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(57) Abstract: Embodiments of the present disclosure relate to methods and apparatus for semi-per-
sistent scheduling (SPS) downlink transmission. According to an embodiment of the present dis-
closure, a method may include: receiving a set of first downlink control information (DCI) on at
least one control resource set (CORESET) for activating a set of SPS configurations, wherein each
CORESET is configured with a CORESETPoollndex, and each of the set of first DCI activates a
corresponding one of the set of SPS configurations; and receiving a set of second DCI on at least one
first CORESET configured with a first CORESETPoollndex, wherein each second DCI only deac-
tivates first one or more SPS configurations of the set of SPS configurations activated by first one or
more first DCI received on one or more CORESETSs configured with the first CORESETPoolIndex.
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METHODS AND APPARATUS FOR SPS DOWNLINK TRANSMISSION

TECHNICAL FIELD

[0001] Embodiments of the present disclosure are related to wireless communication
technologies, and more particularly, related to methods and apparatuses for
semi-persistent scheduling (SPS) downlink transmission in, for example, multiple
downlink control information (DCI) based multiple transmit-receive points (TRP)

scenarios.

BACKGROUND

[0002] In New Radio (NR) Rel-16, an important feature in enhanced Ultra-Reliable
and Low Latency Communications (¢URLLC) is that multiple SPS physical downlink
shared channels (PDSCHs) can be configured in an active bandwidth part (BWP) of a
serving cell. DCI jointly deactivating two or more SPS PDSCH configurations is
also supported. Moreover, both multi-DCI based and single-DCI based multi-TRP
scenarios are supported in Rel-16. A flexible joint deactivation mechanism is

desired for multi-TRP scenarios.

SUMMARY OF THE DISCLOSURE

[0003] Embodiments of the present disclosure provide at least improved DCI joint

deactivation of SPS configurations in multi-DCI based multi-TRP scenarios.

[0004] According to some embodiments of the present disclosure, a method may
include: receiving a set of first DCI on at least one control resource set (CORESET)
for activating a set of SPS configurations, wherein each CORESET is configured with

a CORESETPoollndex, and each of the set of first DCI activates a corresponding one
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of the set of SPS configurations; and receiving a set of second DCI on at least one
first CORESET configured with a first CORESETPoollndex, wherein each second
DCI only deactivates first one or more SPS configurations of the set of SPS
configurations activated by first one or more first DCI received on one or more

CORESETs configured with the first CORESETPoolIndex.

[0005] In an embodiment of the present disclosure, the method may further include
receiving an SPS deactivation state list, wherein each SPS deactivation state
corresponding to an entry in the SPS deactivation state list includes one or more SPS

configurations.

[0006] In an embodiment of the present disclosure, a first subset of SPS
configurations included in a first set of entries in the SPS deactivation state list are
activated by a first subset of first DCI received on the one or more CORESETs
configured with the first CORESETPoollndex, and a second subset of SPS
configurations included in a second set of entries in the SPS deactivation state list are
activated by a second subset of first DCI received on one or more CORESETSs
configured with a second CORESETPoollndex. The second DCI may include a first
hybrid automatic repeat request (HARQ) process number, the first one or more SPS
configurations deactivated by the second DCI received on the first CORESET
configured with the first CORESETPoollndex are included in an SPS deactivation
state corresponding to a first entry of the first set of entries in the SPS deactivation
state list, and an entry index of the first entry may have a first predefined relation with
the first HARQ process number. For example, the entry index of the first entry may

equal the first HARQ process number.

[0007] In an embodiment of the present disclosure, the method may further include
receiving a third DCI on a second CORESET configured with the second
CORESETPoollndex, wherein the third DCI only deactivates second one or more SPS
configurations activated by second one or more of the second subset of first DCI
received on one or more CORESETs configured with the second

2
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CORESETPoollndex, wherein the third DCI may include a second HARQ process
number, the second one or more SPS configurations deactivated by the third DCI are
included in an SPS deactivation state corresponding to a second entry of the second
set of entries in the SPS deactivation state list, and an entry index of the second entry
may have a second predefined relation with the second HARQ process number. For
example, the entry index of the second entry equals the second HARQ process
number plus floor(M/2), floor() is a round down function, and M is a maximum

number of entries in the SPS deactivation state list.

[0008] In an embodiment of the present disclosure, the method may further include
receiving an additional SPS deactivation state list, wherein each SPS deactivation
state corresponding to an entry in the SPS deactivation state list may include first at
least one SPS configuration activated by first at least one of the set of first DCI
received on one or more CORESETSs configured with the first CORESETPoollndex,
and each SPS deactivation state corresponding to an entry in the additional SPS
deactivation state list may include second at least one SPS configuration activated by
second at least one of the set of first DCI received on one or more CORESETSs
configured with a second CORESETPoollndex. The second DCI may include a first
HARQ process number, the first one or more SPS configurations deactivated by the
second DCI received on the first CORESET configured with the first
CORESETPoolIndex are included in an SPS deactivation state corresponding to a
first entry in the SPS deactivation state list, and an entry index of the first entry may

correspond to the first HARQ process number.

[0009] In an embodiment of the present disclosure, the method may further include
receiving a third DCI on a second CORESET configured with the second
CORESETPoollndex, wherein the third DCI only deactivates second one or more SPS
configurations activated by second one or more of the set of first DCI received on one
or more CORESETs associated with the second CORESETPoollndex, wherein the

third DCI may include a second HARQ process number, the second one or more SPS
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configurations deactivated by the third DCI are included in an SPS deactivation state
corresponding to a second entry in the additional SPS deactivation state list, and an

entry index of the second entry may correspond to the second HARQ process number.

[0010] According to some embodiments of the present disclosure, a method may
include: transmitting a set of first DCI on at least one control resource set (CORESET)
for activating a set of SPS configurations, wherein each CORESET is configured with
a CORESETPoollndex, and each of the set of first DCI activates a corresponding one
of the set of SPS configurations; and transmitting a set of second DCI on at least one
first CORESET configured with a first CORESETPoollndex, wherein each second
DCI only deactivates first one or more SPS configurations of the set of SPS
configurations activated by first one or more first DCI transmitted on one or more

CORESETs configured with the first CORESETPoolIndex.

[0011] In an embodiment of the present disclosure, the method may further include
transmitting an SPS deactivation state list, wherein each SPS deactivation state
corresponding to an entry in the SPS deactivation state list includes one or more SPS

configurations.

[0012] In an embodiment of the present disclosure, a first subset of SPS
configurations included in a first set of entries in the SPS deactivation state list are
activated by a first subset of first DCI transmitted on the one or more CORESETs
configured with the first CORESETPoollndex, and a second subset of SPS
configurations included in a second set of entries in the SPS deactivation state list are
activated by a second subset of first DCI transmitted on one or more CORESETSs
configured with a second CORESETPoollndex. The second DCI may include a first
hybrid automatic repeat request (HARQ) process number, the first one or more SPS
configurations deactivated by the second DCI transmitted on the first CORESET
configured with the first CORESETPoollndex are included in an SPS deactivation
state corresponding to a first entry of the first set of entries in the SPS deactivation
state list, and an entry index of the first entry may have a first predefined relation with
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the first HARQ process number. For example, the entry index of the first entry may

equal the first HARQ process number.

[0013] In an embodiment of the present disclosure, the method may further include
transmitting a third DCI on a second CORESET configured with the second
CORESETPoollndex, wherein the third DCI only deactivates second one or more SPS
configurations activated by second one or more of the second subset of first DCI
transmitted on one or more CORESETs configured with the second
CORESETPoollndex, wherein the third DCI may include a second HARQ process
number, the second one or more SPS configurations deactivated by the third DCI are
included in an SPS deactivation state corresponding to a second entry of the second
set of entries in the SPS deactivation state list, and an entry index of the second entry
may have a second predefined relation with the second HARQ process number. For
example, the entry index of the second entry equals the second HARQ process
number plus floor(M/2), floor() is a round down function, and M is a maximum

number of entries in the SPS deactivation state list.

[0014] In an embodiment of the present disclosure, the method may further include
transmitting an additional SPS deactivation state list, wherein each SPS deactivation
state corresponding to an entry in the SPS deactivation state list may include first at
least one SPS configuration activated by first at least one of the set of first DCI
transmitted on one or more CORESETSs configured with the first CORESETPoollndex,
and each SPS deactivation state corresponding to an entry in the additional SPS
deactivation state list may include second at least one SPS configuration activated by
second at least one of the set of first DCI transmitted on one or more CORESETSs
configured with a second CORESETPoollndex. The second DCI may include a first
HARQ process number, the first one or more SPS configurations deactivated by the
second DCI transmitted on the first CORESET configured with the first
CORESETPoolIndex are included in an SPS deactivation state corresponding to a

first entry in the SPS deactivation state list, and an entry index of the first entry may
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correspond to the first HARQ process number.

[0015] In an embodiment of the present disclosure, the method may further include
transmitting a third DCI on a second CORESET configured with the second
CORESETPoollndex, wherein the third DCI only deactivates second one or more SPS
configurations activated by second one or more of the set of first DCI transmitted on
one or more CORESETs associated with the second CORESETPoollndex, wherein
the third DCI may include a second HARQ process number, the second one or more
SPS configurations deactivated by the third DCI are included in an SPS deactivation
state corresponding to a second entry in the additional SPS deactivation state list, and
an entry index of the second entry may correspond to the second HARQ process

number.

[0016] According to other embodiments of the present disclosure, an apparatus may
include: at least one non-transitory computer-readable medium having stored thereon
computer executable instructions; at least one receiving circuitry; at least one
transmitting circuitry; and at least one processor coupled to the at least one
non-transitory computer-readable medium, the at least one receiving circuitry and the
at least one transmitting circuitry. The computer executable instructions may cause
the at least processor to implement a method according to any embodiment of the

present disclosure.

[0017] The details of one or more examples are set forth in the accompanying
drawings and the description below. Other features, objects, and advantages will be

apparent from the description and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] In order to describe the manner in which advantages and features of the
present disclosure can be obtained, a description of the present disclosure is rendered
by reference to specific embodiments thereof which are illustrated in the appended
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drawings. These drawings depict only exemplary embodiments of the present

disclosure and are not therefore intended to limit the scope of the present disclosure.

[0019] FIG. 1 illustrates an exemplary schematic diagram of a wireless

communication system according to some embodiments of the present disclosure;

[0020] FIG. 2 illustrates a flow chart of an exemplary method for activating and
deactivating SPS configuration(s) according to some embodiments of the present

disclosure;

[0021] FIG. 2A illustrates an exemplary configuration of an SPS deactivation state

list according to some embodiments of the present disclosure;

[0022] FIG. 3 illustrates a flow chart of another exemplary method for activating
and deactivating SPS configuration(s) according to some embodiments of the present

disclosure;

[0023] FIG. 3A illustrates exemplary configurations of an SPS deactivation state list
and an additional SPS deactivation state list according to some embodiments of the

present disclosure;

[0024] FIG. 4 illustrates an exemplary block diagram of an apparatus according to

some embodiments of the present disclosure; and

[0025] FIG. 5 illustrates an exemplary block diagram of another apparatus according

to some embodiments of the present disclosure.

DETAILED DESCRIPTION

[0026] The detailed description of the appended drawings is intended as a
description of the currently preferred embodiments of the present disclosure and is not

intended to represent the only form in which the present disclosure may be practiced.
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It is to be understood that the same or equivalent functions may be accomplished by
different embodiments that are intended to be encompassed within the spirit and scope

of the present disclosure.

[0027] In the following description, numerous specific details are provided, such as
examples of programming, software modules, network transactions, database
structures, hardware modules, hardware circuits, etc., to provide a thorough
understanding of embodiments. One skilled in the relevant art will recognize,
however, that embodiments may be practiced without one or more of the specific
details, or with other methods, components, materials, and so forth. In other
instances, well-known structures, materials, or operations are not shown or described

in detail to avoid obscuring aspects of an embodiment.

[0028] Reference will now be made in detail to some embodiments of the present
disclosure, examples of which are illustrated in the accompanying drawings. To
facilitate understanding, embodiments are provided under specific network
architecture and new service scenarios, such as 3rd Generation Partnership Project
(3GPP) 5@, 3GPP Long Term Evolution (LTE) and so on. Persons skilled in the art
know very well that, with the development of network architecture and new service
scenarios, the embodiments in the present disclosure are also applicable to similar
technical problems; and moreover, the terminologies recited in the present disclosure

may change, which should not affect the principle of the present disclosure.

[0029] A wireless communication system can have one or more TRPs (or panels).
A TRP can function as a base station. The TRPs can communicate with each other
by 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.

[0030] One single TRP can be used to serve one or more user equipments (UEs)
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under control of a base station. A TRP can represent various communication devices.
A base station can also have one or more TRPs. For example, in some application
scenarios, in a Coordinated Multi-Point (CoMP) scenario, a TRP can represent a base
station. Persons skilled in the art should understand that as the 3GPP and the
communication technology develop, the terminologies recited in the specification may

change, which should not affect the scope of the present disclosure.

[0031] FIG. 1 illustrates an exemplary schematic diagram of a wireless

communication system 100 according to some embodiments of the present disclosure.

[0032] Referring to FIG. 1, a wireless communication system 100 may include a
base station 101, TRPs 103 (e.g., TRP 103a and TRP 103b), and UEs 105 (e.g., UE
105a, UE 105b, and UE 105¢c). Although only one base station 101, two TRPs 103
and three UEs 105 are shown for simplicity, it should be noted that the wireless
communication system 100 may include more base stations, more or fewer TRPs or
UEs, or other communication device(s) or apparatus in accordance with some other

embodiments of the present disclosure.

[0033] The wireless communication system 100 can be compatible with any type of
network that is capable of sending and receiving wireless communication signals.
For example, the wireless communication system 100 can be compatible with a
wireless communication network, a cellular telephone network, a time division
multiple access (TDMA)-based network, a code division multiple access
(CDMA)-based network, an orthogonal frequency division multiple access
(OFDMA)-based network, an LTE network, a 3GPP-based network, a 3GPP 5G
network, a satellite communications network, a high altitude platform network, and/or

other communications networks.

[0034] The base station 101 can be referred to as an access point, an access terminal,
a base, a macro cell, a node-B, an enhanced node B (eNB), a gNB, a home node-B, a

relay node, or a device, or described using other terminology used in the art. The
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UE 105a, UE 105b, or UE 105¢ may include, for example, but is not limited to, a
computing device, a wearable device, a mobile device, an IoT (Internet of Things)
device, a vehicle, etc. Moreover, the UE 105a, UE 105b, or UE 105¢ may be
referred to as a subscriber unit, a mobile, a mobile station, a user, a terminal, a mobile
terminal, a wireless terminal, a subscriber station, a user terminal, or a device, or
described using other terminology used in the art. The UE 105a, UE 105b, and UE
105¢ may include same, similar, or different devices in various embodiments of the

present disclosure.

[0035] The TRPs 103, for example, the TRP 103a and the TRP 103b, can
communicate with the base station 101 via, for example, a backhaul link. Each of
the TRPs 103 can serve some or all of the UEs 105. As shown in FIG. 1, the TRP
103a can serve some UEs (e.g., the UE 105a, the UE 105b, and the UE 105¢c) within a
serving area or region (e.g., a cell or a cell sector). The TRP 103b can serve some
UEs (e.g., the UE 105a, the UE 105b, and the UE 105c¢) within a serving area or
region (e.g., a cell or a cell sector). The TRP 103a and the TRP 103b can

communicate to each other via, for example, a backhaul link.

[0036] The base station 101 may configure SPS PDSCHs for the UEs 105. For
example, the base station 101 may transmit an SPS configuration for PDSCH to a UE
(e.g., the UE 105a, UE 105b, or UE 105c¢) via higher layer signaling (e.g., radio
resource control (RRC) signaling). Then the base station 101 may transmit a
physical downlink control channel (PDCCH) carrying a DCI to activate the
configured SPS PDSCH. After the activation, the UE can periodically receive
PDSCH(s) on configured resource(s) according to parameters of the SPS
configuration without any additional DCI, until receiving a PDCCH carrying a DCI to
deactivate the configured SPS PDSCH. After the deactivation (also referred to as
“release”), the UE does not expect to receive PDSCH(s) on the configured SPS

resource(s).

[0037] In NR Rel-16, multiple SPS PDSCHs can be configured in an active BWP of

10
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a serving cell. A single DCI may jointly deactivate two or more SPS PDSCH
configurations. For example, the base station 101 may configure one or more SPS
deactivation states, and each SPS deactivation state may include one or more SPS
PDSCH configurations. The base station 101 may transmit a DCI to deactivate all

the one or more SPS PDSCH configurations in a SPS deactivation state.

[0038] In multi-TRP scenarios, PDSCHs transmitted from the base station 101 may
be transmitted from different TRPs. For example, some PDSCHs may be
transmitted from the TRP 103a, and some PDSCHs may be transmitted from the TRP
103b. In some implementations, a single DCI can be used to schedule a PDSCH
transmitted from both the TRP 103a and the TRP 103b, which is referred to as a
single-DCI based multi-TRP scenario. In other implementations, separate DCIs can
be used to schedule the separate PDSCH(s) transmitted from the TRP 103a and that
transmitted from the TRP 103b, respectively, which is referred to as a multi-DCI
based multi-TRP scenario. For example, a DCI from the TRP 103a can schedule a
PDSCH transmitted from the TRP 103a, and a DCI from the TRP 103b can schedule
another PDSCH transmitted from the TRP 103b. In some embodiments of the
present disclosure, an index (e.g., CORESETPoollndex) can be specific to a TRP
index. That is, the DCI(s) from the TRP 103a can be transmitted on CORESET(s)
configured with a first CORESETPoolIndex (e.g. CORESETPoollndex #0), while the
DCI(s) from the TRP 103b can be transmitted on CORESET(s) configured with a
second CORESETPoolIndex (e.g. CORESETPoollndex #1) different from the first
CORESETPoolIndex. Persons skilled in the art should understand that as the 3GPP
and the communication technology develop, the terminologies recited in the

specification may change, which should not affect the scope of the present disclosure.

[0039] When a DCI jointly deactivating two or more SPS PDSCH configurations is
applied in a multi-DCI based multi-TRP scenario, the DCI from a TRP may deactivate
SPS PDSCH configuration(s) which was(were) activated by DCI(s) from another TRP

as the SPS deactivation state configured by the base station may include SPS PDSCH

11
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configurations from different TRPs. However, at least for a non-ideal backhaul link
between the TRPs, a UE may expect that an SPS PDSCH configuration should be
deactivated by a DCI transmitted from the same TRP as the DCI activating the SPS

PDSCH configuration.

[0040] In accordance with some embodiments of the present disclosure, to prevent a
DCI transmitted from a TRP from deactivating SPS PSCH configuration(s) from
another TRP when applying joint deactivation of SPS PDSCH configurations in a
multi-DCI based multi-TRP scenario, a limitation is applied to the SPS deactivation
state(s) configured by the base station. Namely, each SPS deactivation state should
only include SPS PDSCH configuration(s) activated by DCI(s) transmitted from the
same TRP (i.e., transmitted on CORESET(s) configured with the same
CORESETPoollndex), and a DCI deactivating the SPS PDSCH configuration(s) in an
SPS deactivation state should be transmitted from the same TRP (i.e., transmitted on a
CORESET configured with the same CORESETPoollndex) as the DCI(s) activating
the SPS PDSCH configuration(s).

[0041] The base station 101 can configure an SPS deactivation state list (e.g.,
SPS-ReleaseStateList in Rel-16) to a UE (e.g., the UE 105a, UE 105b, or UE 105c¢).
Each entry in the SPS deactivation state list may be an SPS deactivation state
configured by the base station 101 or a null entry. A value of a HARQ process
number (HPN) field in a deactivation DCI can be used to indicate a corresponding
entry in the SPS deactivation state list to deactivate the SPS PDSCH configuration(s)
included in the SPS deactivation state corresponding to that entry. In the case that
the HPN field has up to four (4) bits, a maximum of sixteen (16) SPS deactivation
states can be indicated in a DCI, and the SPS deactivation state list can include a
maximum of sixteen (16) SPS deactivation states accordingly.  When the
aforementioned limitation is applied, due to the limited number of SPS deactivation
states, the flexibility of the system may be reduced compared to the case without the

aforementioned limitation.
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[0042] Embodiments of the present disclosure may provide methods to increase the
flexibility under the aforementioned limitation, which will be specifically described

below.

[0043] FIG. 2 illustrates a flow chart of an exemplary method for activating and
deactivating SPS configuration(s) according to some embodiments of the present

disclosure.

[0044] As shown in FIG. 2, a base station (BS), e.g., the base station 101 in FIG. 1,
may transmit a set of first DCI to a UE, e.g., the UE 105a, UE 105b, or UE 105c, at
step 202. The set of first DCI is transmitted on at least one CORESET for activating
a set of SPS configurations (e.g., SPS PDSCH configurations) for the UE. Although
not shown in FIG. 2 for simplicity, it should be understood that the BS provides
parameters of SPS configurations including the set of SPS configurations to the UE
via higher layer signaling before step 202, and transmits PDSCH(s) to the UE
according to the SPS configuration(s) activated by the set of first DCI after step 202.
Each CORESET is configured with a CORESETPoollndex, and each first DCI may
activate one SPS configuration of the set of SPS configurations. Since the
CORESETPoollndex is specific to the TRP index, DCIs from the same TRP are
transmitted on CORESET(s) configured with the same CORESETPoollndex.

[0045] According to some embodiments of the present disclosure, the parameters of
SPS configurations provided by the BS may include an SPS deactivation state list
configured to the UE. Each entry in the SPS deactivation state list may be an SPS
deactivation state or a null entry. Each SPS deactivation state corresponding to an
entry in the SPS deactivation state list may include one or more SPS configurations.
According to the aforementioned limitation, the one or more SPS configurations
included in an SPS deactivation state are associated with the same TRP, i.e., they are
activated by DCI(s) transmitted on CORESET(s) configured with the same
CORESETPoollndex.

13
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[0046] In a multi-DCI based multi-TRP scenario, the SPS deactivation state list may
include SPS deactivation states associated with different TRPs, respectively.
According to some embodiments of the present disclosure, the SPS deactivation state
list can be configured such that different sets of entries correspond to SPS
deactivation states associated with different TRPs. For example, a first subset of
SPS configurations included in a first set of entries in the SPS deactivation state list
are activated by a first subset of first DCI transmitted on CORESET(s) configured
with a first CORESETPoollndex, and a second subset of SPS configurations included
in a second set of entries in the SPS deactivation state list are activated by a second
subset of first DCI transmitted on CORESET(s) configured with a second
CORESETPoollndex.

[0047] As a non-limiting example, the BS may configure SPS deactivation state(s)
associated with a first TRP in the first floor(M/2) entries in the SPS deactivation state
list, and configure SPS deactivation state(s) associated with a second TRP in the
remaining entries, where floor() is a round down function, and M is a maximum

number of entries in the SPS deactivation state list.

[0048] For example, it is supposed that eight SPS PDSCH configurations (SPS
Config#0 to SPS Config#7) are provided in a BWP. SPS Config#0 with priority of 0
and SPS Config#l to SPS Config#4 with priority of 1 are associated with TRP #0 and
activated by DCIs transmitted on CORESETs configured with CORESETPoollndex
#0. SPS Config#5 with priority of 0 and SPS Config#6 to SPS Config#7 with
priority of 1 are associated with TRP #1 and activated by DClIs transmitted on
CORESETs configured with CORESETPoollndex #1. An SPS deactivation state list
including thirty-two (32) entries can be configured as shown in FIG. 2A. As shown
in FIG. 2A, SPS deactivation states associated with TRP #0 are configured in the first
sixteen (16) entries in the list and SPS deactivation states associated with TRP #1 are
configured in the last sixteen (16) entries. In the example shown in FIG. 2A, the last

twelve (12) entries are null entries which do not correspond to any SPS deactivation
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state. In other embodiments of the present disclosure, the first sixteen (16) entries

may also include one or more null entries.

[0049] As another example, the BS may configure SPS deactivation state(s)
associated with a first TRP in the odd entries in the SPS deactivation state list, and
configure SPS deactivation state(s) associated with a second TRP in the even entries.
Persons skilled in the art would understand that various configurations of the SPS
deactivation state list may be made without departing from the spirit and scope of the

disclosure.

[0050] Referring back to FIG. 2, the BS may transmit at least one second DCI to the
UE at step 206. The at least one second DCI is transmitted on at least one first
CORESET configured with a first CORESETPoolIlndex, and each second DCI only
deactivates one or more SPS configurations activated by DCI(s) transmitted on
CORESET(s) configured with the first CORESETPoollndex due to the
aforementioned limitation. The BS may further transmit at least one third DCI to the
UE at step 208. The at least one third DCI is transmitted on at least one second
CORESET configured with a second CORESETPoollndex, and each third DCI only
deactivates one or more SPS configurations activated by DCI(s) transmitted on
CORESET(s) configured with the second CORESETPoollndex due to the
aforementioned limitation. The second CORESETPoollndex is different from the
first CORESETPoollndex. That is, the at least one second DCI and the at least one
third DCI are transmitted from different TRPs. Although FIG. 2 shows that the at
least one second DCI is transmitted prior to the at least one third DCI, it should be
understood that the transmitting order is not limiting. For example, the at least one
second DCI and the at least one third DCI can be transmitted alternately or in any

other order.

[0051] According to some embodiments of the present disclosure, the SPS
deactivation state(s) including the SPS configuration(s) activated by DCI(s)
transmitted on CORESET(s) configured with the first CORESETPoollndex are
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configured in a first set of entries in the SPS deactivation state list, and the SPS
deactivation state(s) including the SPS configuration(s) activated by DCI(s)
transmitted on CORESET(s) configured with the second CORESETPoollndex are
configured in a second set of entries in the SPS deactivation state list. The value of
the HPN field (also referred to as HPN) in each second DCI may indicate an entry in
the first set of entries, and the HPN in each third DCI may indicate an entry in the
second set of entries. That is, the same HPN in a DCI transmitted on a CORESET
configured with a different CORESETPoollndex may indicate a different entry in the
SPS deactivation state list. Depending on the configuration of the SPS deactivation
state list, the HPN in the second DCI may have a predefined relation with the entry
index of the entry indicated by it, and the HPN in the third DCI may have a different

predefined relation with the entry index of the entry indicated by it.

[0052] For example, when the SPS deactivation state list is configured such that SPS
deactivation state(s) associated with the first CORESETPoollndex are in the first
floor(M/2) entries in the SPS deactivation state list, and SPS deactivation state(s)
associated with the second CORESETPoollndex are in the remaining entries, where
floor() is a round down function, and M is a maximum number of entries in the SPS
deactivation state list, the entry index of the entry indicated by the HPN in the second
DCI may equal the HPN in the second DCI, and the entry index of the entry indicated
by the HPN in the third DCI may equal the HPN in the third DCI plus floor(M/2).

[0053] Taking the SPS deactivation state list shown in FIG. 2A as an example, when
the UE receives a DCI for deactivation on a CORESET configured with
CORESETPoolIndex #0 and the HPN in the DCI equals 1, it means that the SPS
configurations (SPS Config #1 and SPS Config #3) included in the SPS deactivation
state corresponding to the entry with an index equal to 1 (i.e., “00001”) are
deactivated; when the UE receives a DCI for deactivation on a CORESET configured
with CORESETPoollndex #1 and the HPN in the DCI equals 1, it means that the SPS
configurations (SPS Config #6 and SPS Config #7) included in the SPS deactivation
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state corresponding to the entry with an index equal to 1 plus floor(32/2) (i.e.,

“10001”) are deactivated.

[0054] As can be seen, although the HPN in a DCI which has up to four (4) bits can
only indicate a maximum of sixteen (16) SPS deactivation states, the SPS deactivation
state list can include a maximum of thirty-two (32) SPS deactivation states in the

above example, which can increase the flexibility of the system due to consideration

of the CORESETPoollndex.

[0055] FIG. 3 illustrates a flow chart of another exemplary method for activating
and deactivating SPS configuration(s) according to some embodiments of the present

disclosure.

[0056] As shown in FIG. 3, a BS, e.g., the base station 101 in FIG. 1, may transmit a
set of first DCI to a UE, e.g., the UE 105a, UE 105b, or UE 105c, at step 302. The
set of first DCI is transmitted on at least one CORESET for activating a set of SPS
configurations (e.g., SPS PDSCH configurations) for the UE. Although not shown
in FIG. 3 for simplicity, it should be understood that the BS provides parameters of
SPS configurations including the set of SPS configurations to the UE via higher layer
signaling before step 302, and transmits PDSCH(s) to the UE according to the SPS
configuration(s) activated by the set of first DCI after step 302. Each CORESET is
configured with a CORESETPoollndex, and each first DCI may activate at least an
SPS configuration of the set of SPS configurations. Since the CORESETPoollndex
is specific to the TRP index, DClIs from the same TRP are transmitted on CORESET(s)

configured with the same CORESETPoolIndex.

[0057] According to some embodiments of the present disclosure, the parameters of
SPS configurations provided by the BS may include an SPS deactivation state list
configured to the UE. Each entry in the SPS deactivation state list may be an SPS
deactivation state or a null entry. Each SPS deactivation state corresponding to an

entry in the SPS deactivation state list may include one or more SPS configurations.
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According to the aforementioned limitation, the one or more SPS configurations
included in an SPS deactivation state in the SPS deactivation state list are associated
with the same TRP, i.e., they are activated by DCI(s) transmitted on CORESET(s)
configured with the same CORESETPoolIndex.

[0058] According to some embodiments of the present disclosure, besides the SPS
deactivation state list, the parameters of SPS configurations provided by the BS may
further include an additional SPS deactivation state list configured to the UE. Each
entry in the additional SPS deactivation state list may be an SPS deactivation state or
a null entry. Each SPS deactivation state corresponding to an entry in the additional
SPS deactivation state list may include one or more SPS configurations. According
to the aforementioned limitation, the one or more SPS configurations included in an
SPS deactivation state in the additional SPS deactivation state list are associated with
the same TRP, i.e., they are activated by DCI(s) transmitted on CORESET(s)
configured with the same CORESETPoolIndex.

[0059] According to some embodiments of the present disclosure, the SPS
deactivation state list and the additional SPS deactivation state list can be configured
such that the deactivation state(s) in the SPS deactivation state list are associated with
different TRPs from the deactivation state(s) in the additional SPS deactivation state
list. For example, the SPS configuration(s) included in any SPS deactivation state
corresponding to an entry in the SPS deactivation state list are activated by DCI(s)
transmitted on CORESET(s) configured with a first CORESETPoollndex, and the
SPS configuration(s) included in any SPS deactivation state corresponding to an entry
in the additional SPS deactivation state list are activated by DCI(s) transmitted on

CORESET(s) configured with a second CORESETPoolIndex.

[0060] As a non-limiting example, it is supposed that eight SPS PDSCH
configurations (SPS Config#0 to SPS Config#7) are provided in a BWP. SPS
Config#0 and SPS Config#2 with priority O and SPS Config#4 and SPS Config#6
with priority 1 are associated with TRP #0 and activated by DCIs transmitted on
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CORESETs configured with CORESETPoollndex #0. SPS Config#1 with priority O
and SPS Config#3, SPS Config#5, and SPS Config#7 with priority 1 are associated
with TRP #1 and activated by DCIs transmitted on CORESETs configured with
CORESETPoollndex #1. An SPS deactivation state list and an additional SPS
deactivation state list each including sixteen (16) entries can be configured as shown
in FIG. 3A. As shown in FIG. 3A, SPS deactivation states associated with TRP #0
are configured in the SPS deactivation state list, and SPS deactivation states

associated with TRP #1 are configured in the additional SPS deactivation state list.

[0061] Persons skilled in the art would understand that more additional SPS
deactivation state lists can be used when more TRPs are used, which would not depart

from the spirit and scope of the disclosure.

[0062] Referring back to FIG. 3, the BS may transmit at least one second DCI to the
UE at step 308. The at least one second DCI is transmitted on at least one first
CORESET configured with a first CORESETPoolIlndex, and each second DCI only
deactivates one or more SPS configurations activated by DCI(s) transmitted on
CORESET(s) configured with the first CORESETPoollndex due to the
aforementioned limitation. The BS may further transmit at least one third DCI to the
UE at step 310. The at least one third DCI is transmitted on at least one second
CORESET configured with a second CORESETPoollndex, and each third DCI only
deactivates one or more SPS configurations activated by DCI(s) transmitted on
CORESET(s) configured with the second CORESETPoollndex due to the
aforementioned limitation. The second CORESETPoollndex is different from the
first CORESETPoollndex. That is, the at least one second DCI and the at least one
third DCI are transmitted from different TRPs. Although FIG. 3 shows that the at
least one second DCI is transmitted prior to the at least one third DCI, it should be
understood that the transmitting order is not limiting. For example, the at least one
second DCI and the at least one third DCI can be transmitted alternately or in any

other order.
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[0063] According to some embodiments of the present disclosure, the SPS
deactivation state(s) including the SPS configuration(s) activated by DCI(s)
transmitted on CORESET(s) configured with the first CORESETPoollndex are
configured in the SPS deactivation state list, and the SPS deactivation state(s)
including the SPS configuration(s) activated by DCI(s) transmitted on CORESET(s)
configured with the second CORESETPoollndex are configured in the additional SPS
deactivation state list. The HPN in each second DCI may indicate an entry in the
SPS deactivation state list, and the HPN in each third DCI may indicate an entry in
the additional SPS deactivation state list. That is, the same HPN in a DCI
transmitted on a CORESET configured with a different CORESETPoollndex may

indicate an entry in a different SPS deactivation state list.

[0064] Taking the SPS deactivation state list and the additional SPS deactivation
state list shown in FIG. 3A as an example, when the UE receives a DCI for
deactivation on a CORESET configured with CORESETPoollndex #0 and the HPN
in the DCI equals 1, it means that the SPS configurations (SPS Config #4 and SPS
Config #6) included in the SPS deactivation state corresponding to the entry with an
index equal to 1 (i.e., “0001”) are deactivated; when the UE receives a DCI for
deactivation on a CORESET configured with CORESETPoollndex #1 and the HPN
in the DCI equals 1, it means that the SPS configurations (SPS Config #3 and SPS
Config #5) included in the additional SPS deactivation state corresponding to the

entry with an index equal to 1 (i.e., “0001) are deactivated.

[0065] As can be seen, although the HPN in a DCI which has up to four (4) bits can
only indicate a maximum of sixteen (16) SPS deactivation states, the SPS deactivation
state list and the additional SPS deactivation state list totally can include a maximum
of thirty-two (32) SPS deactivation states in the above example, which can increase

the flexibility of the system due to consideration of the CORESETPoollndex.

[0066] FIG. 4 illustrates an exemplary block diagram of an apparatus 400 according
to some embodiments of the present disclosure. In some embodiments of the present
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disclosure, the apparatus 400 may be or include a BS (e.g., the base station 101) or
other devices having similar functionality. In some embodiments, the apparatus 400

can be configured to perform the method illustrated in FIG. 2 or 3.

[0067] As shown in FIG. 4, the apparatus 400 may include at least one receiving
circuitry 402, at least one transmitting circuitry 404, at least one non-transitory
computer-readable medium 406, and at least one processor 408 coupled to the at least
one receiving circuitry 402, the at least one transmitting circuitry 404, the at least one
non-transitory computer-readable medium 406. While shown to be coupled to each
other via the at least one processor 408 in the example of FIG. 4, the at least one
receiving circuitry 402, the at least one transmitting circuitry 404, the at least one
non-transitory computer-readable medium 406, and the at least one processor 408
may be coupled to one another in various arrangements. For example, the at least
one receiving circuitry 402, the at least one transmitting circuitry 404, the at least one
non-transitory computer-readable medium 406, and the at least one processor 408

may be coupled to each other via one or more local buses (not shown for simplicity).

[0068] Although in FIG. 4, elements such as receiving circuitry 402, transmitting
circuitry 404, non-transitory computer-readable medium 406, and processor 408 are
described in the singular, the plural is contemplated unless limitation to the singular is
explicitly stated. In some embodiments of the present disclosure, the at least one
receiving circuitry 402 and the at least one transmitting circuitry 404 may be
combined into a single device, such as a transceiver. In certain embodiments of the
present disclosure, the apparatus 400 may further include a memory and/or other

components.

[0069] In some embodiments of the present disclosure, the at least one
non-transitory computer-readable medium 406 may have stored thereon
computer-executable instructions which are programmed to cause the at least one
processor 408 to implement the steps of the methods according to embodiments of the
present disclosure, for example as described in view of FIG. 2 or 3, with the at least
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one receiving circuitry 402 and the at least one transmitting circuitry 404. For
example, when executed, the instructions may cause the at least one processor 408 to
transmit, with the at least one transmitting circuitry 404, a set of first DCI on at least
one CORESET for activating a set of SPS configurations, wherein each CORESET is
configured with a CORESETPoollndex, and each of the set of first DCI activates a
corresponding one of the set of SPS configurations. The instructions may further
cause the at least one processor 408 to transmit, with the at least one transmitting
circuitry 404, at least one second DCI on at least one first CORESET configured with
a first CORESETPoollndex, wherein each second DCI only deactivates first one or
more SPS configurations of the set of SPS configurations activated by first one or
more first DCI transmitted on one or more CORESETs configured with the first

CORESETPoolIndex.

[0070] FIG. 5 illustrates an exemplary block diagram of an apparatus 500 according
to some embodiments of the present disclosure. In some embodiments of the present
disclosure, the apparatus 500 may be or include a UE (e.g., the UE 105a, UE 105b, or
UE 105¢) or other devices having similar functionality. In some embodiments, the

apparatus 500 can be configured to perform the method illustrated in FIG. 2 or 3.

[0071] As shown in FIG. 5, the apparatus 500 may include at least one receiving
circuitry 502, at least one transmitting circuitry 504, at least one non-transitory
computer-readable medium 506, and at least one processor 508 coupled to the at least
one receiving circuitry 502, the at least one transmitting circuitry 504, the at least one
non-transitory computer-readable medium 506. While shown to be coupled to each
other via the at least one processor 508 in the example of FIG. 5, the at least one
receiving circuitry 502, the at least one transmitting circuitry 504, the at least one
non-transitory computer-readable medium 506, and the at least one processor 508
may be coupled to one another in various arrangements. For example, the at least
one receiving circuitry 502, the at least one transmitting circuitry 504, the at least one

non-transitory computer-readable medium 506, and the at least one processor 508
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may be coupled to each other via one or more local buses (not shown for simplicity).

[0072] Although in FIG. 5, elements such as receiving circuitry 502, transmitting
circuitry 504, non-transitory computer-readable medium 506, and processor 508 are
described in the singular, the plural is contemplated unless limitation to the singular is
explicitly stated. In some embodiments of the present disclosure, the at least one
receiving circuitry 502 and the at least one transmitting circuitry 504 may be
combined into a single device, such as a transceiver. In certain embodiments of the
present disclosure, the apparatus 500 may further include an input device, a memory,

and/or other components.

[0073] In some embodiments of the present disclosure, the at least one
non-transitory computer-readable medium 506 may have stored thereon
computer-executable instructions which are programmed to cause the at least one
processor 508 to implement the steps of the methods according to embodiments of the
present disclosure, for example as described in view of FIG. 2 or 3, with the at least
one receiving circuitry 502 and the at least one transmitting circuitry 504. For
example, when executed, the instructions may cause the at least one processor 508 to
receive, with the at least one receiving circuitry 502, a set of first DCI on at least one
CORESET for activating a set of SPS configurations, wherein each CORESET is
configured with a CORESETPoollndex, and each of the set of first DCI activates a
corresponding one of the set of SPS configurations. The instructions may further
cause the at least one processor 508 to receive, with the at least one receiving circuitry
502, at least one second DCI on at least one first CORESET configured with a first
CORESETPoollndex, wherein each second DCI only deactivates first one or more
SPS configurations of the set of SPS configurations activated by first one or more first
DCI received on one or more CORESETs configured with the first

CORESETPoolIndex.

[0074] As will be appreciated by one skilled in the art, aspects of the embodiments
may be embodied as a system, apparatus, method, or a program product.
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Accordingly, embodiments may take the form of an all-hardware embodiment, an
all-software embodiment (including firmware, resident software, micro-code, etc.) or

an embodiment combining software and hardware aspects.

[0075] For example, the disclosed embodiments may be implemented as a hardware
circuit comprising custom very-large-scale integration (VLSI) circuits or gate arrays,
off-the-shelf semiconductors such as logic chips, transistors, or other discrete
components. The disclosed embodiments may also be implemented in
programmable hardware devices such as field programmable gate arrays,
programmable array logic, programmable logic devices, or the like. As another
example, the disclosed embodiments may include one or more physical or logical
blocks of executable code which may, for instance, be organized as an object,

procedure, or function.

[0076] Furthermore, embodiments may take the form of a program product
embodied in one or more computer readable storage devices storing machine readable
code, computer readable code, or program code. The storage devices may be
tangible, non-transitory, or non-transmission. The storage devices may not embody
signals. In a certain embodiment, the storage devices only employ signals for

accessing code.

[0077] Any combination of one or more computer readable medium may be utilized.
The computer readable medium may be a computer readable storage medium. The
computer readable storage medium may be a storage device storing the code. The
storage device may be, for example, but is not limited to being, an electronic,
magnetic, optical, electromagnetic, infrared, holographic, micromechanical, or
semiconductor system, apparatus, or device, or any suitable combination of the

foregoing.

[0078] A non-exhaustive list of more specific examples of the storage device may

include the following: an electrical connection having one or more wires, a portable
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computer diskette, a hard disk, a random-access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory (EPROM or Flash memory), a
portable compact disc read-only memory (CD-ROM), an optical storage device, a
magnetic storage device, or any suitable combination of the foregoing. In the
context of this document, a computer readable storage medium may be any tangible
medium that can contain or store a program for use by or in connection with an

instruction execution system, apparatus, or device.

[0079] Furthermore, the described features, structures, or characteristics of the
embodiments may be combined in any suitable manner. While this disclosure has
been described with specific embodiments thereof, it is evident that many alternatives,
modifications, and variations may be apparent to those skilled in the art. For
example, various components of the embodiments may be interchanged, added, or
substituted in the other embodiments. Also, all of the elements of each figure are not
necessary for operation of the disclosed embodiments. For example, those having
ordinary skills in the art would be enabled to make and use the teachings of the
disclosure by simply employing the elements of the independent claims.
Accordingly, embodiments of the disclosure as set forth herein are intended to be
illustrative, not limiting. Various changes may be made without departing from the

spirit and scope of the disclosure.

13

[0080] Reference throughout this specification to “one embodiment,” ‘“an
embodiment,” or similar language means that a particular feature, structure, or
characteristic described in connection with the embodiment is included in at least one
embodiment. Thus, appearances of the phrases “in one embodiment,” “in an
embodiment,” and similar language throughout this specification may, but do not
necessarily, all refer to the same embodiment, but mean “one or more but not all
embodiments” unless expressly specified otherwise. In this document, the terms

“includes,” “including,” or any other variation thereof, are intended to cover a

non-exclusive inclusion, such that a process, method, article, or apparatus that
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includes a list of elements does not include only those elements but may include other
elements not expressly listed or inherent to such process, method, article, or apparatus.

PR3

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

a second or more. The term “having” and the like, as used herein, are defined as

“including.”
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WHAT IS CLAIMED IS:

1. A method, comprising:

receiving a set of first downlink control information (DCI) on at least one
control resource set (CORESET) for activating a set of semi-persistent
scheduling (SPS) configurations, wherein each CORESET is configured with a
CORESETPoollndex, and each of the set of first DCI activates a corresponding
one of the set of SPS configurations; and

receiving a set of second DCI on at least one first CORESET configured
with a first CORESETPoollndex, wherein each second DCI only deactivates first
one or more SPS configurations of the set of SPS configurations activated by
first one or more first DCI received on one or more CORESETSs configured with

the first CORESETPoollIndex.

2. The method of claim 1, further comprising receiving an SPS deactivation
state list, wherein each SPS deactivation state corresponding to an entry in the

SPS deactivation state list includes one or more SPS configurations.

3. The method of claim 2, wherein a first subset of SPS configurations
included in a first set of entries in the SPS deactivation state list are activated by
a first subset of first DCI received on the one or more CORESETSs configured
with the first CORESETPoollndex, and a second subset of SPS configurations
included in a second set of entries in the SPS deactivation state list are activated
by a second subset of first DCI received on one or more CORESETSs configured

with a second CORESETPoollndex.

4. The method of claim 3, wherein the second DCI comprises a first hybrid
automatic repeat request (HARQ) process number, the first one or more SPS
configurations deactivated by the second DCI received on the first CORESET
configured with the first CORESETPoollndex are included in an SPS
deactivation state corresponding to a first entry of the first set of entries in the
SPS deactivation state list, and an entry index of the first entry has a first

predefined relation with the first HARQ process number.
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5. The method of claim 4, wherein the entry index of the first entry equals

the first HARQ process number.

6. The method of claim 4, further comprising receiving a third DCI on a
second CORESET configured with the second CORESETPoollndex, wherein
the third DCI only deactivates second one or more SPS configurations activated
by second one or more of the second subset of first DCI received on one or more
CORESETs configured with the second CORESETPoollndex, wherein the third
DCI comprises a second HARQ process number, the second one or more SPS
configurations deactivated by the third DCI are included in an SPS deactivation
state corresponding to a second entry of the second set of entries in the SPS
deactivation state list, and an entry index of the second entry has a second

predefined relation with the second HARQ process number.

7. The method of claim 6, wherein the entry index of the second entry
equals the second HARQ process number plus floor(M/2), floor() is a round
down function, and M is a maximum number of entries in the SPS deactivation

state list.

8. The method of claim 2, further comprising receiving an additional SPS
deactivation state list, wherein each SPS deactivation state corresponding to an
entry in the SPS deactivation state list includes first at least one SPS
configuration activated by first at least one of the set of first DCI received on one
or more CORESETSs configured with the first CORESETPoollndex, and each
SPS deactivation state corresponding to an entry in the additional SPS
deactivation state list includes second at least one SPS configuration activated by
second at least one of the set of first DCI received on one or more CORESETSs

configured with a second CORESETPoollndex.

9. The method of claim 8, wherein the second DCI comprises a first HARQ
process number, the first one or more SPS configurations deactivated by the

second DCI received on the first CORESET configured with the first
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CORESETPoollndex are included in an SPS deactivation state corresponding to
a first entry in the SPS deactivation state list, and an entry index of the first entry

corresponds to the first HARQ process number.

10. The method of claim 9, further comprising receiving a third DCI on a
second CORESET configured with the second CORESETPoollndex, wherein
the third DCI only deactivates second one or more SPS configurations activated
by second one or more of the set of first DCI received on one or more
CORESETs associated with the second CORESETPoollndex, wherein the third
DCI comprises a second HARQ process number, the second one or more SPS
configurations deactivated by the third DCI are included in an SPS deactivation
state corresponding to a second entry in the additional SPS deactivation state list,
and an entry index of the second entry corresponds to the second HARQ process

number.

11. A method, comprising:

transmitting a set of first downlink control information (DCI) on at least
one control resource set (CORESET) for activating a set of semi-persistent
scheduling (SPS) configurations, wherein each CORESET is configured with a
CORESETPoollndex, and each of the set of first DCI activates a corresponding
one of the set of SPS configurations; and

transmitting a set of second DCI on at least one first CORESET
configured with a first CORESETPoollndex, wherein each second DCI only
deactivates first one or more SPS configurations of the set of SPS configurations
activated by first one or more first DCI transmitted on one or more CORESETSs

configured with the first CORESETPoollndex.

12. The method of claim 11, further comprising.

transmitting an SPS deactivation state list; and

transmitting an additional SPS deactivation state list, wherein each SPS
deactivation state corresponding to an entry in the SPS deactivation state list
includes first at least one SPS configuration activated by first at least one of the

set of first DCI transmitted on one or more CORESETSs configured with the first
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CORESETPoollndex, and each SPS deactivation state corresponding to an entry
in the additional SPS deactivation state list includes second at least one SPS
configuration activated by second at least one of the set of first DCI transmitted

on one or more CORESETS configured with a second CORESETPoollndex.

13. The method of claim 12, wherein the second DCI comprises a first
HARQ process number, the first one or more SPS configurations deactivated by
the second DCI transmitted on the first CORESET configured with the first
CORESETPoollndex are included in an SPS deactivation state corresponding to
a first entry in the SPS deactivation state list, and an entry index of the first entry

corresponds to the first HARQ process number.

14. The method of claim 13, further comprising transmitting a third DCI on a
second CORESET configured with the second CORESETPoollndex, wherein
the third DCI only deactivates second one or more SPS configurations activated
by second one or more of the set of first DCI transmitted on one or more
CORESETs associated with the second CORESETPoollndex, wherein the third
DCI comprises a second HARQ process number, the second one or more SPS
configurations deactivated by the third DCI are included in an SPS deactivation
state corresponding to a second entry in the additional SPS deactivation state list,
and an entry index of the second entry corresponds to the second HARQ process

number.

15. An apparatus, comprising:

at least one non-transitory computer-readable medium having stored
thereon computer-executable instructions;

at least one receiving circuitry;

at least one transmitting circuitry; and

at least one processor coupled to the at least one non-transitory computer-
readable medium, the at least one receiving circuitry, and the at least one
transmitting circuitry,

wherein the computer-executable instructions cause the at least one

processor to implement the method of any one of claims 1-14.
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