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MULTIPLE COMMUNICATION OPPORTUNITIES
FOR SEME-PERSISTENT SCHEDULING OCCASION

TECHNICAL FIELD

{0601} Aspects of the present disclosure generally relate to wireless communication,
and more specifically, to communicating information via a plurality of communication

opportunities of a semi-persistent scheduling opportunity.

BACKGROUND

10602} Next-generation wireless communication systems {e.g., 5GS} may include a 5G
core network and a 5G radio access network {RAN), such as a New Radio (NR)}-RAN,
The NR-RAN supports communication via one or more cells. For example, a wireless
communication device such as a user equipment {UE) may access a first cell of 4 first
base station (B8} such as a gNB and/or access a second cell of a second BS.

{06663} A BS may schedule access to a cell to support access by multiple UEs. For
example, a BS may allocate different resources {eg., time domain and frequency
domain resources) for different UEs operating within a cell of the BS.

{0004} As the demand for mobile broadband access continues to increase, research and
development continue to advance communication technologies, including technologies
for enhancing communication within a wireless network in particular, not only to meet
the growing demand for mobile broadband access, but to advance and enhance the user

experience with mobile communications.

BRIEF SUMMARY OF SOME EXAMPLES

{3005} The following presents a summary of one or more aspects of the present
disclosure, in order to provide a basic understanding of such aspects. This summary 18
uot an extensive overview of all conternplated features of the disclosure and 1s intended
neither to wdentify key or critical elements of all aspects of the disclosure nor to
delineate the scope of any or all aspecis of the disclosure. s sole purpose is to present
some concepts of one or more aspects of the disclosure in a form as a prelude to the
more detailed description that is presented later.

{0606} Various aspects of the disclosure relate to communicating information via a

plurality of communication opportunities of a senu-persistent scheduling (8PS)
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occasion. For example, a base station way transout first information via a first
communication opportunity of an 8PS occasion and transmit second information via a
second communication opportunity of that same SPS occasion. In addition, a wireless
communication device may monttor all communication opportunities of an SPS
occasion to decode the information sent in two or more of the communication
opportuntties of the SPS ceeasion,

00071 In some examples, a method of wireless communication at a wireless
communication device may include receiving a message from a base station. The
message may indicate a periodicity between semi-persistent scheduling (SP8} occasions
for a configured SPS. The wethod may also include receiving, from the base station, a
transmission for a first SPS occasion of the SPS occasions. The first SPS occasion may
wnclude a plurality of comurunication opportunities. The method may further include
decoding downlink information included in at least two of the plurality of
COMIMURICation opporturties.

1000881 In some examples, a wireless communication device may inchude a transceiver,
a memory, and a processor communicatively coupled to the transceiver and the
memory. The processor and the memory may be configured to receive a message from a
base station via the transceiver. The message may mdicate a periodicity between semi-
persistent scheduling (SPS) occasions for a configured SPS. The processor and the
menmory may also be configured to receive, from the base station via the transceiver, a
transmission for a first SPS occasion of the SPS occasions. The first SPS occasion may
include a plurality of communication opportunities. The processor and the memory may
be further configured to decode downlink information included in at least two of the
plurality of communication opportunities.

00091 In some examples, a wireless communication device may include means for
receiving a message from a base station. The message may indicate a periodicity
between semi-persistent scheduling (SPS) occasions for a configured SPS. The means
for receiving may be configured for recetving a transmission for a first SPS oceasion of
the SPS occasions. The first SPS occasion may include a plurality of communication
opportunities. The wireless comrounication device may also tnclude means for decoding
downlink information included in at least two of the plurality of communication
opportunities.

{00161 In some examples, an article of manufacture for use by a wireless

communication device includes a computer-readable mediurmn having stored therein
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instructions executable by one or more processors of the wireless communication device
10 receive a message from a base siation. The message may indicate a periodicity
between semi-persistent scheduling (SPS)} occasions for a coofigured SPS. The
computer-readable medium may also have stored therein instructions executable by one
or more processors of the wireless communication device to receive, from the base
station, a transmission for a first SPS occasion of the SPS oceasions. The first SPS
occasion may include a plurality of communication opportunities. The computer-
readable medium may have stored theretn further instructions executable by one or
more processors of the wireless communication device 1o decode downlink information
included 1n at teast two of the plurality of cornmmumnication opporturities.

0011} In some examples, a method of wireless communication at a base station may
wclude generating & wessage indicating a periodicity  between  semi-persistent
scheduling (SPS) cccasions for a configured SPS, transmitting the message to a wireless
communication device, and transmitting, to the wireless communication device, a
transmission for a first SPS occasion of the SPS occasions. The first 8PS occasion may
include a plurality of communication opportunities. At least two of the plurality of
communication opportunities may include dowolink information.

10012} In some examples, a base station may include a transceiver, a memory, and a
processor communicatively coupled to the transceiver and the memory. The processor
and the memory may be configured to generate a message indicating a periodicity
between semi-persistent scheduling (SPS) occasions for a configured SPS, transmit the
message to a wireless communication device via the transceiver, and transmit, o the
wireless communication device via the transceiver, a transmussion for a first SPS
occasion of the SPS cccasions. The first SPS occasion may include a plurality of
communication opportunities. At least two of the plurality of communication
opportunities may include downlink information.

[0013] In some examples, a base station may include means for generating a message
indicating a periodicity between semi-persisient scheduling (SPX) occasions for a
configured SPS and means for transnutting the message to a wireless comrmunication
device. The means for transmitting way be configured for transmitiing a transmission
for a first SPS occasion of the SPS occasions. The first SPS occasion may include a
plurality of communication opportunities. At least two of the plurality of

commnnication opportunities may include downlink information.
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10614} fn some examples, an article of manufacture for use by 4 base station includes a
computer-readable medium having stored theretn instructions executable by one or
more processors of the base station to generate a message indicating a periodicity
between semi-persistent scheduling (SPS) occastons for a configured SPN, transmut the
message to a wireless communication device, and transnut, to the wireless
communication device, a transmission for a first SPS occaston of the SPS oceasions.
The first SPS cccasion may include a plurality of communication opportunities. At least
two of the plurality of communmnication opportunities way include downlink information.

[0615] These and other aspects of the disclosure will become more fully understood
upon a review of the detailed description, which follows. Other aspects, features, and
embodiments of the present disclosure will become apparent to those of ordinary skill in
the art, upon reviewing the following description of specific, example embodiments of
the present disclosure in conjunction with the accompanying tigures. While features of
the present disclosure may be discussed relative to certain embodiments and figures
below, all embodiments of the present disclosure can include one or more of the
advantageous features discussed herein. In other words, while one or more
embodiments may be discussed as having certain advantageous features, one or more of
such features may also be used in accordance with the various embodimenis of the
disclosure discussed herein. In similar fashion, while example embodiments may be
discussed below as device, system, or method embodiments it should be undersiood that

such example embodiments can be implemented in various devices, systems, and

methods.
BRIEF BESCRIPTION OF THE DRAWINGS
0016} FIG. 115 a schematic tllustration of a wireless communication system according

to some aspects of the disclosure.

10017} FIG. 2 15 a conceptual illustration of an example of a radio access network
{(RAN) according to some aspects of the disclosure.

{6018} FIG. 3 1s a schematic itllustration of wireless resources in an air interface
utilizing orthogonal frequency divisional multiplexing (OFDM) according to some
aspects of the disclosure.

10019 FIG. 4 18 a conceptual Hustration of an example of multiple communication
opportunities of a semi-persistent scheduling (SPS) occasion according to some aspecis

of the disclosure.
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100261 FIG. S 18 a conceptual iHustration of an example of multiple communication
opportumiies and communication sub-opportunities of an 8PS occaston according {o
some aspects of the disclosure,

0621 FiG. 6 1s a conceptual ilustration of an example of hybrid automatic repeat
request (HARQ) processes for multiple communication opportunities of an SPS
occasion according to some aspects of the disclosure.

100221 FIG 7 is a conceptual illustration of an example of a downlink control
wformation (DCT) activating/re-activating multiple communication opportunities of an
8PS occasion according to some aspects of the disclosure,

100231 FIG. 8 18 a conceptual illustration of an example of HAR( feedback and HARQ
retransmission scheduling for multiple communication opportunities in an 8PS oceasion
according to some aspects of the disclosure.

10624} Fi(. 9 is a conceptual illustration of an example of a HARQ process covering a
multi-slot communication opportunity of an SPS occasion according to some aspects of
the disclosure.

00251 FIG. 10 is a conceptual dlustration of an example of transmutting different
communication opportunities of an SPS occasion via different radio frequency {(RF}
bands according to some aspects of the disclosure.

106261 FIG. 11 18 a conceptual illustration of an example of transmutting different
comnmnication opportunities of an 8PS cccasion via different RF beams according to
some aspects of the disclosure.

{0027} FIG. 12 15 a signaling diagram illustrating 8PS communication according to
some aspects of the disclosure.

00281 FiG. 13 is a block diagram conceptually illustrating an example of a hardware
implementation for a wireless communication device employing a processing system
according to some aspects of the disclosure,

100291 FIG. 14 15 a flow chart iliustrating an example wireless communication process
for 8PN communication according to some aspects of the disclosure,

100361 FIG. 15 15 a block diagram conceptually tllustrating an example of a hardware
implementation for a base station employing a processing systermn according o some
aspects of the disclosure.

106313 FIG. 16 1s a Hlow chart ilustrating an example wireless communication process

for 8PS communication according fo some aspects of the disclosure.
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DETAILED DESCRIPTION

100321 The detaded description set forth below in covuvection with the appended
drawings is intended as a description of various configurations and 1S not intended to
represent the only configurations in which the concepts described herein may be
practiced. The detailed description inchudes specific details for the purpose of providing
a thorough understanding of various concepts. However, it will be apparent to thoss
skilled 1n the art that these concepts may be practiced without these specific details. In
some instances, well known structures and components are shown in block diagram
form in order to avoid obscuring such concepts.

100331 While aspects and emnbodiments are described in this application by lustration
to some examples, those skilled in the art will understand that additional
implementations and use cases may come about in many different arrangements and
scenarios. {nnovations described herein may be implemented across many differing
platform types, devices, systems, shapes, sizes, packaging arrangements. For example,
embodiments and/or uses may come about via integrated chip embodiments and other
non-module-component based devices {e.g., end-user devices, vehicles, communication
devices, computing devices, industrial equipment, retail/purchasing devices, medical
devices, Al-enabled devices, etc.}. While some exarnples may or may not be specifically
directed to use cases or applications, a wide assortment of applicability of described
innovations may occur. Implementations may range a spectrum from chip-level or
modular components o non~-modular, non-chip-level mmplementations and further to
aggregate, distributed, or OEM devices or systems incorporating one or more aspects of
the described wnovations. In some practical settings, devices incorporating described
aspects and features may also necessarily include additional components and features
tor implementation and practice of claimed and described embodiments. For example,
transmission and reception of wireless signals necessarily includes a number of
components for analog and digital purposes {e.g., hardware components including
antenna, RF-chains, power amplifiers, modulators, buffer, processor(s), interleaver,
adders/sumumners, etc.}. It is intended that innovations described herein may be practiced
i a wide variety of devices, chip-level components, systems, distributed arrangements,
end-user devices, etc. of varying sizes, shapes and constitution.

[6034] The various concepts presented throughout this disclosure may be implemented

across a broad variety of telecommunication systems, network architectures, and
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coraraunication standards. The description that follows provides illustrative examples,
without limitation, of various aspects of the present disciosure.

{6033} FIG. 1 is a schematic tllustration of a wireless communication system 100
according {o some aspects of the disclosure. The wireless communication system 100
includes three interacting domains: a core network 102, a radio access network (RAN)
104, and at least one scheduled entity 106, The at least one scheduled entity 106 may be
reterred to as a user equipment (UE} 106 in the discussion that follows. The RAN 104
includes at least one scheduling entity 108, The at least one scheduling entity 108 may
be referred to as a base station (BS) 108 in the discussion that follows. By virtue of the
wireless comumunication system 100, the UE 106 may be enabled fo carry out data
communication with an external data network 110, such as {(but not limited to} the
Internet.

{0636} The RAN 104 may implement any suitable wireless communication technology
or technologies to provide radio access to the UE 106, As one example, the RAN 104
may operate according to 3™ Generation Partnership Project (3GPP) New Radio (NR)
spectfications, often referred to as SG. As another example, the RAN 104 may operate
under a hybrid of 5G NR and Evolved Universal Terrestrial Radio Access Network
{(eUTRAN) standards, often referred to as LTE. The 3GPP refers to this hybrid RAN as
a next-generation RAN, or NG-RAN. Of course, many other examples may be utidized
within the scope of the present disclosure.

106371 As illustrated, the RAN 104 mcludes a plurality of base stations 108 Broadly, a
base station i1s a network element in a radic access network responsible for radio
trausmission and reception in one or wmore cells to or from a UE In different
technologies, standards, or contexts, a base station may variously be referred to by those
skilled in the art as a base transceiver station (BTS), a radio base station, a radio
transceiver, a transceiver function, a basic service set {BSK), an extended service set
(E8S), an access point {AP), a Node B (NB}, an eMNode B (eNB}, a gNode B {(gNB), or
some other suttable terminclogy.

100381 The radio access network 104 is further illustrated supporting wireless
communication for multiple wobile apparatuses. A mobile apparatus may be referred to
as user equipment (UE) in 3GPP standards, but may also be referred to by those skilled
in the art as a mobile station (MS), a subscriber station, a mobile unit, a subscriber unit,
a wireless unit, a remote unit, a mobile device, a wireless device, a wireless

communications device, a remote device, a mobile subscriber station, an access terminal
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{AT), a mobile ternunal, a wireless termunal, a remote terminal, a handset, a terminal, a
aser agent, a mobile client, a client, or some other suitable terminology. A UE may be
an apparatus that provides a user with access to network services.

{06391 Within the present document, a “mobile” apparatus need not necessanly have a
capability to move, and may be stationary. The term mobile apparatus or mobile device
broadly refers to a diverse array of devices and technologies. UEs may include a
nurnber of hardware structural components sized, shaped, and arranged to help in
communication; such components can include antennas, antenna arrays, RF chains,
amplifiers, one or more processors, ete. electrically coupled to each other. For example,
some non-limiting exarmples of a mobile apparatus include a mobie, a cellular (cell)
phone, a smart phone, a session initiation protocol (SIP) phone, a laptop, a personal
computer {PC), a notebook, a netbook, a smartbook, a tablet, a personal digital assistant
{(PDA), and a broad array of embedded systems, e g, corresponding to an “Internet of
Things” (IoT}. A mobile apparatus may additionally be an automotive or other
transporiation vehicle, a remote sensor or actuator, a robot or robotics device, a satellite
radio, a global positioning systermn (GPS) device, an object tracking device, a drone, a
multi-copter, a quad-copter, a remote control device, a consumer and/or wearable
device, such as eyewear, a wearable camera, a virtual reality device, a smart watch, a
health or fitness tracker, a digital andio plaver {e.g, MP3 player), a camera, a gamse
conscle, etc. A mobile apparatus may additionally be a digital home or smart home
device such as a home audio, video, and/or multimedia device, an apphiance, a vending
machine, intelligent lighting, a home security system, a smart meter, etc. A mobile
apparatus way additionally be a smart energy device, a security device, a solar panel or
solar array, a municipal infrastructure device controlling electric power {e.g., a smart
grid), lighting, water, etc.; an industrial automation and enterprise device; a logistics
controller; agricultural equipment; military defense equipment, vehicles, atrcraft, ships,
and weaponry, ete. Still further, a mobile apparatus may provide for connected medicine
or telemedicine support, t.e., health care at a distance. Telehealth devices may include
telchealth monitoring  devices and  telehealth  administration  devices, whose
communication may be given preferential freatment or priontized access over other
types of information, e.g., in terms of prioritized access for transport of critical service
data, and/or relevant QoS for transport of critical service data.

00401 Wireless communication between a RAN 104 and a UE 106 may be described as

utilizing an air wterface. Transmissions over the air wterface from a base station {e.g.,
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base station 108} to one or more UEs {e.g., UE 106) may be referred to as downlink
(DL} transmission. In accordance with certain aspects of the present disclosure, the term
downlink may refer to a point-to-multipoint transmission originating at a scheduling
entity {described further below; e g, base station 108} Another way to describe this
scheme may be to use the term broadcast channel multiplexing. Transnussions from a
UE {e.g., UE 106) to a base station (e.g., base station 108} may be referred to as uplink
(UL} transmissions. In accordance with further aspects of the present disclosure, the
term uphink may refer to a point-to-point transmission originating at a scheduled entity
{described further below; e g, UE 106},

10041} fn some exarmples, access to the awr interface may be scheduled, wheretn a
scheduling entity (e.g., a base station 108) allocates rescurces for communication
among some or all devices and equipment withio its service area or cell Within the
present disclosure, as discussed further below, the scheduling entity may be responsible
for scheduling, assigning, reconfiguring, and releasing resources for one or more
scheduled entities. That i3, for scheduled communication, UHEs 106, which may be
scheduled entities, may utilize resources allocated by the scheduling entity 108,

{0042} Base stations 108 are not the only entities that may function as scheduling
entities. That is, in some examples, a UE may function as a scheduling entity,
scheduling resources for one or more scheduled entities {e.g., one or more other UEs}).

100431 As illustrated in FIG. 1, a scheduling entity 108 may broadcast downlink traffic
112 to one or more scheduled entities 106. Broadly, the scheduling entity 108 15 a node
or device responsible for scheduling traffic in a wireless communication network,
including the downlink tratfic 112 and, in some examples, uplink traffic 116 from one
or more scheduled entities 106 to the scheduling entity 108 On the other hand, the
scheduled entity 106 15 a node or device that recetves downlink control information 114,
wehading but not hmited to scheduling information {e.g., a grant), synchronization or
timing information, or other control information from another entity in the wireless
communication network such as the scheduling entity 108

10044} In addition, the uplink and/or downlink control information and/or traffic
information may be time-divided into frames, subframes, slots, and/or symbols. As used
herein, a symbol may refer to a unit of tme that, in an orthogonal frequency division
multiplexed (OFDM) wavetorm, carries one resource element (RE) per sub-carrier. A
slot may carry 7 or 14 OFDM symbols. A subframe may refer to a duration of Ims.

Multiple subframes or slots may be grouped together to form a stugle frame or radio
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frarne. OF course, these definttions are uot required, and any suitable scheme for
organizing wavetforms may be utilized, and various time divistons of the waveform may
have any suitable duration.

{0045} In general, base stations 108 may include a backhanl interface for
communication with a backhaul portion 120 of the wireless communication system. The
backhaul 120 may provide a link between a base station 108 and the core network 102,
Further, in some examples, a backhaul network may provide interconnection between
the respective base stations 108, Various types of backbaul interfaces may be emploved,
such as a direct physical connection, a virtual network, or the like using any suitable
transport network.

046 The core network 102 may be a part of the wireless communication system 100,
and may be independent of the radio access technology used 1n the RAN 104, Tn some
examples, the core network 102 may be configured according to 5G standards {e.g.,
S5GC). In other examples, the core network 102 may be configured according to a 4G
evolved packet core {EPC), or any other suttable standard or configuration,

100471 FIG. 2 13 a conceptual illustration of an example of a radio access network
{RAN) 200 according to some aspects of the disclosure. In some examples, the RAN
200 may be the same as the RAN 104 described above and iHustrated 1o FIG. 1. The
geographic area covered by the RAN 200 may be divided into cellular regions {cells)
that can be uniguely identified by a user equipment (UE) based on an identification
broadeasted from one access point or base station. FIG. 2 illusirates macrocells 202,
204, and 2006, and a small cell 208, each of which may include one or more sectors (not
shown). A sector is a sub-area of a cell. All sectors within one cell are served by the
same base station. A radio link within a sector can be identified by a single logical
identitication belonging to that sector. In a cell that 1s divided into sectors, the multiple
sectors within a cell can be formed by groups of antennas with each antenna responsible
for communication with UEs in a portion of the cell.

100481 Various base station arrangements can be utilized. For example, wn FIG. 2, two
base stations 210 and 212 are shown in cells 202 and 204; and a third base station 214 is
shown conirolling a remote radio head (RRH) 216 i cell 206, That 15, a base station can
have an integrated antenna or can be connected to an antenna or RRH by feeder cables.
In the Husirated example, the cells 202, 204, and 206 may be referred to as macrocells,
as the base stations 210, 212, and 214 support cells having a large size. Further, a base

station 218 is shown in the small cell 208 (¢ g., a microcell, picocel], femtocell, home
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base station, home Node B, home eNode B, etc ) which may overlap with one ot more
macrocells. In this example, the cell 208 may be referred to as a small cell, as the base
station 218 supports a cell having a relatively small size. Cell sizing can be done
according to system design as well as component constraints,

{0049} It 15 to be understood that the radio access network 200 may include any number
of wireless base stations and cells. Further, a relay node may be deployed to extend the
size or coverage area of a given cell. The base stations 210, 212, 214, 218 provide
wireless access points to a core network for any nurober of mobile apparatuses. In some
examples, the base stations 210, 212, 214, and/or 218 may be the same as the base
station/scheduling entity 108 described above and illustrated 10 FIG 1.

00561 Within the RAN 200, the cells may include UEs that may be in communication
with one or more sectors of each cell. Further, each base station 210, 212, 214, and 213
may be configured to provide an access point to a core network {e.g., as illustrated in
FIG. 1) for all the UEs in the respective cells. For example, UEs 222 and 224 may be in
communication with base station 210; UEs 226 and 228 may be in communication with
base station 212; UEs 230 and 232 may be in communication with base station 214 by
way of RRH 216; and UE 234 may be in communication with base station 218, In some
examples, the UEs 222, 224, 226, 228, 230, 232, 234, 238, 240, and/or 242 may be the
same as the UE/scheduled entity 106 described above and illustrated 10 FIG. 1.

0051 In some examples, an unmanned aerial vehicle {UAV) 220, which may be a
drone or quadcopter, can be a mobile network noede and may be configured to function
as a UE. For example, the UAV 220 may operate within cell 202 by communicating
with base station 210,

00523 In a further aspect of the RAN 200, sidelink signals may be used between UEs
without necessarily relying on scheduling or control information from a base station
For example, two or more UEs (e.g., UEs 226 and 228) may communicate with each
other using peer to peer (P2P) or sidelink signals 227 without relaying that
communication through a base station (e.g., base station 212} In a further example, UE
238 is illustrated communicating with UEs 240 and 242, Here, the UE 238 may function
as a scheduling entity or a primnary sidelink device, and UEs 240 and 242 may function
as a scheduled entity or a non-primary {e.g., secondary} sidelink device. In still another
example, a UE may function as a scheduling entity in a device-to-device (D2D), peer-
to-peer {P2P}, or vehiclesto-vehicle (V2V} network, and/or in a mesh network. In a

mesh network example, UEs 240 and 242 may optionally comumunicate directly with
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one another w addition to communicating with the UE 238 {(e.g, functioning as a

scheduling entity). Thus, in a wireless communication system with scheduled access to

time—frequency resources and having a cellular configuration, a P2P configuration, or a

mesh configuration, a scheduling esntity and one or more scheduled entities may

communicate utilizing the scheduled resources. In some examples, the sidelink signals

227 wehide sidelink traffic (e.g, a physical sidelink shared chanvel} and sidelink
control {e.g., a physical sidelink control channel).

0083 In the radio access network 200, the ability for a UE to communicate while
moving, independent of its location, is referred to as mobility. The various physical
channels between the UE and the radio access network are generally set up, maintained,
and released under the control of an access and mobility management function {AMF}.
The AMEF (not shown 1n FIG. 2) may include a security context management funclion
{SCMF) that manages the security context for both the control plane and the user plane
functionality, and a security anchor function (SEAF) that performs authentication.

100541 A radio access network 200 may utilize Dl-based mobility or Ul-based
mobility to enable mobility and handovers (i.¢, the transfer of a UE’s connection from
one radio channel to another). In a network configured for DL-based mobility, during a
call with a scheduling entity, or at any other time, a UE may monitor various parameters
of the signal from its serving cell as well as vartous parameters of neighboring cells.
Depending on the quality of these parameters, the UE may maintain communication
with one ot more of the neighboring cells, Duning this time, if the UE moves from one
cell to another, or if signal quality from a neighboring cell exceeds that from the serving
cell for a given amount of time, the UE may undertake a handoft or handover from the
serving cell to the neighboring (target) cell. For example, UE 224 (illustrated as a
vehicle, although any suttable form of UE may be used) may move from the geographic
area corresponding to its serving cell 202 to the geographic area corresponding to a
neighbor cell 206, When the signal strength or quality from the neighbor cell 206
exceeds that of its serving cell 202 for a given amount of time, the UK 224 may transmit
a reporting message 1o its serving base station 210 indicating this condition. In response,
the UE 224 may receive a handover command, and the UE may undergo a handover to
the cell 206,

LHIRRY! fn a network configured for UL-based mobiliy, UL reference signals from each
UE may be utilized by the network to select a serving cell for each UE. In some

the base stations 210, 212, and 214/216 wmay broadcast unified

examples

2
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synchromzation sigoals {e.g, unified Privovary Syouchronization Signals (PSSs), unified
Secondary Synchronization Signals {S5Ss) and unified Physical Broadcast Channels
(PBCH)). The Uks 222, 224, 226, 228, 230, and 232 may receive the unified
synchronization signals, derive the carmer frequency and slot timing from the
synchromzation signals, and in response to deriving timing, transmit an uplink pilot or
reference signal. The uplink piot signal transmitied by a UE {e.g., UE 224) may be
concurrently recetved by two or more cells (e.g., base stations 210 and 214/216) within
the radio access network 200, Each of the cells rwway measure a strength of the pilot
signal, and the radio access network (e g., one or more of the base stations 210 and
214/216 and/or a central node within the core network) may determine a serving cell for
the UE 224. As the UE 224 moves through the radio access network 200, the network
may continue to monitor the uplink pilot signal transmitted by the UE 224 When the
signal strength or guality of the pilot signal measured by a neighboring cell exceeds that
of the signal strength or quality measured by the serving cell, the network 200 may
handover the UE 224 from the serving cell to the neighboring cell, with or without
informing the UE 224

0056} Although the synchronization signal transmitted by the base stations 210, 212,
and 214/216 may be unified, the synchronization signal may not identify a particular
cell, but rather may tdentity a zone of multiple cells operating on the same frequency
and/or with the same timing. The use of zones in 5G networks or other next generation
communication networks enables the uplink-based mobility framework and improves
the etficiency of both the UE and the network, since the number of mobility messages
that need to be exchanged between the UE and the network may be reduced.

{00587} In varicus implementations, the air interface in the radio access network 200
may utilize licensed spectrum, unlicensed spectrum, or shared spectrum. Licensed
spectrum provides for exclusive use of a portion of the spectrum, generally by virtue of
a mobile network operator purchasing a license from a government regulatory body.
Uuslicensed spectrum provides for shared use of a portion of the spectrurn without need
tor a government-granted license. While compliance with some techuical rules is
generally still required to access unlicensed spectrum, generally, any operator or device
may gain access. Shared spectrum may fall between licensed and unlicensed spectrum,
wherein technical rules or hnutations may be required to access the spectrum, but the
spectrum may stil be shared by multiple operators and/or multiple RATs. For example,

the holder of a license for a portion of licensed spectrum may provide hicensed shared
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access (LSA) to share that spectrum with other parties, e.g., with suitable hcensee-
determined counditions to gain access.

00581 The air interface in the radio access network 200 may utilize one or more
multiplexing and multiple access algorithms to enable simultaneous communication of
the various devices. For example, 3G NR specifications provide multiple access for UL
transmissions from UEs 222 and 224 to base station 210, and for multiplexing for DL
transmissions from base station 210 to one or more UEs 222 and 224, utilizing
orthogonal frequency division muliiplexing (OFDM) with a cyclic prefix (CP) In
addition, for UL transmissions, 5G NR specifications provide support for discrete
Fourter transform-spread-OFDM (DFT-s-OFDM) with a CP (also referred to as single-
carrier FDMA (SC-FDMA}). However, within the scope of the present disclosure,
muliiplexing and wultiple access are not lunited to the above schemes, and way be
provided utilizing time division multiple access (TDMA}, code division multiple access
{(CDMA), trequency division multiple access (FDMA), sparse code multiple access
{(SCMA)}, resource spread mulliple access (RSMA), or other suitable multiple access
schemes. Further, multiplexing DU transmissions from the base station 210 to UEs 222
and 224 may be provided utdizing time division multiplexing (TDM), code division
multiplexing (CDM), frequency division multiplexing (FDM), orthogonal frequency
division multiplexing (OFDM), sparse code multiplexing (SCM), or other suiiable
multiplexing schemes.

06591 The air interface in the radio access network 200 may further atilize one or more
duplexing algorithms. Duplex refers to a point-to-point communication link where both
endpoints can communicate with one another in both directions. Full duplex means both
endpoints can simultaneously communicate with one ancther. Half duplex means only
one endpoint can send information to the other at a time. In a wireless link, a full duplex
channel generally relies on physical 1solation of a transmitter and receiver, and suitable
interference cancelation technologies. Full duplex emulation 1s frequently implemented
for wireless links by utilizing frequency division duplex (FD¥D) or time division duplex
(TDD). In FDD, transmissions in different directions operate at different carrier
trequencies. In TDD, transmissions 1w different divections on a given channel are
separated from one another using time division multiplexing. That ig, at some times the
channel is dedicated for transmissions in one direction, while at other times the channel
is dedicated for transmissions in the other direction, where the direction may change

very rapidly, e.g., several times per slot.
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[3060] Various aspects of the present disclosure will be described with reference to an
OFDM waveform, an example of which is schematically tlustrated in FIG. 3. It should
be understood by those of ordinary skill in the art that the various aspects of the present
disclosure may be applied to an SC-FDMA waveform 1o substantially the same way as
described herein below. That 1s, while some examples of the present disclosure may
focus on an OFDM hink for clarity, it should be understood that the same principles may
be applied as well to SC-FDMA waveforms.

[8061] FIG 3 1s a schematic itllustration of wireless resources in an air interface
utilizing orthogonal frequency divisional nmultiplexing (OFDM) according to some
aspects of the disclosure. Tn FIG. 3, an expanded view of an example DL subframe {SF)
302A is illustrated, showing an OFDM rescurce grid. However, as those skilled in the
art will readily appreciate, the PHY transmission structure for any particular application
may vary from the example described here, depending on any number of factors. Here,
time 1s in the horizontal direction with units of OFDM symbols; and frequency is in the
vertical direction with units of subcarriers,

[6062] The resource grid 304 may be used to schematically represent ime—frequency
resources for a given antenna port. That is, in a multiple-tnput-multiple-output (MIM{}
implementation with multiple antenna ports available, a corresponding multiple number
of resource grids 304 may be available for communication. The resource grid 304 is
divided into muitiple resource elements (REs) 306, An RE, which is 1 subcarrier x 1
symbol, s the smallest discrete part of the timne—frequency grid, and contains a single
complex value representing data from a physical channel or signal. Depending on the
modulation utihzed 1o a particular implementation, each RE may represent one or more
bits of information. In some examples, a block of REs may be referred to as a physical
resource block (PRB} or more simply a resource block (RB) 308, which contains any
suitable number of consecutive subcarriers n the frequency domain. In one example, an
RB may include 12 subearriers, a number independent of the numerology used. In some
examples, depending on the numerclogy, an RB may include any suitable number of
consecutive OFDM symbols 1n the time domain. Within the present disclosure, it 18
assumed that a single RB such as the RB 308 entirely corresponds to a single direction
of communication {(either transmission or reception for a given device).

13063] Scheduling of Uks {e.g, scheduled entitiesy for dowslink or uplink
transmissions typically involves scheduling one or more resource elements 306 within

one of more bandwidth parts (BWPs), where ecach BWP includes two or more
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contiguous or consecutive RBs. Thus, a UE generally utilizes only a subset of the
resource grid 304 In some examples, an RB may be the smallest unit of resources that
can be aliocated to a UE. Thus, the more RBs scheduled for a UE, and the higher the
modulation scheme chosen for the air interface, the higher the data rate for the UE.

[0064] In this illustration, the RB 308 is shown as occupying less than the entire
bandwidth of the subframe 302A, with some subcarriers itlustrated above and below the
RB 308 In a given implementation, the subframe 302A may have a bandwidth
corresponding to any number of one or more RBs 308, Further, 1n this Hlustration, the
RB 308 is shown as cccupying less than the entire duration of the subframe 302A,
although this 13 merely one possible example.

{6065} Bach 1 ms subframe 302A may consist of one or multiple adjacent slots. In the
example shown in FIG 3, one subframe 3028 ncludes four slots 310, as an illustrative
example. In some examples, a slot may be defined according to a specified number of
OFDM symbols with a given cyclic pretix (CP) length. For example, a slot may include
7 or 14 OFDM symbols with a nominal CP. Additional examples may include mini-
slots having a shorter duration {e.g., one or two OFDM symbols). These mini-slots may
i some cases be transmiited occupying resources scheduled for ongoing siot
transnssions for the same or for different UEs.

{6066} An expanded view of one of the slots 310 dlusirates the slot 310 inchading a
control region 312 and a data region 314. In general, the control region 312 may carry
control channels {e.g, PDCCH]), and the data region 314 may carry data channels {e.g.,
PDSCH or PUSCH). Of course, a slot may contain all DL, all UL, or at least one DL
portion and at feast one UL portion. The sumple structure iilustrated 1a FIG. 3 13 merely
exemplary in nature, and different slot structures may be uiilized, and may include one
or more of each of the control region{s) and data region{(s).

{6067} Although oot illustrated in FIG. 3, the varicus REs 306 within a RB 308 may be
scheduled to carry one or more physical channels, including control channels, shared
chaunels, data channels, ete. (ther REs 306 within the RB 308 may also carry ptlois or
reterence signals, including but not himited to a demodulation reference signal (DMRS)
ot a sounding reference signal (SRS} These pilots or reference signals may provide for
a receiving device to perform channel estimation of the corresponding channel, which
may enable coherent demodulation/detection of the control and/or data chanpels within

the RB 308.
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[8068] fn g DL transmussion, the transmitting device {e.g., the scheduling enfity) may
allocate one or more REs 306 {e.g., within a control region 312) to carry BL countrol
information including one or more DL control channels, such as a PBCH, a physical
control format ndicator channel (PCFICH), a physieal hybrid automatic repeat request
{(HARQ) indicator channel (PHICH), and/or a physical downlink control channel
(PDCCH), etc, 1o one or more scheduled entities. The transmitting device may further
allocate one or more REs 306 to carry other DL signals, such as a DMRS; a phase-
tracking reference signal (PT-RS8); a channel state wnformation — reference signal (CSI-
RS); a primary synchronization signal {(PSS); and a secondary syvnchronization signal
{(S88)

[6069] The synchronization signals PSS and 885, and in some examples, the PBCH and
a PBCH DMRS, may be transnutted in a synchromszation signal block (SSB) that
includes 3 consecutive OFDM symbols, numbered via a time index in increasing order
from O to 3. In the frequency domain, the SSB mayv extend over 240 contiguous
subcarriers, with the subcarriers being numbered via a frequency index in increasing
order from O to 239, Of course, the present disclosure 1s not limited to this specific SSB
configuration. (ther noolimiting examples may utilize greater or fewer than two
synchromzation signals; may include one or more supplemental channels in addition to
the PBCH, may omit a PBCH, and/or may utilize a different number of symbols and/or
nonconsecutive symbeols for an SSB, within the scope of the present disclosure.

[6876] The PCFICH provides information to assist a receiving device in receiving and
decoding the PDCCH. The PDCCH camries downlink control information (BCH
including but not limited to power control commands, scheduling information, a grant,
and/or an assignment of REs for PL and UL transmissions. The PHICH carries HARQ
teedback transmissions such  as  an  acknowledgment (ACK) or negative
acknowledgment (NACK). HARQ is a technique well-known to those of ordinary skiil
i the art, wherein the integrity of packet transmissions may be checked at the receiving
side for accuracy, e.g, utilizing any suitable integrity checking mechanism, such as a
checksum or a cyeclic redundancy check {(CRC). I the integrity of the transmission
confirmed, an ACK may be transmitied, whereas 1f not confirmed, a NACK may be
transmitted. In response to a NACK, the transmutting device may send a HARQ
retransmission, which may umplerent chase combining, incremental redundancy, eic.

{6071} In an UL transnussion, the transmuitting device {e g, the scheduled entity) may

utilize one or more REs 306 to carry UL control information wcluding one or more UL
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control channels, such as a physical uphuk control channel (PUCCH), to the scheduling

entity. UL control information may include a variety of packet types and categorigs,

including pilots, reference signals, and information configured to enable or assist in
decoding uplink data transmissions. For example, the UL control information may

include a DMRS or SRS, In some examples, the control information may include a

scheduling request (SR}, te, request for the scheduling entity to schedule uplink
transmissions. Here, in response to the SR transnutted on the control channel, the
scheduling entity mway transmott downlink cootrol information that may schedule
resources for uplink packet transmissions. UL control information may also include
HARQ feedback, channel state feedback (CSF), or any other suitable UL control
information.

6872} In addition to countrol wtormation, one or more REs 306 (e g, within the data
region 314) may be allocated for user data or traffic data. Such traffic may be carried on
one or more traffic channels, such as, for a DL transmussion, a PDSCH; or for an UL
transmission, a physical uplink shared channel (PUSCH). In some examples, one or
more REs 306 within the data region 314 may be configured to carry SIBs {e.g., SIB1),
carrying system information that may enable access to a given cell.

16673] These physical channels described above are generally multiplexed and mapped
to transport channels for handling at the medium access control (MAC) layer. Transport
channels carry blocks of information called transport blocks {TB}. The transport block
size {TBS), which may correspond to a number of bus of information, may be a
controlled parameter, based on the modulation and coding scheme (MCUS) and the
number of RBs 0 a given transmission.

16074} The channels or carriers described above with reference to FIGs. 1 - 3 are not
necessartly all of the channels or carriers that may be utilized between a scheduling
entity and scheduled entittes, and those of ordinary skill in the art will recognize that
other channels or carriers may be utilized in addition to those ilustrated, such as other
traffic, control, and feedback channels.

{6673} In some networks, a base station may use dynamic scheduling or semi-persistent
scheduling (SPR) to schedule a UE. Dysamic scheduling may involve using a DCI to
schedule an individual transmission or reception {e.g, on PDSCH or PUSCH} For
example, a base station may use a first DCI to schedule a first PDSCH transmission, use

a second DI to schedule a second PDSCH transmission, and so on.
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[6678] fn contrast, for SPS, a base station may use a single DCT to schedule muliiple
transmissions {e.g., on PDSCH}. In some implementations, a base station {ransmits an
RRC message to configure an SPS {e.g., for a particular cell and a particular BWP). The
base station may then send a DCT to activate the SPS.

108771 The SPS configuration indicates an SPS periodicity between SPS occasions. In
this way, the SPS configuration may schedule multiple SPS occasions at the indicated
periodicity. In some examples, the periodicity may be referenced to a system frame
ournber (SFN) and a sub-frame nomber of the DCT that imtializes the SPS.

{6078} Thus, a UE can monttor the PDSCH at the SPS occasions according to the
scheduled SPS periodicity to periodically obtain data from the base station. At sowe
point in time, the base station may send a DCI to deactivate the SPS. In addition, the
bage station may send a DCI to reactivate the 8PS,

106791 The disclosure relates in some aspects to transmitting information 1n multiple
communication opportunities of an SPS occasion. Here, an SPS occasion 1s defined to
include multiple communication opportunities. For example, a given SPS occasion may
be assigned several time slots (hereafter referred to simply as slots), where each
communication occasion 18 associated with a corresponding one of the slois {or a
corresponding subset of the slots) A base station may therefore transmit first
information via a first communication opporiunity of an SPS oceasion and transmit
second information via a second communication opportunity of that same SPS occasion.
A wireless comumunication device {e.g, a UE)} may blindly decode over all of the
communication opportunities to recover information transmitted in any of the
comrmunication opportunities,

100361 Fi(z. 4 is a conceptual illustration of an example of multiple communication
opportunities of an SPS occasion 400 according to some aspects of the disclosure. Three
SPS occasions are shown separated in time by a period of time T that is based on the
configured SPS periodicity. DL traffic is scheduled by the SPS to arrive at a nominal
arrival time {e.g., nominal arrival time 402}

00811 In practice, received data may be subject to jitter. FIG 4 iHustrates DL traffic
with non-trivial jitter around a nominal artval time and a low latency delivery
requirement {within a window for delivery Ty ). For example, a DL transmission may be
received prior to the nomunal arrival time {e. g, as Hustrated by an actual arrival 404),
atter the nominal arrival time, or partially overlapping with the nominal arnval time as

ittustrated. In a multiple-opportunity SPS, multiple communication opportunities are
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provided per SPS occasion for a UE to receive the DL traffic 1o a situation where the
base station transmits according to a packet arrival over one communication opportunity
{e.¢., corresponding to the nominal arrival time).

0682} As illustrated in FIG. 4, each 8PS occasion 18 defined with {e.g., includes) three
communication opportunities {e g., as represented by the three lines 406 for the third
SPS occasion) in this example. A different number of communication opportunities
could be used in other examples. A UE may decode over all three of the communication
opportunities in FIG. 4 to receive the DL tratfic. Thus, a UE will be able to successfully
receive traffic within any of the three communication opportunities. Accordingly, a
maultiple-opportunity SPS may be used to accommodate jittered periodic DL traffic
{e.g., as shown in FIG. 4).

0083} A multiple-opportunity SPS may offer benefits over the use of multiple 8PS
configurations {e.g., where a base station establishes muitiple SPS alipcations, each of
which 1s scheduled on different resources. ). For example, a multiple-opportunity SPS
may use a smaller number of HAR{Q processes, use a smaller number of HARQ
responses, and  have lower overhead on RRC  configurations and DCI
activation/deactivation as compared {0 a scenario that uses multiple 8PS configurations.

10084} In some examples, the comynunication opportunities within an SPS occasion
may be homogeneous in terms of radio rescurce allocation. For example, different
commnmnication opportunities within the same SPS occasion may have the same
trequency domain resource allocation (FDRA), the same start and length indicator
vector {SLIV), and the same MCS. This approach may be advantageous when
trausmitiing a fixed-size packet with jittered arrival. For example, a smaller DCI
{(smaller number of bits) can be used for activation/re-activation since unique
information is not needed for each communication opporiunity.

[OG85] The use of homogeneous radio resource allocations for different communication
opportunities within an 8PS occasion may provide other benefits as well. For example,
listen-before-talk (LBT) uncertainties at a base station can be mitigated by allocating
communication opportunities to different LBT bandwidth (BW)in the 5 GHz / 6 GHz
unlicensed band. In addition, more Hlexible scheduling can be supported (eg.,
Frequency Range Z (FR2) may be used) by allocating communication opportunities
with different receive (RX) beams. Also, slot aggregation can be turned on over some

communication opportunities for delivering ultra-reliably packets.
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HIELY In some scenarnios, a UE may need to carry more than one periodic flow. For
example, an industrial IoT (TioT) UE can be connected to more than one sensor and/or
actuator. In addition, the associated concurrent traffic flows can have different
periodicities and/or have different latency requirements.

{0087} The disclosure relates in some aspects to sending information over multipie
communication opporfunities of an SPS occasion. For example, a base station may
transmit data on a first comuynumication opportumity and a second communication
opportunity of the same SPS occasion,

{00881 The disclosure also relates in some aspects, to sending information over multiple
coraraunication sub-opportunities for each SPS communication opportunity. This may
be referred to as massive-opportunity SPS DL

0089} FIG 5 is a conceptual dlusiration of an example of multiple communication
opportunities and communication sub-opportunities of SPS occasions 500 according to
some aspects of the disclosure. Simtlar to FIG. 4, each SPS occasion is defined with
{e.g., wnchades) three communication opportunities {e.g., as represented by the thres
columns 502 for the third SPS occasion) in this example. In addition, each
communication opportunity is defined with (e g., includes) two communication sub-
opportunities {e.g., as represented by the two rows 304 for the third SPS occasion)

110901 A base station may transmit over any one or more of the communication

opportunities. A UE may be configured via RRC to support a multiple-opportunity SPS

starting from the offset in a given period.

100911 in some examples, one HARQ process may be used per communication
opportunity. A UE may performn bhind decoding of the SPS PDSCH at each
coraraunication opportunity, and report s-bit ACK/NACK (A/N) feedback. Based on
the A/N feedback, the base station can schedule a retransmission on a per-opportunity
basis using dynarnic grants {DGs).

{0692} In some examples, a base siation may transmit one transport block {TB) per
communication opportunity for an “opportunistic” massive opportunity. In some
examples, a base station may transmit multiple TBs per communication opportunity for
a massive opportutity. In some examples, a base station may transmit mubltiple transport
blocks (TBs) over more than one communication opportunity tn a SPS occasion.

{06693} As discussed herein, the use of communication opportunities may provide lower

signaling overhead than other technigues. However, the use of communication
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opportuniiies may result 1w additional overhead associated with the per-opportumty
HARG process and per-opportunity A/N  feedback. Nevertheless, the use of
communication opportunities may still have lower RRC configuration (L3} overhead
and lower BCT activation/re-activation (.1} overhead in comparison with multiple SPS
configurations that require separate RRC messaging and DCIs for multiple SPS
Processes.

10094} In some examples, the communication opportunities {e.g., for a given SPS or for
a given SPS occasion) may be homogeneous. For example, the communication
opportunities may share a common TDRA, a common FDRA (for FDM, including
different component carriers), antenna ports and/or  trausmission  coufiguration
indicators {TCls} (for spatial division multiplexing, SDM ), or a combination thereof.

[0095] In some examples, the communication opportuniiies may be heterogenecous. The
use of heterogenecus communication opportunities may involve the use of more bits in
the activation/re-activation DCI than in the homogeneous scenario. Nevertheless, the L3
and 1.1 signaling overhead may still be lower than the L3 and L1 sigunaling overhead
required by multiple SPS configurations.

{8096} FiG. 6 1s a conceptual ilustration of an example of hybrid automatic repeat
request (HARQ) processes for multiple communication opportunities of an SPS
occasion according to some aspecis of the disclosure. Different HARQ processes
(HARQ 0, HARQ 1, and HARQ 2) are used for the different communication
opportunities. In  this example, all of the communication opportunities are
configured/activated with the same amount of radic rescurces for a homogeneous initial
transmission. That is, the communication opportunities are siraply shifted wn time. In
addition, the UE uses a stogle PUCCH to transmoit s-bit A/N feedback.

{0097} In this example, the base station sends data via the first communication
opportunity {(opportunity 1) and the third communication opportunity {opportunity 3}
The second communication opportunity is a discountinuous fransmission {ITX). Sinece
the UE was able to decode the first communication opportunity but was unable to
decode the second and third communication opportunities, the UE sends corresponding
{A/N) feedback in the PUCCH 602 as shown in FIG. 6. In response, the base station
schedules a retransmission for the third communication opportunity. Specifically, the
base station sends a DT 604 that schedules the retransmission for HARQ2 in a PDSCH
6006,
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100981 The multi-opportunity SPS of FIG. 6 may be activated/de-activated by a

compact-size DCE FIG 7 is a concepiual dlustration of an example of a DU
activating/re-activating multiple communication opportunities of an SPS occasion
according to some aspects of the disclosure. In this example, the SLIV applies to all s
slots {i.e, all communication opportunities use the same SLIVY starting from the slot
indicated by KO in the SPS activation DCI 702, In addition, the communication
opportunities use the same FDRA the same MCK(s}, and the same TCI in this example.
The indicated K1 timing can be with respect to the first communication opportunity {as
shown in FIG. 7) or the last communication opporfunity.

0099] FIG. 8 15 a conceptual ilustration of an example of HARQ feedback and HARQ
retransmission scheduling for multiple commmurnication opportunities in an SPS occasion
according to some aspects of the disclosure. After receiving muitiple NACKs, a base
station can use a composite DCT 802 to schedule multiple PDSCH retransoussions. To
reduce overhead, the composite DCI 802 may have a single CRC, a common MCS {e.g.,
since the retransmissions are towards the same UE), a common FDRA, a common TCL
and/or the same SLIV o different slots,

101001 The DCI 802 may include an incremental HARQ process 1D wrap-around within
the HARQ process 1D space of the SPX. The DCI 802 may include a new data indicator
(ND1 to indicate which communication opportunity 18 refransmitted due to the
continuous HARD 1D restriction. This may assume a pre-configured redundancy vector
{RV} sequence. In the example of FIG. &, 4 bits (e.g., 2 bits for HARQ process 1D=0
and 2 bits for the NDI-based re-transruission indication for remaining HARQ processes)
may be used to indicate a retransmission to HARQ 0 and to HARQZ.

19161} As an alternative to the homogeneous approach of FIG. 8, an SPS may have
heterogenecus (with respect to the radio resource allocation) communication
opportunities within an SPS cccasion. FIG. 9 15 a conceptual illustration of an example
of a HARQ process {HARQO in this example} covering a multi-siot communication
opportunity of an SPS occasion according to some aspects of the disclosure. In
particular, FIG 9 illustrates that the first communication opportuntty supports siot-
aggregation over two slots. Slot-aggregation over more than two slots could be used as
well

{0162} in the example of FIG. 9, a retransnussion DG {e.g., in the DCI 902) for the
same HARQ 1D may apply the same-level of slot aggregation. Other examples of

heterogenous operation inchude the use of different MCSs, or the use of different SLIVs,
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or both. In some aspects, heterogenous operation may tnvolve the use of a larger DCI
for activation/re-activation {e.g, to specify different parameters for different
communication opportunities}.

[0103] NR operation in an unlicensed band may be referred to as NR-U. For a reduced
capability NR-U UE with an operating BW <20 MHz and served by a wide-band {e g,
30 MHz BW) base station, the communication opportunities of an SPS occasion can be
heterogeneous with respect o the transmission frequency band. By using different LBT
bandwidth for the communication opportunities, listen-before-talk (LBT) uncertainty at
the base station may be mitigated. The FDRAs (e g, the frequency bands) of the
respective comnmninication opportunities may be set/reset by the DI activation/re-
activation. FIG. 10 is a conceptual lustration of an example of transmitting different
comnmnnication opportunities of an SPS occasion via different radio frequency (RF)
bands according to some aspects of the disclosure. In this example, a base station
transmiits communication opportunity 1 1002 in one RF band and transmits
comaraunication  opportunity 3 1004 1w another RF band. Thus, for different
communication opportunities, a UE may monitor different RF bands.

10104} For a UE in FR2 {or some other mmW band), the communication opportunities
of an SPS occasion can be heterogenous 1n the spatial domain {e.g., a UE can tune to
different beams transmitted by the base station}. The beams to be used may be set/reset
by DCI activaticus/re-activations. FIG. 11 13 a conceptual illustration of an example of
transmitting different communication opportunities of an SPS cccasion via different RF
beams according to some aspects of the disclosure. In this exarople, a base station
transmits communication opportunity 1 via a one RF beam 1102 and transmits
coraraunication opportunity 3 via another RF beam 1104 Thus, for different
commnnication opportunities, a UE may monitor different spatial domains.

18105} As discussed above, the disclosure relates in some aspects to the use of
communication sub-opportuntties. For example, # (¢ = 1) sub-opportumties may be
defined per communication opportunity. Among ¢ communication sub-opporturities, a
base station may elect to fransmit on one of the sub-opportunities per communication
opportunity in some examples. A base station may elect to transmit on more than one of
the sub-opportunities per commupication opportunity in other examples. For each
communication opportunity, a UE may perform blind decoding at each sub-opportunity.
in some examples, a UE may select the sub-opportunity with the largest likelihood of

PDSCH decoding for HARQ combination.
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0106} Through the use of communication sub-opportunities, a UE may be configured
with a massive-opportunity DL SPS. A base station may transmit a TB over any sub-
opportunity (not being limited to one). One HAR process may be used for each sub-
opportunity. A UE may report s » £ A/Ns per 8PS oceasion.

{03167} The above communication sub-opporfunities may be allocated with different
FDRAs. This may be used for frequency domain diversity (including different
component carriers {(CCs)). For example, different communtcation sub-opportunities
may be used at different LBT BWs to mitigate LBT un-certainties in the unlicensed
band. A DCI may be sent over a CC to activate/re-activate communication sub-
opportunities in other CCs. The communication sub-opportunities discussed herein may
be allocated to different beams {(e.g., through the use of different antenna ports or
different TCls). The communication sub-opportunities discussed herein be allocated to
different FDR As and different beams.

[6108] FIG. 12 is a signaling diagram illustrating SPS communication 1200 in a
wireless communication network including a UE 1202 and a BS 1204 o some
examples, the UE 1202 may correspond to one or more of the scheduled entity 126
{e.g.aUE etc)of FIG 1, or the UE 222, 224, 226, 228, 230, 232, 234, 238, 240, or
242 of FIG. 2. In some examples, the BS 1204 may correspond to one or more of the
scheduling entity 128 of FIG. 1, or the base station 210, 212, 214, or 216 of FIG. 2.

13109} Al step 1206 of FIG. 12, the BS 1204 configures an SPS. In some examples, the
SPS  configuration may specify that each 8PS occasion includes mwltiple

communication opportunities.

10116 At step 1208, the BS 1204 transmits an RRC message that includes the 8PS
configuration.

111y At step 1210, the BS 1204 activates the SPS.

[0112% At step 1212, the BS 1204 sends a DCI to the UE 1202 indicating that the

configured SPS is being activated. In some exampies, the DU may specify that data
may be sent in multiple communication opportunities of an SPS occasion.

101131 At step 1214, the BS 1204 generates DL data for a first SPS occasion that
includes multiple communication opportunities.

0114} At step 1216, the BS 1204 transmits the first 8PS occasion. The first SPS
occasion includes data in mmiltiple communication opportunities{e.g., as discussed

herein).
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{0115} At step 1218, the UE 1202 decodes the first SPS occasion and determines
whether each communication opportunity was successfully decoded. For example, the
UE 1032 may conduct a separate HAR( process for each communication opportunity.

{0118} At step 1220, the UE 1202 sends a PUCCH message that includes a
corresponding  acknowledgement {e.g, a positive acknowledgement (ACK) or a
negative acknowledgement (NACK) for each communication opportunity.

101171 At step 1222, if the PUCCH included any NACKSs, the BS 1204 schedules a
retransmission for each corresponding communication oppottunity.

{0118} At step 1224, if applicable, the BS 1204 sends a DCI that schedules a
corresponding retransmission for each comrunication opportunity that was NACKed.

0119 At step 1226, if applicable, the BS 1204 transmits each scheduled retransmission
{e.g., on PDSCH).

10126] At step 1228, if applicable, the UE 1202 receives and decodes each scheduled
retransmission {e.g., on PDSCH). The above HARL) process may repeat, as need, if the
UE 1202 has not successfully decoded all of the communication opportuntties that
include data.

10121} At step 1230, the BS 1204 geverates DL data for a second SPS occasion that
includes multiple communication opportunities.

0122 At step 1232, the BS 1204 transmitis the second SPS oceasion. The second SPS
occasion includes data in multiple communication opportunities {e.g., as discussed
herein). As represented by the hne 1234, the BS 1204 transmits the second SPS
occasion {relative to the first SPS occasion) according to the SPS periodicity specified
by the SPS configuration.

01234 At step 1236, the UE 1202 decodes the second SPS occasion and determines
whether each communication opportunity was successfully decoded. Again, the UE
1032 may conduct a separate HARQ process for each communication opportunity.

(0124} At step 1238, the UE 1202 sends a PUCCH message that include a
corresponding acknowledgement (e.g, an ACK or a NACK) for each communication
opportunity.

10125} FIG 13 18 a diagram illustrating an example of a hardware implementation for a
wireless communication device 1300 emploving a processing system 1314, For
example, the wireless communication device 1300 may be a user equipment (UE) or
other device configured to wirelessly communicate with a base station, as discussed in

any one or more of FIGs. 1 - 12, In accordance with various aspects of the disclosure, an
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element, or any pottion of an element, or any combivation of clements may be
implemented with a processing system 1314 that includes one or more processors 1304,
In some implementations, the wireless communication device 1300 may correspond to
one or more of the scheduled entity 106 {(e.g., a UE, etc) of FIG 1, the UE 222, 224,
226, 228,230, 232, 234, 238, 240, or 242 of F1G. 2, or the UE 1202 of FIG. 12

11261 The wireless communication device 1300 may be itmplemented with a
processing svstem 1314 that includes one or more processors 1304, Examples of
processors 1304 include microprocessors, microcontrollers, digital signal processors
{DSPs), field programmable gate arrays (FPGAs), programmable logic devices (PLDs),
state machines, gated logic, discrete hardware circuits, and other suitable hardware
configured to perform the various functionality described throughout this disclosure. In
various examples, the wireless communication device 1300 may be configured to
perform any one or more of the functions described herein. That is, the processor 1304,
as uttlized in a wireless communication device 1300, may be used to implement any one
or more of the processes and procedures described below.

101271 In this example, the processing system 1314 may be implemented with a bus
architecture, represented generally by the bus 1302, The bus 1302 may iuclude any
number of interconnecting buses and bridges depending on the specific application of
the processing system 1314 and the overall design constraints. The bus 1302
comnmunicatively couples together various circuits including one or more processors
{represented generally by the processor 13043, a memory 1305, and computer-readable
media {represented generally by the computer-readable medium 1306). The bus 1302
may also link various other circuits such as timing sources, peripherals, voltage
regulators, and power management circuits, which are well known in the art, and
therefore, will not be described any further. A bus interface 1308 provides an interface
between the bus 1302 and a transceiver 1310 and between the bus 1302 and an interface
1330, The transceiver 1310 provides a communication interface or means for
communicating with vartous other apparatus over a wireless transmission medium. In
some  examples, the wireless communication device may include two or more
transceivers 1310, each configured to communicate with a respective network type {e.g.,
terrestrial or non-terrestrial}. The interface 1330 provides a communication interface or
means of communicating with vanious other apparatuses and devices {e.g, other devices
housed within the same apparatus as the wireless communication device or other

external apparatuses) over an wuternal bus or external transmission mediurg, such as an
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Ethernet cable. Depending upon the nature of the apparatus, the interface 1330 may
include a user interface {e.g, keypad, display, speaker, microphone, joystick) Of
course, such a user interface is optional, and may be onutted in some examples, such as
an foT device.

10128} The processor 1304 is responsible for managing the bus 1302 and general
processing, including the execution of software stored on the computer-readable

medium 1306, The software, when execcuted by the processor 1304, causes the

processing systern 1314 to perforro the vanous functions described below for any
particular apparatus. The computer-readable medium 1306 and the memory 1305 may
also be used for storing data that 15 maunipulated by the processor 1304 when executing
software.

19129} One or more processors 1304 in the processing system may execute software.
Software shall be construed broadly to mean instructions, instruction sets, code, code
segments, program code, programs, subprograms, software modules, applications,
software applications, software packages, routines, subroutines, objects, executabies,
threads of execution, procedures, functions, ete, whether referred to as software,
firmware, middleware, microcode, hardware description language, or otherwise. The
software may reside on a computer-readable medium 1306

101361 The computer-readable medium 1306 may be a nop-transitory computer-
readable medium. A non-transitory computer-readable medium includes, by way of
example, a magnetic storage device {e.g., hard disk, floppy disk, magnetic strip), an
optical disk {e.g., a compact disc ({CD) or a digital versatile disc {(VI}}), a smart card, a
flash memory device {e.g., a card, a stick, or a key drive), a random access memory
{(RAM), a read only memory {ROM), a programmable ROM (PROM), an erasable
PROM (EPROM}, an electrically erasable PROM (EEPROM), a register, a removable
disk, and any other suitable medium for storing software and/or 1nstructions that may be
accessed and read by a computer. The computer-readable medium 1306 may reside in
the processing system 1314, external to the processing systemy 1314, or distributed
across multiple entities including the processing system 1314, The computer-readable
medium 1306 may be embodied 1n a computer program product. By way of example, a
computer program product may include a computer-readable medium in packaging
materials. Those skilled 1o the art will recognize how best to implement the described
functionality presented throughout this disclosure depending on the particular

application and the overall design constraints imposed on the overall system.
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10131 The wireless communication device 1300 roay be configured to perform any one
or maore of the operations descnibed herein (e.g., as described above in conjunction with
FiGs. 1 - 12 and as described below in conjunction with FIG. 14). In some aspects of
the disclosure, the processor 1304, as utilized in the wireless communication device
1300, may nclude circuitry contigured for various functions.

101324 The processor 1304 may include communieation and processing circuitry 1341,
The communication and processing circuitry 1341 may include one or more hardware
components that provide the physical structure that performs various processes related
to wireless communication {e.g., signal reception and/or signal fransmission) as
described herein. The communication and processing circutiry 1341 may further include
one or more hardware components that provide the physical structure that performs
various processes related to signal processing {e.g., processing a received signal and/or
processing a signal for transmission} as described herein. In some examples, the
communication and processing circuitry 1341 may include two or more transnut/receive
chatns, each configured to process signals in a different RAT {(or RAN) type. The
communication and processing circuitry 1341 may further be configured to execute
communication and processing software 1351 included on the computer-readable
medium 1306 to implement one or more tunctions described herein.

{3133} In some implementations where the communication involves receiving
information, the communication and processing circuitry 1341 may obtain information
from a component of the wireless communication device 1300 {eg., from the
transceiver 1310 that receives the information via radio frequency signaling or some
other type of signaling suitable for the applicable communication medium), process
{e.g., decode) the information, and output the processed information. For example, the
communication and processing circuitry 1341 may output the information to another
component of the processor 1304, to the memory 1305, or to the bus interface 1308 In
some examples, the communication and processing circuitry 1341 may receive one or
more of signals, messages, other wformation, or any combination thereof. In some
examples, the communication and processing circuitry 1341 may receive information
via one or more chanoels. In some examples, the comumunication and processing
circuitry 1341 may include functionality for a means for receiving.

[6134] In some implementations where the commumication involves sending {e.g,
transmitting) information, the communication and processing circuitry 1341 may obtain

wformation {e.g, from another component of the processor 1304, the memory 1305, or
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the bus wterface 1308), process (e g, encode) the information, and output the processed
information. For example, the communication and processing circuitry 1341 may cutput
the information to the transceiver 1310 {e. g, that transmits the information via radio
frequency signaling or some other type of signaling suitable for the applicable
communication medium) In some examples, the communication and processing
circuitry 1341 may send one or more of sigoals, messages, other information, or any
combination thereof In some examples, the communication and processing circuitry
1341 may send information via one or more channels. In some examples, the
communication and processing circuitry 1341 may include functionality for a means for
sending {e.g., means for transmitting).

{01353 The processor 1304 may include SPS processing circuitry 1342 configured to
perform SPS processing-related operations as discussed heren {e.g., determining the
configuration of the communication opportunities or sub-opportunities to be used per
SPS occasion). The SPS processing circuitry 1342 may include functionality for a
means for receiving an SPS message. The SPS processing circuitry 1342 may further be
configured to execute SPS processing software 1352 included on the computer-readable
medium 1306 to implement one or more functions described herein.,

[013¢6] The processor 1304 may include decoding circuttry 1343 contigured to perform
decoding-related operations as discussed herein. The decoding circuttry 1343 may
include functionality for a means for decoding downlink information {e.g., decoding
communication opportunities o sub-opportunities). The decoding circuitry 1343 may
further be configured to execute decoding software 1353 included on the computer-
readable wedium 1306 to tuplement oue or more functions described herein.

{01371 FiG. 14 15 a flow chart illustrating an example process 1400 for a wireless
communication system in accordance with some aspects of the present disclosure. As
described below, some or all illustrated features may be omitted in a particular
implemerntation within the scope of the present disclosure, and some iHlustrated features
may not be required for implementation of all embodiments. In some examples, the
process 1400 may be carried out by the wireless communication device 1300 illustrated
in FIG. 13 In some aspects, the wireless communication device may be a user
equipment. In some examples, the process 1400 may be carried out by any suitable
apparatus or means for carrying out the functions or algorithm deseribed below.

31381 At block 1402, a wireless communication device may receive a message from a

base station, the message wndicating a periodicity between semi-persistent scheduling
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(SPS) occasions for a configured 8PS For example, the SPS processiug circuitry 1342
in cooperaticn with the communication and processing circuitry 1341 and the
transceiver 1310, shown and described above in connection with FIG. 13, may receive
an RRC message from a base station, where the RRC message schedules an SPS.

10139} At block 1404, the wireless communication device may receive, from the base
siaticn, a transmission for a first SPS occasion of the 8PN occasions, the first SPS
occasion including a plurality of communication opportunities. For example, the SPS
processing cireuitry 1342 in cooperation with the communication and processing
circuitry 1341 and the transceiver 1310, shown and described above in connection with
FIG. 13, may receive an SPS occasion {according to the SPS penodicity) from a base
station, where the SPS occasion includes multiple communication opportunities.

0146 At block 1406, the wireless communication device may decode downlink
information included in at least two of the plurality of communication opportunities. For
example, the decoding circuitry 1343, shown and described above in connection with
FIG. 13, may decode an SPS occasion to recover information included in multiple
communication opportunities of the SPS occasion.

0141} In some examples, the downlink information may include first information in a
first communication opportunity of the plurality of communication opportunities and
second information in a second communication oppottunity of the plurality of
communication opportunities. The first communication opportunity may include a first
communication sub-opportunity and the second commupication opportunity may
include a second communication sub-opportunity.

10142} fn some examples, the process may further include conducting a first hybrid

automatic repeat request {(HARQ) process for the first information and conducting a

second HARQ process for the second information in the second communication

opportunity. In some examples, the process may further include transmitting, to the base
station, a physical uplink control channel (PUSCH) message that includes a first
acknowledgement for the first nformation; and a second acknowledgement for the

second information. In some aspects, the process may further include receiving a

downlink control information (BCI) from the base station afier transmitting the PUSCH

message. The DCI may indicate at least one of a first resource for a retransmission of
the first information; a second resource for a retransmission of the second information,

or a combination thereof
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101431 fn some examples, the first information s for a first transport block and the

,
second information is for a second transport block. In some examples, the first
communication opportunity 18 two slots in length and the second communication
opportunity is one slot 1o length. In some examples, the process may further inelude
generating a first acknowledgement for the first information and generating a second
acknowledgement for the second information.

101441 In some examples, receiving, from the base station, the transnussion for the first
SPS occasion of the SPS oceasions may include receiving the first information in the
first communication opportunity on a first radio frequency (R¥) band and receiving the
second information in the second communication opportunity on a second RF band that
is different from the first R¥ band. In some examples, receiving, from the base station,
the transmission for the first SPS occasion of the SPS occasions may include receiving
the first information in the first communication opportunity via a first (RF} beam and
receiving the second information in the second communication opportunity on a second
RF beam that is different from the first RF beam.

10145} In some examples, the first comumunication opportunity and the second
communication opportunity may include a plurality of communication sub-opportunities
and decoding downlink information included in at least two of the plurality of
communication opportunities may mnchade decoding information included in at igast two
of the pharality of communication sub-opportunities. In some examples, the process may
turther include conducting a first hybrid automatic repeat request (HARD) process for a
first communication sub-opportunity of the plurality of communication sub-
opportunities; and conducting a second HAR process for a second communication
sub-opportunity of the plurality of communication sub-opportunities. In some examples,
receiving, from the base station, the transmussion for the first SPS occasion of the SPS
occasions may inchude receiving the first information i the first communication sub-
opportunity on a first radio frequency (RF} band and receiving the second information
in the second communication sub-oppottunity on a second RF band that 15 different
trom the first RF band. In some examples, receiving, from the base station, the
transmission for the first 8PS occasion of the SPS occasions may nclude recetving the
first information in the first communication sub-opportunity via a first {(RF) beam and
receiving the second information in the second communication sub-opportunity on a

second RF beam that is different from the first RF beam.
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10146} fn some examples, the process may further wnclude receiving a downhink countrol
information (BCI) from the base station. The DCH may odicate at least one of a start
and length indicator (SLIV} for the plurality of communication opportunities, a
frequency domain resource allocation (FIDRA)Y for the plurality of communication
opportunities, a time domain resource allocation (TDRA) for the plurality of
communication opporfunities, 8 modulation and coding scheme (MCS) for the plurality
of communication opportunities, a transmission configuration indicator (TC) for the
plurality of cormmunication opporturuties, or any combivation thereof

{01471 i some examples, the process may further include recetving a downlink control
information (DCT) from the base station. The DCI may ndicate at least one of a first
start and length indicator (SLIV) for the first communication opportunity and a second
SLIV that 1s different from the first SLIV for the second commuunication opportunity, a
first frequency domain resource allocation (FDRA) for the first communication
opportunity and a second FDRA that is different from the first FDRA for the second
communication opportunity, a first time domain resource allocation { TR A} for the first
communication opportunity and a second TDRA that 15 different from the first TDRA
for the second communication opportunity, a first modulation and coding scheme
{(MCS) for the first commurication opportunity and a second MCS that 1s different from
the first MCUS for the second communication opportunity, a {irst transmission
configuration indicator {TCI} for the first communication opportunity and a second TCH
that s different from the first TCI for the second comumunication opportunity, any
combination thereof.

10148} FIG. 15 18 a conceptual diagram idlusirating an example of a hardware
implementation for base station {BS} 1500 employing a processing system 1514, In
accordance with various aspects of the disclosure, an element, or any portion of an
element, or any combination of elements may be implemented with a processing system
1514 that includes one or more processors 1504, In some implementations, the BS 1500
may correspond to one or more of the scheduling entity 108 {e.g, a gNB, a transmit
receive point, a UE, etc) of FIG. 1, the base station 210, 212, 214, or 218 of FIG. 2, or
the BS 1204 of FIG. 12

[0149] The processing system 1514 may be substantially the same as the processing
system 1314 tdlustrated in FIG. 13, including a bus interface 1508, a bus 1502, memeory
1505, a processor 1504, and a computer-readable medium 1506, Furthermore, the BS

1500 may include an wterface 1530 (e.g., a network 1uterface) that provides a means for
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corarunicating with at least one other apparatus within a core network and with at least
one radio access network.

101561 The BS 1500 may be configured to perform any one or more of the operations
described herein {(e.g., as described above in conjunction with FiGs. 1 - 12 and as
described below in conjunction with FIG. 16} In some aspects of the disclosure, the
processor 1504, as utilized in the BS 1500, may include circuitry configured for various
tunctions.

01811 In some aspects of the disclosure, the processor 1504 may wnclude
communication and processing circuitry 1541, The communication and processing
circuiiry 1541 may woclude one or more hardware components that provide the physical
structure that performs various processes related to communication {e.g., signal
reception and/or signal transmission) as described herein. The commumcation and
processing circuitry 1541 may further include one or more hardware components that
provide the physical structure that performs various processes related to signal
processing (e.g., processing a received signal and/or processing a signal for
transmission) as described herein. The communication and processing circuitry 1541
may further be configured o execute communication and processing software 1551
included on the computer-readable medium 1506 to implement one or more functions
described herein.

{61521 In some implementations where the communication involves receiving
wformation, the commmunication and processing circuitry 1541 may obtain information
from a component of the BS 1500 (eg., from the transceiver 1510 that recetves the
mformation via radio frequency signaling or some other type of signaling suitable for
the applicable communication medium)}, process {e.g., decode} the information, and
output the processed information. For example, the communication and processing
circuitry 1541 may cutput the tnformation to avother component of the processor 1504,
to the memory 1505, or to the bus interface 1508 In some examples, the
communication and processing circuitry 1541 may receive one or more of signals,
messages, other information, or any combination thereof In some examples, the
communication and processing circuitry 1541 may receive information via one or more
channels. In some examples, the communication and processing circuitry 1541 may
include functionality for a means for receiving,

{6153} In some implementations where the communication involves sending {e.g,

transmitting) information, the communication and processing circuitty 1541 may obtain
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information (e.g., from ancther component of the processor 1504, the memory 1505, or
the bus oterface 1508}, process {e.g., encode) the information, and output the processed
information. For example, the communication and processing circuitry 1541 may output
the information to the transceiver 1510 {(e.g, that transmits the information via radio
frequency signaling or some other type of signaling suitable for the applicable
communication medium). In some examples, the communication and processing
circuitry 1541 may send one or more of signals, messages, other information, or any
combination thereof In some examples, the communication and processing circuitry
1541 may send information via one or more channels. In some examples, the
coraraunication and processing circuitry 1541 may include functionality for a means for
sending (e.g., means for transmitting}.

10154} The processor 1504 may include SPS configuration circuitry 1542 configured to
perform SPS configuration-related operations as discussed herein {(e.g., generating an
SPS configuration and sending an RRC message indicating the SPS configuration). The
SPS configuration circuitry 1542 may inchude functionality for a means for transmitting
an message {e.g, an SPS configuration message and/or an SPS activation/deactivation
message). The SPS configuration circuiiry 1542 may further be configured to execute
SPS configuration software 1552 included on the computer-readable medium 1506 to
implement one or more functions described herein.

[0185% The processor 1504 may include scheduling circuitry 1343 configured to
pertorm scheduling-related operations as discussed herein (e.g., sending a DCI that
activates, deactivates, or reactivates SPS). The scheduling circuitry 1543 may include
functionality for a means for transmitting a transmission {e.g., for an SPS occasion
including a plurality of communication opportunities). The scheduling circuitry 1543

o
3

may further be configured to execute scheduling software 1533 included on the
computer-readable medium 15006 to implement one or more functions described hergin,

[015¢6] FIG. 16 15 a flow chart illustrating an example process 1600 for a wireless
communication system 1n accordance with some aspects of the present disclosure. As
described below, some or all illustrated features may be omitted in a particular
unplementation within the scope of the present disclosure, and some ilustrated features
may not be required for implementation of all embodiments. In some examples, the
process 1000 may be carried out by the base station 1500 Hlustrated i FIG. 15, In some
examples, the process 1600 may be carried out by any suitable apparatus or means for

carrying out the functions ot algorithm described below.
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101871 At block 1642, a BS may gencrate a wessage indicating a periodicity between
semi-persistent scheduling (8PS} occasions for a configured SPS. For example, the SPS
configuration circuitry 1542, shown and described above in connection with FIG. 15,
may generate an RRC message that schedules an SPS {(e.g., for a cell and a BSP).

[0158] At block 1604, the BS may transnut the message to a wireless communication
device. For example, the SPS configuration circuitry 1542 in cooperation with the

communication and processing circuitry 1541 and the transceiver 1510, shown and

,
described above in connection with FIG. 15, may broadcast, the RRC message, transmit
the RRC message to the wireless communication device, or communicate the RRC
message in some other way.

015891 At block 1606, the BS may transmit, to the wireless communication device, a
transmission for a first SPS occasion of the SPS occasions. The first SPS occasion may
include a plurality of communication opportunities and at igast two of the plurality of
communication opportunities may include downlink information. For example, the
scheduling cireuitry 1543 in cooperation with the communication and processing
circuitry 1541 and the transceiver 1510, shown and described above in connection with
FIG. 15, may transmit an SPS occasion {according to the SPS peniodicity}, where the
SPS occasion includes multiple communication opportunities.

10160} In some examples, the downlink information may include first information in a
first communication opportunity of the plurality of communication opportunities and
second mformation 1 a second communication opportunity of the plorality of
communication opportunities. The first communication opportunity may include a first
communication sub-opporfunity and the second communication opportunity may
include a second communication sub-opportunity.

101611 In some examples, the process may further include conducting a first hybnd
automatic repeat request {(HARQ) process for the first information and conducting a
second HARG process for the second information. In some examples, the process may
further tnclude receiving, from the wireless communication device, a physical uplink
control channel (PUSCH) message that includes a first acknowledgement for the first
wformation, and a second acknowledgement for the second information. In some
examples, the process may further include, after receiving the PUSCH message,
generating a composite a downlink control information (BCT) indicating a first resource

for a first retransmission of the first information and second rescurce for a second
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retransmission of the second information and transmitting the DCI to the wireless
communication device.

101624 In some examples, the first information 15 for a first transport block and the
second information s for a second transport block. In some examples, the first
communication opportunity 18 two slots in length and the second communication
opportunity 15 one slot in length. In some examples, the process may further include
receiving, from the wireless cormmunication device a first acknowledgement for the first
wformation and a second acknowledgement for the second information.

{8163} in some exampies, transmitting, to the wireless communication device, the
transmission for the first SPS occasion of the 8PS oceasions may wchude transmitting
the first information in the first communication opportunity on a first radio frequency
(RF) band and tfransmitiing the second wnformation i the second communication
opportunity on a second RF band that is different from the first RF band. In some
examples, transputting, to the wireless communication device, the transmission for the
first SPS oceasion of the 8PS occasions may include transmitiing the first information
in the first cornmunication opportunity via a tirst (RF} beam and transmitting the second
wnformation 1o the second communication opportunity on a second RF beam that is
different from the first RF beam.

10164} In some examples, the first communication opportuntly and the second
commnnnication opportunity may include a plurality of communication sub-opportunities
and transmitiing, to the wireless communication device, the transmission for the first
SPS occasion of the SPS occasions may include transmitting information in at feast two
of the plurality of communication sub-opportunities. In some examples, the process may
turther include conducting a first hybrid automatic repeat request (HARG) process fora
tirst communication sub-opportunity of the plurality of communication sub-
opportunities and conducting a second HARQ process for a second communication sub-
opportunity of the plurality of communication sub-opportunities. In some examples,
transmitting, to the wireless commununication device, the transmission for the first SPS
occasion of the SPS occasions may include transmitting the first information in the first
communication sub-opportunity on a first radio frequency (RF) band and transmitting
the second information in the second communication sub-opportunity on a second RF
band that s different from the first RF band. In some examples, transmutting, fo the
wireless communication device, the transmission for the first SPS occasion of the §PS

occasions may 1nclude transmitiing the first information in the fivst communication sub-
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opportunity via a fivst (RF) beam and transmitting the second wformation in the second
communication sub-opportunity on a second RF beam that is different from the first RF
beant.

{0165} In some examples, the process may further include transmitting a downlink
control information (DCY) to the wireless communication device. The DCI may ndicate
at least one of a start and length indicator (SLIV) for the plurality of communication
opportunities, a frequency domain resource aliocation (FDRA) for the plurality of
comimunication opportunities, a time domain resource allocation (TDRA)Y for the
plurality of communication opportunities, a modulation and coding scheme (MCS) for
the plurality of commumcation opportunifies, a transmission configuration indicator
{TCI) for the plurality of communication opportunities, or any combination thereof.

10166} In some examples, the process may further include transmitting a downlink
control information (PCH) to the wireless communication device. The DCI may indicate
at least one of a first start and length indicator (SLIV) for the first communication
opportumiy and a second SLIV that 15 different from the first SLIV for the second
communication opportunity, a first frequency domain resource allocation (FDRA)Y for
the first communication opportunity and a second FDRA that ts different from the first
FDRA for the second communication opportunity, a first time domain resource
allocation {(TDRA) for the first communication opportunity and a second TDRA that is
different from the first TDRA for the second communication opportunity, a first
modulation and coding scheme (MCS) for the first coromunication opportunity and a
second MCS that is different from the first MCS for the second communmication
opportuptty, a first transmission  configuration  indicator (TCH  for the first
comnmnication opportunity and a second TCI that is different from the first TCI for the
second comumunication opportunity, any combination thereof.

10167} Several aspects of a wireless communication network bave been presented with
reference to an example implementation. As those skilled in the art will readily
appreciate, various aspects described throughout this disciosure may be extended to
other telecommunication systerns, network architectures and communication standards.

[0168] By way of example, various aspects may be implemented within other systems
defined by 3GPP, such as Long-Term Evolution (LTE), the Evolved Packet System
(EPS), the Umiversal Mobile Telecommuumication Systems (UMTS), and/or the Global
System for Mobile (GSM). Various aspects may also be extended to systems defined by

the 3rd Generation Partnership Project 2 (3GPP2), such as CDMAZ000 and/or
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BEvolution-Data Optimized (EV-DO). Other examples may be implemented within
systems employing IEEE 802 11 (Wi-Fu), IEEE 802 .16 (WiMAX), IEEHE 802 20, Ultra-
Wideband (UWB), Bluetooth, and/or other suitable systems. The actual
telecommunication standard, network architecture, and/or communication standard
eraployed will depend on the specific application and the overall design constraints
imposed on the system.

10169 Within the present disclosure, the word “exemplary” 1s used to mean “serving as
an exarple, instance, or ilfustration” Any implementation or aspect described herein as
“exemplary” is not necessarily to be construed as preferred or advantagecus over other
aspects of the disclosure. Likewise, the term “aspects” does not require that all aspects
of the disclosure include the discussed feature, advantage or mode of operation. The
term “coupled” 13 used berein to refer to the direct or indirect coupling between two

objects. For example, it object A physically touches object B, and object B touches

obiect C, then objects A and C may still be considered coupled to one another—even if
they do not directly physically touch each other. For instance, a first object may be
coupled to a second object even though the first object 15 never directly physically in
contact with the second object. The terms “circuit” and “cireuitry” are used broadly, and
intended to imclude both hardware implementations of electrical devices and conductors
that, when connected and configured, enable the performance of the functions described
in the present disclosure, without limitation as to the type of electronic circuits, as well
as software implersentations of wformation and iustructions that, when executed by a
processor, enable the performance of the functions described in the present disclosure.
As used herein, the term “determining” may include, for example, ascertaining,
resoiving, selecting, choosing, establishing, calculating, computing, processing,

deriving, investigating, looking up (e.g., locking up 1n a table, a database or another data

structure), and the ke, Also, “determining” may include receiving {e.g., receiving

A > & J é:‘ i fedb] é:‘
information), accessing {(e.g., accessing data in a memory), and the like.

101761 One or more of the components, steps, features and/or functions iltustrated n

FiGs. | - 16 may be rearranged and/or combined into a single component, step, feature
or function or embodied in several components, steps, or functions. Additional
elements, components, steps, and/or functions may alse be added without departing
from novel features disclosed herein. The apparatus, devices, and/or componenis
ittustrated 1y FIGs. 1, 2, 12, 13, and 15 may be configured to perform one or more of the

3
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methods, features, or steps escribed herein. The novel algorithms described herein may
also be efficiently implemented in software and/or embedded in hardware.

101711 1t 15 to be understood that the specific order or hierarchy of steps in the methods
disclosed 1s an dlustration of example processes. Based upon design preferences, it is
understood that the specific order or hierarchy of steps in the methods may be
rearranged. The accompanying method clairs present elements of the various sieps in a
sample order, and are not meant to be limited to the specific order or hierarchy
presented unless specifically recited therein.

10172} The previcus description is provided to enable any person skilled in the art 1o
practice the various aspects described herein. Various modifications to these aspects
will be readily apparent to those skilled in the art, and the generic principles defined
herein may be applied to other aspects. Thus, the claims are not tutended to be limited to
the aspects shown herein, but are to be accorded the full scope consistent with the
language of the claims, wherein reference to an element in the singular s not intended
to mean “ong and only one” unless specifically so stated, but rather “one ot more.”
Unless specifically stated otherwise, the term “some” refers to one or more. A phrase
referring to “at least one of” a list of items refers to any combination of those items,
including single members. As an example, “at least one ofr a, b, or ¢” 1s intended to
cover: a, b, ¢ aand b; a and ¢; b and ¢; and a, b, and ¢ All struciural and functional
equivalents to the elements of the varicus aspects described throughout this disclosure
that are known or later come to be known to those of ordinary skall wn the art are
expressly incorporated herein by reference and are intended to be encompassed by the
claims. Moreover, nothing disclosed herein is wntended to be dedicated to the public

regardiess of whether such disclosure is explicitly recited in the claims.
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CLAIMS

I A method of communication at a wireless communication device, the
method comprising:

recetving a message from a base station, the message indicating a periodicity
between semi-persistent scheduling (8PS} oceasions for a configured SPS;

recetving, from the base station, a transmission for a first SPS occasion of the
SPS occasions, the first SPS occasion comprising a plurality of communication
opportunities; and

decoding downlink information included tn at least two of the plurality of
communication opportunities.

2. The method of claim 1, wherein the downlink information comprises;

first information in a first communication opportunity of the plurality of
communication opportunities; and

second 1uformation 1o & second communication opportunity of the plurality of

communication opporfunities.

3. The method of claim 2, further comprising:

conducting a first hybrid automatic repeat request (HARQ) process for the first
information; and

conducting a second HARQ process for the second information in the second

COMmuUnication opporturity.
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4. The method of claim 2, further comprising transmtiting, to the base
station, a physical uplink control channel (PUSCH) message comprising:
a first acknowledgement for the first information; and

a second acknowledgement for the second information.

s, The method of claim 4, further comprising recetving a downlink control
information (DCI) from the base station after transmitting the PUSCH message, the DCH
indicating at least one of;

a first resource for a retransmission of the first information;

a second resource for a retransmission of the second information; or

a combination thereof,

8. The method of claim 2, wherein:
the first information is for a first transport block; and

the second information 1s for a second transport block.

The method of claim 6, wherein:
the first communication opportunity is two slots in length; and

the second communication opportunity is one slot in length.

8. The method of claim 7, further comprising:
generating a first acknowledgement for the first information; and

generating a second ackunowledgeruent for the second information.
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9. The method of claim 2, wherein receiving, from the base station, the
> o K

transmission for the first SPS occasion of the SPS oceasions comprises:

receiving the first information in the first communication opportunity on a first
radio frequency (RF) band; and

recetving the second 1nformation in the second communication opportunity on a

second RF band that is different from the first RF band.

10. The method of claim 2, wherein recetving, from the base station, the
transmission for the first SPS occasion of the SPS occasions comprises:

recetving the first information in the first communication opportunity via a first
{R¥} beam; and

recetving the second information in the second communication opportunity on a

second RF beam that is different from the first RF beam.

11 The method of claim 2, wherein:

the first communication opportunity and the second comrmunication opportunity
comprise 3 plurality of communication sub-opportunities; and

deceding the downlink information included in at least two of the plurality of
communication opportunities comprises decoding information included in at least two

of the plurality of comununication sub-opportunities,

12. The method of claim 2, wherein the first communication opportunity and
the second commuuication opportunity compnse a plurality of communication sub-

opportunities, the method further comprising:
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conducting a first hybnid astomatic repeat request (HARQ) process for a first
communication sub-opportunity of the plurality of communication sub-opportunities;
and

conducting a second HARGQ process for a second communication sub-

opportunity of the plurality of communication sub-opportunities.

13 The method of claim 2, wherein:

the first communication opportunity comprises a first communication sub-
opportunity;

the second communication opporfunity comprises a second communication sub-
opportunity; and

receiving, from the base station, the transmission for the first SPS occasion of
the SPS occasions comprises: recetving the first information in the first communication
sub-opportunity on a first radie frequency (R¥) band; and receiving the second
information in the second communication sub-opportunity on a second R¥F band that is

different from the first RF band.

14 The method of claim 2, wherein:

the first communication opportunity comprises a first communication sub-
opportunity;

the second communication opporfunity comprises a second communication sub-
opportunity; and

receiving, from the base station, the transmission for the first SPS occasion of
the SPS occasions comprises: recetving the first information in the first communication

sub-opportunity via a first (RF} beam; and receiving the second information in the
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second communication sub-opportunity on 4 second RF beam that is different from the

first R¥ beam.

1S, The method of claim 2, further comprising receiving a downlink control
information (BC) from the base station, the DCindicating at least one of;

a first start and length wndicator (SLIV) for the first communication opportunity
and a second SLIV that is different from the first SLIV for the second communication
opportunity;

a first frequency domain resource allocation (FDRA) for the first communication
opportunity and a second FDRA that is different from the first FDRA for the second
communication opportunity;

a first time dowain resource allocation (TDRA) for the first communication
opportunity and a second TDRA that is different from the first TDRA for the second
communication opportunity;

a first modulation and coding scheme (MCS) for the first communication
opportunity and a second MCS that is different from the first MCS for the second
COMMURICAtion opportunity;

a first ransmission configuration indicator (TCY) for the first communication
opportunity and a second TCI that i1s different from the first TCI for the second
communication opportunity;

any combination thereof

553 The method of claim 1, further comprising receiving a downlink control

wnformation (BCT) from the base station, the BT indicating at least one of
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a start and length indicator (SLIV) for the plurality of communication
opportunities;

a frequency domain resource allocation (FDRAY for the plurality of
cormunication opportunities;

a tirne domain resource allocation (TDRA) for the plurality of communication
opportunities;

a modulation and coding scheme (MCS8) for the plurality of communication
opportunities;

a transmission configuration wdicator (TCI) for the plurality of communication
opportunities; or

any combination thereof

17. A wireless commuunication device, comprising:
a transceiver;
a memory; and
a processor comununicatively coupled to the transceiver and the memory,
wherein the processor and the memory are configured to;
recetve a message from a base sfation via the transceiver, the message
indicating a periodicity between semi-persistent scheduling (SPS) occasions for a
configured SPS;
receive, from the base station via the transceiver, a transmission for a first
SPS occasion of the SPS occasions, the first SPS occasion comprising a plurality
of communication opportuniiies; and
decode downlink information included in at least two of the plurality of

communication opportunities.
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18 The wireless communication device of claim 17, wherein the downlink
information comprises:

first information in a first communication opportunity of the plurality of
communication opportunities; and

second information in a second communication opportunity of the plurality of

comimunication opportunities.

19 The wireless communication device of claim 18, wherein the processor
and the memory are further configured to:

conduct a first hybrid automatic repeat request (HAR() process for the first
information; and

conduct a second HARQ process for the second information in the second

communication opporfunity.

2¢. The wireless communication device of claim 13, wherein the processor
and the memory are further contigured to transmit, to the base station, a physteal uplink
control channel (PUSCH) message comprising:

a first acknowledgement for the first information; and

a second ackunowledgerent for the second 1nformation.

2% The wireless communication device of claim 20, wherein the processor
and the memory are further configured to recetve a downlink control information (BCT)
from the base station after transmitting the PUSCH message, the DCI indicating at least

one of:
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a first resource for a retransmission of the first information;

a second resource for a refransmission of the second information; or
a combination thereof.

22, The wireless communication device of claim 18, wherein:
the first information is for a first transport block; and

the second information s for a second transport block.

23. The wireless communication device of claim 22, wherein:

the first communication opportunity is two slots in length; and

the second communication opportunity is one slot in length.

24, The wireless communication device of claim 23, wherein the processor
and the memory are further configured fo:

generate a first acknowledgement for the first information; and

generate a second acknowledgement for the second imformation.

25, The wireless communication device of claim 18, wherein the processor
and the memory are further configured to

receive the first information in the first communication opportunity on a first
radio frequency {(R¥F) band; and

recetve the second information in the second communication opportunity on a

second RF band that 1s different from the first RF band,
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26. The wireless communication device of claim 18, wherein the processor
and the memory are further configured to:

receive the first information in the first communication opportunity via a first
{R¥F) beam; and

recetve the second information in the second communication opportunity on a
second RF beam that is different from the first RF beam.

27. The wireless communication device of claim 18, wherein:

the first comrmunication opportunity and the second communication opportunity
comprise a plurality of communication sub-opportunities; and

the processor and the memory are further configured to decode information

included 1n at least two of the plurality of communication sub-oppottunities.

28. The wireless communication device of claim 18, wherein:
the first communication opportunity and the second communication opportunity
comprise a plurality of communication sub-opportunities: and

the processor and the memory are further configured to.

conduct a first hybrid automatic repeat request {(HARQ) process for a
first communication sub-opportunity of the plurality of commurication sub-
opportunities; and

conduct a second HARQ process for a second communication sub-

opportunity of the plurality of communication sub-opportunities.

29, The wireless communication device of claim 18, wherein:



WO 2021/223078 PCT/CN2020/088659
50

the first commuunication opportunity comprises a frst communication sub-
opportunity;

the second communication opportunity comprises a second communication sub-
opportunity;

the processor and the memory are further configured to receive the first
information in the first communication sub-opportunity on a first radio frequency (RF)
band; and

the processor and the memory are further configured to receive the second
information in the second communication sub-opportunity on a second RF baud that is

different from the first RF band.

36, The wireless commumnication device of claim 18, wherein:

the first communication opporiunity comprises a first communication sub-
opportunity;

the second communication opportunity comprises a second communication sub-
opportunity,

the processor and the memory are further counfigured to receive the first
information in the first communication sub-opportunity via a first {(RF} beam; and

the processor and the memory are further configured to receive the second
nformation in the second communication sub-opportunity on a second RF beam that is

different from the first RF beam.

3t The wireless comrounication device of claim 18, wherein the processor
and the memory are further configured to receive a downlink control tnformation (DCI}

from the base station, the DCI indicating at least one of:



WO 2021/223078 PCT/CN2020/088659

A

a first start and length indicator (SLIV) for the first conumunication opportunity
and a second SLIV that is different from the first SLIV for the second communication
opportunity;

a first frequency domain resource allocation (FDRA) for the first communication
opportunity and a second FDRA that 15 different from the first FDRA for the second
COMMURICAtion opportunity;

a first time domain resource allocation {(TDRA) for the first communication
opportunity and a second TDRA that 1s different from the first TDRA for the second
communication opportunity;

a first modulation and coding scheme (M8} for the first communication
opportunity and a second MCS that is different from the first MCS for the second
communication opportunity;

a first transmission configuration indicator (TCI) for the first communication
opportunity and a second TCI that i1s different from the first TCI for the second
communication opportunity;

any combination thereof

32. The wireless communication device of claim 17, wherein the processor
and the memory are further configured to receive a downldink control information (BCI)
from the base station, the BClindicating at least one of!

a start and length indicator (SLIV) for the plurality of communication
opportunities;

a frequency domain resource allocation (FDRA) for the plurality of

communication opportuniiies,
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a time domain resource allocation (TBRA) for the plurality of communication
opportunities;

a modulation and coding scheme {(MCS) for the plurality of communication
opportunities;

a transmission configuration indicator (TCE) for the plurality of communication
opportunities; of

any combination thereof

A wireless communication device, comprising:

]
L

means for receiving a message from a base station, the message indicating a
periodicity between semi-persistent scheduling (8PS} occasions for a contigured SPS;

wherein the means for receiving s further for receiving a transmission for a first
SPS occasion of the 8PS occastons, the first SPS occasion comprising a plurality of
communication opportunities; and

means for decoding downlink information included 1n at least two of the

plurality of corsmunication opportunities.

34, An article of manufacture for use by a wireless communication device in
a wireless communication network, the article comprising:
a computer-readable medium having stored therein instructions executable by
one of more processors of the wireless communication device to:
receive a message from a base station, the message indicating a
periodicity between semi-persistent scheduling (SPS) occasions for a configured

SPS;
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receive, from the base station, a transmission for a first SPS occasion of
the SPS occasions, the first SPS occasion comprising a plurality of
communication opportunities; and

decode downlink information included in at least two of the plurality of

communication opportunifies.

35. A method of wireless communication at a base station, the method
COMprising:

generating a message ndicating a  pernodicity  between  serui-persistent
scheduling (SPS) cccasions for a configured SPS;

transmitting the message to a wireless communication device; and

transmuiiting, o the wireless communication device, a transmmssion for a first
SPS occasion of the 8PS occastons, the first SPS occasion comprising a plurality of
comnmnnication opportunities, wherein at least two of the plurality of communication

opportunities include downlink information,

36, The method of claim 33, wherein the downlink information comprises:

first information in a first communication opportunity of the plurality of
communication opportunities; and

second information in a second comymunication opportunity of the plurality of

comimunication opportunities.

37 The method of claim 36, further comprising:
conducting a first hybrid antomatic repeat request (HARQ) process for the first

information; and
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conducting a second HAR process for the second information.

38. The method of claim 36, further comprising receiving, from the wireless
communication  device, a physical uplink control channel (PUSCH) message
COMprising:

a first acknowledgement for the firat information, and

a second acknowledgement for the second information.

39 The method of claim 38, further comprising, after receiving the PUSCH
nessage:

generating a composite a downhink control information (DCI) indicating a first
resource for a first retransmission of the first information and second resource for a
second retransmission of the second information; and

transmitting the DCT o the wireless communication device.

44, The method of claim 36, wherein:
the first information is for a first transport block; and

the second information s for a second transport block.

41, The method of claim 40, wherein:
the first communication opportunity is two slots in length; and

the second communication opportunity is one slot in length.

42, The method of claim 41, further comprising recetving, from the wireless

communication device:
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a first acknowledgement for the first information; and

a second acknowledgement for the second information.

43, The method of claim 36, wherein transnutting, to the wireless
communication device, the transmission for the first SPS occasion of the 8PS occasions
comprises:

transmitting the first information in the first communication opportunity on a
tirst radio frequency {(R¥) band; and

transmuiiting the second information in the second commumication opportunity

on a second RF band that is different from the first R¥ band.

44, The method of claim 36, wherein transmitting, to the wireless
communication device, the transmission for the first SPS occasion of the SPS occasions
comprises:

transmuitting the first information in the first communication opportunity via a
tirst (R¥} beam; and

transmiiting the second information in the second communication opportunity

on a second RY beam that is different from the first RF beam.

45S. The method of claim 36, wherein:

the first communication opportunity and the second communication opportunity
comprise a plurality of communication sub-opportunities; and

transmuiiting, to the wireless communication device, the transmission for the first
8PS oceasion of the SPS occasions comprises transmitting information in at least two of

the plurality of communication sub-opportunities.
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46, The method of claim 36, wherein the first communication opportunity
and the second communication opportunity comprise a plurality of communication sub-
opportunities, the method further comprising:

conducting a first hybrid automatic repeat request (HARGQ) process for a first
communication sub-opportunity of the plurality of communication sub-opportunities;
and

conducting a second HARQ process for a second commumication sub-

opportunity of the plurality of communication sub-opportunities.

47, The method of claim 36, wherein:

the first commuunication opportunity comprises a furst communication sub-
opportunity;

the second communication opportunity comprises a second communication sub-
opportunity; and

ransmitting, to the wireless communication device, the transmission for the first
SPS oceasion of the SPS occasions comprises: transmitting the first information in the
first communication sub-opportunity on a first radio frequency (RF) band; and
transmitting the second information in the second communication sub-opportunity on a

second RF band that 1s different from the first RF band,

48, The method of claim 36, wherein:
the first communication opportunity comprises a first communication sub-

opportunity;
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the second communication oppottunity cormprises a second comrmunication sub-
opportunity; and

transmitting, to the wireless communication device, the transnussion for the first
SPS occasion of the SPS occasions comprises: transmitting the first information in the
first communication sub-opportunity via a first {(R¥F) beam; and transmitting the second
information in the second communication sub-opportunity on a second RF beam that is

different from the first RF beam.

49, The method of claim 36, further cowprising transmitiing a downlink
control information (DCT) to the wireless communication device, the DCI indicating at
least one of:

a first start and length indicator (SLIV) for the first conumunication opportunity
and a second SLIV that is different from the first SLIV for the second communication
opportunity;

a first frequency domain resource allocation (FDRA) for the first communication
opportunity and a second FDRA that 15 different from the first FDRA for the second
COMMURICAtion opportunity;

a first time domain resource allocation {TDRA) for the first communication
opportunity and a second TDRA that 1s different from the first TDRA for the second
communication opportunity;

a first modulation and coding scheme (MCS)} for the first communication
opportunity and a second MCS that is different from the first MCS for the second

communication opportunity;
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a first transmission configuration wdicator {TCI) for the first communication
opportunity and a second TCI that is different from the first TCI for the second
communication opportunity;

any combination thereof.

50. The method of claim 35, further comprising transmitiing a downlink
control information (DCT) to the wireless communication device, the DCI indicating at
least one of:

a start and length indicator (SLIV) for the plurality of communication
opportunities;

a frequency domain resource allocation (FDRA) for the plurality of
comrmunication opportunities;

a time domain resource allocation (TDRA) for the plurality of communication
opportunities;

a modulation and coding scheme (MCS) for the plurality of communication
opportunities;

a transmission configuration ndicator (TCI) for the plurality of communication
opportunities; or

any combination thereof

51. A base station, comprising;

a transceiver;

a memory; and

a processor communicatively coupled to the transceiver and the memory,

wherein the processor and the memory are configured to:
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generate a message indicating a periodicity between semi-persistent
scheduling {SPS} occasions for a configured SPX;

transmit the message to a wireless communication device via the
fransceiver; and

iransnit, to the wireless commumcation device via the transceiver, g
transmission for a first 8PS occasion of the SPS cccasions, the first SPS oceasion
comprising a plurality of communication opportunities, wherein at least two of the

plurality of communication opportunities include downlink information.

52. The base station of claim 51, wherein the downlink information
COMPrises:

first wnformation 1o a first comwunication opportunity of the plurality of
communication opportuniiies, and

second information in a second communication opportunity of the plurality of

COMIMURCation opporturuties.

53, The base station of claim 52, wherein the processor and the memory are
further configured to:

conduct a first hybrid automatic repeat request (HAR() process for the first
information; and

conduct a second HARG process for the second information.

54. The base station of claim 52, wherein the processor and the memory are
further configured to receive, from the wireless communication device, a physical

uplink control channel (PUSCH) message comprising:
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a first acknowledgement for the first information; and

a second acknowledgement for the second information.

sS. The base station of claim 54, wherein the processor and the memory are
turther configured to, after receiving the PUSCH message:

generate a composite a dowunlink control information (BCH indicating a first
resource for a first retransmission of the first information and second resource for a
second retransmission of the second information; and

transmit the DT o the wireless communication device,

56. The base station of claim 52, wherein:
the first information is for a first transport block; and

the secound information is for a second transportt block.

57. The base station of claim 56, wherein:
the first coromunication opportunity is two slots 1o length; and

the second communication opportunity 1s one slot tn length.

58, The base station of claim 57, wherein the processor and the memory are
further configured to receive, from the wireless communication device:
a first acknowledgement for the first information; and

a second acknowledgement tor the second information.

59, The base station of claim 52, wherein the processor and the memory are

turther configured to:
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transmuit the first wformation 1n the first communication opportumty on a first
radio freguency (RF) band; and

transmit the second information in the second communication opportunity on a

second RF band that 1s different from the first RF band.

60, The base station of claim 52, wherein the processor and the memory are
further configured to:

transmit the first information in the first communication opportunity via a first
{R¥) beam; and

transmit the second information in the second communication opportunity on a

second RF beam that 1s different from the first RF beam.

61, The base station of claim 52, wherein:

the first communication opportunity and the second communication opportunity
comprise a plurality of communication sub-opportunities; and

the processor and the memory are further configured to transmut mformation in

at least two of the plurality of communication sub-opportunities.

62. The base station of claim 52, wherein:
the first comrmunication opportunity and the second communication opportunity
comprise a plurality of communication sub-opportunities; and
the processor and the memory are further configured to:
conduct a first hybrid automatic repeat request (HARQ) process for a
first communication sub-opportunity of the plurality of communication sub-

opportunities; and
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conduct a second HARQ process for a second comumunication sub-

opportunity of the plurality of communication sub-opportunities.

63. The base station of c¢laim 52, wherein:

the first comymunication opporiunity comprises a first communication sub-
opportunity;

the second communication opporfunity comprises a second communication sub-
opportunity;

the processor and the memory are further configured to transnut the first
information in the first communication sub-opportunity on a first radio frequency {(R¥}
band; and

the processor and the memory are further configured to transmit the second
information in the second communication sub-opportunity on a second RF band that 18

different from the first RY band.

o4, The base station of claim 52, wherein:

the first communication opportunity comprises a first communication sub-
opportunity;

the second communication opportunity comprises a second communication sub-
opportunity;

the processor and the memory are further configured to transmut the first
information in the first communication sub-opportunity via a first (RF) beam; and

the processor and the memory are further configured to transmit the second
information in the second communication sub-opporiunity on a second RF beam that 18

different from the first RF beam.
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65, The base station of claum 52, wherein the processor and the memory are
further configured to transmit a downlink control information (DCH) o the wireless
communication device, the DCT indicating at least one of!

a first start and length indicator (SLIV) for the first communication opportunity
and a second SLIV that is different from the first SLIV for the second communication
opportunity;

a first frequency domain resource allocation (FDRA) for the first communication
opportuntty and a second FDRA that is different from the first FDRA for the second
comimunication opportunity;

a first time domain resource allocation (TDRA) for the first communication
opportuntty and a second TDRA that is different from the first TDRA for the second
communication opportunity;

a first modulation and coding scheme (MCS) for the first communication
opportunity and a second MCS that 15 different from the first MCS for the second
communication opportunity;

a first transmission configuration wndicator {(TCI) for the first communication
opportunity and a second TCI that is different from the first TCH for the second
communication opportunity;

any combination thereof.

66. The base station of claim 51, wherein the processor and the memory are
further configured to transmit a downlink control 1nformation (DCT) to the wireless

communication device, the BCT indicating at least one of!
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a start and length indicator (SLIV) for the plurality of communication
opportunities;

a frequency domain resource allocation (FDRAY for the plurality of
cormunication opportunities;

a tirne domain resource allocation (TDRA) for the plurality of communication
opportunities;

a modulation and coding scheme (MCS8) for the plurality of communication
opportunities;

a transmission configuration wdicator (TCI) for the plurality of communication
opportunities; or

any combination thereof

&7, A base station, comprising:

means for generating a message indicating a periodicity between semi-persistent
scheduling (SPS} occasions for a configured SPS; and

means for transmittiog the message to a wireless comrmunication device,

wherein the means for ransmitting is further for transmitiing a transmission for
a first SPS occasion of the SPS occasions, the first SPS occasion comprising a plurality
of communication opportunities, wherein at least two of the plurality of comrmunication

opportuntiies include downlink wformation,

68. An article of manufacture for use by a base station in a wireless
communication network, the article comprising:
a computer-readable medium having stored therein wnstructions executable by

one of more processors of the base station to:



WO 2021/223078 PCT/CN2020/088659
65

generate a message indicating a periodicity between semi-persistent
scheduling (SPS) occasions for a configured SPS;

transmit the message to a wireless communication device; and

transmit, to the wireless communication device, a transmission for a first
SPS occasion of the SPS occasions, the first SPS occasion comprising a plurality
of communication opportunities, wherein at least two of the plurality of

communication opportunities include downlink information.
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1400

Receive a message from a base station, the message
indicating a periodicity between semi-persistent
scheduling (SPS) occasions for a configured SPS

~—1402

'

Receive, from the base station, a transmission for a first
SPS occasion of the SPS occasions, the first SPS occasion

comprising a plurality of communication opportunities

~—1404

'

Decode downlink information included in at least two of
the plurality of communication opportunities
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End

FIG. 14
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!

Transmit the message ~—1604
to a wireless communication device

'

Transmit, to the wireless communication device,
a transmission for a first SPS occasion of the SPS
occasions, the first SPS occasion comprising
a plurality of communication opportunities, 1606
wherein at least two of the plurality of communication
opportunities include downlink information

End
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