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STATIC CONFIGURATION FOR PROCESSING 4 MESSAGE IN A TWO-
STEP RANDOM ACCESS PROCEDURE IN AN OPEN RADIO ACCESS
NETWORK

CROSS-REFERENCE TO RELATED APPLICATIONS
{0001 ] The present Application for Patent claims priority to pending Non-Provisional
Patent Application No. 17/512,429 filed in the United States Patent and Trademark Office
on Qctober 27, 2021, and assigned to the assignee hereof and hercby expressly
incorporated by reference hercin as i fully set forth below in s entirety and for all

applicable purposes.

TECHKNICAL FIELD
{0062] The technology discussed below relates generally to wireless communication
systems, and more particularly, to a configuration for processing a pavload of a message

in a two-step random access procedure in an open radio access network (O-RAN).

INTRODUCTION

{0083] Wireless commmunication systems are widely deployed to provide various
telecommunication services such as telephony, video, data, messaging, and broadcasts.
Tyvpical wireless commwnication systems may cmploy nuiltiple-access technologies
capable of supporting communication with multiple users by sharing available system
resources {e.g., bandwidth, transmit power, and/or the bke}. Examples of such multiple-
access technologies include code division multipie access (CDMA) systems, time
division multiple access (TDMA) systems, frequency-division multiple access (FDMA)
systermns, orthogonal frequency-division multiple access (OFDMA)} systems, single-
carrier frequency-division multiple access (SC-FDMA) systems, time division
synchronous code division multiple access (TD-SCDMA) systems, and Long Term
Evolution (L TE). LTE/LTE-Advanced is a set of enhancements to the Universal Mobile
Telecommunications System (UMTS) mobile standard promuigated by the Third
{Generation Partnership Project (3GPP).

{0004] A wireless network may include a number of base stations (BSs) that can support

coropumication for a mumber of user cquipment (UUEs). A user equipment (UE) may
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communicate with a basc station via the downlink and uplink. The downlink {or forward
fink} refers to the commaunication link from the base station to the UE, and the aphink {(or
reverse link) refers to the commumnication hnk from the UE to the BS. As will be described
in more detail herein, a BS may be referred to as a Node B, a gNB, an access point (AP},
a radio head, a transmit receive point (TRP}, a New Radio (NR) BS, a 5G Node B, and/or
the like.

{0085] The above multiple access technologies have been adopted in various
telccommunication standards to provide a common protoco! that enables different user
cquipment (o communicate on a municipal, national, regional, and even global level. New
Radio (NR), which may also be referred to as 3G, is a set of enhancements to the LTE
mobile standard promuigated by the Third Generation Partnership Project (3GPP). NR
is designed to better support mobile broadband Internet access by improving spectral
cfficiency, lowering costs, improving scrvices, making use of new spectrum, and better
integrating with other open standards using orthogonal frequency division multiplexing
(OFDM) with a cyclic prefix (CPY (CP-OFDM) on the downlink (DL), using CP-OFDM
andfor SC-FDM (c.g., also known as discrete Fourier transform spread OFDM (DFT-s-
OFDM)) on the uplink (LIL), as well as supporting bearnforming, multaple-input multiple-
output (MIMO) antenna technology, and carrier aggregation. As the demand for mobile
broadband access continues o increase, further improvements in LTE, NR, and other

radio access technologics remain uscful.

BRIEF SUMMARY OF SOME EXAMPLES

{3006] The following presents a sumunary of one or more aspecis of the present
disclosure, in order to provide a basic understanding of such aspects. This summary is not
an extensive overview of all contemplated features of the disclosure, and is intended
neither to identify key or critical elements of all aspects of the disclosure nor to delincate
the scope of any ov all aspects of the disclosure. Its sole purpose is to present some
concepts of one or more aspects of the disclosure in a form as a prelude to the more
detaled description that is presented later.

{00071 A two-step random access procedure raay be used in an open radio aceoss network
{O-RAN, for example, such as defined by the O-RAN ALLIANCE in the corresponding
O-RAN specification), where the first step is wansmutting, by a user equipment (UE), a

message A {msgA) including a preamble (e.g., physical random access channel (PRACH)
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data) and a payload (e.g., physical uplink shared channel (PUSCH) data), and the second
step is receiving, by the UE, a message B that may include a random access response and
a contention resolution message. In the current O-RAN spectfication, a distributed onit
(DU} may communicate to a radio unit (RU) to statically configure a PRACH
transmission of the message A. However, currently, the O-RAN specification lacks
support for a static configuration of a PUSCH transmission of the rnessage A. Hence,
according o some aspects of the disclosure, when a DU receives a static configuration
support indication for receiving a payload of a message A of a two-step random access
procedure, the DU may transmit static configuration information to the RU, such that the
RU may statically configure the RU for veceiving the payload comununicated via the
message A.

{0008] In one example, a method of wireless communication by a distributed unit is
disclosed. The method includes receiving, from a radio unit, a static configuration support
indication for receiving payload data via a message in a two-step random access
procedure, the message including a preamble and the payload data, and transmitting, in
response to receiving the static configuration support indication, static configuration
information to the radio unit, the static configuration information for receciving the
payload data communicated via the message.

{60091 In another example, a distributed unit for wircless communication is disclosed.
The distributed unit includes at least one processor, a fransceiver communicatively
coupled to the at [east one processor, and a memory communicatively coupled to the at
least one processor. The at least one processor may be configired tor receive, from a
radio unit, a static configuration suppost indication for receiving payload data via a
message in a two-step random access procedure, the message inchiding a preamble and
the pavioad data, and transmit, in vesponse to receiving the static configuration support
indication, static configuration information to the radio unit, the static configuration
information for receiving the payload data communicated via the message.

{6010] in another example, a non-transitory processor-readable storage medium having
instructions for a distributed unit thereon may be disclosed. The instructions, when
executed by a processing civcuit, cause the processing ciresit to: receive, from a radio
unit, a static configuration support indication for receiving payload data via a message in
a two-step random access procedure, the message inchuding a preamble and the payload

data, and wansmit, in response to receiving the static configuration support indication,
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static configuration information to the radio untt, the static configuration information for
receiving the payload data commmunicated via the message.

{0011} In a firther example, a distributed vnit for wireless communication may be
disclosed. The distributed unit includes means for receiving, from a radio unif, a static
configuration support indication for recciving pavload data via a message in a two-step
random access procedure, the message incloding a preamble and the payload data, and
means for fransmitting, in response {0 receiving the static configuration support
indication, static configuration information to the radio unit, the static configuration
information for recciving the paviocad data communicated via the message.

{0012] In one exarople, a method of wireless communication by a radic unit is disclosed.
The method mclodes wansmitting, to a distributed vnit, a static configuration support
indication for receiving payload data via a message in a two-step random access
procedure, the message including a preamble and the payicad data, and receiving, in
response to the static configuration support indication, static configuration information
from the distributed unit, the static configuration information for receiving the payload
data communicated via the message.

{3013} In another example, a radio unit for wireless communication is disclosed. The
radio unit inchudes at least one processor, a fransceiver commumcatively coupled to the
at least one processor, and a memory communicatively coupled to the at least one
processor. The at least one processor may be configured to! transmoit, to a distributed unit,
a static configuration support indication for receiving payload data via a message in a
two-step random access procedire, the message including a preamble and the payload
data, and receive, in response to the static configuration support indication, static
configuration information from the distributed unit, the static configuration information
for recetving the payload data communicated via the message.

{0014] In another example. a non-transitory processor-readable storage medium having
instructions for a radio unit thereon may be disclosed. The instructions, when executed
by a processing circuit, causce the processing circuit to: transmut, to a distributed unit, a
static configuration support indication for receiving pavioad data via a message in 4 two-
step random access procedure, the message including a preamble and the payload data,
and receive, in response to the static configuration support indication, static configuration
information from the distributed unit, the static configuration information for receiving

the payload data communicated via the message.
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{0015] In a further example, a radio unit for wirckess commumication may be disclosed.
The radio onit includes means for transmitting, to a distributed unit, a static configuration
support indication for receiving payload data via a message in a two-step random access
procedure, the message including a preambic and the payioad data, and means for
recciving, in response to the static configuration support indication, static configuration
information from the distributed unit, the static configuration information for receiving
the payload data commumnicated via the message.

{6016] 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 will becorne apparent to those of ordinary skill in the art, upon reviewing
the following description of specific, exemplary embodiments in conjunction with the
accompanying figures. Whilc features may be discussed relative to certain embodiments
and figures below, all embodiments 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 featurcs, one or more of such features may also be used in
accordance with the various embodiments discussed herein. In similar fashion, while
exemplary embodimenis may be discussed below as device, systern, or method
embodiments it should be understood that such exemplary embodiments cap be

implemented in various devices, systems, and methods.

BRIEF DESCRIPTION OF THE DRAWINGS

{00171 FIG. 1 is a schematic illustration of a wireless communication system according
[0 SOmE aspects.

{0018] FIG. 2 is a conceptual illustration of an example of a radio access network
according to some aspects.

{0019] FIG. 3 is a block diagram illusirating a wireless communication system supporting
multiple-input multiple-ocutput (MIMO) communication.

{66201 FIG. 4 1s a schematic Hhustration of an organization of wireless resources in an aiy
interface utilizing orthogonal frequency divisional multiplexing {(OFDM) according to
some embodiments.

{0021] Fig. § is an example diagram illustrating an example of a four-step random access

procedure, according o some aspects.
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{00221 Fig. 6 is an exaraple diagrarn illustrating an example of a two-step random access
procedure, according to sorne aspects.
{0023] Fig. 7 1s an example diagram illustrating an example of an open radio access

network (3-RAN) architecture, according {0 some aspects.

{0024] FIG. 8 is an example diagram illustrating features performed by a user equipment
(UE), a radio unit (RU}, and a distributed unit (DU} in an O-RAN, according to some
aspects.

{6025] FIG. 9 1s an example diagram tHustrating parameters for the frequency domain
configuration of the static configuration information for communication of paviocad data
of a message A n a two-step random access procedure, according £ some aspects.

{0026] FIG. 10 15 an example diagram illustrating parameters for the time domain
configuration of the static configuration information for communication of payload data
of a message A in a two-step random access procedure, according (0 some aspects.

{0027] FIG. 11 1s an example diagram illustrating a Yang rmodule for static configoration
information for receciving PUSCH data communicated via a message A of the two-step
random access procedure, according to some aspects.

{0028] FIG. 12 1s an example diagram ilhustrating a Yang module for providing a DC
subcarrier location to the DU, according to some aspects.

{0029] FiG. 13 is an example diagram ilustrating features performed by a UE, an RU,
and a DU in an O-RAN, with a static configuration stop indicator and a static
configuration start indicator, according to some aspects.

{00306] FIG. 14 1s an example diagram illustrating features performed by a UE, an RU,
and a DU in an O-RAN, with a static configuration stop indicator having a stop duration,
according to some aspects.

{00311 FIG. 15 is an example diagram illustrating features performed by a UE, an RU,
and a DU in an G-RAN, with a static configuration start indicator having a static duration,
according to some aspects.

{0032] FIG. 16 is a block diagram conceptually illustrating an example of a hardware
implementation for a distributed unit according to some aspects.

{0033] FIG. 17 i3 a flow chart illustrating an exemplary process for wireless
communication according {0 s0me aspects.

{00341 FIG. 18 is a flow chart illustrating an exemplary process for wireless

communication according o some aspects.
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{00351 FIG. 19 s a flow chart ilustrating an cxemplary process for wircless
comypunication according to some aspects.
{0036] FIG. 20 is a block diagram conceptually illustrating an example of a hardware

implementation for a radio unit according to some aspects.

{0037] FiG. 21 s a flow chart lustrating an cxemplary process for wireless
corppunication according to some aspects.

{0038] FIG. 22 i3 a flow chart illustrating an exemplary process for wireless
communication according {0 s0Mme aspects.

{00351 FIG. 23 (234, 238, 230) is a flow chart Ulustrating an exermplary process for

wireless communication according to some aspects.

PBETAILED BESCRIPTION

{0040] The detatled description set forth below in connection with the appended drawings
is intended as a description of various configurations and is not intended to represent the
only configurations in which the concepts described herein may be practiced. The detailed
description includes specific details for the purpose of providing a thorough
understanding of various concepts. However, it will be apparent to those skilled in 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.

{6041} While aspects and embodiments are described in this application by illustration 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. Innovations
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, ete. ). While some examples 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 to non-
modular, non-chip-level implementations and forther to aggregate, distributed, or OEM

devices or systems neorporating one or more aspects of the described innovations. in
ol
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some practical scttings, devices incorporating described aspects and features may also
necessarily include additional components and featares for 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 (¢.g., hardware components including antenna, RF-chains, power amplifiers,

wditators, buffer, processor{s), interleaver, adders/summers, etc.). It is intended that
innovations described herein may be practiced in a wide variety of devices, chip-level
componcnts, systens, distributed arrangements, end-user devices, ctc. of varying sizes,
shapes and constitution.

{0042] The varicus concepts presented throughout this disclosure may be immplemented
across a broad variety of telecommunication systems, network architectures, and
communication standards. Referring now to FIG. 1, as an illustrative example without
limitation, various aspects of the present disclosure are illustrated with reference to a
wireless compunication systern 100, The wireless conmupunication systern 100 includes
three interacting domains: a corc network 102, a vradio access network (RAN) 104, and a
user equipment {(UE) 106. By virtue of the wireless communication system 100, the UE
106 may be enabled to carry out data comnmumnication with an external data network 110,
such as (but not limited to) the Internet.

{0043] The RAN 104 may wmplement any suitabie wireless communication {cchnology
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 5G. 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 utilized
within the scope of the present disclosure.

{0044] As illustrated, the RAN 104 includes a plurality of base stations 108. Broadly, a
base station is a network clement in a radio access network responsible for radio
transmission and reception in one or more cells to or from a UE. In different techmologies,
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 (BSS), an extended scrvice set (ESS), an access
point (AP}, 2 Node B (NB), an eNode B (¢NB), a gNode B (gNB), a transmussion and

reception point (TRP) or some other suitable terminology. In some examples, a base
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station may include two or more TRPs that may be collocated or non-coliocated. Each
TP may coromunicate on the same or different carrier frequency within the same or
ditferent frequency band.

{0045] The radic access network 104 is further ilustrated supporting wireless
coramunication for muliiple mobile apparatuses. A mobile apparatus may be referred to
as user equiprnent (UE) in 3GPP standards, but roay also be referred to by those skilled
i the art as a mobhile station (MS), a subscriber station, a mobile umit, a subscriber onit, a
wircless unit, a remote unit, a mobie device, a wircless device, a wircless
conynunications device, a remote device, a mobile subscriber station, an access ferminal
{AT), a mobile terpunal, a wireless terminal, a remote terminal, a bandset, 4 terpunal, a
user agent, a mobile client, a client, or some other suitable terminology. A UE may be an
apparatus {¢.g., a mobile apparatus} that provides a user with access to network services.

[0046] Within the present document, a “mobile” apparatus need not necessarily 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 number
of hardware structural components sized, shaped, and arranged to help in conununication;
such components can include antennas, antenna arrays, RE chains, aroplifiers, one or more
processors, ete. electrically coupled to each other. For example, some non-limiang
cxamyples of a mobile apparatus include a mobile, a cellular {cell) phone, a smart phone,
a session initiation protocol (S1P) phone, a laptop, a personal computer (PC), a notcbook,
a netbook, a smartbook, a tablet, a personal digital assistant (PDA}, and a broad array of
cibedded systems, e.g., corresponding fo an “Internet of things” (IoT). A mobile
apparatus may additionally be an automotive or other transportation vehicle, a remote
sensor oF actuator, a robot or robotics device, a satcliie radio, a global positioning system
(GPS) device, a remote control device, a consumer and/or wearable device, such as
cyewear, a wearable camera, a virtual reality device, a smart watch, a health or fitness
tracker, a digital audio player (e.g., MP3 player), a camera. a game console, 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 appliance, a vending machine, intelligent lighting, a
home security systeim, a smart meter, eic. A mobile apparatus may additionally be a smart
cnergy device, a sccurity device, a solar panel or solar array, a municipal infrastructure
device controlling clectric power {e.g., a smart grid), lighting, water, ctc.; an industrial
automation and enterprise device; a logistics controller; agricultural equipment; vehicles,

cte. Still further, a mobile apparatus may provide for connected medicine or telemedicine
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support, ¢.g., health care at a distance. Telebealth devices may include telehealth
monitoring devices and telchealth administration devices, whose commumnication may be
given preferential treatment or prioritized access over other types of information, e.g., in
terms of prioritized access for transport of critical service data, and/or relevant (oS for
transport of critical scrvice data.

{60471 Wireless communication hetween a RAN 104 and a UE 106 may be described as
utitizing an air interface. Transmissions over the air interface from a base station {g.g.,
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 disciosure, the term
downlink may refer to a point-to-multipoint transrnission originating at a scheduoling
entity {described further below; e.g., base station 108). Another way to describe this
scheme may be to use the term broadceast channel multiplexing. Transmissions from a UE
{e.g.. UE 106} to a base station {.g., base station 108) may be referred to as uplink (UL)
transmissions. In accordance with further aspects of the present disclosure, the term
uplink may refer to a point-to-point ansmission originating at a scheduled entity
(described further below; e.g., UE 106).

{3048] In some examples, access to the air interface may be scheduled, wherein a
scheduling entity {e.g., a base station 108} allocates resources for communication among
some or all devices and equipment within its service arca 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 is, for schedoled communication, UEs 106, which may be scheduled
chtities, may utidize resources allocated by the scheduling entity 108,

{00451 Base stations 108 are not the only entities that may function as scheduling entities.
That s, in some examples, a U may fuonction as a scheduling entity, scheduling resources
for one or move scheduled entities {e.g., one or more other UEs).

{005G] As illustrated in FI. 1, a scheduling entity 108 may broadcast downlink traffic
112 to one or more scheduled entities 106, Broadly, the scheduling entity 108 is 2 node
or device responsible for scheduling traffic in a wireless commumication network,
including the downlink traffic 112 and, in some examples, uplink waffic 116 from one or
more scheduled entitics 106 to the scheduling entity 108, On the other hand, the scheduled
entity 106 is 2 node or device that recetves downlink control information 114, including

but not limited w scheduling information {(e.g., a grant}, synchronization or timng
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information, or other control imformation from another entity in the wueless
comypunication network such as the scheduling entity 108,

{0031] In general, base stations 108 may inchide a backhaul 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
cxamples, a backhaul network may provide interconnection between the respective base
stations 108. Various types of backhaul interfaces may be employed, such as a direct
physical connection, a virtual network, or the like using any suitable transport network.

{00521 The core network 102 may be a part of the wireless communication systern 100,
and may be independent of the radio access technology vsed in the RAN 104, In some
examples, the core network 102 may be configured according to 56 standards {e.g., SGC).
In other cxamples, the core network 102 may be configured according to a 4G evolved
packet cove (EPC), or any other suitable standard or configuration.

{0053] Referring now to FIG. 2, by way of example and without limitation, a schematic
ithustration of a RAN 260 is provided. In some examples, the RAN 200 may be the same
as the RAN 104 described above and illustrated in FIG. 1. The geographic area covered
hy the RAN 200 may be divided into celhilar regions {cells) that can be unmiquely
identified by a user equipment (UE) based on an identification broadcasted from one
access point of base station. FIG. 2 illustrates macrocells 202, 204, and 206, and a small
cecll 208, cach of which may include one or more sectors (not shown). A sector is a sub-
arca 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 identification belonging to that sector.
In a cell that is divided into sectors, the multiple sectors within a cell can be formed by
groups of antennas with cach antenna responsible for communication with UEs i a
portion of the cell

{30541 In FIG. 2, two base stations 210 and 212 are shown in cells 202 and 204; and a
third basc station 214 is shown controlling a remote radio head (RRH) 216 in celi 206.
That is, a base station can have an integrated antenna or can be connectied (O an antenna
or RRH by feeder cables. In the illustrated example, the cells 202, 204, and 126 may be
veferred to as macrocells, as the base stations 218, 212, and 214 support cells having a
large size. Further, a base station 218 is shown in the small ccll 208 {c.g., a microcell,
picocell, femtocell, home base station, home Node B, home eNode B, etc.) which may

overlap with one or more macrocelis. In this example, the cell 208 may be referred o as
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a smali cell, as the base station 218 supports 2 cell baving a relatively small size. Cell
sizing can be done according to system design as well as component constraints.

{0035] it is to be understood that the radio access network 200 may include any number
of wircless base stations and cells. Further, a relay node may be deployed to exiend the
size or coverage arca of a given cell. The base stations 210, 212, 214, 218 provide wireless
access points to a core network for any number 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 in FIG. 1.

{0056] FIG. 2 further includes a mobile device 220, which may be configured to function
as a base station. That is, in some examples, a cell may not necessarily be stationary, and
the geographic area of the cell may move according to the location of a mobile base station
such as the mobile device 220

{0057] Within the RAN 200, the cells may include UHs that moay be in conununication
with one or more sectors of each cell. Further, each base station 2180, 212, 214, 218§, and
220 may be configurcd to provide an access point 0 a core network 102 (see FIG. 1) for
all the UBs m the respective cells. For example, UHs 222 and 224 may be in
comynunication with base station 210; Uls 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; UE 234 may be in commmunication with base station 218; and UE 236
may be in communication with roobile base station 220. In somne examples, the Uls 222,
224, 226, 228, 230, 232, 234, 236, 238, 240, and/or 242 may be the same as the
UE/scheduled entity 106 described above and illustrated in FIG. 1.

{6058] In some cxaroples, a mobile network node {(e.g., mobile device 22() may be
configured to function as a UE. For example, the mobile device 220 may operate within
cell 202 by conumnunicating with base station 210.

{0039] 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
cxample, two or more UEs {e.g., UEs 226 and 278) may comuaunicate with each other
using peer to peer (P2P) or sidelink signals 227 without relaying that commmuanication
through a base station {e.g., base station 212). In a further example, UE 238 is illustrated
conynunicating with Uls 240 and 242, Here, the UE 238 may function as 2 scheduling
cntity or a primary 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-davice (D2D), pear-to-peer (F2P), or
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vehicle-to-vehicle (V2V) network, and/or in a mesh network. In a mesh network example,
UEs 240 and 242 may optionally communicate directly with one another in addition to
communicating with the scheduling entity 238. Thus, in a wireless communication sysiem
with scheduled access to time-frequency resources and having a cellular configuration, a
P2P configuration, or a mesh configuration, a scheduling entity and one or more
scheduled entities may communicate utilizing the scheduled resources.

{0060] In various 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 4 portion of the spectrum, generally by virtue of a mobile
network operator purchasing a license from a government regulatory body. Unlicensed
spectrun provides for shared use of a portion of the spectrum without need for a
government-granted license. While compliance with some technical rules is generally still
required to access unlicensed spectrum, generally, any operator or device may gain
access. Shared spectrum roay fall between licensed and unlicensed spectrum, wherein
technical rules or limitations may be required to access the spectrum, but the spectrum
may still be shared by multiple operators and/or multiple RATs. For example, the holder
of a hicense for a portion of lcensed spectram may provide licensed shaved aceess (1LSA)
3 share that spectrum with other parties, e.g., with suitable licensee-determined
conditions {0 gain access.

{6061] in some aspects of the disclosure, the scheduling entity and/or scheduled entity
may be configured for beamforming and/or multiple-input mudtiple-outpat (MIMO)
technology. FIG. 3 illustrates an example of a wireless communication system 300
supporting MIMO. In a MIMQO system, a transmitter 302 inchudes mmltiple transmit
antennas 304 (e.g., N fransmit anfennas) and a receiver 306 includes multiple receive
antennas 308 {(e.g., M receive antennas). Thus, there are N x M signal paths 310 from the
wansmit antennas 304 to the receive antennas 308. Each of the transmitter 302 and the
receiver 306 may be implemented, for example, within a scheduling entity 108, a
scheduled entity 106, or any other suitable wireless communication device.

{0062] The use of such moltiple antenna technology enables the wireless communication
system to exploit the spatial domain to support spatial multiplexing, beamforming, and
transmit diversity. Spatial multiplexing may be used to transmut different strearos of data,
also referred to as layers, simuliancously on the same time-frequency resource. The data
streams may be wansmitted to a single UL to increase the data rate or to multiple UEs to

increase the overall system capacity, the latter being referred to as nmiti-user MIMO
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(MU-MIMO). This is achicved by spatially precoding cach data stream (i.e., multiplying
the data streams with different weighting and phase shifting) and then transmitting each
spatially precoded stream through multiple wansmit antennas on the downlink. The
spatially precoded data streams arrive at the UE(s) with different spatial signatures, which
cnables each of the UE(s) to recover the one or more data streams destined for that UE.
On the uplink, each UE transmits a spatially precoded data stream, which enables the base
station to identily the source of each spatially precoded data stream.

{6063 The number of data streams or layers corresponds to the rank of the transmission.
In general, the rank of the MIMO system 300 is limited by the number of transmit or
recetve antennas 304 or 308, whichever 1s fower. In addition, the channel conditions at
the UE, as well as other considerations, such as the available resources at the base station,
may also affect the transmission rank. For example, the rank (and thercfore, the number
of data streams) assigned fo a particular UE on the downlink may be determined based
on the rank indicator (R1) transmitted from the UE to the base station. The RI may be
determined based on the antenna configuration {e.g., the number of transmit and receive
antennas) and a measured signal-to-interference-and-noise ratio (SINR) on cach of the
receive antennas. The RI may indicate, for example, the number of layers that may be
supported under the current channel conditions. The base statton may vse the R, along
with resource information (e.g., the available resources and amount of data w be
scheduled for the UE), to assign a transmission rank to the UE.

[0064] In Time Division Duplex (TDD) systems, the UL and DL are reciprocal, in that
cach uses different time slots of the same frequency bandwidth, Therefore, in TDD
systems, the base station may assign the rank for DL MIMO transmissions based on UL
SINR micasurements {e.g., based on a Sounding Reference Signal (SRS) transmitted from

the UHE or other pilot signal). Based on the assigned rank, the base station may then

wansmit the CSI-RS with separate C-RS sequences for each layer to provide for multi-
layer channel estimation. From the CSL-RS, the UE may measwre the channel quality
across fayers and resource blocks and feed back the CQf and RI values to the base station
for use in updating the rank and assigning RES for future downlink fransmissions.
{0065] in the simplest case, as shown in FIG. 3, arank-2 spatial multiplexing transmission
on a 2x2 MIMO antenna configuration will transmit one data stream from cach fransmit
antenna 304, Each data stream reaches each receive antenna 308 along a different signal
path 310. The receiver 306 may then reconstruct the data steams using the received

signals from each receive antenna 308,
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{0066] Various aspects of the present disclosure will be described with reference to an
OFDM waveform, schematically ithustrated in FIG. 4. It should be snderstood by those
of ordinary skill in the art that the various aspects of the present disclosure may be applied
to a DFT-s-OFDMA waveform in substantially the same way as described herein below.
That is, while some cxamples of the present disclosure may focus on an OFDM link for
clarity, it should be understood that the same principles may be applied as well to DFT-
5-OFDMA waveforms.

{60671 Within the present disclosure, a frame refers to a duration of 10 ms for wireless
transmissions, with each frame consisting of 10 subframes of 1 ms cach. On a given
carrier, there may be one set of frames in the UL, and another set of frames in the DL.
Referring now to FIG. 4, an expanded view of an exemplary DL subframe 402 is
tHustrated, showing an OFDM resource grid 404. 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 muimber of factors. Here, time is in
the horizontal direction with units of OFDM symbols; and frequency is in the vertical
direction with units of suhearricrs or tones.

{3068] The resource grid 404 may be used to schematically represent time—frequency
resources for a given antenna port. That is, in a MIMO implementation with multiple
antenna ports available, a corresponding multiple number of resource grids 404 may be
available for communication. The resource grid 404 i divided mnto raultiple resource
clements (REs) 406. An RE, which is 1 subcarrier x 1 syrobol, is the smallest discrete part
of the ame—frequency grid, and contains a single complex value representing data from a
physical channel or sigunal. Depending on the modulation wtilized in a particular
implementation, cach RE may represent one or more hits 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) 408, which contains any suitable number of consecutive
subcarriers in the frequency domain. In one cxample, an RB may include 12 subcarriers,
a number independent of the numerclogy used. In some cxamples, depending on the
numerology, an RB may include any soitable number of consecotive OFDM symbols in
the time domain. Within the present disclosure, it is assumed that a single RB such as the
RB 408 entirely corresponds to a single direction of comnumication (either transmission
or reception for a given device).

{0069] A UE generally utilizes only a subset of the resource grid 404. An RB may be the

smallest unit of resources that can be allocated to a UE. Thus, the more RBs scheduled
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for a UE, and the higher the modulation scheme chosen for the air interface, the higher
the data rate for the UL

{0076] In this illustration, the RB 408 is shown as occupying less than the entire
bandwidth of the subframe 402, with some subcarriers illustrated above and below the
RBE 408 In a given toplementation, the subframe 402 mavy bave a bandwidth
corresponding to any number of one or more RBs 408. Further, in this illustration, the RB
408 is shown as occcupying less than the entire duration of the subframe 402, although this
is merely one possible example.

{00711 Each subframe 402 (e.g., a 1ms subframe) may consist of one or multiple adjacent
slots. In the exarople shown in FIG. 4, one subframe 402 includes four slots 410, as an
ilustrative example. In some examples, a slot may be defined according to a specified
number of OFDM symbols with a given cyclic prefix {UP) length. For example, a slot
may include 7 or 14 OFDM symbols with a nominal CP. Additional examples may
mnclude muni-slots having a shorter duration (e.g., 1. 2, 4, or 7 OFDM symbols). These
mini-slots may in some cases be transmitted occupying resources scheduled for ongoing
siot transtaissions for the same or for different UBs,

{0072] An expanded view of one of the slots 410 illustrates the slot 410 wncloding a
control region 412 and a data region 414, In general, the control region 412 may cairy
control channels (e.g., PDUCH), and the data region 414 may carry data channels {e.g.,
POSCH or PUSCH). Of course, a slot may contain all DL, all UL, or at least one DL
portion and at least one UL portion. The simaple structure tlustrated in FIG. 4 is merely
exemplary in nature, and different slot structures may be utilized, and may nclude one or

swore of cach of the control region(s) and data region{s).

{00731 Although not ithustrated in FIG. 4, the various REs 406 within an RB 408 may be
scheduled to carry one or more physical channels, inchuding control channels, shared
channels, data channels, etc. Other REs 406 within the RB 408 may also carry pilots or
reference signals. These pilots or reference signals may provide for a receiving device io
perform channel estimation of the corresponding channel, which may enable coherent
dernodulation/detection of the conirol and/or data channels within the RB 408.

{0074] In some examples, the siot 410 may be ualized for broadcast or unicast
communication. For cxample, a broadcast, multicast, or groupcast communication may
refer to a point-to-nultipoint transmission by one device (e.g., a base station, UE, or other
similar device) to other devices. Here, a broadcast communication is delivered to all

devices, whereas a mulkticast communication is delivered to multiple intended recipient
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devices. A unicast comununication may refer {o a point-to-point transmission by a one
device to a single other device.

{30751 In an example of cellular compnunication over a cellalar carrier via a U interface,
fora DL transmission, the scheduling entity {(e.g., a base station) may allocate one or more
REs 406 (e.g., within the control region 412) to carry DL control information including
one or more DL control channels, sach as a physical downlink control channel (PDCCH]),
to one or more scheduled entities {e.g., UES). The PIXCCH carries downlink control
information (DC including but not Hmited to power control commands (e.g., onc or
more open loop power control parareters and/or one or raore closed loop power control
pararpeters), scheduling information, a grant, and/or an assignment of REs for DL and
UL wansmissions. The PDCCH may fwnther carry hybrid automatic repeat request
{HARQ)) feedback transmissions such as an acknowledgment (ACK)} or negative
acknowledgment (NACK). HAR( is a technigue well-known to those of ordinary skill in
the art, wherein the integrity of packet transmissions may be checked at the receiving side
for accuracy, c.g., utilizing any suitable integrity checking mechanism, such as a
checksum or a cyclic redundancy check (CRC). H the integrity of the ansmission
confirmed, an ACK may be wansmitted, whereas if not confirmed, a NACK may be
wansmitted. In response to a NACK, the transmitting device may send a HARQ
retransmission, which may implement chase combining, incremental redundancy, cic.

{0076] The base station may further allocate one or more REs 406 (¢.g., in the control
region 412 or the data region 414) to carry other DL signals, such as a demodulation
veference signal (DMRS); a phase-tracking reference signal (PT-RS); a channel state
information ({CSI) refercnce signal (CSI-RS); and a synchronization signal block (SSB).
SSBs may be broadeast at regular intervals based on a periodicity (e.g., 5, 14, 20, 40, 80,
or 140 ms). An SSB includes a primary synchronization signal (PSS), a secondary
synchronization signal {(S§5), and a physical broadcast control channel (PBCH). A UE
may utilize the P35S and SS8S to achieve radio frame, subframe, slot, and symbol
synchronization in the time domain, identify the center of the channel (system) bandwidth
in the frequency domain, and identify the physical cell identity (PCY) of the cell.

{6677] The PBCH in the S53B may further include a master information block (MIB) that
inchudes various system information, along with parameters for decoding a system
information block (SIB}. The SIB may be, for example, a SysteminformationType 1
{SIB1) that may include various additional system information. Examples of system

information transmitted in the MIB may include, but are not limited to, a subcarrier
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spacing, system frame number, a configuration of a PDCCH control resource set
{CORESET) (e.g.. PDCCH CORESETY), and a scarch space for SIB1. Examples of
additional system information transmitted in the 5IB1 may include, but are not limited to,
a random access scarch space, downlink configuration information, and uplink
configuraticon information. The MIB and S1B1 1ogether provide the minimum sysien
information (SI) for tnitial access.

{0078} in an UL wansmission, the scheduled entity {e.g., UE)} may utilize one or more
REs 406 to carry UL control information (UCH including one or more UL control
channels, such as a physical uplink control channel (PUCCH), to the scheduling entity.
UCT may inchude a variety of packet types and categories, including pilots, reference
signals, and information configured to enable or assist in decoding uphink data
transmissions. In some examples, the UCE may include a scheduling request {(SR), L.e,,
request for the scheduling cutity to schedule uplink transmissions. Here, in response to
the SR transmitted on the UCH, the scheduling entity may transmit downlink control
information {DCI) that may schedule resources for uplink packet transmissions. UCH may
also include HARQ feedback, channel state feedback (CSF), such as a CSfreport, or any
other suitable UCL

{30791 In addition to control information, one or more REs 406 (c.g., within the data
region 414) may be allocated for data traffic. Such data traffic may be carried on one or
maore traffic channels, such as, for a DL transmission, a physical downlink shared channel
(PDSCH); or for an UL transmission, a physical uplink shared channel (PUSCH). In some
gxamples, one of more REs 406 within the data region 414 may be configured to cary
other signals, such as one or more SiBs and DMRSs.

{6084 in an example of sidelink communication over a sidelink cardier via a PCS
interface, the control region 412 of the slot 410 may include a physical sidelink control
channel (PSCCH) incloding sidelink control information (SCI} tansmitted by an
initiating (transmitting} sidelink device (e.g., Tx V2X device or other Tx UE) towards a
set of one or more other receiving sidelink devices (e.z., Rx V2X device or other Rx UE).
The data region 414 of the slot 410 may inchide a physical sidelink shared channel
(P5SCH) including sidelink data traffic transmitted by the initiating (transmitfing)
sidelink device within resources reserved over the sidelink carrier by the transmitting
sidelink device via the SCL Other information may further be transmitted over various

REs 486 within slot 410. For example, HAR{Q feedback information may be transmitted
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in a physical sidefink feedback channel (PSFCH) within the slot 410 from the receiving
sidelink deviee to the ransmitting sidelink device.

{60811 The channels or carriers described above and lustrated 1n FIGs. 1 and 4 are not
necessarily all the channels or carriers that may be utilized between a scheduling entity
108 and scheduled entities 106, and those of ordinary skill in the art wil recognize that
other channels or carriers may be utilized in addition to those tllustrated, such as other
traffic, control, and feedback channels.

{6082] 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 bits of information, may be a controlled
paramcter, based on the moduiation and coding scheme (MCUS) and the numaber of RBs in
a given transmission.

{0083] For randorn access processes in NR, at least two types of random access
procedures for random access channel {RACH) processes exist, including a four-step
random access procedure and a 2-step random access procedure. For example, the four-
step random access procedure includes communication of four messages, inchiding a first
message (g.g.. msgl), a second message {e.g., msg?2), a third message {(e.g., msg3), and a
fourth message (e.g.. msgd}. The first message s a UL message that may include a
preambile, and the second message 18 a DL message that may include a random access
response. The third message is a UL message that may include a PUSCH message, and
the fourth message is 2 DL communication that may include a contention resobution
CSSage,

{00841 Fig. 5 is an example diagram illustrating an example S00 of a four-step random
access procedure, according to some aspects. Fig. 5 1s provided as an example, and other
examples may differ from what is described with regard to Fig. 5. As shown in Fig. 5, a
UE 502 and a hase station 504 may communicate with one another to perform the four-
step random access procedure. The UE 502 may be a UE or a scheduled entity, such as
the scheduled entity 106 of FIG. 1, and the base station 504 may be a base station or a
scheduling entity, such as the schedoling entity 108 of FIG. 1.

{00851 As shown by reference number 5035, the base station 504 may transmoit, and the
UE 502 may receive, one or more $5Bs and random access configuration information. In
some aspects, the random access configuration information may be transmitted in and/or

indicated by system information {¢.g., in one or more SIBs and/or the like) and/or an 558,
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such as for contention-based random access. Additionally, or alternatively, the random
access configoration information may be wansmitied in an RRC message and/or a
PDCCH order message that triggers a RACH procedure, such as for contention-free
random access. The random access configuration information may include one or more
parameters to be used in the rapdorn access procedure, such as one or more parameters
for transmitting a random access message, one or more parameters for receiving a random
access response, and/or the like.

{6086] As a first step (step 1) of the four-step random access procedure, the UE 502 may
transmit a first message 514, which may include a preamible (sometimes referred to as a
random access preamble, a PRACH preamble, a random access message preamble, and/or
the like). The first message 510 that includes the preamble may be referred to as a
message 1, msgi, MSGI, an initial message, a random access message, and/or the like in
a four-step randor access procedure. The first message 510 may include arandom access
preambile identifier.

{0087 As a second step (step 2) of the four-step random access procedure, the base
station 504 may fransmoit a second message 315 as a reply to the preamble received via
the first message 510. The second message 515 may include a random access response.
The second message 515 may be referred to as message 2, msg2, MSG2, or a random
access response message, in a four-step random access procedure. in some aspects, the
sccond message 515 may indicate the detected random access preamble identifier {¢.g.,
received from the UE 502 in msgl). Additionally, or alternatively, the second message
515 may indicate a resource allocation to be used by the UE 502 to tansmit message 3
(msg3}.

{00881 In soroe aspects, as @ part of the transoussion of the second message 315 in the
second step, the base station 504 may transmit a PDCCH communication for the random
access response. The PDCCH communication may schedule a PDSCH communication
that includes the random access response. For example, the PDCCH communication may
mdicate a resource allocation for the PDSCH communication. Also as a part of the
transmission of the second message 515 in the second step, the base station 504 may
transmit the PDSCH communication for the random access response, as scheduled by the
PDCCH communication. The random access response may be included in a MAC PDU
of the PRDSCH communication. In some aspects, as a part of the transmission of the
second message 315 in the second step. the base station 504 may transmit a timing

advance and/or a UL grant, for uplink communication.
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{00891 As a third step (step 3) of the four-step randorm access procedure, the UE 302 may
wransmit a third message 520. The third message 520 may be referred to as message 3,
msgd, MSG3, an RRC connection request message, or a scheduled transmission message
of a four-step random access procedure. In some aspects, the third message 520 may
mclude a UE identifier, UCL a PUSCH communication (e.g., an RR{ connection
request}, and/or the Bike.

{0080] As a fourth step (step 4) of the four-step random access procedure, the base station
504 may transmit a fourth message 525. The RRC connection setup message may be
referred 1o as message 4, msgd, MSG4, an RRC connection setup message, or a confention
resolution message of a four-step random access procedure. fn some aspects, the fourth
message 525 may include the detected UE identifier, a fiming advance value, contention
resolution information, and/or the like. As shown by reference number 530, if the UE
502 successfully receives the RRC connection sctup message/contention resolution
message, the UE 302 may transmit a HARQ ACK.

{6021 The {wo-step random access procedure may include comumunication of two
messages, a message A (e.g., msgA) and a message B (e.g., msgh). The message A
inchudes a preamble portion and a pay load portion. In an example, in the message A, the
preamble portion may be cquivalent to the first message of the four-step random access
procedure and the payload portion may be equivalent to the third message of the four-step
random access procedure. Hence, the message A may be considered as a combination of
the first message and the third rmessage from the four-step random access procedure. The
message B may include information carried by the second message and the fourth
message of the four-step random access procedure.

{00921 The two-step random access procedure may provide at least the following
advantages over the four-step random access procedure. The two-step random access
procedure may reduce the latency and signaling overhead associated with the four-step
random access procedure, as the number of messages exchanged during the two-step
random access procedure is less than the mumber of messages exchanged during the four-
step random access procedore. Further, the two-step random access procedure may allow
small UL packet transmissions that may not require timing advance (TA) or a grant. The
two-step random access procedure may improve the capacity and power efficiency when
compared to the contention based randorn access (CBRA) of the four-step random access
procedure. In addition, because the two-step random access procedure may improve the

overall fatency of a random-access procedure and power consumption, the two-step
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random access procedure may be reliably used for an uliva-reliable low latency
compunication (URLLC) whose reliability depends on latency and for a massive
machine type communication {(mMTC) that may be power dependent.

{0093] Fig. 6 is an example diagram illustrating an example 600 of a two-step random
access procedure, according to some aspects. Fig. 6 1s provided as an cxamaple, and other
examples may differ from what is described with regard to Fig. 6. As shown n Fig. 6, a
UE 602 and a base station 604 may communicate with one another to perform the two-
step random access procedure. The UE 602 may be a UE or a scheduled entity, such as
the scheduled entity 106 of FIG. 1, and the base station 604 may be a basc station or a
scheduling entity, such as the scheduling entity 108 of FIG. 1.

{0094] As shown by reference mumber 605, the base station 604 may transmit, and the
UE 602 may receive, one or more 5SBs and random access configuration information. In
some aspects, the random access configuration information may be transmitted in and/or
indicated by system information {e.g., in one or more 31Bs and/or the like) and/or an SSB,
such as for contention-based randorm access. Additionally, or alternatively, the random
access configuration information may be fransmitted in a radio resource control (RRC)
message andfor a physical downlink control channel (PDCCH) order message that
wiggers a vandom access channel (RACH) procedure, such as for contention-free random
access.  The random access configuration information may include onc or more
parameters to be used in the two-step random access procedure, such as one or more
parameters for trapsmitting a random access message, recelving a random access respoinse
to the random access message, and/or the like.

{0095] As a first step (step 1) of the two-step random access procedure, the UE 602 may
transmit a message A 610 to the base station 604, As a part of the first step of the two-
step random access procedure, the UL 602 may transmit, and the base station 604 may
receive, a preamble 612 of the message A 610. Further, as a part of the first step of the
two-step random access procedure, the UE 602 may also transmit, and the base station
604 may receive, a payload 614 of the message A 610, As shown, the UE 602 may
transmit the preamble 612 and the payload 614 to the base station 604 as part of the first
step of the two-step random access procedure. In some aspects, the message A 610 may
be referred to as msgA, an inttial message, a random access message, a first message,
andfor the like in a two-step randorm access procedure. Furthermore, in some aspects, the
preamble 612 may be referred to as a message A preamble, a msgA preamble, a preamble,

a physical random access channel (PRACH) preamble, and/or the like, and the payload
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614 may be referred to as a message A payload, a msgA payload, a payload, and/or the
fike. In some aspects, the roessage A 610 may include some or all of the contents of
message 1 (msgl) and message 3 {msg3) of a four-step random access procedure, which
i3 described in more detail above. For example, the preamble 612 may include some or
all contents of message 1 (c.g., a PRACH preamble), and the pavioad 614 may inchude
some ot all contents of message 3 {e.g., a UE identifier, UCL a PUSCH wansmussion,
and/or the hike).

{0096] In some aspects, as shown by reference number 628, the base station 684 may
receive the preamble 612 wansmitted by the UE 602, If the base station 604 successfully
recetves and decodes the preamble 612, the base station 604 may then receive and decode
the payload 614.

{0097 ] In response to successfully receiving and decoding the preamble 612 and the
payload 614 of the message A 610, as a second step (step?2 ) of the two-step randont access
procedure, the base station 604 may transmit a message B 630 to the UE 602, In some
aspects, the message B 630 may be referred to as msgB, a random access response
message, or & second message in a two-step random access procedure. The message B
630 may include some or all of the contents of message 2 (msg2) and message 6 (msgd)
of a four-step random access procedure. For example, the message B 630 may include
the detected PRACH preambie identifier, the detected UE identifier, a timing advance
value, contention resolution information, and/or the like.

[0098] As a part of the second step of the two-step random access procedure, the base
station 604 may transmit a PDCCH communication 632 for the random access response.
The PDCCH communication may schedule a physical downlink sharved channel (PDSCH}
communication, such as the PDSCH communication 634. For example, the PDCCH
comypunication may indicate a resource allocation (e.g., in downlink control information
{BCT) for the POSCH communication.

{0099] As part of the sccond step of the two-step random access procedure, the base
station 604 may also transmit the PDRSCH communication 634 for the random access
response, as scheduled by the PDCCH communication 632, As shown by reference
number 640, if the UE 602 successfully receives the message B 630, the UE 602 may
transmit a HARQ acknowledgement (ACK).

{01061 Fig. 7 is an example diagram ilustrating an example 700 of an open radio access
network {O-RAN) architecture, according to some aspects. Fig. 7 is provided as an

cxamyple, and other examples may differ from what is described with regard to Fig. 7. As
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shown in Fig. 7, the O-RAN architecture may inchude a control unit (CU) 710 that
comununicates with 4 core network 720 via a backhaul link. Furthermore, the CU 716
may communicate with one or more distributed units (DUs) 730a-730b via respective
midbaul links. The DUs 730a-730b may each communicate with one or more of radio
units (RUSY 740a-740c via respective fronthaul links, and the RUs 740a-740c may cach
cornmunicate with respective UEs 750a-750c via radio frequency (RE) access links. The
DUs 730a-730b may be collectively referred to as the DUs 730, the RUs 7402-740c may
be collectively referred to as RUs 740, and the UEs 750a-750c may be collectively
referred to as the UHs 750

{81611 In some aspects, the DUs 730 and the RUs 740 may be moplemented according to
a functional split architecture in which functionality of a base station {g.g., an ¢NB or
gNB} is provided by a DU 730 and one or more RUs 740 that communicate over a
fronthaul link. Accordingly, as described herein, a base station 110 such as the scheduled
entity 108 of FIG. 1 or the hase station 640 of FIG. 6 may inclode a DU 730 and one or

wore RUs 740 that may be co-located or geographically distributed. In some aspects, the
DU 730 and the associated RU(s) 740 may communicate via a fronthaul link to exchange
real-tivne control plane information via a fower layer split {LLS} control plane {C-plane)
interface, to exchange non-real-time management information via an LLS management
plane (M-plane) interface, to exchange user plane information via an LLS user plane (U-
plane) interface, and/or the like. A communication via a C-planc and a communication
via a U-plane may be performed dynamically. A commanication via an M-plane may be
used for management purposes, and may be a static compnunication.

{6162] Accordingly, the DU 730 may correspond to a logical unit that includes one or
more base station functions to control the operation of one or more RUs 740, For
example, in some aspects, the DU 730 may host a radio link control (RLC) layer, a
medium access control {MAC) laver, and one or more high physical (PHY) layers {e.g.,
forward error correction (FEC) encoding and decoding, scrambling, modulation and
dernodulation, and/or the like) based at least in part on a lower fayer functional split.
Higher layer control functions, such as a packet data convergence protocol (PBCP}, radic
resource control (RRC), service data adaptation protocol {(SDAP), and/or the like, may be
hosted by the CU 710, The RU(S) 740 controlled by a DU 730 may correspond to logical
nodes that host RF processing functions and low-PHY layer functions (¢.g., fast Fourier
wansform {(FFT), inverse FEFT (iFFT), digital beamforming, PRACH extraction and

filtering, and/or the like) based at least in part on the lower layver functional split.



WO 2023/075962 PCT/US2022/044699

Accordingly, in an O-RAN architecture, the RU(s} 740 handle all over the air (OTA)
comynunication with a UE 120, and real-ume and non-real-time aspects of control and
user plane communication with the RU(s} 740 are controlled by the corresponding DU
730, which enables the DU(s) 730 and the CU 710 to be implemented in a cloud-based
RAN architecture.

{0163] As described above, a ransmission of a4 message A (msgA) in a two-step random
access produce may include a transmission of a preamble and a transmission of a payload.
For example, the preamble may inchide PRACH data and the payload may include
PUSCH data. An O-RAN specification provides support for a static configuration of a
PRACH wansmission and an SRS transmission. For example, in the carrent O-RAN
specification, a DU may communicate to an RU {e.g., via an M-plane), to statically
configmre a PRACH transmission and/or an SRS {fransmission, such that the
configuraticns for the PRACH transmission and/or the SRS transmission may not change.

{0184] For a configuration of a PUSCH wansmission, the O-RAN specification may
provide a dynamic configuration via a C-plane from a DU to an RU. For example,
configuration for a PUSCH transmission may be used for resource allocation known
during an extended antenma-carrier (eAxC) activation. Because the PUSCH transmission
by the RU is configured dynamically, a C-plane message may need to be communicated
using the dynamic configuration for every communication. Therefore, the dynamic
configuration using C-plane messages may be burdenseme on the fronthaul between the
DU and the RU. On the other band, if a static configuration is implemented for all
communications, then resources {(e.g., bandwidth) for the fronthaul between the DU and
the RU may be conserved. However, currently, the (-RAN specification lacks support
for a static configuration of a PUSCH transmission as & part of the transmission of the
message A.

{0165] According to some aspects of the disclosure, an RU may transmit, to a DU, a static
configuration support indication for recciving payload data via a message A of the two-
step random access procedure, and in response, the DU may transmit static configuration
information to the RU, where the static configoration information is for statically
configuring the RU for receiving the payload data comumunicated via the message A of
the two-step random access procedure. Hence, for example, if the RU supports the static
configuration for receiving the payload data of the message A of the two-step random
access procedure, the RU may transmit the static configuration support indication fo

indicate the RU’s support for the static configuration for receiving the payload data of the
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message A, On the other hand, f the RU does not support the static configuration for
receiving the payload data of the message A of the two-step randorm access procedure,
the RU may not transmit {e.g., refrain from transmitting) the static configuration support
indication. In an example, the static configuration supportt indication may be included in
an -RAN module. As discussed above, for example, the message A of the two-step
random access procedure may be referred to as a msgA, and may include PRACH data as
the preamble of the message A and PUSCH data as the payload data of the message A.

{61906] In an aspect, the static configuration support indication may be transmitted to the
DU via an M-planc. Hence, an RU may send quadrature data to the DU without a C-
plane communication to configure the RU, which may reduce the backhau! bandwidth by
using an M-plane message instead of a C-plane message. For example, the static
configuration information for recciving the payload data may be provided via an M-plane
coramunication, and may be used as resource allocation for an cAxC activation.

{0167] FIG. 8 is an example diagram 800 illustrating features performed by a UE, an RU,
and a DU in an O-RAN, according to some aspects. In FIG. 8, a DU &30 may
communicate with an RU 840, which may communicate with a UE 810, The DU 830
may be similar to the DU 730 of FIG. 7, the RU 840 may be similar to the RU 740 of
FIG. 7. and the UE 810 may be similar to the scheduled entity/UE 106.

{0108] At 852, the RU 840 may transmit a static configuration support indication for
recciving payload data via a message A in a two-step random access procedure.  For
example, the RU 840 may transmit the static configuration support indication if the RU
340 supports the static configuration for receiving the payload data of the message A. In
response (o receiving the static configuration support indication, at 834, the DU 830 may
transmit static configuration information for receiving pavicad data coramunicated via
the message A. When the RU 840 receives the static configuration information, the RU
848 may statically configure the RU for receiving the payload data of the message A
basad on the static configuration information. In an aspect, if the RU 840 determines to
configure the RU based on the static configuration information, the RU 840 may
configure the RU 840 based on the static configuration information 80 as to receive the
payload data based on the static configuration information.

{01091 At 860 and at 870, the UE 810 and the RU 840 may perform the two-step random
access procedure. At 860, the UE 810 may transioif a roessage A of the two-step random
access procedure (o the RU 840, where the transmission 860 of the message A may

inchude a ransmission 862 of a preamble and a wansmission 864 of payload data. When
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the RU 840 reccives the payload data at 864, the RU 840 may receive the payload data
hased on the static configuration information. After receiving the message A, at 870, the
RU 840 may transmit, and the UE 810 may receive, a message B of the two-step random
access procodure.

{0116] in an aspect, even if the RU indicates the static configuration supportt indication
to the DU, the DU may not automatically provide the static configuration information for
the static configuration for receiving the payload data of the message A to the RU.
Instead, in this aspect, after receiving the static configuration support indication, the DU
may determine whether to configure the RU with the static configuration or not, e.g.,
hased on a network capability for supporting the static configuration. Hence, in this
aspect, even when the RU supports the static configuration, the DU may stll determine
not to configure the RU with the static configuration and thus not transmit the static
configuration information for the static configuration to the RU, ¢.g., if the DU determaines
that the network does not support the static configoration. On the other hand, if the DU
determines to configure the RU with the static configuration, after receiving the static
configuration support indication, the DU may transput the static configuration
information for the static configuration to the RU.

{0111} In an aspect, the static configuration information for the static configuration for
receiving the payioad data of the message A may include a frequency domain
configuration for receiving the payload data, a time domain configuration for receiving
the payload data, and/or a reference signal configuration.

{6112} I an aspect, the frequency domain configuration may include parameters, such
as a number of frequency-multiplexed PUSCH occasions available per time instance, a
nurnber of resource blocks by which consecutive PUSCH occasions in a frequency
domain are separated, an offset value with respect to a physical resource block (PRB})
mumber zero or a virtual resource block (VREB) number zero, where the offset value
indicates a starting PRB of a PUSCH occasion or a starting VRB of the PUSCH occasion,
a number of PRBs per PUSCH occasion, and/or an indication indicating whether to
perform frequency hopping for transmission of the message along with a hopping offset.
For example, the number of frequency-multiplexed PUSCH occasions available per time
instance may be represented by a parameter “nrmsgA-po-fdm”, the number of resource
hlocks hy which consecutive PUSCH occasions in a frequency domain are separated may
be represented by a parameter “guardbandmsgA-pusch”, and the offset value with respect

to a PRB number zero or a VREB number zero may be represented by a parameter
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“frequencystartmsgA-pusch” that may indicate a starting PRB or a starting VRB of the
PUSCH occasion. Further, for example, the nurnber of PRBs per PUSCH occasion may
be represented by a parameter “nrofprb-permsgA-po”, and the indication indicating
whether to perform frequency hopping for transmission of the message along with a

3

hopping offset may be represented by “msgA-intraslotfrequencvhopping.”

{0113] FIG. § is an example diagram 900 illustrating parameters for the frequency
domain configuration of the static configuration information for communication of
payload data of a message A in a two-step random access procedure, according {0 some
aspects. In FIG. 9, the horizontal axis represents a time domain and the vertical axis
represents a frequency domain. An RU may receive a preamable (e.g., PRACH data) of
the message A in the two-step random access procedure daring a PRACH occasion 914
After receiving the preamble of the message A, the RU may receive the payload data of
the message A during a first PUSCH occasion 922 and/or a second PUSCH occasion 924.
The payload data of the message A may be PUSCH data. o FIG. 9, the first PUSCH
occasion 922 and the second PUSCH occasion 924 may occur at a same {or substantially
sarne) time instance and at different frequency ranges.

{01141 In FIG. 9, a parameter mmsgA-po-fdm 952 of the frequency domain configuration
represents a number of frequency-muliiplexed PUSCH occasions available per time
instance. In FIG. 9, the frequency-moultiplexed PUSCH occasions available per time
instance are the first PUSCH occasion 922 and the second PUSTH occasion 924, and thus
the value of the parameter nrmsgA-po-fdm 952 is 2. A parameter guardbandmsgA-pusch
G54 of the frequency domain configuration represents a number of resource blocks by
which consccutive PUSCH occasions in a frequency domain are separated. In FIG. 9, the
value of the paramweter guardbandmsgA-pusch 954 may indicate a number of resource
hlocks by which the first PUSCH occasion 922 and the second PUSCH oecasion 924 are
separated in frequency domain. A parameter frequencystartmsgA-pusch 936 of the
frequency domain configuration represents an offset value with respecttoa PRE #0 or a
VREB #0 to indicate a starting PRB or a starting VRB of the first PUSCH occasion 922.
A parameter nrofprb-permsgA-po 958 of the frequency domain configuration represents
a murnber of PRBs per PUSCH occasion. Hence, for example, the number of PRBs in
cach of the first PUSCH occasion 922 and the second PUSCH occasion 924 may
correspond to the number of PRBs indicated by the parameter nrofprb-pormsgA-po 958,

{0115] In an aspect, the time domain configuration may include parameters, such as a

number of slots containing PUSCH occasion(s) with a same time domain allocation, a
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guard period by which consecutive PUSUH occasions in a time domain arc separated, a
number of contiguous time domain PUSCH occasions in each slot including the guard
period, a parameter indicating a start symbol and a length corresponding to a number of
consecuitve symbols aliocated for receiving the payload (e.g., PUSCH) data via the
message as well as a PUSCH mapping type for receiving the payvioad (e.g., PUSCH) data
via the message, a parameter indicating a start symbol and a length corresponding to a
number of consecutive symbols allocated for recetving the payload data via the message,
and a reference signal {e.g., DMRS) mapping type, and a time offset between a start of
cach PFRACH slot and a fivst PUSCH occasion siot. For example, the number of slots
containing PUSCH occasion(s) with a same time domain allocation may be represented
by a parameter “nrofslotsmsgA-pusch,” the guard period by which consecutive PUSCH
occasions in a time domain are sgparated is represemted by a2  parameter
“suardperiodmsgA-pusch,” and the number of contiguous time domamn PUSCH
occasions in each slot including the guard period may be represented by a parameter
“nrofmsgA-po-perslot.”  For example, the parameter indicating a start symbol and a
length corresponding to a nurober of consecutive symbols allocated for receiving the
payload data via the message as well as a PUSCH mapping type for receiving the payload
data via the message may be vrepresented by a3 pmameter “msgA-pusch-
timedomainallocation,” which includes values for the a start symbol and the length as
well as the PUSCH mapping type. For example, the parameter indicating a start syrabol
and a length corresponding to a number of consecutive symbols allocated for receiving
the payload data via the message, and a reference signal mapping type may be represented
by a parameter “startsymbolandiengthmsgA-po,” and a time offsct between a start of cach
PRACH slot and a first PUSCH occasion siot may be represented by a parameter “msgA-
pusch-timedomainoffset.”

{011s6] FIG. 10 s an example diagram 1000 illustrating pavameters for the time domain
configuration of the static configuration information for communication of payload data
of a message A in a two-siep random access procedure, according fo some aspecis. In
FiG. 10, the horizontal axis represents a ume domain and the vertical axis represents a
frequency domain. An RU may receive a preamble {e.g., PRACH data) of the message
A i the two-step random access procedure during a PRACH occasion 1010, After
receiving the preamble of the message A, the RU may receive the pavioad data of the
message A during a first PUSCH occasion 1022 andfor a second PUSCH occasion 1024,

The payload data of the message A may be PUSCH data. In FIG. 10, the first PUSCH
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occasion 1022 and the second PUSCH occasion 1024 may ocour at a same (or
substantially same) frequency range and at different time instances.

{0117] In FIG. 10, a parameter guardperiodmsgA-pusch 1052 of the time domain
configuration represcnis a guard period by which consecutive PUSCH occasions in a time
domain are separated. Hence, in FIG. 10, the parameter guardperiodmsgA-pusch 1052
represents the guard period by which the first PUSCH occasion 1022 and the second
PUSCH occasion 1024 are separated. A parameter nrofmsgA-po-perslot 1034 of the time
domain configuration represents a number of contiguous time domain PUSCH occasions
in cach slot including the guard period. in Fig. 10, in 1 slot, the first PUSCH occasion
1022 and the second PUSCH occasion 1024 are the contiguous time domain PUSCH
occasions, and thus the value of the parameter nrofmsgA-po-perslot 1054 1s 2.

{0118] In an aspeci, the reference signal configuration may mmclude a DMRS
configuration including parameters, such as a position for cach DMRES symbol in a slot,
an indicator indicating DMRS resource element(s) in a resource block for a DMRS
symbol, and/or a bit indicating whether non-DMRS resource element(s) within a DMRS
symbol are occupicd by the payioad data or not. In some aspects, because the PUSCH
data of the message A and the reference signal may be encoded differentdy, this reference
signal configuration may be used to configure the RU for the communication of the
reference signal such as the DMRS. For example, the position for each DMRS symbnl
mn a slot may be represented by a parameter “msgA-diws-timmeposition,”  the indicator
indicating DMRS resource element{(s) in a resource block for a DMRS symbol may be
represented by a parameter “msgA-dmrs-frequencyposition,” and the bit indicating
whether non-DMRS resource element(s) within 2 DMRS symbol are occupied by the
payload data or not may be represented by a parameter “msgA-nondowrs-
frequencyposition.” In an aspect, the position for each DMRS symbol in a slot may be
indicated by a bitmask, and the indicator indicating DMRS resource element{(s) in a
resource bloack for a DMRS symbol may be indicated by another bitmask. In an aspect,
the bit indicating whether non-DMRS resource element(s) within a2 DMRS symbol are
occupied by the payload data or not may be a single bit. For example, the value 1 of the
single bit may indicate that non-DMRS resource element(s) within a DMRS symbol are
occupied by the payload data, and the value O of the singie bit may that non-DMRS
resource element(s) within a DMRS symbol are not occupied by the payload data,

{0119] FIG. 11 is an example diagram 1100 illustrating a Yang module for static

configuration information for receiving PUSCH data communicated via a message A of
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the two-step random access procedure, according to some aspects. For example, the static
configuration support indication may be a parameter "MSGA-PUSCH-STATIC-
CONFIGURATION-SUPPORTED” in o-ran-module-cap of the Yang module and may
be coramunicated from a RU to a DU via an M-planc communication at first, to indicate
that the RU supports the static PUSCH configuration capability. As shown in FIG. 11,
the static configuration information may be provided vnder “static-msgA-pusch-
configurations,” which also indicates the presence of the parameter “MSGA-PUSCH-
STATIC-CONFIGURATION-SUPPORTED™ indicating the RU supports the static
PUSCH configuration capabifity.

{81201 As shown in FIG 11, the static configuration information may inchide the

39 64

frequency domain configuration such as “nrmsgA-po-fdm,” “guardbandmsgA-pusch,”

“frequencystartmnsgA-pusch,” “nrofprb-permsgA-po,” and “msgA-

13

mirasiotfrequencyhopping.” In FiG. 11, the static configuration information may also
include the tme domain configuration soch as “nrofslotsmsgA-pusch,” “mrofmsgA-po-
perslot,” “msgA-pusch-timedomainaliocation,” “starisymboiandliengthrosgA-po,” and
“msgA-pusch-timedomainoffset.”  FIG. 11 further shows that the static configuration
information may further include a reference signal configuration such as “msgA-dows-
gmeposition,” “msgA-dmrs-frequencyposition,” and “msgA-nondmrs-
frequencyposition.”

{0121} in some cases, the resources allocated for at least a portion of the payload data
{e.g., PUSCH data) of the message A may also be allocated for data/signal {e.g., SRS,
PUCCH data) different from the pavload data, and thus the use of the allocated resources
overlap for the payload data and the data/signal different from the payload data. In such
cases, rate matching around such allocated resources overlapping for the pavicad data and
the datafsignal different from the payload may be necded. For example, the RU may not
need to send quadrature data {¢.g., in-phase and guadranire (100} symbols} corresponding
to the allocated resources overlapping for the payload data and the data/signal different
from the payload.

{0122] Hence, in an aspect, the DU may transmit, to the R, a resource overlap indicator
that indicates uplink resource(s} allocated for at least a portion of the payload data and
for a difforent data that (s ddferent from the payvload data. In an aspect, the different data,
which is different from the payload data, may be a PUCCH data and/or a reference signal
such as an SRS. For example, the resource overlap indicator may indicate a frequency

range and a time range of the uplink resource(s) (e.g., REs}. When the RU receives the
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resource overlap indicator, the RU may refrain from fransmitting quadrature data
corresponding to the uplink resource(s) indicated by the resource overlap indicator. For
cexample, if particular REs are allocated for a signal/data different from the payload data,
and the pasticular REs are also allocated for the payicad data, then the RU may not
successfully receive the payload data from the UE in the particular REs, and thus the RU
may not transmit the quadratsre data corresponding to the particular REs to the DUL Ag
such, fronthaul bandwidth not used for the guadrature data corresponding to the particular
REs is conserved.

{01231 In an aspect, the wansmission of the quadrature data to the UE may be controlled
by an enable indicator that indicates whether to transmit the quadratore data. in particular,
the DU may transmit, and the RU may recetve, an enable indicator to the radio unit that
indicates whether (o transmit guadrature data corresponding to the uplink resource(s) to
the DU based on the resource overlap indicator. In this aspect, the RU may refrain from
transmitting the quadrature data corresponding to the uplink resource(s) indicated by the
resource overlap indicator when the enable indicator received indicates not to transmit
the quadrature data corresponding to the uplink resource(s) allocated for at least the
portion of the payload data and the different data. In this case, in one example, the enable
indicator may further include a duration to refrain from transmitting the quadrature data.
On the other hand, i the cnable indicator received indicaics to transmit the quadrature
data corresponding to the uplink resource(s) allocated for at least the portion of the
payload data and the different data, the RU may trapsmit the quadrature data
corresponding to the uplink resource(s) indicated by the resource overlap indicator,
regardless of whether the RU has received the resource overlap indicator from the DU,
In this case, in one example, the enable indicator may further include a duration to
wransmit the (uadrature data.  In an aspect, the enable indicator may bhe wransmitted
periodicaily, or dynamically, or semi-statically, using a C-plane communication to the
RU. For example, the enable indicator may be indicated in a C-Plane section extension,
such as an enurn value.

{0124] For some types of commumnications, such as mMTCs, data channels such as a
PDSCH and a PUSCH may be configured with one or more repetitions. Hence, in an
aspect, the DU may transmit a repetition indicator to the RU, where the repetition
indicator indicates a configuration of an uplink data channel (c.g., PUSCH) with onc or
more repetitions for receiving the payload data (e.g., PUSCH data). When the RU

receives the repetition indicator, the RU may configure the RU such that the RU may
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receive the payload data and one or more repetitions of the payvload data from the UE.
Thercfore, the repetition indicator may provide support for repetitions of the payload data
{e.g., PUSCH data) when communication of the payload data is statically configured in
the O-RAN based on the static configuration information.

{0125] in LTE, a divect current (DC) location inside a carrier may be a fixed location
within the carrier, and thus both a base station and a UE may know the DC location. The
DC subcarrier in LTE may not be allocated for any data, control or reference signal
allocation. On the other hand, in NR, a DBC location is not fixed and may also be outside
the carrier. Further, in NR, the DC sub-carrier may be allocated for data, control and/or
reference signals. DC subearriers in NR may act as an interference/noise and thus may
cause performance degradation. Therefore, for example, some receivers may apply DC
rejection filtering or puncturing to disregard the tone affected by the DC subcarriers. For
these reasons, in NR, the DC subcarrier location may be broadcast over the air in system
information block (e.g., SIB1). In O-RAN, a DU, a CU and an RU may be implemented
in geographically different locations. In order to provide downlink DC location in a SIB
that is generated at a DU and/or a CU, the DU and/or the CU need to know the BC location
in the RU. However, in the current O-RAN, the DC location is not provided from the RU
to the DU and/or the CU.

{0126] In an aspect, the RU may transmit, and the DU may receive, a DC subcarrier
location indicating a location of a DC subcarrier used to communicate with the UE.
Subsequently, the DU may schedole a downlink transmission of downlink data that
carries a system information block {(e.g.. SIB1), and wansmits the downlink data carrying
the system information block to the RU. When the RU receives the downlink data
carrying the system information block, the RU transmoits the dowalink data to the UE.
Accordingly, the DC subcarrier location is provided to the DU and is carried in the system
information block generated by the DU and/or the CU, such that the UE receiving the
sysiem information block may have information about the DC subcarrier location.

{0127] FIG. 12 is an example diagram 1200 illustrating a Yang module for providing a
DC subcarrier location to the DU, according to some aspeets. As shown in FIG. 12, o-
ran-module-cap of the Yang module may include a parameter for the DL subcarrier
location, which is “txDirectCurrentlocationCarrier_0 wintla, e -
txDirectCurrentlLocationCarrier_(max-num-carricrs-dl -1} vint16.” For example, if there
are four DC subcarrier locations, this parameter may indicate four DC subcarrier locations

respectively via xDirectCurrentLocation{Carrier_{ uinti6,
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txDirectCurrentLocationCarrier_1  uwintld, oxDuectCurrentlocationCarrier_2  uintlo,
txDnrectCurrentLocationCarrier 3 winti 6.

{0128] In an aspect, sometime after statically configuring {(e.g., via an M-plane) the RU
with the static configuration information for receiving the payload of the message A, the
DU may transmit a static configuration stop indicator to the RU, such that the RU may
stop the static configuration of the RU {or receiving the payload of the message A in
response to receiving the static configuration stop indicator. Further, in response to
receiving the static configuration stop indicator, the RU may fall back o a dynamic
configuration for receiving the payload of the message A, In an aspect, the static
configuration stop indicator may be transmitted to the RU via a C-plane message. In an
aspect, when the RU is not configured with the static configuration for receiving the
payioad of the message A (g¢.z.. when the RU is configured with the dynamic
configuration), the DU may transmit a static configuration start indicator to the RU, so as
to configure the RU with the static configuration for receiving the payload of the message
A. For example, sometime after the fall back to the dynamic configuration for receiving
the payload of the message A inresponse to the static configuration stop indicator, if the
RU receives the static configuration start indicator, the RU may start the static
configuration of the RU for receiving the payload of the message A {e.g., based on the
static configuration information from DU), and may stop the dynamic configuration. The
static counfiguration start message may be transmitted to the RU via a C-plane message.

{0129] n an aspect, the static configuration stop indicator may inclode a stop duration to
stop the static configuration for receiving the payload of the message A. Hence, for
cxample, if the RU counfigured with the static configuration for receiving the payload
receives the static configuration stop indicator from the DU, the RU may stop the static
configuration for receiving the pavicad and fall back to the dynamic configuration for
recetving the payload during the stop duration. When the stop doration expires, the RU
may revert to the static configuration for receiving the payload. In an aspect, the static
configuration start indicator may include a static duration to maintain the static
configuration {e.g., before falling back o the dynamic configuration}. For example, the
when the RU receives the static configuration start indicator with the static duration, the
RU may maintain the static configuration for receiving the paviocad during the static
duration. When the static duration expires, the RU may stop the static configuration for
receiving the payload and may revert to the dynamic configuration for receiving the

payload.
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{01361 FIG. 13 is an example diagram 1300 iHustrating features performoed by a UK, an
RU, and a DU in an O-RAN, with a static configuration stop indicator and a static
configuration start indicator, according to some aspecis. In FIG. 13, a UE 1302 may
communicate with an RU 1304, which may communicate with a DU 1306, The UE 1302
may be stmilar to the scheduled entity/UE 106, 810, the RU 1304 may be similar 1o the
R 740, §40, and the DU 1306 may be similar to the DU 730, §30.

{0131} At 1312, the DU 1306 may transmif a static configuration support indication for
receiving payload data via a message A in a two-step random access procedure.  Afier
receiving the static configuration support indication, at 1314, the DU 1306 may transmit
static configuration information for veceiving the payload data communicated via the
message A. In an example, the static configuration information may be {ransmitted via
an M-plane message. When the RU 1304 receives the static configuration information,
at 1316, the RU 1304 may statically configure the RU 1304 for receiving the payload data
of the message A based on the static configuration information. At 1318, the UE 1302
and the RU 1304 may perform the two-step random access procedure, during which the
RU 1304 may receive the payload data of the message A based on the static configuration
information for receiving the payvioad data. At 1320, the RU 1304 may transmit the
payload data of the message A to the DU 1306 using a U-plane message.

{0132] At 1322, the RU 1304 may receive a static configuration stop indicator from the
DU 13046, where the static configuration stop indicator indicates for the RU 1304 1o stop
the static configaration of the RU 1304 based on the static configuration information for
veceiving the payload data. At 1324, in response to the static configuration stop indicator,
the RU 1304 may refrain from statically configuring the RU 1304 based on the static
configuration information for receiving the payload data and may fall back to a dynamic
configuration for receiving the payload data. At 1326, the UE 1302 and the RUJ 1304
may perform the two-step random access procedure, during which the RU 1304 may
receive the payvload data of the message A based on the dynamic configuration for
receiving the payload data. At 1328, the RU 1304 and the DU 1306 may exchange C-
plane and U-plane messages to transmit the payload data of the message A from the RUJ
1304 to the DU 1306.

{01331 At 1330, the RU 1304 may receive a static configuration start indicator from the
DU 1306, where the static configuration start indicator indicates for the RU 1304 to start
{or restart) the static configuration of the RU 1304 based on the static configuration

information for receiving the payload data. At 1332, in response to the static
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configuration start indicator, the RU 1304 may (again) statically configure the RU 1304
hased on the static configuration information {or receiving the payload data. At 1334, the
UE 1302 and the RU 1304 may perform the two-step random access procedure, during
which the RU 1304 may receive the pavload data of the message A based on the static
configuraticn information for receiving the payload data. At 1336, the RU 1304 may
transmit the payload data of the message A to the DU 1306 using a U-plane message.

{0134] FIG. 14 is an example diagram 1400 illostrating features performed by a UE, an
RU, and a DU in an O-RAN, with a static configuration stop indicator having a stop
duration, according to some aspects. In FIG. 14, 3 UE 1402 may communicaie with an
RU 1404, which may communicate with a DU 1406, The UE 1402 may be sirpilar to the
scheduled entity/UE 106, 810, the RU 1404 may be similar to the RU 740, 840, and the
DU 1406 may be similar to the DU 730, 830.

{0135] At 1412, the DU 1406 may transmoit a static configuration support indication for
receiving pavload data via a message A in a two-step random access procedure.  After
receiving the static configuration support indication, at 1414, the DU 1406 may transmit
static configuration information for receiving the payload data communicated via the
message A, In an example, the static configuration information may be transmitied via
an M-plane message. When the RU 1404 receives the static configuration information,
at 1416, the RU 1404 may statically configure the RU 1404 for receiving the payload data
of the message A based on the static configuration information. At 1418, the UE 1402
and the RU 1404 may perform the two-step random access procedure, during which the
RU 1404 may receive the payload data of the message A based on the static configuration
information for receiving the payload data. At 1420, the RU 1404 may transmit the
payload data of the message A to the DU 1406 using a U-plane message.

{3136] At 1422, the RU 1404 may receive a static configuration stop indicator with a stop
duration from the DU 1406, where the static configuration stop indicator indicates for the
RU 1404 1o stop configuring the radio unit based on the static configuration information
for receiving the payload data, for the stop duration. At 1424, in response to the static
configuration stop indicator, the RU 1404 roay refrain from statically configuring the RU
1404 based on the static configuration information for receiving the payload data and may
falf back 1o a dynamic configuration for receiving the pavioad data. Because the static
configuration stop indicator inchudes the stop duration, the RU 1404 may refrain from
statically configuring the RU 1404 based on the static configuration information for

receiving the payload data and may fall back to a dynamic configuration for receiving the
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payload data, for the stop duration. At 1426, while the stop duration has not cxpired, the
UE 1402 and the RU 1404 may perform the two-step random access procedure, during
which the RU 1404 may receive the payload data of the message A based on the dynamic
configuration for receiving the payioad data. At 1428, the RU 1404 and the DU 1406
may cxchange C-planc and U-planc messages to transmit the pavioad data of the message
A from the RU 1404 1o the DU 1406.

{0137] At 1430, when the stop duration expires, the RU 1404 may (again} statically
configure the RU 1304 based on the static configuration information for receiving the
payload data. At 1432, the UE 1402 and the RU 1404 rpay perform the two-step random
access procedure, doring which the RU 1404 may receive the payload data of the message
A based on the static configuration information for receiving the payload data. At 1434,
the RU 1404 may transmit the payload data of the message A to the DU 1406 using a U-
plane message.

{0138] FIG. 15 18 an example diagram 1500 illustrating features performed by a UH, an
RU, and a BU in an O-RAN, with a static configuration start indicator having a static
duration, according to some aspects. In FIG. 15, 3 UE 1502 may communicate with an
RU 1504, which may communicate with a DU 15066, The UE 1502 may be sirpilar to the
scheduled entity/UE 106, 810, the RU 1504 may be similar to the RU 740, 840, and the
DU 1506 may be similar to the DU 730, 830.

{0139] AL 1512, the DU 1506 may transtoif a static configuration support indication for
receiving pavload data via a message A in a two-step random access procedure.  After
veceiving the static configuration support indication, at 1514, the DU 1506 may transmit
static configuration information for receiving the payicad data communicated via the
message A. In an example, the static configuration information may be transmitted via
an M-plane message.

{0144] At 1516, the DU 1306 may transmit a static configuration start indicator with a
static duration, where the static configuration start indicator indicates for the RU 1304 to
start a static configuration the RU 1304 based on the static configuration information for
receiving the payvload data, for the static duration. When the RU 1504 receives the static
configuration start indicator, at 1518, the RU 1504 may statically configure the RU 1504
for receiving the payload data of the message A based on the static configuration
information, for the static duration. At 1520, while the static duration has not expired,
the UE 1502 and the RU 1504 may perform the two-step random access procedure, during

which the RU 1504 may receive the pavload data of the message A based on the static
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configuration information for receiving the payload data. At 1522, the RU 1504 may
wransmit the payload data of the message A to the DU 1506 using a U-plane message.

{0141] At 1524, when the static duration expires, the RU 1504 may refrain from statically
configuring the RU 1504 hased on the static configuration information for receiving the
payload data and may fall back to a dynamic configuration for receiving the pavload data.
At 1526, the UE 1502 and the RU 15304 may perform the two-step random access
procedure, during which the RU 1504 may receive the payload data of the message A
based on the dynamic configuration for receiving the payload data. At 1528, the RU 1504
and the DU 1506 may exchange C-plane and U-plance messages to transmit the payload
data of the message A from the RU 1504 w the DU 1506.

{0142] FIG. 16 is a block diagram illustrating an example of a hardware implementation
for a distributed vnit 1600 eraploying a processing system 1614, For example, the
distributed unit 1600 may be a DU as illustrated in any one or more of FIGs. 7, 8, 13, 14,
and/or 15.

{0143] The distributed unit 1600 may be implemented with a processing system 1614 that
includes one or more processors 1604, Examples of processors 1604 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 cxampies, the distributed
unit 1600 may be configured o perform any one or more of the functions described
herein. That is, the processor 1604, as utilized in a distributed umt 1600, may be used to
implement any ong or more of the processes and procedures described below and
iHustrated in FiGs. 17-19.

{01441 In this example, the processing system 1614 may be umplemented with a bus
architecture, represented genevally by the bus 1602, The bus 1602 may include any
number of interconnecting buscs and bridges depending on the specific application of the
processing  system 1614 and the overall design constraints. The bus 1602
coropuicatively couples together various circuits including one or more processors
(represented generally by the processor 1604), a memory 1603, and computer-readable
media (represented generally by the computer-readable storage medium 1606). The bus
1602 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

theretore, will not be described any further. A bus interface 1608 provides an interface
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between the bus 1602 and a transceiver 1610. The transceiver 1610 provides a
comypunication interface or means for communicating with various other apparatus over
a transmission medium. Depending upon the nature of the apparatus, a user interface 1612
{e.g., keypad, display, speaker, microphone, joystick) may also be provided. Of course,
such a user interface 1612 is optional, and may be omitied in some examples, such as a
base station.

{0145} In some aspects of the disclosure, the processor 1604 may inciude communication

wanagement circuitry 16440 configured for various functions, including, for example,
receiving, from a radio unit, a static configuration support indication for receiving pavioad
data via a message in a two-step random access procedure, the message including a
preamble and the payload data. For example, the communication management circuitry
1644 may be configured to implement one or more of the functions described below in
relation to FIGs. 17 and 19, including, ¢.g., blocks 1702 and 1902.

{014s] fn some aspects, the cowvmupication management civcuitry (640 may be
configured for various functions, including, for example, scheduling a downlink
transmission of downlink data that carrics a system information block inchiding the BC
subcarrier location. For example, the communication management circuitry 1640 may be
configured to implement one or more of the functions described below in relation to FiGs.
18-19, including, e.z., blocks 1804 and 1914,

{0147] In somc aspects, the communication management circuitry 1640 may be
configured for various functions, including, for example, ransmitting the downlink data
to the radio unit. For example, the communication management circuitry 1640 may be
configured to implement one or more of the functions described below in relation to FiGs.
18-19, including, e.g., blocks 1806 and 1920,

{3148] In some aspects, the communication management circuifry 1640 may be
configured for various functions, including, for example, transmitting a resource overlap
indicator to the radio unit, wherein the resource overlap indicator indicates one or more
uplink resources allocated for at lcast a portion of the payload data and for a different
data, different from the payload data. For example, the communication management
civepitey 1640 may be configured to implement one or more of the functions described
helow in relation to FIG. 19, including, e.g., block 1906.

{01451 In some aspects, the communication management circuilry 1640 may be
configured for various fonctions, including, for example, transmitting an enable indicator

to the radio unit, wherein the cnable indicator indicates whether to transmit quadrature
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data corresponding to the once or more uplink resources to the distributed unit based on
the resource overlap indicator. For example, the communication management circuitry
1640 may be configured to tmplement one or more of the functions described below in
relation to FIG. 19, including, ¢.g., block 1908,

{0150] In somc aspects, the communication management circuitry 1640 may be
configured for various functions, including, for example, transmitting a static
configuration stop indicator to the radio unit. For example, the commusnication

wanagement circuitry 1640 may be configured o imaplement one or more of the functions
described below in relation to FIG. 19, inchuding, e.g., block 1914,

{8151} In some aspects, the communication management circuifry 1640 may be
configured for various functions, including, for example, tansmutting a static
configuration start indicator to the radio unit. For cxample, the conununication
management circuitry 1640 may be configured to implement one or more of the functions
described below in relation to FIG. 19, inclading, e.g., block 1912,

{6152] In some aspects, the compmunication management circuifry 1640 may be
configured for various functions, including, for cxample, transmitting a repetition
indicator to the radio unit, wherein the repetition indicator indicates a configuration of an
pplink data channel with one or more repetittions for receiving the payload data. For
cxample, the comuunication management circuitrty 1640 may be configured to
unplement ong or more of the functions described below in refation to FIG. 19, including,
e.g., block 1914,

{6153] in some aspecis of the disclosure, the processor 1604 may include static
configuration management circuitry 1642 configured for various functions, including, for
cxample, transmitting, in response to receiving the static configuration support indication,
static configuration information to the radio unit, the static configuration information for
receiving the payload data communicated via the message. For example, the static
configuration management circuitry 1642 may be configured to implement one or more
of the functions described below in relation to FIGs. 17 and 19, including, e.g., blocks
1704 and 1904,

{6154} In some aspects of the disclosure, the processor 1604 may include DC subcarrier
location circuitry 1644 configured for various functiouns, including, for example, receiving
a DC subcarrier focation from the radio unit, the DC subcarrier location indicating a
location of a DC subcamier vsed o communicate with a UE. For example, the DC

subcarrier location circuitry 1644 may be configured to implement one or more of the
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functions described below in relation to FIGs. 18 and 19, including, ¢.g., blocks 1802 and
1916.

{0135] The processor 1604 is responsible for managing the bus 1602 and general
processing, including the cxecution of software stored on the computer-readable storage
medium 1606. The software, when cxecuted by the processor 1604, causes the processing
system 1614 to perform the various functions described below for any particular
apparatus. The computer-readable storage medium 1606 and the memory 1605 may also
be used for storing data that is manipulated by the processor 1604 when cxecuting
software.

{3136] One or more processors 1604 in the processing system may execute software.
Software shall be construed broadly o mean nstructions, instruction sets, code, code
segments, program code, programs, subprograms, software modules, applications,
software applications, software packages, routines, subroutines, objects, executables,
threads of execution, procedures, functions, ctc., whether referred to as software,
firmware, middieware, microcode, hardware description language, or otherwise. The
software may reside on a computer-readable storage medium 1606, The computer-
readable storage medium 1606 may be a non-transitory computer-readable storage
medivm. A nop-transitory computer-readable storage medium includes, by way of
cxample, 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 (DVD)), a smart card, a
flash memory device {e.g., a card, a stick, or a key drive), a randorn access memory
(RAM), aread only memory {ROM), a programmable ROM {(PROM), an erasable PROM
(EPROM), an clectrically erasable PROM (EEPROM), a register, a removable disk, and
any other suitable medium for storing software and/or instructions that may be accessed
and read by a computer. The comaputer-readable storage medium 1606 may reside in the
processing system 1614, external to the processing system 1614, or distributed across
multiple cntities including the processing system 1614, The computer-teadable storage
medium 1606 may be embodied in a computer program product. By way of example, a
corgputer program product may include a computer-readable storage mediom in
packaging materials. Those skilled in 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.

{0187] In some aspects of the disclosure, the computer-readable storage medium 1606

may include communication management software/instructions 1660 configured for
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various functions, including, for cxample, receiving, from a radio unit, a static
configuration support indication for receiving payload data via a message in a two-step
random access procedure, the message inchiding a preamble and the payload data. For
cxamyple, the communication management seftware/instructions 1660 may be configured
to implement one or more of the functions described below in relation to FlGs. 17 and
19, including, e.g., blocks 1702 and 1902,

{0158] In some aspects, the communication management software/instructions 1660 may
be configured for various functions, including, for example, scheduling a downlink
transmission of downlink data that carrics a system information block inchiding the BC
suhcarrier location. For example, the communication managernent software/instructions
1660 may be configured to umplement one or more of the functions described below in
relation to FIGs. 18-19, including, e.g., blocks 1804 and 1918.

{0159] n sorae aspects, the communication managerent software/instructions 1660 may
be configured for various funcuons, including, for example, transmitting the downlink
data to the radio unit. For exaraple, the communication management software/instructions
1660 may be configured to implement one or more of the functions described below in
relation to FIGs. 18-19, including, e.g., blocks 1806 and 1920.

{0160] In some aspects, the communication management software/instructions 1660 may
be configured for various functions, including, for example, transmitiing a resource
overlap indicator to the radio unit, whercin the resouree overlap indicator indicates one
or more uplink resovrces allocated for at least a portion of the payload data and for a
different data, different from the payload data. For example, the commusnication

wanagement software/instructions 1660 may be configured to implement one or more of
the functions described below in relation to FIG. 19, including, e.g., block 1906.

{81s1] In some aspects, the conmunication management software/instructions 1660 may
be configured for vartous functions, including, for example, transmitting an cnable
indicator to the radio unit, wherein the enable indicator indicates whether to transmit
quadrature data corresponding to the one or more uplink resources to the distributed unit
based on the resource overlap indicator. For example, the communication management
software/instructions 166{ may be configured to implement one or move of the functions
described below in relation to FIG. 19, inchuding, e.g., block 1908.

{01621 In some aspects, the communication reanagement software/instructions 1660 may
be configured for varicus fonctions, including, for example, transmitting a static

configuration stop indicator to the radic unit. For cxample, the conununication
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manageroent software/instractions 1660 may be configured to tnplement one or moore of
the functions described below in relation to FIG. 19, including, e.g., block 1910,

{0163] In some aspects, the communication management software/instructions 1660 may
be configured for various functions, including, for example, transmitting a static
configuration start indicator to the radio unit. For example, the conununication
management software/instructions 1660 may be configured to implement one or more of
the functions described below in relation to FIG. 19, including, e.g., block 1912,

{6164] In somc aspects, the communication management software/instructions 1660 may
be configured for various functions, including, for cxample, fransmitting 4 repetifion
indicator to the radio unit, wherein the repetition indicator indicates a configuration of an
pplink data channel with one or more repetittions for receiving the payload data. For
cxamyple, the communication management seftware/instructions 1660 may be configured
to implement one or more of the functions described below in relation to FIG. 19,
including, e.g., block 1914.

{3165] In some aspects of the disclosure, the computer-readabie storage medium 1606
may include static configuration management software/instructions 1662 configured for
various functions, inchiding, for example, transmitting, in response (o receiving the static
configuration support indication, static configuration information to the radio unit, the
stafic configuration information for receiving the payload data commuunicated via the
message. For cxamaple, the static configuration management software/instructions 1662
may be configured to implement one or more of the functions deseribed below in relation
to FiGs. 17 and 19, including, e.g., blocks 1704 and 1904,

{3166] In some aspects of the disclosure, the computer-readabie storage medium 1606
may include DC subcarrier location software/instructions 1664 configured for various
functions, including, for example, receiving a DC subcarrier location from the radio unit,
the DC subcarrier location indicating a location of a DC subcarrier used to communicate
with a UE. For example, the DC subcarrier location software/instructions 1664 may he
configured to implement one or more of the functions described below in relation to Fi(s.
18 and 19, including, e.g., blocks 1802 and i916.

{8167] FIG. 17 is a flow chart illustrating an exemplary process 1700 for wireless
communication in a network such as an O-RAN in accordance with some aspects of the
present disclosure. As described below, some or all illustrated features may be omitted in
a particilar implementation within the scope of the present disclosure, and some

iHustrated features may not be required for implementation of all embodiments. In some
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exaroples, the process 1700 may be carried out by the distributed unit 1600 iliusivated in
FIG. 16, In some examples, the process 1700 may be carried out by any suitable apparanis
or means for carrying out the functions or algorithm described below.

{0168] At block 1702, the distributed unit 1600 may receive, from a radio unit, a static
configuration support indication for recciving pavload data via a message in a two-step
random access procedisre, the message including a preamble and the payload data. For
example, the communication management civenitry 1640 shown and described above in
connection with FIG. 16 may provide means for receiving the static configuration support
indication.

{§169] At block 1704, the distributed wnit 1600 may transmit, in response to receiving
the static configuration support indication, static configuration information to the radio
unit, the static configuration information for receiving the payload data communicated
via the message. For example, the static configuration management circuitry 1642 shown
and described asbove in connection with FIG. 16 may provide means for the static
configuration information.

{01761 FIG. 18 is a flow chart ilustrating an exemplary process 1800 for wircless
comypunication in a network such as an O-RAN in accordance with some aspects of the
present disclosure. As described below, some or all illustrated features may be omitted in
a particular implementation within the scope of the present disclosure, and some
tHustrated features may not be required for implementation of all erabodiments. In some
examples, the process 1800 may be carried cut by the distributed unit 1600 illustrated in
FIG. 16. In some examples, the process 1800 may be carried out by any suitable apparatus
or means for carvying out the functions or algorithm described below.

{6371 At block 1802, the distributed unit 1600 may receive a DU subcarricr location
from the radio unit, the DO subcarrier location indicating a location of a DC subcarrier
used to communicate with a UE. For example, the DC subcarrier location circuitry 1644
shown and described above in connection with FI(G. 16 may provide means for receiving
the DC subcearrier ocation.

{0172 At block 1804, the distributed anit 1600 may schedule a downlink transmission
of downlink data that carries a system information block including the DC subcarrier
location. For example, the comununication management civcuitry 1640 shown and
described above in connection with FIG. 16 may provide means for scheduling downlink

transmission of the downlink data.
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{61731 At block 1804, the distributed unit 1600 may transmit the downlink data to the
radio unit. For example, the communication management circuitry 1640 shown and
described above in connection with FIG. 16 may provide means for transmutting the
downlink data to the radio unit.

{0174] FIG. 19 s a flow chart illustrating an exemplary process 1900 for wireless
corpmunication in a network such as an O-RAN in accordance with some aspects of the
present disclosure. As described below, some or all llustrated features may be omitted in
a particular implementation within the scope of the present disclosure, and some
iHustrated features may not be required for implementation of all embodiments. In some
examples, the process 1900 may be carried out by the distributed unit 1600 illustrated in
FIG. 16. In some examples, the process 1900 may be carried out by any suitable apparams
or means for carrying out the functions or algorithm described below.

{0175] At block 1902, the distributed unit 1600 may receive, from a radio unit, 4 static
configuration support indication for receiving payvload data via a message in a two-step
random access procedure, the message incliding a preambie and the pavioad data. For
example, the communication management circutry 1640 shown and described above in
connection with FIG. 16 may provide means for receiving the static configuration support
indication. In an aspect, the payload data may be a PUSCH data. In an aspect, the two-
step random access procedure may include use of a message A comprising the preamble
and the pavload data that includes a PUSCH data, the message A being the message, and
a message B comprising a randorm access response and a contention resolution message.

{0176} At block 1904, the disuibuted unit 1600 may transmit, in response o receiving
the static configuration support indication, static configuration information to the radio
unit, the static configuration information for receiving the payvioad data coramumicated
via the message. For example, the static configuration management circaitry 1642 shown
and described above in connection with FIG. 16 may provide means for the static
configuration information. In an aspect, the fransmitting the static configuration
mformation to the radio unit at block 1904 may include transmoitting the static
configuration information to the radio unit via an M-plane message.

§0177] I an aspect, the static configuration nformation for receiving the payload data
may nclude at least one oft a frequency domain configuration for receiving the payload
data, a time domain configuration for recciving the payload data, or a reference signal

configuration.
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In an aspect, the frequency domain configuration may include at least one of: a
number of frequency-multiplexed PUSCH occastons available per time instance, a
mimber of resource blocks by which consecutive PUSCH occasions in a frequency
domain are separated, an offsct value with respect to 2 PRB number zero or a VRB
number zero, the offset value indicating a starting PRB of a PUSCH occasion or a starting
VRE of the PUSCH occasion, a number of PREBs per PUSCH occasion, or an indication
indicating whether to perform frequency hopping for transmission of the message along
with a hopping offsct.

In an aspect, the time domain configuration may include at least one of: a number
of slots containing one or more PUSCH occasions with a same time domain aliocation, a
guard period by which consecutive PUSCH occasions in a time domain are separated, a
number of contiguous time domain PUSCH occasions in cach slot including the guard
period, a parameter indicating a start symbol and a length corresponding to a number of
conseentive symbols allocated for receiving the payload data via the message, and a
PUSCH mapping type for recciving the payload data via the message, a parameier
indicating the start symbol and the length corresponding to the number of counsecutive
symbols allocated for recetving the payload data via the message, and a reference signal
mapping type, or a time offset between a start of each PRACH slot and a first PUSCH
occasion slot.

in an aspect, the refercnce signal configuration may include a DMRS
configuration including at least one of: a position for cach DMRS symbol in a slot, an
indicator indicating one or more DMRS resource elements in a resource block for a
DMRS symbol, or a bit indicating whether one or more non-DMRS resource clements
within a DMRS syrbol are occupied by the payicad data or not.

In an aspect, at block 1906, the distributed anit 1600 may transmit a resource
overlap indicator to the radio unit, wherein the resource overlap indicator indicates one
or more uplink resources allocated for at least a portion of the payload data and for a
different data, different from the payload data. For example, the conununication
management circuitry 1640 shown and described above in connection with FIG. 16 may
provide means for transmitting the resource overlap indicator.

In an aspect, at block 1908, the distributed vnit 1600 may transmit an cnable
indicator to the radio unit, wherein the enable indicator indicates whether to transnut
quadrature data corresponding to the one or more uplink resources to the distributed vt

based on the resource overlap indicator. For example, the conununication management
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circuttry 1640 shown and described above in connection with FIG. 16 may provide means
for transmutting the enable indicator,

{0183] In an aspect, at block 1910, the distributed umt 1600 may transmit a static
configuration stop indicator to the radio unit, the static configuration stop indicator
mdicating for the radio unit to stop a static configuration of the radio unit bhased on the
static configuration information. For example, the communication management circuitry
1640 shown and described above in connection with FIG. 16 may provide means for
transmitting the static configuration stop indicator to the radio unit. In an aspect, the static
configuration stop indicator may include a stop duration during which the radio unitis to
stop statically configuring the radio unit based on the static configuration information. In
an aspect, the static configuration stop indicator may be transmitted to the radio unit via
a control plane (C-plane) message.

{0184] in an aspect, at block 1912, the distributed unit 1600 may transmit a static
configuration start indicator to the radio ant, the static configuration start indicator
indicating for the radic unit {o start a static configuration of the radio unit based on the
static configuration information. For exaraple, the communication manageraent circuitry
16440 shown and described above in connection with FIG. 16 may provide means for
wansmitting the static configuration stagt indicator to the radio unit. In an aspect, the
static configuration start indicator raay include a static duration during which to statically
configure the radio unit based on the static configuration information. In an aspect, the
static configuration start indicator may be transmitied to the radio vnit via a C-plane
message.

{3185] In an aspect, at block 1914, the distributed unit 1600 may transmif a repetifion
indicator to the radio unit, whercin the repetition indicator indicates a configuration of an
uplink data channel with one or more repetitions for receiving the payload data. For
example, the communication management circuitry 1640 shown and described above in
connection with FIG. 16 may provide means for transmitting the repetition indicator,

{0186] in an aspect, at block 1916, the distributed vnit 1600 may receive a DC subcarrier
location from the radio unit, the DC subcarrier location indicating a location of a DC
subcarrier used to communicate with a UE. For example, the DC subcagrier location
circuttry 1644 shown and described above in connection with FIG. 16 may provide means
for receiving the DC subcarrier location. In an aspect, the receiving the DC subcarrier
location from the radio unit may include receiving the DC subcagrier location from the

radio unit via an M-plane message.
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{01871 In an aspect, at block 1918, the distributed unit 1600 may schedule a downlink
wransmission of downlink data that carries a system information block inchiding the DO
subcarrier location. For example, the communication management circuitry 1640 shown
and described above in connection with FIG. 16 may provide means for scheduling
downlink transmaission of the downlink data.

{0188] In an aspect, at block 1920, the distributed unit 1600 may transmit the downlink
data to the radic unit. For example, the communication management circuitry 1640
shown and described above in connection with FI(G. 16 may provide means for
transmitting the downlink data to the radio unit.

{3189} In one configuration, the distributed wnit 1600 for wireless commumication
inchudes means for receiving, from a radio unit, a static configuration support indication
for receiving payload data via a message in a two-step random access procedure, the
message including a preamble and the payload data, and means for transmitting, in
response to receiving the static configuration support indication, static configuration
information to the radio unit, the static configuration information for receiving the
payload data communicated via the message. In an aspect, distributed unit 1600 may
further include means for transmutting a resource overlap indicator to the radio uni,
wherein the resource overlap indicator indicates one or more uplink resources allocated
for at least a portion of the payload data and for a different data, different from the payload
data, and means for transmitting an cnable indicator to the radio unit, wherein the cnable
indicator indicates whether to transmit quadrature data corresponding to the one or more
uplink resources to the distributed unit based on the rescurce overlap indicator. In an
aspect, the distributed unit 1600 may further include means for transmitting a repetition
indicator to the radio unit, whercin the repetition indicator indicates a configuration of an
uplink data channel with one or move vepetitions for receiving the payload data. In an
aspect, the distributed unit 1600 may further include means for receiving a DC subcarrier
location from the radio unit, the DC subcarrier location indicating a location of a DC
subcarrier used to communicate with a UE, means for scheduling a downlink transmission
of downlink data that carries a system nformation block nclading the DC subcarrier
location, and means for ransmitting the downlink data to the radio unit. In an aspect, the
distributed unit 1600 may further include means for transmitting a static configuration
stop indicator to the radio unit and/or means for ransmitting a static configuration start

indicator to the radio unit.
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{01961 In one aspect, the aforernentioned means may be the processor{sy 1604 shown in
FIG. 16 configured to perform the functions recited by the aforementioned means. In
another aspect, the aforementioned wmeans may be a circuit or any apparatus configired
to perform the functions recited by the aforementioned means.

{0191] Of course, in the above exampies, the circuitry included in the processor 1604 is
merely provided as an example, and other means for carrying out the desceribed funcuions
may be inchided within various aspects of the present disclosure, including but not Hmited
to the instructions stored in the computer-readable storage medinm 1606, or any other
suitable apparatus or means described in any one of the Fi(ss. 7, §, 13, 14, and/or 15, and
atilizing, for example, the processes and/or algorithms described herein in relation to
FiGs. 17, 18, andfor 19,

{0192] FiG. 20 s a conceptual diagram illustrating an example of a hardware
implementation for an exemplary radio unit 2000 croploying a processing system 2014
In accordance with various aspects of the disclosure, an element, or any portion of an
clement, or any combination of clements may be implemented with a processing system
2614 that includes one or more processors 2004, For example, the radio vnit 2000 may
be an RUJ as illustrated in any one o more of Fi(es. 7, 8, 13, 14, and/or 15.

{0193] The processing system 2014 may be substantially the same as the processing
system 1614 illustrated in FIG. 16, including a bus interface 2008, a bus 2002, memory
2005, a processor 2004, and a computer-readable storage medium 2006. Furthermore, the
radio onit 2000 may include a oser interface 2012 and a transceiver 2010 substantially
similar to those desceibed above in FIG. 16, That i3, the processor 2004, as utilized in a
radio unit 2000, may be used o implement any one or more of the processes described
below and illustrated in FiGs. 21-23.

{0194} In some aspects of the disclosure, the processor 2004 may include static
configuration management civevitry 2040 configured for various functions, including, for
cxamyple, transmitting, to a distributed unit, a static configuration support indication for
receiving payload data via a message in a two-step randor access procedure, the message
including a preamble and the pavicad data. For example, the static configuration
management circuitry 2040 may be configured to implement one or more of the functions
described below in relation to FiGs. 21 and 23, including, e.g., blocks 2102 and 2302

{0195] In some aspects, the static configuration management circuitry 2040 may be
configured for various functions, including, for example, determining whether to

configure the radio unit based on the static configuration information. For example, the
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static configuration managerneni circuifry 2040 may be configured to iroplement one or
maore of the functions described below in relation to FIG. 23, including, c.g., block 2306.

{0196] In some aspects of the disclosure, the processor 2004 may inciude communication
management circuitry 2042 configured for various functions, including, for example,
recciving, in response to the static configuration support indication, static configuration
information from the distributed unit, the static configuration information for receiving
the payload data communicated via the message. For example, the communication

wanagement circuitry 2042 may be configured to imaplement one or more of the functions
described below in relation to Fi(Gs. 21 and 23, including, e.g., blocks 2104 and 2304.

{§197] In some aspects, the communication management circuifry 2042 may be
configured for various functions, inchuding, for example, receiving downlink data that
carries a systemn information block including the PXC subcarrier location from the
distributed unit. For cxaraple, the comraunication management circuitry 2042 may be
configured to implement one or more of the functions described below in relation to FiGs.
22 and 23, including, e.g., blocks 2204 and 2360.

{01981 In some aspects, the communication management circuiiry 2042 may be
configured for various functions, including, for example, transmitting the downlink data
o the UE. For example, the communication management circuinry 2042 may be
configured to implement one or more of the functions described below in relation to FiGs.
22 and 23, including, e.g., blocks 2206 and 2362.

[0199] fn some aspects, the communication management civcuitry 2042 may be
configured for various functions, including, for example, receiving a repetition indicator
from the distributed unit, wherein the repetition indicator indicates a configuration of an
uplink data channel with one or more repetitions for receiving the payload data. For
example, the communication management civcuiry 2042 may be configured to
implement one or more of the functions described below in relation to FIG. 23, including,
e.g., block 2308,

{02600] In some aspects, the commuunication management circuitry 2042 may be
configured for various functions, including, for example, receiving a static configuration
stop indicator from the distributed unit, the static configuration stop indicator indicating
for the radio unit to stop a static configuration of the radio vnit based on the static
configuration information. For example, the communication management circuitry 2042
may be configured to implement one or more of the functions described below in relation

to FIG. 23, including, e.g., block 2310,
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{0201 In some aspects, the communication management circuiiry 2042 may be
configured for various functions, including, for example, refraining from statically
configuring the radio unit based on the static configuration information in response o the
stafic configuration stop indicator. For example, the communication manageraent
circuitry 2042 may be configured to tmplement one or more of the functions described
below in relation to FIG. 23, including, e.g., block 2312,

{0282] In some aspects, the communication management circuifry 2042 may be
configured for various functions, including, for cxample, receiving a static configuration
start indicator from the distributed unit, the static configuration start indicator indicating
for the radio unit to start a static configuration of the radio unit based on the static
configuration information. For example, the communication management circuitry 2042
may be configured o implement one or more of the functions described below in relation
to FIG. 23, including, e.g., block 2314,

{02683] fn some aspects, the communication management civcuitry 2042 may be
configured for various functions, including, for example, configuring the radio unit based
on the static configuration information for receiving the payload data in response to the
static configuration start indicator. For example, the communication rmanagement
circuitry 2042 may be configured to implement one or more of the functions described
below in relation to FIG. 23, including, e.g., block 2316,

{0204] In somc aspects, the communication management circuitry 2042 may be
configured for various functions, inchuding, for example, receiving a message A
comprising the preamble and the payload data that includes a PUSCH data, the message
A being the message. For example, the communication management circuitry 2042 may
he configured to implement one or more of the functions described below in relation to
FIG. 23, inchuding, e.g., block 2330.

{02685] In some aspects, the comynunication management circuitry 2042 may be
configured for various functions, inchuding, for example, receiving the payload data based
on the static configuration information in response to determining o configure the radio
unit hased on the static configuration information. For exarople, the communication
management circuitry 2842 may be configured to implement one or more of the functions
described below in relation to FiG. 23, inchuding, e.g., block 2332,

{02061 In some aspects, the communication management circuilry 2042 may be
configured for various funcdons, including, for example, recetving the payload data and

one or more repetitions of the payioad data in response (o receiving the repetition
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indicator. For example, the comununication management circuitry 2042 may be
configured to implernent one or more of the functions described below in relation to FIG.
23, inchuding, e.g., block 2334,

{0287] In somc aspects, the communication management circuitry 2042 may be
configured for various functions, inchuding, for example, receiving the payload data based
on a dynamic configuration for recciving the payload data in response to the static
configuration stop indicator. For example, the communication management Circwitry
2042 may be configured to implement one or more of the functions described below in
relation to FIG. 23, including, ¢.g., block 2336.

{0208] In some aspects, the communication management circuifry 2042 may be
configured for various functions, including, for exarmple, transmitting a message B
corprising a random access response and a contention resolution message. For example,
the communication management circuitry 2042 may be configured to umplement one or
more of the fanctions deseribed below in velation to FIG. 23, including, e.g., block 2342,

{0209%] In some aspects, the communication management circuifry 2042 may be
configured for various functions, including, for example, receiving a resource overlap
indicator {from the distributed unit, wherein the resource overlap indicator indicates one
or more uplink resouwrces allocated for at least a portion of the payload data and for a
different data, different from the payicad data. For example, the conumunication
management circuitry 2042 may be configured to implement one or more of the functions
described below in relation to FIG. 23, inclading, e.g., block 2352.

{02106] In some aspects, the communication management circuitry 2042 may be
configured for various functions, including, for example, receiving, from the distributed
unit, an cnable indicator that indicates whether to transmit the gquadrature data
corresponding to the one or more uplink resources to the distributed unit based on the
resource overlap indicator. For example, the communication management circoitry 2042
may be configured o implement one or more of the functions described below in relation
to FIG. 23, including, e.g., block 2354,

{0211} fn some aspects, the communication management civcuitry 2042 may be
configured for various functions, including, for example, refraining from {ransmitting, ©
the distributed unit, quadrature data corresponding to the one or more uplink resources.
For example, the communication management circuitry 2042 may be configured to
implement one or more of the functions described below in relation to FIG. 23, including,

e.g., block 2356.
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{02121 In some aspects of the disclosure, the processor 2004 may nclude DC subcarrier
focation circuitry 2044 configured for various functions, including, for example,
wansmitting a DC subcarrier location o the distributed unit, the DC subcarrier location
indicating a location of a DT subcarrier used to communicate with a UE. For example,
the DC subcarrier location circuityy 2044 may be configured fo implement one or raore
of the functions described below i relation to FIGs. 22 and 23, including, e.g., blocks
2202 and 2358.

{6213] In some aspects of the disclosure, the computer-readabie storage medium 2006
may include static configuration management software/instructions 2060 configured for
various functions, incloding, for example, transmitting, to a distributed unit, a static
configuration support indication for recetving payload data via a message in a two-step
random access procedure, the message including a preamble and the payload data. For
cxample, the static configuration management software/instructions 2060 may be
configured to implement one or more of the functions described below in relation to FiGs.
21 and 23, including, e.g., blocks 2102 and 2302,

{02144 In some aspects, the static configuration managerent software/instructions 2060
may be configured for various functions, including, {for example, determining whether to
configure the radio unit based on the static configuration information. For example, the
stafic configuration management software/instructions 2060 may be counfigured o
unplement one or more of the functions described below in refation to FIG. 23, including,
e.g., block 2306.

{6215] in some aspects of the disclosure, the computer-readable storage medium 2006

way include communication management software/instructions 2062 configured for
various functions, inchiding, for cxample, recciving, in response to the static
configuration support indication, static configuration information from the distributed
pnit, the static configuration information for receiving the payload data comumimicated
via the message. For example, the communication management software/instructions
2062 may be configured to implement one or more of the functions described below in
rvelation to FlGs. 21 and 23, including, e.g., blocks 2104 and 2304.

{021s] In some aspects, the communication management software/instructions 2062 may
be configured for various functions, including, for example, receiving a repetition
indicator from the distributed unit, wherein the repetition indicator indicates a
configuration of an uplink data channel with one or more repetitions for receiving the

payload data. For example, the communication management software/instructions 2062
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may be configured to implement one or more of the functions described below in velation
to F1G. 23, including, e.g., block 2308.

{0217] In some aspects, the communication management software/instructions 2062 may
be configured for various functions, including, for example, receiving a static
configuration stop indicator from the distributed unit, the static configuration stop
indicator indicating for the radio unit to stop a static configuration of the radio unit based
on the static configuration information. For example, the conumintication management
software/instructions 2062 may be configured to irnplement one or more of the functions
described below in relation to FIG. 23, inchuding, ¢.g., block 2314,

{0218] In some aspects, the conmunication management software/instructions 2062 may
be configured for vartous functions, including, for example, refraining from statically
configuring the radio unit based on the static configuration information in response o the
static configuration stop indicator. For example, the communication manageroent
softwarefinstractions 2062 may be configured to implernent one or more of the functions
described below in relation to FIG. 23, including, e.g., block 2312

{02191 In some aspects, the conypunication management software/instructions 2062 may
bhe configured for various functions, incloding, for example, receiving a static
configuration start indicator from the distributed onit, the static configuration start
indicator indicating for the radio unit to start a static configuration of the radio unit based
on the static configuration information. For example, the communication manageroent
softwarefinstractions 2062 may be configured to implernent one or more of the functions
described below in relation to FIG. 23, including, e.g., block 2314

{0220] In some aspects, the conununication management software/instructions 2062 may
he configured for various functions, including, for example, configuring the radio unit
hased on the static configuration information for receiving the pavioad data in response
0 the static configuration start indicator. For example, the communication management
software/instructions 2062 may be configured to implement one or more of the functions
described below in relation to FIG. 23, including, e.g., block 2316

{0221] n some aspects, the cormmunication management softwareg/instructions 2062 may
be configured for various functions, including, for example, receiving a message A
comprising the preamble and the payload data that includes a PUSCH data, the message
A being the message. For exarmple, the communication management software/instructions
2062 may be configured to umplement one or more of the functions described below in

relation to FIG. 23, including, e.g., block 2330
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{02221 In some aspects, the conypunication management software/instructions 2062 may
he configured for vartous functions, including, for example, receiving the payload data
based on the static configuration information in response to determining to configure the
radio unif based on the static configuration information. For example, the communication
management software/instructions 2062 may be configured o implement one or more of
the functions described below in relation to FIG. 23, including, e.g., block 2332,

{6223] In some aspects, the communication management software/instructions 2062 may
be configured for various functions, including, for example, receiving the payload data
and onc or more repetitions of the payload data in response to receiving the repetition
indicator. For example, the communication management software/instructions 2062 may
be configured to implement one or more of the functons described below in relation to
Fi5. 23, inchading, e.g., block 2334,

{0224] n sorae aspects, the communication management software/instructions 2062 may
be configured for varicus functions, inchiding, for example, receiving the payload data
based on a dynamic configuration for receiving the payload data in response to the static
configuration stop indicator. For cxample, the communication management
software/instructions 2062 may be configured to troplement one or more of the functions
described below in relation to FIG. 23, inchuding, e.g., block 2336.

{0225] In some aspects, the comnunication management software/instructions 20062 may
be configured for various functions, including, for cxample, transmitting a message B
coroprising a random aceess response and a contention resolution message. For example,
the communication management software/instructions 2062 may be configured to
implement one or more of the funciions described below in relation to FiG. 23, including,
e.z., block 2342,

{§226] In some aspects, the conmunication management software/instructions 2062 may
be configured for various fanctions, including, for example, receiving a resource overlap
indicator from the distributed unit, wherein the resource overlap indicator indicates one
or more uplink resources allocated for at least a portion of the payload data and for a
different data, different from the pavicad data. For example, the communication
management software/instructions 2062 may be configured to implement one or more of
the functions described below in relation to FIG. 23, including, e.g., block 2352,

{02271 In some aspects, the conypunication management software/instructions 2062 may
be configured for various functions, including, for example, receiving, from the

distributed unit, an enable indicator that indicates whether to ransmit the quadrature data
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corresponding to the one or more uplink resources to the distributed unit based on the
resource  overlap  indicator. For  example, the commonication management
software/instructions 2062 may be configured to implement one or more of the functions
described below in relation to FHG. 23, including, e.z., block 2354,

{0228] n sorae aspects, the communication management software/instructions 2062 may
be configured for various functions, incloding, for examople, refraining from transmitting,
to the distributed unit, guadrature data corresponding o the one or more uplink resources.
For example, the communication management softwarefinstrictions 2062 may be
configured to implerent one or more of the functions described below in relation to FIG.
23, including, e.g., block 2356.

{0229] In some aspects of the disclosure, the computer-readable storage medium 2006
may include DO subcarrier location software/instructions 2064 configured for various
functions, including, for example, transmitting 2 DC subcarrier ocation 1o the distributed
unit, the DO subcarrier location indicating a location of a DC subearvier used to
communicate with a UE. For example, the BC subcarrier location software/insiructions
2064 may be configured to implement one or more of the functions described below in
relation to FIGs. 22 and 23, including, e.g., blocks 2202 and 2358.

{023¢] FIG. 21 i3 a flow chart illastrating an exemplary process 2100 for wircless
communication in a network such as an O-RAN in accordance with some aspects of the
present disclosure. As described below, some or all tllustrated features may be omitted in
a particular imoplementation within the scope of the present disclosure, and some
tHustrated features may not be vequired for implementation of all embodiments. In some
examples, the process 2100 may be carried out by the radie unit 2000 ilhustrated in FIG,
28, in some examples, the process 2100 may be carvied out by any suitable apparatus or
means for carrying out the functions ot algorithm described below.

{62311 At block 2102, the radio unit 2000 may tansmit, to a distributed unit, a static
configuration support indication for receiving payiload data via a message in a {wo-step
random access procedure, the message including a preamble and the payload data. For
cxample, the static configuration management cirauniry 2040 shown and described above
in connection with FIG. 20 may provide means for transmitting the static configuration
support indication.

{02321 At block 2104, the radio vnit 2000 may receive, in response to the static
configuration support indication, static configuration information from the distributed

unit, the static configuration information for receiving the payload data communicated
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via the message. For example, the commumnication ranagerent civcuitry 2042 shown
and described above in connection with FIG. 20 may provide means for receiving the
static configuration information.

{0233} FiG. 22 8 a flow chart illustrating an exemplary process 2200 for wireless
corpnunication in a network such as an 3-RAN in accordance with some aspects of the
present disclosure. As described below, some or all tlustrated features may be omitted in
a particular implementation within the scope of the present disclosure, and some
iHustrated features may not be required for implementation of all embodiments. In some
examples, the process 2200 may be carried out by the radio unit 2000 illustrated in FIG.
26, In some examples, the process 2200 may be carried out by any suitable apparatus or
means for carrying out the functions or algorithm described below.

{02341 At block 22032, the radio unit 2000 may transmit a BC subcarrier location to the
distributed uanit, the DC subcarricr location indicating a location of a DC subcarrier used
to comununicate with a UE. For example, the DC subcarrier location civcuitry 2044 shown
and described above in connection with FIG. 20 may provide means for transmitting the
DC subcarrier location.

{§235] Atblock 2204, the radio umit 2000 may receive downlink data that carries a system
information block including the DC subcarrier location from the distributed unit. For
example, the communication management circuitry 2042 shown and described above in
comnection with FIG. 20 may provide means for receiving the downlink data.

{3236] At block 2296, the radio unit 2000 may transmit the downlink data to the UE. For
gxample, the communication management circuitry 2042 shown and described above in
connection with FIG. 20 may provide means for ransmitting the downlink data.

{02371 FIG. 23A is a flow chart illustrating an exemplary process 2300 for wireless
comypunication in a network such as an O-RAN in accordance with some aspects of the
present disclosure. As described below, some or all illustrated features may be omitted in
a particular implementation within the scope of the present disclosure, and some
tHustrated features may not be required for implementation of all erabodiments. In some
cxamples, the process 2300 may be carried out by the radio unit 2000 lustrated in FIG.
24, In some examples, the process 2300 may be carried out by any suitable apparatus or
means for carrving out the functions or algorithm described below.

{32381 At block 2302, the radio unit 2000 may transmit, to a distributed unit, a static
configuration support indication for recetving payload data via a message in a two-step

random access procedure, the message including a preambile and the payload data. For
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example, the static configuration manageraent circuitry 2040 shown and described above
in connection with FIG. 20 may provide means for wansmitting the static configuration
support indication. In an aspect, the payload data may be a PUSCH data.

{0239] At block 2304, the radio unit 2000 may receive, in response to the static
configuration support indication, static configuration information from the distributed
unit, the static configuration information for receiving the payload data commmunicate
via the message. For example, the communication management circuitry 2042 shown
and described above in connection with FIG. 20 may provide means for receiving the
static configuration jnformation. In an aspect, the receiving the stafic configuration
information from the distributed unit at block 2304 may nclude receiving the static
configuration information from the distributed unit via an M-plane message.

{0244G] In an aspect, the static configuration information for receiving the paylead data
may include at least one of: a frequency domain configuration for recetving the payload
data, a3 time domain configuration for vreceiving the payload data, or a reference signal
configuration.

{02411 In an aspect, the frequency domain configuration may include at least one of! a
number of frequency-multiplexed PUSCH occastons available per time instance, a
mimber of resource blocks by which consecutive PUSCH occasions in a frequency
domain are separated, an offsct value with respect to 2 PRB number zero or a VRB
number zero, the offset value indicating a starting PRB of a PUSCH occasion or a starting
VRE of the PUSCH occasion, a number of PREBs per PUSCH occasion, or an indication
indicating whether to perform frequency hopping for transmission of the message along
with a hopping offsct.

{02421 In an aspect, the time domain configuration may include at least one of: a number
of slots containing one or more PUSCH occasions with a same time domain aliocation, a
guard period by which consecutive PUSCH occasions in a time domain are separated, a
number of contiguous time domain PUSCH occasions in cach slot including the guard
period, a parameter indicating a start symbol and a length corresponding to a number of
conseentive symbols allocated for receiving the payload data via the message, and a
PUSCH mapping type for receiving the pavicad data via the message, a parameter
indicating the start symbol and the length corresponding to the number of counsecutive
symbols allocated for receiving the payload data via the message, and a reference signal
mapping type, or a time offset between a start of each PRACH slot and a first PUSCH

occasion slot.
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{02431 In an aspect, the reference signal counfiguration may include a DMRS
configuration including at least one oft 4 position for eachh DMRS symbol in a slot, an
indicator indicating one or more DMRS resource elements in a resource block for a
DMRS symbol, or a bit indicating whether one or more non-DMRS resource elements
within a DMRS symbol are occupied by the payload data or not.

{0244] In an aspect, at block 2306, the radio unit 2000 may determine whether to
configure the radio unit 2000 based on the static configuration information. For example,
the static configuration management circuitry 2040 shown and described above in
connection with FIG. 20 may provide means for determining whether to configure the
radio snit 2000 based on the static configuration information.

{0245] In an aspect, at block 2308, the radio uwmt 2000 may receive a repetition indicator
from the distributed unit, wherein the repetition indicator indicates a configuration of an
uplink data channel with one or more repetitions for receiving the payload data. For
example, the communication management circaitry 2042 shown and described above in
connection with FIG. 20 may provide means for receiving the repetition indicator.

{0246] In an aspect, at block 2310, the radio unit 2000 may receive a static configuration
stop indicator from the distributed unit, the static configuration stop indicator indicating
for the radio unit 2000 to stop a static configuration of the radio unit 2000 based on the
static configuration information. For example, the communication management circuitry
2042 shown and described above in connection with FIG. 20 may provide means for
receiving the static configuration stop indicator.

{02471 In an aspect, at block 2312, the radio unit 2000 may refrain from statically
configuring the radio unit 2000 based on the static configuration information in response
to the static configuration stop indicator. For exaraple, the communication management
circutiry 2042 shown and described above in connection with FIG. 20 may provide means
for refrain from statically configuring the radio unit 2000 based on the static configuration
information. In an aspect, the static configuration stop indicator may include a stop
duration daring which the radio unit 2000 is to siop statically configuring the radio unit
2000 based on the static configuration information, and the refraining from statically
configuring the radio unit 2000 based on the static configuration at block 2312 may
inchude refraining from statically configuring the radio unit 2000 based on the static
configuration for the stop duration. In an aspect, the static configuration stop indicator

may be recetved from the distributed unit via a C-plane message.
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{02481 In an aspect, at block 2314, the radio unit 2000 may receive a static configuration
start indicator from the distributed unit, the static configuration start indicator indicating
for the radio unit 2000 to start a static configuration of the radio unit 2000 based on the
static configuration information. For example, the communication managemest circuitry
2042 shown and described above in connection with FIG. 20 may provide means for
receiving the static configuration start indicator.

{02491 In an aspect, at block 2316, the radio wmt 2800 may configure the radio unit 2000
based on the static configuration information for receiving the pavioad data in response
to the static configuration start indicator. For exaraple, the communication management
circutiry 2042 shown and described above in connection with FIG. 20 may provide means
for contfiguring the radio unit 2000 based on the static configuration information. In an
aspect, the static configuration start indicator may include a static duration during which
the radio unit 2000 is 1o statically configure the radio unit based on the static configuration
information, and the configuring the radio unit 2000 based on the static configaration
information for receiving the payload data at block 2316 may include configuring the
radio untt 2000 based on the static configuration information for receiving the pavioad
data for the static duration. In an aspect, the static configuration start indicator may be
recetved from the distributed unit via a C-plane message.

{0254] FiG. 238 s a flow chart illustrating an exemplary process 2320 for wircless
coramunication, continusing from the flow chart of FIG. 23A, in accordance with some
aspects of the present disclosure. As described below, some or all ithustrated feanives may
be omitted in a particular implementation within the scope of the present disclosure, and
some ilustrated features may not be requived for implementation of all embodiments. In
some cxamples, the process 2320 may be carried out by the radio unit 20060 illustrated in
FIG. 20, In some examples, the process 2320 may be carried out by any suitable apparanis
or means for carrying out the functions or algorithm described below.

{0251] In an aspect, at block 2330, the radio unit 2000 may receive a message A
coraprising the preamble and the payload data that includes & PUSCH data, the message
A being the message. For example, the comnuimication management circuitry 2042
shown and described above in connection with FIG. 20 may provide means for recetving
the message A.

{32521 In an aspect, at block 2332, when the radio unit 2000 receives the message A, the
radio unit 2000 may receive the payioad data based on the static configuration informaton

in responsc to determining to configure the radio unit 2000 based on the static



WO 2023/075962 PCT/US2022/044699

ol

configuration information. For example, the communication management circuitry 2042
shown and described above in connection with FIG. 20 may provide means for receiving
the payload data.

{0253] In an aspect, at block 2334, when the radio unit 2000 receives the message A, the
radio unit 2000 may reccive the pavload data and one or more repetitions of the payload
data in response 1o receiving the repetition indicator. For example, the communication
management circuitry 2042 shown and described above in connection with FIG. 20 may
provide means for recciving the payvload data and the one or more repetitions of the
payicad data.

{32541 In an aspeet, at block 2336, when the radio unit 2000 receives the message A, the
radio unit 2000 may veceive the payload data based on a dynamic configuration for
receiving the payload data in response to the static configuration stop indicator. For
example, the communication management circuitry 2042 shown and described above in
connection with FIG. 20 may provide means for receiving reecive the payload data based
on the dynamic configuration.

{0255] In an aspect, at block 2342, the radio unit 2000 may transmit a message B
comprising a randor access response and a contention resolution message. For example,
the communication management civcuitry 2042 shown and described above in connection
with FIG. 20 may provide means for transmitting the message B.

{0256] FiG. 23C is a flow chart illustrating an exemplary process 2330 for wireless
coropuication, contimsing from the flow chart of FIG. 23B, in accordance with some
aspects of the present disclosure. As described below, some or all ithustrated feames may
be omitted in a particular implementation 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 2350 may be carried out by the radio unit 2000 illustrated in
FIG. 20. In some examples, the process 2350 may be carried out by any suitable apparams
or means for carrying out the functions or algorithm described below.

{0257] in an aspect, at block 2352, the radio unit 2000 may receive a resource overlap
indicator from the distributed unit, wherein the resource overlap indicator indicates one
or more uplink resovrces allocated for at least a portion of the payload data and for a
different data, different from the payload data. For example, the commumnication
managerent circuitry 2042 shown and described above in connection with FIG. 20 may

provide means for receiving resource overlap indicator.
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{32581 In an aspect, at block 2354, the radio unit 2000 may receive, from the distributed
onit, an enable indicator that indicates whether to transmit the quadrature data
corresponding to the one or more uplink resources to the distributed unit based on the
resource overlap indicator. For example, the communication management circuitry 2042
shown and described above in connection with FIG. 20 may provide means for receiving
the enable indicator.

{0259] In an aspect, at block 2356, the radio anit 2000 may refrain from transmitting. to
the distributed unit, quadrature data corresponding to the one or more uplink resources.
For example, the commumnication management circuiiry 2042 shown and described above
in connection with FEG. 20 may provide means for refraining from transmitting the
quadrature data.

{0260 At block 2358, the radio unit 2000 may transmit a BC subcarrier location to the
distributed uanit, the DC subcarricr location indicating a location of a DC subcarrier used
to comununicate with a UE. For example, the DC subcarrier location civcuitry 2044 shown
and described above in connection with FIG. 20 may provide means for transmitting the
DC subcarrier location. In an aspect, the transmitting the DC subcarrier location to the
distributed unit moay inclade wransmitting the DC subcarrier location to the distributed unit
via an M-plane message.

{0261] Atblock 2364, the radio unit 2000 may receive downlink data that carries a system
mformation block including the DC subcarrier location from the distributed unit. For
example, the communication management circuitry 2042 shown and described above in
connection with FIG. 20 may provide means for receiving the downlink data.

{62621 At block 2362, the radio unit 2000 may transmit the downlink data to the UE. For
example, the communication management circutiry 2042 shown and described above in
connection with FIG. 20 may provide means for transroitting the dowalink data.

{32631 In one configuration, the radio unit 2000 for wireless communication includes
means for transmitting, to a distributed unit, a static configuration support indication for
receiving payload data via a message in a two-step randor access procedure, the message
including a preamble and the pavioad data, and means for receiving, in response (o the
static configuration support indication, static configuration information from the
distributed unit, the static configuration information for receiving the payload data
conynunicated via the message. In 2n aspect, the radio unit 2000 may further include
means for determining whether to configure the radio unit 2000 based on the static

configuration information and means for receiving the payioad data based on the static



WO 2023/075962 PCT/US2022/044699

o3

configuration information in response to determining to configure the radic unit 2000
hased on the static configoration information.

{0264] In an aspect, the radio unit 2000 may further include means for receiving a
resource overlap indicator from the distributed unit, wherein the resource overlap
mdicator indicates one or more uplink resources allocated for at least a portion of the
payload data and for a different data, different from the payicad data, and means for
refraining from wransmuting, to the distributed unit, quadrature data corresponding to the
one or more uplink resources. In an aspect, the radio unit 2000 may further include means
for receiving, from the distributed unif, an enable indicator that indicates whether o
wransmit the quadrature data corresponding to the one or more uplink resources to the
distributed unit based on the resource overlap indicator. In an aspect, the radio unit 2000
may further include means for receiving a repetition indicator from the distributed unit,
wherein the repetition indicator indicates a configuration of an uplink data channel with
one or more repetitions for receiving the pavioad data, and means for receiving the
payload data and one or more repetitions of the payioad data in respounse to receiving the
repetition indicator. In an aspect, the radio unit 2000 may further include means for
receiving a static configuration stop indicator from the distributed unit, the static
configuration stop indicator indicating for the vadio unit 2000 to stop a static configuraton
of the radio unit 2000 based on the static configuration information and means for
refraining from statically configuring the radio unit 2000 based on the static configuration
information in response to the static configuration stop indicator. In an aspect, the radic
unit 2000 may forther include means for receiving a static configuration start indicator
from the distributed unit, the static configuration start indicator indicating for the radio
unit 2000 1o start a static configuration of the radio unit 2000 based on the static
configuration information, and means for configuring the radio unit 2000 based on the
static configuration information for recetving the payload data in response to the static
configuration start indicator, In an aspect, the radio unit 2000 may further include means
for receiving a message A coraprising the preamnble and the payload data that includes a
PUSCH data, the message A being the message, and means for transmitting a roessage B
comprising a random access response and a contention resolution message. I an aspect,
the radio unit 2000 may further include means for receiving the payload data based on a
dynamic configuration for receiving the payload data in response to the static
configuration stop indicator, In an aspect, the radio unit 2000 may further inchude means

for transmitting a DT subcarrier location to the distributed uxnit, the DC subcarrier location
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indicating a location of a DC subcarrier used o communicate with a UE, means for
receiving downlink data that carries a system information block mcluding the DC
subcarrier location from the disteibuted unit, and means for transmitting the downlink data
to the UE.

{0265] in one aspect, the aforementioned means may be the processor(s) 2004 shown in
FiG. 20 configured to perform the functions recited by the aforementioned means. In
another aspect, the aforementioned means may be a circuit or any apparatus configured
to perform the functions recited by the aforementioned means.

{0266] Of course, in the above exampies, the circaitry included in the processor 2004 is
merely provided as an exarople, and other means for carrying out the described functions
may be included within various aspects of the present disclosure, inchiding but not imited
to the instructions stored in the computer-readable storage medium 2006, or any other
suitable apparatus or means described in any one of the FIGs. 7, 8, 13, 14, and/or 13, and
utilizing, for example, the processes and/or algorithms described herein in relation to

FiGs, 21, 22, and/or 23.

{02671 The following provides an overview of several aspects of the present disclosure.
{0268] Aspect 10 A method of configuring wireless communication by a distributed unit

in a network node, comprising: receiving, from a radio unit, a static configuration sapport
indication for receiving payload data via a message in a two-step random access
procedure, the message including a preamble and the payvioad data; and transmitting, in
response to receiving the static configuration support indication, static configuration
nformation to the radio unmit, the static configuration information for receiving the
payload data communicated via the message.

{02691 Aspect 2: The method of aspect 1, wherein the static configuration information
for recetving the payload data includes at least one of: a frequency domain configuration
for receiving the payload data, a time domain configuration for receiving the payload
data, or a reference signal configuration.

{0276] Aspect 31 The method of aspect 2, wherein the frequency domain configuration
includes at least one oft a nomber of frequency-multiplexed physical vplink shared
channel (PUSCH) occasions available per time instance, a number of resource blocks by
which consecutive PUSCH occasions in a frequency domain arc separated,an offset
value with respect to a physical resource block (PRB) nuraber zero or a virtual resource
block (VRB)} number zero, the offset value indicating a starting PRB of a PUSCH

occasion or a starting VRB of the PUSCH occasion, a number of PRBs per PUSCH
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occasion, or an indication indicating whether to perform frequency hopping for
ransmission of the message along with a bopping offset.

{0271} Aspect 4: The method of aspect 2 or 3, wherein the time domain configuration
inchudes at least one of: a number of slots containing one or more physical uplink shared
channel (PUSCH) occasions with a same time domain allocation, a guard period by which
conscentive PUSCH occasions in a time domain are separated, a number of contiguous
time domain PUSCH occasions in each slot including the guard period, a parameter
indicating a start symbol and a length corresponding to a number of consecutive symbois
allocated for receiving the pavload data via the message, and a PUSCH mapping type for
receiving the pavioad data via the message, a parameter indicating the start symbol and
the length corresponding to the number of consecutive symbols allocated for veceiving
the payload data via the message, and a reference signal mapping type, or a tirae offset
between a start of cach physical randorm access channel (PRACH) slot and a first PUSCH
oecasion slot.

{6272} Aspect 5: The method of any one of aspects 2 through 4, wherein the reference
signaf configuration includes a demodulation reference signal (DMRS) configuration
including at least one oft a position for each DMRS symbol in a slot, an indicator
indicating one or more DMRS resource elements in a resource block for a DMRS symbol,
or a bit indicating whether one or more non-DMRS resource elements within a DMRS
symbol are occupicd by the payload data or not.

{0273] Aspect 6 The method of any one of aspects 1 through S, further comprising:
transmitliing a resowrce overlap indicator to the radio unit, wherein the resowrce overlap
indicator indicates one or more uplink resources allocated for at least a portion of the
payload data and for a different data, different from the payioad data.

{02741 Aspect 71 The method of aspect 6, further comprising: trapsmitting an enable
indicator to the radio unit, wherein the enable indicator indicates whether to transmit
quadrature data corresponding o the one or more uplink resources to the distributed unit
based on the resource overlap indicator,

{0275] Aspect 8: The method of any one of aspects 1 through 7, further comprising:
transmitling a repetition indicator to the radio umit, wherein the repetition indicator
indicates a configuration of an uplink data channel with one or more repetitions for
receiving the payload data,

{0276] Aspect 9: The method of any one of aspects | through 8, wherein the payload data

is a physical uplink shared channel (PUSCH) data.
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{02771 Aspect 10: The method of any one of aspects 1 through 9, wherein the two-step
random access procedure comprises use of a message A comprising the preamble and the
payload data that includes a physical uplink shared channel (PUSCH}) data, the message
A being the message, and a message B comprising a random access response and a
contention resolufion message.

{0278] Aspect 11 The method of any one of aspects 1 through 10, wherein the
transmitling the static configuration information to the radio unit comprises transmitting
the static configuration information to the radio unit via a management plane (M-plane)
Message,

{0275] Aspect 12: The method of any one of aspects 1 through 11, further comprising:
receiving a divect current (DC) subcagrier location from the radio unit, the DC subcarrier
Incation indicating a location of a DC subcarrier used to communicate with a user
cquipment (UE); scheduling a downlink transmission of downlink data that carries a
system information block including the DC subcarrier location; and transmitting the
downlink data fo the radio unit.

{02861 Aspect 13: The method of aspect 12, wherein the receiving the DC subcarrier
focation from the radio unit comprises receiving the DO subcarrier location from the radio
unit via a management plane {M-plane) message.

{0281] Aspect 14: The method of any one of aspects 1 through 13, further comprising:
transmitting a static configuration stop indicator to the radio unit, the static configuration
stop indicator indicating for the radio vnit to stop a static configuration of the radio unit
based on the static configuration information.

{0282] Aspect 15: The method of aspect 14, wherein the static configuration stop
indicator includes a stop duration during which the radio unit is to stop statically
configuring the radio unit based on the static configuration information.

{0283] Aspect 16: The method of aspect 14 or 15, wherein the static configuration stop
indicator is transmitied to the radio unit via a control plane (C-plane) message.

{0284] Aspect 17: The method of any one of aspects 1 through 16, further comprising:
transmitting a static configuration start indicator to the radio unit, the static configuration
start indicator indicating for the radio vnit to start a static configuration of the radio unit
hased on the static configuration information.

{02851 Aspect 18: The method of aspect 17, wherein the static configuration start
indicator inchides a static duration during which the radio unit is to statically configure

the radio unit based on the static configuration information.
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{0286] Aspect 19: The method of aspect 17 or 18, wherein the static configuration start
indicator is transmuitied to the radio unit via a control plane (C-plane) message.

{0287] Aspect 20: A distributed unit in a network node, the distributed unit comprising:
a transceiver configured to communicate with a radio access network, a memory, and a
processor comununicatively coupled to the transceiver and the memory, wherein the
processor is configured to perform any one of aspects 1 through 19,

{0288] Aspect 21: A distriibuted unit in a network node, the distributed unit configured
for wireless communication comprising at ieast onc means for performing any onc of
aspects 1 through 19,

{3289] Aspect 22: A non-transitory  processor-readable  storage medium  baving
instructions for a distributed unit thereon in a network node, wherein the instructions,
when exccuted by a processing circuit, cause the processing cireuit to perform any one of
aspects 1 through 19

{0290] Aspect 23: A method of configuring a wireless communication by a radio o,
comprising: trapsmitting, to a distributed unit, a static configuration support indication
for receiving payload data via a2 message in a two-step randorn access procedure, the
message including a preamble and the payload data; and receciving, in response {o the
static configuration support mdication, stapc configuration information from the
distributed unit, the static configuration information for receiving the payload data
comanunicated via the message.

{0291} Aspect 24: The method of aspect 23, further comprising: determining whether to
configure the radio unit based on the static configuration information; and receiving the
payload data based on the static configuration information in response to determining o
configure the radio unit based on the static configuration information.

{0292] Aspect 25: The method of aspect 23 or 24, wherein the static configuration
information for receiving the payload data includes at least one of: a frequency domain
configuration for recciving the payload data, a time domain configuration for receiving
the payload data, or a reference signal configuration.

{0293] Aspect 26: The method of aspect 253, wherein the frequency domain configuration
includes at least one of: a number of frequency-multiplexed physical uphink shared
channel (PUSCH) oceasions available per time instance, a mumber of resource blocks by
which consecutive PUSCH occasions in a frequency domain are separated, an
offset value with respect w a physical resowrce block (PRB) namber zero or a virtual

resource block (VRB) number zero, the offset value indicating a starting PRB of a
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PUSCH occasion or a starting VREB of the PUSCH occasion, a number of PRBs per
PUSCH occasion, or an indication indicating whether to perform frequency hopping for
wansmission of the message along with a hopping offset.

{0294] Aspect 27: The method of aspect 25 or 26, wherein the time domain configuration
mcludes at least one of! a number of slots containing onc or more physical uplink shared
channel (PUSCH) occasions with a same time domain allocation, a guard period by which
consecutive PUSCH occasions in a time domain are separated, a number of contiguous
time domain PUSCH occasions in cach slot including the guard period, a parameter
indicating a start symbol and a length corresponding to a number of consceutive symbois
allocated for recetving the pavload data via the message, and a PUSCH mapping type for
receiving the payload data via the message, a parameter indicating the start symbol and
the length corresponding to the number of consecutive symbols allocated for receiving
the payload data via the message, and a reference signal mapping type, or a time offset
between a start of cach physical randor access channel (FRACH) slot and a first PUSCH
occasion slot.

{02981 Aspect 28: The method of any one of aspects 25 through 27, wherein the reference
signal configuration includes a demodulation reference signal (DMRS) configuration
including at least one of: a position for each DMRS symbeol in a slot, an indicator
indicating one or more DMRS resource clements in a resource block for the DMRS
symbod, or a bit indicating whether one or more non-RDMRS resource elements within a
DMRS symbol are occupied by the payioad data or not.

{0286] Aspect 2% The method of any one of aspects 23 through 28, further comprising:
receiving a resource overlap indicator from the distributed unit, wherein the resource
overlap indicator indicates one or more uplink resources allocated for at least a portion of
the payload data and for a different data or a reference signal different from the payvload
data;, and refraining from transmitting, to the distributed unit, quadrature data
corresponding to the one or more uplink resources.

{0297] Aspect 30 The method of aspect 29, further comprising: receiving, from the
distributed unit, an enable indicator that indicates whether to transmit the quadrature data
corresponding to the one or more uplink resources to the distributed onit based on the
resource overlap indicator, wherein the refraining from transmitting the guadrature data
corresponding to the one or more uplink resources comprises refraining from transmitting
the guadrature data comresponding (o the one or more vplink resources in response to

receiving the enable indicator indicating not {o transmit the quadrature data corresponding
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to the one or more uplink resources allocated for at least the portion of the pavicad data
and the different data.

{0298] Aspect 31: The method of any one of aspects 23 through 30, further comprising:
receiving a repetition indicator from the distributed unit, wherein the repetition indicator
mdicates a configuration of an uplink data channel with one or more repetitions for
receiving the payioad data; and receiving the payload data and one or more repetitions of
the payload data in response to receiving the repetition indicator.

{02991 Aspect 32: The method of any one of aspects 23 through 31, wherein the payload
data is a physical uplink shared channel (PUSCH) data.

{33601 Aspect 33: The mwethod of any one of aspects 23 through 32, further comprising:
receiving a message A comprising the preamble and the payload data that inchides a
physical uplink shared channel (PUSCH) data, the message A being the message; and
transmitting a message B comprising a random access rosponse and a contention
resolution message, wherein the two-step random access procedure includes the message
A and the message B.

{03014 Aspect 34 The method of any one of aspects 23 through 33, wherein the receiving
the static configuration information from the distributed wnit comprises receiving the
static configuration information from the distributed vnit via a management plane (M-
plane) message.

{0362] Aspect 35: The method of any one of aspects 23 through 34, further comprising:
transmitting a direct current (DC) subearrier location to the distrihoted unit, the DC
subcarrier location indicating a location of a DC subcarrier used to communicate with a
user equipment (UE); receiving downlink data that carries a system information block
inchuding the DC subcarrier location from the distributed unit; and transmitting the
downlink data to the UE.

{0383] Aspect 36: The method of aspect 35, wherein the transmitting the DC subcarrier
location to the distributed unit comprises transmitting the D{ subcaryier location to the
distributed unit via a managerent plane (M-plane) message.

{0304] Aspect 37: The method of any one of aspects 23 throogh 36, further comprising:
receiving a static configuration stop indicator from the distributed wmit, the static
configuration stop indicator indicating for the radio unit o stop a static configuration of
the radio unit based on the static configuration mformation; and refraining from statically
configuring the radio unit based on the static configuration information in response o the

static configuration stop indicator.
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{03051 Aspect 38: The method of aspect 37, further corprising: reeciving the payvioad
data hased on a dynamic configuration for receiving the payload data in response to the
static configuration stop indicator.

{0306] Aspect 39: The method of aspect 37 or 38, wherein the static configuration stop
mdicator includes a stop duration during which the radio unit is to stop statically
configuring the radio unit based on the static configuration information, and wherein the
refraining from statically configuring the radio unit based on the static configuration
compriscs refraining from statically configuring the radio unit based on the static
configuration for the stop duration.

{3367] Aspect 40: The method of any one of aspects 37 through 39, wherein the static
configuration stop indicator is received from the distributed unit via a control plane (C-
plane) message.

{0308] Aspect 41: The method of any one of aspects 23 through 40, further comprising:
receiving a static configuration start indicator from the distributed umit, the static
configuration start indicator indicating for the radio unit to start a static configuration of
the radio unit based on the static configuration information; and configuring the radio unit
hased on the static configuration information for receiving the pavioad data in response
1o the static configuration start indicator.

{0389] Aspect 42: The method of aspect 41, wherein the static configuration start
mdicator includes a static duration during which the radio unit is to statically configure
the radio vnit based on the static configuration information, and wherein the configuring
the radio unit based on the static configuration information for receiving the payload data
compriscs configuring the radio unit based on the static configuration information for
receiving the payload data for the static duration.

{03141 Aspect 43: The method of aspect 41 or 42, whevein the static configoration start
indicator is received from the distributed unit via a control plane (C-plane) message.

{0311} Aspect 44: A radio unit comprising: a transceiver configured (o corgmunicate with
a radio access network, a memory, and a processor comynunicatively coupled to the
transcetver and the memory, wherein the processor is configuved to perform any one of
aspects 23 through 43.

{03121 Aspect 45 A radio unit configured for wircless communication comprising at
least one means for performing any one of aspects 23 through 43.

{0313] Aspect 46: A non-transitory processor-readable storage medium  having

instructions for a radic unit thercon, wherein the instructions, when cxecuted by a
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processing circuit, cause the processing circuit to perform any one of aspects 23 through
43.

{0314] Several aspects of a wireless communication network have been presented with
reference o an excmplary iaplementation. As those skilled in the art will readily
appreciate, various aspects described throughout this disclosure may be extended to other
telecommunication systems, network architectures and communication standards.

{6315] By way of example, various aspects may be implemented within other systems
defined by 3GPP, such as Long-Term Evolution (L'TE), the Evolved Packet System
(EPS), the Universal Mobile Telecommumication Systern (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 (3GPPZ), such as CDMA200( and/or Evolution-
Data Optimized (EV-DO). Other examples may be implemented within systems
employing IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802.20, Ulra-Widcband
(UWB), Bloetooth, and/or other suitable systems. The actual telecommunication
standard, network architecture, and/or communication standard employed will depend on
the specific application and the overall design constraints tmposced on the systenm.

{3316] Within the present disclosure, the word “exemplary” is used to mean “serving as
an example, instance, or illustration.” Any implementation or aspect described herein as
“exemplary” is not necessarily to be construed as preferred or advantageous over other
aspects of the disclosure. Likewise, the term “aspects” does not require that all aspects of
the disclosure inchude the discussed feature, advantage or mode of operation. The term
“coupled” is used herein o refer to the direct or indirect coupling between two objects.
For example, if object A physically touches object B, and object B touches object C, then
objects A and C may still be considered coupled to one another—cven if they do not
directly physically touch each other. Fov instance, a first object may be coupled to a
second obiect even though the first object is never directly physically in contact with the
sccond object. The terms “circnit” and “‘circuitry” are used broadly, and intended to
mclude both hardware imaplementations of electrical devices and conductors that, when
connected and confligured, enable the performance of the functions described in the
present disclosure, without limitation as to the type of clectronic cireuits, as well as
software Umplementations of information and instructions that, when executed by a
processor, enable the performance of the functions described in the present disclosure.

{03171 One or more of the components, steps, features and/or functions illustrated in

Fi(Gs. 1-20 may be rearranged and/or combined into a single component, step, feature or
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function or embodicd in several components, steps, or functions. Additional clements,
components, steps, and/or functions may also be added without departing from novel
features disclosed herein. The apparatus, devices, and/or components illustrated in FIGs.
1-20 may be configured to perform one or more of the methods, features, or steps
described herein. The novel algortthms described herein may also he efficiently
implemented in software and/or embedded in hardware.

{0318] it is to be understood that the specific order or hierarchy of steps in the methods
disclosed is an tlustration of cxemplary 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 claims present elements of the various steps in a samople order,
and are not meant to be limited to the specific order or hierarchy presented unless
specifically recited therein.

{0319] The previous description is provided to enable any person skilled in the ant to
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 intended to be limited to the
aspects showsn 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 “one
and only one” unless specifically so stated, but rather “onc or 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 ttems, including single members.
As an example, “at least one of: a, b, or ¢” is intended to cover: a; by ¢; aand by; a and ¢;
b and ¢; and a, b and c. All structural and functional equivalents to the clements of the
various aspects described throughout this disclosure that are known or later come o be
known to those of ordinary skill in the art are expressly incorporated herein by reference
and are intended to be encompassed by the claims. Moreover, nothing disclosed herein is
intended to be dedicated to the public regardiess of whether such disclosure is explicitly
recited in the claims. No claim clerent is to be construed under the provisions of 35
US.CON12(0 unless the clement i3 expressly recited using the phrase “means for” or, in

the case of a method claim, the element is vecited using the phrase “step for.”
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CLAIMS

What is claimed is:

1. A distributed unit for wircless commumication in a network node, comprising:
at least one processor;
a transceiver coupled to the at least one processor; and
a memory coupled to the at least one processor,
wherein the at least one processor is configured to:

receive, from a radio unit, a static configuration support indication for
receiving payload data via a message in a two-step random access procedure, the
message including a preamble and the payload data; and

fransmit, in response 1 receiving the static configuration support
indication, static configuration information to the radio unit, the static
configuration information for receiving the pavicad data communicated via the

message.

2. The distributed unit of claim 1, wherein the static configuration information for
recciving the pavioad data includes at feast one of:

a frequency domain configuration for receiving the payload data,

a time domain configuration for receiving the payload data, or

a reference signal configuration.

3. The distributed unit of claim 2, wherein the frequency domain configuration
includes at least one of:

a number of frequency-multiplexed physical uplink shared channel (PUSCH)
occasions available per time instance,

a number of resource blocks by which consecutive PUSCH occasions in a
frequency domain are separaled,

an offset value with respect o a physical resource block (PRB) number zero or a
virtual resource block (VRB) number zero, the offset value indicating a starting PRB of
a PUSCH occasion or a starting VRB of the PUSCH occasion,

a number of PRBs per PUSCH occasion, or
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an indication indicating whether to perform frequency hopping for transmission

of the message along with a hopping offset.

4. The distributed unit of claim 2, wherein the time domain configuration includes
at feast onc oft

a nomber of slots containing one or more physical uplink shared channel
(PUSCH) occasions with a same time domain allocation,

a guard pertod by which consecutive PUSCH occasions in a time domain are
separated,

a nurnber of contigoous time domain PUSCH occasions in each slot including the
guard period,

a parameter indicating a start symbol and a length corresponding to a number of
consecutive syrobols allocated for receiving the payload data via the message, and a
PUSCH mapping type for receiving the payload data via the message,

a paramcter indicating the start symbol and the length corresponding to the
number of consecutive symbols allocated for receiving the payload data via the message,
and a reference signal mapping type, or

a time offset between a start of each physical random access channel {PRACH)

slot and a first PUSCH occasion slot.

S. The distributed unit of claim 2, wheretn the reference signal configuration
includes a demodulation reference signal (DMRS) configuration including at least one of:

a position for each DMRS symbol in a slot,

an indicator indicating one or more DMRS resource clements in a resource block
for a DMIRS syrobol, or

a bit indicating whether one or more non-DMRS resource elements within a

DMRS symbol are occupiad by the payiocad data or not.

6. The distributed unit of claim 1, wherein the at least one processor is further
configured to:

fransmit a resource overlap indicator to the radio unit, wherein the resource
overlap indicator indicates one or more uplink resources allocated for at least a portion of

the payload data and for a different data, different from the payload data.
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7. The distributed unit of claim 6, wherein the at {east one processor is further
configured to:

transmit an enable indicator to the radio unit, wherein the enable indicator
indicates whether o transiait quadrature data corresponding to the one or more uplink

resources to the distributed unit based on the resource overlap indicator.

8. The distributed unit of claim 1, wherein the at least one processor is further
configured to:

fransmuit a repetition indicator to the radio unit, wherein the repetition indicator
indicates a configuration of an uplink data channel with one or more repetitions for

receiving the payload data.

9. The distributed vnit of clavn 1, wherein the payload data is a physical uplink

shared chamnel (PUSCH) data.

10. The distributed unit of claim 1, wherein the two-step random access procedure
comprises use of

a message A comprising the preamble and the payload data that includes a
physical uplink shared channel (PUSCH} data, the message A being the message, and

a message B comprising a random access response and a contention resolution

essdge.

11. The distributed unit of claim 1, wherein the at least one processor configured
to fransmoit the static configuration information to the radio unit is configured to transmit
the static configuration information to the radio unit via a management plane (M-plane)

Message.

12, The distributed unit of claim 1, wherein the at least one processor is further
configured to:

receive a divect cuwrrent (DC) subearrier location from the radio unit, the DC
subcarrier location indicating a location of a DC subcarrier used fo communicate with a
uscr equipment (B

schedule 2 downlink wansmission of downlink data that carries a system

information block including the DT subcarrier location; and
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transnut the downlink data to the radio unit.

13. The distributed unit of claim 12, wherein the at least one processor configured
to receive the DC subcarrier location from the radio unit is configured to receive the DC

subcartier location from the radio unit via a management plane {M-planc) message.

14. The distributed unit of claim 1, wherein the at least one processor s configured
to perform at least one of:

fransmut a static configuration stop indicator to the radio unit, the static
configuration stop indicator indicating for the radio pnit to stop a static configuration of
the radio unit based on the static configuration information, or
fransmit a static configuration start indicator to the radio unit, the static

configuration start indicator indicating for the radio unit to start a static configuration of

the radio onit based on the static configuration information.

15. A method of configuring wireless communication by a distributed unit in a
network node, comprising:

receiving, from a radio unit, a static configuration support indication for receiving
payload data via a message in a two-step random access procedure, the message including
a preamble and the payload data; and

fransmitting, in response to receiving the static configuration support indication,
static configuration information to the radio unit, the static configuration information for

receiving the payload data communicated via the message.

16. A radio unit for wireless communication, comprising:
at feast one processor;
a transceiver coupled to the at least one processor; and
a memory coupled to the at least one processor,
wherein the at least one processor is configured to:
fransmit, to a distributed unit, a static configuration support indication for
receiving pavioad data via 4 message in a two-step random access procedure, the

message including a preamble and the payload data; and
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receive, in response o the static configuration support indication, static
configuration information from the distributed unit, the static configuration

information for receiving the payload data communicated via the message.

17. The radio unit of clairo 16, wherein the at least oune processor is further
configured to:

determune whether to configure the radio unit based on the static configuration
information; and

receive the payload data based on the static configuration inforration in response

to determining to configure the radio unit hased on the static configoration information.

18. The radio unit of claim 16, wherein the static configuration information for
recciving the pavioad data includes at feast one of:

a frequency domain configuration for receiving the payload data,

a time domain configuration for recciving the payioad data, or

a reference signal configuration.

19, The radio unit of claim 18, wherein the frequency domain configuration
inchudes at least one of:

a number of frequency-muliiplexed physical uplink shared channcl (PUSCH)
occasions available per time instance,

a number of resource blocks by which consecutive PUSCH occasions in a
frequency domain are separaicd,

an offset value with respect o a physical resource block (PRB) number zero or a
virtual resource block (VRB) number zero, the offset value indicating a starting PRB of
a PUSCH occasion or a starting VRB of the PUSCH occasion,

a number of PRBs per PUSCH occasion, or

an indication indicating whether to perform frequency hopping for transmission

of the message along with a hopping offset.

20. The radio unit of claim 18, wherein the time domain configuration includes at
feast one of:
a number of slots containing one or more physical uphink shared chapnel

(PUSCH) occasions with a same timne domain allocation,
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a guard period by which consecutive FUSCH occasions in a time domain are
separated,

a number of contiguous time domain PUSCH occasions in each slot including the
guard period,

a paramcter indicating a start symbol and a length corresponding to a number of
conseentive symbols allocated for receiving the payload data via the message, and a
PUSCH mapping type for receiving the payload data via the message,

a paramcter indicating the start symbol and the length corresponding to the
number of consecutive symbols allocated for receiving the payload data via the message,
and a reference signal mapping type, or

a time offset between a start of each physical random access channel {PRACH)

slot and a first PUSCH occasion slot.

21, The radio umit of claim 18, wherein the reference signal configuration includes
a demeodulation reference signal (BMRS) configuration including at least one of:

a position for cach DMRS symbol in a slot,

an indicator indicating one or more DMRS resource elements in a resource block
for the DMRS symbuol, or

a bit indicating whether one or more non-DMRS resource clements within a

DMRS symbol arc occupied by the payload data or not.

22. The radio vmt of claim 16, whergin the at least one processor is further
configured to:

receive a resource overlap indicator from the distributed unit, wherein the resource
overlap indicator indicates one or more uplink resources allocated for at least a portion of
the payload data and for a different data, different from the payload data; and

refrain from transmitting, (o the distributed unit, quadrature data corresponding to

the one or more uplink resources.

23. The radio unit of claim 22:

wherein the at least one processor is further configured o receive, from the
distributed unit, an enable indicator that indicates whether to transmit the quadrature data
corresponding to the one or more uplink resources to the distributed unit based on the

resource overlap indicator; and
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wherein the at least one processor configured to refrain from transmitting the
quadratore data corresponding to the one or more uplink resources is configured to refrain
from wansmitting the guadrature data corresponding to the one or more uplink resources
in response to recetving the enable indicator indicating not to transmit the quadrature data
corresponding to the one or more uplink resources allocated for at ieast the portion of the

payload data and the different data.

24. The radio unit of claim 16, wherein the at least one processor is further
configured to:

receive a repetition indicator from the diswwibuted omit, wherein the repetition
indicator indicates a configuration of an uphink data channel with one or more repetitions
for receiving the payload data; and

receive the payload data and one or more repetitions of the payload data in

response to receiving the repetition indicator.

25. The radio unit of claim 16, wherein the payvload data is a physical uplink shared

channed (PUSCH) data.

26. The radio unit of claim 16, wherein the at least one processor is further
configured to:

receive a message A coraprising the preamble and the payload data that includes
a physical uplink shared channel (PUSCH) data, the message A being the message; and

fransnif a message B comprising a random access response and a contention
resolution message,

wherein the two-step random access procedure includes the message A and the

message B.

27. The radio unit of claim 16, wherein the at least one processor configured o
veceive the static configuration information from the distributed unit is configured to
receive the static configuration information from the distributed unit via a management

plane (M-planc} message.

28. The radio unit of claim 16, wherein the at least one processor is further

configured to:
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transmit a direct current (I3C) subcarrier location o the distributed unit, the DC
subhcarrier location indicating a location of a DC subearvier used to communicate with a
pser equipment (UE};

receive downlink data that carries a system information block including the DC
subcarrier location from the distributed unit; and

transmit the downlink data to the UE.

29. The radio unit of claimn 28, wherein the at least one processor configured to
transmit the DC subcarrier location to the distributed unit is configured to transmit the

DO subcarrier focation to the distributed unit via a management plane (M-plane} message.

30. A method of configuring a wireless communication by a radio unit,
comprising:

fransmitting, to a distributed unit, a static configuration support indication for
receiving payload data via a message in a two-step random access procedure, the message
inchuding a prearnble and the payload data; and

receiving, in response to the static configuration support indication, static
configuration information from the distributed unit, the static configuration information

for receiving the payload data communicated via the message.
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n:é 192¢

e |
§ Transmit the downlink data to the radio unit f‘

) L , , i
! Schedele a downlink transmission of downlink data that carries a ~_1918
§ ]
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2160

Transmit, to a distributed unit, a static configuration ,

support indication for receciving payload data via a 2102
message in a two-step random access procedure, the
message inchiding a preamble and the payload data

Receive, 1n response to the static configaration support

indication, static configuration information from the  =_2104
distributed unit, the static configuration information for

receiving the payioad data communicated via the message

FIG. 21
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2200

Transmit a direct current (DC) subcarrier location to the

distributed unit, the DC subcarrier location indicatinga L. o500

location of a DC subcarrier used to communicate with a
user equipment (UE)

Receive downlink data that carries a systern information )
block including the DO subcarrier location from the  p~r2204
distributed unit

Transmit the downlink data to the UE s 2206
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T

Transnut, to a distributed unit, a static configuration support
indication {or receiving payload dala via a roessage i a two-siep  -_. 2302
random access procedure, the message including a preamble and

the payload data

!

Receive, in response (o the static configuration support indication, N 2304
static configuration information from the distributed vnit, the static
configuration information for receiving the payload data
communicated via the message

I e

j Determine whether to configure the radio unit based on the static e 2306
| configuration information |

{Receive a repetition indicator from the distributed unit, wherein the b~ 2308
§ repetition indicator indicates a configuration of an uplink data | -
j channel with one or more repetitions for receiving the payload data

{
{ unit
{

{Refrain from statically configuring the radio unit based on the static
i configoration information n response to the static configuration 5"\“"33 12
i stop indicator

i Receive a static configuration start indicator from the distributed |
; unit b 2314
E

3 Contigure the radio unit based on the static configuration
{ information for receiving the ‘payload @atz} in response to the static r\lzg 6
i configuration start indicator

FIG. 23A
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Receive a message A comprising the preamble and the payload data that
includes a physical uplink shared channel (PUSCH) data, the message A
being the message

{7 - -7 = i
§ Reccive the payload data based on the static configuration
j  information in response to deternining to configure the 9437

§ radio unit based on the static configuration information {'V

FReceive the payload data and one or more repetitions of the | .
§pa.yioad data in response to receiving the repetition indicamri’\’2434

Receive the payload data based on a dynamic configuration E 436
for receiving the payload data in response to the static b~ 2436
i configuration stop indicator

§
§
|
§
|
§
|
§
|
§
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§
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b Transmita message B comprising a random access b 2347
E response and a contention resolution message § o
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e

|
i Recetve aresource overlap indicator from the distributed onit, |

wherein the resource overlap indicator indicates one or more uplink E——\/ .
j resources allocated {or at least a portion of the payload data and for a § 2352
| different data, different from the payload data §

{ Receive, from the distributed unit, an enable indicator that indicates |
i whether to transmit the quadratore data corresponding to the one or P~o2354
§ more uplink resources to the distributed unit based on the resource |
§ overlap indicator ;

S DU U A U S
P . " . . 2356
| Refrain from transmifting, to the distributed unit, quadrature data 2336
| corresponding to the one or more uplink resources !
.
1

r

§ Transmit a direct current (DC) subcarrier location to the distributed §
| unit, the DC subcarnier location indicating a location of a DC 2358
i subcarrier used to communicate with a user equipment (UE) {

i
Receive downlink data that carries a system information block | 2260
. . ) . . 4 . . . ot LD
| including the DC subcarrier location from the distributed unit §

|

FIG. 23C
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