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(57) Abstract: Disclosed are techniques for wireless communication. In an aspect, a receiver device measures one or more positioning
reference signal (PRS) resources across at least two component carriers, wherein the two component carriers are adjacent to each other
within a frequency band, and wherein a guard interval separates the two component carriers, and measures PRS tones within the guard
interval separating the two component cartiers.
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COMPONENT CARRIERS

BACKGROUND OF THE DISCLOSURE

i Field of the Disclosure

Aspects of the disclosure relate generally to wireless communications.

2 Description of the Related Art
Wireless communication systems have developed through various generations, including
a first-generation analog wireless phone service (1G), a second-generation {2G) digital

wireless phone service (including mterim 2.5G and 2.73G networks), a third-generation
(3G} high speed data, Internet-capable wireless service and a fourth-generation (4G)
service {¢.g., Long Term Evolution (LTE) or WiMax). There are presently many different
types of wueless communication systems m use, including cellular and personal
cornmunications service (PCS) systems. Examples of known cellular systems include the
cellular analog advanced mobile phone system (AMPS), and digital cellular systems
based on code division multiple access (UDBMA), frequency division mubtiple access
(FDMA), tme division multiple access (TDMA), the Global Svstem for Mobile
conmmunications (GSM), ete.

A fifth gencration (50} wircless standard, referred to as New Radio (NR}, enables higher
data transfer spoeds, greater numbers of connections, and better coverage, among other
mmprovements. The 3G standard, accordmg to the Next Generation Mobile Networks
Alliance, 1s designed to provide higher data rates as compared to previous standards, more
accurate positicning {¢.g., based on reference signals for positioning {(R5-P), such as
downlink, uplink, or sidelink positioning refercnce signals (PRS}), and other technical
enhancements.  These enhancements, as well as the use of higher frequency bands,
advances in PRS processes and technology, and high-density deplovments for 3G, enable

highly accurate 5G-based positioning.

SUMMARY
The following presents a simplified summary relating to one or more aspects disclosed

herein. Thus, the following summary should not be counsidered an extensive overview
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relating to ali contempiated aspects, nor should the following sununary be cousidered to
wdentify key or critical elements relating to all conteraplated aspects or to delineate the
scope associated with any particular aspect. Accordingly, the following summary has the
sole purpose to present certain concepts relating to one or more aspects relating to the
mechanisms disclosed herein in a simplified form to precede the detatled description
preseuted below.

In an aspect, a method of wireless communication performed by a receiver device
includes measuring one or more positioning reference signal (PRS) resources across at
fcast two component carriers, whercin the two component carers are adjacent to cach
other within a frequency band, and wherein a guard interval separates the two component
carriers; and measuring PRS tones within the guard interval separating the two component
Carriers.

In an aspect, a method of wireless convnunication performed by a transmiticr device
melades transmuiting one or more positioning reference signal (PRS) resources across at
least two component camriers, wherein the two component carriers are adjacent to ¢ach
other within a frequency band, and wherein a guard inderval separates the two component
carriers; and transmiting PRS tones within the guard inferval separating the two
component carriers.

In an aspect, a receiver device includes a memory; at least ong transceiver; and at least
one processor conununicatively coupled to the memory and the at least one transceiver,
the at least one processor configured o measure one or more positiomng reference signal
(PRS} resources across at least two component carriers, wherein the two component
carriers are adjacent to cach other within a frequency band, and wherein a guard interval
separates the two component carriers; and measure PRS tones within the guard interval
separating the two component carriers,

In an aspect, a transnutter device includes a memory; at least one transceiver; and at least
one processor conununicatively coupled to the memory and the at least one transceiver,
the at least one processor contigured to: transmit, via the at least one transceiver, one or
more positioning reference signal (PR} resources across at feast two component carriers,
wherein the two compounent carriers are adjacent to each other within a frequency band,

and wherein a guard interval separates the two component carriers; and transmit, via the
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at least one transceiver, PRS tones within the guard interval separating the two component
CAITICTS.

In an aspect, a receiver device includes means for measuring one or more positiomng
reference signal (PRS) resourees across at least two component carriers, wherein the two
component carriers are adjacent to cach other within a frequency band, and wherein a
guard interval separates the two component carriers; and means for measuring PRS tones
within the guard miterval separating the two component carriers.

In an aspect, a transmitter device includes means for transmitting one or morg positioning
reference signal (PRS) resources across at least two component carriers, wherein the two
component carriers are adjacent to cach other within a frequency band, and wherein a
guard nterval separates the two component carmrers; and means for transmitting PRS
tones within the guard interval separating the two component carriers.

In an aspect, a non-transttory computer-readable medium stores compiter-executable
mstructions that, when executed by a receiver device, cause the receiver device (o
measuic one or more positioning reference signal (PRS) resources across at least two
component carriers, wherein the two compaonent carmiers are adjacent to each other within
a frequency band, and wherein a guard interval separates the two component carriers; and
measure PRS tones within the guard nterval separating the two component carriers.

In an aspect, a non-transtiory computer-readable medium stores computer-cxecutable
mstructions that, when executed by a transoitter device, cause the transmitier device to:
transmit one or more positioning reference signal (PRS) resources across at least two
component carriers, wherein the two component carriers are adjacent to each other within
a frequency band, and wherein a guard 1nterval separates the two component carriers; and
transmit PRS tones within the guard interval separating the two component carners.
OGther objects and advantages associated with the aspects disclosed herem will be apparent

to those skilled m the art based on the accompanying drawings and detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings are presented to aid 10 the description of various aspects of
the disclosure and are provided solely for illustration of the aspects and not hmitation

thereof.
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FI1G. 1 dlustrates an example wircless communications system, according to aspects of
the disclosure.

FIGS. 24, 2B, and 2C iHlustrate example wireless network structures, according to aspects
of the disclosure.

FIGS. 3A, 3B, and 3C are simplified block diagrams of several sample aspects of
components that may be eraployed in a user equipment (UE), a basc station, and a network
enfity, respectively, and configured to support communications as taughi herein.

FIG. 4 is a block diagram illustrating an ¢xample transcgiver capable of carrier
aggregation, according to aspects of the disclosure.

FIG. 5 llustrates examples of various positioning methods supported in New Radio (NR),
according to aspects of the disclosure.

FIG. 6 15 a diagram iHustrating an example frame stracture, according to aspects of the
disclosure.

FIG. 7 is a diagram illustrating two intra-band contiguous component carriers separaied
bv a guard band, according to aspects of the disclosure.

FIG. 8 iHustrates an example New Radio (NR) posttioning protocol (LPP) “NR-DL-PRS-
PositioningFrequencylayer” information element, according to aspects of the disclosure.
FIG. 9 is a diagram illustrating two intra-band configuous component carriers separated
by a guard band, according to aspects of the disclosure.

Fi(. 10 1s adiagram tllustrating an example of a contiguous comb patiern across the guard
mterval between two ntra-band contiguous component camers, according to aspects of
the disclosuare.

FIGS. 11 and 12 illustraie example methods of wireless communication, according to

aspects of the disclosure.

DBETAILED DESCRIPTION
Aspects of the disclosure are provided o the following description and related drawings
directed to various examples provided for illustration purposes. Alternate aspects may be
devised without departing from the scope of the disclosure. Additionally, well-known
clements of the disclosure will not be described in detasl or will be omiited 50 as not to

ohscure the relevant details of the disclosure.
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The words “excraplary” and/or “example” arc used hercin to mean “serving as an

2

exaraple, mstance, or tHusiration.” Any aspect desenbed herein as “exemplary” and/or
“example” 15 not necessanly 1o be construed as preferred or advantageous over other
aspects. Likewise, the term “aspects of the disclosure” does not require that all aspects
of the disclosure include the discussed feature, advantage or mode of operation.

Those of skill 1o the art will appreciate that the mfoumation and signals deseribed below
may be represented using any of a varniety of different technologies and technigues. For
example, data, instractions, commands, information, signals, bits, symbols, and chips that
may be referenced throughout the description helow may be represented by voltages,
currents, eleciromagnetic waves, magnetic fields or particles, optical fields or particles,
or any combination thereof, depending in part on the particular application, in part on the
desired design, in part on the corresponding technology, etc.

Further, many aspects are described in terms of sequences of actions to be performed by,
for example, elements of a computing device. Tt will be recognized that various actions
described hercin can be performed by specific circutis {c.g.. application specific
mtegrated circuits (ASICs)), by program instructions being executed by one or more
processors, or by a combmation of both.  Additionally, the sequence(s) of actions
described heremn can be considered to be embodied entirely within any form of non-
transitory computer-readable storage medium having stored therein a corresponding set
of computer jnstructions that, upon exccution, would cause or instruct an associated
processor of a device to perform the functionality described herein. Thus, the variouns
aspects of the disclosure may be embodied 10 a number of different forms, all of which
have been contemplated to be within the scope of the claimed subjoct matter. In addition,
for cach of the aspects described herein, the corresponding form of any such aspects may
be deseribed herein as, for example, “logic configured to” perform the described action.
As used herein, the terms “user equuipment” (UE) and “base station” are not intended to
be specific or otherwise himited to any particular radio access technology (RAT), unless
otherwise noted. In general, a UE may be any wireless communication device {e.g., a
mobile phone, router, tablet computer, laptop computer, consumer asset locating device,
wearable (e .g., smartwatch, glasses, augmented reality {AR) / virtual reahity (VR headset,
cte.), vehicle {e.g., automobile, motorcycle, bicycle, etc.), Intemet of Things (IoT) device,

cte.) used by a user {0 communicate over a wireless communications network., A UE may
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be mohile or may {e.g., at certain times} be stationary, and may commuucate with a radio
access network {(RAN). Asused herein, the term “UE” may be referred to interchangeably
as an “access terminal” or “AT)7 a “chent device,” a “wircless device,” a “subscriber
device,” a “subscriber terminal” a “sobscriber station,” a “user terpunal” or “UT,)” a
“mobie device,” a “mobile terminal,” a “mohile station,” or wvarnations thereof
Gengerally, UEs can communicate with a core network via a RAN, and through the core
network the UEs can be connected with external networks such as the Internet and with
other UEs., Of course, other mechanisms of connecting to the core network and/or the
Internet are also possible for the UEs, such as over wired access networks, wireless local
area network (WLAN) networks {e.g., based on the Institute of Electrical and Electronics
Engineers (JEEE) 802 11 specification, ¢tc.) and so on.

A base stafion may operate according to one of several RATs in communication with UEs
depending on the network 1n which 1t 18 deploved, and may be alternatively referred to as
an access pomnt {AP), a network node, a NodeB, an evolved NodeB (eNB), a next
generation ¢NB {(ng-eNB), a New Radio (NR) Node B (alsc referred to as a gNB or
gNodeB), etc. A base station may be used primaniy to support wireless access by UEs,
mchiding supporting data, voice, and/or signaling connections for the supported Uks. In
some systems a base station may provide purely edge node signaling fonctions while in
other systems it may provide additional control and/or network mapagement functions.
A comnunication ok through which UEs can send signals to a base station is called an
uplink (UL) channel (¢.g., a reverse traffic channel, a reverse control channel, an access
channel, etc). A communication link through which the base station can send signals to
UEs is called a downlink (DL} or forward link channel {¢ 2., a paging channel, a control
channel, a broadcast channel, a forward traffic channel, eic).  As used herein the term
traffic channel (TCH) can refer to cither an uplink / reverse or downlink / forward traffic
channel,

The term “base station” may refer to a single physical transmission-reception point (TRP)
or to multiple physical TRPs that mayv or may not be co-located. For example, where the
term “base station” refers to a single physical TRP, the physical TRP may be an antenna
of the base station corresponding to a cell {or several cell sectors) of the base station.
Where the term “base station” refers to multiple co-located physical TRPs, the phvsical

TRPs may be an array of antennas {e.g., as i a muluple-input multiple-output (MIMG)
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system or where the base station employs beamforming) of the base station. Where the
term “base station” refers to multiple non-co-locaied physical TRPs, the physical TRPs
may be a distributed antenna system (PDAS) {1 network of spatially separated antennas
connected to a common source via a transport medium) or a remote radio head (RRH) (a
remote base station connected 10 a serving base station). Alternatively, the non-co-located
physical TRPs may be the serving base station receiving the measurement report from the
UE and a neighbor base station whose reference radio frequency (RF) signals the UE 15
measuring. Because a TRP is the point from which a base station transmits and receives
wireless signals, as used herein, references to transmussion froms or reception at a base
station are to be understood as refernng to a particular TRP of the base station.

In some implementations that support positioning of UEs, a base station may not support
wirgless access by UHs {g.g., may not support data, voice, and/or signaling connections
for UEs), but may instead transmit reference signals to UEs to be measured by the UEs,
and/or may receive and measure signals transnutied by the UEs. Such a base station may
be referred to as a positioning beacon {¢.g., when transmtting signals to UEs} and/or ag
a location measurement unit {¢.g., when receiving and measuring signals from UEs).

An “RF signal” comprises an electromagnetic wave of a given frequency that transports
mformation through the space between a fransmitter and a receiver. As used hercin, a
transmitier may transmit a single “RF signal” or muktiple “RF signals” to a receiver.
However, the receiver may receive multiple “RF signals” corresponding to cach
transmitted RF signal due to the propagation charactenistics of RF signals through
multipath channels. The same transmitted RF signal on different paths between the
transmitier and receiver may be referred to as a “multipath”™ RF signal. As used herein,
an RF signal may also be referred to as a “wircless signal” or simply a “signal” where it
is clear from the context that the term “signal” refers to a wireless signal or an RF signal.
FIG. 1 illostrates an example wircless communications system 100, according to aspects
of the disclosure. The wireless comrunications systern 100 (which may also be referred
to as a wireless wide area network (WWAN)Y) may include various base stations 102
(labeled “B5™) and various UEs 104, The base stations 102 may include macro cell base
stations {high power cellular base stations) and/or smail cell base stations (low power
celiular base stations). Inan aspect, the macro cell base stations may include eNBs and/or

ng-cNBs where the wireless commumications systermn 100 corresponds to an LTE network,
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or gNBs where the wircless communications systerm 100 corresponds to a NR network,
or a combmation of both, and the small cell base stations mayv include femtocells,
picocells, nucrocells, cte.

The base stations 102 may collectively form a RAN and interface with a core network
170 {c.g., an evolved packet core (EPC) or a 3G corg (5GL)) through backhaw! links 122,
and through the core network 170 to one or more location servers 172 {e.g.. a location
management function (LMF) or a secure user plane location (SUPL} location platform
{(SLP}). The location server{s) 172 may be part of core network 170 or may be external
to core network 170, A location server 172 may be integrated with a base station 102, A
UE 104 may communicate with a location server 172 directly or indirectly. For example,
a UE 104 may communicate with a location server 172 via the base station 102 that s
currently serving that UE 104 A UE 104 may also communicate with a location server
172 through another path, such as via an application server {not shown), via another
network, such as via a wireless local area network {WLAN) access point (AP} {e.g., AP
150 descnbed below}, and so on. For signaling purposes, communication between a UE
104 and a location server 172 may be represented as an indirect connection (¢.g., through
the core network 170, et} or a direct connection {(e.g., as shown via direct connection
1283, with the intervening nodes (if any} omitted from a signaling diagram for clarity.

In addition to other functions, the base stations 102 may perform functions that refate to
one or more of transforriog user data, radio channel ciphering and deciphermg, integrity
protection, header compression, mobility control functions {e.g.. handover, dual

connectvity},

inter-cell interference coordination, connection setup and release, load
balancing, disiribution for non-access stratum {NAS) messages, NAS node selection,
synchronization, RAN sharing, multimedia broadcast multicast service (MBMS),
subscriber and eqguipment trace, RAN information management (RIM), paging,
positioming, and delivery of warning messages. The base stations 102 may communicate
with each other directly or indirectly (¢ g., through the EPC / 3G} over backhaul hinks
134, which may be wired or wireless.

The base stations 102 may wirelessly communicate with the UEs 104, Each of the base
stations 102 may provide communication coverage for a respective goographic coverage
arca 110. In an aspect, one or more colls may be supported by a base station 102 in cach
geographic coverage area 110, A “cell”

is a logical communication entity used for



WO 2024/158458 PCT/US2023/081131

[6039]

(6040}

communication with a base station {¢.g.. over some frequency resource, referred to as a
cammer frequency, component carricr, carrier, band, or the like), and may be associated
with an wdentifier {¢.g., a physical cell identifier (PCI), an enhanced cell identifier (ECH),
a virtual cell identifier (VCE, a cell global identifier (CGL), ete ) for distinguishing cells
operating via the same or a different carrier frequency. In some cases, different cells may
be configured according to different protocol types (e.g., machme-type communication
{MTC}, narrowband foT (NB-IoT), enhanced mobile broadband {(¢MBB), or others) that
may provide access for different types of UEs. Because a cell is supported by a specific
base station, the term “cell” may refer to either or both of the logical communication
entity and the base station that supports i, depending on the context. In addition, becanse
a TRP is typically the physical transmission point of a cell, the terms “cell” and “TRP”
may be used mterchangeably. In some cases, the term “ccll” may also refer to a
geographic coverage area of a base station {¢.g.. a scctor}, insofar as a carrier frequency
can be detected and used for communication within some portion of geographic coverage
areas Hi{.

While neighboring macro cell base station 102 geographic coverage arcas 110 may
partially overlap (e.g., in g handover region), some of the geographic coverage areas 110
may be substantially overiapped by a larger geographic coverage area 110, For example,
a small cell base station 102' (fabeled SO for “small cell”) may have a geographic
coverage area 110 that substantially overlaps with the geographic coverage area 110 of
one or more macro cell base stations 102, A network that mcludes both small cell and
macro cell base stations may be known as a heterogeneous network. A heterogencous
network may also include home eNBg (HeNBs), which may provide service to a restricted
group known as a closed subscriber group (CSG).

The communication links 120 between the base stations 102 and the UEs 1064 may mnclude
uplink {also referred to as reverse link} transmissions from a UE 104 to 3 base station 102
and/or downlink (DL} {also reforred to as forward hnk) transmissions from a base station
102 to a UE 104, The communication hinks 120 may use MIMO antenna technology,
mcloding  spatial multiplexing,  beamforming, and/or transmit  diversity. The
commumnication finks 120 may be through one or more carrier frequencies. Allocation of
carriers may he asvounetric with respect to downlink and uplink (¢ g., more or less

carriers may be allocated for downlink than for uplink}.
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The wireless communications system 100 may further imclude 2 wircless local arca
network (WLAN) access point {AP) 150 i conumunication with WLAN stations (8TAs)
152 via communication lnks 1534 in an unhicensed frequency spectrum {e.g., 5 GHz).
When commanicating in an unlicensed frequency spectrum, the WLAN STAs 152 and/or
the WLAN AP 150 may perform a clear channel asscssment (CCA) or histen before talk
{(L.LBT} procedure prior to communicating in order to deteruine whether the channel s
avatlable.

The small cell base station 102" may operate in a licensed and/or an unlicensed frequency
spectrum. When operating 1 an unlicensed frequency spectrum, the small cell base
station 102" may employ L'TH or NR technology and use the same 5 GHz unlicensed
frequency spectnum as vsed by the WLAN AP 150, The small cell base station 102
employing LTE / 5G in an unlicensed frequency spectrum, may boost coverage to and/or
ncrease capacity of the access network. NR 10 unlicensed spectrum may be referred 1o as
NR-U. LTE v an unhicensed spectrnum may be referred to as LTE-U, heensed assisted
access {(LAA), or MulteFire,

The wircless communications systern 100 may further include a nullimeter wave (mmW)
base station 180 that may operate in mmW frequencies and/or near mmW frequencies in
communication with a UE 182, Extremely high frequency (EHF) is part of the RF in the
clectromagnetic spectrum. EHY has a range of 30 GHz to 3060 GHrz and a wavelength
between 1 mullvneter and 10 mullimeters. Radio waves in this band may be referred to as
a millimeter wave. Near mmW may extend down to a trequency of 3 GHz with a
wavelength of 100 millimeters. The super high frequency (SHF) band extends between 3
GHz and 30 GHez, also referred to as centimeter wave., Conumunications using the
mmW/near mmW radio frequency band have high path loss and a relatively short range.
The mmW base station 180 and the UE 182 may wtilize beamforming {transmit and/or
reccive ) over a mun'W conununication link 184 to compensate for the extremely high path
loss and short range. Further, it will be appreciated that 1n aliernative configurations, one
or more base stations 102 may also transmit using mmW or near mmW and beamforming,
Accordingly, it will be appreciated that the foregoing Hustrations are merely examples
and should vnot be construed to limit the various aspects disclosed herein.

Transmit beamforming is a technigue for focusing an RF signal in a specific direction.

Traditionally, when a network node {¢.g., a base station) broadcasts an RF signal, 1t
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broadcasts the signal in all directions {omni~directionally}. With transmit beamforming,
the network node determeines where a given target device {e.g, a UE) 1s located (relative
to the fransmitting network node} and projects a stronger downlink RF signal n that
specific direction, therehy providing a faster (in terms of data rate) and stronger RF signal
for the receiving device{s). To change the directionality of the RF signal when
transmitiing, a network node can control the phase and relative amplitude of the RF signal
at each of the one or more transmitters that are broadeasting the RF signal. For example,
a network node may use an array of antennas (referred o as a “phased amay”™ or an

33

“antcnna array”) that creates a bearn of RY waves that can be “stecred” to pount n different
directions, without actually moving the antennas. Specifically, the RF current from the
transmitter 18 fed to the mdivideal antennas with the correct phase relationship so that the
radio waves from the separate antennas add together to tncrease the radiation in a desired
direction, while cancelling fo suppress radiation i undesired directions.

Transmit beams may be quasi-co-located, meaning that they appear o the receiver {eg.,
a UE) as having the same parameters, regardless of whether or not the transmitting
antennas of the network node themselves are physically co-located. In NR, there are four
types of quasi~co-location (QCL) relations. Specifically, a QCL relation of a given type
means that certain parameters about 3 second reference RF signal on 2 second beam can
be derived from information about a source reference RY signal on a source beam. Thus,
if the source reference RF signal 1s QCL Type A, the receiver canuse the source reference
RF signal to estimate the Doppler shift, Doppler spread, average delay, and delay spread
of a second reference RF signal transmitted on the same channel. If the source reference
RF signal is QCL Type B, the receiver can use the source reference RF signal to estimate
the Doppler shift and Doppler spread of a second reference RF signal transmitied on the
same channel. I the sovrce reference RE signal is QCL Type C, the receiver can use the
source reference RY signal to estimate the Doppler shift and average delay of a second
reference RF signal transmitied on the same channel. fthe source reference RF signal is
QCL Type B, the receiver can use the source reference RF signal to estimate the spatial
receive parameter of a second reference RF signal transmitted on the same channel.

In receive beamforming, the receiver uses a receive beam to amphify RF signals detected
on a given channel. For example, the receiver can increase the gain sctting and/or adjust

the phase setting of an array of antennas 1 a particalar direction o amplify {eg., o
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increase the gain level of) the RF signals received from that direction. Thus, when a
recoiver is said 1o beamform in a certain direction, ©t means the beam gain in that duection
is high relative to the beam gain along other directions, or the beam gain o that direction
i3 the highest compared to the beam gain in that direction of all other receive beams
available to the receiver. This results ina stronger received signal strength (¢ g, reference
signal received power (RSRP), reforence signal received quality (RSRQ), signal-to-
mterference-plus-noise ratio (SINR), eic.} of the RF signals received from that direction.
Transmit and receive beams may be spatially related. A spatial relation meansg that
parameters for a second beam {¢.g., a transnut or receive beam) for a second reference
signal can be dertved from mformation about a first beam {e.g., a receive beam or a
transmit beam) for a first reference signal. Forexample, a UE may use a particular recetve
beam to receive a reference downlink reference signal (e.g., synchronization signal block
{S5B)) from a base station. The UE can then form a transmit bearo for sending an uplink
reference signal {e.g., sounding reference signal (SRS)) to that base station based on the
parameters of the receive beam.

MNote that a “downlink” beam may be cither a transrit beam or a receive heam, depending
on the entity forming . For example, if a base station is forming the downlink beam to
transmit a reference signal to a UE, the downlink beam 1s a transmit beam. Hithe UE s
forming the downlink beam, however, it is a receive beam to receive the downlink
reference signal. Simtlarly, ao “oplink™ beam may be cither a transmoit bearo or a recetve
beam, depending on the entity forming . For example, if a base station s forming the
uplink beam, it i3 an uplink receive beam, and if a UE 1s forming the aphink beam, itisan
uplink transmit beam.

The clectromagnetic spectrum 15 often subdivided, based on frequency/wavelength, into
various classes, bands, channels, etc. In 3G NR two mnitiad operating bands have been
identified as frequency range designations FRI (410 MHz - 7.125 GHz) and FRZ {24 .25
GHz - 52.6 GHz). 1 should be understood that although a portion of FR1 is greater than
6 GHz, FRY is often referred to (nterchangeably) as a “Sub-6 GHz” band in various
documents and articles. A similar nomenclature issue sometimes oocurs with regard to
FRZ, which is often reforred to (interchangeably) as a “milhimeter wave” band in

documents and articles, despite being different from the extremely high frequency (EHF)
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band (30 GHz - 300 GHz) which is entified by the International Telecommunications
Union (ITU) as a “nullimeter wave” band.

The frequencies between FRI and FR2 are oflen referred to as mid-band frequencies.
Recent 534G NR studies have dentified an operating band for these mid-band frequencies
as frequency range designation FR3 (7.125 GHz - 24.25 GHz). Frequency bands falling
within FR3 may mherit FRI characteristics and/or FR2Z characternistics, and thus may
effectively extend features of FRI and/or FR2 mto mid-band frequencics. In addition,
higher frequency bands are currently being explored to extend 3G NR operation beyond
52.6 GHz. For example, three higher operating bands have been identified as frequency
range designations FR4a or FR4-1 (32.6 GHz - 71 GHz), FR4 (52,6 GHz - 11425 GH=),
and FRS {114 .25 GHz - 300 GHz). Each of these higher frequency bands falls within the
EHF band.

With the above aspects in mmd, unless specifically stated otherwise, 1t should be
understood that the term “sub-6 GHz” or the like if uscd herein may broadly represent
frequencies that may be less than 6 GHz, may be within FR1, or may include mid-band
frequencies. Further, unless spectfically stated otherwise, it should be understood that the
term “mithimeter wave” or the like if used herem may broadly represent freguencies that
may include mid-band frequencies, may be within FR2, FR4, FR4-a or FR4-1, and/or
FRS, or may be within the EHF band.

In a roulti~camrier system, such as 5QG, one of the carrier frequencies is referred to as the
“primary carrier” or “anchor carrier” or “primary serving cell” or “PCell,” and the
remaining carrier frequencics are referred to as “secondary carriers” or “secondary
serving ecls” or “SCells.” In carrier aggregation {(CA), the anchor carrier is the
component carrier {or simply “carrier”) operating on the primary frequency {c.g., FR1)
ptifized by a UE 104/182 and the cell in which the UE 104/182 cither performs the mitial
radio resource conirol {RRC) connection establishment procedure or initiates the RRC
connection re-establishment procedure. The primary carrier carries all commeon and UE-
apecitic control channels, and may be a carrier 1n a hcensed frequency (however, this is
not always the case). A secondary carrier is a carrier operating on a second freguency
{c.g.. FR2) that may be configured once the RRC connection is established between the
UE 104 and the anchor carrier and that may be used 1o provide additional radio resources.

In some cases, the secondary carrier may be a carner in an unlicensed frequency. The
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secondary carrier may contain only necessary signaling information and signals, for
exarnaple, those that are UB-specitic may not be present i the secondary carmer, since
both primary uplink and downlink carriers are typically UE-specific. This means that
different UEs 104/182 in a cell may have different downlink prnimary carmers. The same
is true for the uplink pumary carriers. The network is able to change the primary carrier
of any UE 104/182 at any tume. This is done, for example, to balance the load on different

39 N

carmers. Because a “serving cell” {(whether a PCell or an SCell} corresponds to a carrier
frequency / component carrier over which some base station is communicating, the term
“cell” “serving cell,” “component carrier,” “carrier frequency,” and the hike can be used
interchangeably .

For example, still referring to FIG. 1, one of the frequencies atilized by the macro cell
base stations 102 may be an anchor carrier {or “PCell™) and other frequencies utilized by
the macre cell base stations 102 and/or the mmW base station 180 may be secondary
carniers (S5Cells™). The simultancous transmission and/or reception of multiple carrers
cnables the UE 104/182 to significantly increase its data transmission and/or reception
rates. For example, two 20 MHz aggregated carriers v a multi-carier systern would
theoretically lead to a two-~fold mncrease in data rate (i.e., 40 MHz), compared to that
attained by a single 20 MHz carrier.

The wireless communications system 100 may further include a UE 164 that may
coromunicate with a macro cell base station 102 over a communication link 120 and/or
the mmW base station 180 over a mmW communication link 184, For example, the
macro cell base station 102 may support a PCell and one or more SCells for the UE 164
and the mmW base station 180 may sepport one or more SCells for the UE 164,

In some cases, the UE 164 and the UE 182 may be capable of sidelink communication.
Sidelink-capable UEs (SL-UEs) may communicate with base stations 102 over
communication Hoks 120 using the Lu interface (e, the air interface between a UE and
a base station). SL-UFs (c.g., UF 164, UE 182} may also communicate directly with cach
other over a wireless sidelink 160 using the PCS interface (1., the air mterface between
sidelink-capable UEs). A wireless sidelink (or just “sidelink™} 15 an adaptation of the core
cellular{e g., LTE, NR) standard that allows direct communication between two or more
UEs without the conumunication necding to go through a base station. Sidelink

communicaiion may be unicast or multicast, and may be used for device-to-device (D2D)
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media-sharing, vehicle-to-vehicle (V2ZV) communication, vehicle-to~gvervihing (VZX)
communication {¢.g., cellular V2X {cV2X) communication, enhanced V2¥X (eVZX)
communication, efc ), emergency rescue applications, ete. Une or more of a group of Sk~
UEs utilizing sidelink communications may be within the geographic coverage area 118
of a base station 102, Other SL-UEs in such a group may be outside the geographic
coverage area 110 of a base station 102 or be otherwise unable to reccive transmissions
from a base station 102, In some cases, groups of SL-UEs communicating via sidelink
communications may wtidize a one-to-many (1:M} system in which each SL-UE transmits
to every other SL-UE i the group. In some cases, a base station 102 facilitates the
schedaling of resources for mdelink communications. In other cases, sidelink
communications are carried out between SL-UEs without the involvement of a base
station 102,

In an aspect, the sidelink 160 may operate over a wircless communication medium of
mierest, which may be shared with other wireless communications between other vehicles
and/or mfirastructure access points, as well as other RATs. A “medium™ may be
composed of one or more time, frequency, and/or space comuprnication resources {¢.g..
encompassing one or more channels across one or more carriers) associated with wireless
communication between one or more transmitter / receiver pars. In an aspect, the medim
of interest may correspond to at least a portion of an unlicensed frequency band shared
amoung vanous RATs. Although different licensed frequency bands have been reserved
for certam commumication systems {(e.g., by a govemment entity such as the Federal
Communications Commission (FCC} in the United States), these systems, in particular
those emploving small cell access points, have recently extended operation into
undicensed frequency bands such as the Unlicensed National Tnformation fnfrastructure
{UJ-NII} band used by wircless local area network (WLAN} technologies, most notably
IEEE 8021 1x WLAN technologics generally referred to as “Wi-Fi.” Example systems of
this type mchade ditferont variants of CDMA systems, TDMA systerns, FDMA systems,
orthogonal FDMA (OFDMA) svstems, single~carrier FDMA (8C-FDMA) systems, and
30 Of1.

Note that although FIG. 1 only illustrates two of the UEs as SL-UEs (1.¢, UEs 164 and
182), any of the llustrated UKs may be SL-UBs. Further, although only UE 182 was

described as being capable of beamforming, any of the ilfustrated UEs, including UE 164,



WO 2024/158458 PCT/US2023/081131

[0055]

(60591

FO060]

may be capable of beamforming. Where SL-UEs are capable of beamforming, they may
beamform towards each other (i.¢., towards other SL~UKEs), towards other UEs {c.g., UEs
104), towards base stations {¢.g., base stations 102, 180, small cell 102, access pomnt
1503, ete. Thus, in some cases, UEs 164 and 182 may etilize beamforming over stdelink
160.

1o the example of FIG. 1, any of the dllustrated UEs (shown 1o FIG. 1 as a smgle UE 104
for simplicity} may receive signals 124 from one or more Earth orbiting space vehicles
{(8Vs) 112 {e.g., satellites). In an aspect, the $Vs 112 may be part of a satellite positioning
system that a UE 104 can use as an mndependent source of location information. A satellite
positioning system typically includes a system of transmitters {e.g., SVs 112} positioned
to enable receivers (e.g., UEs 104) to determine their location on or above the Earth based,
at least m part, on positioning signals {e.g., signals 124) received from the transmitters.
Such a transoutier typically transmits a signal marked with a repeating pseude-random
noise (PN} code of a set number of chips. While typically located in 8Vs 112, transmitters
may sometimes be located on ground-based control stations, base stations 102, and/or
other UEs 104, A UE 104 may mnclude one or more dedicated receivers specifically
designed to receive signals 124 for deriving geo location imformation from the SVs 112

In a satellite positioning system, the use of signals 124 can be augmented by various
sateliite-based augmentation systems {SBAS) that may be associated with or otherwise
cnabled for use with one or more global and/or regional navigation satellite systems. For
example an SBAS may include an augmentation systern{s) that provides infegrity
wformation, differential corrections, eto., such as the Wide Arca Augmentation System
{WAARS), the European Geostationary Navigation Overlay Service (HGNOS), the Mult-
functional Satcllitc Augmentation Svstem (MSAS), the Global Posttioning Systera {(GPS)
Aided Geo Augmented Navigation or GPS and Geo Augmenied Navigation system
{GAGAN), and/or the like. Thus, as used herein, a satellite positioning system may
nclude any combination of one or more global and/or regional navigation satellites
associated with such one or more satellite positioning systems.

In an aspect, SVs 112 may additionally or alternatively be part of one or more non-
terrestrial networks {(NTNs), Inan NTN, an 8V 112 is connected fo an carth station {also
referred to as a ground station, NTN gateway, or gateway), which 1n tum is connected to

an element n a 3G network, such as a modified base station 102 (without a terrestrial
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antenna} or a network node in a 3G, This clement would in tum provide access to other
clements 1 the 5G network and ultimatelv to erdities external to the 3G network, such as
Internet web servers and other user devices. In that wav, a UE 104 mayv receive
communication signals {e.g., signals 124} from an SV 112 instead of, or in addition to,
communication signals from a terrestrial base station 102,

The wircless communications system 100 may further include one or more UEs, such as
UE 190, that connects mdirectly 1o one or more communication networks via one or more
device-to-device (D20} peerto-peer {P2P) links (referred to as “sidelinks™). In the
example of FIG. 1, UE 190 has a D2D P2P link 192 with one of the UEs 104 connected
to one of the base stations 102 {e.g., through which UE 190 may mdirectly obtain cellular
connectivity) and a D2ZD P2P link 194 with WLAN STA 1352 connected to the WLAN
AP 150 (through which UE 190 may indirectly obtain WLAN-based Intemet
connectivity}. To an example, the D20 P2P links 197 and 194 may be supporied with any
well-known B2D RAT, such as LTE Direct (LTE-D), WiFi Direct (WiFi-D), Bluetooth®,
and so on.

FiG. 2A dlustrates an example wireless network structure 200, For example, a 3GC 210
{also referred to as a Next Generation Core (NGO can be viewed functionally as control
plane {C-plane) functions 214 {e.g., UE registration, authentication, network access,
gateway selection, ete.} and user plane (U-plane} functions 212, {e.g., UE gateway
function, access to data networks, P routing, ¢tc.} which operate cooperativelv to form
the core network. User plane mterface (NG-U) 213 and control plane mterface (NG-C)
215 connect the gNB 222 to the 3GC 210 and specifically to the user plane fonctions 212
and control plane functions 214, respectively. In an additional configuration, an ng-eNB
224 may also be connected to the 3GC 210 via NG-C 215 to the control plane funchions
214 and NG-U 213 to aser plane finctions 212, Further, ng-eNB 224 may directly
communicate with gNB 222 via a backhaul connection 223, In some configurations, a
Next Generation RAN (NG-RAN) 220 mav have one or more gNBs 222, while other
configurations nchude one or more of both ng-eNBs 224 and gNBs 222, Either {or both)
gNB 222 or ng-eNB 224 may communicate with one or more UEs 204 {c.g., any of the
UEs described herein).

Anocther optional aspect may include a location server 230, which mav be in

communication with the 3GC 210 to provide location assistance for UE(s) 204, The
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location server 230 can be implemented as a plurality of separate servers {¢.g., physically
separate servers, different software modules on a single server, different software
modules spread across multiple physical servers, ete ), or alternately may each correspond
to a single server. The location server 230 can be configered to support one or more
focation services for UEs 204 that can connect to the location server 230 via the core
network, 3GC 210, and/or via the Intemet {not iHlustrated). Further, the location server
230 may be mitegrated info a component of the core network, or alternatively may be
exterpal to the core network {e.g.. a third party server, such as an original cquipment
manufacturer (OEM) server or service server),

FiG. 2B illustrates another example wireless network structure 240, A 5GC 260 (which
may correspond to S5GC 210 1n FIG. 2A) can be viewed functionally as conirol plane
functions, provided by an access and mobility management function {AMF} 264, and user
plane functions, provided by a user plane function (UPF) 262, which operate
cooperatively to form the core network (e, SGC 260). The fimctions of the AMF 264
include registration management, connection management, reachability management,
mobility management, lawful interception, transport for session management (SM)
messages between one or more UEs 204 {¢.g., any of the UEs described heremn) and a
session management funcion {SMF) 266, transparent proxy services for routing SM
messages, access authentication and access authorization, transport for short message
service {SMR) messages between the UE 204 and the short message service function
{SMSF} (not shown), and security anchor functionality (SEAF). The AMF 264 also
wrteracts with an aunthentication server function {AUSF) {not shown) and the UE 204, and
recetves the intermediate key that was established as a result of the UK 204 authentication
process. In the case of authentication based on a UMTS (universal mohile
telecommunications system} sabscriber identity modale (USIM]), the AMF 264 setrieves
the security material from the AUSF. The functions of the AMF 264 also include secunty
context management (SCM). The SCM receives akey from the SEAF that it uses to derive
access-network specific kevs. The fumctionality of the AMF 264 also meludes location
services management for regulatory services, transport for location services messages
between the UE 204 and a location management function (LMF) 270 (which acts as a
location server 230}, transport for location services messages between the NG-RAN 220

and the LMF 270, evolved packet system (EPS) bearer identifier allocation for
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mterworking with the EPS, and UE 204 mobility event notification. In addition, the AMF
264 also supports functionalities for non~3GPP (Third Generation Parinership Project)
access networks.

Functions of the UPF 262 mehude acting as an anchor point for intra-/inter-RAT mobility
{when applicable), acting as an external protocol data unit (PDU) session pomt of
mierconnect to a data network {not shown), providing packet routing and forwarding,
packet mspection, user plane policy rule enforcoment {¢.g., gating, redirection, traffic
steering}, lawful interception (user plane collection), traffic usage reporting, quality of
service {(Jo8) handling for the user plane (c.g., uplink/ downlink rate enforcerent,
reflective QoS marking in the downlink), uplink traffic venfication (service data tlow
{SDF)} to QoS flow mapping}, transport level packet marking m the uplink and downlink,
downlink packet buffering and downlink data notification triggering, and sending and
forwarding of onc or more “end markers” to the source RAN node. The UPF 262 may
also support transfer of location services messages over a user plane between the UE 204
and a location server, such as an SLP 272,

The functions of the SMF 266 mciude session management, UE Intemnet protocol (IP)
address allocation and management, seloction and control of user plane functions,
configuration of traffic steering at the UPF 262 to route traffic o the proper destination,
control of part of policy enforcement and QoS, and downlink data notification. The
itertace over which the SMF 266 cornmunicates with the AMF 264 1s refereed 1o as the
N11i nterface.

Another optional aspect may inclode an LMF 270, which may be in communication with
the 5GC 260 to provide location assistance for UEs 204, The LMF 270 can be
implemented as a plurality of separate servers {¢.g., physically separate servers, different
software modules on a single server, different software modules spread across multipie
physical servers, etc.), or altemately may cach correspond o a single server. The LMF
278 can be configured to support one or more location services for UEs 204 that can
connect to the LMF 270 via the core network, SGC 260, and/or via the Internet {(not
tHustrated). The SLP 272 may sapport similar functions to the LMF 270, but whereas the
LMF 270 may communicate with the AMF 264, NG-RAN 220, and UEs 204 over a
contro! plane (e.g., using mterfaces and protocols intended to convey signaling messages

and not voice or data}, the SLP 272 may commumicate with UEs 204 and external clients
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{e.g., third-party server 274} over a user plane {¢.g., using protocols intended to carry
viice and/or data like the transmission control protocol (TCP) and/or IP).

Yet another optional aspect may tmchide a third-party server 274, which may be in
communication with the LMF 270, the SLP 272, the 5GC 260 {e.g., via the AMF 264
and/or the UPF 262}, the NG-RAN 220, and/or the UE 204 to abtain location information
{c.g., alocation cstimate) for the UE 204, As such. in some cases, the third-party server
274 may be referred to as a location services {LCS) chient or an external client. The third-~
party server 274 can be implemented as a plurality of separate servers {c.g., physically
separate servers, different software modules on a single server, different software
modules spread across multiple physical servers, ¢tc.), or alternately may each correspond
to a single server.

User plane imterface 263 and control plane interface 265 connect the 5GC 260, and
spocitically the UPF 262 and AMF 264, respectively, 1o one or more gNBs 227 and/or
ng-eNBs 224 in the NG-RAN 220. The interface between gNB(s} 222 and/or ng-eNB(s)
224 and the AMF 264 15 referred to as the “N27 interface, and the mmterface between
gNB(s) 222 and/or ng-eNB(s} 224 and the UPF 262 15 referred to as the “N3” iterface.
The gNB(s) 222 and/or ng-eNB(s) 224 of the NG-RAN 220 may communicate directly
with each other via backhauol connections 223, referred to as the “Xun-C7 interface. One
or more of gNBs 222 and/or ng-cNBs 224 may communicate with one or more UEs 204
over a wireless iierface, referred to as the “Un” mterface.

The functionality of a gNB 222 may be divided between a gNB central unit (gNB-CU)
226, one or more gNB distributed units (gNB-DUg) 228, and one or more gNB radio units
{(eNB-RUg) 229 A oNB-CU 226 is a logical node that includes the base station functions
of transferring user data, mobility control, radio access network sharing, posttioning,
session management, and the like, except for those functions allocated exclusively to the
gNB-DU{s) 228, More specifically, the gNB-CU 226 generally host the radio resource
control (RRC), service data adaptation protocol (SDAP), and packet data convergence
protocol (PDCP) protocols of the gNB 222, A gNB-DU 228 18 a logical node that
generally hosts the radio link control (RLC) and medinm access control {(MAC) layer of
the gNB 222 Its operation is controlled by the gNB-CU 226, One gNB-DU 228 can
support one or more cells, and onc cell 1s supported by only one gNB-DU 228, The

mterface 232 between the gNB-CU 226 and the one or more gNB-DUs 228 1s referred to
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as the “F17 imterface. The physical (PHY} laver functionality of a gNB 222 is generally
hosted by one or more standalone gNB-RUs 229 that perform functions such as power
amphification and signal transmission/reception. The nterface between a gNB-DU 228
and a gNB-RU 229 s referred to as the “Fx” interface. Thus, a UE 204 commanicates
with the gNB-CU 226 via the RRC, SDAP, and PDCP layers, with a gNB-DU 228 via
the RLC and MAC layers, and with a gNB-RU 229 via the PHY layer.

Deplovment of communication systems, such as 3G NR systems, may be arranged m
multiplc manners with various compouents or constitucnt parts. In a 3G NR system, or
network, a network node, a network entity, a mobility clement of a network, a RAN node,
a core network node, a network element, or a network equipment, such as a base station,
or ong or more units {or one or more components) performing base station functionality,
may be implemented in an aggregated or disaggregated architecture. Forexample, a base
station {such as a NMode B (NB), evolved NB (eNB), NR base station, 5G NB, access point
{AP), atransmut receive point {TRP), ora cell, ot} may be implemented as an aggregated
base station (also known as a standalone base station or a monolithic base station) or a
disaggregated base station.

An aggregated base station may be configured to utilize a radio protocol stack that is
physically or logically integrated within a single RAN node. A disaggregated base station
may be configured to utilize a protocol stack that is physically or logically distributed
among two or more units (such as one or more central or centralized units (CUs), one or
more distributed units (BUs), or one or more radio units (RUs)). In some aspects, a CU
may be implemented within a RAN node, and one or more DUs may be co-located with
the CU, or alternatively, may be geographically or virtually distributed throughout one or
multiple other RAN nodes. The DUs may be implemented to conurunicate with one or
more RUs. Each of the CU, DU and RU also can be implemented as virtual units, 1e, a
virtual central umit (VOLU), a virtual distributed unit (VDU), or a virtual radio unit (VRU).
Base station-type operation or network design may consider aggregation characteristics
of base station functionality. For example, disaggregated base stations may be utilized in
an mtegrated access backhaul (IAB) network, an open radio access network (O-RAN
{such as the network configuration sponsored by the O-RAN Alliance}), or a virtualized
radio access network (vRAN, also known as a cloud radio access network {(C-RAN)).

Disaggregation may include distnibuting functionality across two or more units at various
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physical locations, as well as distributing functionality for at least one unit virtually,
which can cnable flexibility 1 network design. The various units of the disaggregated
base station, or disaggregated RAN architecture, can be configured for wired or wireless
communication with at least one other umit.

FIG, 20 illustrates an example disaggregated base station architecture 250, according to
aspects of the disclosure. The disaggregated base station architecture 250 may include
one or more central units (CUs) 280 {(c.g., gNB-CU 226} that can communicate directly
with a core network 267 {c.g., 3G 210, 5GC 260) via a backhaul bink, or indirectly with
the core network 267 through one or more disaggregated base station units {such as a
MNear-Real Time (Near-RT3 RAN Intelligent Controller (RIC) 259 vig an E2 link, or a
Non-Real Time (Non-RT) RIC 257 associated with a Service Management and
Orchestration (SMO) Framework 255, or both). A CU 280 may communicate with one
or more distributed units {(DUs) 283 {c.g., gNB-DUs 228} via respective nudhaul links,
such as an F1 interface. The DUs 285 mayv communicate with one or more radio vnits
{(RUsy 287 (c.g., gNB-RUs 229} via respective fronthao! links. The RUs 287 may
communicaie with respective Uls 204 via one or more radio freguency (R¥) access links.
In some implementations, the UE 204 may be smultanecusly served by multiple RUs
287.

Each of the units, i.e., the CUs 280, the DUs 283, the RUs 287, as well as the Near-RT
RICs 259, the Non-RT RICs 257 and the SMO Framework 233, may include one or more
miterfaces or be coupled o one or more nterfaces configured to receive or transmit
signals, data, or mformation {collectively, signals) via a wired or wireless transmission
mediom. Each ofthe units, or an associated processor or controller providing instructions
to the communication interfaces of the units, can be configured to communicate with one
or more of the other units via the transmission mednmn. For example, the units can
include a wired interface configured to reccive or transmit signals over a wired
transmission medium to one or more of the other units. Additionally, the umnits can include
a wireless interface, which may include a receiver, a transmitter or transceiver (such as a
radio frequency (RF} transceiver), configured to receive or transmit signals, or both, over
a wireless transmission mediuin to one or more of the other units.

In some aspects, the CU 280 may host one or more higher laver control functions. Such

control functions can nclude radio resource control (RRC), packet data convergence
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protocol (PDCP), service data adaptation protocol {(SDAP), or the Hike. Fach control
functior can be mplemented with an interface configured to communicate signals with
other control functions hosted by the CU 286, The CU 280 may be configured to handle
aser plane functionality (e, Central Unit — User Plane (CU-UP)), control planc
functionality {ic., Central Unit — Control Plang (CU-CP)), or a combination thereof. In
some implementations, the CU 280 can be logically split udto onc or more CU-UP wits
and one or more CU-CP units. The CU-UP umit can communicate bidirectionally with
the CU-CP unit via an interface, such as the Bl interface when implemented inan G-RAN
configuration. The CU 280 can be implemented to communicate with the DU 2835, as
necessary, for network control and signaling.

The DU 285 may correspond to a logical umt that inciudes one or more base station
functions to coutrol the operation of one or more RUs 287. 1o some aspects, the DU 285
may host one or more of a radio link control (RLC) layer, a medium access control (MAC)
ayer, and one or more tugh physical (PHY) lavers (such as modules for forward error
correction (FEC) encoding and decoding, scrambling, modwlation and demodulation, or
the bike) depending, at least 1w part, on a functional split, such as those defined by the 3rd
Generation Partnership Project (3GPP). In some aspects, the DU 285 may further host
one or more low PHY layers. Each laver {or module) can be mmplemented with an
interface configured to communicate signals with other lavers (and modules} hosted by
the DU 283, or with the control functions hosted by the CU 280,

Lower-layer functionality can be implemented by one or more RUs 287, In some
deplovments, an RU 287, controlled by a DU 285, may cormrespond to a logical node that
hosts RF processing functions, or low-PHY layer functions {such as performing fast
Fourier transform (FFT), mverse FFT (GFFT), digial bearoforming, physical random
access channel (PRACH) extraction and filtering, or the hke), or both, based at least in
part on the functional sphit, such as a lower layer functional spht. In such an architecture,
the RU{s) 287 can be mmplemented to handle over the air {OTA) commurnucation with one
or more UEs 204, In some implementations, real-time and non-real-time aspects of
control and wuser plane commuomeation with the RU(s) 287 can be controlied by the
corresponding DU 285, In some scenarios, this configuration can enable the DU(s) 285
and the CU 280 to be implemented in a cloud-based RAN architecture, such as a vRAN

architecture.
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The SMO Framework 235 may be configured to support RAN deployment and
provisionimg of non-virtualized and virtualized network elements. For non-virialized
network elements, the SMO Framework 255 mayv be configured to support the
deployment of dedicated physical resources for RAN coverage requirements which may
be managed via an operations and maintenance interface (such as an O1 interface). For
virtualized network clements, the SMO Framework 235 may be contigured to interact
with a cloud computing platform (such as an open cloud (O-Cloud) 269} to perform
network clement life cycle management (such as to instantiate virtualized network
clements} via a cloud computing platform wterface {such as an 02 interface}. Such
virtualized network elements can include, but are not himited to, ClUs 280, DUs 285, Ris
287 and Near-RT RICs 259, In some implementations, the SMO Framework 253 can
communicate with a hardware aspect of a 4G RAN, such as an open eNB (O-eNB) 261,
via an 1 interface. Additionally, in some toplementations, the SMO Framework 255
can communicate directly with one or more RUs 287 vig an Q1 mierface. The SMO
Framework 235 also may include a Non-RT RIC 257 configured to support functionality
of the SMO Framework 235,

The Non-RT RIC 257 may be configured 1o mclude a logical function that enables non-
real-time  contrel and optimuzation of RAN clements and resources, Actificial
Intelligence/Machine Learning {AVML) workflows including model traiming and
updates, or policy-based guidance of applications/features in the Near-RT RIC 259, The
Non-RT RIC 237 may be coupled to or conwnunicate with {(such as via an A1 interface)
the Near-RT RIC 259, The Near-RT RIC 259 may be configured to mclude a logical
function that enables near-real-time control and optimization of RAN clements and
resources via data collection and actions over an mierface (such as via an E2 interface)
connecting one or more CUs 280, one or more DUs 285, or both, as well as an O-eNB,
with the Near-RT RIC 259,

In some umplementations, to gencrate A/ML models 1o be deployed in the Near-RT RIC
259, the Non-RT RIC 257 may receive parameters or external enrichment information
from external servers. Sach mformation may be utilized by the Near-RT RIC 239 and
may be received at the SMO Framework 233 or the Non-RT RIC 257 from non-network
data sources or from network functions. fu some examples, the Noo-RT RIC 257 orthe

MNear-RT RIC 259 may be configured to tune RAN behavior or performance.  For



WO 2024/158458 PCT/US2023/081131

[0082]

(0083}

N
(3]

examaple, the Non-RT RIC 257 may monitor long-term trends and pattems for
performance and emplov AVML models to perform corrective actions through the SMO
Framework 235 {(such as reconfiguration via 01} or via creation of RAN management
policies {such as Al policigs).

FIGS, 3A, 3B, and 3C ilustrate several example components {represented by
corresponding blocks) that may be incorporated into a UE 302 (which may correspond to
any of the UEs described hereim), a base station 304 (which may correspond to any of the
base stations described herein}, and a network entity 306 (which may correspond to or
embody any of the network functions desenbed herein, including the location server 230
and the LMF 270, or altematively may be independent from the NG-RAN 220 and/or
S5GC 2107260 infrastructure depicted in FIGS. ZA and 2B, such as a private network) to
support the operations described herein. It will be appreciated that these components may
be waplemented in different types of apparatuses 1o different mmplementations {e.g., in ag
ASIC, in a system-on-chip (So{’}, etc). The illustrated components may also be
mncorporated mte other apparatuses in a commuupucation system. For example, other
apparatuses m a system may include components suniar 1o those described to provide
similar functionality. Also, a given apparatus may contain one or more of the components.
For example, an apparatus may mehide multiple transceiver components that enable the
apparatus to operate on multiple carriers and/or communicate via different technologigs.
The UE 302 and the base station 304 cach mchude one or more wireless wide area network
(WWAN) transeeivers 310 and 330, respectively, providing means for communicating
{e.g., means for transmitting, means for receiving, means for measaring, means for taning,
means for refraining from transmitling, eic.} via one or more wireless communication
networks (not shown), such as an NR network, an LTE network, a GSM network, and/or
the ke, The WWAN transceivers 310 and 350 may each be connected 1o one or more
antennas 316 and 356, respectively, for communicating with other network nodes, such
as other UEs, access points, base stations (o.g.. ¢NBs, gNBs), ctc., via at least one
designated RAT {e.g., NR, LTE, G5M, ctc.) over a wireless communication medium of
mterest {¢.g., some set of tme/frequency resources in a particular frequency spectnim}.
The WWAN transceivers 310 and 350 may be variously configured for transoutting and
encoding signals 318 and 358 (e.g., messages, mdications, wnformation, and so on},

respectively, and, conversely, for receiving and decoding signals 318 and 358 (eg.,
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messages, indications, information, pilots, and so on), respectively, m accordance with
the designated RAT. Specifically, the WWAN transcetvers 310 and 350 include one or
more transmitters 314 and 354, respectively, for transmutting and encoding signals 318
and 358, respectively, and one or more receivers 312 and 352, respectively, for receiving
and decoding signals 318 and 338, respectively.

The UE 302 and the base station 304 cach also include, at feast m some cases, ong or
more short-range wireless transceivers 320 and 360, respectively. The short-range
wireless transceivers 320 and 360 may be connected to one or more antennas 326 and
366, respectively, and provide means for commumnicating e.g., means for transmttting,
means tor receiving, means for measuring, means for tuning, means for refrainimg from
transpmtting, etc.) with other network nodes, such as other UEs, access potots, base
stations, eto., via at least one designated RAT (c.g., Wik LTE-D, Bluctooth®, Zighec®,
Z-Wave®, PCS, dedicated shori-range communications (DSRC), wireless access for
vehicular environmenis (WAVE), near-field commumication (NFC}, ultra~wideband
{(UWRB}, cte) over a wircless communication medivm of interest. The short-range
wireless transceivers 320 and 360 may be variously configured for transmitting and
encoding signals 328 and 368 (c.g., messages, mdications, information, and so on),

o

respectively, and, conversely, for receiving and decoding signals 328 and 368 (cg.,

messages, indications, wformation, pilots, and g0 on), respeciively, in accordance with
the designated RAT. Specifically, the short-range wireless transceivers 320 and 360
mclude one or more transmuitters 324 and 364, respectively, for transmitting and encoding
signals 328 and 368, respectively, and one or more receivers 322 and 362, respectively,
for receiving and decoding signals 328 and 368, respectively. As specific examples, the
short-range wircless transcetvers 320 and 360 mayv be Wiki transceivers, Bhuctooth®
transceivers, Zighee® and/or Z-Wave® transceivers, NFC transcetvers, UWB
transceivers, or vehicle-to-vehicle (V2V} and/or vehicle-to-evervthing (V22X
transceivers.

The UE 302 and the base station 304 also mclude, at least in some cases, satellite signal

~

receivers 330 and 370. The satellite signal receivers 330 and 370 may be connected to
one or more antennas 336 and 376, respectively. and may provide means for receiving
and/or measuring satcllite positioning/communication signals 338 and 378, respectively.

Where the satetlite signal receivers 330 and 370 are satellife positioning system receivers,
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the satellite positicning/communication signals 338 and 378 may be global positioning
system {GPS) signals, global navigation satclinte svstem (GLONASS) signals, Galileo
signals, Beidou signals, Indian Regional Navigation Satellite System (NAVIC), Quasi-
Zenith Satellite System (QZ5S), ctc. Where the satellite signal receivers 330 and 370 are
non-terrestral network (NTN} receivers, the satellite positioning/communication signals
338 and 378 may be communication signals {e.g., camying control and/or user data)
originating from a 3G network. The satellite signal receivers 330 and 370 may comprise
any suitable hardware and/or sofiware for receiving and processing satellite
positioning/communication signals 338 and 378, respectively.  The satelltte signal
recervers 330 and 370 may request information and operations as appropriate from the
other systems, and, at least in some cases, perform calculations to determine locations of
the UE 302 and the base station 304, respectively, using measurements obtained by any
suitable satellite positioning system algorithm.

The base station 304 and the network entity 306 each include one or more network
transceivers 380 and 390, respectively, providing means for conmununicating {¢.g., means
for transmitting, means for receiving, ote.} with other network entities {c.g., other base
stations 304, other network entities 306}, For example, the base station 304 may employ
the one or more network transceivers 380 to communicate with other base stations 304 or
network entitics 306 over one or more wired or wireless backhaul links. As another
cxample, the network entity 306 may employ the one or more vetwork transceivers 390
to communicate with one or more base station 304 over one or more wired or wireless
backhaul links, or with other network entities 306 over one or more wired or wireleas core
network interfaces.

A transceiver may be configured to communicate over a wired or wireless link, A
transceiver (whether a wired transceiver or a wireless transceiver) mcludes transmatter
circuttry {(¢.g., transmutters 314, 324, 354, 364) and receiver cirauntry {¢.g., receivers 312,
322,352,362} A transceiver may be an integrated device {c.g., embodying transmitier
circuitry and receiver circuitry in a single device) in some implementations, may comprise
separate transmitter circuitry and separate receiver circuitry in some mplementations, or
may be embodied in other ways in other tnplementations. The transmitier circuitry and
recotver circuttry of a wired transceiver {e.g., network transceivers 380 and 3990 n some

implementations) may be coupled to one or more wired network interface ports. Wireless
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transmitter circuitry {¢.g., transoutters 314, 324, 354, 364} may include or be coupled to
a pluralty of antennas {¢.g., antennas 316, 326, 356, 366), such as an andenna array, that
pernuts the respective apparatus (e.g., UE 302, base station 304) to perform transmit
“beamforming,” as described herein. Similarly, wireless recetver circuitry {e.g., receivers
312,322, 352, 362} may mnclude or be coupled to a plurality of antennas (e.g.. antennas
316, 326, 356, 366), such as an antenna array, that permiis the respective apparatus {(¢.g.,
UE 302, base station 304) to perform receive beamforming, as described herein. In an
aspect, the transmitter circuitry and receiver circuitry may share the same plurality of
antennas {¢.g., antennas 316, 326, 336, 356}, such that the respective apparatus can only
recetve or tranamit at a given time, not both at the same time. A wireless fransceiver {¢.g.,
WWAN transceivers 310 and 350, short-range wireless transcetvers 320 and 360) may
afso include a network listen module (NLM) or the bke for performing various
measurements,

As used herein, the various wireless transcetvers {e.g., fransceivers 310, 320, 350, and
360, and network transceivers 380 and 390 in some mmplementations) and wired
transceivers {¢.g., network transcervers 380 and 390 mn some implementations) may
generally be characterized as “a transceiver,” “at least one transceiver,” or “one or more
transceivers.” As such, whether a particular transcetver is a wired or wireless transceiver
may be inforred from the type of communication performed. For example, backbaul
comuunication between notwork devices or servers will generally relate to signaling via
a wired fransceiver, whereas wireless communication between a UE {e.g., UE 302)and a
base station {¢.g., base station 304} will generally relate to signaling via a wireless
transceiver.

The UE 302, the base station 304, and the network entity 306 also include other
components that may be used in conjunction with the operations as disclosed herein. The
UE 302, the base station 304, and the network entity 306 mclude one or more processors
332, 384, and 394, respectively, for providing functionality relating to, for example,
wireless communication, and for providing other processing functionality.,  The
processors 332, 384, and 394 may therefore provide means for processing, such as means
for determining, means for calculating, means for receiving, means for transmitting,
means for mndicating, ctc. In an aspect, the processors 332, 384, and 394 may include, for

example, one or more general purpose processors, multi-core processors, central
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processing uniis {CPUg), ASICs, digital signal processors (D5Ps), field programmable
gate arrays (FPGAs), other programmable logic devices or processing Citcuitry, o various
combinations thereof.

The UE 302, the base station 304, and the network entity 306 mclude memory circaitry
mmplomenting memortes 340, 386, and 396 {e.g.. cach including a memory device),
respectively, for mamtaining information (e.g., nformation indicative of reserved
resources, thresholds, parameters, and so on). The memornies 340, 386, and 396 may
therefore provide means for storing, means for retrieving, means for maintaining, ¢tc. In
some cases, the UE 302, the base station 304, and the network entity 306 may include
positioning component 342, 388, and 398, respectively. The positioning component 342,
388, and 398 may be hardware circuits that are part of or coupled to the processors 33
384, and 394, respectively, that, when executed, cause the UE 302, the base station 304,
and the network entity 306 1o perform the functionality described beremn. To other aspects,
the positioning component 342, 383, and 398 may be external to the processors 332, 384,
and 394 (c.g.. part of a modem processing svstem, ntegrated with another processing
system, ete }. Alternatively, the positioning component 342, 388 and 398 may be memory
modules stored in the memornies 340, 386, and 396, respectively, that, when executed by
the processors 332, 384, and 394 (or a modem processing system, another processing
system, ¢tc.}, cause the UE 302, the base station 304, and the network entity 306 io
perform the functionality described herein. FIG. 3A illustrates possible ocations of the
posttioning component 342, which may be, for example, part of the one or more WWAN
transceivers 310, the memory 340, the one or more processors 332, or any combination
thereof, or may be a standalone component. FIG. 3B illustrates possible locations of the
positioning component 388, which may be, for exaraple, part of the one or more WWAN
transceivers 350, the memory 386, the one or more processors 384, or any combination
thereof, or may be a standalone component. FIG. 3C iliustraies possible locations of the
positioning component 398, which may be, for example, part of the one or more network
transceivers 390, the memory 396, the one or more processors 394, or any combination
thereof, or may be a standalone component.

The UE 302 may mchide one or more sensors 344 coupled to the one or more processors
332 1o provide means for sensing or detecting movement and/or orientation information

that is independent of motion data denved from signals received by the one or more
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WWAN transceivers 310, the one or more short-range wireless transceivers 320, and/or
the satellite signal receiver 330, By way of example, the sensords) 344 may include an
accelerometer (¢.g., a micro-¢lectrical mechamcal systems {MEMS} device}, a gyroscope,
a geomagnetic sensor {¢.g., a compass), an altimeter {c.g., a barometric pressure
altimeter), and/or any other type of movement detection sensor. Moreover, the sensor{s)
344 may nclude a plurality of different types of devices and combine their outputs 1o
order to provide motion mformation. For example, the sensor(s) 344 may use a
combination of a multi-axis accelerometer and orientation sensors to provide the ability
to compute positions in two-dimensional (213} and/or three~-dimensional (3D} coordinate
systems.

In addition, the UE 302 includes a user interface 346 providing means for providing
indications {¢.g., audible and/or visual indications} to a user and/or for receiving user
mput {¢.g., upon user actuation of a sensing device such a kevpad, a touch scroen, a
microphone, and so on}. Although not shown, the base station 304 and the network entity
306 may also include user interfaces.

Referring to the one or more processors 384 1 more detail, tn the downlink, IP packets
from the network entity 306 may be provided to the processor 384, The one or more
processors 384 may implement functhionality for an RRC layver, a packet data convergence
protocol {(PDCP) layer, a radio link condrol (RLCY layer, and a medium access countrol
{(MAC) layer. The one or more processors 384 may provide RRC laver functionality
associated with broadcasting of system information {c.g., master mmformation blog
(MIB), system mformation blocks (8IBsy), RRC comnection control {(eg., RRC
connection paging, RRL connection establishment, RRC connection modification, and
RRC connection release), mter-RAT mobility, and measurement configuration for UE
measurement  reporting;  PDCP layver  functionality  associated  with  header
compression/decompression, secunty {ciphering, deciphening, integrity protection,
miegrity  verification), and handover support functions; RLC layer functionality
associated with the transter of upper layer PDUs, ervor correction through automatic
repeat request (ARQ), concatenation, segmentation, and reassembly of RLC service data
wnits {SDUs), re-segmentation of RLC data PDUs, and reordenng of RLC data PBUs;

and MAC layer functionality associated with mapping between logical channels and
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transport channcels, scheduling information reporting, error correction, priority handling,
and logical channel prionitization.

The transmitter 354 and the recever 352 may mnplement Laver-1 (L1) functionality
associated with various signal processing functions. Layer-1, which includes a physical
{PHY) layer, may include error detection on the transport channels, forward error
correction (FEC) coding/decoding of the transport channels, trerleaving, rate matching,
mapping onto physical channels, modulation/demodulation of physical channels, and
MIMO antenna processing. The transnutier 354 handles mapping 1o signal constellations
hased on various maodulation schemes {(e.g ., binary phase-shift keving (BPSK), quadrature
phase-shift keving {(QPSK), M-phase-shift keving (M-P5K)}, M-guadrature amplitude
moduolation (M-QAM)). The coded and modulated symbols may then be splif into parallel
sircams. Each stream may then be mapped to an orthogonal frequency division
multiplexing (OFD3M) subcarrier, multiplexed with a reference signal {c.g., pilot) 1 the
time and/or frequency domain, and then combined together using an mverse fast Fourier
transtorm (IFFT) to produce a physical channel carrving a time domain OFDM symbol
stream. The OFDM symbol stream is spatially precoded to produce muluple spatial
streams. Channel estimates from a channel estimator may be used to determune the coding
and modulation scheme, as well as for spatial processing. The channel estimate may be
derived from a reference signal and/or channel condition feedback transmitted by the UE
302, Each spatial stream may then be provided to one or more different antenpas 356, The
transmitter 3534 may modulate an RF camer with a respective spatial stream for
{rANSIISSIon.

At the UE 302, the receiver 312 receives a signal through its respective antenna(s) 316
The receiver 312 recovers information modulated onto an RF carrier and provides the
mformation to the one or more processors 332. The transmitter 314 and the receiver 312
implement Layver-1 functionality associated with various signal processing functions. The
receiver 312 may perform spatial processing on the mformation to recover any spatial
streams destined for the UE 302, Wmultiple spatial streams are destined for the UE 302,
they may be combined by the receiver 312 into a single OFDM symbol stream. The
receiver 312 then converts the OFDM symbol stream from the time-domamn to the
frequency domain using a fast Fourier transform (FFT). The frequency domain signal

comprises a separate OFDM symbol stream for each subcarrier of the OFDM signal. The
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symbols on each subcarrier, and the reference signal, are recovered and demodalated by
determining the most hikely signal consteliation points transoutted by the base station 304,
These soft decisions may be based on channel estimates computed by a channel estimator.
The soft decisions are then decoded and de-interleaved to recover the data and control
signals that were originally transmitted by the base station 304 on the physical channel.
The data and control signals are then provided to the one or more processors 332, which
mmplements Layer-3 (L3} and Laver-2 (L2) finctionality.

In the downlink, the one or more processors 332 provides demultiplexing between
transport and logical channels, packet reassembly, deciphening, header decompression,
and control signal processing to recover [P packets from the core network. The one or
more processors 332 are also responsible for error detection.

Similar to the functiopality described in connection with the downlink transmission by
the base station 304, the one or more processors 332 provides RRC laver functionality
associated with system information {¢.g., MIB, 5IBs) acquisiion, RRC connections, and
measurement  reporting, PDCP  layer functionality associated with  header
compression/decompression, and secunty {ciphering, deciphering, micgnity protection,
mtegrity verification); RLC laver functionality associated with the transfer of upper laver
PDUs, error correction through ARQ, concatenation, segmentation, and reassembly of
RLLC SDUs, re-segmentation of REC data PDUs, and reordering of RLC data PDUs; and
MAC laver functionality associated with mapping between logical channels and transpost
channels, multiplexing of MAC SDUs onto transport blocks {(TBs), demultiplexing of
MAC SDUs from TBs, scheduling information reporting, error correction through hybrid
automatic repeat request (HARQ), priority handling, and logical channel prioritization,
Channel estimates derived by the channel cstimator from a reference signal or foedback
transmmitted by the base station 304 may be used by the transmitter 314 to select the
appropriate coding and modulation schemes, and to facilitate spatial processing. The
spatial streams generated by the transmiiter 314 mav be provided to different ardennafs)
316. The transmitter 314 may modulate an RF carrier with a respective spatial stream for
{rANSIISSIon.

The uphink transmission is processed at the base station 304 in a manner similar to that
deseribed in connection with the receiver function at the UE 302, The receiver 352

receives a signal through s respective antenna{s} 356, The receiver 352 recovers
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information modulated onto an RF carrier and provides the information to the one or more
processors 384,

In the uplink, the one or more processors 384 provides demultiplexing between transport
and logical channels, packet reassembly, deciphering, header decompression, control
signal processing to recover P packets from the UE 302, IP packets from the one or more
processors 384 may be provided to the core network. The one or more processors 384 are
also responsible for error detection.

For convenience, the UE 302, the base station 304, and/or the network entity 306 are
shown i FIGS. 3A, 3B, and 3C as including various components that may be configured
according to the various examples described herein. It will be appreciated, however, that
the illustrated components may have different fonctionality in different designs. In
particular, vanous components in FIGS. 3A to 3C are optiopal in alteraative
configurations and the various aspects include configurations that may vary due to design
choice, costs, use of the device, or other considerations. For example, i case of F1G. 34,
a particular implementation of UE 302 may onut the WWAN transceiver(s} 310 (eg.. a
wearable device or tablet computer or PC or laptop may have Wi-Fi and/or Bluctooth
capability without celhular capability), or may omit the short-range wireless transceiver{s)
320 {e.g., cellular-only, etc.), or may omit the satellite signal receiver 330, or may ommt
the sensor(s)y 344, and so on. In another example, in case of FIG. 3B, a particular
implementation of the base station 304 may omit the WWAN transceiver{s) 350 {c.g., a
Wi-F1 “hotspot” access pownt without cellular capability), or may omit the short-range
wireless franscetver{s} 360 (e.g., ccllular-only, etc ), or may omit the satellite signal
receiver 370, and so on. For brevity, tustration of the various alternative configurations
15 not provided heren, but would be readity understandable to one skilled 1 the art.

The various components of the UE 302, the base station 304, and the network entity 306
may be commumncatively coupled to cach other over data buses 334, 382, and 392,
respectively. In an aspect, the data buses 334, 382, and 392 may form, or be part of, a
commumication interface of the UE 302, the base station 304, and the network entity 306,
respectively.  For example, where different logical entitics are embodied in the same
device (e.g.. ¢NB and location server functionality incorporated into the same base station

304), the data buses 334, 382, and 392 may provide comuwinication between them.
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The components of FIGS. 3A, 3B, and 3C may be implemented 1n various ways. In some
mmplementations, the components of FIGS. 34, 38, and 3C may be implomented n one
or more eircuits such as, tor example, one or more processors and/or one or more ASICs
{which may mmchide one or more processorsy. Here, each circuit may use and/or
incorporate at least one memory component for storing information or executable code
used by the circuit to provide this functionality. For cxample, some or all of the
functionality represented by blocks 310 to 346 may be mplemented by processor and
memory component{s} of the UE 302 {c.g., by exccution of appropurate code and/or by
appropriatc configuration of processor componerds). Sumilarly, some or all of the
functionality represented by blocks 350 to 388 may be mnplemented by processor and
memory component(s) of the base station 304 {¢.g., by execution of appropriate code
and/or by appropuaate configuration of processor components). Also, some or all of the
functionality represented by blocks 390 to 398 may be mmplemented by processor and
memory component{s) of the network entity 306 (e g., by execution of appropnate code
and/or by appropriate configuration of processor components). For simplicity, vadous
operations, acts, and/or functions are described herem as being performed “by a UE,” by
a base station,” “by a network entity,” etc.  However, as will be appreciated, such
operations, acts, and/or functions may actually be performed by specific components or
combinations of components of the UE 302, base station 304, nctwork entity 306, eic,
such as the processors 332, 384, 394, the transceivers 310, 320, 350, and 360, the
memories 340, 386, and 396, the positioning component 342, 388, and 398, ctc.

In some designs, the network entity 306 may be implomented as a core network
component. in other designs, the network entity 306 may be distinet from a network
operator or operation of the cellular network nfrastructure {e.g., NG RAN 220 and/or
5GE 210/260). For example, the network entity 306 may be a component of a private
network that may be configured to commumnicate with the UE 302 via the base station 304
ot ndependently trom the base station 304 {(¢.g., over a non-cellular convnunication link,
such as Wil1).

F16, 4 llustrates an example architecture of a transceiver 481 capable of mmplementing
carrer aggregation, according fo af feast one aspect of the disclosure. The transceiver
431 may correspond to a WWAN transcerver 310 ora WLAN transceiver 320 of UE 302,

or a WWAN transcerver 350 or a WLAN transcerver 360 of base station 304, The
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transceiver 481 may be coupled to furst and second antennas 403 and 405, The antennas
may correspond to antennas 316 or 326 of UE 302 or antennas 356 or 366 of base station
304.

The transceiver 481 inclades recetver circuitry 441 and transmutter circuitry 451, The
recetver circuitry 441 may correspond to receiver{s) 312, 322, 352, or 362 and the
transmitier circuitry 451 may correspond to transmitter(s) 314, 324, 354, or 364, The
recetver circuitry 441 18 capable of implementing carrier aggregation. As such, in the
example of FIG. 4, the recetver circuitry 441 includes two radios 411 and 423 coupled to
the two andermas 403 and 403, respectively. Note that although FIG. 4 dlustrates only
two antennas 403 and 405 and two radios 411 and 423, as will be appreciated, there may
be more thao two antennas and two radios. The transotter circuitry 451 may also be
capable of tuplementing carrer aggregation similarly to the receiver circutiry 441, but
this 15 not shown i Fi(z. 4 for the sake of staphicity.

A transceiver {e.g., transceiver 48 1) generally includes a modem {(e.g., modem 435) and
a radio {¢.g., radioc 411 or 423). The radio, broadly speaking, handles selection and
conversion of the R¥ signals into the bascband or intermediate frequency and converts
the RF signals to the digital domain. The modem 1s the remamder of the transceiver.
Referring to FIG. 4, radio 411 mcludes an amplifier 413, a mixer 415 {also reforred o as
a signal multiplier) for signal down conversion, a frequency syathesizer 417 (also referred
to as an oscillator) that provides signals to the mixer 4135, a bascband filier (BBF) 419,
and an analog-to-digital converter (ADC 421, Similarly, radio 423 includes an amplifier
425, amixer 427, a frequency synthesizer 429, a BBF 431, and an ADC 433, The AD(g
421 and 433 arc coupled to the signal combiner / signal selector 437 of the modem 433,
which is coupled to the demodulator 439 of the modem 435, The demodulator 439 s
coupled to a packet processor 443, The demodolator 439 and the packet processor 443
provide demodulated and processed single or multiple output signals o the
coramunication condroller and/or processing svstem {e.g , processor{s) 332 or 384).
Note that not every component dlustrated in FIG. 4 15 required for the operation of the
aystem. For example, in direct RF-to-baschand conversion receivers, or any other direct
conversion receivers, mncluding certain softwarg-defined radio (SDR)} implementations,
various compaonents of the recciver circutiry 441 are not vecessary, as s known in the art,

In addition, while FIG. 4 illustrates a single modem 435 coupled to two radios 411 and
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423, as will be appreciated, each radio 411 and 423 may be coupled to a different modem,
and the receiver curcurtry 441 would therefore mclude the same rumber of radios and
modems. Further, while FIG. 4 illustrates integrated transmitier circuitry 431 and receiver
circuitry 441, 1¢, transceiver 481, in some implementations, a UE or base station may
comprise a separate transmitier device and a separate receiver device.

As noted above, carrier aggregation 1s a techruque whereby a UE {c.g., any of the UEs
described herein) can recerve and/or transnut on multiple carrier frequencies at the same
time, thereby increasing downlink and uwplink data rates.  Thus, the UE may
sumultancously utihize radio 411 to tunc to one carrier frequency (¢ g., the anchor carrier)
and radio 423 to tune to a different camier frequency {e.g., a secondary camer). In
addition, cach radio 411 and 423 may be tunable to a plurality of different frequencies,
ong at a thme.

NR supports a number of cellular network-based positioning techuologics, mcluding
downlink-based, uplink-based, and downhink-and-uplink-based posttioning methods.

Downlink-based positioning methods include observed time difference of arnval

angle-of-departure (DL-AoD) in NR. FIG. 3 illustrates examples of various positioning
methods, according to aspects of the disclosure. Inan OTBOA or DL-TDQA positioning
procedure, dlustrated by scenario 510, a UE measures the differences between the times
of arrival {ToAs) of reference signals {c.g., positioning reference signals (PRS)) received
from pairs of base stations, referred {0 as reference signal time difference (RSTD) or time
difference of arrival (TDOA) measurements, and reports them to 3 positioning entity.
More spectfically, the UE receives the dentifiers (1Ds} of a reference bage station {e.g., a
serving base station) and multiple non-reference base stations in assistance data. The UE
then measures the RSTD between the reference base station and each of the non-reference
base stations. Based on the knows locations of the involved base siations and the RETD
measurements, the positioning entity {¢.g., the UK for UE-based positioning or a location
server for UE-assisted positioning) can estimate the UEs location,

For DL-AoD positioning, illustrated by scenano 520, the positioning entity uses a
measurcment report from the UE of received signal strength measurements of multiple

downlink transmit beams to detenuine the angle(s) between the UE and the transmitting
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base station{s}). The positioning entity can then estimate the location of the UE based on
the determined angle(s) and the known location(s) of the transmitting base station(s}.
Uplmk-based positioning methods include uplink time difference of amval (UL-TDOA)
and uplink angle-of-arrival (UL-AcA}. UL-TDOA is sinular to DL-TDOA, but 1s based
on uplink reference signals {e.g., sounding reference signals (SRS}) transmitted by the
UE o multiple base stations. Specifically, a UE transroits onc or more uplink reference
signals that are measured by a reference base station and a plurality of non-reference base
stations. Each base station then reports the reception time (referred to as the relative time
of amival (RTOAY of the reforence signal{s) to a positioning entity {¢.z., a location
server} that knows the locations and relative timing of the involved base stations. Based
on the reception-to-reception (Rx-Rx) time difference between the reported RTOA of the
reference base station and the reported RTOA of each non-reference base station, the
kunown locations of the base stations, and thewr known tining offscts, the positioning entity
can estimate the location of the UE using TDOA.

For UL-AoA positioning, onc or more base stations measure the received signal strength
of one or more uplink reference signals {¢.g., SRS} recerved from a UE on one or more
aplink receive beams. The positioning entity uses the signal strength measurements and
the angle(s} of the receive beam(s) to determine the angle(s) between the UK and the base
station{s}. Based on the determined angle(s) and the known location(s) of the base
stationds}), the posttioning entity can then estimate the location of the UE.
Downlink-and-uplink-based positioming methods include enhanced cell-ID (E-CID)
positioning and mudti-round-trip-time (RTT} positioning (also referred fo as “multi-cell
RTT” and “multi-RTT™Y. Inan RTT procedure, a first entity {¢.g., a base station ora UE)
transmiis a first RT T-related signal {c.g., a PRS or 8RS} to a second entity {e.g., a UE or
base station}, which transmits a second RTT-related signal {c.g., an SRS or PRS) back to
the first entity. EHach endity measures the time difference between the time of arrival
{ToA) of the received RTT-related signal and the transmission time of the transmitted
RTT-related signal. This time difference is referred to as a reception-to-transmission (Rx-
Tx} time difference. The Rx-Tx time difference measurement may be made, or may be
adjusted, to include only a time difference between nearest slot boundaries for the
received and transmitted signals. Both entitics may then send their Rx-Tx time difference

measurement to a location server {e.g., an LMF 270}, which calculates the round trip
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propagation tune {(1.c., RTT} between the two entities from the two Rx-Tx time difference
measurements {¢.g., as the sum of the two Rx-Tx time difference measurements).
Alternatively, one entity may send its Rx-Tx time difference measurement to the other
entity, which then calculates the RTT. The distance between the two entities can be
determined from the RTT and the known signal speed (0.2, the speed of light). For muli-
RTT posttioning, tlustrated by scenario 330, a first entity (e.g., a UE or base station)
performs an RTT positioning procedure with multiple second entities {¢.g., multiple base
stations or UEs} to cnable the location of the first entity to be determuned {(e.g., using
multilateration) bascd on distances to, and the known locations of, the sccond entitics,
RTT and multi-RTT methods can be combined with other positioning technigues, such
as UL-AcA and DL-AoD, to improve location accuracy, as illustrated by scenario 540.
The E-CID positioning method is based on radio resource management {(RRM)
measurements, In E-CH3, the UE reports the serving cell 1D, the ttming advance (TA},
and the identifiers, estimated tming, and signal strength of detected neighbor base
stations. The location of the UE is then estimated based on this information and the known
focations of the base station(s).

To assist positioning operations, a location server {e.g., location server 230, LMF 270,
SLE 272} may provide assistance data to the UE. For example, the assistance data may
mchide identifiers of the base stations (or the cells/TRPs of the base stations} from which
to measure refercnce signals, the reference signal configuration parameters (e.g., the
number of consecutive slots including PRS, pertodicity of the consecutive slots mcluding
PRS, muting sequence, frequency hopping sequence, reference signal identifier, reference
signal bandwidth, etc.), and/or other parameters applicable to the particular posttioning
method. Alternatively, the assistance data may originate divectly from the base stations
themselves (2.g., in penodically broadcasted overhead messages, ste ). In some cases, the
UE may be able to detect neighbor network nodes itself without the use of assistance data.
In the case of an OTDOA or DL-TDOA positioning procedure, the assistance data may
further include an expected RSTD value and an associated uncertainty, or search window,
arcounid the expected RSTD. In some cases, the value range of the expected RSTD may
be +/- 300 microscconds (us). In some cases, when any of the resources used for the
positioning measurement are in FR1, the value range for the uncertainty of the expected

RSTD may be +/- 32 us. In other cases, when all of the resources used for the positioning
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measurement{s) are in FRZ, the value range for the uncerainty of the expocted RSTD
may be +/~ 8 s,

A location estimate may be referred to by other names, such as a position estimate,
location, position, position fix, fix, or the bke. A location estimate may be geodetic and
comprise coordinates (¢ g, latitude, longitude, and possibly altitude) or may be civic and
comprise a stroct address, postal address, or some other verbal description of a location.
A location estimate may further be defined relative to some other known location or
defined in absoluie terms {(e.g., using latitude, longitude, and possibly altitude). A location
cstimate may mclude an expected orror or uncertainty (c.g., by wcluding an area or
volume within which the location 18 expected to be mcluded with some specified or
default level of confidence).

Various frame structures may be used to support downlink and uplink transmissions
between network nodes {e.g., base stations and UEs). FIG. 615 a diagram 600 illustrating
an example frame structure, according to aspects of the disclosure. The frame structure
may be a downlivk or uplink frame structre. (ther wirgless compmumications
technologics may have different frame structures and/or different channels.

LTE, and in some cases NR, utilizes orthogonal frequency-division multiplexing
{OFDM) on the downlink and single-carrier frequency division multiplexing (SC-FDM}
on the uphink, Unlike LTE, however, NR has an option to use OFDM on the uplink as
well. OFDM and SC-FDM partition the system bandwidth inte swltiple (K} orthogonal
subcarnicrs, which are also commonly referred to as tones, bins, cte. Each subcarrier may
be modulated with data. In general, modalation symbols are sent in the frequency domain
with OFDM and 1o the time domain with 5C-FDM. The spacing between adjacent
subcarriers mav be fixed, and the total number of subcarniers (K) may be dependent on
the system bandwidth. For example, the spacing of the subcarriers may be 15 kilohertz
{kHz} and the sinimum resource allocation {resource block) may be 12 subcarriers {or
180 kHz). Consequently, the nominal fast Founer transform (FFT) size may be equal to
128, 256, 512, 1024, or 2048 for system bandwidth of 1.25, 2.5, 5, 10, or 20 megahertz
{(MHz), respectively. The system bandwidth may alse be partitioned into subbands. For
example, a subband may cover 1.08 MHz (i.e., 6 resource blocks), and there may be 1, 2,

4, 8, or 16 subbands for system bandwidth of 1.25, 2.5, 5, 10, or 20 MHz, respectively.
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LTE supports a single numerology (subcarrier spacing {58}, symbeol length, cic). In
contrast, NR may support multiple numerologies (u}, for example, subcarrier spacings of
15 kHz (u=0}, 30 kHz (u=1}, 60 kHz (u=2), 120 kHz (u=3), and 240 kHz {(u=4} or greater
may be available. In each subcarrier spacing, there are 14 symbols per slot. For 15 kHz
SCS (=0}, there is one slot per subframe, 10 slots per frame. the slot duration is |
mitlisccond {ms), the symbol duration is 66.7 microseconds {us), and the maximum
nonynal svstem bandwidth (in MHz) with a 4K FFT size 15 58, For 30 kHz SCS (u=1},
there are two siots per subframe, 20 siots per frame, the slot duration is 0.5 ms, the symbol
duration ig 33.3 ps, and the maximum nominal svsiem bandwidth {in MHz) with a 4K
FFT size 13 100, For 60 kHz SCS (u=2), there are {four slots per subframe, 40 slots per
frame, the slot duration 15 0.25 msg, the symbol duration is 16.7 us, and the maximum
nonunal systern bandwidth (to MHz) with 3 4K FFT size 15 200, For 120 kHz SCS (=3},
there are cight slots per subframe, 80 slots per frame, the slot duration 15 0.125 ms, the
symbol duration is 8.33 ps, and the maximum nominal svstem bandwidth (in MHz} with
a 4K FFT size 1g 400, For 240 kHz SCS (1=4), there are 16 slots per subframe, 160 slots
per frame, the slot duration 15 0.0625 ms, the symbol duration is 4.17 us, and the
maximum nominal svstem bandwidth (in MHz) with a 4K FFT size is 800,

In the example of FIG. 6, a numerology of 15 kHz 1s ssed. Thus, 1 the time domain, a
10 ms frame is divided imto 10 equally sized subframes of 1 ms gach, and cach subframe
mchides one time slot. In FIG 6, time is represented horizontally (on the X axig) with
time increasing from left to right, while frequency is represented vertically (on the Y axis)
with frequency increasing (or decreasing} from bottom to top.

A resource grid may be used (o represent time slots, each time slot including one or more
time-~-concurrent resource blocks (RBs) (also referred to as physical BEBs (PRBs)} in the
frequency domain. The resource grid s further divided into multiple resource elements
{REs}. An RE may correspond tc one symbol length 1o the time domain and one
subcarrier in the frequency domain. In the nwmerology of FIG. 6, for a nomual cyclic
prefix, an RB may contaim 172 consecutive subcarriers in the frequency domain and seven
consecutive symbols in the time domain, for a total of 84 REs. For an extended cychic
prefix, an RB may contain 12 consecutive subcarrers in the frequency domain and six
consccutive symbols in the time domain, foratotal of 72 REs. The number of bits carried

by cach RE depends on the modulation scheme,
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Some of the REs may carry reference (pilot) signais {RS). The reference signals may
mclude positioning refercnce signals (PRS), tracking reference signals (TRS), phase
tracking reference signals (PTRS), cell-specific reference signals (CRS), channel state
mformation reference smignals (CSI-RS), demodulation reference signals (DMRS),
primary syochronization sigoals (PSS}, sccondary syochronization signals (588},
synchronization signal blocks (S5Bs), sounding reference signals (SRS), cic., depending
on whether the Hustrated frame structure 15 used for uplink or downhnk communication.
FI1G. 6 illustrates example locations of REs carrving a reference signal (Iabeled “R™).

A collection of resource clements (REs) that are used for transnussion of PRS 15 referred
to as a “PRS resource.” The collection of resource elements can span multiple PRBs in
the frequency domain and N7 (such as 1 or more) consecutive svmbol{s) within a slot in
the time domain. In a given OFDM symbol i the time domain, a PRS resource occupics
consecutive PREBs in the frequency domain.

The transmission of a PRS resource within a given PRE hag a particular comb size {also
referred to as the “comb density™). A comb size ‘N’ represents the subcarrier spacing (or
frequencyv/tone  spacing) within cach symbol of a PRS resource configuration.
Specifically, fora comb size *N,” PRS are transmitted 1n every Nth subcarrier of a symbol
of a PRB. For example, for comb-4, for each symbol of the PRS resource configuration,
REs corresponding to every fourth subcarnier (such as subcarriers 0, 4, 8) are used o
transmit PRS of the PRS resource. Currently, comb sizes of comb-2, comb-4, comb-6,
and comb-12 are supported for DL-PRS. FIG. 6 illustrates an example PRS resource
configeration for comb-4 (which spans four symbols). That is, the locations of the shaded
REg (labeled “R”) indicate a comb-4 PRS resource configuration.

Currently, a DL-PRS resource may span 2, 4, 6, or 12 consecutive symbols within a siot
with a fully frequency-domain staggered pattern. A DL-PRS resource can be configured
in any higher layer configured downlink or flexibie (FL) symbol of a siot. There may be
a constant eucrgy per resource clement (EPRE) for all REs of a given DL-PRS resource.
The following are the frequency offsets from symbol to svmbol for comb sizes 2, 4, 6,
and 12 over 2, 4, 6, and 12 syvmbols. 2-svmbol comb-2: {0, 1}; 4-symbol comb-2: {0, 1,
0, 1}; 6-symbol comb-2: {6, 1, G, 1,0, 1}; 12Z-symbol comb-2: {0, 1,0, 1,0, 1,0, 1,0, 1,
0, 1} 4-symbol comb-4: {0, 2, 1, 3} {as i the cxample of FIG. 6}, 12-symbol comb-4:

§0,2,1,3,0,2,1,3,0,2, 1, 3} 6-svmbol comb-6: {0, 3, 1,4, 2, 3}; 1 Z-svmbol comb-6:
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£0,3,1,4,2,5,6,3, 1, 4,2, 5}, and 12-symbol comb-12: {0, 6,3,9,1,7. 4,10, 2, 8, 5,
11}

A “PRS resource set” 13 a set of PRS resources used for the transmission of PRS signals,

P

where each PRS resource has a PRS resource 1D, In addition, the PRS resources in a PRS
resource st are associated with the same TRP. A PRS resource set is identified by a PRS
resource set 1D and is associated with a particular TRP (identified by a TRP D). In
addition, the PRS resources in a PRS resource set have the same periodicity, a common
muting pattern  configuration, and the same repetition factor (such as “PRS-
ResourceRepetitionFactor”) across slots.  The periodicity s the time from the first
repetition of the first PRS resource of a first PRS instance to the same first repetition of
the same first PRS resource of the next PRS instance. The periodicity may have a length
selected from 27 u* {4, 5. 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120,
10240} slots, with p =0, 1, 2, 3. The repetition factor may have a length selected from
{1,2.4,6,8, 16,32} slots.

A PRS resource ID in a PRS resource set is associated with a simgle beam {or beam D)
transmitied trom a single TRP (where a TRP may transout one or more beams). That is,
cach PRS resource of a PR resource set may be transmitted on a different beam, and as
such, a “PRS resource,” or simply “resource,” also can be referred to as a “beam.” Note
that this does not have any implications on whether the TRPs and the beams on which
PRS are transmitted are known to the UE,

A “PRS imstance” or “PRS occasion” s one mstance of a periodically repeated tme
window {such as a group of one or more conscoutive slots} where PRS are expected to be
transmitted. A PRS occasion also may be referred to as a “PRS positioning occasion,” a
“PRS positioning instance, a “‘posifioning occasion,” “a posifioning instance,” a
“posttioning repetition,” or simply an “pecasion,” an “instance,” or a “repetition.”

A “positioning frequency layer” {(also referred to simply as a “frequency layer™) is a
collection of one or more PRS resource seis across one or more TRPs that have the same
values for certain parameters. Specifically, the collection of PRS resource sets has the
same subcarrier spacing and cyclic prefix (CP) type (meaning all numerclogies supported
for the physical downlink shared channel (PDSCH) are also supported for PRS), the same
Point A, the same value of the downlink PRS bandwidth, the same start PRB {and conter

frequency), and the same comb-size. The Point A parameter takes the value of the
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parameter “ARFUN-ValueNR” (where “ARFUN™ stands for “absolute radic-frequency
channel nwber”) and 15 an identifier/code that specifics a pair of physical radio channel
used for tramsmission and reception.  The downlink PRS bandwidth may have a
granvlarity of four PRBs, with a mintmam of 24 PRBs and a maximuam of 272 PRBs.
Currently, up to four frequency layers have been defined, and up to two PRS resource
sets may be configured per TRP per freguency layer.

The concept of a frequency layer 1s somewhat like the concept of component carmiers and
bandwidth parts (BWPs), but different in that component carriers and BWPs are used by
one base station {or a macro coll base station and a small cell base station) fo transmit
data channels, while frequency lavers are used by several (usually three or more) base
stations to transmit PRS. A UE may indicate the mumber of frequency lavers it can
support when it sends the network is positioning capabilitics, such as dunng an NE
positioning protocol (LPP) session. For example, a UE may indicate whether it can
support one or four positioning frequency lavers.

Note that the terms “positioning reference signal” and “PRS” generally refer to specific
reference signals that are used for posttioning in NR and L'TE systcras. However, as used
herein, the terms “positioning reference signal” and “PRS™ may also refer to any type of
reference signal that can be used for positioning, such as but not limited to, PRS as defined
m LTE and NR, TRS, PTRS, CRS, CSE-RS, DMRS, PSS, 888, SSB, SRS, UL-PRS, etc.
In addition, the terms “positioning refercuce signal” and “PRS™ may refer to downlink,
uplink, or sidelink positioning reference signals, unless otherwise mdicated by the
context. Hneeded to further distinguish the type of PRS, a downlink positioning reference
signal may be referred to as a “DL-PRS,” an uphink positioning reference signal {e.g., an
SRS-for-positioning, PTRS) may be referred to as an “UL-PRK” and a sidelink
positioning reference signal may be referred to as an “SL-PRS.” In addition, for signals
that may be transmitted 1o the downhink, uplink, and/or sidelink {c g., DMRSE]}, the signals
may be prepended with “D3L.7 “UL.” or “SL” to distinguish the direction. For example,
“UL-DMRS” s different from “DL-DMRSK.”

NR posttioning techoigues are expected to provide high accuracy (horizontal and
vertical), low latency, network efficioncy (scalability, reference signal overhead, otc ),
and device efficiency (power consumption, complexity, ete.), especially for commercial

positionmng uses cases (ncluding general commercial use cases and specifically (BioT
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use cases). Referring to the accuracy expectation, the accuracy of a location estimate
depends onthe accuracy of the positioning measurersents {¢.g., ToA, RSTH, Rx-Tx, ¢te )
of received PRS {(BL-PRS, UL-PRS/SRS, SL-PRS}, and the larger the bandwidth of the
measured PRS, the more accurate the positioning measurements.

One technique being cxplored fo increase the bandwidth of PRS (DL-PRS, UL-PRS/SRS,

component carriers in the same frequency band), taking mto consideration ssues such as
timing errors, phase cohereney, frequency errors, power imbalance, and the hke. It is
expected that these 1ssues can be overcome for PRS bandwidth aggregation by using intra-
band contiguous carrier aggregation and a single transmit chain (at the base station for
DBL-PRS and the UE for SRS} for transmission on the contiguous component carriers and
a single receive chain {at the UE for DE-PRS and the base station for SRS) for reception
on the contiguous component carriers. By using the same transmit and receive chains,
timing and frequency errors are expected to be ehimnated.

FiG, 7 is a diagram 700 ilustrating two infra-band contiguous component carrigrs
{labeled “CC1” and “CCZ27) separated by a guand band, according to aspects of the
disclosure. In FIG. 7, frequency 18 represented horizontally, and cach arrow represents a
tone {subcarmer). The tones within the component carriers may be, for example, PRS
{DL-PRS, UL-PRS/SRS, SL-PRS) tongs. The number of tones shown in FIG. 7 are
merely for iliustration, as the number of tones per component carrier and within the guard
band {also referred to as the “guard mterval” or “gap” or the like) depends on the
bandwidth of the component carriers and the subcarrier spacing,

In NR positioning, BL-PRS are configured within the channel bandwidth of a component
cammer. ¥FiG., 8 dlustrates an example LPP “NR-DL-PRS-PositioningFrequencylaver”
mformation element 300, according to aspects of the disclosure. The “NR-DL-PRS-
PositioningFrequencylLayver” information clement 800 may be configured to 3 UE via
LPP as part of assistance data for the DL-PRS the UE s to measure during a positioning
scssion. Asshown i FIG. §, within a positioning frequency layer, the PRS configuration
mcludes a “dI-PRS-ResourceBandwidth” field {or parameter), a “di-PRS-StartPRB”
fickd, and a “dI-PRS-PoimntA” ficld.

The “dI-PRS~-ResourceBandwidth” ficld specifics the nwmber of physical resource blocks

{PRBs} allocated for the PRS resource (1.¢., the allocated PRS bandwidth) mn multiples of
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4 PRBs. All PRS resources of the PRS resource set bave the same bandwidth. All PRS
resource sets belonging to the same positioming frequency layer have the same value of
PRS bandwidth and start PRB.  Integer value 1 corresponds to 24 PRBs, value 2
corresponds to 28 PRBs, value 3 corresponds to 32 PRBs and so on. Thus, the PRS
bandwidth may have a value of {24, 28,32, ., 272} PRBxs.

The “dI-PRS-5tartPRB” ficld specifics the start PRB index defined as offset with respect
to the reference PRS Pomt A for the posiioning frequency layer. All PRS resources sets
belonging to the same positioning frequency fayer have the same value of “di-PRS-
StartPRB.”

The “di-PRS-PointA” field specifies the absoluie frequency of the reference resource
block for the PRS resource. Its lowest subcarrier is also known as the PRS Point A, A
singlc PRS Point A for PRS resource allocation is provided per positioning freguency
layer. All PRS resources belonging to the same PRS resource set have the same PRS
Pont A

In NR, a component carrigr is defined as 100 MHz. The tones in adjacent component
carrers are on an FFT grid of each other. The gap width between component carrers in
mntra-band contiguous carrier aggregation is a multiple of the subcarrier spacing (8T8} in
the adjacent component carriers. Currently, nothing is transmitted on the guard tones in
the guard interval.

Thus, where PRS are transmitted within the chamnel bandwidth of adjacent component
carners of mtra-band contiguous carrier aggregation for PRS bandwidth aggregation,
there will be a gap between the PRS transmitted in one component carrier {e.g., CCl in
FI1G. 7y and the PRS transmitted in the adjacent component camer {e.g., CC2Z in FIG. 7).
As such, for wideband PRS processing {c.z., the aggregation of the adjacent component
carriers), the receiver {e.g., UE) needs to fill the guard tones by interpolating nearby PRS
tones. However, inderpolation requires extra caleulation in the receiver’s PRS processing
flow and may degrade positioning accuracy if the gap width is too large.

Accordingly, the present disclosure provides techmigques for PRS transmission within the
guard mterval, More specifically, when PRS are transmitied on aggregated bandwidths
of mntra-band contiguous component carriers, the transmitter {¢.3., a bas¢ station} may
also transmit PRS tones in the gap (Le., on the guard tones) of the adjacent comporent

carriers.
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FIG. 9 is a diagram 900 ilustrating two infra-band contiguous component carrigrs
{labeled “CC1” and “CCZ27) separated by a guand band, according to aspects of the
disclosure. In FIG. 9, frequency 1s represented horizontally, and cach arrow represents a
tone {(subcarrier}. Ags with FIG. 7, the number of tones shown i FEG. 9 are merely for
tilustration, as the muunber of tones per component carder and within the guard band
depends on the bandwidth of the component carriers and the subcarrer spacing.

The fones within the component camiers may be, for example, PRS (DL-PRS, UL-
PRS/SRS, 5L-PRS) tones. In addition, as shown in FIG. 9, the tones within the guard
mterval are also PRS tones. That s, the PRS configured in a fivst componeut camier (e.g.,
CCH extends through the gap and into the second component carrier {e.g., CC2). This
cffectively increases the bandwidth of the transmitted PRS from 100 MHz (a single
component carrier) to 200 MHz (two aggregated component carriers).

There are various toechniques to configure the PRS across imtra-band contiguous
cornponent carriers.  As a first technique, there may be a single PRS configuration with
respect to the lefi-most component carrier {g.g.. CC1 m FIG. 9), that 15, the component
cammer having the lowest start frequency (e.g., lowest PRS Pomt A). In this case, the PRS
Pont A and start PRB of the PRS resource are configured for the left-most (lowest
frequency} component carrer, and the PRS bandwidth {given by the “dI-PRS-
ResourceBandwidth” field in FIG. 8) is increased to span the chanunel bandwidths of the
aggregated component carriers plus the gap between the aggregated component carriers.
In thus case, the values of the “dI-PR5-ResourceBandwidth™ ficld m FIG. 8 would need
to be updated to allow for the greater frequency.

As a second technique, the receiver {¢.3., a UE) may be configured with swltiple per-
component carrier PRS configurations. Inthis case, the PRS Point A, start PRB, and PRS
bandwidth are configured for cach component camer {¢.g., CC1 and CL2 i the example
of FIG. 9). A flag {c g, a single bit) may be added to the assistance data (¢.g., the “NR-
DL-PRS-PostioningFrequencylaver” information clement 800} to ndicate whether the
PRS bandwidth is extended into the guard interval following (i.¢., above) each component
cammier. The flag may be denoted “extendToGuardTone,” for example, and may have a
value of “enabled”™ or “disabled.” Thus, with reference to FIG. 9, if PRS are transmitted
on the guard interval between CC1 oand CC2, as shown, then the wvalue of

“extendToGuardTone”  would be  “enabled” for CCl1 and the wvalse of
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“extend ToGuard Tone”™ would be “disabled”™ for CL2 (as the PRS are not transmitted in
the guard interval afier CC2).

As deseribed above, a PRS resource has a comb pattern within a PRB. The RE offset of
the comb pattern for a PRS rescurce within a PRB 15 given by the parameter “di-PRS-
CombSizeN-AndReOffset” in the LPP “NR-DL-PRS-Resource” information element
{part of the positioning assistance data). The “di-PRS-CombSizeN-AndReOftset” field
apecities the resource element (RE) spacing m cach symbol of the PRS resource and the
RE offset 1 the frequency domain for the first symbol in a PRS resource. Al PRS
resource sets belonging to the same positioming frequency layer have the same value of
comb size. The relative RE offsets of the followimg symbols are defined relative to the
RE offset in the frequency domain of the first symbol in the PRS resource. The comb
size configuration should be aligned with the comb size configuration for the frequency
layer.

The guard interval may not always be an integer multiple of PRBs. As such, if the PRBs
i gach component carrier have the same comb size and RE offset, and the comb pattern
11 the first {in the frequency domain) component carrier continues into the guard interval,
then the comb pattern may be discontinuous (1.¢, may not align} between the guard
mterval and the second {in the frequency domain} component carrier.

Accordingly, the present disclosure provides technigues to configure the PRS comb
pattern to be contiguous across the aggregated component carviers. As a first technique,
there may be a single PRS configuration with respect to the lefi-most component carrier
{e.g., CCI i FIG. 9}, that 15, the component carrier having the lowest start frequency
{e.g.. lowest PRS Point A}, This case corresponds to the first technigue described above.
In this case, one RE offsct is configured for the lefi-most component carrier, and that RE
offset 1s applied across the aggregated component carriers. Thas, with reference to the
first technique described above, the PRS Pomnt A, start PRB, and RE offset for the PRS
resource would be configured for the lowest-freguency component carrier and would
apply to all aggregated component carrers.

As a second techmque, the receiver {e.g., a UE) may be configured with multiple per-
component carver PRS configurations. This case corresponds to the second technique
described above. In this case, the RE offset for each PRS resource for cach component

carrier 15 selected to mamntam a contiguous PRS comb pattern across the aggregated
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component carriers. As above, the comb patiern within the guard interval would be a
continuation of the conab pattern of the lowest-frequency component carrier,

FiG, 16 18 a diagram 1000 tlustrating an example of a configuous comb patiern across
the guard interval between two ntra-band contiguous component carriers {labeled “CC1”
and “CC27), according to aspecis of the disclosure. In FIG 10, time is represented
horizontally and frequency is represented vertically.  Hach small block represcuts a
resource element {one symbol in the fime domain and one subcarnier, or tone, n the
frequency domam). In the example of FIG. 10, the guard interval is six tones and the
comb pattem of the lower-frequency component carrier (bere, CC1) extends nto the
guard mnterval,

Ag shown m FIG. 10, 1o ensure that the comb pattern is contiguous across the component
carriers, the PRS resource in CC1 is configured with an RE offset of “07 and the PRS
resouree 1 CC2 18 configured with an RE offset of 2.7 In addition, with reference to the
second technigue described above, the PRS resource in CC1 may be configured with the
“extend ToGuardTone” flag sct to “enabled” and the PRS resource in CC2 may be
configured with the “extend ToGuard Tone” set to “disabled.”

MNote that the PRS resources on CC1 and CC2 can be contigured for PRS measurement to
legacy UEs that do not support PRS bandwidth aggregation.

Although the foregoing has described intra-band aggregation of two component carriers,
as wiil be appreciated, more than two intra~band component carriers may be aggregated
for transmission of PRS. In addition, more than one PRS resource may be configured per
component carrier. For example, a first PRS resource may be configured in the botiom
50 MHz of the component carrier and a3 second PRS rescurce may be configured m the
top 50 MHz of the component carricr. The second PRS resource would then span the
guard interval.

FiG. 11 illustraies an example method 1100 of wireless communication, according {o
aspects of the disclosure. In an aspect, method 1100 may be performed by a receiver
device {e.g., a UE or base station}.

At 1110, the receiver device measures one or more PRE resources across at least two
component carriers, wherein the at least two component carriers are adjacent to each other
within a frequency band, and wherein a guard mterval separates the two component

carriers. In an aspect, operation 1110 may be performed by the one or more WWAN
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transceivers 310, the one or more processors 332, memory 340, and/or positioning
component 342, any or all of which may be considered means for performing this
operation. In an aspect, operation 1110 may be performed by the one or more WWAN
transceivers 350, the one or more processors 384, memory 386, and/or positioning
component 388, any or all of which may be considered means for performing this
operation.

At 1120, the receiver device measures PRS tones within the guard interval separating the
two component carriers. In an aspect, operation 1120 may be performed by the one or
more WWAN transceivers 310, the one or more processors 332, mersory 340, and/or
positioning component 342, any or all of which may be considered means for performing
this operation. In an aspect, operation 1120 mayv be performed by the one or more
WWAN transceivers 330, the one or more processors 384, memory 386, and/or
positioning component 388, any or all of which may be considered means for perforoung
this operation.

FiG., 12 illustrates an example method 1200 of wireless comuunication, according to
aspects of the disclosure. {v an aspect, method 1200 may be performed by a transmitter
device {e.z., a UE or base station).

At 1210, the transmitier device transmits one or more PRS resources across at least two
component carriers, wherein the two component carriers arg adjacent to each other within
a frequency band, and wherein a guard mterval separates the two component carriers. In
an aspect, operation 1210 may be performed by the one or more WWAN transceivers
314, the one or more processors 332, memory 340, and/or positioning component 342,
any or all of which may be considered means for performing this operation. In an aspect,
operation 1210 may be performed by the one or more WWAN transceivers 350, the one
or more processors 384, memory 386, and/or positioning component 388, any or all of
which mav be cousidercd means for performing this operation.

At 1220, the transmitter device transmits PRS fones within the guard mterval separating
the two component carriers. In an aspect, operation 1220 may be performed by the one
or more WWAN transcetvers 310, the one or more processors 332, memory 340, and/or
positioning component 342 any or all of which may be considered means for performing
this operation. In an aspect, operation 1220 mav be performed by the one or more

WWAN transceivers 350, the one or more processors 384, memory 386, and/or
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positioning component 388, any or all of which may be considered means for performing
this operation.

As will be appreciated, a technical advantage of the methods 1100 and 1200 15 improved
positioning  accuracy due o enabling the measurement of PRS over contiguous
component carriers including the guard bands separating component carrers, and reduced
receiver processing complexity due to skipping of interpolation of PRS tones in the guard
band.

In the detailed description above it can be scen that different features are grouped together
m examples. This manner of disclosure shouid not be urderstood as an mtention that the
example clauses have more features than are explicitly mentioned in each clause. Rather,
the various aspects of the disclosure may mnclude fewer than all features of an individual
example clause disclosed. Therefore, the following clauses should hereby be deemed to
be mcorporated in the descaption, wherein cach clause by ttseif can stand as a separaie
example.  Although each dependent clause can refer in the clauses (o a specitfic
combination with one of the other clauscs, the aspect(s) of that dependent clause are not
fimuted to the specific combination. It will be appreciated that other example clauses can
also include a combination of the dependent clause aspect{s} with the subject matier of
any other dependent clause or independent clause or a combination of any feature with
other dependent and independent clauses. The various aspects disclosed herein expressly
nchude these combinations, unless 1t is explicitly expressed or can be readily inferred that
a specific combination is not mtended {e.g., contradictory aspects, such as defiming an
clement as both an electrical insulator and an electncal conductor}. Furthermore, itis also
intended that aspecis of a clause can be included m any other mdependent clause, even if
the clause is not directly dependent on the mdependent clause.

Implementation examples are described in the following numbered clauses:

Clause 1. A method of wirgless communication performed by a receiver device,
COTOPTSInG. Mmeasuring one or more posttioning reference signal (PRS) resources across
at least two component carriers, wherem the two component carriers are adjacent to each
other within a frequency band, and wherein a guard interval separates the two component
carriers; and measuring PRS tones within the guard interval separating the two component

carriers.
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Clause 2. The method of clause !, further comprising: receiving a plurality of
configuration parameters for the one or more PRS resources.

Clause 3. The method of clause 2, wheren the one or more PRS resources consist of a
single PRS resource.

Clause 4. The method of clavse 3, wherein the plorality of configuration parameters
coraprises: a poutt A parameter for the single PRS resource detined with respect to a first
component carrier of the two component carriers, a start physical resource bloc
parameier for the single PRS resource defined with respect to the first component carrier,
and a bandwidth parameter for the single PRS resource having a value that spans the two
component carriers and the guard interval separating the two component carriers.

Claase 5. The method of clause 4, whergin the first component carrier comprises a lowest-
frequency component carrier of the at ieast two component carriers.

Clause 6. The method of any of clauses 3 10 5, wherein: the plurality of configuration
parameiers comprises a comb size and resource clement offset parameter that defines a
comb pattern for the single PRS resource, the comb size and resource clement offset
pararmacter 15 defined with respect to a first component cammer of the two component
carriers, and the comb pattern spans the two component carniers and the guard interval
separating the two component carriers,

Clanse 7. The method of clause 6, wherem the first component carrier comprises a lowest-
frequency component carmier of the at least two component carriers.

Clause 8. The method of clause 2, wherein the one or more PRS resources comprise at
least one PRS resource 1n each of the two component carriers,

Clause 9. The method of clause 8, wherein the phurality of configuration parameters
comprises: a point A pararscter for cach of the at least one PRS resource m cach of the
two component carriers, a start physical resource block parameter for cach of the at least
one PRS resource in gach of the two component carniers, a bandwidth parameter for each
of the at least one PRS resource in cach of the two component carriers, and a flag
mdicating that a bandwidth of the at least one PRS resource associated with cach of the
two component carriers 18 extended mto the guard interval.

Clause 10. The method of any of clauses 8 10 9, wherein: the plurality of configuration
parameters comprises a comb size and resource clement offset parameter for cach of the

at least one PRS resource in cach of the two component carriers that defines a comb
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pattern for cach of the at least one PRS rescurce in cach of the two component carners,
and the comb size and resource clement offset parameter for each of the at least one PRS
resource in each of the two component carriers is selected to maintain a configuous comb
pattern across the two component carriers.

Clause 11, The method of any of clauses 2 to 10, wherein: the receiver device 18 a user
equipment (UE), and the plurality of configuration parametors is received from a location
server in one or more NR {(New Radio} positioning protocol {LPP) assistance data
mMessages.

Clause 12, The method of any of clauses 1 to 11, wherein: the receiver device 1s g user
equipment (UE}, and the one ormore PRS resources comprise one or more downlink PRS
rescurces received from a base station or one or more sidelink PRS rescurces recetved
from a sidelink UE.

Clause 13 A method of wireless communication performed by a transmitter device,
corprising: transnutting one or more positioning reference signal (PRS} resources across
at least two component camiers, wherein the two component carriers are adjacent to cach
other within a frequency band, and wherein a guard inderval separates the two component
carriers; and transmitting PRS tones within the guard interval separating the two
component carriers.

Clause 14. The method of clause 13, wherein the one or more PRS resources consistof a
single PRS resource.

Clause 15, The method of clause 14, wherein a bandwidth for the single PRS resource
spans the two component carriers and the guard mterval separating the two component
CATTICTS.

Clause 16. The method of any of clauses 14 to 15, wherein: a comb pattern of the single
PRS resource 18 defined with respect to a first component carrier of the two compongnt
carriers, and the comb pattern spans the two component camiers and the guard interval
separating the two componerd carriers.

Clause 17, The method of clause 16, wherein the first component carricr comprises a
lowest-frequency component carrier of the at least two component carriers.

Clause 18, The method of clause 13, wherein the one or more PRS resources comprise at

least one PRS resource in cach of the two component carriers.
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Clause 19. The method of clause 18, wherein configuration parameters for the one or
more PRS resources comprise: a point A parameter for cach of the at least one PRS
resource in each of the two component carners, a start phvsical resource block parameter
for each of the at least one PRS rescurce in each of the two component carriers, a
bandwidth parameter for gach of the at least one PRS resource m cach of the two
component carriers, and a flag indicating that a bandwidth of the at least one PRS resource
associated with cach of the two component carriers 1s extended nto the guard inferval.
Clause 20, The method of any of clauses 18 to 19, wherein: configuration parameters for
the one or more PRS resources comprise a comb size and resource clement offset
parameter for cach of the at least one PRS resource in cach of the two component carriers
that defines a comb pattern for cach of the at least one PRS resource in cach of the two
component carricrs, and the comb size and resource element offset parameter for cach of
the at least one PRS resource 1o cach ot the two component carriers 1s selected to mantain
a contiguous comb patiern across the two component carniers.

Clause 21 The method of any of clauses 13 to 20, wherein: the transmitter device is a
hase station, and the one or more PRS resources comprise one or more downlink PRS
FESOUTCES.

Claase 22 A receiver device, comprising: a memory; at least one transceiver, and at Jeast
one processor communicatively coupled to the memory and the at least one transceiver,
the at feast one processor configured to: measure one Or more posttioning refercuce signal
{(PRS) resources across at least two component carriers, wherein the two component
carriers are adjacent to each other within a frequency band, and wherein a guard mterval
separates the two component carriers; and measure PRS tones within the guard iterval
separating the two component carriers.

Clause 23. The receiver device of clause 22, wherein the at least one processor is further
configured to: receive, via the at least one transceiver, a plurality of configuration
parameters for the one or more PRS resources.

Clause 24, The recerver device of clause 23, wheremn the one or more PRS resources
consist of a single PRS resource.

Clause 25. The receiver device of clause 24, wherein the phurality of configuration
pararaciers comprises: a point A parameter for the single PRS resource defined with
a start phvsical

respect 1o a first component carrier of the two component carners,

B
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resource block parameter for the single PRS resource defined with respect to the first
component carrier, and a bandwidth parameter for the single PRS resource having a value
that spans the two component carriers and the guard mterval separating the two
component carriers.

Claose 26. The receiver device of clause 25, wherein the first component carrer
comprises a lowest~frequency component carrier of the at least two component carriers.
Clause 27. The receiver device of any of clauses 24 to 26, wheremn: the plurality of
configuration parameters comprises a comb size and resource ¢lement offset parameter
that defines a comb pattern for the single PRS resource, the comb size and resource
clement offset parameter 1s defined with respect to a first component carrier of the two
component carners, and the comb patiern spans the two component carners and the guard
interval separating the two component carriers.

Clause 28. The receiver device of clause 27, whercin the first compouent carver
comprises a lowest-frequency component carrier of the at least two component carriers.
Clause 29, The receiver device of clause 23, wherein the one or more PRS resources
comprise at least one PRS resource in cach of the two component carniers.

Clause 30. The recerver device of clause 29, wherein the plorality of configuration
parameters comprises: a point A parameter for each of the at least one PRS resource in
cach of the two component carriers, a start physical resource block parameter for cach of
the at lcast one PRS resource in gach of the two component carriers, a bandwidth
parameter for each of the at least one PRS resource 1n each of the two component carriers,
and a flag indicating that a bandwidth of the at least one PRS resource associated with
cach of the two component carriers 1s extended into the guard interval.

Clause 31. The receiver device of any of clauses 29 to 30, wherein: the plurality of
configuration parameters comprises a comb size and resource clement offset parameter
for each of the at least one PRS resource in ¢ach of the two component carriers that defines
a comb pattern for each of the at least one PRS resource in cach of the two component
carniers, and the comb size and resource element offset parameter for each of the at least
one PRS resource in gach of the two component carriers is selected to maintain a
contiguous comb patfern across the two component Carriers.

Clause 32. The recetver device of any of clauses 23 to 31, wherein: the recetver device is

a user equipment (UE}, and the plurality of configuration parameters 13 received from a
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focation server in one or more NR (New Radio) positioning protocol (LPP) assistance
data messages.

Clause 33. The receiver device of any of clauses 22 to 32, wherein: the receiver device is
a user equupment {UE), and the one or more PRS resources comprise one or more
dowunlink PRS resources received from a base station or one or more sidelink PRS
resources received from a sidehink UE,

Clause 34. A transmitter device, comprising. a memory; at least one fransceiver; and at
least one processor communicatively coupled to the memory and the at least one
transceiver, the at least one processor configured to: transmit, via the at least one
transceiver, ong or more positioning reference signal (PRS) resources across at least two
component carriers, wherein the two component carriers are adjacent to each other within
a frequency band, and wherein a guard interval separates the two component carriers; and
transmit, via the at least one transceiver, PRS tones within the guard miterval separating
the two component carriers.

Clause 35, The transmiiter device of clause 34, wherein the one or more PRS resources
consist of a single PRS resource.

Clause 36. The transmitier device of clause 35, whercin a bandwidth for the single PRS
resource spans the two component carners and the guard interval separating the two
coraponent carriers.

Clause 37, The transmitter device of any of clauses 35 1o 36, whereuu a comb pattem of
the smgle PRS resource is defined with respect to a first component carrier of the two
component carriers, and the comb pattem spans the two component carriers and the guard
wnferval separating the two component carriers.

Clause 38, The transputier device of clause 37, wherein the first component carrier
comprises a lowest-frequency component carrier of the at least two component carriers.
Clause 39. The transmutter device of clause 34, wherein the one or more PRS resources
comprise at least one PRS resource in each of the two component carners.

Clause 40. The transmitier device of clause 39, wheren configuration parameters for the
one or more PRS resources comprise: a point A parameter for each of the at least one PRS
resource in cach of the two component carriers, a start physical resource block parameter
for cach of the at least one PRS resource in cach of the two component carvers, a

bandwidth parameter tor each of the at least one PRS resource i each of the two
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component carriers, and a flag indicating that a bandwidth of the at least one PRS resource
associated with cach of the two component carriers is extended mto the guard interval,

Clause 41, The transmitter device of any of clauses 39 to 40, wherem: configuration
parameters for the one ormore PRS resources comprise a comb size and resource element
offset parameter for cach of the at icast one PRS resource in cach of the two component
carriers that defines a comb pattern for cach of the at least one PRS resource 1 cach of

the two component carriers,

B

and the comb size and resource element offset parameter for
cach of the at least one PRS resource 1n each of the two component carriers is selected to
maintain a contiguous comb pattem across the two componeunt carriers.

Clause 42, The transmitter device of any of clauses 34 to 41, wherem: the transmutier
device is a base station, and the one or more PRS resources comprise one or more
downlink PRS resources.

Clause 43. A receiver device, comprising: means for raeasuring one or more postiioning
reference signal (PRS) resources across at least two component carniers, wheremn the two
component carriers are adjacent to cach other within a frequency band, and wherein a
guard vierval separates the two component carriers; and means for measuring PRS tones
within the guard mterval separating the two component carriers.

Clause 44. The receiver device of clause 43, firther comprising: means for receiving a
plurality of configuration parameters for the oue or more PRS resources.

Clause 45, The receiver device of clause 44, wherein the one or more PRS resources
consist of a single PRS resource.

Clause 46. The recctver device of clause 45, wherein the phurality of configuration
parameters comprises: a point A parameter for the single PRS resource defined with
respect 1o a first component carrier of the two component carriers, a start physical
resource block parameter for the single PRS resource defined with respect to the first
component carrier, and a bandwidth parameter for the single PRS resource having a value
that spans the two component carriers and the guard interval separating the two
component carriers.

Clause 47. The receiver device of clanse 46, wherein the first component carrier
comprises a lowest-frequeney component carrier of the at least two component carricrs.
Clause 48. The receiver device of any of clauses 43 to 47, wherein: the plurality of

configuration parameters comprises a comb size and resource element offset parameter
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that defines a comb pattern for the single PRS resource, the comb size and resource
clement offsct parameter 1s defined with respect to a first component carner of the two
component carners, and the comb patiem spans the two component carners and the guard
mterval separating the two component carriers.

Claose 49, The receiver device of clause 48, wherein the first component carrier
comprises a lowest~frequency component carrier of the at least two component carriers.
Clause 50, The recerver device of clause 44, wheremn the one or more PRS resources
comprise at least one PRS resource in each of the two component carners,

Clause 31. The recetver device of clause 50, wherein the plurality of contiguration
parameters comprises: a point A parameter for each of the at least one PRS resource in
cach of the two component carriers, a start physical rescurce block parameter for each of
the at least one PRS resource in each of the two component carriers, a bandwidth
parameter for cach of the at least one PRS resource 1n each of the two component carriers,
and a flag mdicating that a bandwidth of the at least one PRS resource associated with
cach of the two component carriers 1s extended into the guard interval.

Clause 52. The receiver device of any of clauses 30 to 31, wherein: the plurality of
configuration parameters comprises a comb size and resource element offset parameter
for each of the at least one PRS resource in each of the two component carriers that defines
a comb pattern for cach of the at least one PRS resource in gach of the two component
carrigrs, and the comb size and resource cloment offset parameter for cach of the at least
one PRS resource n each of the two component carriers 15 selected fo mamtam a
contiguous comb patiern across the two compongent carriers.

Clause 53. The receiver device of any of clauses 44 to 52, wherein: the receiver device is
a user equipment (UE), and the plurality of configuration parameters is received from a
location server in one or more NR (New Radio) positioning protoco! (LPP) assistance
data messages.

Clause 54 The receiver device of any of clauses 43 to 53, wherein: the receiver device 1s
a user equipment (UL}, and the one or more PRS resources comprise one or more
downlink FRS resources received from a base station or one or more sidelink PRS
resources received from a sidehink UE.

Clause 55, A transmutter device, comprising: means for transmitling ong of more

positioning reference signal (PRS) resources across at least two component carriers,
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wherein the two compounent carriers are adjacent to each other within a frequency band,
and wheretn a guard infterval scparates the two component carriers; and means for
transmitting PRS tones within the guard interval separating the two component carriers.
Clanse 36, The transmitter device of clause 33, wherein the one or more PRS resources
consist of a single PRS resource.

Clause 37, The wransmitter device of clause 56, wherein a bandwidih for the single PRS
resource spans the two component carners and the guard interval separating the two
component carriers.

Clause 58, The transmutter device of any of clauses 56 to 37, wherein: a comb pattern of
the simgle PRS resource 1s defined with respect to a first component carrier of the two
component carners, and the comb pattern spans the two component carmers and the guard
interval separating the two component carriers.

Clause 39, The transmitter device of clause 38, wherein the first component carrier
comprises a lowest-frequency component carrier of the at least two component carriers.
Clause 60. The transmitter device of clause 55, wherein the one or more PRS resources
comprise at least one PRS resource in cach of the two component carniers.

Clause 61. The transmitter device of clause 60, wherein configuration parameters for the
one or more PRS resources comprise: a point A parameter for each of the at feast one PRS
resource in each of the two component carniers, a start physical rescurce block parameter
for cach of the at least one PRS resource in cach of the two component carriers, a
bandwidth parameter for cach of the at least one PRS resource m each of the two
component carriers, and a flag indicating that a bandwidth of the at least one PRS resource
assoctated with cach of the two component carriers is extended into the guard tnterval.
Clause 62. The transmitier device of any of clauses 60 to 61, wheremn: configuration
parameters for the one ormore PRS resources comprise a comb size and resource element
offset parameter for cach of the at icast one PRS resource in cach of the two component
carriers that defines a comb pattern for cach of the at least one PRS resource 1 cach of
the two component carriers, and the comb size and resource element offset parameter for
gach of the at least one PRS resource in cach of the two component carriers 1s selected to

maintain a contiguous comb pattern across the two component carriers,



WO 2024/158458 PCT/US2023/081131

16228

(62291

(6230}

[0231]

[6232]

162331

[0234]

Clause 63. The transmitter device of any of clauses 35 to 62, whercin: the transmitier
device 15 a base station, and the one or more PRS resowrces comprise one or more
downlink PRS resources.

Clause 64. A non-transitory computer-readable medium storing computer-esecutable
mstructions that, when executed by a receiver device, cause the receiver device to
measure one or more positioning reforence signal (PRS) resources across at least two
component carriers, wherein the two component carriers are adjacent 1o each other within
a frequency band, and wherein a guard nterval separates the two component carriers; and
measurc PRS tones within the guard interval separating the two component carmers.
Clause 65 The non<ransitory compuier-readable medinm of clause 64, further
comprising computer-cxecutable instructions that, when execoted by the receiver deviee,
cause the recetver device to: receive a phurality of configuration parameters for the one or
more PRS resources.

Clause 66. The non-transttory computer-readable medium of clause 65, wherein the one
or more PRS resources consist of a single PRS regource.

Clause 67. The non-transitory computer-readable mediwn of clause 66, wherein the
plurality of configuration parameters comprises: a point A parameter for the single PRS
resovrce defingd with respect to a first component carrier of the two component carriers,
a start physical resource block parameter for the single PRS resource defined with respect
to the first component carrier, and a bandwidth parameter for the single PRS resource
having a value that spans the two component carriers and the guard interval separating
the two component carriers.

Clause 68. The non-transitory computer-readable medium of clanse 67, wherein the first
component carricr comprises a lowest-froquency component camrier of the at least two
component carriers.

Clause 69. The non-transtiory computer-readable mediom of any of clavses 66 to 63,
wherein: the plurality of configuration parameters comprises a comb size and resource
element offset parameter that defines a comb pattern for the single PRS resource, the
comb size and resource clement offset parameter is defined with respect to a first
component carrier of the two component carriers, and the comb pattorn spans the two

component carriers and the guard jnterval separating the two component carmicrs.
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Clause 70. The non-transitory computer-readable medium of clanse 69, wherein the first
component carricr comprises a lowest-froquency component camrier of the at least two
component carriers.

Clause 71. The non-transitory computer-readable mediom of clause 635, wheremn the one
or more PRS resources comprise at least one PRS resource in cach of the two component
carners.

Clause 72. The non-transitory computer-readable medium of clavse 71, wherein the
plurality of configuration parameters comprises: a point A parameter for cach of the at
least one PRS resource in cach of the two component carriers, a start physical resource
block parameter for each of the at least one PRS resource in each of the two component
carriers, a bandwidth parameter for cach of the at least one PRS resouree i each of the
two component carriers, and a flag indicating that a bandwidth of the at least one PRS
resource associated with cach of the two component carriers is extended into the guard
miterval,

Clause 73. The non-transitory computer-readable medium of any of clauses 71 to 72,
wherein: the plurality of configuration parameters comprises a comb size and resource
clement offset parameter for each of the at least one PRS resource in cach of the two
component carriers that defines a comb pattern for each of the at least one PRS resource
in cach of the two component carriers, and the comb size and resource element offset
parameter for cach of the at least one PRS resource 1 each of the two compongent carniers
is selected to mamntain a contiguous comb pattern across the two component carriers,
Clause 74, The non-transitory computer-readable medium of any of clauses 65 to 73,
wherein: the receiver device s a user equupment (UE), and the plurality of configuration
pararacters is received from a location server in one or more NR {(New Radio) positioning
protocol (LPP) assistance data messages.

Clanse 75. The non-transtiory computer-readable mediom of any of clavses 64 to 74,
wheremn: the recetver device is a user equipment (UE), and the one or more PRS resources
comprise one or more downlink PRS resources received from a base station or one or
more sidelink PRS resources recetved from a sidelink UE.

Clause 76. A pon-transitory computer-readable medium storing computer-executable
mstructions that, when executed by a transmitter device, canse the transmitter device to:

transmit one or more positiomng reference signal (PRS) resowrces across at least two
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component carriers, wherein the two component carriers are adjacent to each other within
a frequency band, and wherein a guard interval separaies the two component carriers; and
transmit PRS tones within the guard interval separating the two component carriers.
Clause 77. The non-transitory computer-readable mediom of clause 76, wheremn the one
or more PRS rescurces consist of a single PRS resource.

Clause 78. The non-transitory compuicr-readable medium of clause 77, wherein a
bandwidih for the single PRS resource spans the two component carners and the guard
wnferval separating the two component carriers.

Clause 79. The non-transitory computer-readable medium of any of clauses 77 1o 78,
wherein: a comb pattern of the single PRS resource 13 defined with respect to a first
component carrier of the two component carriers, and the comb pattem spans the two
component carriers and the guard interval separating the two compongnt carriers.

Clause 80. The non-transttory computer-readable medium of clause 79, wherem the first
component carrier comprises a lowest-frequency component carrier of the at least two
component carriers.

Clause 81. The non-transttory computer-readable medium of clause 76, wherein the one
or more PRS resources comprise at least one PRS resource in cach of the two component
Carriers.

Clausc 82. The non-transitory computer-readable medwum of clause 81, wherein
configuration paramcters for the one or more PRS resources comprise: a point A
parameter for each of the at least one PRS resource 1n each of the two component carriers,
a start physical resource block parameter for each of the at least one PRS resource in each
of the two component carriers, a bandwidth parameter for each of the at least one PRS
resource in cach of the two component carriers, and a flag indicating that a bandwidth of
the at least one PRS resource associated with each of the two component carriers is
extended into the guard interval.

Clause 83. The non-transitory computer-readable medivm of any of clauses 81 to 82,
wherein: configuration parameters for the one or more PRS resources comprise a comb
size and resource element offset parameter for cach of the at least one PRS resource in
cach of the two compounent carriers that defines a comb pattern for cach of the at least one
PRS resource in cach of the two component carriers, and the comb size and resource

clement offset parameter for each of the at least one PRS resource in cach of the two
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component carriers is selected to maintain a contiguous comb patfem across the two
component carriers.

Clause 84. The non-transttory computer-readable medium of any of clanses 76 1o 83,
wherem: the transmitier device 19 a base station, and the one or more PRS resources
comprise one or more downlink PRS resources.

Clause 85, An apparatus comprising a momory, a transceiver, and a proccssor
cornmunicatively coupled to the memory and the transceiver, the memory, the
transceiver, and the processor configured to perform a method according to any of clauses
1to 84,

Clause 86. An apparatus comprising means for performing a method according to any of
clauses 1 to 84.

Clause 87. A non-fransitory computer-readable medium storing computer-executable
mstructions, the computer-executable comprising at least one nstruction for causing a

coraputer or proecssor to pertorm a method according to any of clauses 1 1o 84,

Those of skill in the art will appreciate that information and signals mayv be represented
using any of a vanety of different technologies and techmigues. For example, data,
mstructions, commands, mformation, signals, bifs, symbols, and chips that may be
referenced throughout the above description may be represented by voltages, currents,
clectromagnetic waves, magnetic ficlds or particles, optical ficlds or particles, or any
cornbination thereof.

Further, those of skill in the art will appreciate that the various iHustrative logical blocks,
modules, circuits, and algorithm steps descnbed in connection with the aspects disclosed
herein may be implemented as electronic hardware, computer software, or combinations
of both, To clearly illustrate this interchangeability of hardware and software, various
tilustrative components, blocks, modules, circuits, and steps have been described above
generally m terms of their functionality. Whether such functionality s implemenied as
hardware or software depends upon the particular application and design constraints
mmposed on the overall svstem.  Skilled artisans may maplement the described
functionality i varying wayvs for each particular application, but such implemengation
decisions should not be interpreted as causing a departure from the scope of the present

disclosure.
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The various Hustrative logical blocks, moduies, and circints described in connection with
the aspects disclosed herein may be tuplemented or performed with a general purpose
processor, a digital signal processor {DSP), an ASIC, a ficld-programable gate array
{FPGA), or other programmable logic device, discrete gate or transistor logic, discrete
hardware components, or any combination thercof designed to perform the functions
described heremn. A general-purpose processor may be a microprocessor, but in the
alternative, the processor may be anv conventional processor, controlier, microcontroller,
or state maching. A processor may also be unplemented as a combmation of computing
devices, tor example, a combmation of a DSP and a microprocessor, a plurality of
MICTOPTOCESIOTS, ONBE OF MOTC BUCTOProcessors n conjunchon with a PSP core, or any
other such configuration.

The methods, sequences and/or algonthms described in connection with the aspects
disclosed berein may be embodied durectly 1 hardware, in a software module executed
bv a processor, or in a combmation of the two. A software module may reside m random
access memory (RAM), flash memory, rcad-only memory (ROM), erasabie
programomable ROM (EPROM), clectrically erasable progranumable ROM (EEPROM),
registers, hard disk, a removable disk, a CD-ROM, or any other form of storage medium
known in the art. An example storage medivm is coupled to the processor such that the
processor can read information from. and write mformation to, the storage medium. In
the altemnative, the storage medium may be integral to the processor. The processor and
the storage medium may reside inan ASIC. The ASIC may reside in a user termunal {e.g.,
UE). In the alternative, the processor and the storage medinim may reside as discrets
components in a user terminal.

In one or more cxample aspects, the functions described may be uvunplemented n
hardware, software, firmware, or any combination thereof. If implemented 10 software,
the functions may be stored on or transmitied over as one or more nstructions or code on
a compuicr-readable medium. Computer-readable media inchides both computer storage
media and communication media inchuding any medium that facilitates transfer of a
computer program from one place to another. A storage modia may be any available
media that can be accessed by a computer. By way of example, and not limitation, such
computer-readable media can comprise RAM, ROM, EEPROM, CD-ROM or other

optical disk storage, magnetic disk storage or other magnetic storage devices, or any other
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medium that can be used to carry or store desired program code in the form of instructions
or data structures and that can be accessed by a computer.  Also, any connection is
properly termed a computer-readable medium. Forexample, ifthe software 1s transmitied
from a website, server, or other remote source using a coaxial cable, fiber optic cable,
twisted pair, digital subscriber line (DSL), or wireless technologies such as infrared,
radio, and nucrowave, then the coaxial cable, fiber optic cable, twisted pair, DSE, or
wireless technologies such as infrared, radio, and mucrowave are mcluded m the definition
of medium. Disk and disc, as used herein, includes compact disc (CD}, faser disc, optical
disc, digital versatile dise (DVD), floppy disk and Blu-rayv disc where disks usually
reproduce data magnetically, while discs reproduce data optically with lasers.
Combinations of the above should also be inchuded within the scope of computer-readable
media.

While the foregoing disclosure shows ithustrative aspects of the disclosure, it should be
noted that various changes and modifications could be made herem without departing
from the scope of the disclosure as defined by the appended claims. The functions, steps
and/or actions of the method claims i accordance with the aspects of the disclosure
described herein need not be performed i any particular order. Furthermore, although
clements of the disclosure may be described or claimed in the singular, the plural is

comteraplated unless mitation to the singular is explicitly stated.
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CLAIMS
What 1s claimed 1s:
1. A method of wireless communication performed by a receiver device,

comprising:

Measuring one or more positioning reference signal {(PRS) resources across at
least two component carriers, wherein the two component carriers are adjacent to cach
other within a frequency band, and wheren a guard interval separates the two
component carriers; and

measuring PRS tones within the guard merval separating the two component

carriers.

2. The method of claim 1, further comprising:
receiving a plurality of configuration parameters for the one or more PRS

reSouICes.

3. The method of claim 2, wherein the one or more PRS resources consist of a

single PRS resource.

4, The method of claim 3, wheren the plurality of configuration parameters
COMPTISES:

apoint A parameter for the single PRS resource defined with respect to a first
component carrier of the two component carriers,

a start physical resource block parameter for the single PRS rescurce defined
with respect {o the first component carrier, and

a bandwidth parameter for the single PRS resource having a valae that spans the

two component carriers and the guard interval separating the two component cartigrs.

3. The method of claim 4, wheren the first component carmer comprises a lowest-

frequency component carrier of the at least two component carriers.

6. The method of claim 3, wherem:
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the phurality of configuration parameters comprises a comb siz¢ and resource
clement offset parameter that defines a comb pattern for the smgle PRS resource,

the comb size and resource element offset parameter 1s defined with respectio a
first component carrier of the two component carriers, and

the comb pattern spans the two component carriers and the guard interval

separating the two component carrers,

7. The method of claim 6. wherein the first component carrier comprises a lowest-

frequency component carrier of the at least two component carricrs.

8. The method of claim 2, wherein the one or more PRS resources comprise at least
one PRS resource i cach of the two component carriers.
9. The method of claim 8, wheren the plurality of configuration parameters
COMPISCS:

a point A parameter for cach of the at least one PRS resource in each of the two
component carmners,

a start physical resource block parameter for each of the at least one PRS
resource in each of the two component carriers,

a bandwidth parameter for cach of the at least one PRS resource 1n each of the
two component carriers, and

a flag indicating that a bandwidth of the at least one PRS resource associated

with cach of the two component carricrs is extended into the guard interval.

18, The method of clamm 8, wherein:

the plurality of configuration parameters comprises a comb size and resource
clement offset parameter for cach of the at [east one PRS resource 1o cach of the two
coroponent carriers that defines a comb pattern for each of the at least one PRS resource
it each of the two component carriers, and

the comb size and resource clement offset parameter for each of the at least one
PRS resource in cach of the two component carriers 1s sclected to maintain a contiguous

comb pattern across the two component carriers.
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il The method of claim 2, wherein:
the receiver device is a user equipment (UE), and
the plarality of configuration parameters 18 received from a location server in

one or more NR (New Radio) positioning protocol {(LPP) assistance data messages.

12 The method of claim 1, wheremn:

the receiver device is a user equipment (UE), and

the one or more PRS resources comprise one or more downlink PRS resources
received from a base station or one or more sidelink PRS resources received from a

sidelink UE.

13, A method of wireless communication performed by a transmitter device,
comprising:

transmitiing one or more posttioning reference signal (PRS) resources across at
feast two component carriers, wherein the two component carriers are adjacent to each
other within a frequency band, and wherein a guard interval separates the two
component carriers; and

transmitting PRS tones within the guard interval separating the two component

carrers.

14. The method of claim 13, wherein the one or more PRS resources consist of a

single PRS resource.

15. The method of claim 14, wherein a bandwidth for the single PRS resource spans
the two component carriers and the guard interval separating the two component

carrers.

16. The method of claim 14, wheremn:
a comb pattern of the single PRE resource i3 defined with respect to a first

component carrier of the two component carriers, and
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the comb pattern spans the two component carriers and the guard mterval

separating the two component carriers.

17.  The method of claim 16, wheremn the first component carrier comprises a lowest-

frequency component carrier of the at ieast two component carriers.

18, The method of claim 13, wherein the one or more PRS resources comprise at

least one PRS resource in cach of the two component carriers.

19, The method of clamm 18, wherein configuration parameters for the one or more
PRS resources comprise:

a point A paramcter for cach of the at lcast one PRS resource in cach of the two
coraponent carriers,

a start physical resource block parameter for each of the at least one PRS
resource in cach of the two component cariers,

a bandwidth parameter for cach of the at least one PRS resource in each of the
two component carriers, and

a flag indicating that a bandwidth of the at least one PRS resource associated

with each of the two component carriers is extended into the guard mterval.

e
f—

The method of claim 18, wheremn:
configuration parameters for the ong or more PRS resources comprise a comb
size and resource eloment offset parameter for cach of the at least one PRS resource in
cach of the two component carriers that defines a comb patiem for each of the at least
one PRS resource in cach of the two component carriers, and

the comb size and resource element offset parameter for cach of the at least one
PRES resource 1o cach of the two component carmers is selected fo maintain a contiguous

cornb pattern across the two component carriers.

Z1. The method of claim 13, wherein:
the transmitter device 1s a base station, and

the one or more PRS resourges comprise one or more downlink PRS resources.
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22, A recetver device, comprising:
a memory;
at least one transcerver, and
at least one processor conmunicatively coupled to the memory and the at least
one transceiver, the at least one processor configured o
measure one or more positioning reference signal (PRS) resources across
af least two component carriers, wherein the two component carriers are adjacent
to cach other within a frequency band, and wheremn a guard sderval separates the
two component carriers; and
measure PRS tones within the guard interval separating the two

component Carriers.

23 The receiver device of claim 22, wherein the at least one processor is further
configured to

receive, via the at Jeast one transceiver, a plurality of configuration parameters
for the one or more PRS resources.

-~

24, The recerver device of claim 23, wherein the one or more PRS resources consist

of a single PRS resource.

2

(o]

The recetver device of claim 24, wherem the plurality of configuration
parameiers Comprises:

a point A parameter tor the single PRS rescurce defined with respect to a first
component carrier of the two component carriers,

a start physical resource block parameter for the single PRS resource defined
with respect to the first component carrier, and
a bandwidth parameter for the single PRS resource having a value that spans the

two component carriers and the guard interval separating the two component carmiers.

26.  The receiver device of claim 25, wheren the first component caraer comprises a

lowest-frequency component carrier of the at least two component carriers.
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27. The recetver device of claim 24, wheremn:

the plurality of configuration parameters comprises a comb size and resource
clement offset parameter that defines a comb pattern for the single PRS resource,

the comb size and resource element offset parameter is defined with respectto a
first component carrier of the two component carriers, and

the comb pattern spans the two component carriers and the guard mterval
separating the two component carriers,
28. The recerver device of claim 23, wheremn the one or more PRS resources

comprise at least one PRS resource in each of the two component carriers.

29 The recerver device of claim 22, wherein:

the recerver device 1s a user equipment {UE), and

the one or more PRS resources comprise one or more downlink PRS resources
received from a base station or one or more sidelink PRS resources received from a

sidelink UE.

30, A transmutter device, comprising:
a memory;
at least one transceiver; and
at Jeast one processor communicanvely coupled to the memory and the at jeast
one transceiver, the at least one provessor configured to;
transnut, via the at least one fransceiver, one or more positioning
reference signal (PRS) resources across at least two component carriers, wherein
the two component carriers are adjacent to each other within a frequency band,
and wherein a guard interval separates the two component carriers; and
transmif, via the at least one transceiver, PRS fones within the guard

interval separating the two component carners,
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