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TECHNIQUES FOR JOINT UE AND SIDELINK POSITIONING

BACKGROUND OF THE BISCLOSURE
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, mcluding
a first~generation analog wireless phone service (1G), a second-generation (2G} digital
wireless phone service {including wnterim 253G and 2.75G networks), a third-generation
{3G) high speed data, Internet-capable wireless service and a fourth-gencration (4G)
service {e.g., Long Term Evolution (LTE) or WiMax). There are presently many different
types of wireless communication systems i use, including cellular and personal
coramunications service (PCS) systems. Examples of known cellular systems wnclude the
cellular analog advanced mobile phone system (AMPS), and digital cellular svstems
based on code division multiple access (CBMA), frequency division multiple access
(FDMA), time division multiple access (TDMA), the Global System for Mobile
conmynunications (GSM), etc.
A fifth gencration {5G) wircless standard, referred to as New Radio (NR}, enables higher
data transfer speeds, greater numbers of connections, and better coverage, among other
miprovements. The 3G standard, accordmg to the Next Generation Mobile Networks
Alliance, 1s designed to provide higher data rates as compared {o previous standards, more
accurate positioning {(¢.g., based on reference signals for positioning {(RS-P}, such ag
downlink, uplink, or sidelink positioning refergnce signals (PRS)) and other techaical
enhancements.
Leveraging the increased data rates and decreased latency of 50, among other things,
vehicle-to-everything (V2X) communication technologies are being implemented to
support autonomous driving applications, such as wireless communications between
vehicles, between vehicles and the roadside infrastructure, between vehicles and

pedestrians, etc.
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SUMMARY
The followmg presents a simplified summary relating to one or more aspects disclosed
herein. Thus, the following summary should not be considered an extensive overview
relating to all contemplated aspects, nor should the following summary be considered to
wentify key or critical elements relating to all contemplated aspects or to delineate the
scope associated with any particular aspect. Accordingly, the following summary hasthe
sole purpose to present certain concepis relating to one or more aspects relating to the
mechanmisms disclosed herein in a stmuplified form to precede the detatled description
presented below,
In an aspect, a method of wireless communication performed by a user equipment (UH)
mechides receiving a configaration indicating one or more trigger conditions for activating
sidelink-based positioning operations in conjunction with a cellular-based positioning
procedure; and performimg the sidelink-based positioning operations with one or more
sidelink anchor nodes based on detecting at least one of the one or more trigger conditions,
In an aspect, a method of wireless communication performed by a user equipment {UE)
mcludes engaging in a joint cellular-based and sidelink-based positioning session over a
plurality of hinks between the UE and a plurality of anchor nodes, wherein the plurality
of hinks comprise one or more cellular-based links between the UE and one or more
cellular anchor nodes of the plurality of anchor nodes and one or more sidelink-based
tinks between the UE and one or more sidelink anchor nodes of the plurality of nodes;
and dropping at least one link of the plurality of links for the joint cellular-based and
sidelink-based positioning session based on one or more ¢riferia.
In an aspect, a method of wireless communication performed by a user equipment {UE)
mcludes engaging in a cecllular-based positioning session based on configuration
mformation received from a network entity; performing one or more sidehink-based
positioning operations with one or more sidelink anchor nodes during the cellular-based
positioning session; and transmitting, 1o the notwork entity, a report ncluding the
sidelink-based positioning measurements.
In an aspect, a user equipment (UE} includes a memory; at least one transceiver; and at
least one processor communicatively coupled to the memory and the at least one
transceiver, the at least one processor configured to: receive, via the at least one

transceiver, a configuration mdicating one or more trnigger conditions for activating
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sidelink-based positioning operations in conjunction with a cellular-based positioning
procedure; and perform the sidelink-based positioning operations with one or more
sidelink anchor nodes based on detecting at least one of the one or more frigger conditions.
In an aspect, a user equipment {UE) includes a memory; at least one transeetver; and at
least one processor communicatively coupled to the memory and the at least one
transceiver, the at least one processor configured to: engage m a joint cellular-based and
sidelink-based positioning scssion over a plurality of links between the UE and a plurality
of anchor nodes, wherein the plurality of links comprises one or more cellular-based links
hetween the UE and one or more cellular anchor nodes of the plurality of anchor nodes
and one or more sidehink-based hinks between the UE and one or more sidelink anchor
nodes of the plurality of anchor nodes: and drop at feast one link of the plurality of links
for the joint cellular-based and sidelink-based positioning session based on one or more
criteria.

In an aspect, a user equipment {UE) meludes a memory; at least one transceiver; and at
least one processor communicatively coupled to the memory and the at least one
transceiver, the at least one processor configured to: engage n a cellular-based
positioning session based on contiguration mmformation received from a network entify;
perform one or more sidelink-based positioning operations with one or more sidehunk
anchor nodes during the cellular-based positioning session; and transmit, via the at least
one transceiver, to the network entity, a report including the sidelink-based positioning
measuroments.

In an aspect, a wser equipment (UE) mmchudes means for receiving a configuration
mndicating one or more frigger conditions for activating sidelink-based positioning
operations m conjunction with a ccliular-based positioning procedure; and means for
performing the sidelink-based positioning operations with one or more sidelink anchor
nodes based on detecting at least one of the one or more trigger conditions.

In an aspect, a user equipment {UE) includes means for engaging 1n a joint cellular-based
and sidelink-based positioming session over a plurality of links between the UE and a
plurality of anchor nodes, wherein the plurality of links compnses one or more celludar-
based links between the UE and one or more celhular anchor nodes of the plurality of
anchor nodes and one or more sidehink-based links between the UE and one or more

sidelink anchor nodes of the plarality of anchor nodes; and means for dropping at least
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one hink of the phurality of links for the joint cellular-based and sidelimk-based positioning
session based on one or mare critenia.

In an aspect, a user equipment (UE) includes means for engaging n a cellular-based
positioning session based on configuration information received from a network entity;
means for performing one or more sidelink-based positioning operations with one or more
sidelink anchor nodes during the cellular-based positioning session; and moeans for
transmitting, 1o the network entity, a report including the sidelink-based posttioning
measuremeonis.

In an aspect, a non-transitory computer-readable medivm stores computer-executable
mstructions that, when executed by a user equipment (UE}, cause the UE 1o receive a
configuration indicating one or more trigger conditions for activating sidelink-based
positioning operations inn comjunction with a cellular-based positioning procedure; and
perform the sidelink-based positioning operations with one or more sidelink anchor nodes
based on detecting at least one of the one or more trigger conditions.

In an aspect. a non-transitory computer-readable medium stores computer-executable
mstructions that, when executed by a user equipment {UE), cause the UE to; engage ina
jomnt ecliular-based and sidelink-based positioning session over a plurality of links
between the UE and a plurality of anchor nodes, wherein the plurality of inks comprises
one or more ceilular-based links between the UE and one or more cellular anchor nodes
of the plurality of anchor nodes and one or more sidelimk-based links between the UE and
one or more sidelink anchor nodes of the plurality of anchor nodes; and drop at least one
hink of the phurality of links for the joint cellular-based and sidelink-based posttioning
session based on one or more criteria.

In an aspect, a non-transitory computer-readable medivm stores computer-executable
imstructions that, when executed by a user equipment {UE), cause the UE to: engage ina
cellular-based positioning session based on configuration mformation received from a
network entity; perform one or more sidelink-based posttioning operations with ong or
more sidelink anchor nodes during the cellular-based positioning session; and transmit,
to the network entity, a report inchuding the sidelink-based positioning measurements.
Other objects and advantages associated with the aspects disclosed herein will be apparent

to those skilled in the art based on the accompanying drawings and detailed description.
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BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings are presented to aid 1 the description of various aspects of
the disclosure and are provided solely for illustration of the aspects and not limitation
thereof.
FiG. 1 illustrates an oxample wireless communications system, according to aspects of
the disclosure.
FIGS. 24 2B, and 2C lustrate example wireless network structures, according to aspects
of the disclosure.
FIGS. 34, 38, and 3C are sinplified block diagrams of several sample aspects of
components that may be emploved n a user equipment (U1}, a base station, and a network
entity, respectively, and configured to support conumunications as tanght herein.
FiG. 4 dlustrates examples of various positioning methods supported m New Radic (NR),
according to aspects of the disclosure.
FIG. 5 1s a diagram iHustrating an example sidelink ranging and positioning procedure,
according to aspects of the disclosure.
F1G. 6 illustrates an example Long-Term Evolution (LTE) positioning protocol (LPP)
capability transfer procedure, assistance data transfer procedure, and location information
transfer procedure between a target device and a location server, according to aspects of
the disclosure.
FIGS. 7A and 7B itlustrate various scenarios of interest for sidelink-only or joint Un and
sidelink positioning, according to aspects of the disclosure.
FIG. 8 illustrates an example scenario in which a sidehnk link is triggered for a Uu-based
positioning session, according to aspects of the disclosure.
FIGS. 9 - 11 dlustrate example methods of wireless communication, according to aspects

of the disclosure.

BETAILED DESCRIPTION
Aspects of the disclosure are provided n the following description and related drawings
directed to various examples provided for illustration parposes. 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 detail or will be omitted so as not to

obscure the relevant details of the disclosure.
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Various aspects relate generally to joint cellufar-based and sidelink-based positioning,
Somc aspects more specifically relate to adaptive configuration and activation for joint
cellular-based and sidelink-based positioning scssions.  In some exampies, a user
cquipment (UE) may recetve configuration information {(¢.g., from a location server)
indicating one or more trigger conditions for activating sidelink-based positioning
operations {¢.g., sidelink~based measurements and/or transmissions) in conjunction with
a cellular-based positioning procedure. The UE performs the sidelink-based posttioning
operations with one or more sidelink anchor nodes {e.g., anchor UEs, infrastructure
paints, etc.) based on detecting at least one of the one or more trigger conditions. {n some
examples, the one or more trigger conditions may include a number of detectable cellular-
based links for the cellular-based positioning procedure being less than a threshold, a
change i location or serving cell of the UE, a confidence in a cellular-based position
estimate of the UE being loss than a threshold, or a combination thereof,

In some examples, 3 UE may engage m a jomt cellular-based and sidelink-based
positioning session over a plurality of links between the UE and a plorality of anchor
nodes. The plurality of links may comprise one or more cellular-based links between the
UE and one or more cellular anchor nodes and one or more sidelink-based links between
the UE and one or more sidelink anchor nodes. The UE drops at least one link of the
plurality of inks for the joint celiular-based and sidelink-based positioning session based
on one or more criteria.  In some examples, the one or more criferia may inchude a
determination that the at least one link does not contribuic to a position cstimate of the
UE, a determination that the at least one hink 15 a non-line-oft-sight (NLOS) hink, a signal
strength of the at least one link being less than a threshold, power saving considerations
at the UE, or a combination thereof,

In some examples, a UE may engage in a cellular-based positionimg session based on
configuration information received from a location server. The UE also opportunistically
performs one or more sidehnk-based positioning operations with one or more sidelink
anchor nodes during the cellular-based positioning session.  Subsequently, the UE
transmits, to the location server, a report including the sidelink-based positionimg
measurcments. The report may be the positioning report including the resulis of the

cellular-based positioning session, or a separaie report.

&
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Particular aspects of the subject matier described in this disclosure can be implemented
to realize one or more of the following potential advantages. In some examples, by
atihizing the one or more trigger conditions for activating sidelink-based positionming
operations, or by dropping at least one link of the joint celhidar-based and sidelink-based
positioning session, or by opportumstically performing one or more sidelink-based
positioning operations, the described techniques can be used to improve over-the-air
(OTA) resource utilization while maintaiming or cven improving posttioning
performance.

The words “cxeroplary” and/or “example” arc used hercin to mean “serving as an
example, mstance, or iustraiion.” Any aspect described heren as “exemplary”™ and/or
“example” 1s not necessanly to 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 in the art will appreciate that the imformation and signals deseribed below
may be represented using any of a variety of different technologies and technigues. For
example, data, instructions, commands, information, signals, bits, svmbols, and chips that
may be referenced throughout the description below may be represented by voltages,
currents, electromagnetic 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, 1 part on the corresponding teclhnology, ete.

Further, many aspects are described in ferms of sequences of actions to be performed by,
for example, elements of a computing device. It 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 exccuted by one or more
processors, or by a combination of both.  Additionally, the sequence(s) of actions
described hercin can be considered to be cmbodied entirely within any form of non-
transitory computer-readable storage medium baving stored therein a corresponding set
of compuier instructions that, upon execution, would cause or instruct an associated
processor of a device to perform the functionality described heremn. Thas, the varions
aspects of the disclosure may be embedied in a number of different forms, all of which

have been contemplated to be within the scope of the claimed subject matter. In addition,
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for each of the aspects described herein, the corresponding form of any such aspects may
be described herein as, for example, “logic configured to” perform the descabed action.
Ag used herein, the terms “user equipment” (UE}, “vehicle UE” (V-UE}, “pedestnian UE”
{(P-UE), and “base station” are not wntended to be specific or otherwise limited to any
particular radio access technology {RAT), unless otherwise noted. In general, a UE may
be any wireless communication device {(e.g., vehicle on-board computer, vehicle
navigation device, mobile phone, router, tablet computer, laptop computer, asset locating
device, wearable {¢.g., smartwatch, glasses, augmented reality (AR} / virtual reality (VR)
headset, otc.), vehicle {e.g.. automobile, motorcycle, bicvele, etc), Internet of Things
{JoT) device, eic} used by a user to communicate over a wireless communications
network., A UE may be mobile or may {g.g., at cortain times) be stationary, and may
communicate with a radio access network {(RAN}. As used herein, the term “UE” may
be referred to nterchangeably as a “mobile device,” an “access terminal” or “AT,)” a
“ehient device,” a “wireless device,” a “subscniber device,” a “subscriber termunal.” a
“subscriber station,” a “uvser termuinal” or UT, a2 “mobtle termmal,” a “mobile station,” or
variations thersof

A V-UE s atype of UE and may be any in-vehicle wireless communication device, such
as a navigation system, 3 warning system, a heads-up display (HUD), an on-board
computer, an in-vehicle infotainment system, an automated drniving system {ADS), an
advanced driver assistance system (ADAS), etc. Altematively, a V-UE may be a portable
wireless communication device {e.g., a cell phone, tablet computer, etc.} that 1s carried
by the driver of the vehicle or a passenger in the vehicle. The term “V-UE” may refer to
the in-vehicle wireless communication device or the vehicle iself, depending on the
context. A P-UE s atvpe of UE and may be a portable wireless commmumnication device
that 18 carried by a pedestnan {(1.¢., a user that is not driving or riding in a vehicle).
Generally, UEs can communicate with a core network via a RAN, and through the core
network the UEs can be connected with external networks such ag the Internet and with
other UEs. Of course, other mechamsms of comnecting o the core network and/or the
Internet are also possible for the UHs, such as over wired access networks, wireless local
arca network {WEAN) networks {e.g., based on Instituie of Electrical and Electronics

Engincers (IEEE) 80211, etc ) and so on.

for]



WO 2024/191494 PCT/US2024/010257

160391

160461

16041

A base station may operate according 1o one of several RATs in communication with UEs
depending on the network in which it is deploved, and meay be altematively referred to as
an access point {AP), a network node, a NodeB, an evolved NodeB (eNB3, a next
generation eNB {ng-eNB}, a New Radio (NR} Node B {(alse referred to as a gNB or
gNodeB), etc. A base station may be used pomarily to support wireless access by UEs
melading supporting data, voice and/or signaling connections for the supported UEs. In
some systems a base station may provide purely edge node signaling fimctions while o
other systems it may provide additional control and/or network management functions.
A communication link through which UEs can sond signals to a base station 1s 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 o
UEs is called a downlink (DL} or forward hink chanuel {¢.g., a paging channel, a coutrol
channel, a broadcast channel, a forward traffic channel, ete).  As used herein the term
traffic channel (TCH) can refer to either an UL / reverse or DL / forward traffic channel.
The term “base station” may refer to a single physical transmission-reception pount {TRP)
o1 to multiple physical TRPs that may or may not be co-located. For example, where the
term “base station” refers to a single physical TRP, the physical TRF may be an antenna
of the base station corresponding to a cell {or several cell sectors) of the base station.
Where the teom “base station” refers to multiple co-located physical TRPs, the physical
TRPs roay be an array of antenmas {c.g., as in a multiple-input multiple-output (MIMO)
aysiern or where the base station employs beamformimng} of the base station. Where the
term “base station” refers to multiple non-co-located physical TRPs, the physical TRPs
may be a distributed antenna systern (BAS) {a network of spatially separated antennag
connected {0 a common source via a transport medium} or a remote radio head (RRH) (a
remote base station connected to 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 s
measuring. Because a TRP is the point from which a base station transmits and receives
wireless signals, as used herein, references to transmission from or reception at a base
station are to be understood as referring to a particular TRP of the base station.

In some mmplementations that support posttioning of Us, a base station may not support

wireless access by UEs {e.g., may not support data, voice, and/or signaling connections

9
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for UEs}, but may instead transmit reference RY signals to UEs to be measured by the
UEs and/or may recetve and measure signals transmitted by the UHs. Such base stations
may be reforred to as positioning beacons (e.g., when transmittmg RF signals to UEs})
and/or as location measurement units {¢ g, when receiving and measuring RF signals
from UEs).

An “RF signal” comprises an clectromagnetic wave of a given froquency that transports
mformation through the space between a transmitter and a receiver. As used herein, a
transmitter may transmit a single “RY signal” or multiple “RF signals™ to a receiver.
However, the receiver may receive multiple “RF signals”™ correspondimg to cach
transmutted RF signal due to the propagation characteristics of RF signals through
mudtipath channels, The same transoutted RF signal on different paths between the
transmitter and receiver may be referred to as a “multipath” RF signal. As used herein,
an RF signal may also be referred to as a “wireless 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 dlustrates an example wireless communications system 100, according to aspects
of the disclosure. The wircless communications system 100 (which may also be referred
to as a wueless wide arca network (WWAN}) may include vanious base stations 102
{labelled “B&7) and various UEs 104, The base stations 102 may melude macro cell base
stations (high power cellular base stations} and/or smail cell base stations (low power
cellular base stations). In an aspect, the macro cell base stations 102 may include eNBs
and/or ng-eNBs where the wireless communications system 100 corresponds to an LTE
network, or gNBs where the wireless communications system 100 corresponds to a NR
network, or a combination of both, and the small cell base stations may include
femtocells, picocells, microcells, eic.

The base stations 102 may collectively form a RAN and interface with a core network
170 {c.g.. an evolved packet core {EPC) or 3G core (3GL)} through backhaul links 122,
and through the core network 170 to one or more location servers 172 {e.g., a location
management funchion (LMF) or a secure user plane location (SUPL) location platform
(SLP)Y). The location server{s) 172 may be part of core network 170 or may be external
to corg network 170, A location server 172 may be integrated with a base station 102, A
UE 104 may communicate with a location server 172 divectly or indirectly. For example,

a UE 104 may communicate with a location server 172 via the base station 102 that is
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currently serving that UE 104, A UE 104 may also communicate with a location server
172 through avother 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 described below), and so on. For signahing purposes, commumication between a UE
104 and a location server 172 may be reprosented as an indirect connection {¢.g., through
the core network 170, cic.) or a direct connection {¢.g., as shown via direct connection
128), with the intervenimg nodes (if any) omitied from a signaling diagram for clarity.

In addition to other functions, the base stations 102 may perform functions that relate to
one or more of transferring user data, radio channel ciphering and deciphering, integnity
protection, header compression, mobiliy control functions {e.g., handover, dual
connectivity), inter-cell nterference coordination, connection setup and release, load
balancing, distribution for non-access stratom (NAS) messages, NAS node selection,
synchronization, RAN sharing, nwltimedia broadcast multicast service (MEBMS),
subscriber and equipment trace, RAN mformation management (RIM), pagmg,
positioning, and delivery of warning messages. The base stations 102 may communicate
with each other divectly ov indirectly (e g, through the EPC / 3GC) over backhaul inks
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 comnunication coverage for a respective geographic coverage
arca 110, In an aspect, one or more cells may be supporied by a base station 102 10 cach
geographic coverage arca 110, A “cell” 15 a logical communication entity used for
commumication with a base station {e.g., over some frequency resource, referred to as a
carrier frequency, component carrier, carrier, band, or the hike), and may be associated
with an identifier (¢ .g., a physical cell identifier (PC1), an enhanced cell identifier (ECH),
a virtual cell identifier (VCI, a cell global identifier (CGL), ote ) for dishinguishing 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 {(eMBB), 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 etther or both the logical commuumication entity
and the base station that supports it, depending oun the context. In some cases, the torm

“cell” may also refer to a geographic coverage area of a base station {e.g., a sector), insofar
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as a carrier frequency can be detected and used for communication within some portion
of geographic coverage arcas 10,

While neighboring macro cell base station 102 geographic coverage areas 110 may
partially overiap {¢.g., in a handover region), some of the geographic coverage arcas 110
may be substantially overiapped by a larger geographic coverage area 110, For example,
a small cell base station 102" (labelled “SC” for “small cell”) may have a geographic
coverage area |10 that substantially overlaps with the geographic coverage area 1106 of
one or more macro cell base stations 102, A network that inclades both small cell and
macro cell base stations may be known as a heterogencous network. A heterogeneous
network may also include home eNBs (HoNBs), which may provide service to arestricted
group known as a closed sabscriber group (CSG).

The communication links 120 between the base stations 102 and the UEs 104 may include
uplink (also referred to as reverse link) transroissions from a UE 104 1o a base station 102
and/or downlink (DL} (also referred to as forward link} transmissions from a base station
102 to a UE 104, The communication links 120 may use MIMO antenna techuology,
mcluding  spatial  oultiplexing, beamfornung, and/or  transmit  diversity.  The
communication links 120 may be through one or more carmer frequencies. Allocation of
carriers may be asymmetric with respect to downlink and uplink (¢.g., more or less
carrters may be allocated for downlink than for uplink}.

The wircless communications system 100 may further include a wireless local area
network (WLAN) access point (AP) 150 m communication with WLAN stations (STAs)
152 via communication hoks 154 in an unlicensed frequency spectrum {e.g., 5 GHz).
When communicating in an unlicensed frequency spectram, the WLAN S8TAs 152 and/or
the WLAN AP 150 may perform a clear channel assessment {CCA) or histen before talk
{LBT} procedure prior to connnenicating in order to determine whether the channel s
avaifable.

The small cell base station 102 mav operate in a hicensed and/or an unhicensed freguency
spectrum. When operating 10 an unlicensed frequency spectrum, the small cell base
station 102' may employ LTE or NR technology and use the same 5 GHz unbicensed
frequency spectrum as used by the WLAN AP 150, The small cell base station 102,
emploving LTE / 3G in an unlicensed frequency spectrum, may boost coverage to and/or

increase capacity of the access network. NR in unlicensed spectrum may be referred to as
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NR-U. LTE in an unlicensed spectrum may be referred to as ETE-U, licensed assisted
access (LAA), or MulicFire.

The wireless communications systern 100 may further include a mmW base station 180
that may operate m mullimeter wave (mmW) frequencies and/or near mmW frequencics
in communication with a UE 1382, Extremely high frequency (EHF) is part of the RF in
the clectromagnetic spectrum. EHY has a range of 30 GHz to 300 GHz and a wavelength
between 1 nullimeter and 10 nullimeters. Radio waves in this band mayv be referred to as
a millimeter wave. Near mmW may exterdd down to a frequency of 3 GHz with a
wavelength of 100 milimeters. The super high frequency (SHF) band extends between 3
GHz and 30 GHz, also referred fo as centimeter wave. Communications 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 utilize beamforming {transmit and/or
reccive} over a nuaW conununication link 184 to compensate for the extremely high path
loss and short range. Further, 1t will be appreciated that 1n alternative configurations, ong
or more base stations 102 may also transmit using mumW or near mmW and beamforming.
Accordingly, 1t will be appreciated that the foregoing illustrations are merely examples
and should not be construed to imit the various aspects disclosed herem.

Transoit beamforming is a techmique for focusing an RF signal in a specific direction.
Traditionally, when a network node {c.g., a base station) broadcasts an R¥ signal, it
broadcasts the signal in all directions {(ommi-directionally}. With transmit beamforming,
the network node deternmunes where a given target device {e.g., a UE) 18 located (relative
to the transmitting network node)} and projects a stronger downlink RE signal i that
spacific direction, thereby providing a faster {in terms of data rate} and stronger RF signal
for the recewving device(s). To change the directionality of the RF signal when
transmitting, a network node can control the phase and relative amplitude of the RF signal
at each of the one or more transmitters that are broadceasting the RF signal. For example,
a network node may use an array of antennas (referred to as a “phased array” or an
“antenna array’) that creates a beam of RF waves that can be “steered” to point in different
directions, without actually moving the antennas. Specifically, the RF corrent from the
transmitter is fed to the ndividual antennas with the correct phase relationship so that the
radio waves from the separate antennas add together to increase the radiation in a desired

direction, while cancelling to suppress radiation in undesired directions.
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a UE) as having the same paramciers, regardless of whether or not the transmitiing
antennas of the network node themselves are physically co-located. In NR, there are four
types of quasi-co-location {QUL) relations. Specifically, a QCL relation of a given type
means that certain parameters about a second reference RF signal on a second beam can
be derived from information about a source reference R¥ signal on a source beam. Thus,
if the source reference RF signal 18 QUL Type A, the receiver can use the source reference
RF signal toc estimate the Doppler shift, Doppler spread, average delay, and delay spread
of a second reference RF signal transmitted on the same channel. Ifthe source reference
RF mignal 1s QCL Type B, the receiver can use the source reference RF signal to estimate
the Dioppler shift and Doppler spread of 8 second reference RF signal transmitted on the
same channel. #f the source reference RF signal 1s QCL Type €, the receiver can use the
source reference RF signal to estimate the Doppler shift and average delay of a sccond
reference RE signal transmitied on the same channel. If the source reference RY signal is
QCL Type D, the roceiver can use the source reference RF signal to estimate the spatial
receive parameter of a second reterence RY signal transmttted on the same channel.

In receive beamforming, the receiver uses a receive beam to amplify RF signals detected
on a given channel. For example, the recetver can increase the gamn setting and/or adjust
the phase setting of an array of antennas in a particular direction to amplify {(eg.. to
mncrease the gain lovel of) the RF signals received fromy that direction. Thus, when a
receiver 18 said to beamform 1o a certain direction, 1t means the beam gain in that direction
ts high relative to the beam gain along other directions, or the beam gain in that divection
is the highest compared to the beam gain in that direction of all other reccive beams
available to the receiver. This results in a stronger received signal strength {c.g., reference
signal recetved power (RSRP), reference signal received quality (RSRQ), signal-to-
interference-plus-noise ratic {(SINR), eic ) of the R¥ signals received from that direction.
Transout and receive beams may be spatially related. A spatial relation means that
parameters for a second beam {¢.g., a fransmit ot receive beam) for a second reference
signal can be denved from imformation about a first beam {e.g., a recetve beam or a
transmit beam} for a first reference signal. For example, a UE may use a particular receive
heam o reccive a reference downlink reference signal (e g, svachronization signal block

{SSB)} from a base station. The UE can then form a transmit beam for sending an uphnk

14



WO 2024/191494 PCT/US2024/010257

[8056]

(6057}

[0058]

[6059]

reference signal {¢.g., sounding refercnce signal (SRS)) to that base station based on the
pararacters of the receive beam.

MNote that a “downlink”™ beam may be either a transmit beam or a receive beam, depending
on the entity forming 1. For example, if a base station is forming the downhnk beam to
transmit a reference signal to a UE, the downlink beam is a transmit beam. I the UE is
formmg the downlink beam, bowever, # 18 a receive beam to receive the downlink
reference signal. Similarly, an “uphink”™ beam may be etther a transmit beam or a receive
beam, depending on the entity forming it For example, if a base station 15 forming the
uplink bearn, 1t is an uplink receive bearn, and 1f a UE 1s formuing the uplink beam, it s an
uplink transmit beam.

The electromagnetic spectrum 18 often subdivided, based on frequency/wavelength, into
various classes, bands, channels. eic. In 3G NR two initial operating bands have been
wdentified as frequency range desigonations FRI (410 MHz - 7,125 GHz) and FR2 (2425
GHz - 52.6 GHz). It should be understood that although a portion of FR1 13 greater than
& GHz, FR1 is ofien referred to (interchangeably) as a “Sub-6 GHz” band i various
documents and articles. A sinular nomenclature 1ssue sometimes occurs with regard to
FR2, which is often referred to (interchangeablv) as a “mullimeter wave”™ band in
documents and articles, despite being different from the extremely high frequency (EHF}
band (30 GHz — 300 GHz) which is identified by the Intemational Telecommunications
Unton (3TU) as a “millimeter wave” band.

The frequencies between FR1 and FR2 are often referred to as mid-band frequencies.
Recent 5G NR studies have identified 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 inberit FRI characteristics and/or FR2 charactenstics, and thus may
cffectively extend features of FRI and/or FR2 mto nud-band frequencies. In addition,
higher frequency bands are currently being explored to oxtend 5G NR operation bevond
52.6 GHz. For example, three higher operating bands bave been wdentified as frequency
range designations FR4a or FR4-1 (82.6 GHz - 71 GHz}, FR4 (52.6 GHz - 114 .25 GHz},
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 specificallv stated otherwise, 1t should be

understood that the term “sub-6 GHz” or the like if used herein may broadly represent
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frequencics that may be less than 6 GHz, may be within FR1, or may include mid-band
frequencics. Further, unless specifically stated otherwise, 1t should be understood that the
term “millimeter wave” or the like 1f used herem may broadly represent frequencics 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 multi-carricr system, such as 5G, one of the camier frequencies is referred to as the
“primary carrier” or “anchor carrier” or “primary serving cell” or “PCell)” and the
remaining carrier frequencies are referred to as “secondary camers” or “secondary
serving cells” or “SCells.” In camier aggregation, the anchor carner is the carmer
operating on the primary frequency {(e.g., FR1) utthzed by a UE 104/182 and the cell in
which the UE 104/182 erther performs the mutial radio resource control (RRC) connection
establishment procedure or initiates the RRC connection re-establishment procedure. The
primary carnier carries all conmumon and UE-specific control channels, and may be a carner
n a hicensed frequency (however, this 1s not always the case). A secondary carnier is a
carricr operating on a sccond frequency {e.g., FR2) that may be configured once the RRC
connection 1s established between the UE 104 and the anchor carricr and that may be used
to provide additional radio resources. In some cases, the secondary cammier may be a
carrier in an unlicensed frequency. The secondary carrier may contain only necessary
signaling information and sigoals, for example, those that are UE-specific may not be
present in the secondary carrier, since both pamary uphink and downlink camriers are
typically UE-specific. This means that different Uls 104/182 in a cell may have different
downlink primary carriers. The same is true for the uplink primary carriers. The network
is able to change the primary carrier of any UE 104/182 at any time. This is done, for
exaraple, to balance the load on difterent carricrs. Because a “serving cell” (whether a
PCell or an SCell} corresponds to a carrier frequency / component carrier over which
some base station 1s communicating, the torm “cell)” “serving cell,” “component carrier,”
“carricr frequeney,” and the like can be used interchangeably.

For example, still referring to FIG. 1, one of the frequencies utilized by the macro cell
base stations 102 may be an anchor carrier {or “PCell”) and other frequencics utihized by
the macre cell base stations 102 and/or the mmW base station 180 may be secondary
carniers {(“SCells”). The simultaneous transmussion and/or reception of multiple camiers

enables the UE 104/182 to significantly increase its data transmission and/or reception
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rates. For exampile, two 20 MHz aggregated camiers in a multi-carmer system would
theoreticatly lead to a two-fold merease i data rate (i.e., 40 MHz), compared to that
attained by a single 20 MHz camrier.

In the example of FIG. 1, any of the dlustrated UEs {shown 1 FIG. 1 as a single UE 104
for simplicityy may receive signals 124 from one or more Earth orbiting space vehicles
{(5Vs) 112 {c.g., satellites). In an aspect, the SVs 112 may be part of a satelliie positioning
system that a UE 104 can use as an independent source of location information. A satelhite
positioning system typically includes a system of transoutters {e.g., SVs 112) positioned
to enable receivers (e.g., UEs 104) to determine their iocation on or above the Earth based,
at least in part, on positioning signals {e.g., signals 124) received from the transmitiers.
Such a transmitter typically transmiis a signal marked with a repeating pseudo-random
notse (PN} code of a set number of chips. While typically located in SVs 112, transmitters
may sometimes be located on ground-based conirol stations, base stations 102, and/or
other UEs 104, A UE 104 may mclude one or more dedicated receivers specifically
designed to receive signals 124 for deriving geo location information from the §Vs 112
In a satellite positioning systern, the use of signals 124 can be avgmented by vanous
satellite-based angmentation systems (SBAS) that may be associated with or otherwise
enabled for use with one or more global and/or regional navigation satellite systems. For
cxample an SBAS may include an augmentation sysicmis) that provides integrdy
mformation, differential corrections, etc., such as the Wide Area Augmentation System
(WAAS), the Buropean Geostationary Navigation Overlay Service (EGNOS), the Muli-
functional Satellite Augmentation System (MSAS), the Global Posttioning System (GPS)
Aided Geo Augmented Navigation or GPS and Geo Augmented Navigation system
{GAGAN), and/or the bke. Thus, as used herein, a satcliite positioning svstom may
imclude any combination of one or more global and/or regional navigation sateilites
associated with such one or more satellite positioning systems.

In an aspect, SVs 112 may addiionally or alternatively be part of one or more non-
terrestrial networks (NTNs). Inan NTN, an SV 12 1s connected 1o an earth station (also
referred to as a ground station, NTN gateway, or gateway), which in tum 18 connected to
an element in a 5G network, such as a modified base station 102 (without a terrestrial
antenna) or a network node 10 a 3GC. This clement would 1o tum provide access to other

clements 1 the 5G network and ultimately to entities external to the 3G network, such as
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Internct web servers and other user devices. fn that way, a UE 104 may receive
communication signals {¢.g., signals 124) from an SV 112 instead of, or 1 addition to,
communication signals from a ferrestrial base station 102,

Leveraging the mercased data rates and decreased latency of NR, among other things,
vehicle-to-everything (V2X) communication technologies are being implemenied to
support udelligent tramsportation systeras (ITS) apphications, such as wircless
comprumcations between vehicles {vehicle-to~-vehicle (V2V3), between vehicles and the
roadside mfeastracture  (vehicle-to-infrastructure (V2E), and between vehicles and
pedestrians (vehicle-to-pedestrian (V2P)). The goal is for vehicles to be able to sense the
environment around them and commumicate that mformation to other vehicles,
mfrastructure, and personal mobile devices. Such vehicle communication will cnable
safety, mobility, and environmental advancements that current techuologies are unable to
provide. Once fully mmplemented, the technology s expected to reduce wnimpaired
vehicle crashes by 80%.

Stlf referring to FIG. 1, the wireless communications system 100 may include multiple
YV-UEs 1606 that may commumicate with base stations 102 over communication links 120
using the Un interface (i.e., the air inferface between a UE and a base station). V-UEs 160
may also communicate directly with each other over a wireless sidehink 162, with a
roadside unitt {(RSU} 164 (a roadside access point) over a wirgless sidelink 166, or with
sidelink-capable UEs 104 over a wireless sidelink 168 using the PC5 mterface (e, the
air interface between sidelink-capable Uls). A wireless sidelink (or just “sidelink™} is an
adaptation of the core cellular {e.g., LTE, NR) standard that allows direct communication
between two or more UEs without the communication needing to go through 3 base
station. Sidelink communication may be unicast or multicast, and may be used for device-
to-device (D20} media-sharing, V2V communication, V2X communication {e.g., cellular
V2X (¢V2X) communication, enhanced V2X {(£V2X) communication, ¢fC.}, emergenay
rescuc applications, etc. One or more of a group of V-UEs 160 utilizing sidelink
cornmunications may be within the geographic coverage arca 110 of a base station 102
Other V-UEs 160 10 such a group may be cutside the geographic coverage area 110 of a
base station 102 or be otherwise unable to receive transmissions from a base station 102,
In some cases, groups of V-UEs 160 communicating via sidelink comemunications maay

ptilize a one-to-many {1:M} system in which cach V-UE 160 transmts to every other V-
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UE 160 1o the group. In some cases, a base station 102 facilitates the scheduling of
resources for sidelink commumications. In other cases, sidelink communications are
carried out between V-UEs 160 without the involvement of a base station 102

In an aspect, the sidelinks 162, 166, 168 may operate over a wircless communication
medium of interest, which may be shared with other wireless communications between
other vehicles and/or nfrastructure access points, as well as other RATs. A “mediom”
mav be composed of one or more time, frequency, and/or space communication resources
{e.g.. encompassing one or more channels across one or more carders) associated with
wireless conmmunication between one or more fransrotter / 1eceiver pairs.

In an aspect, the sidelinks 162, 166, 168 may be ¢V2X hinks. A first generation of ¢V2X
has been standardized in LTE, and the next generation is expected o be defined in NR.
¢V 2X is a cellular technology that also enables device-to-device communications. Inthe
U.S. and Europe, ¢V2X is expected to operate in the licensed 1TS band 0 sub-6GHz.
(ther bands may be allocated in other countrnies. Thus, as a particular example, the
medium of interest utilized by sidelinks 162, 166, 168 may correspond to at least a portion
of the licensed ITS frequency baond of sub-6GHz. However, the present disclosure is not
himited to this frequency band or cellular technology.

In an aspect, the sidelinks 162, 166, 168 may be dedicated short-range commaunications
{DSRCY links, DSRC is a ong-way or two-way shori-range to medium-range wirgless
coromunication protocol that uses the wireless access for vehicular environments
{(WAVE) protocol, also known as IEEE 8021lp, for V2V, V21, and V2P
communications. 1EEE 802.11p 13 an approved amendment to the IEEE 802 11 standard
and operates in the licensed I'TS band of 59 GHz (5.85-5 925 GHz) inthe U.S. In Europe,
IEEE 802 11p operates in the ITS G5A band (5.875 - 5,905 MHz). Gther bands may be
allocated in other countries. The V2V commanications briefly described above ocour on
the Safety Channel, which m the US is typically a 10 MHz channe! that i1s dedicated o
the purpose of safety. The remainder of the DSRC band (the total bandwidth 1s 75 MHz)
is intended for other services of wnterest to drivers, such as road rules, tolling, parking
agtomation, ctc. Thus, as a particalar example, the mediums of interest utihzed by
sidelinks 162, 166, 168 may correspond to at east a portion of the hicensed ITS frequency

bhand of 5.9 GHz.
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Alternatively, the medium of interest may correspond to at least a portion of an unlicensed
frequency band shared among varous RATs. Although different licersed frequency
bands have been reserved for certain comnumication systems {e.g., by a government
entity such as the Federal Commumcations Commission (FCC) in the United States),
these systems, in particular those employing small cell access points, have receuntly
extended operation o unlicensed frequency bands such as the Unlicensed National
Informaton Infrastructure (U-NIE} band used by wireless local area network (WLAN)
technologies, most notably IEEE 802 11x WLAN techuclogics generally referred 1o as
“Wi-F1.” Example systems of this type include different vanants of CDMA svstoms,
TOMA systems, FDMA systems, orthogonal FDMA (OFDMA) systems, single-carmer
FDMA (8C-FDMA) systems, and so on.
Commumications between the V-UEs 160 are referred to as V2V conmumunications,
comuunications between the V-UEs 160 and the one or more RSUs 164 are reforred 1o
as V21 commumications, and comnmumications between the V-UEs 160 and one or more
UEs 104 {where the UEs 104 are P-UEs) are referred to as V2P communications. The
/2V commumications between V-UEs 160 may include, for example, mformation about
the position, speed, acceleration, heading, and other vehicle data of the V-UEg 160, The
V21 information recetved at a V-UE 160 from the one or more RSUs 164 may include,
for cxample, road rules, parking automation information, ctc. The V2P communications
between a V-UE 160 and a UE 104 may melude nformation about, for example, the
position, speed, acceleration, and heading of the V-UE 160 and the position, speed {e.g.,
where the UE 104 is carried by a aser on a bigycle), and heading of the UE 104,
Note that although FIG. | only illustrates two of the UEs as V-UEs {(V-UEs 160}, any of
the tlustrated UEs (e.g., UHs 104, 152, 182, 190} may be V~-UEs. In addition, while only
the V-UEs 160 and a single UE 104 have been illustrated as being connected over a
sidelink, any of the UEs tllustrated mn FIG. 1, whether V-UEs, P-UEs, etc., may be capable
of sidehink commuuication. Further, although only UE 182 was described as being
capable of beam forming, anv of the illustrated Uls, mcluding V-UEs 160, may be
capable of beam forming. Where V-UEs 160 are capable of beam forming, they may
bearn form towards each other (Lo, towards other V-UEs 160), towards RSUs 164,
towards other UEs {(e.g., UEs 104, 152, 182, 190}, etc. Thus, in some cases, V-UEs 160

may utilize beamforming over sidehinks 162, 166, and 168,
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UE 190, that connects indirectly to one or more communication networks via one o1 mote
device-to-device (D20 peer-to-peer (P2P) links. 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
{c.g., through which UE 190 may mdirectly obtain cellular connectivity) and a D2D P2P
hink 194 with WLAN STA 152 connected to the WLAN AP 150 (through which UE 190
may indirectly obtain WLAN-based Internet connectivity}). In an example, the D2D P2P
finks 192 and 194 may be supporied with any weli-koown D2D RAT, such as LTE Direct
(LTE-D), WiF1 Direct (WikFi-D), Bluctooth®, and so on. As another example, the D2D
P2P links 192 and 194 may be sidelinks, as described above with reference to sidelinks
162, 166, and 168&.

FiG. 2A illustrates an example wireless network structure 200, For example, a 5GC 210
{also referred 1o as a Next Generation Core {(NGCY) can be viewed functionally as control
plane (C-plane) funcuons 214 {c.g., UE registration, authentication, network access,
gateway selection, etc.} and user plane {U-plang) functions 212, {e.g.. UE gateway
function, access to data networks, 1P routing, eic.) which operate cooperatively 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 functions 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 functions
214 and NG-U 213 to user plane functions 212, Further, ng-eNB 224 may directly
communicate with gNB 222 via a backhaul conpection 223, In some configurations, a

Next Generation RAN (NG-RAN) 220 may bave one or more ghBs 222, while other

gNB 222 or ng-eNE 224 may commuicate with one or more UEs 204 {¢.g., any of the
UEs described herein}.

Another optional aspect may wmelude a location server 230, which mav be 1o
commumicaiion with the SGC 210 to provide location assistance for UE(s) 204, The
location server 230 can be implemented as a plarality of separate servers (e.g., physically
separate servers, different software modules on a single server, different sofiware
modules spread across multiple physical servers, ete.), or alternately may cach correspond

to a single server. The location server 230 can be configured to support one or more
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location services for UEs 204 that can connect to the location server 230 via the core
network, 3GC 210, and/or via the Internet (not ilustrated). Further, the location server
230 may be integrated into a component of the core network, or alternatively may be
external to the core network {c.g., a third party server, sach as an onginal eqoipment
manufacturer (OEM) server or service server).

FIG. 2B illustrates another exarople wireless network structure 240, A 5GC 260 (which
may correspond to 3GC 210 in FIG. 24} can be viewed functionally as control plane
functions, provided by an aceess 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 (i.¢., 5GC 260}, The functions of the AMF 264
mchude registration management, connection management, reachability management,
mobility management, lawful inferception, transport for session management (SM)
messages between one or more Uks 204 {ec.g., any of the UEs described berein) and a
session management function (SMI} 266, transparent proxy services for routing SM
messages, access authentication and access authorization, transport for short message
service {SMS) messages between the UE 204 and the short message service funchion
{SMSF) (not shown), and security anchor fimctionality (SEAF). The AMF 264 also
interacts with an authentication server function {AUSF) (not shown) and the UE 204, and
recetves the intermediate key that was established as a result of the UE 204 authentication
process. fn the case of authentication based on a UMTS (universal mobile
telecommunications system} subscriber wdentity module {USIM), the AMF 264 retnieves
the secority material from the AUSF. The fimctions of the AMF 264 alse melude security
context management (SCM). The SCM receives akey from the SEAF that ituses to derive
access-network specific keys. The functionality of the AMF 264 also includes 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
mterworking with the EPS, and UE 204 mobility event notification. In addition, the AMF
264 also supports functionalitics for non-3GPP {Third Generation Partnership Project)

access networks.
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Functions of the UPF 262 include acting as an anchor point for intra~/finger-RAT mobility
{when applicable), acting as an external protocol data unit (PDU) session point of
mterconnect (o a data network {not shown), providing packet routing and forwarding,
packet inspection, user plane policy rule enforcement (g g., gating, redirection, traffic
stoering), lawtul mterception (user plane collection), traffic usage reporting, quality of
service {(JoS) handling for the user plane {(¢.g., uplink/ downlink rate enforcement,
reflective QoS marking m the downlink), uplink traffic venfication (service data flow
(SDF) to (oS flow mapping), transport level packet marking o the uplink and downlink,
downlink packet buffering and dowrlink data notification triggering, and scuding and
forwarding of one or more “end markers” (o 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 include session management, UE Tuteraet protoco! (I9)
address allocation and management, selection and control of user plane functions,
configuration of traffic steening at the UPF 262 to route traffic to the proper destination,
control of part of policy enforcement and (oS, and downlink data potification. The
mterface over which the SMF 266 communicates with the AMF 264 13 referred to as the
N11 interface.

Another optional aspect may include an LMF 270, which may be in communication with
the 3GC 260 to provide location assistance for UEs 204, The LMF 270 can be
mmplementied as a plurality of separate servers {e.g., physically separate servers, different
software moduoles on a single server, different software modides spread across multiple
physical servers, etc.), or alternately may each correspond fo a single server. The LMF
270 can be configured to support one or more location services for Uks 204 that can
connect to the LMF 270 via the core network, 3GU 260, and/or via the Internet {not
tiiustrated}. The SLP 272 may support similar functions to the LMF 270, but whercas the
LMF 270 may communicate with the AMF 264, NG-RAN 220, and UEs 204 over a
control plane {¢.g., using nterfaces and protocols mtended to convey signaling messages
and not voice or data), the SLP 272 may communicate with UEs 204 and external chents
{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).
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Yet another optional aspect may include a third-party server 274, which may be in
communication with the LMF 270, the SLP 272, the 5GC 260 {c.g., via the AMF 264
and/or the UPF 262}, the NG-RAN 220, and/or the UE 204 1o obtamn location mformation
{c.g., a location estimate) for the UE 204, As such, in some cases, the third-party server
274 may be referred to as a location services (LTS} client or an external client. The third-
party server 274 can be implemented as a plurality of separate servers {e.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
10 a single server.

User plane mterface 263 and control plane mterface 265 connect the SGC 260, and
specifically the UPF 262 and AMF 264, respectively, to one or more gNBs 222 and/or
ng-eNBs 224 m the NG-RAN 220, The interface between gNB(s) 222 and/or ng-eNB(s}
224 and the AMF 264 1s referred to as the “N27 interface, and the mterface between
eNB(s) 222 and/or ng-eNB(s) 224 and the UPF 262 15 referred 1o as the “N37 nterface.
The gNB{s) 222 and/or ng-eNB(s} 224 of the NG-RAN 220 may commumnicate directly
with each other via backhau! connections 223, referred to as the “Xn-C” mterface. One
or more of gNBa 222 and/or ng-cNBs 224 may communicate with one or more UEs 204
over a wireless inierface, referred to as the “Uy” 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-DUs) 228, and one or more gNB radio units
{(sNB-RUs) 229. A gNB-CU 226 is a logical node that includes the base station functions
of transferring user data, mobility control, radio access network sharing, positicning,

session management, and the like, except for those functions allocated exclusively to the

control {(RRC), service data adaptation protocol (SDAP), and packet data convergence
protocol (PDRCP) protocols of the gNB 222, A gNB-DU 228 is a logical node that
generally hosts the radio link control (RLC) and medium 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 one cell is supported by only one gNB-DU 228, The
mterface 232 between the gNB-CU 226 and the one or more gNB-DUs 228 is referred to
as the “F1” imterface. The physical (PHY} layer functionality of a gNB 222 1s generally

hosted by one or more standalone gNB-Rls 229 that perform functions such as power
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amplification and signal transmission/reception. The mterface between a gNB-DU 2238
and a gNB-RU 229 15 referced 1o as the “Fx7 interface. Thus, a UE 204 commumicates
with the gNB-CU 226 via the RRC, 5DAP, and PDCP layers, with a gNB-DU 228 vig
the RLC and MAC layers, and with a gNB-RU 229 via the PHY layer.

Deployment of communication sysiems, such as 3G NR systerns, may be arranged in
multiple manners with various components or constituent parts. o a 3G NR system, or
network, a network node, a network entify, a mobility element of a network, a RAN node,
a core network node, a network element, or a network equipment, such as a base station,
07 ONE OF MOTS unifs {07 one or more components) performing base station functionality,
may be implemented m an aggregated or disaggregated architecture. For example, a base
station {such as a Node B (NB), evolved NB (eNB), NR base station, 5G NB, access point
{AP), a transmit receive pourt {TRP), oracell, et} 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 siation may be configured to utilize a radio protocal stack that is
physically or logically ntegrated within a single RAN node. A disaggregated base station
may be configured fo utilize a protocol stack that is physically or logically distnibuted
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 altematively, may be geographically or virtually distributed throughout one or
multiple other RAN nodes. The DUs may be implemented to communicate with one or
more RUs. Each ofthe CU, DU and RU also can be tmplemented as virtual units, 1., a
virtual central unit {VCU), 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 utibized 1n
an integrated access backhaul (JAB) network, an open radio access network (O-RAN
{such as the network configuration sponsored by the O-RAN Alhance)), or a virtualized
radio access network (vRAN, also known as a cloud radio access network (C-RAN)}.
Disaggregation may include distributing functionality across two o1 more units at varnious
physical locations, as well as distributing fonctionality for at least one unit virtually,

which can enable Hlexibility 1 network design. The varnous units of the disaggregated
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base station, or disaggregated RAN architecture, can be configured for wired or wircless
communication with at least one other umit,

FiG, 20 ilustrates an example disaggregated base station architectare 250, accordmg to
aspects of the disclosure. The disaggregated base station architecture 250 may nclude
one or more central unity (CUs} 280 (e.g., gNB-LU 226} that can communicate divectly
with a core network 267 {e.g., 5GC 210, SGC 260) via a backhaul link, or indirectly with
the core network 267 through one or more disaggregated base station units (such as a
Near-Real Time {(Near-RT) RAN Intelligent Coniroller (RICY 259 via an E2 link ora
MNon-Real Time {(Non-RT) RIC 257 associated with a Service Managoment and
Orchestration (SMO} Framework 235, or both). A CU 280 may communicate with one
or more distributed units (DUg) 285 {e.g., gNB-DUs 228} via respective midhaol links,
such as an F1 wterface. The PUs 285 may communicate with one or more radio units
(RUsg) 287 {c.g., gNB-RUs 229) via respective fromthan) links. The RUs 287 may
commumnicaie with respective Ulls 204 via one or more radio frequency (RF} access links.
In some implementations, the UE 204 may be simultancously served by multiple RUsg
287,

Each of the units, 1.e., the CUs 280, the DUs 285, the RUs 287, as well as the Near-RT
RICs 259, the Non-RT RICs 257 and the SMO Framework 255, may include one or more
interfaces or be coupled o one or more mterfaces configured o receive or fransmit
signals, data, or information (collectively, signals) via a wired or wireless transmussion
medium. Each of the umits, or an associated processor or controller providing mstructions
to the communication nterfaces of the units, can be configured to commumicate with one
or more of the other units via the transmission medium. For example, the uvnits can
mclude a wired imterface configured to reccive or tramsuut signals over a wired
transpmssion medium o one or more of the other units. Additionally, the units 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 tranamission medium to one or more of the other units,

In some aspects, the CU 280 may host one or more higher layer control functions. Such
control functions can inchude radio resource control (RRCY, packet data convergence
protocol (PDCP), service data adaptation protocol (SDIAP), or the like. Each control

function can be implemented with an interface configured o communicate signals with
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other control functions bosted by the CU 286, The CU 280 may be configured to handle
user plane functionality (1c., Central Unt — User Plane {CU-UP)), countrol plase
functionality (1.¢., Central Unit — Control Plane (CU-CP)), or a combination thereof. In
some implementations, the CUI 280 can be logically sphit into one or more CU-UP units
and one or more CU-CP units. The CU-UP unit can communicate Wdirectionally with
the CU-CP unit via an interface, such as the El interface when implemented in an O-RAN
configuration. The CU 280 can be implemented to communicate with the DU 283, as
necessary, for network control and signaling.

The DU 285 may correspond to a logical unit that includes one or more base station
functions to control the operation of one or more RUs 287, In some aspects, the DU 285
may host one or more of a radio link control (REC) layer, a medium access control {(MAC)
layer, and one or more high physical (PHY} layers {such as modules for forward error
correction (FEC) encoding and decoding, scrambling, modulation and demodulation, or
the hike} depending, at least n part, on a functional sphit, 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 moduie) can be miplemented with an
mterface configured to communicate signals with other lavers (and modules) hosted by
the BU 2835, or with the contred functions hosted by the CUJ 280,

Lower-layer functionality can be implemented by one or more RUs 287 In some
deployments, an RU 287, controlled by a DU 285, may correspond to a logical node that
hosts RF processing functions, or low-PHY laver functions {such as performing fast
Fourier transform (FFT), mverse FFT (iFFT), digital beamformimg, physical random
access channel (PRACH) extraction and filtering, or the like), or both, based at least in
part on the functional split, such as a lower laver functional sphit. In such an architecture,
the RU(s} 287 can be implemented to handle overthe air (0TA) communication with one
or more UEs 204. In some implementations, real-time and non-real-time aspects of
control and user plane commumication with the RU(s) 287 can be controlled 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.

The SMO Framework 255 may be coofigured to support RAN deployment and

provisionmg of non-virtualized and virtualized network elements. For non-virtualized
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network clements, the SMO Framework 255 may be configured to support the
deployment of dedicated physical resources for RAN coverage requirements which maay
be managed via an operations and maintenance interface (such as an Q1 interface). For
virtualized network clements, the SMO Framework 253 may be configared to mnteract
with a cloud computing platform {such as an open cloud {(O-Cloud} 269) to perform
network element life cvele management (such as to instantiate virtualized network
clements} via a cloud computing platform interface (such as an O2 interface). Such
virfualized network elements can mcelude, but are not limited to, CUs 280, DUs 285, RUs
287 and Near-RT RICs 2539, In some uuplementations, the SMO Framework 2335 can
communicate with a hardware aspect of a 4G RAN, such as an open eNB (G-¢NB) 261,
via an O1 miterface. Additionally, in some implementations, the SMO Framework 255
can communicate directly with one or more RUs 287 via an O1 interface. The SMO
Framework 235 also may mclude a Non-RT RIC 257 configured to support functionality
of the SM{ Framework 255,

The Non-RT RIC 257 may be configured to tnclude a logical function that enables non-
real-time  control and optiwization of RAN clements and resources, Artificial
Intelligence/Machine Leaming {AUVML) workflows mcluding model tramming and
updates, or policy-based guidance of applications/features in the Near-RT RIC 259, The
Non-RT RIC 257 may be coupled to or communicate with {such as via an Al interface)
the Near-RT RIC 259, The Near-RT RIC 239 may be configured to mehide a logical
function that enables near-real-time control and optimization of RAN clements and
resources via data collection and actions over an mmterface {such as via an EZ interface)
connecting one or more CUs 280, one or more DUs 283, or both, as well as an 0-oNB,
with the Near-RT RIC 259,

In some implomentations, to generate AI/ML models to be deployed in the Near-RT RIC
259, the Non~-RT RIC 237 may receive parameters or external enrichment information
from external servers. Such mfoumation may be utilized by the Near-RT RIC 259 and
may be received at the SMO Framework 255 or the Non-RT RIC 237 from non-network
data sources or from network functions. In some examples, the Non-RT RIC 257 or the
Neare-RT RIC 259 may be configured to tune RAN behavior or performance. For
exaraple, the Non-RT RIC 257 may monitor long-term trends and patterms for

performance and emplov AI/ML models to perform corrective actions through the SMO
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Framework 255 (such as reconfiguration via O1) or via creation of RAN management
policies {(such as Al policies).

FIGS. 3A, 3B, and 3C iflustrate several example components {represenied by
corresponding blocks) that may be incorporated into a UE 302 {which may correspond to
any of the UEs described herein). a base station 304 {which may correspond fo any of the
base stations described berein), and a network entity 306 (which may correspond to or
embody any of the network functions described herein, including the location server 230
and the LMF 270, or alternatively may be independent from the NG-RAN 220 and/or
5QC 210/260 intrastructure depicted in FIGS. 2A and 28, such as a private network) to
support the operations described herein, [t will be appreciated that these components may
be mmplemented m different types of apparatuses in different implementations {e.g., in an
ASIC, in a system-on-chip {8oC), ctc). The ilustrated components may also be
meorporated nto other apparatuses in a communication system. For cxample, other
apparatuses in a sysiem may include components sinular to those described to provide
stmilar functionality. Also, a given apparatus may contain one or more of the components.
For example, an apparatus may include multiple transceiver components that enable the
apparatus to operate on multiple carriers and/or communicate via different technologies.
The UE 302 and the base station 304 each inchide one or more wircless wide area network
{WWAN) transceivers 310 and 350, respectively, providing means for communicating
{c.g., means for transmitting, means for receiving, roeans for measuring, means for tuning,
means for reframing from transmitting, etc.} via one or more wircless communication
networks (not shown), such as an NR network, an LTE network, a GSM setwork, and/or
the like. The WWAN transceivers 310 and 350 may cach be connecied to one or more
antennas 316 and 356, respectively, for communucating with other network nodes, such
as other UEs, access points, base stations (e.g., eNBs, gNBs), ctc., via at least one
designated RAT (e g, NR, LTE, GSM, ¢tc.) over a wircless communication medium of
micrest {e.g., some sct of time/frequency resources in a particular frequency spectrum).
The WWAN transceivers 310 and 330 may be variously configured for transmitting and
encoding signals 318 and 358 {g.g., messages, mdications, information, and sc on},
respectively, and, conversely, for receiving and decoding signals 318 and 358 {eg.,
messages, indications, information, pilots, and so on), respectively, m accordance with

the designated RAT. Specifically, the WWAN transceivers 310 and 350 mclude one or
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more transmiiters 314 and 354, respectively, for transmitting and cncoding signals 318
and 358, respectively, and one or more receivers 312 and 352, respectively, for receiving
and decoding signals 318 and 358, respectively.

The UE 302 and the base station 304 each also mnclude, at least in some cases, one or
more short-range wircless transceivers 320 and 360, respectively. The short-range
wireless transceivers 320 and 360 may be connecied to one or more antennas 326 and
366, vespectively, and provide means for communicating {e.g., means for transmitting,
means for receiving, means for measunng, means for tuoning, means for refraining from
transnuiting, eic.) with other network nodes, such as other UEs, access points, base
stations, efc., via at least one designated RAT {o.g., WiFi, LTE-D, Bluetooth®, Fighee®,
Z-Wave®, PC3, dedicated short-range communications {(DSRC), wireless access for
vehicular environments {(WAVE), near-field communication (NFC), vhra-wideband
{UWR), etc) over a wircless communication medium of interest. The shori-range
wireless transceivers 320 and 360 may be varously configured for transmitting and
encoding signals 328 and 368 {(¢.g., messages, indications, information, and sc on},
respectively, and, conversely, for receiving and decoding siguals 328 and 368 {c.g.,
messages, ndications, nformation, pilots, and s0 on), respectively, m accordance with
the designated RAT. Specifically. the short-range wireless transceivers 320 and 360
include one or more transmitiers 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 wireless transcetvers 320 and 360 may be Wil transceivers, Bhietooth®

N

transceivers, Zigbee® and/or Z-Wave® transceivers, NFC transceivers, UWEB
transceivers, or vehicle<to-vehicle (V2V} and/or wvehicle-to-cverything (VZX)
fransceivers.

The UE 302 and the base station 304 also include, at least in some cases, satellite signal
reccivers 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 satellite positiomng/commumcation signals 338 and 378, respectively.
Where the satellite signal receivers 330 and 370 are satellite positioning system receivers,
the satellite posttioning/commumnication signals 338 and 378 may be global positioning

sysiem ((GPS) signals, global navigation satellite system (GLONASS) signals, Galileo
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signals, Beidou signals, indian Regional Navigation Saiellite System (NAVIC), Quasi-
Zenith Satellite Svystem {QZ8S), ote. Where the satellite signal receivers 330 and 370 are
non-terrestrial network INTN) receivers, the satellife posioning/communication signals
338 and 378 may be comumumcation signals {e.g., carrying control and/or user data}
originating from a 5G network. The satchiite signal receivers 330 and 370 may comprise
any suitablc hardware and/or software for teceiving and processing  satellite
posttioning/communication signals 338 and 378, respectively.  The satellite signal
receivers 330 and 370 may request information and operations as appropriate from the
other svstems, and, at least 10 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 aystem algorithm.

The base station 304 and the network entity 306 cach include one or more network
transceivers 380 and 390, respectively, providing means for commumicating {¢.g., means
for transmuiting, means for receiving, etc) with other network entities {¢.g., other base
stations 304, other network entitics 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 entities 306 over one or more wired or wircless backhaul hinks. As another
example, the network entity 306 may cmploy the one or more network transceivers 390
to communicate with one or more base station 304 over onc or more wired or wircless
backhaul links, or with other network entities 306 over one or more wired or wirgless core
network mterfaces.

A transceiver may be configured to communicate over a wired or wireless hink. A
transceiver {(whether a wired transceiver or a wircless transceiver) inclades transmitter
circuitry {¢.g., transmitters 314, 324, 354, 364) and receiver circuitry {¢.g., receivers 312,
322,352,362}, A transceiver may be an wtegrated device {e.g., embodying transmutter
circuifry and receiver circuitry i a single device) in some mmplementations, may comprise
separate transmitter circuitry and separate receiver circuitry in some mmplementations, or
may be embodied in other ways in other implementations. The fransmitter circuitry and
receiver eircuitry of a wired transceiver {¢.g., network transceivers 380 and 390 in some
implementations ) may be coupled to one or more wired network interface ports. Wireless
transmitier circuitry {e.g., transmitiers 314, 324, 354, 364} may mclude or be coupled to

a plurality of antennas {e.g., antennas 316, 326, 356, 366), such as an antenna array, that
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permits the respective apparatus (e.g.. UE 302, base station 304) to perform transmit
“beamforming,” as described herein. Similardy, wireless receiver cireuttry {e.g , roceivers
312,322,352, 362) may mclude or be coupled to a3 plurality of antennas {¢.g., antennas

o

316, 326, 356, 366}, such as an antenna array, that permits the respective apparatus (6.2,

UE 302, base station 304} to perform receive beamforming, as deseribed herein, Inan
aspect, the transmitter circuitry and receiver circuitty may share the same plurality of
anfennas {c.g., antenmas 316, 326, 356, 366}, such that the respective apparatus can only
receive of transmit at a given time, not both at the same time. A wircless transceiver (2.3,
WWAN transceivers 310 and 359, short-range wireless transceivers 320 and 360) may
also include a network listen module (NLM) or the like for performing vanous
measurements.

As used herein, the various wirgless transceivers {e.g., transceivers 310, 328, 350, and
360, and network transceivers 380 and 390 m some mmplementations) and wired
transceivers {e.g., network transceivers 380 and 390 i some implementations} may

EES

generally be characterized as “a transceiver,” “at least one transceiver,” or “one or more
transcetvers.” As such, whether a particular transceiver 15 a wired or witeless transceiver
may be mferred from the type of commumcation performed. For example, backhaul
communication between network devices or servers will generally relate to signaling via
a wired fransceiver, whergas wircless communication between a UE {eg., UE302)and a
base station {c.g.. base station 304} will generally relate to signaling via a wireless
transceiver.

The UE 302, the base statton 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 include one or more processors
332, 384, and 394, respectively, for providing fanctionality 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 transmutting,
means for indicating, ctc. In an aspeet, the processors 332, 384, and 394 may mclude, for
example, ong or more general purposc processors, multi-core processors, cemtral

processing uniis (CPUs), ASICs, digital signal processors (IDSPs), ficld programmable
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gate arrays {FPGAS), other programmable logic devices or processing circuiiry, or various
combinations thereof.

The UE 302, the base station 304, and the network entity 306 include memory circnitry
nplementing memories 340, 386, and 396 {c.g.. each including a memory device),
respectively. for maintaining information {¢.g., information indicative of reserved
resources, thresholds, parameters, and so on). The memories 340, 386, and 396 may
therefore provide means for storing, means for retrieving, means for mamtaimng, ete. In
some ¢ases, 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 mav be hardware circuiis that are part of or coupled to the processors 332,
384, and 394, respectively, that, when executed, cause the UE 302, the base station 304,
and the network entity 306 to perform the functionality described berein. In other aspects,
the positioning component 342, 388, and 398 may be extomal to the processors 332, 384,
and 394 {(e.g., part of a modem processing system, miegrated with another processing
system, otc.}. Alternatively, the positioning component 342, 383, and 398 may be memory
modules stored in the memones 340, 386, and 396, respectively, that, when executed by
the processors 332, 384, and 394 {(or a modem processing system, another processing
sysiem, £t¢.), cause the UE 302, the base station 304, and the network entity 306 (o
perform the functionality described herein. FHG. 3A illustrates possible locations of the
positioning component 342, which mav be, for example, part of the onc 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 dlustrates 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. 30 illustrates 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 mechide one or more sensors 344 coupled to the one or more processors
332 1o provide means for sensing or detecting movement and/or oricntation information
that s 1odependent of motion data derived from siguals recetved by the one or more

WWAN transceivers 310, the one or more short-range wireless transceivers 320, and/or
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the satellite signal receiver 330, By way of example, the sensor(s} 344 may include an
accelerometer (e.g., a micro-clectrical 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 include a plurality of differcot types of devices and combing their ouiputs in
order to provide motion informsation. For example, the sensor(s) 344 may usc a
combination of a multi-axis accelerometer and onentation sensors to provide the ability
to compute posiiions i two-dimensional (2D} 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 {e.g., upon user actuation of a sensing device such a keypad, a touch screen, a
microphone, and so on}. Although not shown, the base station 304 and the network entity
306 may also include user mterfaces.

Referring to the one or more processors 384 in more detail, in the downlink, 1P packets
from the network entity 306 may be provided to the processor 384, The one or more
processors 384 may implement functionality for an RRC laver, a packet data convergence
protocol (PDCP) layer, a radio link control {(RLC) layer, and a mediwmm access control
{MACY layer. The one or more processors 384 may provide BRRC layer functionality
associated with broadcasting of system information {c.g., master mformation block
{(MIB), systern mformation blocks {(5IBs}, RRC comnection control {(eg., RRC
connection paging, RRC connection establishment, RRC connection modification, and
RRC conncction release), inter-RAT mobility, and measurement configuration for UE
measurement  reportiing;  PDCP  layer functionality  associated with  header
compression/decompression, secunity {ciphering, deciphering, integrity protection,
integrity verification), and handover support functions, RLC layer functionality
associated with the transter of upper layer PDUs, error correction through automatic
repeat request (ARQ), concatenation, segmentation, and reassembly of RLC service data
units {SDUs}, re-segmentation of RLC data PDUs, and reordening of RLC data PDUs;
and MAC layer functionality associated with mapping between logical channels and
transport channels, scheduling information reporting, error correction, prionity handling,

and logical channel prioritization.
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The transmitier 354 and the receiver 352 may mplement Layer-1 (L1} functionality
assoctated with various signal processing functions. Layer-1, which includes a physical
{(PHY) laver, mayv include error detection on the transport channels, forward error
correction (FEC) coding/decoding of the transport channels, interleaving, rate maiching,
mapping onto physical channels, modulation/demodulation of physical channels, and
MIMO antenna processing. The transmitter 354 handles mapping to signal constcliations
based on various modulation schemes (¢.g., binary phase-shift keying (BPSK), quadrature
phase-shift keying (QPSK). M-phase-shift keyving (M-PSK), M-quadrature amplitude
modulation (M-QAM)). The coded and modulated svmbols may then be split into paraliel
streams. Each stream may then be mapped to an orthogonal frequency division
multiplexing {OFDM) subcarrier, mudtiplexed with a reference signal {e.g., ptlot) in the
time and/or frequency domain, and then combined together using an inverse fast Fourier
transform (IFFT} to produce a physical channel carryving a time domain OFDM symbol
stream. The OFDM svmbol stream is spatially precoded to produce multiple spatial
streams, Channel estimates from a channel estimator may be used to determing 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 antennas 356, The
transmitter 354 may modolate an RY carrier with a respective spatial stream for
fransmission.

At the UE 302, the receiver 312 receives a signal through its respective antennas) 316,
The recetver 312 recovers information modulated onto an RF carrier and provides the
information to the one or more processors 332. The transmitter 314 and the receiver 312
mplement Layer-1 functionality associated with various signal processing fumctions. The
recerver 312 may perform spatial processing on the imformation o recover any Spatial
streams destined for the UE 302, W multiple spatial sirecams are destined for the UE 302,
they may be combined by the receiver 312 mto 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 Fourter transform (FFT). The frequency domain signal
comprises a separatc OFDM symbol stream for cach subcarrier of the OFDM signal. The
symbols on sach subcarrier, and the reference signal, are recovered and demodulated by

determining the most hkely signal consteHation pomts transmitied by the base station 304,

35



WO 2024/191494 PCT/US2024/010257

[0 105]

(6109

F0110]

F0111]

These soft decisions may be based on channel estimates computed by a channel estimator.
The soft decisions arc then decoded and de-intericaved to recover the data and condrol
signals that were origmally 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
mplements Layer-3 (L3} and Layer-2 (L2} functionality.

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

Similar to the functionality deseribed 1 connection with the downlink fransmission by
the base station 304, the one or more processors 332 provides RRC laver functionality
associated with system information {¢.g., MIB, S1Bs) acquisition, RR{ connections, and
measurement  reporting,  PDCP layer  functionality  associated  with  header
compression/decompression, and security {ciphenng, deciphering, imtegrity proiection,
integrity vertfication); RLC layer functionality associated with the transfer of upper laver
PDUs, error correction through ARQ, concatenation, segmentation, and reassembly of
RLC SDBUs, re-segmentation of RLC data PDUs, and reordering of RLC data PDUs; and
MAC layver fimetionality associated with mapping between logical channels and transport
channels, multiplexing of MAC $DUs onto transport blocks (TBs). demultiplexing of
MAC SDUs from TBs, scheduling information reporting, error correction through hybrid
automatic repeat request (HARG)}, prionity handling, and logical channel prionitization.
Channel estimaies derived by the channel estimator from a reference signal or feedback
transmitted by the base station 304 may be used by the fransmitter 314 to select the
appropriate coding and modulation schemes, and to facilitate spatial processing. The
spatial streams gencrated by the transmitter 314 may be provided to different antenna(s}
316, The transnitter 314 may moduelate an RF carrier with a respective spatial stream for
transmission,

The uphnk transmission is processed at the base station 304 1n a manner similar to that
described in connection with the recetver function at the UE 302, The receiver 352
receives a signal through fs respective antenna(s) 356, The receiver 332 recovers
mfoumation modulated onto an RF carrier and provides the information to the one or more

processors 384
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In the uplink. the one or more processors 384 provides demultiplexing between transport
and logical channels, packet reasscrably, deciphering, header decompression, condrol
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
afso responsible for error detection.

For convenience, the UE 302, the base station 304, and/or the network entity 306 are
shown 1n FIGS. 34, 3B, and 3C as including various components that may be configured
according to the varicus examples described herein. B will be appreciated, however, that
the illustrated componends may have different functionality in different designs. In
particular, various components in FIGS. 3A 1o 3C are optional in alternative
configurations and the various aspects mmclude configurations that may vary due to design
choice, costs, use of the device, or other considerations. For example, 1n case of FIG. 3A,
a particular toplementation of UE 302 may omit the WWAN transceiver(s} 310 (e g, a
wearable device or tablet computer or PC or laptop may have Wi-Ft and/or Bluctooth
capabifity without celiular 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 omit
the sensor{s) 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-Fi “hotspot”™ access point without cellular capability), or may omit the short-range
wireless transceiver(s} 360 {c.g., cellular-only, ctc), or may omit the satcliite signal
receiver 370, and so on. For brevity, ilustration of the various alternative configurations
ts not provided herem, but would be readily understandable to one skilled in the art.

The various components of the UE 302, the base station 304, and the network entity 306
may be communicatively 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
communication interface of the UE 302, the base station 304, and the network entity 306,
respectively.  For example, where different logical entitics are embodied i the same
device (e.g., gNB and location server functionality meorporated into the same base station
304), the data buses 334, 382, and 392 may provide communication between them.

The components of FIGS. 3A, 3B, and 3C may be implemented in various ways. In some
mplementations, the components of FIGS. 34, 3B, and 3C may be implemended n one

or more circuits such as, for example, one or more processors and/or one or more ASCs
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{which may include one or more processors). Here, each circuit may use and/or
mcorporate at least one memory component for storing mformation or executable code
used by the circwnt to provide this functionality. For example, some or all of the
functionality represented by blocks 310 to 346 may be mplemented by processor and
memory component{s) of the UK 302 {e g, by execution of appropriate code and/or by
appropriate configuration of processor components). Simularly, some or all of the
finctionality represented by blocks 350 to 388 may be implemented by processor and
memory component{s) of the base station 304 {c.g., by execution of appropriate code
and/or by appropnate 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 (2.g., by execution of appropriaie code
and/or by appropriate configuration of processor components}y. For simplicity, various
operations, acts, and/or functions are described herein as being performed “by a UE,” “by
a base station,” “by a network entity,” ¢tc.  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, network entity 306, cte.,
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, etc.

In some desigus, the network entity 306 may be mmplemented as a core network
coraponent. o other designs, the network ontity 306 may be distinct from a network
operator or operation of the cellular network mfrastructure {e.2., NG RAN 220 and/or
5GC 210/2603. For example, the network entity 306 may be a component of a private
network that may be configured to communicate with the UE 302 via the base station 304
or independently from the base station 304 (e.g., over a non-cellular communication link,
such as Wik}

NR supports a number of cellular network-based positioning technologies, mehuding
dowunlink-based, uplink-based, and downlink-and~uplink-based positioning methods.
Downlink-based positioning methods nclude observed time difference of amval
(OTDOA}Y in LTE, downlink time difference of ammval (DL-TDOA) in NR, and downlink
angle-of-departure (DL-AoD) in NR. FIG. 4 illustrates examples of various positioning
methods, according to aspects of the disclosure. To an OTDOA or DL-TDOA positioning

procedure, ihustrated by scenario 410, a UE measures the differences between the times
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of arrival {ToAs) of reference signals (¢ g, positioning reference signals (PRS}) received
from pairs of base stations, refemed to as reference signal time difference (RSTD) or time
difference of amval (TDOA) measurements, and reports them to a postioning entity.
More specifically, the UE recetves the identifiers (1Ds) of a reference base station {(e.g., a
serving base station} and multiple non-reference base stations in assistance data. The UE
then measures the RETD between the reference base station and cach of the non-reference
base stations. Based on the known locations of the mmvolved base stations and the RSTD
measurements, the positioning entity {¢.g., the UE for UE-based positioning or a location
server for UE-assisted positioning) can estimate the UE’s location.

For DL-AoD positioming, illustrated by scenano 420, the positioming entify uses a
measurement report from the UE of received signal strength measurements of multiple
downlink transmit beams to determine the angle{s) between the UE and the transmiiting
base station(s}. The posttioning oentity 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}.
Uplink-based positioning methods include uplink time difference of amrival (UL-TDOA)
and uplimk angle-oftaraval (UL-AoA). UL-TDOA is similar to DL-TDOA, but is based
on uplink reference signals {e.g., sounding reference signals (SRS)) transmitted by the
UE o multiple base stations. Specifically, a UE transmits one or more uplink reference
signals that are measured by a reference base station and a plurality of non-reference base
stattons. Fach base station then reports the reception time (referred to as the relative time
of arrival (RTDA)Y) of the reference signal{s) to a positioning enfity {¢.g., a location
server) that knows the locations and relative timing of the involved base stations. Based
on the reception-to-reception {Rx-Rx) time dufference between the reported RTOA of the
reference base station and the reported RTOA of each non-reference base station, the
known locations of the base stations, and their known timing offsets, the positioning entity
can estimate the location of the UE using TDOA.

For UL-AoA positioning, one or mare base stations measure the recetved signal strength
of one or more uplink reference signals {e.g., SRS} received from a UE on one or more
uplink receive beams. The positioning entity uses the signal strength measurements and
the anglefs) of the receive beam(s) to determine the angle(s} between the UE and the base
station{s}. Based on the deicrmmed angle(s) and the known location{s) of the base

station{s}, the positioning entity can then cstimate the location of the UE,
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Downlink-and-uplink-based positioning methods include enhanced cell-ID (E-CiD)
positioning and multi-round-trip-time (RTT) positioning {also referred to as “mmlti-cell
RTT” and “multt-RTT™). Inan RTT procedure, a first entity {e.g., a base station or a UE}
transmits a first RT Porelated signal (¢.g., a PRS or SRS} to a second entity {e.g., a UE or
base station). which transmits a second RTT-related signal {c.g., an SRS or PRS}Y back to
the first entity. Each entity measures the nime difference between the time of armival
{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-fo-transmission (Rx-
Tx) time difference. The Rx-Tx time difference measurement may be made, or may be
adjusted, to mclude only a tme difference between nearest slot boundaries tor 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
propagation time (1., RTT}) between the two entities from the two Rx~Tx time difference
measurements (e.g., as the sum of the two Rx-Tx time difference measurements).
Aliernatively, one cntity may send its Rx-Tx time difference measurement to the other
entity, which then calculates the RTT. The distance between the two entitics can be
determined from the RTT and the known signal speed {e.g., the speed of ight). Formulti-
RTT positioning, iilustrated by scenario 430, a first entity {e.g., a UE or base station}
performs an RTT positioning procedure with multiple second entities (e.g., muftiple base
stattons or UEs) to enable the location of the first entity to be determined {e.g., using
multiiateration) based on distances to, and the known locations of, the second entities.
RTT and mult-RTT methods can be combined with other posttioning techmques, sach
as UL-AoA and DL-A0oD, to improve location accuracy, as iustrated by scenano 440,
The E-CID posttioming method is based on radio resource management (RRM)
measurements, In E-CID, the UE reports the serving cell ID, the ttoung advance {TA),
and the identifiers, estimated timung, and signal strength of detected neighbor base
stations. The location of the UE is then estimated based on this mformation and the known
tocations of the base station(s).

To assist positioning operations, a location server {¢.g., location server 23{, LMF 270,
SLP 272) may provide assistance data to the UE. For example, the assistance data may
mclude identificrs of the base stations (or the cells/TRPs of the base stations) from which

to measure reference signals, the reference signal configuration parameters {e.g., the
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number of consecutive slots including PRS, periodicity of the consecutive slots including
PRE, muting sequenee, frequency bopping sequence, reference signal identifier, reference
signal bandwidth, etc.), and/or other parameters applicable to the particular positionming
method. Altematively, the assistance data may originate directly from the base stations
themselves {(¢.g., in periodically broadcasted overhead messages, ctc ). In some cases, the
UE may be able to detect neighbor network nodes wtself without the use of assistance data.
In the case of an OTDOA or BL-TDOA posttioning procedure, the assistance data may
further include an expected RSTD value and an associated uncertainty, or search window,
around the expected RSTD. Yo some cases, the value range of the expected RSTD may
be +/- 500 microseconds {us). In some cases, when any of the resources used for the
positioning measarement are in FR1, the value range for the uncertamty of the expected
RSTD may be +/- 32 ps. In other cases, when all of the resources used for the positioning

measurement(s) arc in FR2, the value range for the uncertainty of the expected RSTD

/

may be +/- 8 ps.

NR is also capable of supporting various sidelink ranging and positioning technigues.
Sidelink-based ranging enables the detcomination of the relative distance(s) between UKs
and optionally thewr absolute position{s}, where the absolute position of at least one
mvolved UE 13 known. This technique is valuable in situations where global navigation
satellite system {GNSS) positioning is degraded or unavailable {c.g., tunnels, urban
canvons, ¢tc.) and can also enhance range and positioning accuracy when GNSS is
avatlable. Sidelink-based ranging can be accomplished using a three-way handshake for
session gstablishment, followed by the exchange of positioning reference signals (PRS},
and conciuded by messaging to exchange measurements based on PRS transmission and
receipt from peer Uls.

Sidelink ranging 13 based on calculating an inter-UE round-trip-time {(RTT) measurement,
as determined from the transmit and receive times of PRS (a wideband positioning signal
defined 1o LTE and NR). Each UE reports an RTT measurcment to all other participating
UEs, along with its location (if known). For UEs having zero or imaccurate knowledge
of their location, the RTT procedure vields an inter-UE range between the involved UEs.
For UEs having accurate knowledge of thewr location, the range yields an absolute
position.  UE paricipation, PRS transmission, and subsequent RTT calculation is

coordinated by an initial three~-way messaging handshake (3 PRS reguest, a PRS response,
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and a PRS confimmation), and a message exchange after PRS transmission (post PRS
messages) to share measurements affer receiving a peer UE’s PRS.

FiG. 3 dlustrates an example sidelink ranging and positioming procedure 500, according
to aspects of the disclosure. The sidehink ranging and positioning procedure 500 may also
be referred 1o as a sidehink RTT (SL-RTT) positioning procedure. Sidelink ranging is
based on calculating an inter-UE RTT measurement, as determined from the transmit and
receive times of PRS (a wideband reference signal defined in LTE and NR for
positioning). Each UE reports an RTT measurement to all other participating UEs, along
with s location (3f known). For UEs having zero or inaccuraie knowledge of their
location, the RTT procedure vields an mter-UE range between the mmvolved UEs., For
UEs having accurate knowledge of their location, the range yields an absclute location.
UE participation, PRS transmission, and subsequent RTT calculation is coordinated by
an joitial threc-way messaging handshake (a PRS request, a PRS response, and a PRS
confirmation}, and a message exchange atter PRS transmission (post PRS messages) to
share measurements after receiving a peer UE s PRS.

The sidelink ranging and positiorung procedure 300 {or session} begins with the broadcast
of capability mtormation by the involved peer UEs at stage 505, As shown in FIG. 3, one
of the peer UHs, UE 204-1 {e.g., any of the sidelink-capable UEs described herein), s
capable of being an anchor UE for the sidelink ranging and positioning procedure 560,
meaning it has a known location.  As such, the anchor UE 204-1 mciudes an indication
i its capability message(s) that it 15 capable of being an anchor UE for the sidelink
ranging and positioning procedure 300, The capability message(s) may also melude the
focation of the anchor UE 204-1, or this may be provided later. The other UE, UE 204-2
{c.g., any other of the sidelink-capable UEs described herein), is a target UE, meaning it
has an woknown or inaccurate location and s attempting to be located. Based on the
capability information received from the anchor UE 204-1, indicating that the anchor UE
204-~1 18 an anchor UE, the target UE 204-2 knows that #t will be able to determine its
location based on performing the sidelink ranging and positioning procedure 300 with the
anchor UE 204-1.

After the mitial capability exchange, the involved UEs 204 perform a three-way
messaging handshake. At stage 510, the anchor UE 204-1 transmits a PRS reguest

(labeled “PRSrequest”) to the target UE 204-2. At stage 515, the target UE 204-2
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transmits a PRS response {labeled “PRSresponse ™) to the anchor UE 204-1. Atstage 5320,
the anchor UE 204-1 transmits a2 PRS contirmation fo the target UE 204-2. At this poud,
the three-way messaging handshake is complete. Note that although FIG. 5 illustrates the
anchor UE 204-1 mitiating the three-way message handshake, it may instead be mitiated
by the target UE 204-2.

At stages 325 and 530, the mvolved peer UEs 204 transnut PRS to cach other. The
resources on which the PRS are transmitted may be configured / allocated by the network
{e.g.. one of the UE"s 204 serving base station) or negotiated by the UHs 204 during the
threg-way messaging handshake. The anchor UE 204-1 measures the transmission-to-
reception (Tx-Rx) time difference between the transmission time of PRS at stage 525 and
the reception time of PRS at stage 530, The target UE 204-2 measures the reception-to-
transmussion {Rx-Tx) time difference between the reception time of PRS af stage 525 and
the transmission tune of PRS at stage 330, Note that although FIG. 5 dlustrates the anchor
UE 204-1 transmitting PRS first, the target UE 204-2 may imstead transmit PRS first.

At stages 335 and 340, the peer UEs 204 exchange their respective time difference
measurcments in post PRS messages (labeled “postPRS™). If the anchor UE 204-1 has
not yet provided its location to the target UE 204-2, 1t does so at this point. Fach UE 204
is then able to determine the RTT between each UE 204 based on the Tx-Rx and Rx-Tx
time difference measurements {specifically, the difference between the Tx-Rx and Rx-Tx
time difference measurements). Based on the RTT measurement and the speed of light,
cach UE 204 can then cstimate the distance (or range) between the two Uks 204
(specifically, haif the RTT measorement multiplied by the speed of light}. Since the target
UE 204-2 also has the absolute location {e.g., geographic coordinates) of the anchor UE
204-1, the target UE 204-2 can use that location and the distance to the anchor UE 2041
to determine its own absolute location.

Note that while FIG. 3 illustrates two UEs 204, a UE may perform, or attempt to perform,
the sidelink rangmg and positioning procedure 500 with multiple Uks,

A location estimate may be referred to by other names, such as a position estimate,
focation, posttion, position fix, fix, or the like. A location estimate may be geodetic and
comprise coordinates (e g, latitude. longitade, and possibly altitude) or may be civic and
comprise a street 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
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defined in absoluie terms {e.g.. using latitude. longitude, and possibly altitude). A location
cstimate mayv mmclude an expecied crror or uncertainty (¢.g.. by including an area or
volume within which the location 18 expected to be mcluded with some specified or
default level of confidence).

Long-Term Evohition {LTE) positioning protocol {LPP} is used point-to-point between a
location server {e.g., LMF 270} and a target device {e.g., a UE)} in order to position the
target device using position-related measurements obtamed by one or more reference
sources {physical entitics or parts of physical entitics that provide signals that can be
measured by a target device in order to obtain the location of the target device). Ao LPP
session 1s used between a location server and a target device in order to obtain location-
related measurements or a location estimate or to transfer assistance data. Currently, a
singlc LPP session is used o support a single location request and multiple LPP sessions
can be used between the same endpoints to support multiple different location roquests.
Each LPP session comprises one or more LPP transactions {(or procedures), with each
LPP transaction performing a single operation {capabiity exchange, assistance data
transfer, or location information transfer). Fach LPP transaction involves the exchange
of one or more LPP messages between the location server and the target device. The
general format of an LPP message consists of a set of common fields followed by a body.
The body (which may be cmpty) contains nformation specific to a particular message
type. Each message type contains information specific to one or more positioning
methods and/or information common to all positioning methods.

An LPP session gencrally includes at least a capability transfer or indication procedure,
an assistance data transfer or delivery procedure, and a location information transfer or
delivery procedure. FIG. 6 illustrates an example LPP capability transfer procedure 614,
LPP assistance data transfer procedare 630, and LPP location information transfer
procedure 650 between a target device (labeled “Target™) and a location server (labeled
“Server”), according to aspects of the disclosure.

The purpose of an LPP capability transfer procedure 610 1s to enable the transfer of
capabilitics from the target device {¢.g., a UE 204} to the location server {c.g., an LMF
270y, Capabilitics m this context refer to positioning and protocol capabilities related to
LPP and the positioning methods supported by LPP. In the LPP capability transfer

procedure 610, the location server {e.g., an LMF 270) indicates the types of capabilitics
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needed from the target device {e.g.. UE 204} in an LPP Request Capabilitics message.
The target device responds with an LPP Provide Capabilities message. The capabilities
included 1 the LPP Provide Capabilitics message should correspond to any capability
types specified in the LPP Request Capabilitics message.  Specifically, for each
positioning method for which a request for capabilities i3 included in the LPP Request
Capabilities message, if the target device supports this posttioning method, the target
device includes the capabilities of the target device for that supported positioning method
i the LPP Provide Capabilitics message. Foran LPP capability indication procedure, the
target device provides uusolicited (e, without receiving an LPP Request Capabilitics
message) capabilitics (o the location server in an LPP Provide Capabilities message.

The purpose of an LPP assistance data trapsfer procedure 630 is to enable the target device
1o request assistance data from the location server to assist in positioning, and to enable
the location server to transfor assistance data to the target device m the absence of a
request. In the LPP assistance data transfer procedure 630, the target device sends an LPP
Request Assistance Data message to the location server. The location server responds to
the target device with an LPP Provide Assistance Data message contaming assistance
data. The transferred assistance data shounld match or be a subset of the assistance data
requested in the LPP Request Assistance Data. The location server may also provide any
not requested information that i considers useful to the target device. The location server
may also fransroit one or more additional LPP Provide Assistance Data messages to the
target device containing further assistance data. For an LPP assistance data dehivery
procedure, the location server provides uvosolicited assistance data necessary for
positioning. The assistance data may be provided periodically or non-pedodically.

The purpose of an LPP location information transfer procedure 650 is to enable the
location server to request location measurement data and/or a location estimate from the
target device, and to enable the target device to transfer location measurement data and/or
a location estimate to 2 location server in the abscoce of a request. To an LPP location
mformation transfer procedure 650, the location server sends an LPP Request Location
Information message to the target device to request location mformation, indicating the
type of location mformation needed and potentially the associated QoS. The target device
responds with an LPP Provide Locanon Information message to the Jocation server to

transfer location mformation. The location information transferred should match orbe a
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subset of the location information requested by the LPP Request Location Information
uniess the location server explicitly allows additional location information. More
specifically, 1if the requested mformation is compatible with the target device’s
capabibities and configuration, the target device mcludes the requested mformation in an
LPP Provide Location Information message. Otherwise, if the target device does not
support one or more of the requested positioning methods, the target device continues 1o
process the message as it if contained only mformation for the supported positioning
methods and handles the signaling countent of the vosupported positioning methods by
LPP error detection. Hrequested by the LPP Request Lactation Information message, the
target device sends additional LPP Provide Location Information messages to the location
server to transfer additional location information. An LPP location information delivery
procedure supports the delivery of positioning estimations based on unscliciied service.
LPP also defines procedures related to error indication for when a recetving endpoint
{target device or location server) receives errongous or unexpected data or detects that
certain data arc missing.  Specifically, when a receiving endpoint determines that a
received LPP message contains an rror, 1t can retumm an Error message (o the transmitiing
endpoint indicating the error or errors and discard the received/erroneous message. [fthe
recetving endpoint is able to determine that the erroneous LPP message 1s an LPP Ervor
or Abort Message, then the receiving endpoint discards the received message without
retuming an Emor message to the transoutting endpoint.

LPP also defines procedures related to abort indication to allow a target device or location
server to abort an ongoing procedure dus to some unexpected gvent {e.g., cancellation of
a location request by an LES client). An Abort procedure can also be used to stop an
ongoing procedure {(e.g., periodic focation reporting from the target device). v an About
procedure, a first endpoint determings that procedure P must be aborted and sends an
Abort message to a second endpoint carrving the transaction ID for procedure P, The
second endpoint then aborts procedure P

NR supports, or enables, various sidelink positioning technigues. Positioming methods
supported using af least sidelink measurements may include, bat are not imited to, RTT-
type solutions using sidehink measurements, sidelink AcA (SL-AoA), and sidelink TDOA
(SL-TDOA). The countent of the sidelink positioning measurement report roay mehade,

but 18 not hmited fo, one or more sidelink posifioning measurements, one or more
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timestamps associated with a sidelink positioning measurement, one or more guality
metrics  associated with a sidelink positioning measurement, and identification
mformation for a sidelink positioning measurement.

In a positioning session, sidelink measurements can contribute to the positioning
mformation as part of a standalone sidelink session, where only sidelink measurements
arc ravolved in the deternunation of the positioning wnformation, or a joint {also referred
to as “hvbnd”) positioning session, where the positioning information 1s the result of
using Uy measurements {of downhink refercnce signals) and sidelink measarements (of
sidelink reference signals). The positioning information may be location {of the target
UE), relative location, {relative) direction, range, and/or the like.

Using both Ug and sidelink measurements has many useful use cases, such as a sidelink
anchor {a sidelink UE with a known position} providing an cxtra anchor for Uu hioks, or
SL-PRS replacing SRS-for-posttioning transmission for upbink-limited Ulls. FiG. 7A
tlustrates various scenanos of interest for sidehink-only or jomt Uu and sidelink
positioning, according to aspects of the disclosure. In scenario 710, at least one peer UE
with a known location can mmprove the Uu-based posttioning {¢.g., multi-cell RTT, DL~
TDOA, ete.) of a target UE by providing an additional anchor {¢.g., using SL-RTT). In
scenario 720, a low-end {e.g., reduced capacity, or “RedCap™) target UE may obtain the
assistance of preoium UEs o determine its location using. ¢.g.. sidelink positioning and
ranging procedurcs with the prevuum UEs, Compared to the low-end UE, the premium
UEs may have more capabilities, such as more sensors, a faster processor, more memory,
more antenna clements, higher transmit power capability, access to additional frequency
bands, or any combination thereof In scenario 730, a relay UE (c.g., with a known
location) participates 1 the positioning estimation of a remote UE without transnitting
UL-PRS/SRS over the U interface. Scenario 740 illustrates the joint positioning of
mudtiple Uls. Specifically, in scepario 740, two UEs with unkoown posttions can be
jointhy located n noun-line-of-sight (NLOS) conditions by unilizing constramnts from
nearby UEs.

Fi(, 78 dlustrates additional scenarios of nterest for sidelink-only or joint Un and
sidelink positioning, according to aspects of the discloswre. In scenario 750, UHs used
for public safety {c.g., by police, firefighters, and/or the hike) may perform peer-to-peer

(P2P) posttioning and ranging for public safety and other uses. For example, m scenario
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754, the public safety UEs may be out of coverage of a network and determine a location
or a relative distance and a relative position among the public safety UEs using sidelink
positioning techniques. Similarly, scenano 760 shows multiple Uls that are out of
coverage and determine a location or a relative distance and a relative position using
sidelink positioning techniques, such as SL-RTT.

In a joint Uu and sidelink positioning session, the location entity {the entity computing
the UE positioning information) has access to multiple measurements that can improve
the accuracy and performance. However, not all links may be needed. Some links may
ondy provide incremental or negligible gain. For instance, 10 a good Hoe-of-sight (L.OS)
environment where a UE has good LOS hinks to, for example, four TRPs, additional
sidelink measurements would likely not bring muoch advantage from a positioning
accuracy point of view. However, if all links are weighted similarly, an erroneous sidehink
measurement can bias the positioning ouiput, which otherwise would have been more
accurate.

Morecover, from a UE and network energy savings perspective, and considenng over-the-
atr {(OTA) resource utilization efficiency, it 1s beveficial to use the nght combination of
Uu and sidelimk hinks for a target accuracy level. For this purpose, Uu and/or sidehink
hinks can be adaptively activated/de-activated depending on the need.

Accordingly. the present disclosure provides techniques for adaptive configuration and
activation for joint Un and sidelink positioring sessions. The present disclosure further
provides techmgues for determining different and multiple configurations for enabling
adaptive joint Uu and sidelink links operations. The proposed sohutions specifically
address periodic of semi-persistont positioning sessions.

In an aspect, in a joint Uu and sidelink posttioning session, the network {¢.g., LMF 270)
configures a target UE to perform/trigger sidelink transmissions and/or measurements
based on one or morg configured trigger events. The trigger events may be included
the UE configuration for the posttioning scssion {e.g., received m an LPP Provide
Assistance Data message or an LPP Request Location Information message). Examples
of triggers nclude (1) the number of Uy links {e.g., DL-PRS) detectable at the target UE
being lower than a threshold, denoted “N_Uu links min,” {2} a location change and/or
cell change of the target UE, and (3} the estimated UE posttion confidence being below a

contigurable threshold. With respect to the first trigger, the configuration may specify
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that a link is detectable if the signal strength {e.g.. RSRP) of the hink 15 greater than a
threshold, denoted “RSRP mmn Un”

MNote that these performed/inggered sidelink transmissions/measurements may be carried
out in addition to alreadyv-configured and operating sidelink operations for positioning,
within the same positicning session. In addition, the sidelink measurements should be
aligned or be close 1o time o the configured Un measurements for them o be more uscful.
The UE configuration may specify the type/method of the triggered sidelink transmussions
and/or measurements. As noted above, examples of sidelink methods include SL-TDOA
SL-RTT, and SL-AocA. For a SL-TDOA posttioning procedure, the target UE may be
triggered to perform sidelink measurements, whereas for a SL-RTT positioming
procedure, the target UE may be triggered to measure sidelink transmissions from one or
more anchor nodes {e.g., sther UEs, RSUs, ¢tc.) and transont sidelink transmissions to
the one or more anchor nodes,

The list of sidelink anchor nodes to use to perform the configured sidelink posttioning
method can be (1) provided by the network or {2) selected by the UE. For the first option,
the network may provide a list of anchor nodes and the target UE may choose all of them
or a subset of them. For the second option, the target UE detects the surrounding anchor
nodes and performs a sidelink positioning procedure with them . Note that the anchor node
location needs to be known. The target UE can select anchor nodes whose location is
kuown with a cortain confidence.

The sidelink transmissions and/or measurements can be performed n either Mode 1
resource allocation (where the network allocates sidelink rescurcesy or Mode 2 resource
allocation (where the nvolved UEs select/negotiate the resources to use for sidelink
communication). fo Mode 2, upon detecting the inigger ovent, the target UE
autonomously selects time and frequency resources for the additional sidelink positioning
procedure and then activates the additional sidelink procedure. In Mode 1. upon detecting
the trigger, the UE signals/indicates the detection of the trigger to the network through L1
signaling {c.g., uplink control information (UCH), L2 signaling {e.g., MAC control
elements (MAC-CEs)}, L3 signaling {e.g., RRC), or LPP signaling. The network then
atlocates resources for the configured sidelink method. Note that the detection indication

can include a list of anchor nodes {(whose locations are known to the target UE).

49



WO 2024/191494 PCT/US2024/010257

10133

154

F155]

[6156]

ST}

The sidelink measorements/transmissions may be configured to be {1} one-shot
{aperiodic), (2} periodic, with penodicity matching the PRS periodicity, and performing
N occastons over a specified window of time {¢.g., some number of slots, mithiseconds,
frames, etc.), or (3} periodic, with a stop when the network cancels the sidelink operations
or until the trigger is no longer satisfied.

For UE-assisted positioning scenarios (where the UE reports the measurements fo the
location server and the location server estimates the UE position), the target UE can
specify the trigger condition in its measurements report to the network {e.g., an LPP
Provide Locapon Information message). The measurement report may include the
location of the measured sidelink anchor UEs 1t not known to the network. In case of
faihire to perform the triggered measurcments, the target UE can mdicate the fatlure to
the network, potentially with a cause (¢.g.. no available resources}.

In an aspect, the triggered sidelink comynunication can be by modifving the resources of
an alrcady existing sidelink bnk. Soch modification(s} can melude (1) moereasing the
operating bandwidth of the existing sidelink link (¢ g, increasing the bandwidth of a SL-
RTT session from 40 MHz to 80 MHz) and/or (2} increasing the repetition factor, comb
value, and/or penodicity of certain sidehnk resources.

FIG. 8 iHustrates an example scenario m which a sidebiok hink is triggered for a Uu-based
positioning session, according to aspects of the disclosare. As shown 1o diagram 800, a
target UE is performing a positioning session invoiving four TRPs dlabeled “TRP1I o
“TRP47). The positioning session may be, for example, a multi-RTT positioning session
or a DL-TDOA positioning session. As shown in diagram 800, there 1s a link between
the target UE and cach TRP. The TRPs may transmit BL-PRS (or other downlink
positioning reference signal) to the target UE over the respective links, and/or the target
UE may transmit SRS {or other uplink positioning reference signal) to the TRPs over the
respective links,

The term “link” may refer o the set of time and/or frequency resources over which a TRP
{or other network node) and the target UE communicate. The term “link™ may also refer
to the signaling {c.g., DL-PRS, SL-PRS, SRS, etc.} between the target UE and a respective
TRP {or other network node}. Thus, a target UE may be descrabed as “measuring” a link,
meaning that the UE s measuring a reference signal {or other signaling} transmitted over

the set of time and/or frequency resources of the hink,
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As shown 1n diagram 850, the link to TRP3 has become weak {i.¢., the signal strength has
dropped below a threshold, e.g., “RSRP _min Uu”) due to, for example, a blockage, UE
mobility, overloading, or the hike. This triggers the target UE to perform a sidehink
positioning procedure {¢.g., SL-RTT} with a nearby anchor UE. Note that there may have
been a previcusly established link between the target UE and the anchor UE, but it was
not used for positioning until the trigger condition was detected.

The present disclosure further provides technigues for Uu and/or sidelink measurement
dropping and indication. In a joint Uu and sidelink positioning session, a UE can drop
{ccase) measuring cortain Un and/or sidelink links. The reasons for deing so may mehade,
but are not hmited to, (1) UE estimation that certain Uw/sidehnk links do not sufficiently
contribute {c.g., contribute less than some threshold) to the position estimation, or that
certain Uu/sidelink links are NLOS, (2} weak signal strength {c.g., RSRP} of certain
Uw/sidelink links, (3} the presence of a sufficient number {e.3., above some threshoid) of
sidelink anchor UEs with accurately known locations and good estimated LOS channels
{motivating dropping Uun hnks}), {4) power savings at the UE, while not sacrificing
positioning accuracy by more thar a threshold, and/or (5} a congested sidelink channel,
motivating dropping sidelink links. The congestion on the sidelink chanmel may be
determined based on the channel busy ratio (CBR} being above 3 threshold.

The UE may indicate the hist of Uu/sidelink links it is dropping to the network using
LA/L2/L3 signaling or LPP signaling. The indication may mclude the duration/window
of time (specified in millisecconds, number of occasions, number of slots, number of
frames, ete.} the UE is dropping {c.g., for periodic PRS resosrces). Such an indication
can be used by the network to optimize OTA transmissions. For example. the network
can stop/ccase PRS transmissions on the indicated link({s), especially if resources are on-
demand, semi-persistent, or periodic resources. In an aspect, the UE mdication may also
include the reason for dropping the lmks.

In an aspect, nstead of the UE wndicating which links 1t is dropping, the UE can
recommend to the network to drop certain inks. The recommended links can be either
Uhi hinks or sidelink Hinks. The reasons for dropping the links may be the same or similar
as discussed above. The UE may indicate to the network the list of hinks 1 may not use
and the corresponding duration/window of time {specified in milliscconds, number of

oceasions, number of siots, number of frames, etc.). In an aspect, the recommended Hinks
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may have some priority. The priority may be tmplicit {by the link order in the list) or
explicit {by assigning a priorty number to cach hink).

Based on the UE indication, the network may choose to drop some or all of the suggested
hinks, based on network energy consumption, sidehink traffic congestion, UE location,
and/or the like. The network drops the transmissions or releases resources (for sidelink)
of the dropped links and indicates to the UE which links were dropped through
L1/L2/L3/LPP signaling.

The present disclosure further provides techmiques for opportunistic  sidelink
measurcment reporting. ko network-based positioning, 2 UE may opportunistically
perform sidelink posiioning measurements and report them to the network (¢ g, an LPP
Provide Location Information message}. For a Uu-based posttioning session, the farget
UE may perform additional sidelink measurements using Mode 2 resource allocation.
However, these positioning sidelink measuroments are not configured by the network.
Instead, the anchor UEs mvolved in the sidelink measurements can be {1) selected from
a set of UEs provided by the location server {(¢.g., LMF 270} to the target UE or {2)
selected by the target UE. In the second option, the UE reports the location information
of these anchor UEs to the location server.

The opportanistic sidelink measurements can be reported to the location server separately
or together with Uu measarements reporting {(if configured). The opportunistic sidelink
measurements can be performed with downlink-based Uu positioning and/or uplink-
based Uu positioning measurements.  In an aspect, the opportunistic sidelink
measurements can be activated/enabled or deactivated by the location server,

In an aspect, the location server may require that opportunistic sidelink measurements
need to occur with X units of time from a designated reforence time, such as the
transmission time of a reference signal (RS). The reference RS may be a DL-PRS for
downlink-based positioning or an SRS-for-positioning for uphink-based positioning. The
value X can be specified m units of milliscconds, number of occasions, number of slots,
number of frames, ete.

Fi(, 9 illustrates an example method 900 of wireless communication, according to
aspects of the disclosure. In an aspect, method 900 may be performed by a UE {e.g., any

of the UEs described herem).

o
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At 910, the UE receives a configuration indicating onc or more trigger conditions for
activating sidelink-based positioning operations in conjunction with a cellular-based
positioning procedure. In an aspect, operation 910 may be performed by the one or more
WWAN transceivers 310, the one or more short-range wireless transceivers 320, 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.

At 920, the UE performs the sidelimk-based posttioning operations with one or more
sidelink anchor nodes based on detecting at least one of the one or more trigger conditions,
In an aspect, operation 920 may be performed by the one or more WWAN transceivers
310, the one or more shori~range wireless transceivers 320, 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.

FIG. 10 llustrates an example method 1000 of wireless communication, according to
aspects of the disclosure. In an aspect, method 1000 may be performed by a UE {e g,
any of the UEs described herein}.

At 1010, the UE engages n a joint cellular-based and sidelink-based positioning session
over a plurality of hinks between the UE and a plurality of anchor nodes, wherein the
plurality of links comprise one or more cellolar-based links between the UE and one or
more cellular anchor nodes of the plurahity of anchor nodes and one or more sidelink-
based hinks between the UE and one or more sidelink anchor rodes of the plurality of
nodes. In an aspect, operation 1610 may be performed by the one or more WWAN
transceivers 310, the one or more short-range wireless transceivers 320, the one or more
processors 332, memory 344, and/or positioning component 342, any or ail of which may
be considered means for performing this operation.

At 1020, the UE drops at least one link of the plurality of links for the joint cellular-based
and sidelink-based positioning scssion based on one or more criteria.  In an aspect,
operation 1020 may be perforaed by the one or more WWAN transceivers 316, the one
or more short-range wireless transecivers 320, the one or more processors 332, memory
344, and/or positioning component 342, any or all of which may be considered means for

performing this operation,
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FiG., 11 illustrates an example method 1100 of wireless comuumication, according to
aspects of the disclosure. In an aspect, method 1100 may be performed by a2 UE (e.g.,
any of the Uls described herein).

At 1116, the UE engages in a cellular-based positioning session based on configuration
mformation received from a network entity.  In an aspect, operation 1110 may be
performed by the one or more WWAN transceivers 310, the one or more short-range
wireless transceivers 320, 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.

At 1120, the UE performs one or more sidelink-based posiioning operations with ong or
more sidelink anchor nodes during the cellular-based positionimg session. In an aspect,
operation 1120 may be performed by the one or more WWAN transceivers 310, the one
ot raore short-range wireless transccivers 320, the one or more processors 332, memory
340, and/or positioning component 342, any or all of which may be considercd means for
performing this operation,

At 1130, the UE transmits, to the network entity, a report including the sidehink-based
positioning measurements. In an aspect, operation 1130 may be performed by the one or
more WWAN transceivers 310, the one or more short-range wireless transceivers 32{,
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.

As will be appreciated, a technical advantage of the methods 900 — 1100 15 greater OTA
resource utilization while maintaining or even improving positioning performance.

In the detailed description above it can be seen that different features are grouped together
m examples. This manner of disclosure shouid not be undersiood as an ttention that the
example clauses have more features than are explicitly mentioned 1o cach clause. Rather,
the various aspects of the disclosure may include fewer than all features of an individual
example clause disclosed. Theretore, the following clauses should hereby be deemed 1o
be mcorporated in the description, wherein each clause by itseif can stand ag a separaie
example.  Although each dependent clause can refer mm the clauses 1o a specific
combination with one of the other clauscs, the aspect(s) of that dependent ciause are not
fimuted to the specific combination. It will be appreciated that other example clauses can

also imclude a combination of the dependent clause aspect{s) with the subject matter of

54



WO 2024/191494 PCT/US2024/010257

161781
161791

101801

181

10182

[6183]

101841

j 3]
W

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
include these combinations, unless its explicitly expressed or can be readily inferred that
a specific combmation is not intended (e.g., contradictory aspects, such as defining an
clement as both an electrical msulator and an electrical conductor). Furthermore, itis also
intended that aspects of a clause can be included in any other independent clause, even if
the clause 18 not directly dependent on the mdependent clause.

Implementation examples are described in the followmg numbered clauses:

Clause 1. A method of wircless comunumication perforaed by a user equipment (UE),
comprising: receiving a configuration indicating one or more trigger conditions for
activating sidelink-based positioning operations in conjunction with a cellular-based
positioning procedure; and performing the sidelink-based positioning operations with one
or maore sidelink anchor nodes based on detecting at least one of the one or more trigger
conditions.

Clause 2. The method of clause |, wherein the one or more trigger conditions comprise:
a nuober of detectable cellular-based links for the cellular-based positioning procedure
being less than a threshold, a change in location of the UE, a change in serving cell of the
UE, a confidence in a cellolar-based position estimate of the UE being less than a
confidence threshold, or any combination thereof

Clause 3. The method of any of clauses 1 o 2, wherein the sidelink-based positioning
operations are in addition to an ongoing sidelink-based positioning procedure performed
by the UE.

Clause 4. The method of any of clauses 1 1o 3, wherem the configuration further indicates
a tvpe of the sidelink-based posttioning operations.

Clagse 5. The method of any of clauses 1 to 4, further comprising: receiving, from a
network entity, a list of sidelink anchor nodes with which o perform the sidelink-based
positioning operations, the list of sidehink anchor nodes including at least the one ormore
sidelink anchor nodes; or selecting the one or more sidelink anchor nodes with which to
perform the sidehink-based positioning operations.

Clause 6. The method of any of clauses 1 to 3, wherein the sidelink-based positioning
operations are perforraed within a threshold penod of time of positioning measurements

performed for the cellular-based positioming procedure.
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Clause 7. The method of any of ¢lauses 1 to 6, wherein performng the sidelink-based
positioning operations based on detecting the at least one of the one or more trngger
conditions comprises: receiving, from a network entity, time and frequency resources for
the sidelink-based posttioning operations based on operating i Mode 1 resource
allocation; or antonomously selecting the time and frequency resources for the sidelink-
based positioning operations based on operating in Mode 2 resource allocation.

Clause 8. The method of any of clauses 1 to 7, further comprising: transmithing a
notification to a network entity that that at least one of the one or more trigger conditions
was detected.

Clause 9. The method of clause 8, wherem the notification includes a hist of sidelink
anchor nodes detected by the UE for the sidelink-based positioning operations, the list of
sidelink anchor nodes including at least the one or more sidelink anchor nodes.

Clause 10 The method of clause 9. wherein the notification further includes locations of
anchor nodes on the hist of sidelink anchor nodes.

Clause 11. The method of any of clauses | to 10, wherein the sidelink-based positioning
operations are configured to be: aperiodic, periodic with a periodicity matching a
periodicity of posttioning reference signals {PRS) measured or transmitted for the
sidelink-based positioning operations, or periodic with 3 stop time,

Clause 12. The method of any of clauses 1 to 11, further comprising: transmitting, to a
network entity, based on a fatlure of the sidelink-based positioming operations, a
notification indicating the fatlure of the sidelink-based posthioning operations.

Clause 13. The method of any of clauses 1 to 12, wherein performing the sidelink-based
positioning operations based on detecting the at least one of the one or more trigger
conditions comprises: modifying one or more resources of an ongoing sidelink-based
positioning procedure performed by the UE,

Claose 14, The method of clause 13, wherein the one or more resources comprise: a
bandwidth of the ongoing sidelink-based positioning procedure, a repetition factor of one
or more sidelink resources of the ongomg sidelink-based positiomng procedure, a comb
value of the ong or more sidelink resources of the ongoing sidelink-based positioning
procedure, a periodicity of the one or more sidelink rosources of the ongoing sidelink-

based posttioning procedure, or any combination thereof,
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Clause 15, The method of any of clauses | to 14, wherein the sidelink-based positioning
operations comprise: measuring one or more sidelink positioning reference sigoal (Sh-
PRS) resources transmitted by the one or more sidelink anchor nodes, transmitting one or
more SL-PRS resources to the one or more sidelink anchor nodes, or a combination
thereof.

Clause 16. A method of wircless comuwinication pertormed by a user equipment (UE),
coroprising: engaging in a joint celiular-based and sidelink-based positioning session over
a plarality of links between the UE and a plurality of anchor nodes, wherein the plurality
of hinks comprises one or more cellular-based links between the UE and one or more
cellular anchor nodes of the plurality of anchor nodes and one or more sidelink-based
kinks between the UE and one or more sidelink anchor nodes of the plarality of anchor
nodes; and dropping at least one link of the pluarality of links for the joint cellular-based
and sidelink-based positioning session based on one or more criteria.

Clause 17. The method of clause 16, wheremn the one or more criteria comprise: a
deternination that the at least one link does not contribuic to a position estimate of the
UE, a determination that the at least one link 15 a non-lime-of-sight (NLOS) bink, a signal
strength of the at least one link being less than a threshold, power saving considerations
at the UE, or any combination thereof,

Clause 18, The method of any of clauses 16 to 17, wherein: a mumber of the one or more
sidelink anchor nodes having known locations and hine-of-sight (LOS) sidelink-based
hinks is greater than a threshold, and the at least one link comprises at least one cellular-
based hnk.

Clause 19, The method of any of clauses 16 to 18, wherein: a congestion level of at least
one sidelink-based link of the one or mare sidelink-based links 1s greater than a threshold,
and the at least one link comprises the at least one sidelink-based link.

Clause 20. The method of any of clauses 16 to 19, further comprising: transmitting, 1o a
network entity, a report mdicating the at least one link.

Clause 21. The method of clause 20, wherein the report further includes: a time duration
during which the at least one link s dropped, a reason for droppmg the at least one hnk,

or a combination thereof.
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Clause 22. The method of any of clauses 16 to 21, further comprising: transmitting, to a
network entity, a recoromendation to drop one or more links of the plurality of hinks,
wherein the at least one link 1s one of the one or more links.

Claose 23, The method of clause 22, wherein the recommendation includes: a time
duration during which the UE will not use the one or more links. a rcason for dropping
the one or more links, priorities of the one or more links, or a combination thereof
Clause 24. The method of any of clauses 22 to 23, further comprising: receiving, from the
network enfity, an indication that the one or more hinks have been dropped.

Clause 23, A method of wireless communication performed by a user equipment (UE),
comprising: engagmg m a cellular-based positioning session based on configuration
mformation received from a network entity; performing one or more sidehink-based
positioning operations with one or more sidelink anchor nodes during the cellular-based
positioning session; and transmitting, 1o the notwork entity, a report ncluding the
sidelink-based positioning measurements.

Clause 26. The method of clause 25, wherein: the one or more sidelink anchor nodes are
selected from a list of sidehink anchor nodes received from the network entity, or the one
or more sidelink anchor nodes are selected by the UE and the report meludes locations of
the one or more sidelink anchor nodes.

Clause 27 The method of any of clauses 25 10 26, further compnising: receiving, from the
network entity, an indication that the one or more sidelink-based positioning operations
are 1o be performed within a threshold period of time of a reference transnussion time.
Clause 28. The method of any of clauses 25 to 27, further comprising: recetving, from the
network entity, an indication to activate opportunistic sidelink-based positioning
opeTAions.

Clagse 29, The method of any of clauses 25 to 28, wherein the report further includes
positioming information resulting from the celivlar-based positioning session.

Clause 30. A user equipment (UE), coraprising: a memory; at least one transceiver; and
at least one processor conumnunicatively coupled to the memory and the at least one
transceiver, the at least one processor configured to) receive, via the at least one
transceiver, a configuration indicating one or more trigger conditions for activating

sidelink-based positioning operations in conjunction with a cellular-based positioning



WO 2024/191494 PCT/US2024/010257

(6209

16210

(6211

0212}

[0213]

F0214]

16215

procedure; and perform the sidelink-based positioning operations with one or more
sidelink anchor nodes based on detecting at least one of the one or more trigger conditions.
Clause 31, The UE of clause 30, wherein the one or more trnigger conditions comprise: a
sumber of detectable celiular-based links for the celular-based positioning procedure
being less than a threshold, a change 1o location of the UE, a change in serving cell of the
UE, a confidence in a cellular-based position estimate of the UE being less than a
confidence threshold, or any combination thereof.

Clause 32. The UE of any of clauses 30 to 31, wherein the sidelink-based posttioning
operations are i addition to an ongoing sidehink-based positioning procedure performed
by the UE.

Clause 33. The UE of amy of clauses 30 to 32, wherein the configoration further indicates
a type of the sidehink-based positioning operations.

Clause 34. The UE of any of clauses 30 10 33, wherein the at least one processor is further
configured to; receive, via the at least one transceiver, from a network entity, a list of
sidelink anchor nodes with which to perform the sidelink-based positioning operations,
the list of sidehink anchor nodes including at least the one or more sidelink anchor nodes;
or select the one or more sidelink anchor nodes with which to perform the sidelink-based
positioning operations.

Clause 35. The UE of any of clauses 30 to 34, wherein the sidelink-based positioning
operations are performed within a threshold penod of time of positioning measurements
performed for the cellular-based positioning procedure.

Clause 36, The UE of any of clauses 30 to 35, wherein the at least one processor
configured to perform the sidelink-based positioning operations based on detecting the at
fcast onc of the one or more tnigger conditions comprises the at least one processor
configured to: recetve, via the at least one transceiver, from a network entity, time and
frequency resources for the sidelink-based positioning operations based on operating in
Mode 1 resource allocation; or autonomously select the time and frequency resources for
the sidehnk-based positioning operations based on operating in Mode 2 resource
allocation.

Clause 37. The UE of any of clauses 30 to 36, wherein the at least ong processor is further
configured to: transmit, via the at least one transceiver, a notification to a network entity

that that at least one of the one or more trigger conditions was detected.
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Clause 38. The UE of clause 37, wherein the notification inchides a list of sidelink anchor
nodes detected by the UE for the sidelink-based positioning operations, the hist of sidelink
anchor nodes including at least the one or more sidelink anchor nodes.

Clause 39. The UE of clause 38, wherein the notification further includes locations of
anchor nodes on the list of sidelink anchor nodes.

Clause 40. The UE of any of clauses 30 to 39, wherem the sidelink-based positioning
operations are configured to be: aperiodic, periodic with a periodicity matching a
periodicity of positioning reference signals {PRS) measured or transmitied for the
sidelink-~hased positioning operations, or periodic with a stop time,

Clause 41, The UE of any of clauses 30 to 40, wherein the at least one processor is further
configured to: transmit, via the at least one transceiver, to a network entity, based on a
failure of the sidelink-based positioning operations, a notification tndicating the failure of
the sidelink-~based positioning operations.

Clause 42. The UE of any of clauses 30 1o 41, wheremn the at least one processor
configured to perform the sidelink-based positioning operations based on detecting the at
fcast onc of the one or more trigger conditions comprises the at least one processor
configured to: modify one or more resources of an ongoing sidelink-based positioning
procedure performed by the UE.

Clause 43, The UE of clavse 42, wherein the one or more rgsources comprise: a bandwidth
of the ongoing sidelink-based positioning procedure, a repetition factor of one or more
sidelink resources of the ongomg sidelink-based positioning procedure, a comb value of
the one or more sidelink resources of the ongomg sidelink-based posiioning procedure,
a periodicity of the one or more sidelink resources of the ongoing sidelink-based
positioning procedure, or any combination thereof,

Clause 44. The UE of any of clauses 30 to 43, wherem the sidelink-based positioning
operations comprise; measure one or more sidelink positioning reference signal (SL-PRS)
resources transmitted by the one or more sidelink anchor nodes, transmit, via the at least
one transceiver, one or more SL-PRS resources 1o the one or more sidelink anchor nodes,
or a combination thereof,

Clause 45, A veer equupment {UE), comprising. a memory; at least one transceiver; and
at least one processor commumicatively coupled to the memory and the at least one

transceiver, the at least one processor configured to: engage m a joint cellular-based and
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sidelink-based positioning session over a plurality of links between the UE and a plurality
of anchor nodes, wherein the plurality of links comprises one or more cellular-based links
between the UL and one or more cellular anchor nodes of the plurality of anchor nodes
and one or more sidelink-based hinks between the UE and one or more sidelink anchor
nodes of the plarality of anchor nodes: and drop at least one link of the plorality of hinks
for the joint cellular-based and sidelink-based positioning session based on one or more
criteria.

Clause 46, The UE of clause 45, wherein the one or more c¢riteria comprise: a
determination that the at least one link does not contribuic o a posttion estimate of the
UE, a determination that the at least one link is a non-ling-of-sight (NLOS) link, a signal
strength of the at least one link being less than a threshold, power saving considerations
at the UE, or any combination thereof.

Clause 47, The UE of any of clauses 43 to 46, whercin: a sumber of the one or more
sidelink anchor nodes having known locations and hine-ot-sight (L.OS) sidelink-based
finks is greater thao a threshold, and the at least one link comprises at least one cellular-
based link.

Clause 48. The UE of any of clauses 45 to 47, wherein: a congestion level of at least one
sidelink-based link of the one or more sidelink-based links is greater than a threshold, and
the at least one link comprises the at least one sidelink-based hink.

Clause 49. The UE of any of clauses 45 to 48, wherein the at least one processor is further
configured to: transmit, via the at least one transceiver, (o a neiwork eniity, a report
mndicating the at least one link.

Clause 50. The UE of clause 49, wherein the report further includes: a time duration
during which the at least one hink is dropped, a reason for droppmmg the at least one link,
or a combination thereof.

Clanse 51, The UE of any of clauses 45 to 30, wherein the at least one processor is further
configured to: transmit, via the at least onc transceiver, to a unetwork emtity, a
recommendation to drop one or more links of the plurality of hinks, wherein the at least
one link 1s one of the one or more hinks.

Clause 52. The UE of clause 51, wherein the recommendation includes: a time duration
during which the UE will not use the one or more Hiuks, a reason for dropping the onc or

more links, priorities of the one or more links, or a combination thereof.
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Clause 33, The UE ofany of clauses 51 to 52, wherein the at least ong processor is further
configured to; receive, via the at least one transceiver, from the network entity, an
indication that the one or more links have been dropped.

Claase 34, A user equipment {(UE}, compnising: a memory; at least one transceiver; and
at least one processor conununicatively coupled to the momory and the at least one
transceiver, the at least one processor configured to: engage wn a cellular-based
posttioning session based on configuration information received from a network entity;
perform one or more sidelink-based posttioning operations with one or more sidelink
anchor nodes during the cellular-based positioning session; and transmii, via the at least
ong transceiver, to the network entity, a report including the sidelink-based positioning
measurements.

Claose 55. The UE of ¢lause 54, wherein: the one or more sidelink anchor nodes are
selected from a list of sidelink anchor nodes received from the network entity, or the one
or more sidehink anchor nodes are selected by the UE and the report meludes locations of
the ong or more sidelink anchor nodes.

Clause 56. The UE ot any of clauses 54 to 35, wherein the at least one processor 1s further
contigured to; receive, via the at least one transceiver, from the network entitv, an
indication that the one or more sidelink-based positioning operations are to be performed
within a threshold period of time of a reference transmission time.

Clause 37. The UE of any of clauses 54 1o 36, wherein the at least one processor is further
configured to; receive, via the at least one transceiver, from the network entity, an
mndication to activate opportunistic sidelink-based positioning operations.

Clause 58 The UE of any of clauses 54 to 57, wherein the report further inchudes
positioning wnformation resulting from the celinlar-based positioning scssion.

Clause 39. A vser cquipment (UE), comprising: means for receiving a configuration
indicating one or more trigger conditions for activating sidelink-based positioning
operations m conmjunction with a celinlar-based positioning procedure; and means for
performing the sidelink-based positioning operations with one or more sidelink anchor
nodes based on detecting at least one of the one or more trigger conditions.

Clause 60. The UE of clause 539, wherein the one or more trigger conditions comprise: a
number of detectable celiular-based links for the cellular-based positioning procedure

being less than a threshold, a change in location of the UE, a change in serving cell of the
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UE, a confidence in a celhular-based position estimate of the UE being less than a
confidence threshold, or any combination thereof.

Clause 61. The UE of any of clauses 39 to 60, wherem the sidelink-based positioning
operations are in addition 1o an ongoing sidelink-based positioning procedure performed
by the UE.

Clause 62. The UE of any of clauses 59 to 61, wherein the contiguration further indicates
a type of the sidelink-based positioning operations.

Clause 63, The UE of any of clauses 59 to 62, further comprising: means for receiving,
from a network entity, a list of sidelink anchor nodes with which to perform the sidelink-
based positioning operations, the list of sidehink anchor nodes mcluding at least the one
or more sidelink anchor nodes; or means for selecting the one or more sidelink anchor
nodes with which to perform the sidelink-based positioning operations.

Clause 64. The UE of any of clauses 59 to 63, whercm the sidelink-based positioning
operations are performed within a threshold period of time of posiioning measurements
performed for the celhdar-based positioning procedure.

Clause 63, The UE of any of clauses 59 to 64, wherein the means for perforoing the
sidelink-based positioning operations based on detecting the at least one of the one or
maore trigeer conditions comprises: means for receiving, from a network entity, ime and
frequency resources for the sidelink-based positioning operations based on operating in
Mode | resource allocation; or means for antonomously selecting the time and frequency
resources for the sidelink-based positioning operations based on operating in Mode 2
resource allocation.

Clause 66. The UE of any of clauses 59 to 63, further comprising: means for transmitting
anotification to a network entity that that at least one of the one or more trigger conditions
was detected.

Clause 67. The UE of clause 66, wherein the notification includes a list of sidelink anchor
nodes detecied by the UE for the sidelink-based positioning operations, the list of sidelink
anchor nodes including at least the one or more sidelink anchor nodes.

Clause 68. The UE of clause 67, wherein the notification further includes locations of
anchor nodes on the list of sidelink anchor nodes.

Clause 69, The UE of any of clauses 39 to 68, whercin the sidelink-based positioning

operations are configured to be: apenodic, means for periodicing with a periodicity
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matching a periodicity of positioning reference signals (PRS) measured or transmitied for
the sidelink-bascd positioning operations, or raeans for periedicing with a stop time.
Clause 70. The UE of any of clauses 59 to 69, further comprising: means for transmitting,
to a network entity, based on a failure of the sidehink-based positioning operations, a
notification indicating the failure of the sidelink-based positioning operations.

Clause 71. The UE of any of clauses 39 to 70, wherein the means for performung the
sidelink-based positioning operations based on detecting the at least one of the one or

more irigger conditions comprises: means for modifying one or more resources of an

Clause 72. The UE of clause 71, wherein the one or more resources comprise: a bandwidth
of the ongoing sidelink-based positioning procedure, a repetition factor of one or more
sidelink resources of the ongoing sidelink-based positioning procedure, a comb value of
the one or more sidehink resources of the ongoing sidehink-based positioning procedure,
a periodicity of the one or more sidelink resources of the ongoing sidelink-based
positioning procedure, or any combination thereof.

Clause 73, The UE of any of clauses 39 to 72, whercin the sidelink-based positioning
operations comprise; means for measuring one or more sidelink positioning reference
signal {SE-PRS} resources transmitted by the one or more sidelink anchor nodes, means
for transmitting one or more SL-PRS resources to the one or more sidelink anchor nodes,
or a combination thercof

Clause 74. A uscr equipment {UE), comprising: means for engaging in a joint cellular-
based and sidelink-based posttioning session over a plurality of Hinks between the UE and
a plurality of anchor nodes, wherein the plurality of links comprises one or more cellular-
based links between the UE and one or more cellular anchor nodes of the plurality of
anchor nodes and one or more sidehink-based hinks between the UE and one or more
sidelink anchor nodes of the plurality of anchor nodes; and means for dropping at least
one link of the plurality of finks for the jount cellular-based and sidelink-based positioning
session based on one or more criteria,

Clause 75. The UE of clause 74, wherein the one or more ¢riferia comprise: a
deternunation that the at least one link dogs not contribute to a position estimate of the

UE, a determination that the at least one link i1s a non-lime-of-sight (NLOS}) bink, a signal

64



WO 2024/191494 PCT/US2024/010257

[0254]

[0255]

[6256]

0257)

10238

(62591

F0260]

10261

[0262]

65

strength of the at least one link being less than a threshold, power saving considerations
at the UE, or any combination thereof.

Clause 76, The UE of any of clauses 74 to 73, wherein: a number of the one or more
sidelink anchor nodes having known locations and line-of-sight (LOS) sidelink-based
kinks is greater than a threshold, and the at least one link comprises at least one cellular-
based hnk.

Clause 77. The UE of any of clauses 74 to 76, wherein: a congestion level of at least one
sidelink-based link of the one or more sidelink-based links is greater than 3 threshold, and
the at least one link comprises the at least one sidelink~based hink.

Clause 78. The UE of any of clauses 74 to 77, further comprising: means for transmitting,
to a network entity, a report mdicating the at east one hink.

Claose 79. The UE of clause 78, wherein the report further includes: a time duration
duning which the at least one hink is dropped, a reason for dropping the at least one link,
or a combination thereof.

Clause 80. The UE of any of clauses 74 to0 79, further comprising: means for transmiiting,
1o a network entity, a reconvmendation to drop one or more links of the plurality of links,
wherein the at least one link 18 one of the one or more links.

Clause 81, The UE of clause 80, wherein the recommendation includes: a time duration
during which the UK will not use the one or more links, a reason for dropping the one or
maore Hnks, prioritics of the one or more links, or a comubination thereof,

Clause 82, The UE of any of clauses 80 to 81, further compnising: means for receiving,
from the network entity, an indication that the one or more haks have been dropped.
Clause 83, A user equipment (UE), comprising: means for engaging wn a cellular-based
positioning session based on configuration mformation received from a network entity;
means for performing one or more sidelink-based posttioning operations with one or more
sidelink anchor nodes during the cellular-based positioning session; and means for
transmitting, to the network cutity, a repott including the sidelink-based positioning
measuroments.

Clause 84, The UE of clause 83, wherein: the one or more sidelink anchor nodes are
selected from a list of sidehink anchor nodes received from the network entity, or the one
or more sidelink anchor nodes are selected by the UE and the report meludes locations of

the one or more sidelink anchor nodes.
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Clause 83, The UE of any of clauses 83 to 84, further comprising: means for receiving,
from the network entity, an jndication that the one or more sidelink-based positioning
operations are to be performed within a threshold period of time of a reference
fransmission thme.

Clausc #6. The UE of any of clauses 83 to 85, further comprising: means for receiving,
from the network cutity, an indication to activate opporunistic sidelink-based positioning
operaions.

Clause 87, The UE of any of clauses 83 to 86, wherein the report further inchudes
positioning wnformation resulting from the celinlar-based positioning scssion.

Clause 88, A non-transitory computer-readable medivm storing computer-executable
mstructions that, when executed by a user equipment (UE}, cause the UE to) receive a
configuration indicating one or more trigger conditions for activating sidelink-based
positioning operations i comjunction with a cellular-based positioning procedure; and
perform the sidelink-based positioning operations with one or more sidelink anchor nodes
based on detecting at least one of the one or more trigger conditions.

Clause 89, The non-transttory computer-readable medium of clause 88, wherein the one
or more ingger conditions comprise: a number of detectable cellular-based links for the
cellular-based positioning procedire being less than a threshold, a change i location of
the UE, a change 1 serving cell of the UE, a confidence in a cellular-based position
estimate of the UE being less than a confidence threshold, or any combination thereof.
Clause 90. The non-transitory computer-readable medivm of any of clauses 838 to 89,
wherein the sidelink-based positioning operations are in addition to an ongoing sidelink-
based positicning procedure performed by the UE,

Clause 91. The non-transitory computer-readabie medium of any of clauses 88 to 90,
wherein the configuration further mmdicates a type of the sidelink-based positiomng
operations.

Clause 92. The non-transitory computer-readable medivm of any of clauses 88 to 91,
further comprising computer-executable instructions that, when executed by the UE,
cause the UE to: receive, from anetwork entity, a list of sidelink anchor nodes with which
to perform the sidelink-based positioning operations, the hist of sidelink anchor nodes
mcluding at least the one or more sidelink anchor nodes; or select the one or more sidelink

anchor nodes with which to perform the sidelink-based positioning operations.
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Clause 93, The non-transitory computer-readable medium of any of clauses 88 to 92,
wherein the sidelink-based positioning operations are performed within a threshold period
of time of postoning measurements performed for the cellular-based positioning
procedure.

Clause 94, The non-transtiory computer-readable mediom of any of clavses 88 to 93,
wherein the computer-cxecutable jnstructions that, when executed by the UE, cause the
UE 1o perform the sidelink-based positioning operations based on detecting the at least
one of the one or more trigger conditions comprise computer-executable instructions that,
when executed by the UE, cause the UE to: receive, from a network entity, time and
frequency resources for the sidelink-based positioning operations based on operating in
Mode 1 resource allocation; or autonomously select the time and frequency resources for
the sidelink-based posttioning operations based on operating in Mode 2 resource
allocation.

Clause 95, The non-transitory computer-readable medivm of any of clauses 838 to 94,
further comprising computer-executable instructions that, when executed by the UE,
cause the UE to: transout a notification to a network ontity that that at least one of the one
or more trigger conditions was detected.

Clause 96. The non-transitory computer-readable medivm of clause 95, wherein the
notification mcludes a bist of sidelink anchor nodes detected by the UE for the sidelink-
based positioning operations, the bist of sidelink anchor nodes including at least the one
or more sidelink anchor nodes.

Clause 97. The non-transitory computer-readable medium of clause 96, wherein the
notification further includes locations of anchor nodes on the hist of sidelink anchor nodes.
Clause 98. The non-transitory computer-rcadable medium of any of clauses 88 1o 97,
wherein the sidebink-based positioning operations are configured io be: apertodic,
periodic with a periodicity matching a periodicity of positioning reference signals (PRS)
measured or transnatted for the sidelink-based positioning operations, or peniodic with a
stop time.

Clause 99, The non-transitory computer-readable medium of any of clauses 88 to 98,
further comprising computer-cxecutable instructions that, when executed by the UE,

cause the UE to: transmit, to a network entity, based on a failure of the sidelink-based
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positioning  operations, a notification indicating the failare of the sidelink-based
positioning operations.

Clause 100. The non-transitory corputer-readable medium of any of clauses 88 to 99,
wherein the computer-executable instructions that, wheo exccuted by the UE, cause the
UE to perfomm the sidelink-based positioning operations based on detecting the at least
one of the one or more trigger conditions comprise computer-cxecutable instructions that,
when executed by the UE, cause the UE to; modify one or more resources of an ongoing
sidelink-based positioning procedure performed by the UE.

Clause 101, The non-transitory computer-readable medung of clause 100, wheremn the
one or more resources comprise: a bandwidth of the ongoing sidelink-based positioning
procedure, a repetition factor of one or more sidelink resources of the ongoing sidebnk-
based positioning procedurs, a comb value of the one or more sidelink rescurces of the
ongoing sidelink-based positioning procedure, a periodicity of the one or more sidelink
resources of the ongoing sidelink-based positioning procedure, or any combination
thereof,

Clause 102. The son-transitory computer-readabic mediom of any of clauses 88 to 101,
wherein the sidelink-based positioning operations comprise. measure one or more
sidelink positionimg reference signal (S8L-PRS) resources transmitted by the ong or more
sidelink anchor nodes, transmit one or more SL-PRS resources to the one or more sidelink
anchor nodes, or a combination thereof

Clause 103. A non-transitory computer-readable medium storing computer-executable

mstructions that, when executed by a aser equipment (UE), cause the UE to: engage ina

joint celivlar-based and sidelink-based positioning scssion over a plurality of links

hetween the UE and a plurality of anchor nodes, wherein the plurality of links comprises
one or more cellnlar-based Hinks between the UE and one or more cellular anchor nodes
of the plurality of anchor nodes and one or more sidelink-based links between the UE and
one or mare sidelink anchor nodes of the plurality of anchor nodes; and drop at least one
hink of the plurality of links for the joint cellular-based and sidelink-based positioning
scgsion based on one or more criteria.

Clause 104, The non-transitory computer-readable medim of clause 103, wherein the
O1C OT MOTS Criteria comprse: a determmation that the at least one link does not contribute

1o a position estimate of the UE, a determination that the at least one link is a non-line-
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of-sight (NLOS) link. a signal strength of the at least one link being less than a threshold,
power saving considerations at the UE, or any combination thereot.

Clause 105, The non-transitory computer-readable medium of any of clanses 103 to 104,
wherein: a number of the one or more sidelink anchor nodes having known locations and
linc-of-sight {L.OS} sidelink-based links is greater than a threshold, and the at least one
hink comprises at feast one cellular-based link.

Clause 106, The non-transitory computer-readable medium of any of clauses 103 to 105,
wherein: a congestion level of at least one sidelink-based link of the one or more sidelink-
based links 1s greater than a threshold, and the at least one link comprises the at least one
sidelink-based link.

Clagse 107 The non-transitory computer-readable medium of any of clauses 103 to 106,
further comprising computer-executable instructions that, when executed by the UE,
cause the UE 1o transmt, to a network entity, a report indicating the at least one link.
Clause 108. The non-transtiory computer-readable medium of clanse 107, wherem the
report further includes: a time duoration duning which the at feast one hink 15 dropped, a
reason for dropping the at teast one link, or a combination thercof.

Clause 109. The non-transitory computer-readable medium of any of clanses 103 to 108,
further comprising computer-cxecutable instractions that, when executed by the UE,
cause the UE to: transmut, to a network entity, a recommendation to drop one or more
hinks of the plurality of links, wherein the at least one link is one of the one or more ks,
Clause 110, The non-transtiory computer-readable medium of clanse 109, wherem the
recormmendation includes: a time duration during which the UE will not use the one or
more links, a reason for dropping the one or more links, prionties of the one or more links,
or a combination thereof,

Clagse 111 The non-transitory computer-readable medium of any of clauses 109 t0 110,
further comprising computer-executable instractions that, when cxecuted by the UE,
cause the UE to: receive, from the network entity, an indication that the one or more links
have been dropped.

Clause 112. A nop-transitory computer-readable medinm storing computer-executable
instructions that, when executed by a user equipment {UE), cause the UE to: engage ina
cellular-based posttioning session based on configuration information received from a

network entity; perform one or more sidelink-based positioning operations with one or
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more sidelink anchor nodes during the cellular-based positioning session; and transmit,
to the network entity, a report including the sidelink-based positioning measurements.
Clause 113, The non-transitory computer-readable medium of clause 112, wherein: the
one or more sidelink anchor nodes are selected from a hist of sidelink anchor nodes
reccived from the network entity, or the one or more sidelink anchor nodes are selected
by the UE and the report includes locations of the one or more sidelink anchor nodes.
Clause 114, The non-transitory computer-readable medium of any of clauses 112 to 113,
further comprising computer-cxecutable instructions that, when executed by the UE,
cause the UE to: receive, from the network entity, an mdication that the one or more
sidelink-based positioning operations are to be performed within a threshold penod of
time of a reference transmission ime.

Claose 115 The non-transitory computer-readable medium of any of clauses 112 to 114,
further comprising computer-executable instractions that, when cxecuted by the UE,
cause the UE to: receive, from the network entity, an mdication to activate opportunistic
sidelink-based positicning operations.

Clause 116. The non-transitory computer-readable mediom of any of clanses 11210 115,
wherein the report further includes positioning information resulting from the cellular-
based positioning session.

Those of skill in the art will appreciate that information and signals may be reprosented
usimg any of a vanety of ditferont techuologics and techniques.  For cxaraple, data,
mstructions, commands, mformation, signals, bits, symbols, and chips that may be
referenced throughout the above description may be represented by voltages, carrents,
clectromagnetic waves, magnetic fields or particles, optical fields or particles, or any
combination thercof,

Further, those of skill in the art will appreciate that the varions illustrative logical blocks,
modules, circuits, and algorithim steps described 1o connection with the aspects disclosed
herein may be implemented as electronic hardware, computer software, or combinations
of both. To clearly Hlustrate this interchangeability of hardware and software, various
tustrative components, blocks, modules, circuits, and steps have been described above
generally in terms of their functionality. Whether such functionality is mplemented as
hardware or software depends upon the particular application and design constraints

mmposed on the overall system.  Skilled artisans mway immplement the deseribed
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functionality i varying wavs for each particular application, but such implemengation
decisions should not be interpreted as causing a departure frore the scope of the present
disclosure.

The various tustrative logical blocks, modules, and circuits descnbed in connection with
the aspects disclosed herein may be implemented or performed with a general purpose

processor, a digital signal processor {DSP), an ASIC, a field-programable gate array
{(FPGA), or other programmable logic device, discrete gate or transistor logic, discrete
hardware components, or any combination thercof designed o perform the functions
described berein. A gencral-purpose processor may be a microprocessor, but in the
alternative, the processor may be any conventional processor, controlier, microcontroller,
or state machine. A processor may also be implemented as a combination of compuoting
devices, for exampie, a combination of a DSP and a microprocessor, a plurality of
MICTOPTOCESSOTS, OB OF MIOKS MICTOPracessors in conjunction with a DSP core, or any
other such configuration.

The methods, sequences and/or algorithms described in connection with the aspects
disclosed herein may be embodied directly 1 hardware, m a sofiware module executed
by a processor, or in a combination of the two. A software module may reside n random
access memory (RAM}, flash memory, read-only memory (ROM), crasable
programmable ROM {(EPROM), clectrically erasable programmablie ROM (EEPROM),
registers, hard disk, a removable disk, a CI-ROM, or any other form of storage medum
known in the art. An example storage medium 18 coupled to the processor such that the
processor can read information from, and write information to, the storage medium. In
the alternative, the storage medium may be mtegral to the processor. The processor and
the storage medium may reside 1 an ASIC. The ASIC may reside in a user terminal (e.g.,
UE). In the alternative, the processor and the storage medium may reside as discrete
components in a user terminal,

In on¢ or more example aspects, the functions described may be implemented i
hardware, software, firmware, or any combination thercof, If implemented in software,
the functions may be stored on or transmitted over as one or more instructions or code on
a computer-readable medium. Computer-readable media includes both computer storage
media and convnurication media inchuding any medium that faciltates transfer of a

computer program from one place to another. A storage media may be anv available
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media that can be accessed by a computer. By way of example, and not imitation, 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
medivm that can be used to carry or store destred program code tn the form of instructions
or data structures and that can be accessed by a computer.  Also, any conngction is
properly termed a computer-readable mediwm. For example, if the software is transmitted
from a website, server, or other remote source using a coaxial cable, fiber optic cable,
twisted pair, digital subscrber line (DSL), or wircless technclogies such as infrared,
radio, and microwave, then the coaxial cable, fiber optic cable, twisted pair, DSL, or
wirgless technologics such as infrared, radio, and microwave are included m the definition
of medium. Disk and disc, as used herein, includes compact dise (CD), laser disc, optical
disc, digital versatile disc (BVD)}, floppy disk and Blu-ray disc where disks usually
reproduce data wmagretically, while discs teproduce data optically with lasers.
Combinations of the above should also be included within the scope of computer-readable
media.

While the foregoing disclosure shows dlustrative aspects of the disclosure, it shouid be
noted that various changes and modifications could be made herein without departing
from the scope of the disclosure as defined by the appended claims. The functions, steps
and/or actions of the method claims in accordance with the aspects of the disclosure
described herein need not be performed in any particular order. Furthermore, although
elements of the disclosure may be deseribed or claimed in the smgular, the plural s

contemplated undess limitation to the singular is explicitly stated.
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CLAIMS
What is claimed 15
i, A method of wireless communication performed by a user equipment (UE),

comprising:

receiving a configuration indicating one or more trigger conditions for activating
sidelink-based positioning operations in conjunction with a cellular-based positioning
procedure; and

performing the sidelink-based positioning operations with one or more sidelink

anchor nodes based on detecting at least one of the one or more trigger conditions.

2. The method of claim 1, wherein the one or more trigger condifions comprise:

a number of detectable cellular-based links for the cellular-based positioning
procedure being Jess than a threshold,

a change n location of the UE,

a change in serving ccfl of the UE,

a confidence in a cellular-based position estimate of the UE being less than a
contidence threshold, or

any combination thereof.
3. The method of claum 1, wherein the sidehink-based positioning operations are in

addition to an ongoing sidelink-based positioning procedure performed by the UE.

4, The method of claim 1, wherein the configuration further indicates a type of the

sidelink-based positioning operations.

3. The method of claim 1, further comprising:

receiving, from a network entity, a list of sidelink anchor nodes with which to
perform the sidehink-based positioning operations, the list of sidelink anchor nodes
mnrcluding at least the one or more sidelink anchor nodes; or
sclecting the one or more sidelink aochor nodes with which to perform the

sidelink-based positioning operations.
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6. The method of claim 1, wherein the sidelink-based positioning operations are
performed within a threshold period of time of positioning measurements performed for

the cellular-based positioning procedure.

~3

The method of claim 1, wherein performing the sidelink-based positioning
operations based on detecting the at least one of the one or more trigger conditions
COMPrises:

receiving, from a network entity, time and frequency resources for the sidelink-
based postitioning operations based on operating in Mode 1 resource allocation; or
autonomously selecting the time and frequency resources for the sidelink-base

positioning operations based on operating in Mode 2 resource allocation.

8. The method of claim 1, further comprising:
tranamitting a notification to a network entity that that at least one of the one or

more trigger conditions was detected.

g The method of claim 8, wherein the notification includes a list of sidelink anchor
nodes detected by the UE for the sidelink-hased positioning operations, the list of

sidelink anchor nodes including at least the one or more sidelink anchor nodes.

1 The method of clamm 9, wheremn the notification further includes locations of

anchor nodes on the list of sidelink anchor nodes.

11, The mothod of claim 1, wherein the sidelink-based positioning operations are
configured to be:

aperiodic,

periodic with a periodicity matching a perodicity of positionmg reference
signals (PRS} measured or transmitted for the sidelink-based positioning operations, or

periodic with a stop time,

12 The method of claim 1, further comprising:
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transmitting, £0 a network entity, based on a fatfure of the sidelink-based
positioning operations, a notification indicating the failure of the sidelink-based

positioning operations.

13, The method of claim 1, wherein performing the sidelink-based positioning
operations based on detecting the at least one of the one or more trigger conditions
COMPrises:

modifving ong or more rescurces of an ongoing sidelink-based positioning

procedure performed by the UE.

4. The method of claim 13, wheremn the one or more resouUIces cCompriseg:

a bandwidth of the ongoing sidelink-based positioning procedure,

a repetition factor of one or more sidelink resources of the ongoing sidelink-
based positioning procedure,

a comb value of the one or more sidelink resources of the ongoing sidelink-
based posttioning procedure,

a pertodicity of the one or more sidelink resources of the ongoing sidelink-based
positioming procedire, or

any combination thereof.

15, The method of claim 1, wherem the sidehink-based positioning operations
COMPrISC:

measuring one or more sidelink positioning reference signal {SL-PRS) resources
transnuited by the one or more sidelink anchor nodes,

transmitting one or more SL-PRS resources to the one or more sidelink anchor
nodes, or

a combination thereof

146, A method of wirgless communication performed by a user equipment (UE),
COmprising:
engaging m a joint cellular-based and sidelink-based positioning session overa

plurality of links between the UE and a phurality of anchor nodes, wherein the plurality
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of links comprises one or more cellular-based links between the UE and one or more
celiular anchor nodes of the plurality of anchor nodes and ore or more sidelink-based
hinks between the UE and one or more sidelink anchor nodes of the plurality of anchor
nodes; and

dropping at least one link of the plurality of links for the joint cellular-based and

sidelink-based positioning session based on one or more criteria.

17, The method of claim 16, wherein the one or more criferia comprise:
a determination that the at least one link does not contnibuie to a position
gstimate of the UE,
a determination that the at least one hink is a non-ling-of-sight (NLOS) link,
a signal strength of the at least one link being less than a threshold,
power saving considerations at the UE, or

any combination thereof,

18, The method of claim 16, wherem:
a number of the one or more sidelink anchor nodes having known locations and
hne-ofesight (LOS) sidehink-based links is greater than a threshold, and

the at least one link comprises at least one cellular-based link.

19, The method of clamm 16, wherem:
a congestion level of at least one sidelink-based link of the one or more sidelink-
based hinks is greater than a threshold, and

the at ieast one link comprises the at least one sidelink-based fink.

20. The method of claim 16, further comprising:

transmitting, to a network entity, a report indicating the at least one hink.

21, The method of claim 20, wherem the report further includes:
a time duration during which the at least one hink is dropped,
a reason for dropping the at least one link, or

a combination thereof
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22, The method of claim 16, further comprising:
transmitting, to a network entity, a recommendation to drop one or more links of

the plurality of links, wherein the at least one hnk is one of the one or more links.

23, The method of clamm 22, wherein the recommendation meludes:
a time duration during which the UE will not use the one or more hinks,
a reason for dropping the one or more links,
priotitics of the one or more links, or

a combination thereof

24, The method of claim 22, further comprising:
receiving, from the network entity, an mdication that the one or more hnks have

been droppe

25, A method of wircless commumnication performed by a user cquipment (UE),
comprising:

engaging 1n a celhular-based positioning session based on configuration
information received from a network entity;

performing one or more sidelink-based positioning operations with one or more
sidelink anchor nodes durning the cellular-based positioning session; and

transmitting, to the network entity, a report including the sidelink-based

positioning measurements.

The method of claim 23, whereim:

]
joa

the one or more sidelink anchor nodes are selected from a list of sidelink anchor
nodes received from the network entity, or
the one or more sidelink anchor nodes are selected by the UE and the report

includes locations of the one or more sidelink anchor nodes.

27. The method of claim 25, further comprising:
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receiving, from the network entity, an wndication that the one or more sidelink-

based posttioning operations are to be performed within a threshold period of time of g

reference transmission time.

28.

The method of claim 23, further comprising:

receiving, from the network entity, an indication to activate opportunistic

sidelink-based positioning operations.

29

The method of claim 23, wherein the report further includes positioning

information resulting from the cellular-based positioning segsion.

30

A user equipment (UE), comprising:
a memory;
at least one transceiver; and

af least one processor communicatively coupled to the memory and the at least

one transceiver, the at least one processor configured 1o

receive, via the at least one transceiver, a configuration indicating one or
more trigger conditions for activating sidelink-based positioning operations in
conjunction with a cellular-based positioning procedure; and

perform the sidelink-based posttioning operations with one or more
sidelink anchor nodes based on detecting at least one of the one or more irigger

conditions.

The UE of claum 30, wherein the one or more trigger conditions cormprise:

a number of detectable cellular-based links for the cellular-based positioning

procedure being less than a threshold,

a change n location of the UE,
a change in serving cel of the UE,

a confidence in a cellular-based position estimate of the UE being less than a

confidence threshold. or

any combination thereot.
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32, 'The UE of claim 30, wherein the sidelink-based positioning operations are in

addition to an ongoing sidelink~based positioning procedure performaed by the UE.

33. The UE of claim 30, wherein the sidelhink-based positioning operations are
performed within a threshold period of time of positioning measurements performed for

the cellular-based positioning procedure.

3
:.5.‘;

A user cquipment (UE}, comprising:
a memory;
at least one {ranscerver; and
at least one processor communicatively coupled o the memory and the at least
one transceiver, the at feast one processor configured to

cugage in a joiot cellular-based and sidelink-based positioning session
over a plurality of inks between the UE and a plurality of anchor nodes, wherein
the phurality of links comprises one or more cellular-based links between the UE
and one or more cellular anchor nodes of the plurality of anchor nodes and one
or more sidelink-based hinks between the UE and one or more sidelink anchor
nodes of the plarality of anchor nodes; and

drop at least one link of the plurality of links for the joint cellular-based

and sidelink-bascd positioning session hased on one or more cnteria.

53
(4]

The UE of claim 34, wherein the one or more cnieria comprise:

a determination that the at least one link does not contribuie (o a position
gstimate of the UE,
a determination that the at least one hink is a non-ling-of-sight (NLOS} link,
a signal strength of the at least one link being less than a threshold,

power saving considerations at the UE, or

any combination thereof,

[P
=)

The UE of claim 34, wherein:
a numaber of the one or more sidelink anchor nodes having known locations and

hane-of-sight (LOS) sidehink-based links is greater than a threshold, and
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the at least one link comprises at least one celhular-based link.

37. The UE of claim 34, wheremn:
a congestion level of at least one sidelink-based link of the one or more sidehnk-
based links is greater than a threshold, and

the at lcast one link compuses the at least one sidelink-based hok.

(%
X

A user cquipment (UE}, comprising:
a memory;
at least one {ranscerver; and
at least one processor communicatively coupled to the memory and the at least
one transceiver, the at feast one processor configured to
cugage in a cellular-based positioning session based on configuration
mnformation received from a network entity;
perform one or more sidelink-based positioning operations with one or
more sidelink anchor nodes during the cellular-based positioning session; and
{ransmit, via the at least one transceiver, 1o the network entity, a report
mecluding the sidelink-based positioning measarements.
39 The UE of claim 38, wherein;
the one or more sidelink anchor nodes are selected from a list of sidelink anchor
nodes recetved from the network entity, or
the one or more sidelink anchor nodes are selected by the UE and the report

includes locations of the one or more sidelink anchor nodes.

40, The UE of claim 38, wherein the report further includes positioning information

resufting from the cellular-based posttioning session.
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1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

—_

X As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims;; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

B No protest accompanied the payment of additional search fees.
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Indicate the results of the sidelink positioning
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