dex #1. The CORESETPoollndex #0 may be associated with
SRS resource set #0, and CORESETPoollndex #1 may be
associated with SRS resource set #1.

[0186] Moreover, it is assumed that two type 1 CG con-
figurations (e.g., CG configuration #0 and CG configuration
#1) are configured for the UE. CG configuration #0 may
include CORESETPoollndex #0 and an SRI with a value
“0011”. CG configuration #1 may include CORESET-
Poollndex #1 and an SRI with a value “0011”.

[0187] After receiving the two CG configurations, the UE
may transmit one or more repetitions on one or more
PUSCH transmission occasions from CG configuration #0
based on the fourth SRS resource in SRS resource set #0
which associated with CORESETPoollndex #0, and trans-
mit one or more repetitions on one or more PUSCH trans-
mission occasions from CG configuration #1 based on the
fourth SRS resource in SRS resource set #1 which associ-
ated with CORESETPoollndex #1.

[0188] In Rel-15/16, a HARQ process ID of a CG based
PUSCH transmission is calculated by the formula in section
5.4.1in TS 38.321, wherein the HARQ process 1D is related
to the first symbol of a CG based PUSCH transmission. For
a TB transmitted towards different TRP according to differ-
ent CG configurations, the first symbol of each CG configu-
ration may be different due to the TDM transmission
scheme. That is, transmitting repetitions of a TB according
to different CG configurations may result in different HARQ
process IDs. However, the at least two CG configurations for
transmitting the same TB should have a same HARQ
process ID. Embodiments of the present application may
provide several methods to resolve this problem.

[0189] According to some embodiments of the present
application, the same HARQ process 1D for the at least two
CG configurations may be determined based on a first
symbol of a first PUSCH transmission occasion from a CG
configuration with a lowest index among the at least two CG
configurations. For example, the first symbol of a first
PUSCH transmission occasion from a CG configuration
with a lowest index may be input to the formula in section
5.4.1 in TS 38.321 to determine the HARQ process ID.
[0190] Fortype 1 CG, the first symbol may be indicated by
a TDRA field in the CG configuration with lowest index. For
type 2 CG, the first symbol may be indicated by a TDRA
field in the DCI activating the CG configuration with lowest
index.
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[0191] According to some embodiments of the present
application, the same HARQ process ID for the at least two
CG configurations may be determined based on an earliest
start symbol of all PUSCH transmission occasions from the
at least two CG configurations. For example, the earliest
start symbol may be input to the formula in section 5.4.1 in
TS 38.321 to determine the HARQ process ID.

[0192] FIG. 13 illustrates yet another exemplary TB trans-
mission on PUSCH transmission occasions from multiple
CG configurations according to some other embodiments of
the present application.

[0193] Referring to FIG. 13, it is assumed that two type 1
CG configurations, e.g., CG configuration #0 and CG con-
figuration #1, are configured for the UE. Each CG configu-
ration may configure two PUSCH transmission occasions in
a periodicity. It is assumed that all PUSCH transmission
occasions from the two CG configurations may include
transmission occasion #0 (from symbol 2 to symbol 5 in slot
n) from CG configuration #0, transmission occasion #1
(from symbol 7 to symbol 10 in slot n) from CG configu-
ration #1, transmission occasion #2 (from symbol 2 to
symbol 5 in slot n+l) from CG configuration #0, and
transmission occasion #3 (from symbol 7 to symbol 10 in
slot n+1) from CG configuration #1. Then, the HARQ
Process ID for the TB transmission according to the two CG
configurations may be determined based on earliest symbol
#2 of all the PUSCH transmission occasions.

[0194] According to some other embodiments of the pres-
ent application, the same HARQ process 1D for the at least
two CG configurations may be determined to be a lowest
HARQ process ID among all HARQ process [Ds calculated
based on the at least two CG configurations.

[0195] In this method, for each CG configuration of the at
least two CG configurations, the UE may determine a
HARQ process 1D according to the formula in section 5.4.1
in TS 38.321. Then, the UE may determine the lowest
HARQ process ID among all HARQ process 1Ds to be used
for the least two CG configurations.

[0196] For a TB transmitted towards multiple TRPs based
on multiple CG configurations, there are some limitations on
the associated CG configurations for better supporting this
scheme and reducing a UE’s complexity.

[0197] According to some embodiments, all repetitions of
the TB transmitted according to the at least two CG con-
figurations have a same TB size, such that the BS could do
a soft combining based on the repetitions of the TB received
from multiple TRP.

[0198] In an embodiment, the TB size may be determined
based on a number of resource blocks (RBs) corresponding
to a first PUSCH transmission occasion of all PUSCH
transmission occasions from the at least two CG configu-
rations.

[0199] In another embodiment, the TB size may be deter-
mined based on a number of RBs corresponding to a PUSCH
transmission occasion of a CG configuration with a lowest
index among the at least two CG configurations. For
example, referring to the example in FIG. 13, the TB size
may be determined based on the number of RBs in trans-
mission occasion #0.

[0200] In yet another embodiment, the TB size may be
determined to be a smallest TB size among all TB sizes
calculated based on the at least two CG configurations. That
is, for each CG configuration, the UE may determine a TB
size based on a number of RBs corresponding to a PUSCH
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transmission occasion from the corresponding CG configu-
ration, and then the UE may determine the smallest TB size
among all TB sizes as the TB size for the at least two CG
configurations.

[0201] According to some embodiments, the at least two
CG configurations have a same periodicity and a same
number of HARQ processes since the HARQ process 1D
may be calculated based on them.

[0202] According to some embodiments, at least two CG
configurations have a same number of transmission layers.
The number of transmission layers may be the same as the
number of DMRS ports indicated by the antenna ports field
in a CG configuration (for type 1 CG) or in a DCI for
activating a CG configuration (for type 2 CG). In an embodi-
ment, if the PUSCH is codebook-based transmission, the
number of layers for determining the TPMI shall also be
same. If the PUSCH is non codebook-based transmission,
the number of SRI indicated by SRI field in a CG configu-
ration (for type 1 CG) or in a DCI for activating a CG
configuration (for type 2 CG) shall be the same.

[0203] According to some embodiments, the at least two
CG configurations have a same priority and a same PUSCH
repetition type since the at least two CG configurations are
used for transmitting the same TB

[0204] FIG. 14 illustrates a simplified block diagram of an
apparatus for multi-TRP transmission according to some
embodiments of the present application. The apparatus 1400
may be a BS 101 or a UE 105 (for example, UE 105q, UE
1054, or UE 105¢) as shown in FIG. 1.

[0205] Referring to FIG. 14, the apparatus 1400 may
include at least one non-transitory computer-readable
medium 1402, at least one receiving circuitry 1404, at least
one transmitting circuitry 1406, and at least one processor
1408. In some embodiments of the present application, at
least one receiving circuitry 1404 and at least one transmit-
ting circuitry 1406 and be integrated into at least one
transceiver. The at least one non-transitory computer-read-
able medium 1402 may have computer executable instruc-
tions stored therein. The at least one processor 1408 may be
coupled to the at least one non-transitory computer-readable
medium 1402, the at least one receiving circuitry 1404 and
the at least one transmitting circuitry 1406. The computer
executable instructions can be programmed to implement a
method with the at least one receiving circuitry 1404, the at
least one transmitting circuitry 1406 and the at least one
processor 1408. The method can be a method according to
an embodiment of the present application, for example, the
method shown in FIG. 3.

[0206] The method according to embodiments of the pres-
ent application can also be implemented on a programmed
processor. However, the controllers, flowcharts, and mod-
ules may also be implemented on a general purpose or
special purpose computer, a programmed microprocessor or
microcontroller and peripheral integrated circuit elements,
an integrated circuit, a hardware electronic or logic circuit
such as a discrete element circuit, a programmable logic
device, or the like. In general, any device on which resides
a finite state machine capable of implementing the flow-
charts shown in the figures may be used to implement the
processor functions of this application. For example, an
embodiment of the present application provides an apparatus
for multi-TRP transmission, including a processor and a
memory. Computer programmable instructions for imple-
menting a method for multi-TRP transmission are stored in
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the memory, and the processor is configured to perform the
computer programmable instructions to implement the
method for multi-TRP transmission. The method may be a
method as stated above or other method according to an
embodiment of the present application.

[0207] An alternative embodiment preferably implements
the methods according to embodiments of the present appli-
cation in a non-transitory, computer-readable storage
medium storing computer programmable instructions. The
instructions are preferably executed by computer-executable
components preferably integrated with a network security
system. The non-transitory, computer-readable storage
medium may be stored on any suitable computer readable
media such as RAMs, ROMs, flash memory, EEPROMs,
optical storage devices (CD or DVD), hard drives, floppy
drives, or any suitable device. The computer-executable
component is preferably a processor but the instructions may
alternatively or additionally be executed by any suitable
dedicated hardware device. For example, an embodiment of
the present application provides a non-transitory, computer-
readable storage medium having computer programmable
instructions stored therein. The computer programmable
instructions are configured to implement a method for
multi-TRP transmission as stated above or other method
according to an embodiment of the present application.

[0208] While this application has been described with
specific embodiments thereof, it is evident that many alter-
natives, 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 the other embodiments. Also, all of the elements of each
figure are not necessary for 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 application by simply employing the
elements of the independent claims. Accordingly, embodi-
ments of the application 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 applica-
tion.

1. A method, comprising:

receiving at least two configured grant (CG) configura-

tions in a bandwidth part (BWP);

receiving association information for associating the at

least two CG configurations; and

transmitting one or more repetitions of a transport block

(TB) on one or more physical uplink shared channel
(PUSCH) transmission occasions from each CG con-
figuration of the at least two CG configurations based
on the association information.

2. The method of claim 1, wherein one CG configuration
of the at least two CG configurations includes an index of a
remaining CG configuration of the at least two CG configu-
rations.

3. The method of claim 1, wherein the association infor-
mation includes an association CG configuration list con-
taining one or more association states, and an association
state includes indexes of the at least two CG configurations.

4. The method of claim 3, further comprising:

receiving downlink control information (DCI) for activat-
ing the at least two CG configurations, wherein the DCI
includes a hybrid automatic repeat request (HARQ)



US 2024/0057075 Al

process number (HPN) which indicates an entry in the
association CG configuration list corresponding to the
association state.

5. The method of claim 1, wherein the association infor-
mation is indicated by a medium access control (MAC)
control element (CE) command.

6. The method of claim 1, wherein each CG configuration
of the at least two CG configurations comprises a slot offset
within a periodicity of the at least two CG configurations.

7. The method of claim 1, wherein one or more of the
PUSCH transmission occasions from each CG configuration
of the at least two CG configurations are concatenated
according to an order of CG configuration.

8. The method of claim 1, wherein each CG configuration
of the at least two CG configurations includes a first number
of consecutive repetitions of the TB transmitted according to
a corresponding CG configuration, and at least one CG
configuration includes a second number of total repetitions
of the TB.

9. The method of claim 1, wherein each CG configuration
of the at least two CG configurations includes a first number
of total repetitions of the TB transmitted according to a
corresponding CG configuration and a second number of
consecutive repetitions of the TB transmitted according to
the corresponding CG configuration.

10. The method of claim 1, wherein a first time duration
for all repetitions of the TB is less than or equal to a second
time duration derived by a periodicity of the at least two CG
configurations.

11. The method of claim 1, wherein each CG configura-
tion of the at least two CG configurations includes a sound-
ing reference signal (SRS) resource set index for indicating
an SRS resource set used for the transmitting the one or
more repetitions of the TB according to a corresponding CG
configuration.

12-15. (canceled)

16. An apparatus, comprising:

a processor; and

a memory coupled with the processor, the processor

configured to cause the apparatus to:

receive at least two configured grant (CG) configura-
tions in a bandwidth part (BWP);

receive association information for associating the at
least two CG configurations; and

transmit one or more repetitions of a transport block
(TB) on one or more physical uplink shared channel
(PUSCH) transmission occasions from each CG con-
figuration of the at least two CG configurations based
at least in part on the association information.

17. The apparatus of claim 16, wherein one CG configu-
ration of the at least two CG configurations includes an
index of a remaining CG configuration of the at least two CG
configurations.
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18. The apparatus of claim 16, wherein the association
information includes an association CG configuration list
containing one or more association states, and an association
state includes indexes of the at least two CG configurations.

19. The apparatus of claim 18, wherein the processor is
configured to cause the apparatus to:

receive downlink control information (DCI) for activating

the at least two CG configurations, wherein the DCI
includes [a hybrid automatic repeat request (HARQ)
process number (HPN) which indicates an entry in the
association CG configuration list corresponding to the
association state.

20. The apparatus of claim 16, wherein the association
information is indicated by a medium access control (MAC)
control element (CE) command.

21. The apparatus of claim 16, wherein each CG configu-
ration of the at least two CG configurations comprises a slot
offset within a periodicity of the at least two CG configu-
rations.

22. The apparatus of claim 16, wherein one or more of the
PUSCH transmission occasions from each CG configuration
of the at least two CG configurations are concatenated
according to an order of CG configuration.

23. An apparatus, comprising:

a processor; and

a memory coupled with the processor, the processor

configured to cause the apparatus to:

receive at least two configured grant (CG) configura-
tions in a bandwidth part (BWP), each CG configu-
ration of the at least two CG configurations including
a sounding reference signal (SRS) resource set index
for indicating an SRS resource set used to transmit
one or more repetitions of a transport block (TB)
according to a corresponding CG configuration; and

transmit the one or more repetitions of the TB on one
or more physical uplink shared channel (PUSCH)
transmission occasions from each CG configuration
of the at least two CG configurations based at least
in part on the SRS resource set.

24. An apparatus, comprising:

a processor; and

a memory coupled with the processor, the processor

configured to cause the apparatus to:

transmit at least two configured grant (CG) configura-
tions in a bandwidth part (BWP), each CG configu-
ration of the at least two CG configurations including
a sounding reference signal (SRS) resource set
index; and

receive one or more repetitions of a transport block
(TB) on one or more physical uplink shared channel
(PUSCH) transmission occasions from a CG con-
figuration based at least in part on the SRS resource
set.



