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PRS MEASUREMENT SHARING

CROSK-REFERENCE TO RELATED APPLICATIONS
{80061} This application claims the benefit of Greek Patent Application No.
20210100255, filed April 13, 2021, entitled “PRS MEASUREMENT SHARING,”

which is assigned to the assignee hereof, and the entire contents of which are hereby

incorporated herein by reference for all purposes.

BACKGROUND
{8002} Wireless communication systems have developed through various generations,
including a first-generation analog wireless phone service (1G), a second-generation
(2G3) digital wireless phone service (including interim 2.5G and 2.75G networks), a
third-generation (3G) high speed data, Internet-capable wireless service, a fourth-
generation (4G) service {e.g., Long Term Evolution (LTE) or WiMax}, a fifth-
generation (5G) service, etc. There are presently many different types of wireless
corarnunication systers 1o use, including Cellular and Personal Communications
Service (PCS) systems. Examples of known cellular systems include the cellular
Analog Advanced Mobile Phone Systern (AMPRS), and digital celiular systems based on
Code Division Multiple Access (CDMA), Frequency Division Multiple Access
(FDMA), Orthogonal Frequency Division Multiple Access (OFDMA), Time Division
Muttiple Access (TIXMA)}, the Global Svstem for Mobile access (GSM) variation of
TDMA, etc.
{8003} A fifth generation (5() mobile standard calls for higher data transfer speeds,
greater numbers of connections, and better coverage, among other improvements. The
SG standard, according to the Next Generation Mobile Networks Alliance, 15 designed
to provide data rates of several tens of megabits per second to each of tens of thousands
of users, with T gigabit per second to tens of wotkers on an office floor. Several
hundreds of thousands of simultanecus connections should be supported in order to
support large sensor deployments. Consequently, the spectral efficiency of 5G mobile
communications should be significantly enhanced compared to the current 4G standard.
Furthermore, signaling efficiencies should be enhanced and latency should be

substantially reduced compared to current standards.
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SUMMARY
{8084} In an embodiment, a first UE (user equipment) includes: a transceiver; a
memory; and a processor, communicatively coupled to the transceiver and the memory,
configured to: communicate, via the transceiver, with a second UE to identity a first
PRS measurement {positioning reference signal measurement) to be made by the second
UE; receive, via the transceiver from the second UE via sidelink communication, first
posttion inforration based on the first PRS measurement; and transmit, via the
transcetver to a network entity, the first position information.
{8065} In another embodiment, a first UE includes: a transceiver; a memory; and a
processor, communicatively coupled to the transceiver and the memory, configured to:
trausmit, via the transcetver, a position-information-sharing capability of the first UE to
a second UE via sidelink communication; receive, via the transceiver from the second
UE via sidelink cornmunication, a request for first position information; measure a PRS
resource recetved from a network entity to determiine a PRS measurement; and transmit,
via the transceiver to the second UE via sidelink communication, the first position
information based on the PRS measurement.
(8006} In ancther embodiment, a communication device for managing a UE group
includes: a transceiver; a memory, and a processor, comrunicatively coupled to the
transceiver and the memory, configured to: determine a plurality of UEs of the UE
group based on proximity of each of the plurality of UEs to at least one other UE of the
plurality of UEs; and transmit, via the transceiver to at least one of the plurality of UEs
of the UE group, an indication of the UE group.
{8807} In another embodiment, a first UE includes: a transceiver; a memory; and a
processor, communicatively coupled to the transcetver and the memory, configured to:
receive, via the transceiver, a UE group indication indicating a group of UEs including
the first UE and a second UE; and communicate, via the transcetver using sidelink
communication, with the second UE to wdentify first position information to be
determined by the first UE, or second posttion information to be determined by the
second UE, or a combination thereof.
(8668} In ancther embodiment, a first UE includes: a transceiver; a memory; and a
processor, communicatively coupled to the transceiver and the memory, configured to:
measure a first PRS resource to determine a first PRS measurement; receive, via the

transcerver from a second UE via sidelink communication, a second PRS measurement
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of a second PRS resource; and determine whether at least one of the first PRS
measurernent or the second PRS measurement is unreliable based on a relatiouship of

the {irst PRS measurement to the second PRS measurement.

BRIEF DESCRIPTION OF THE DRAWINGS
(8009 FIG. 1 is a siroplified diagram of an example wireless communications system.
80616} FIG. 2 is a block diagram of components of an example user equipment shown
in FIG. 1.
10011} FIG 315 a block diagram of compouents of an example transnussion/reception
point.
(8012} FIG. 4 s a block diagram of components of an example server, various
embodiments of which are shown in FIG. 1.
[8013] FIG. 5 15 a simplified view of a vehicle, a server, and user equipment (UE)
examples.
{8014} FIG. 618 a block diagram of measurement distribution with and without
measurernent sharing between UEs.
(8015} FIG. 7 1s a block diagram of an example user equipment.
{8016} FIG 8 15 a block diagram of an example positioning entity.
10817 FIG. 9 is a signaling and process flow diagram of a method for providing and
measuring PRS resources, requesting reporting of PRS resource measurement, and
reporting PRS resource measurement.
{8018} FIG. 1015 a block flow diagram of a position information reporting method.
{8019} FIG. 11 15 a block flow diagram of a position information sharing method.
18020} FIG. 12 a simplified view of a vehicle, a server, user equipment (UE} examples,
and a postiioning entity.
(8021} FIG. 13 15 a signaling and process flow diagram of a method for establishing and
managing, and possibly terminating, a virtual UR
[8022] FIG. 14 1s a signaling and process flow diagram of a method for sharing position
information in the virtual UE shown in FIG. 13 with a delegate.
18623} FIG. 1515 a signaling and process flow diagram of a method for sharing position
information in the virtual UE shown in FIG 13 without a delegate and determining a
location estimate for the virtual UE.

18024} FIG. 1613 a block flow diagram of a method of managing a UE group.
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[8025] FIG. 17 1s a block flow diagram of a method of providing position information.
{8026} FIG. 18138 a block flow diagram of a method of identifying unreliable PRS
{posttioning reference signal) measurements.

[8027] FIG. 1915 a simplified diagram of multiple UEs measuring multiple PRS tfrom
multiple transmission/reception points.

{8028} FIG. 2015 a block flow diagram of a method of cross validating a PRS.

BETAILED DESCRIPTION
{8029} Techniques are discussed herein for measuring PRS (positionung reference
signal{s)} and reporting PRS measurements. For example, UEs {user equipmenis) may
share one ot more PRS measurements. A recipient UE may obtain position information
{e.g., one or more PRS measurements, one or more processed PRS measurements (e g.,
one or more pseudoranges), and/or one or more location estimates) from a nearby donor
UE and report the position information from the donor UE as position information for
the recipient UE {(¢.g., as though the recipient UE made the measurement(s} and/or that
a location estimate is for the recipient UE). The recipient UE may make PRS
measurements in addition to receiving one or more measurements from one of more
donor UEs, or may make no PRS measurements and receive all PRS measurements
from the donor UE(s). Alsc or alternatively, multiple UEs may form a virtual UE,
acting in concert, e.g., sharing position information and reposting position information
as a group {(e.g., from a single delegate, from multiple delegates, and/or from each of the
group members), ¢ g, with position information being associated with a group 1D for
the virtual UE. A positioning entity {e.g., a location management function (LMF), an
LMF in RAN (radio access network), or a UE) may coordinate the group, ¢.g., adding
group members, removing group members, coordinating which group members measure
which PRS and/or provide which position information. Also or alternatively, a UE may
cross validate a PRS measurement recetved from another UE. For example, a recipient
UE may receive a first PRS measurement from a first donor UE and compare the first
measurernent with a second PRS measurement made by the recipient UE and/or a thud
PRS measurement received from a second donor UE and determine whether the first
PRS measurement differs significantly from the second PRS measurement and/or the
third PRS measurement. I at least ong of the PRS measurements is suspected of being

unreliable (¢ g, corresponding to a PRS received via a non-line-of-sight (NLOS) path),
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then the arrival timing of the PRS corresponding to the PRS measurements may be used
to determive which PRS measurement may be reliable (e g, corresponding to a PRS
received from a hine-of-sight (1.O8) path). These are examples, and other examples
may be implemented.

{8030} Htems and/or techniques described herein may provide one or more of the
following capabilities, as well as other capabilities not mentioned. PRS processing
overhead may be reduced, e g, by sharing PRS measurements. PRS processing by a
particular UE may be reduced, e g, by managing PRS measurements to have another
UE perform one or more PRS measurements iustead of the particular UE. Power
consumption for PRS processing may be reduced, e.¢., by one or more UEs and/or by a
server {e.g., an LMF). Positioning accuracy may be tmproved, e.g., by obtaining more
accurate PRS measurement by a donor UE than measurable by a beneficiary UE and
providing the PRS measurement for the benefit of the beneficiary UE. Other
capabiltties may be provided and not every implementation according to the disclosure
must provide any, let alone all, of the capabilities discussed. Further, it may be possible
for an effect noted above to be achieved by means other than that noted, and a noted
item/technique may not necessanily yield the noted effect.

10031} Obtaining the locations of roobile devices that are accessing a wireless network
may be useful for many applications including, for example, emergency calls, personal
navigation, consumer asset tracking, locating a friend or family wember, efc. Existing
posttioning methods include methods based on measuring radio signals transmitted from
a variety of devices or entities including satellite vehicles (8Vs) and terrestrial radio
sources in a wireless network such as base stations and access points. 1t is expected that
standardization for the SG wireless networks will include support for various
posttioning wethods, which may utilize reference signals transmitted by base stations in
a manner similar to which LTE wireless networks currently utilize Positioning
Reference Signals (PRS) and/or Cell-specific Reference Sigunals (CRS) for position
determination.

8032} The description may refer to sequences of actions to be performed, for example,
by elements of a computing device. Various actions described herein can be performed
by specific circuits {¢.g., an application specific integrated circuit (ASIC)), by program
instructions being executed by one or more processors, or by a combination of both,

Sequences of actions described herein may be embodied within a non-transitory
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computer-readable medium having stored thereon a corresponding set of computer
mstructions that upon execution would cause an associated processor to perform the
tunctionality described herein. Thus, the various aspects described herein may be
embodied 1n a number of different forms, all of which are within the scope of the
disclosure, including claimed subject matter.

{8033} As used herein, the terms "user equipment” (UE) and "base station" are not
specific to ot otherwise himited to any particular Radio Access Technology (RAT),
unless otherwise noted. In general, such UEs may be any wireless communication
device (e.g., a mobile phone, router, tablet computer, laptop computer, consumer asset
tracking device, Internet of Things (IoT) device, etc.} used by a user to communicate
over a wireless communications network. A UE may be roobile or may {e.g,, at certain
times}) be stationary, and may communicate with a Radic Access Network (RAN}). As
used herein, the term "UE" mav be referred to interchangeably as an "access terminal”
or "AT." a "client device," a "wireless device," a "subscriber device," a "subscriber
terminal,” a "subscriber station,” a "user terminal” or UT, a "mobile terminal,” a "mobile
station,” a "mobile device,” or vanations thereot. 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 as the Internet and with other UEs. Of course, other

mechanisms of connecting to the core network and/or the Internet are also possible for

{(Institute of Blectrical and Electronics Engingers) 802,11, etc.} and s0 on.

[0034] A base station may operate according to one of several RATs in communication
with UEs depending on the network in which it is deployed. Examples of a base station
include an Access Point (AP), a Network Node, a NodeB, an evolved NodeB (eNB), or
a general Node B (gNodeB, gNB). In addition, in some systems a base station roay
provide purely edge node signaling functions while in other systems it may provide
additional control and/or network management functions.

{8035} UEs may be embodied by any of a number of types of devices including but not
fimited to printed circuit (PC) cards, compact flash devices, external or internal
modems, wireless or wireline phones, smartphones, tablets, consumer asset tracking
devices, asset tags, and s0 on. A communication link through which UEs can send
signals to a RAN 15 called an uplink channel {e.g., a reverse traffic channel, a reverse

control channel, an access channel, etc.). A communication link through which the

G-
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RAN can send signals to UEs is called a downlink or forward link channel {e.g, a
paging channel, a control chanvel, a broadcast channel, a forward traffic channel, etc ).
As used herein the term traffic channel (TCH) can refer to either an uplink / reverse or
downlink / forward traffic channel.

{8036} As used herein, the term "cell” or "sector” may correspond to one of a plurality
of cells of a base station, or to the base station itself, depending on the context. The
term "cell” may refer to a logical communication entity used for communication with a
base station (for example, over a carrier}, and may be associated with an identifier for
distinguishing neighboring cells (for exarople, a physical cell wdentifier (PCID), a virtual
cell identifier (VCID) operating via the same or a different carrier. In some examples,
a carrier may support moultiple cells, and different cells may be configured according to
different protocol types (for example, machine-type communication (MTC),
narrowband Internet-of-Things (NB-IoT), enhanced mobile broadband (eMBB), or
others) that may provide access for different types of devices. In some examples, the
term "cell” may refer to a portion of a geographic coverage area (for example, a sector)
over which the logical entity operates.

(8037} Referring to FIG. 1, an example of a communication system 100 includes a UE
105, a UE 106, a Radio Access Network (RAN) 135, here a Fifth Generation (5G) Next
Generation (NG) RAN (NG-RAN}, and a 5G Core Network (5GC) 140. The UE 105
and/or the UE 106 may be, e.g, an [oT device, a location tracker device, a cellular
telephone, a vehicle (e.g., a car, a truck, a bus, a boat, etc.), or other device. A 5G
network may also be referred to as a New Radio (NR) network; NG-RAN 135 may be
referred 10 as a 5G RAN or as an NR RAN; and 5GC 140 may be referred to as an NG
Core network (NGC). Standardization of an NG-RAN and 5GC 1s ongoing in the 3rd
Generation Partnership Project (3GPP). Accordingly, the NG-RAN 135 and the 5GC
140 may conform to current or future standards for 5G support from 3GPP. The RAN
135 may be another type of RAN, e.g, 8 3G RAN, 4 4G Lovg Termn Evolution (LTE)
RAN, ete. The UE 106 may be configured and coupled similarly to the UE 105 to send
and/or receive signals to/from similar other entities in the system 100, but such
signaling is not indicated in FIG. 1 for the sake of simplicity of the figure. Stmilarly,
the discussion focuses on the UE 105 for the sake of simplicity. The comnmunication
systems 100 may utilize information from a constellation 185 of satellite vehicles {SVs}

190, 191, 192, 193 for a Satellite Positioning System (SPS) {e.g, a Global Navigation
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Satellite System (GNSS)) like the Giobal Positioning System (GPS), the Global
Navigation Satellite System (GLONASRK), Galileo, or Beidou or some other local or
regional SPS such as the Indian Regional Navigational Satellite System (IRNSS), the
European Geostationary Navigation Overlay Service (EGNOS), or the Wide Area
Augmentation System (WAAS). Additional components of the communication system
100 are described below. The communication systern 100 may include additional or
alternative coraponents.

{8038} As shown in FIG. 1, the NG-RAN 135 includes NR nodeBs (gNBs) 1103, 110b,
and a vext generation eNodeB (ng-eNB) 114, and the 5GC 140 includes an Access and
Mobility Management Function {(AMF} 115, a Session Management Function (SMF)
117, a Location Management Function (LMF) 120, and a Gateway Mobile Location
Center ({GMILC) 125, The gNBs 110a, 110b and the ng-eNB 114 are communicatively
coupled to each other, are each configured to bi-directionally wirelessly communicate
with the UE 105, and are each communicatively coupled to, and configured to bt~
directionally conrnunicate with, the AMF 115 The gNBs 110a, 110b, and the ng-eNB
114 may be referred to as base stations (BSs). The AMF 115, the SMF 117, the LMF
120, and the GMLC 125 are communicatively coupled to each other, and the GMLC is
communicatively coupled to an external chient 130, The SMF 117 may serve as an
imtial contact point of a Service Control Function (SCF) (not shown) to create, controd,
and delete media sessions. Base stations such as the gNBs 110a, 110b and/or the ng-
eNB 114 may be a macro cell (e.g., a high-power cellular base station), or a small cell
{(e.g., alow-power cellular base station), or an access point {e.g, a short-range base
station configured to communicate with short-range technology such as Wiki, WiFi-
Direct (WiFi-D), Bluetooth®, Bluetooth®-low energy (BLE), Zighee, etc. One or more
of base stations, e.g., one or more of the gNBs 110a, 110b and/or the ng-eNB 114 way
be configured to communicate with the UE 105 via multiple carriers. Each of the gNBs
110a, 110b and/or the ng-eNB 114 ray provide communication coverage for a
respective geographic region, e.¢. a cell. Each cell may be partitioned into multiple
sectors as a function of the base station antennas.

180639} FIG. 1 provides a generalized iliustration of various components, any or all of
which may be utilized as appropniate, and each of which may be duplicated or omitted
as necessary. Specifically, although only one UE 105 1s illustrated, many UHs (e g.,

hundreds, thousands, mitlions, etc.) may be utilized in the communication system 100,
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Similarly, the communication system 100 may include a larger {or smaller) number of
SVs (i.e., more or fewer than the four SVs 190-193 shown), gNBs 110a, 110b, ng~eNBs
114, AMFs 115, external clients 130, and/or other components. The iilustrated
connections that connect the various components tn the conumunication system 100
include data and signaling connections which may include additional (intermediary)
components, direct or indirect physical and/or wireless connections, and/or additional
networks. Furthermore, coraponents way be rearranged, combined, separated,
substituted, and/or omitted, depending on desired functionality.

180408} While FIG. 1 illustrates a 5G-based network, similar network implementations
and configurations may be used for other communication technologies, such as 3G,
Long Term Evolution (LTE), ete. huplementations described herein (be they for SG
technology and/or for one or more other communication technologies and/or protocols)
may be used to transmit {or broadcast) directional synchronization signals, receive and
measure directional signals at UEs (e.g., the UE 105) and/or provide location assistance
to the UE 105 (via the GMLC 125 or other location server) and/or compute a location
for the UE 1035 at a location~-capable device such as the UE 1035, the gNB 110a, 110b, or
the LMF 120 based on measurement quantities received at the UE 105 for such
directionally-transmitted signals. The gateway mobile location center (GMLC) 125, the
location management function (LMF) 120, the access and mobility management
function (AMF) 115, the SMF 117, the ng~eNB {eNodeB) 114 and the gNBs (gNodeBs)
110a, 110b are examples and may, in vartous embodiments, be replaced by or include
various other location server functionality and/or base station functionality respectively.
{8041} The system 100 is capable of wireless communication in that components of the
system 100 can communicate with one another {at least some fimes using wireless
connections) directly or indirectly, e.g,, via the gNBs 110a, 110b, the ng-eNB 114,
and/or the 5GC 140 (and/or one or more other devices not shown, such as one or more
other base transceiver stations). For indirect comununications, the communications may
be altered during transmission from one entity to another, e.g., to alter header
information of data packets, to change format, etc. The UE 105 may wclude multiple
UEs and may be a mobile wireless communication device, but may communicate
wirelessly and via wired connections. The UE 105 may be any of a variety of devices,
e.g., a smartphone, a tablet computer, a vehicle-based device, etc., but these are

examples as the UE 1053 i3 not required to be any of these configurations, and other

-O.
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configurations of UEs may be used. Other UEs may include wearable devices (e.g,,
smart watches, smart jewelry, smart glasses or headsets, etc.). Still other UEs may be
used, whether currently existing or developed in the future. Further, other wireless
devices {whether mobile or not) may be implemented within the system 100 and may
communicate with each other and/or with the UE 105, the gNBs 110a, 110b, the ng-
eNB 114, the SGC 140, and/or the external client 130, For example, such other devices
may include internet of thing (IoT) devices, medical devices, home entertainment and/or
automation devices, etc. The 5GC 140 may communicate with the external client 130
{e.g.. a computer systern), e.g., to allow the external client 130 to request and/or receive
location information regarding the UE 105 (e.g., via the GMLC 125},

[80642] The UE 105 or other devices may be configured to communicate in various
networks and/or for various purposes and/or using various technologies (e.g., 5G, Wi~
Fi communication, multiple frequencies of Wi-Fi communication, satellite positioning,
one of more types of communications (e.g., GSM (Global System for Mobiles), CDMA
{Code Division Multiple Access), LTE {(Long Term Evolution), V2X (Vehicle-to-
Everything, e.g., V2P (Vehicle-to-Pedestrnian), V2I (Vehicle-to-Infrastructure), V2V
{(Vehicle-to-Vehicle), etc), IEEE 802 11p, etc.). V2X communications may be cellular
{Cellnlar-V2XA{C-V2X}) and/or WiFi{e. g, DSRC (Dedicated Short-Range
Connection}). The system 100 may support operation on multiple carriers (waveform
signals of different frequencies). Multi-carrier transmitters can transmit modulated
signals simultanecusly on the multiple carriers. Each modulated signal may be a Code
Division Multiple Access ({CDMA ) signal, a Time Division Multiple Access (TDMA)
signal, an Orthogonal Frequency Division Multiple Access (OFDMA) signal, a Single-
Carrier Frequency Division Multiple Access (SC-FDMA) signal, etc. Each modulated
signal may be sent on a different carrier and may carry pilot, overhead information,
data, etc. The UHs 105, 106 may communicate with each other through UE-to-UE
sidelink (SL) communications by transmitting over one or more sidelink channels such
as a physical sidelink synchronization channel (PSSCH), a physical sidelink broadcast
channel (PSBCH), or a physical sidelink control channel (PSCCH).

(6643} The UE 105 may comprise and/or may be referred to as a device, a mobile
device, a wireless device, a mobile terminal, a terminal, a mobile station (MS), a Secure
User Plane Location (SUPL) Enabled Terminal (S8ET), or by some other name,

Moreover, the UE 105 may correspond to a cellphone, smartphone, laptop, tablet, PDA,
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consumer asset tracking device, navigation device, Internet of Things (10T} device,
health moonitors, security systems, smart city sensors, smart meters, wearable trackers,
or some gther portable or moveable device. Typically, though not necessarily, the UE
105 may support wireless communication using one or more Radio Access
Technologies (RATs) such as Global Svstem for Mobile communication (GSM), Code
Division Multiple Access (CDMA), Wideband CDMA (WCDMA), LTE, High Rate
Packet Data (HRPD), IEEE 802 11 WiFi (also referred to as Wi-Fi), Bluetooth® (BT),
Worldwide Interoperability for Microwave Access (WiMAX), 5G new radio (NR) (e.g.,
using the NG-RAN 135 and the 3GC 140), etec. The UE 105 may support wireless
communication using a Wireless Local Area Network {WLAN} which may connect to
other networks (e.g, the Internet) using a Digital Subscrber Line (DSL) or packet
cable, for example. The use of one or more of these RATs may allow the UE 105 10
communicate with the external client 130 (e.g., via elements of the SGC 140 not shown
in FIG. 1, or possibly via the GMLC 125} and/or allow the external client 130 to recetve
location information regarding the UE 105 (e.g., via the GMLC 125},

[80644] The UE 105 ray include a single entity or may nclude moultiple entities such as
in a personal area network where a user may employ audio, video and/or data /0
{(input/output) devices and/or body sensors and a separate wireline or wireless modem.
An estimate of a location of the UE 105 may be referred to as a location, location
estimate, location fix, fix, position, position estimate, or position fix, and may be
geographic, thus providing focation coordinates for the UE 105 (e g, latitude and
longitude) which may or may not include an altitude component {e.g., height above sea
level, height above or depth below ground level, floor fevel, or basement level).
Alternatively, a location of the UE 105 may be expressed as a civic location {e.g., as a
postal address or the designation of some point or small area 1n a building such as a
particular room or floor). A location of the UE 105 may be expressed as an area or
volume {defined either geographically or in civic form} within which the UE 10518
expected to be located with some probability or contidence level (e.g., 67%, 95%, etc.}.
A location of the UE 105 may be expressed as a relative location comprising, for
example, a distance and direction from a known locatton. The relative location may be
expressed as relative coordinates {e.g., X, Y {and Z) coordinates) defined relative to
some origin at a known location which may be defined, e g

geographically, in civic

T

terms, or by reference to a point, area, or volume, ¢.g., indicated on a map, floor plan, or
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building plan. In the description contained herein, the use of the term location may
coruprise any of these variants unless tndicated otherwise. When computing the
location of a UE, it is common to solve for local x, y, and possibly z coordinates and
then, if desired, convert the local coordinates into absolute coordinates (e g, for latitude,
longtiude, and altitude above or below mean sea level).

{8045} The UE 105 may be configured to communicate with other entities using one or
more of a variety of technologies. The UE 105 may be configured to connect indirectly
to one or more communication networks via one or more device-to-device {(D2D) peer-
to-peer (P2P) links. The DB2D P2P links may be supported with any appropriate D2D
radio access technology (RAT), such as LTE Direct (LTE-D}, WiFi Direct (WiFi-D),
Bluetooth®, and so on. One or roore of a group of UHs utilizing D2D commuunications
may be within a geographic coverage area of a Transmission/Reception Point {TRP)
such as one or more of the gNBs 110a, 110b, and/or the ng-eNB 114, Other UEs in
such a group may be outside such geographic coverage areas, or may be otherwise
unable to receive transmissions from a base station. Groups of UEs communicating via
D20 communications may utilize a one-to-many (1:M) system 1n which each UE may
transmit to other UEs in the group. A TRP may facilitate scheduling of resources for
D20 communications. In other cases, D2D communications may be carried out
between UEs without the involvement of a TRP. One or more of a group of UEs
atilizing D2D comrunications may be within a geographic coverage area of a TRP.
Other UEs in such a group may be outside such geographic coverage areas, or be
otherwise unable to receive transmissions from a base station. Groups of UEs
communicating via D2D communications may utilize a one-to-many {1:M} system in
which each UE may transmit to other UEs in the group. A TRP may facilitate
scheduling of resources for D2D communications. In other cases, D2D
communications may be carried out between UEs without the involvement of a TRP.
{8046} Base stations (BSs) in the NG-RAN 135 shown 1o FIG. T include NR Node Bs,
referred to as the gNBs 1102 and 110b. Pairs of the gNBs 110a, 110b in the NG-RAN
135 may be counected to one another via one or more other gNBs. Access to the 5G
network is provided to the UE 105 via wireless communication between the UE 105 and
one or more of the gNBs 110a, 110b, which may provide wireless communications
access 10 the S5GC 140 on behalf of the UE 105 using 5G. In FIG. 1, the serving gNB

for the UE 105 15 assumed to be the gNB 1102, although another gNB (e g the gNB
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110b) may act as a serving gNB if the UE 105 moves to another location or may act as a
secondary gNB to provide additional throughput and bandwidth to the UE 105

(80647} Base stations {(BSs) in the NG-RAN 135 shown in FIG. 1 may include the ng-
eNB 114, also referred to as a next generation evolved Node B, The ng-eNB 114 may
be connected to one or more of the gNBs 110a, 110b in the NG-RAN 135, possibly via
one or more other gNBs and/or one or more other ng-eNBs. The ng-eNB 114 may
provide L.TE wireless access and/or evolved LTE (el TE) wireless access to the UE 105,
One or more of the gNBs 110a, 110b and/or the ng-eNB 114 may be configured to
function as positiomng-only beacons which may transmit signals to assist with
determining the position of the UE 105 but may not receive signals from the UE 105 or
from other UEs.

[8048] The gNBs 110a, 110b and/or the ng-eNB 114 may each comprise one or more
TRPs. For example, each sector within a cell of a BS may comprise a TRP, although
multipie TRPs may share one or more components {e.g., share a processor but have
separate antennas). The system 100 may include only macro TRPs or the system 100
may have TRPs of different types, e.g., macro, pico, and/or femto TRPs, etc. A macro
TRP may cover a relatively large geographic area (e.g., several kilometers in radius} and
may allow unrestricted access by terminals with service subscription. A pico TRP may
cover a relatively small geographic area {e.g., a pico cell} and may allow unrestricted
access by termivals with service subscription. A femto or home TRP way cover a
relatively small geographic area {g.g., a femto cell) and may allow restricted access by
terminals having association with the femto cell {e.g , terminals for users in a home).
{8049} As noted, while FIG. 1 depicts nodes configured to communicate according to
5G communication protocols, nodes configured to communicate according to other
corarunication protocols, such as, for example, an LTE protocol or [EEE 802 11x
protocol, may be used. For example, in an Evolved Packet System (EPS) providing
LTE wireless access to the UE 105, a RAN may comprise an Evolved Universal Mobile
Telecommunications System (UMTS) Terrestrial Radio Access Network (E-UTRAN)
which may comprise base stations comprising evolved Node Bs (eNBs). A core
network for EPS may comprise an Evolved Packet Core (EPC). Aun EPS may comprise
an E-UTRAN plus EPC, where the E-UTRAN corresponds to the NG-RAN 135 and the
EPC corresponds to the SGC 140 in FIG. 1
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[0050] The gNBs 110a, 110b and the ng-eNB 114 may communicate with the AMF
115, which, for positioning functionality, communicates with the LMF 120, The AMF
115 may support mobility of the UE 105, including cell change and handover and may
participate in supporting a signaling connection to the UE 105 and possibly data and
voice bearers for the UE 105, The LMF 120 may communicate directly with the UE
105, e.g., through wireless communications, or directly with the gNBs 110a, 110b
and/or the ng-eNB 114, The LMF 120 may support positioning of the UE 105 when the
UE 105 accesses the NG-RAN 135 and may support position procedures / methods such
as Assisted GNSS (A-GNSS), Observed Time Difference of Arrival (OTDOA) (eg,
Downlink (DL} OTDOA or Uplink (UL} OTDOA), Round Trip Time (RTT), Multi-
Cell RTT, Real Time Kinematic (RTK), Precise Point Positioning (PPP), Differential
GNSS (BGNSS), Enhanced Cell 1D (E-CID), angle of arrival {AoA), angle of departure
{AoD), and/or other position methods. The LMF 120 may process location services
requests for the UE 105, e g, received from the AMF 115 or from the GMLC 125, The
LMF 120 may be connected to the AMF 115 and/or to the GMLC 125, The LMF 120
may be referred to by other names such as a Location Manager (L.M), Location
Function (LF), commercial LMF (CLMF), or value added EMEF (VLMF). A node/
syster that implements the LMF 120 may additionally or alternatively implement other
types of location-support modules, such as an Enhanced Serving Mobile Location
Center (E-SMLC) or a Secure User Plane Location {SUPL) Location Platform (SLP).
At least part of the positioning functionality (including derivation of the location of the
UE 105) may be performed at the UE 105 {e.g , using signal measurements obtained by
the UE 105 for signals transmitted by wireless nodes such as the gNBs 110a, 110b
and/or the ng-eINB 114, and/or assistance data provided to the UE 105, e.g. by the LMF
120}, The AMF 115 may serve as a control node that processes signaling between the
UE 105 and the 5GC 140, and may provide QoS (Quality of Service) flow and session
management. The AMF 115 may support mobidity of the UE 105 wchuding cell change
and handover and may participate in supporting signaling connection to the UE 105
(8631} The GMLC 125 may support a location request for the UE 105 received fromw
the external client 130 and may forward such a location request to the AMF 115 for
torwarding by the AMF 115 to the LMF 120 or may forward the location reguest
directly to the LMF 120. A location response from the LMF 120 (e g, containing a

location estimate for the UE 105) may be returned to the GMLC 125 either directly or
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via the AMF 115 and the GMLC 125 may then return the location response {e.g.,
containing the location estimate) to the external chient 130, The GMLC 125 15 shown
connected to both the AMF 115 and LMF 120, though only one of these connections
may be supported by the 5GC 140 in some implementations.

{8052} As further tlustrated 10 FIG. 1, the LMF 120 may communicate with the gNBs
110a, 110b and/or the ng-eNB 114 using a New Radio Position Protocol A (which may
be referred to as NPPa or NRPPa), which may be defined in 3GPP Technical
Specification (TS} 38 455, NRPPa may be the same as, similar to, or an extension of
the LTE Positioning Protocol A (LPPa) defined in 3GPP TS 36,455, with NRPPa
messages being transferred between the gNB 110a {or the gNB 110b) and the LMF 120,
and/or between the ng-eNB 114 and the LMF 120, via the AMF 115, As further
ittustrated 1 FIG. 1, the LMF 120 and the UE 105 may communicate using an LTHE
Positioning Protocol (LPP}, which may be defined in 3GPP TS 36355, The LMF 12¢
and the UE 105 may also or instead communicate using a New Radio Posttioning
Protocol {which may be referred to as NPP or NRPP), which may be the same as,
similar o, or an extension of LPP. Here, LPP and/or NPP messages may be transferred
between the UE 105 and the LMF 120 via the AMF 115 and the serving gNB 110a,
110b or the serving ng-eNB 114 for the UE 105, For exarmple, LPP and/ot NPP
messages may be transferred between the LMF 120 and the AMF 115 using a 5G
Location Services Application Protocol (LCS AP) and may be transferred between the
AMF 115 and the UE 105 using a 5G Non-Access Stratum (NAS) protocol. The LPP
and/or NPP protocol may be used to support positioning of the UE 105 using UE-
assisted and/or UE-based position methods such as A-GNSS, RTK, OTDOA and/or E-
CID. The NRPPa protocol may be used to support positioning of the UE 105 using
network-based position methods such as E-CID {e.g , when used with reasurements
obtained by the giNB 110a, 110b or the ng-eNB 114} and/or may be used by the EMF
120 to obtain location related information from the gNBs 110a, 110b and/or the ng-eNB
114, such as parameters defining directional 88 (Synchronization Signal} or PRS
transmissions froro the gNBs 110a, 110b, and/or the ng-eNB 114, The LMF 120 may
be co-located or integrated with a glNB or a TRP, or may be disposed remote from the
gNB and/or the TRP and configured to communicate directly or indirectly with the giNB

and/or the TRP.
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{8053} With a UE-assisted position method, the UE 105 may obtain location
measurernents and send the measurements to a location server {e.g., the LMF 120} for
computation of a location estimate for the UE 105, For example, the location
measurements may inciude one or more of a Received Signal Strength Indication
{RSSI), Round Trip signal propagation Time (RTT), Reference Signal Time Difference
(RSTD), Reference Signal Received Power (RSRP) and/or Reference Signal Received
Quality (RSR() for the gNBs 110a, 110b, the ng-eNB 114, and/or a WLAN AP. The
location measurements may also or instead include measurements of GNSS
pseudorange, code phase, and/or carrier phase for the SVs 190-193.

{8054} With a UE-based position method, the UE 105 may obtain location
measurernents (e g., which may be the same as or similar to location measurements for a
Ub-assisted position method} and may compute a location of the UE 105 {e.g., with the
help of assistance data recetved from a location server such as the EMF 120 or
broadcast by the gNBs 110a, 110b, the ng-eNB 114, or other base stations or APs).
[8035] With a network-based position method, one or more base stations {e.g., the
gNBs 110a, 110b, and/or the ng-¢NB 114) or APs may obtain location measurements
{e.g., measurements of RSSI RTT, RSRP, RSRQ or Time of Arrival (ToA) for signals
transmitted by the UE 105) and/or may receive measurements obtained by the UE 105
The one or more base stations or APs may send the measurements to a location server
(e.g., the LMF 120) for computation of a location estimate tor the UE 105,

[8636] Information provided by the gNBs 110a, 110b, and/or the ng-eNB 114 to the
LMF 120 using NRPPa may include timing and configuration information for
directional SS or PRS transmissions and location coordinates. The LMF 120 may
provide some or all of this information to the UE 105 as assistance data in an LPP
and/or NPP message via the NG-RAN 135 and the 3GC 140.

(8057} An LPP or NPP message sent from the LMF 120 to the UE 105 may instruct the
UE 105 to do any of a variety of things depending oun desired functiovality. For
example, the LPP or NPP message could contain an instruction for the UE 105 to obtain
measurerments for GNSS (or A-GNSS), WLAN, E-CID, and/or OTDOA {(or some other
posttion method). In the case of E-CID, the LPP or NPP message may instruct the UE
105 to obtain one or more measurement quantities {e.g., beam ID, beam width, mean
angle, RSRP, RSR{} measurements) of directional signals transmitted within particular

cells supported by one or more of the ¢gNBs 110a, 110b, and/or the ng-eNB 114 (or
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supported by some other type of base station such as an eNB or WiFi AP). The UE 105
may send the measurement quantities back to the LMF 120 in an LPP or NPP message
{e.g, inside a 5G NAS message) via the serving gNB 110a (or the serving ng-eNB 114)
and the AMF 115,

{8058} As noted, while the communication system 100 is described in relation t0 5G
technology, the communication system 100 may be implemented to support other
communication technologies, such as GSM, WCDMA, LTE, etc , that are used for
suppoerting and interacting with mobile devices such as the UE 105 (e.¢., to implement
voice, data, positioning, and other functionalities). In some such embodiments, the SGC
140 may be configured to control different air interfaces. For example, the 5GC 140
may be connected to a WLAN using a Non-3GPP InterWorking Function (N3TWF, not
shown FIG. 1} in the 5GC 150, For example, the WLAN may support IEEE 802 11
WiF1 access for the UE 105 and may comprise one or more WiFi1 APs. Here, the
N3IWEF may connect to the WLAN and to other elements in the 5GC 140 such as the
AMF 115 In some embodiments, both the NG-RAN 135 and the SGC 140 may be
replaced by one or more other RANSs and one or more other core networks. For
example, in an EPS, the NG-RAN 135 may be replaced by an E-UTRAN containing
eNBs and the SGC 140 may be replaced by an EPC containing a Mobility Management
Entity {(MME)} in place of the AMF 115, an E-SMLC in place of the LMF 120, and a
GMLC that may be similar to the GMLC 125, To such an EPS, the E-SMLC may use
LPPa in place of NRPPa to send and receive location information to and from the eNBs
in the E-UTRAN and may use LPP to support positioning of the UE 105, In these other
embodiments, positioning of the UE 105 using directional PRSs may be supported in an
analogous manner to that described herein for a 5G network with the difference that
functions and procedures described herein for the gNBs 110a, 110b, the ng-eNB 114,
the AME 115, and the LMF 120 may, in some cases, apply instead to other network
elements such eNBs, WiFi APs, an MME, and an E-SMLC.

{8059} As noted, in some embodiments, positioning functionality may be implemented,
at least in part, using the directional S8 or PRS beams, sent by base stations {(such as the
gNBs 110a, 110b, and/or the ng-eNB 114) that are within range of the UE whose
position is to be determined (e.g., the UE 105 of FIG. 1}, The UE may, in some
instances, use the directional S8 or PRS beams from a plurality of base stations {such as

the gNBs 110a, 110b, the ng-eNB 114, etc ) to compute the UE’s position.
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10060} Referring also to FIG. 2, a UE 200 is an example of one of the UEs 105, 106 and
coruprises a compuiing platform including a processor 210, memory 211 including
software (SW) 212, one or more sensors 213, a transceiver interface 214 for a
transceiver 215 (that includes a wireless transceiver 240 and a wired transceiver 2503, a
user interface 210, a Satellite Positioning System (SPS) receiver 217, a camera 218, and
a position device (PD) 219. The processor 210, the memory 211, the sensor(s) 213, the
transcerver interface 214, the user interface 216, the SPS receiver 217, the camera 218,
and the position device 219 may be communicatively coupled to each other by a bus
220 {(which may be configured, e.g., for optical and/or electrical communication). One
or more of the shown apparatus {e g., the camera 218, the position device 219, and/or
one or more of the sensor(s) 213, etc.) may be omiited from the UE 200, The processor
210 may include one or more intelligent hardware devices, e.g., a central processing
unit {CPU}, a microcontroller, an application specific integrated circuit (ASIC), etc.
The processor 210 may comprise multiple processors including a general-
purpose/application processor 230, a Digital Signal Processor (DSP) 231, a modem
processor 232, a video processor 233, and/or a sensor processor 234, One or more of
the processors 230-234 may comprise multiple devices {e.g., multiple processors). For
example, the sensor processor 234 may comprise, e.¢., processors for RF (radio
frequency} sensing (with one or more {celiular) wireless signals transmitted and
reflection(s) used to wdentify, map, and/or track an object), and/or ultrasound, etc. The
modem processor 232 may support dual SIM/dual connectivity {or even more SIMs).
For example, a SIM (Subscriber Identity Module or Subscriber Identification Module)
may be used by an Original Equipment Manufacturer (OEM), and another 5IM may be
used by an end user of the UE 200 for connectivity. The memory 211 18 a non-
trausitory storage medium that may include random access memory (RAM), flash
memnory, disc memory, and/or read-only memory (ROM), etc. The memory 211 stores
the software 212 which may be processor-readable, processor-executable software code
containing instructions that are configured to, when executed, cause the processor 210
to perform various functions described herein. Alternatively, the software 212 may not
be directly executable by the processor 210 but may be configured to cause the
processor 210, e.g., when compiled and executed, to perform the functions. The
description may refer to the processor 210 performing a function, but this tncludes other

implementations such as where the processor 210 executes software and/or firmware.
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The description may refer to the processor 210 performing a function as shorthand for
one or more of the processors 230-234 performing the function. The description may
reter to the UE 200 performing a function as shorthand for one or more appropriate
components of the UE 200 performing the function. The processor 210 may include a
memory with stored instructions in addition to and/or instead of the memory 211
Functionality of the processor 210 1s discussed more fully below.

(8061} The configuration of the UE 200 shown in FIG. 2 15 an example and not himiting
of the disclosure, including the claims, and other configurations may be used. For
example, an example configuration of the UE includes one or more of the processors
230-234 of the processor 210, the memory 211, and the wireless transceiver 240. Other
exarple configurations include one or more of the processors 230-234 of the processor
210, the memory 211, a wireless transceiver, and one or more of the sensor{(s) 213, the
user interface 216, the 8PS receiver 217, the camera 218, the PD 219, and/or a wired
transceiver.

[80662] The UE 200 may comprise the modem processor 232 that may be capable of
performing baseband processing of signals received and down-converted by the
transcetver 215 and/or the SPS receiver 217, The modem processor 232 may perform
basebaund processing of signals to be upconverted for transmission by the transceiver
215 Also or alternatively, baseband processing may be performed by the general-
purpose/application processor 230 and/or the DSP 231, Other configurations, however,
may be used to perform baseband processing.

18063} The UE 200 may wnclude the sensor(s) 213 that may include, for example, one or
more of various types of sensors such as one or more tnertial sensors, oue or more
magnetometers, one or more environment Sensors, one or more optical sensors, one or
more weight sensors, and/or one or more radio frequency (RF) sensors, etc. An inertial
measurement unit {(IMU) may comprise, for example, one or more accelerometers {e.g.,
collectively responding to acceleration of the UE 200 in three dimensions) and/or one or
more gyroscopes (e.g., three-dimensional gyroscope(s}). The sensor(s) 213 may include
one or more maguoetometers (e g, three-dimensional magnetometer(s)} to determine
orientation {g.g., relative to magnetic north and/or true north} that may be used for any
of a variety of purposes, €.g., to support one or more compass applications. The
environment sensot{s) may comprise, for example, one or more temperature sensors,

OnE OF MOTe barometric pressure sensors, one or more armbient light sensors, one or
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more camera imagers, and/or one or more microphones, etc. The sensor{s) 213 may
generate analog and/or digital signals indications of which may be stored in the memory
211 and processed by the DSP 231 and/or the general-purpose/application processor
230 1n support of one or more applications such as, for example, applications directed to
positioning and/or navigation operations.

{8064} The sensor(s) 213 may be used in relative location measurements, relative
location determination, motion determination, ete. Information detected by the
sensor(s}) 213 may be used for motion detection, relative displacement, dead reckoning,
sensor-based location determination, and/or sensor-assisied location determination. The
sensor{s) 213 may be useful to determine whether the UE 200 is fixed (stationary} or
mobile and/or whether to report certain useful information to the LMF 120 regarding
the mobility of the UE 200. For example, based on the information obtained/measured
by the sensor{s} 213, the UE 200 may notify/report to the LMF 120 that the UE 200 has
detected movements or that the UE 200 has moved, and report the relative
displacement/distance {e.g , via dead reckoning, or sensor-based location determination,
or sensor-assisted location determination enabled by the sensor(s) 213} In another
example, for relative positioning information, the sensors/IMU can be used to determine
the angle and/or orientation of the other device with respect to the UE 200, etc.

[0065] The IMU may be configured to provide measurements about a direction of
motion and/or a speed of motion of the UE 200, which may be used in relative location
determination. For example, one or more accelerometers and/or one or more
gyroscopes of the IMU may detect, respectively, a linear acceleration and a speed of
rotation of the UE 200, The linear acceleration and speed of rotation measurements of
the UE 200 may be integrated over time to determine an instantaneous direction of
motion as well as a displacement of the UE 200, The instantaneous direction of motion
and the displacement may be integrated to track a location of the UE 200. For example,
a reference location of the UE 200 may be determined, e.g., using the SPS receiver 217
{and/or by some other means) for a moment in time and measurements from the
accelerometer(s) and gyroscope(s) taken after this moment n time may be used in dead
reckoning to determine present location of the UE 200 based on movement {direction
and distance) of the UE 200 relative to the reference location.

{80661 The magnetometer(s} may determine magnetic field strengths in different

directions which may be used to determine orientation of the UE 200, For example, the
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orientation may be used to provide a digital compass for the UE 200. The
magnetometer(s) may include a two-dimensional magnetometer configured to detect
and provide indications of magnetic field strength in two orthogonal dimensions. The
magnetometer{s) may include a three-dimensional magunetometer configured to detect
and provide indications of magnetic field strength in three orthogonal dimensions. The
magnetometer(s) may provide means for sensing a magnetic field and providing
indications of the magnetic field, e.g., to the processor 210

(8067} The transcetver 215 may include a wireless transceiver 240 and a wired
transceiver 250 configured to communicate with other devices through wireless
connections and wired connections, respectively. For example, the wireless transceiver
240 may include a wireless transmitter 242 and a wireless recetver 244 coupled to an
antenna 2406 for transmitting {e.g., on one or more uplink channels and/or one or more
sidelink channels) and/or recetving {e.g., on one or more downlink channels and/or one
ot more sidelink channels) wireless signals 248 and transducing signals from the
wireless signals 248 to wired (e.g., electrical and/or optical) signals and from wired
(e.g, electrical and/or optical) signals to the wireless signals 248, The wireless
transmitter 242 includes appropriate components {e.g., a power amplifier and a digital-
to-analog converter). The wireless receiver 244 ncludes appropriate components {e.g.,
one or more amplifiers, one or more frequency filters, and an analog-to-digital
converter). The wireless transroitier 242 may wclude muliiple transmitters that may be
discrete components or combined/integrated components, and/or the wireless receiver
244 may nclude multiple receivers that may be discrete cornponents or
combined/integrated components. The wireless transceiver 240 may be configured to
communicate signals {e.g., with TRPs and/or one or more other devices) according to a
variety of radio access technologies (RATs) such as 5G New Radio (NR), GSM (Global
System for Mobiles), UMTS (Universal Mobile Telecommunications System), AMPS
{Advanced Mobile Phone Systerm ), CDMA (Code Division Multiple Access), WCDMA
{Wideband CDMA}, LTE (Long Term Evolution), LTE Direct (LTE-D), 3GPP LTE-
V2X (PC5), IEEE 802 11 (including IEEE 802 11p), WiFi, WiFi Direct (WiFi-D},
Bluetooth®, Zigbee etc. New Radio may use mm-wave frequencies and/or sub-6GHz
trequencies. The wired transceiver 250 may include a wired transmitter 252 and a
wired receiver 254 configured for wired communication, e.g., a network interface that

may be utilized to communicate with the NG-RAN 139 to send communications to, and
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receive communications from, the NG-RAN 135, The wired transmitter 252 may
include multiple transmitters that may be discrete components or combined/integrated
components, and/or the wired receiver 254 may include multiple receivers that may be
discrete components or combined/integrated components. The wired transcetver 250
may be configured, e.g., for optical communication and/or electrical communication.
The transceiver 215 may be communicatively coupled to the transceiver interface 214,
e.g., by optical and/or electrical connection. The transceiver interface 214 may be at
least partially integrated with the transceiver 215, The wireless transmitter 242, the
wireless receiver 244, and/or the antenna 246 may wnclude wultiple transmutters,
multiple receivers, and/or multiple antennas, respectively, for sending and/or receiving,
respectively, appropriate signals.

[80668] The user interface 216 may comprise one or more of several devices such as, for
example, a speaker, microphone, display device, vibration device, keyboard, touch
screen, eic. The user interface 216 may include more than one of any of these devices.
The user interface 216 may be configured to enable a user to interact with one or more
applications hosted by the UE 200. For example, the user interface 216 may store
indications of analog and/or digital signals in the memory 211 to be processed by DSP
231 and/or the general-purpose/application processor 230 1u response to action from a
user. Similarly, applications hosted on the UE 200 may store indications of analog
and/or digital signals in the memory 211 to present an output signal to a user. The user
interface 216 may include an audio wput/output (I/0) device comprising, tor example, a
speaker, a microphone, digital-to-analog circuitry, analog-to-digital circuitry, an
amplifier and/or gain control circuttry (including more than one of any of these
devices). Other configurations of an audio /O device may be used. Also or
alternatively, the user interface 216 may comprise one or more touch sensors responsive
to touching and/or pressure, e.g., on a keyboard and/or touch screen of the user interface
216.

{8069} The SPS receiver 217 {e.g., a Global Positioning System {GPS) receiver) may be
capable of receiving and acquiring SPS signals 260 via an SPS antenna 262. The SPS
antenna 262 is configured to transduce the SPS signals 260 from wireless signals to
wired signals, e.g., electrical or optical signals, and may be integrated with the antenna
246. The SPS receiver 217 may be configured to process, in whole or in part, the

acquired SPS signals 260 for estimating a location of the UE 200. For example, the SPS
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receiver 217 may be configured to determine location of the UE 200 by trilateration
using the SPS signals 260. The general-purpose/application processor 230, the memory
211, the DSP 231 and/or one or more specialized processors {(not shown) may be
utilized to process acquired SPS signals, in whole or in part, and/or to calculate an
estimated location of the UE 200, in conjunction with the SPS receiver 217, The
memory 211 may store indications {¢.g., measurements) of the SPS signals 260 and/or
other signals {e.g., signals acquired from the wireless transceiver 240} for use in
performing positioning operations. The general-purpose/application processor 230, the
DSP 231, and/or one or more specialized processors, and/or the roemory 211 may
provide or support a location engine for use in processing measurements to estimate a
location of the UE 200.

[8676] The UE 200 may include the camera 218 for capturing still or moving imagery.
The camera 218 may comprise, for example, an imaging sensor {e.g., a charge coupled
device or a CMOS (Complementary Metal-Oxide Semiconductor) imager), a lens,
analog-to-digital circuitry, frame buffers, ete. Additional processing, conditioning,
encoding, and/or compression of signals representing captured images may be
performed by the general-purpose/application processor 230 and/or the DSP 231, Also
ot alternatively, the video processor 233 may perform counditioning, encoding,
compression, and/or manipulation of signals representing captured images. The video
processor 233 may decode/decompress stored 1mage data for presentation on a display
device (not shown}, e.g., of the user interface 216

18071} The position device (PD) 219 may be configured to determine a position of the
UE 200, motion of the UE 200, and/or relative position of the UE 200, and/or time. For
exarmple, the PD 219 may communicate with, and/or include sore or all of, the SPS
receiver 217, The PD 219 may work in conjunction with the processor 210 and the
memory 211 as appropriate to perform at least a portion of one or more positioning
methods, although the description herein may refer to the PD 219 being configured to
perform, or performing, in accordance with the positioning method{s}. The PD 219 may
also or alternatively be configured to determine location of the UE 200 using terrestrial-
based signals {(e.g., at least some of the signals 248) for trilateration, for assistance with
obtaining and using the SPS signals 260, or both. The PD 219 may be configured to
determine location of the UE 200 based on a cell of a serving base station {(e.g., a cell

center) and/or another technique such as E-CID. The PD 219 may be configured to use
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one of more images from the camera 218 and image recognition combined with known
locations of landmarks (e g., natural landmarks such as mountains and/or artificial
landmarks such as buildings, bridges, streets, etc.) to determine location of the UE 200,
The PD 219 may be configured to use one or more other techniques (e.g., relying on the
UE’s self-reported location {e.g., part of the UE’s posttion beacon}) for determining the
focation of the UE 200, and may use a combination of technigues {e.g., SPS and
terrestrial positioning sigonals) to determine the location of the UE 200, The PD 219
may include one or more of the sensors 213 {e.g, gyroscope(s}, accelerometer(s),
magnetometer{(s), etc. ) that may sense orientation and/or motion of the UE 200 and
provide indications thereof that the processor 210 (e.g., the general-purpose/application
processor 230 and/or the DSP 23 1) may be configured to use to determine rootion {e.g.,
a velocity vector and/or an acceleration vector) of the UE 200, The PD 219 may be
configured to provide indications of uncertainty and/or error in the determined position
and/or motion. Functionality of the PD 219 may be provided in a variety of manners
and/or configurations, e.g., by the general-purpose/application processor 230, the
transceiver 215, the 8PS receiver 217, and/or another component of the UE 200, and
may be provided by hardware, software, firmware, or various combinations thereof.
10072} Referring also to FIG. 3, an example of a TRP 300 of the gNBs 110a, 110b
and/or the ng-eINB 114 comprises a computing platform including a processor 310,
memory 311 including software (SW) 312, and a transcetver 315 The processor 310,
the memory 311, and the transceiver 315 may be communicatively coupled to each
other by a bus 320 (which may be configured, e.g., for optical and/or electrical
communication}. Une or more of the shown apparatus (e.g., a wireless transceiver) may
be omitted from the TRP 300. The processor 310 may include one or more intelligent
hardware devices, e.g., a central processing unit {CPU}, a microcoutroller, an
application specific integrated circuit (ASIC), etc. The processor 310 may comprise
multiple processors (e.g., including a general-purpose/ application processor, a DSP, a
modem processor, a video processor, and/or a sensor processor as shown in FIG. 2).
The memory 311 18 a non-transitory storage mediur that may include random access
memory (RAM)), flash memory, disc memory, and/or read-only memory (ROM),

etc. The memory 311 stores the software 312 which may be processor-readable,
processor-executable software code containing instructions that are configured to, when

executed, cause the processor 310 to perform various functions described
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herein. Alternatively, the software 312 may not be directly executable by the processor
310 but may be configured to cause the processor 310, e.g , when compiied and
executed, to perform the functions.

[8073] The description may refer to the processor 310 performing a function, but this
includes other implementations such as where the processor 310 executes software
and/or tfirmware. The description may refer to the processor 310 performing a function
as shorthand for one or more of the processors contained in the processor 310
performing the function. The description may refer to the TRP 300 performing a
tunction as shorthand for one or more appropriate compouents {e.g., the processor 310
and the memory 311} of the TRP 300 (and thus of one of the gNBs 110a, 110b and/or
the ng-eNB 114) performing the function. The processor 310 may include a memory
with stored instructions in addition to and/or instead of the memory 311, Functionality
of the processor 310 is discussed more fully below.

{8874} The transceiver 315 may include a wireless transceiver 340 and/or a wired
transceiver 350 configured to communicate with other devices through wireless
connections and wired connections, respectively. For example, the wireless transceiver
340 may include a wireless transmitter 342 and a wireless receiver 344 coupled to one
or more antennas 346 for transmitting {e.g., on one or more uplink channels and/or one
or more downlink channels) and/or receiving (e.g., on one or more downlink channels
and/or oue or more uplink channels) wireless signals 348 and travsducing signals from
the wireless signals 348 to wired {e.g., electrical and/or optical} signals and from wired
(e g, electrical and/or optical) signals to the wireless signals 348, Thus, the wireless
transmitter 342 may include multiple transmitters that may be discrete components or
combined/integrated components, and/or the wireless receiver 344 may include multiple
receivers that may be discrete components or combined/integrated components, The
wireless transceiver 340 may be configured to communicate signals (e.g., with the UE
200, one or more other UEs, and/or one or more other devices) according to a variety of
radio access technologies (RATs) such as 5G New Radic (NR}, GSM (Global System
for Mobiles), UMTS (Universal Mobile Telecommunications System), AMPS
{Advanced Mobile Phone System), CBMA (Code Division Multiple Access), WCDMA
{(Wideband CDMA), LTE (Long Term Evolution}, LTE Direct (LTE-D), 3GPP LTE-
V2X (PCS), IEEE 802.11 (including IEEE 802 11p), WiFi, WiFi Direct (WiFi-D),

Bluetooth®, Zigbee ete. The wired transceiver 350 may include a wired transmitter 352
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and a wired receiver 354 configured for wired communication, e.g., a network interface
that may be utilized to communicate with the NG-RAN 135 10 send communications to,
and receive communications from, the LMF 120, for example, and/or one or more other
network entities. The wired transmitter 352 may include multiple transmitters that may
be discrete components or combined/integrated components, and/or the wired receiver
354 may include multiple receivers that may be discrete components or
combined/integrated components. The wired transceiver 350 may be configured, e g,
tfor optical communication and/or electrical communication.

{8075} The configuration of the TRP 300 shown in FIG. 3 18 an example and not
limiting of the disclosure, including the claims, and other configurations may be used.
For exarople, the description herein discusses that the TRP 300 15 configured to perform
or performs several functions, but one or more of these functions may be performed by
the LMF 120 and/or the UE 200 (i e, the LMF 120 and/or the UE 200 may be
configured to perform one or more of these functions).

{8076} Referring also to FIG. 4, a server 400, of which the LMF 120 is an example,
coruprises a compuiing platform including a processor 410, memory 411 including
software (SW} 412, and a transceiver 415 The processor 410, the memory 411, and the
transceiver 415 may be communicatively coupled to each other by a bus 420 (which
may be configured, e.g., for optical and/or electrical communication}. One or more of
the shown apparatus {e.g., a wireless fransceiver) may be omitted from the server

400. The processor 410 may include one or more intelligent hardware devices, e.g., a
central processing unit (CPU), a microcontroller, an application specific integrated
circuit (ASIC), etc. The processor 410 may comprise multiple processors {e.g.,
including a general-purpose/ application processor, a DSP, a modem processor, a video
processor, and/or a sensor processor as shown in FIG. 2} The memory 411 s a non-
transitory storage medium that may include random access memory (RAM)), flash
memory, disc memory, and/or read-only memory (ROM), etc. The merory 411 stores
the software 412 which may be processor-readable, processor-executable software code
containing instructicns that are configured to, when executed, cause the processor 410
to perform various functions described herein. Alternatively, the software 412 may not
be directly executable by the processor 410 but may be configured to cause the
processor 410, e.g., when comptled and executed, to perform the functions. The

description may refer to the processor 410 performing a function, but this includes other
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implementations such as where the processor 410 executes software and/or firmware.
The description may refer to the processor 410 performing a function as shorthand for
one or more of the processors contained in the processor 410 performing the function.
The description may refer to the server 400 performing a function as shorthand for one
Ot more appropriate components of the server 400 performing the function. The
processor 410 may include a memory with stored instructions in addition to and/or
instead of the memory 411, Functionality of the processor 410 13 discussed more fully
below.

{8077} The transceiver 415 may nclude a wireless transceiver 440 and/or a wired
transceiver 450 configured to communicate with other devices through wireless
connections and wired connections, respectively. For example, the wireless transceiver
440 may include a wireless transmitter 442 and a wireless recetver 444 coupled to one
or more antennas 446 for transmitting {e.g., on one or more downlink channels) and/or
receiving {e.g., on one or more uplink channels) wireless signals 448 and transducing
signals from the wireless signals 448 to wired {e.g., electrical and/or optical) signals and
from wired (¢ g., electrical and/or optical) signals to the wireless signals 448 Thus, the
wireless transmitter 442 may include muitiple transmitters that may be discrete
components or combined/integrated components, and/or the wireless receiver 444 may
include multiple receivers that may be discrete components or combined/integrated
coruponents. The wireless transceiver 440 may be configured to communicate sigoals
{e.g., with the UE 200, one or more other UEs, and/or one or more other devices)
according to a variety of radio access technologies (RATs) such as SG New Radio
{(NR), GSM (Global System for Mobiles), UMTS (Universal Mobile
Telecommunications System), AMPS (Advanced Mobile Phone System)}, CDMA {Code
Division Multiple Access), WCDMA (Wideband CDMA), LTE (Long Term
Evolution}, LTE Direct (LTE-D), 3GPP LTE-V2X (PCS), IEEE 802 11 (including IEEE
802.11p), WiF1, WiF1 Direct (WilFi-D), Bluetooth®, Zigbee ete. The wired transceiver
450 may include a wired transmitter 452 and a wired receiver 454 configured for wired
communication, e.g., a network interface that may be utilized to communicate with the
NG-RAN 135 to send communications to, and receive communications from, the TRP
300, for example, and/or one or more other network entities. The wired transmitter 452
may include multiple transmitters that may be discrete components or

combined/integrated components, and/or the wired receiver 454 may include multiple
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receivers that may be discrete components or combined/integrated components. The
wired transceiver 450 may be configured, e.g., for optical communication and/or
electrical communication.

10078 The description herein may refer to the processor 410 performing a function, but
this includes other implementations such as where the processor 410 executes software
(stored in the memory 411} and/or firmware. The description herein may refer to the
server 400 performing a function as shorthand for one or more appropriate components
{e.g., the processor 410 and the memory 411} of the server 400 performing the function.
{8079} The configuration of the server 400 shown in FIG. 4 19 an example and not
{imiting of the disclosure, including the claims, and other configurations may be used.
For exarople, the wireless transceiver 440 may be omiited. Also or altervatively, the
description herein discusses that the server 400 is configured to perform or performs
several functions, but one or more of these functions may be performed by the TRP 300
and/or the UE 200 (i.e, the TRP 300 and/or the UE 200 may be configured to perform
one or more of these functions).

{6088} Positioning Technigues

{8081} For terrestrial positioning of a UE in cellular networks, techniques such as
Advanced Forward Link Trlateration (AFLT) and Observed Time Difference Of
Arrival (OTDOA) often operate in “UE-assisted” mode in which measurements of
reference signals (e.g,, PRS, CRS, etc ) transmitted by base stations are taken by the UE
and then provided to a location server. The location server then calculates the position
of the UE based on the measurements and known locations of the base stations.
Because these technigues use the location server to calculate the position of the UE,
rather than the UE itself, these positioning techniques are not frequently used in
applications such as car or cell-phone navigation, which ostead typically rely on
satellite-based positioning.

{6082} A UE may use a Satellite Positioning System (SPS) (a Global Navigation
Satellite System (GNSS}} for high-accuracy posttioning using precise point positioning
(PPP) or real time kinematic (RTK) technology. These technologies use assistance data
such as measurements from ground-based stations. L'TEH Release 15 allows the data to
be encrypted so that only the UEs subscribed to the service can read the information.
Such assistance data varies with time. Thus, a UE subscribed to the service may not

easily “break encryption” for other UEs by passing on the data to other UEs that have
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not paid for the subscription. The passing on would need to be repeated every time the
assistance data changes.

{6083} In UE-assisted positioning, the UE sends measurements {e.g., TDOA, Angle of
Arrival (AcA), ete.} to the positioning server {e.g., LMF/eSMLC). The positioning
server has the base station almanac (BSA) that contains multiple "entries” or ‘records’,
one record per cell, where each record contains geographical cell location but also may
include other data. An wdentifier of the ‘record” amoung the multiple ‘records’ in the
BSA may be referenced. The BSA and the measurements from the UE may be used to
compute the position of the UE.

{8084} In conventional UE-based positioning, a UE computes its own position, thus
avoiding sending measurements to the network {e.g., location server), which i turn
improves latency and scalability. The UE uses relevant BSA record information (e.g.,
locations of gNBs {(more broadly base stations)) from the network. The BSA
information may be encrypted. But since the BSA information varies much less often
than, for example, the PPP or RTK assistance data described earlier, it may be easier to
make the BSA information {compared to the PPP or RTK information) available to UHs
that did not subscribe and pay for decryption keys. Transmissions of reference signals
by the gNBs make BSA information potentially accessible to crowd-sourcing or war-
driving, essentially enabling BSA information to be generated based on in-the-field
and/or over-the-top observations.

[B085] Posttioning techniques may be characterized and/or assessed based on one or
more criteria such as position determination accuracy and/or latency. Latency 1s a time
elapsed between an event that triggers determination of position-related data and the
avatlability of that data at a positioning system interface, e g, an interface of the LMF
120 Atimtialization of a positioning system, the latency for the availability of
position-related data is calied time to first fix {(TTFF), and 1s larger than latencies after
the TTFF. An inverse of a time elapsed between two consecutive position-related data
availabilities is called an update rate, 1.¢., the rate at which position-related data are
generated after the first fix. Latency may depend on processing capability, e.g., of the
UE. For example, a UE may report a processing capability of the UE as a duration of
DL PRS symbols 1n units of timae (e.g., milliseconds) that the UE can process every T
amount of time {e.g., T ms) assuming 272 PRB {Physical Resource Block} allocation.

Other examples of capabilities that may affect latency are a number of TRPs from
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which the UE can process PRS, a number of PRS that the UE can process, and a
bandwidth of the UE.

[8686] One or more of many different positioning techniques {also called positioning
methods) may be used to determine position of an entity such as one of the UEs 105,
106. For example, known position-determination techniques include RTT, multi-RTT,
OTDOA (also called TDOA and including UL-TDOA and DL-TDOA), Enhanced Cell
Identification (E~CID), DL-AoD, UL-AoA, etc. RTT uses a time for a signal to travel
from one entity to another and back to determine a range between the two entities. The
range, plus a known location of a first one of the entities and an angle between the two
entities {e.g., an azimuth angle) can be used fo determine a location of the second of the
entities. In mult-RTT (also called multi-cell RTT), multiple ranges from one entity
{e.g., a UE} to other entities (e.g., TRPs} and known {ocations of the other entities may
be used to determine the location of the one entity. In TDOA techniques, the difference
in fravel times between one entity and other entities may be used to determine relative
ranges from the other entities and those, combined with known locations of the other
entities may be used to determine the location of the one entity.  Angles of arrival
and/or departure may be used to help determine location of an entity. For example, an
angle of arrival or an angle of departure of a signal combined with 4 range between
devices {determined using signal, e.g., a travel time of the signal, a received power of
the signal, etc.) and a known location of one of the devices may be used to determine a
location of the other device. The angle of arrival or departure may be an azimuth angle
relative to a reference direction such as true north. The angle of arrival or departure
may be a zenith angle relative to directly upward from an entity {i.¢, relative to radially
outward from a center of Earth). E-CID uses the identity of a serving cell, the timing
advance (i.e, the difference between recetve and transmit times at the UE), estimated
timing and power of detected neighbor cell signals, and possibly angle of arrival {e g,
of a signal at the UE from the base station or vice versa) to determine location of the
UE. In TDOA, the difference in arrival times at a receiving device of signals from
different sources along with known locations of the sources and known offset of
transmission times from the sources are used to determine the location of the receiving
device.

{8087} In a network-centric RTT estimation, the serving base station instructs the UE 10

scan for / receive RTT measurement signals (e.g., PRS} on serving cells of two or more
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neighboring base stations (and typically the serving base station, as at least three base
stations are needed). The one of more base stations transmit RTT measurement signals
on low reuse resources {e.g., resources used by the base station 1o transmit system
information} allocated by the network {e.g , a location server such as the LMF 120).
The UE records the arrival time (also referred to as a receive time, a reception time, a
time of reception, or a time of arrival (ToA)) of each RTT measurement signal relative
to the UE’s current downlink timiog (e.g., as derived by the UE froro a DL signal
received from its serving base station), and transmits a common or individual RTT
response message (e.g., SRS (sounding reference signal) for positioning, 1.e., UL-PRS)
to the one or more base stations {e.g., when instructed by its serving base station) and
may include the time difference Ty ry (1.2, UE Texx or UERx7x) between the ToA of
the RTT measurement signal and the transroission time of the RTT response message in
a pavload of each RTT response message. The RTT response message would include a
reference signal from which the base station can deduce the ToA of the RTT response.
By comparing the difference Treopy between the transmission time of the RTT
measurement signal from the base station and the ToA of the RTT response at the base
station to the UE-reported time difference Ty, 7., the base station can deduce the
propagation tirne between the base station and the UE, from which the base station can
determine the distance between the UE and the base station by assuming the speed of
light during this propagation time.

{8088} A UE-centric RTT estimation is similar to the network-based method, except
that the UE transmits uplink RTT measurement signal(s) {e.g., when instructed by a
serving base station), which are received by multiple base stations 1u the neighborhood
of the UE. Each involved base station responds with a downlink RTT response
message, which may include the time ditference between the ToA of the RTT
measurement signal at the base station and the transmission time of the RTT response
message from the base station in the RTT response message payioad.

{8089} For both network-centric and UE-centric procedures, the side (network or UE)
that performs the RTT calculation typically (though not always) transmits the first
message(s) or signal(s) (e.g., RTT measurement signal{s)}, while the other side responds
with one or more RTT response message(s) or signal(s) that may include the difference
between the ToA of the first message(s) or signal(s) and the transnussion time of the

RTT response message(s} or signal(s).
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{8096} A multi-RTT technique may be used to determine position. For exampile, a first
entity {e.g, a UE) may send out one or more signals {e.g., unicast, multicast, or
broadcast from the base station) and multiple second entities {e.g., other TSPs such as
base station{s} and/or UE(s)) may receive a signal from the first entity and respond to
this received signal. The first entity recetves the responses from the multiple second
entities. The first entity (or another entity such as an LMF) may use the responses from
the second entities to determine ranges to the second entities and may use the multiple
ranges and known locations of the second entities to determine the location of the first
entity by trilateration.

{8091} In some instances, additional information may be obtained in the form of an
angle of arrival (AcA) or angle of departure {AoD) that defines a straight-line direction
{e.g., which may be in a borizontal plane or in three dimensions) or possibly a range of
directions {e.g., for the UE from the locations of base stations). The intersection of two
directions can provide another estimate of the location for the UE.

{8092} For positioning techniques using PRS (Positioning Reference Signal) signals
(e.g, TDOA and RTT), PRS signals sent by rouitiple TRPs are roeasured and the arrival
times of the signals, known transmission times, and known locations of the TRPs used
to determine ranges from a UE to the TRPs. For example, an RSTD (Reference Signal
Time Difference) may be determined for PRS signals received from multiple TRPs and
used in a TDOA technigue to determine position (location) of the UE. A positioning
reference signal may be referred to as a PRS or a PRS signal. The PRS signals are
typically sent using the same power and PRS signals with the sarme signal
characteristics (e.g., same frequency shift) may interfere with each other such that a
PRS signal from a more distant TRP may be overwhelmed by a PRS signal from a
closer TRP such that the signal from the more distant TRP may not be detected. PRS
muting may be used to help reduce interference by muting some PRS signals (reducing
the power of the PRS signal, ¢ g, to zero and thus not transmitting the PRS sigoal). In
this way, a weaker {at the UE) PRS signal may be more easily detected by the UE
without a stronger PRS signal interfering with the weaker PRS signal. The term RS,
and vartations thereof {e.g., PRS, 8RS, CSE-RS (Channel State Information — Reference
Signal), may refer to one reference signal or more than one reference signal.

19093} Positioning reference signals (PRS) include downlink PRS (DL PRS, often
referred to simply as PRS) and uplink PRS (UL PRS) (which may be called SRS
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{Sounding Reference Signal) for positioning). A PRS may comprise a PN code
{(pseudorandom number code) or be generated using a PN code {e.g., by modulating a
cartier signal with the PN code) such that a source of the PRS may serve as a pseudo-
satellite (a pseudolite). The PN code may be unmique to the PRS source (at least within a
specified area such that identical PRS from difterent PRY sources do not overlap). PRS
may comprise PRS resources and/or PRS resource sets of a frequency layer. A DL PRS
posttioning frequency layer (or stmply a frequency layer) is a collection of DL PRS
resource sets, from one or more TRPs, with PRS resource(s) that have common
parameters configured by higher-layer parameters DL-PRS-Positioningtrequencylayer,
D-FPRS-ResourceSet, and DIL-PRS-Resource. Each trequency layer has a DL PRS
subcarrier spacing (SCS) for the DL PRS resource sets and the DL PRS resources in the
frequency layer. Each frequency layer has a DL PRS cyclic prefix {CP) for the DL PRS
resource sets and the DL PRS resources in the frequency layer. In SG, a resource block
occupies 12 consecutive subcarriers and a specified number of symbols, Common
resource blocks are the set of resource blocks that occupy a channel bandwidth, A
bandwidth part (BWP) is a set of contiguous common resource blocks and may include
all the common resource blocks within a channel bandwidth or a subset of the common
resource blocks. Also, a DL PRS Point A parameter defines a frequency of a reference
resource biock {(and the lowest subcarrier of the resource block), with DL PRS resources
belonging to the same DL PRS resource set having the same Point A and all DL PRS
resource sets belonging to the same frequency layer having the same Point A, A
trequency layer also has the same DL PRS bandwidth, the same start PRB (and center

frequency), and the same value of comb size (1.e,, a frequency of PRS resource elements

element). A PRS resource set s identified by a PRS resource set ID and may be
associated with a particular TRP (identified by a cell 1D} transmitted by an antenna
panel of a base station. A PRS resource 1D in a PRSI resource set may be associated
with an ommidirectional signal, and/or with a single beam (and/or beam ID) transmitted
from a single base station {where a base station may trausmit one or more beams). Each
PRS resource of a PRS resource set may be transmitted on a different beam and as such,
a PRS resource, or sitaply resource can also be referred to as a bearn. This does not
have any implications on whether the base stations and the beams on which PRS are

transmitted are known to the UE.
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[0094] A TRP may be configured, e.g., by instructions received from a server and/or by
software in the TRP, to send DL PRS per a schedule. According to the schedule, the
TRP may send the BL PRS intermittently, e.g., periodically at a conststent interval from
an 1mtial transmussion. The TRP may be configured to send one or more PRS resource
sets. A resource set 18 a collection of PRS resources across one TRP, with the resources
having the same periodicity, a common muting pattern configuration (if any}, and the
same repetition factor across stots. Hach of the PRS resource sets comprises multiple
PRS resources, with each PRS resource comprising multiple OFDM (Orthogonal
Freguency Division Multiplexing) Resource Elements (REs) that may be in multiple
Resource Blocks (RBs) within N {one or more} consecutive symbol(s) within a slot.
PRS resources {or reference signal (RS) resources generally) may be referred to as
OFDM PRS resources {or OFDM RS resources). An RB is a collection of REs
spanning a quantity of one or more consecutive symbols in the time domain and a
quantity {12 for a 5G RB) of consecutive sub-carriers in the frequency domain. Hach
PRS resource is configured with an RE offset, slot offset, a symbol offset within a slot,
and a number of consecutive symbols that the PRS resource may occupy within a slot.
The RE offset defines the starting RE offset of the first symbol within a DL PRS
resource in frequency. The relative RE offsets of the remainung symbols within a DL
PRS resource are defined based on the initial offset. The slot offset is the starting slot of
the DL PRS resource with respect to a corresponding resource set slot offset. The
symbol offset determines the starting symbol of the DL PRS resource within the starting
slot. Transmitted REs may repeat across slots, with each transmission being called a
repetition such that there may be multiple repetitions in a PRS resource. The DL PRS
resources in a DL PRS resource set are associated with the same TRP and each DL PRS
resource has a DL PRS resource 1D, A DL PRS resource ID i a DL PRS resource set
is associated with a single beam transmutted from a single TRP (although a TRP may
transmit one or more beams).

{8095} A PRS resource may also be defined by quasi-co-location and start PRB
parameters. A quasi-co-location (QCL ) parameter roay define any quasi-co-location
information of the DL PRS resource with other reference signals. The BL PRS may be
configured to be QCL type D with a DL PRS or SS/PBCH (Synchronization
Signal/Physical Broadcast Channel} Block from a serving cell or a non-serving cell.

The DL PRS may be contigured to be QCL type C with an S5/PBCH Block from a
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serving cell or a non-serving cell. The start PRB parameter defines the starting PRB
index of the DL PRS resource with respect to reference Point A, The starting PRB
index has a granularity of one PRB and may have a minimum value of O and a
maximum value of 2176 PRBs.

{8086} A PRS resource set i3 a collection of PRS rescurces with the same periodicity,
same muting pattern configuration (if any), and the same repetition factor across slots.
BEvery time all repetitions of all PRS resources of the PRS resource set are configured to
be transmitted is referred as an “instance”. Therefore, an “instance” of a PRS resource
set 18 a specified number of repetitions for each PRS resource and a specified number of
PRS resources within the PRS resource set such that once the specified number of
repetitions are transnutted for each of the specified mumber of PRS resources, the
instance is complete. An instance may also be referred to as an “occasion.” A DL PRS
configuration including a DL PRS transmission schedule may be provided to a UE to
faciittate (or even enable) the UE to measure the DL PRX.

18097} Muluple frequency layers of PRS may be aggregated to provide an effective
bandwidth that is larger than any of the bandwidths of the layers individually. Multiple
frequency layers of component carriers {which may be consecutive and/or separate) and
meeting criteria such as being quasi co-located (QCLed), and having the same antenna
port, may be stitched to provide a larger effective PRS bandwidth (for DL PRS and UL
PRS) resulting in increased time of arrival measurement accuracy. Stitching comprises
combining PRS measurements over individual bandwidth fragments such that the
stitched PRS may be treated as having been taken from a single measurement. Being
CLed, the different frequency layers behave simtlarly, enabling stitching of the PRS to
vield the larger effective bandwidth. The larger effective bandwidth, which may be
referred to as the bandwidth of an aggregated PRS or the frequency bandwidth of an
aggregated PRS, provides for better time-domain resolution {e.g., of TDOA). An
aggregated PRS includes a collection of PRS resources and each PRS resource of an
aggregated PRS may be called a PRS component, and each PRS component may be
transmitted on different component carriers, bands, or frequency layers, or on different
portions of the same band.

[8098] RTT positioning is an active positioning technique in that RTT uses positioning
signals sent by TRPs to UEs and by UEs (that are participating in RTT posttioning} to

TRPs. The TRPs may send DL-PRS signals that are received by the UEs and the UEs
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may send SRS {Sounding Reference Signal) signals that are recetved by multiple TRPs.
A sounding reference signal may be referred to as an SRS or an SRS sigual. In 5G
multi-RTT, coordinated positioning may be used with the UE sending a single UL-5RS
for positioning that is received by multiple TRPs instead of sending a separate UL-SRS
for positioning for each TRP. A TRP that participates in multi-RTT will typically
search tor UHs that are currently camped on that TRP (served UEs, with the TRP being
a serving TRP) and also UEs that are camped on neighboring TRPs {(neighbor Uls).
Neighbor TRPs may be TRPs of a single BTS (Base Transceiver Station) {e.g., gNB}, or
may be a TRP of one BTS and a TRP of a separate BTS. For RTT positioning,
including multi-RTT positioning, the DL-PRS signal and the UL-SRS for positioning
signal in a PRS/SRS for positioning signal pair used to determine RTT (and thus used to
determine range between the UE and the TRP) may occur close in time to each other
such that errors due to UE motion and/or UE clock drift and/or TRP clock drift are
within acceptabie limits. For example, signals in a PRY/SRS for positioning signal pair
may be transmitied from the TRP and the UE, respectively, within about 10 ms of each
other. With SRS for positioning signals being sent by UEs, and with PRS and SRS for
positioning being conveved close in time to each other, it has been found that radio-
frequency (RF) signal congestion may result (which may cause excessive noise, etc.)
especially if many UHEs attempt positioning concurrently and/or that computational
congestion may result at the TRPs that are trying to measure many UEs concurrently.
[8699] RTT positioning may be UE-based or UE-assisted. In Uk-based RTT, the UE
200 determines the RTT and corresponding range to each of the TRPs 300 and the
position of the UE 200 based on the ranges to the TRPs 300 and known locations of the
TRPs 300, In UE-assisted RTT, the UE 200 measures positioning signals and provides
measurement information to the TRP 300, and the TRP 300 determines the RTT and
range. The TRYP 300 provides ranges to a location server, e.g., the server 400, and the
server determines the location of the UE 200, ¢.g., based on ranges to different TRPs
300. The RTT and/or range may be determined by the TRP 300 that received the
signal(s} from the UE 200, by this TRP 300 10 combination with one or more other
devices, e.g., one or more other TRPs 300 and/or the server 400, or by one or more
devices other than the TRP 300 that received the signal(s} from the UE 200.

{90100} Various positioning techniques are supported tn 5G NR. The NR native

positioning methods supported in SG NR include DL-only positioning methods, UL-
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only positioning methods, and DLAUL positioning methods. Downlink-based
posttioning mwethods include DL-TDOA and DL-AoD. Uplink-based positioning
methods include UL-TDOA and UL-AoA. Combined DL+UL-based positioning
methods include RTT with one base station and RTT with multiple base stations (multi-
RTT).

{80101} A position estimate {e.g., for a UE) may be referred to by other names, such as
a location estimate, location, position, position {ix, fix, or the like. A position estimate
may be geodetic and comprise coordinates (e g., latitude, longitude, and possibly
altitude) or may be civic and comprise a street address, postal address, or some other
verbal description of a location. A position estimate may further be defined relative to
some other known location or defined in absolute terros {e.g , using latitude, longitude,
and possibly altitude). A position estimate may include an expected error or uncertainty
{e.g., by including an area or volume within which the location is expected to be
included with some specitied or default fevel of confidence}.

(00102} PRS measurement shaving

[80143] Referring to FIGS. § and 6, with further reference to FIGS. 1-4, position
information {e.g., one or more PRS measurements, one or more processed PRS
measurements {e.g., one or more pseudoranges), and/or one or more location estimates)
may be shared among UESs that are in close enough proximity that position information
for one UE {e.g., a measurement made by one UE or a location estimhate for one UE)
may be treated as position information for another UE while providing acceptable
positioning accuracy. For example, UEs S11, 512, 513 are disposed in close proximity
to each other, and can share PRS measurements for positioning purposes with accuracy
on the order of the separation of the UEs 511-513. In this example, the UE 511 1sa
smartwaich, the UE 512 15 a smariphone, and the UE 513 13 a vehicle UE (integrated
into a vehicle 500, and indicated in FIG. 5 by an antenna housing). The UEs 511-513
are disposed within a few roeters {e.g., 2 meters) of each other and thus may share PRS
measurements for a positioning accuracy of several meters or lower resolution (higher
number of meters), e.g., 2 m or more, or may use a common location estimate. As
shown, each of the UEs S11-513 recetve PRS 531, 532, 533 from a base station 520, the

o]
3

UEs 512, 513 provide position information 542, 543 {(e.g., PRS measurement(s},
processed PRS measurement(s), and/or location estimate(s)) via sidelink to the UE 11,

and the UE 511 provides a measurerent report 550 to the server 400 with position
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information. The measurement report 550 may include one or more PRS measurements
made by the UE 511 and/or one or more PRS measurements made by one or more of the
UEs 512, S13. Thus, as shown in FIG. 6, an amount of measurements 610 made (and
possibly reported) by the UE 511 without the UE 511 receiving shared measurements
from the UE(s) 512, 513 is much greater than an amount of measurements 620 made
{and possibly reported) by the UE 511 when the UE 511 receives shared position
information 630 correspounding to measurements made by the UE{s) 512, 513, Some of
the measurements 620 may be the same as some of the position information 630, With
sharing, the UE 511 may save energy by avouding roeasuring oue or more PRS
resources when the UE 511 receives, or is expected to receive, position information
from the UE(s) 512, S13. FIG. 613 an example, and 1s not to scale, e.g., the
measurements 620 made by the UE 511 with sharing may be far fewer than {e.g., 1/10
of) the measurements 610 made without position information sharing. The position
information sharing may be performed in an individual-benefit mode with information
being shared with a UE and used for the benefit of that UE (to determine location of that
UE), or may be performed in a group-benefit mode with position information shared
and used to the benefit of a group of UEs (to determine a location that can be used for
the location of each of the UEs n the group). The position information sharing n the
individual-benefit mode may be transparent to the server 400 while the position
information sharing in the group-benefit mode is visible to the server 400, The
individual-benefit mode may be referred to as a hitchhiking mode because the UE 511
may be considered to be hitching a ride on the position information from one or more
other UEs. For example, in the individual-benefit mode, the UE 511 may obtain all
PRS measurements from one or more other UEs of the group {e.g., with the UE 511
making no PRS measurements). As another example, the UE 511 may make one or
more PRS measurements but only use and/or report PRS measurements obtained from
the other UE(s) wn the group. The group-benefit mode may be referred to as a

virtual UE to provide position information for the group of UEs. In the group-bevefut
mode, a positioning entity, which may be the server 400 {(e.g., an LMF) or the server
400 integrated with the TRP 300 (e g, and LMF i RAN), is aware of task officading
between UHs., The individual-benefit mode or the group-benefit mode may be used

when positioning accuracy requirement(s} is{are} lenient enough that not knowing the
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exact focation of a UE or a UE within a cluster of UEs, respectively, is acceptable.
Location estimation may, however, be improved for a himited-positioning-accuracy
device by leveraging position information from a device capable of higher positioning
accuracy {e.g., greater bandwidth, more processing capability, etc.) and/or by obtaining
position information {e.g., PRS measurements} with fewer positioning errors than the
limited-positioning-accuracy device would obtain, e g., for one or more particular
measurernents. For example, the vehicle UE S13 may be able to process more PRS
instances than the smartwatch UE 511 and therefore obtain a more accurate
measurement of the same PRS than the UE S11.

[80104] Referring to FIG. 7, a UE 700 includes a processor 710, a transceiver 720, and

g
!
i

a memory 730 communicatively coupled to each other by a bus 740, The UE 700 may

~r
]

include the components shown in FIG. 7, and may include one or more other
components such as any of those shown 1n FIG. 2 such that the UE 200 may be an
example of the UE 700, For example, the processor 710 may include one or more of the
components of the processor 210, The transceiver 720 may include one or more of the
coraponents of the transceiver 215, e.g., the wireless transmitter 242 and the antenva
246, or the wireless receiver 244 and the antenna 246, or the wireless transmitter 242,
the wireless receiver 244, and the antenna 246, Also or alternatively, the transceiver
720 may include the wired transmitter 252 and/or the wired receiver 254. The memory
730 may be configured stmilarly to the memory 211, e g., including software with
processor-readable instructions configured to cause the processor 710 to perform
tunctions.

{801085] The description hergin may refer to the processor 710 performing a function,
but this includes other implementations such as where the processor 710 executes
software (stored 1n the memory 730} and/or firmware. The description herein may refer
to the UE 700 performing a function as shorthand for one or more appropriate
compounents {e.g., the processor 710 and the roemory 730) of the UE 700 performing the
function. The processor 710 (possibly in conjunction with the memory 730 and, as
appropriate, the transcetver 720) may include a PRS measurernent unit 750, a posttion
information reporting unit 760, a position information sharing unit 770, and a cross-
validation unit 780. The PRS measurement unit 750, the position information reporting
unit 760, the position information sharing unit 770, and the cross-validation unit 780 are

discussed further below, and the description may refer to the processor 710 generally, or
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the UE 700 generally, as performing any of the functions of the PRS measurement unit
750, the position information teporting unit 760, the posttion wnformation sharing unit
770, and the cross~validation unit 780, with the UE 700 configured to perform the
tunctions. The position information sharing unit 770 may be configured to transmit
position information to another UE and/or to receive position information from another
UE.

[86106] Referring to FIG. 8, a positioning entity 300 wnchudes a processor 810, a
transceiver 820, and a memory 830 communicatively coupled to each other by a bus
840. The posttioning entity 800 may wnclude the componeunts shown in FIG. 8, and roay
include one or more other components such as any of those shown in FIG. 2, or FIG. 3
and/or FIG. 4 such that the positioniog entity 800 may be part of the server 400 (e.g, a
location server such as an LMF}, integrated in the TRP 300, or integrated in the UE 700.
Thus, reference to the processor 810, the transceiver 820, or the memory 830 15
equivalent to reference to the corresponding component(s) of the server 400, the TRP
300, or the UE 700. For example, the transceiver 820 may include one or more of the
coraponents of the transceiver 215 or the transceiver 318 and/or the transceiver 415,
e.g., the antenna 246 and the wireless transmitter 242 and/or the wireless receiver 244,
the antenna 346 and the wireless transmitter 342 and/or the wireless receiver 344, and/or
the antenna 446 and the wireless transmitter 442 and/or the wireless receiver 444, Also
or alternatively, the transceiver 820 may include the wired transmitter 252 and/or the
wired receiver 254, or the wired transmitier 352 and/or the wired receiver 354, and/or
the wired transmitter 452 and/or the wired receiver 454, The memory 830 may be
configured stmilarly to the memory 211, or the memory 311 and/or the memory 411,
e.g., including software with processor-readable mnstructions configured to cause the
processor 810 to perform functions.

[80167] The description herein may refer to the processor 810 performing a function,
but this includes other implementations such as where the processor 810 executes
software (stored in the memory 830} and/or firmware. The description herein may refer
to the positioniog entity 800 performing a function as shorthand for one or more
appropriate components {e.g., the processor 310 and the memory 830) of the positioning
entity 800 performing the function. The processor 810 {possibly in conjunction with the
memory 830 and, as appropriate, the transceiver 820} may include a virtual UE

management unit 850 and a virtual UE position information management unit 8360, The

43



WO 2022/220933 PCT/US2022/017950

virtual UE management unit 50 and the virtual UE position information management
unit 860 are discussed further below, and the description may refer to the processor 810
generally, or the positioning entity 800 generally, as performing any of the functions of
the virtual UE management unit 830 and/or the virtual UE position information
management unit 860, with the positicuning entity configured to perform the functions.

[00108]  Individual-benefit mode

(86109} Referring again to FIG. 5, with further reference to FIG. 7, 1o the individual-
benefit mode, the UE 700 {e.g., the UE 511} may oftload one or more PRS
measurements in a procedure that 1s transparent to the server 400 with litile or no impact
to the LPP protocol. A donor UE, e g | the UE 512 and/or the UE 513} is a UE that
provides one or more PRS measurements to another UE. A recipient UE (also called a
hitchhiker UE)is a UE, e.g., the UE 511, that receives one or more PRS measurements
via sidelink from one or more other UEs. In the individual-benefit mode, each UE
{donor and recipient) mainiains an independent positioning session {for measuring and
reporting} with the server 400. The donor UE may provide the PRS measurement(s)} to
the reciptent UE with a UE-neutral PRS-ID (i.¢, a PRS-ID that is not UE-specific) and
the reciptent UE may report the PRS measurement with the UE-neutral PRS-ID and/or
with a UE-specific PRS-ID corresponding to the recipient UE. The UE 700, e.g., the
position information sharing unit 770, may be configured to be a donor UE only, or to
be a recipient UE only, ot to be both a donor UE and a recipient UE, with each of the
UHs 511-513 being an example of the UE 700,

[80110] Various information may be shared by the donor UE to the recipient UE. For
example, measurements of RSRP, RSTD, Rx-Tx {e.g., UErw1y}, AcA, AoD, timestamp,
etc. {e.g., any available measurement defined in LPP) may be provided by the position
information sharing unit 770 of the dovor UE to the position wnformation sharing unit
770 of the recipient UE. Also or alternatively, one or more location estimates may be
provided by the position information sharing unit 770 of the dovor UE to the position
information sharing unit 770 of the recipient UE, e.g., if the donor UE is in UE-based
(UE-B) positioning mode or 18 1o UE-assisted {(UE-A) positioning mode and 15 the
location client and receives the location estimate {for the donor UE) from the server 400
{e.g., an LMF). A donor UE in UE-B positioning mode may share measurements
{(including processed measurements) and/or location estimate(s} with a recipient UE in

UE-B positioning mode. A donor UE 1in UE-B positioning mode may share
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measurements with a recipient UE in UE-A positioning mode. A donor UE in UE-A
posttioning mode may share measurements with a recipient UE 1o UE-A positioning
mode. A donor UE in UE-A positioning mode may share measurements and/or location
estimate(s} (if the donor UE has the location estimate(s) from the server) with a
recipient UE in UE-B positioning mode.

{80111} The position information sharing unit 770 of the donor UE may be contigured
to associate each shared measurement (ncluding processed measurement) with a PRS-
2. A PRS-ID may have any of a variety of forms and levels of detail. For Un-PRS
{e.g.. DL-PRS from the TRP 300 to the UE 700), a PRS-ID may include a TRP-ID, a
TRP-ID and a PRS resource set 1D, or a TRP-ID and a PRS resource set D and a PRS
resource 1D What level of detail 15 provided for the PRS-ID may depend on what type
of positioning technigue the measurement is to be used for and/or what type of
measurement 1s being shared. For example, for RSTD, providing the TRP-ID alone
may be sufficient to allow the recipient UE to determine the cell or the site of the
measurerment. For AcA or AoD, the PRS-ID may include a PRS resource ID because
multiple RSRP measurements corresponding to multiple PRS resources may be
provided and/or because resolution at the PRS resource level may be required to meet
desired accuracy. For SL-PRS (sidelink PRS between UEs), the PRS-1D may include a
UE-ID, or the UE-ID and an SL-PRS resource related ID. The PRS-ID provided by the
donor UE 13 a UE-veutral 1D, e.g., a global ID, that the position information shaning uoit
770 of the recipient UE 700 may convert to a PRS-ID specific to the recipient UE.
{80112} The position information sharing unit 770 of the donor UE may be configured
to share a subset of the position information available for sharing by the donor UE. For
exarnple, the position information sharing unit 770 of the donor UE may be configured
to share a few tepresentative measurernents per TRP, per PRS-resource set, or per PRS
source site {e.g., base station, which may include multiple TRPs). The position
nformation sharing unit 770 way be configured to select what position woformation to
share based on one or more factors. For example, the position information sharing unit
770 maay apply an earliest-arrival principle to select the position information
corresponding to the PRS resource(s) that arrived at the donor UE earliest. The earliest-
arrival principle may be applied 1n particular for timing measurements, ¢.g., RSTDs
made with the earliest ToA measurements. As another example, the position

information sharing unit 770 may apply a strongest principle to select the position
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information corresponding to the PRS resource(s} that arrived at the donor UE with the
most power. The strongest principle may be applied 1n particular for power
measurements, e.g., RSRP measurements. To select measuremeni(s) per site, the donor
UE wuses knowledge of location of each anchor node {e.g., TRP, UE). The donor UE
may obtatn the location information of each anchor node in assistance data provided to
the donor UE if the donor UE 1s in UE-B positioning mode, or by request from the
donor UE 1f the donor UE s in UE-A positioning mode. The server 400 may provide a
single location for a group of co-located TRPs, which reduces overhead compared to
separately providing the location for each of the co-located TRPs. The PRS
measurement unit 750 of the donor UE may use the single location for a group of TRPs
to avold redundant measurement(s), e.g., by measuring one PRS corresponding to the
site of the co-located TRPs.

{80113} Referring to FIG. 9, with further reference to FIGS. 1-8, a signaling and
process flow 900 for providing and measuring PRS resources, requesting reporting of
PRS resource measurement, and reporting PRS resource measurement includes the
stages shown. The flow 900 13 an example, as stages may be added, rearranged, and/or
removed. Signals may be exchanged directly between UEs 901, 902, 903 and the server
400 i the flow 900 and/or may be exchanged via the TRP 300

[80114] At stage 910, the UEs 901-903 request and receive assistance data (ADY). The
UEs 901-903 send AD requests 911, 912, 913 and the server 400 responds by sending
assistance data messages 914, 915, 916 to the UEs 901-903, respectively, with
respective AD. The AD messages 914-916 are shown being sent from the server 400 to
the UEs 901-903, but the A} may be sent by the TRP 300 to the UEs 901-903. The AD
messages 914-916 inchude respective PRS schedules and PRS configurations {(e.g,
original PRS configurations and/or PRS re-configurations) for the UEs 901-903. The
PRS schedules may provide scheduies of DL-PRS, SL-PRS, and/or UL-PRS. The PRS
schedules indicate the timing and frequency of PRS resources to assist the UEs 901-903
to measure the scheduled PRS resources. The PRS schedules are provided by the server
400 to the UEs 901-903 and the TRP 300 {e.g., provided to the UEs 901-903 via the
TRP 300}, The server 400 may send indications of {e.g., parameters of } PRS schedules
to the TRP 300 and the TRP 300 {e.g, the processor 310) may determing the PRS

schedules based on the indications from the server 400,
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[80115] At stage 920, position sessions between the server 400 and each of a recipient
UE 901, a donor UE 902, and a dovnor UE 903 start. The UHs 901-903 perform a
handshake by exchanging appropriate messages to establish respective positioning
sesstons for exchanging signaling for use in determining a position {location) of the
recipient UE 901, The handshaking may include determining a positioning technique
and appropriate position information (measurement(s} and/or location estimate(s}) to be
determined. Each of the Uls 901-903 may be an example of the UE 700, with the UE
901 contigured at least to receive shared position information from the donor UEs 902,
903 and the donor UHs 902, 903 configured at least to share position wnformation with
the recipient UE 901

[86116] At stage 930, the recipient UE 901 determines which of the dovor UHs 902,
803 is{are} within an acceptable proximity of the recipient UE 901, At this point, the
recipient UE 901 13 a candidate recipient UE (having not yet received shared position
information) and the donor UEs 902, 903 are candidate donor UEs (having not yet
shared position information with the recipient UE 901} but are referred to as donor UEs.
The reciptent UE 901 determines proximities of the donor UEs 902, 903 to determine
whether either or both of the donor UEs 902, 903 are within an acceptable proximity of
the recipient UE 901, An acceptable proximity may be a proximity such thata
candidate donor UE is close enough that position information determined by the
candidate UE may be used by the recipient UE 901 as position information for the
recipient UE 901 to determine a position estimate for the recipient UE 901 that will
meet a desired positioning accuracy {and/or one or more other QoS metrics). For
example, an acceptable proximity may be that the candidate donor UE is within a
threshold distance of the recipient UE 901, The recipient UE 903 may determine
whether each of the donor Ulls 902, 903 1s within au acceptable proximity using one or
more of a variety of techniques. For example, the position information sharing unit 770
may include one ot more of the sensors 213 (e g, radar and/or lidar) and/or the
transceiver 720 to exchange ranging signals 931 with the donor UE 902 and/or ranging
signals 932 with the donor UE 903 to determine proxiroity. The ranging signals 931,
932 may include radar signals, lidar signals, and/or SL-PRS. Any of the ranging signals
931, 932 may be used to determine RTT and thus a range between the recipient UE 901
and each of the donor UEs 902, 903, SL-PRS may be used to determing RTT, RSSE

and/or RSRP to determine a range between the recipient UE 901 and each of the donor
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UEs 902, 903, As another example, SL-discovery may indicate close proximity of UEs,
e.g., with a stdelink communication being seut from the recipient UE 901 with a known
transmission power and if the recipient UE 901 receives an acknowledgement that the
donor UE 902 and/or the donor UE 903 received the SL communication, then the
recipient UE 901 may conchude that the responding UE(s) 902, 903 1s(are) within an
acceptable proximity. For example, the recipient UE 901 may know that for the
transmission power and frequency used ftor the SL communication, the range for
receiving the SE communication with adequate power to be decoded is within an
acceptable proximity. As another example, the recipient UE 901 may connect with one
or more candidate donor UHs using a short-range wireless technology such as WLAN
{(wireless local area network), BLUETOOTH®, and/or low-energy BLUETOOTH®,
with successful connection being equated with acceptabie proximity. For example, the
UE 511 may register with the UE 513 in response to entering the vehicle S00. As other
examples, proximity of UEs may be determined using observed time delay and/or
comparing UE locations (e.¢., determined using GNSS and/or one or more other
technigues). The recipient UE 901 may require a candidate donor UE to be within a
threshold proximity for a threshold amount of time in order to be considered a donor
UE. The recipient UE 901 may deterroive that a candidate donor UE is within an
acceptable proximity based on the recipient UE 901 and the candidate donor UE having
the same or similar neighbor Hist of TRPs. The recipient UE 901 may determine that a
candidate donor UE s within an acceptable proximity based on the recipient UE 901
and the candidate donor UE moving similarly (e.¢., moving in unison due to being in
the same vehicle). Still other techniques may be used to determine whether a candidate
UE 13 within an acceptable proximity of the recipient UE 901,

(86117} Also at stage 930, the recipient UH 901 negotiates with the donor UEs 902,
903 regarding capabilities of the UEs 902, 903. The recipient UE 901 sends capability
requests 933, 934 to the donor UEs 902, 903 requesting reports of capabilities of the
donor UEs 902, 903 In response to the requests 933, 934, the donor UEs 902, 903
transmit respective capability reporis 935, 936 to the recipient UE 901 indicating one ot
more capabilities of the donor UEs 902, 903, respectively. For example, one or more of
the capability reports 935, 936 may indicate one or more processing capabilities (e.g.,
bandwidth, buffer size, number of instances that can be measured) of the donor UHs

902, 903, respectively. As another example, one or more of the capability reports 935,
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936 may indicate one or more PRS measurement sharing capabilities, e g, type(s) of
posttion wnforroation that the UEs 902, 903 can determine and share with the recipient
UE 901 and/or UB-neutral PRS-ID(s) of scheduled PRS resource(s) for the donor UE(s)
502, 903, respectively. The capability reports 935, 936 may indicate which PRS
resources the donor UEs 902, 903 plan to measure and/or what position information the
donor UEs 902, 903 plan to determine. The content of the capability reports 935, 936
may be wocluded 10 the AD message 914 provided to the recipient UE 901 (e g, and
possibly not sent by the donor UEs 902, 903 in the separate capability reports 935, 936
as shown). The recipient UE 901 may send a behavior request 937 to the donor UE 902
and/or a behavior request 938 to the donor UE 903 to request one or more sharing
behaviors explicitly and/or impliciily. For example, the reciptent UE 901 may exphcitly
request that the donor UE(s) 902, 903 measure one or more PRS resources and/or
determine position information that the donor UE(s) 902, 903 do not plan to measure
and/or determine. As another example, the recipient UE 901 may provide one or more
QoS criteria desired by the recipient UE 901 and the donor UE(s) 902, 903 may reply
with what behavior the donor UE(s) 902, 903 will provide. For example, the donor UEs
902, 903 may indicate that the respective donor UE 902, 903 will provide position
information on a best-effort basis, providing the position information if the donor UE
902, 903 has the position information. As ancther example, the donor UEs 902, 903
may indicate that the respective donor UE 902, 903, based on the request from the
recipient UE 901, will obtain extra (unplanned) position information (e.g., taking one or
more unplanned measurements and/or processing one or more measurements to
determine other position information {e.g. processed measurement(s} and/or location
estimate{s})). There may be multiple communications between the recipient UE 901 and
one or both of the donor UEs 902, 903 to agree upon behavior of the donor Uls 902,
903 (e.g., supplemental capability report{s) sent by the UE({s} 902, 903 in response to
the request(s) 937, 938 and possibly supplement request(s) sent in response {o the
supplemental capability report(s), etc.).

(86118} Also at stage 930, the recipient UE 901 selects one or more candidate donor
UEs to serve as donor UE(s) and what position information to share. For example, the
position information sharing unit 770 of the recipient UE 901 may identify multiple
candidate donor UEs within an acceptable proximity and select, based on one or more

factors, one of more of these candidate donor UEs to share position information. For
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example, the position information sharing unit 770 of the recipient UE 901 may, for
example, select the candidate donor UE(s) with the highest processing capability(jes).
As another example, the position information sharing unit 770 of the recipient UE 901
may select the candidate donor UE(s) with the most PRS resources scheduled in
common with the recipient UE 901 (e.g., based on the UE-neutral PRS-ID{s}}, e.g, to
help reduce the processing performed by the recipient UE 901, As another example,
the position information sharing unit 770 of the recipient UE 901 may select the
candidate donor UE that is closest to the recipient UE 901 (e g, based on received
signal strength, and/or based on coarse focation estimate of the recipient UE 901 and
location estimates of the donor UEs, and/or based on one or more other factors). The
posttion wnforroation sharing unit 770 of the recipient UE 901 may select one or more of
the candidate donor UEs based on a combination of factors such as processing
capability and overlapped scheduled PRS resources. If multiple candidate donor UEs
are equally desirable based on the one or more factors, then a tie breaker may be
employed, e.g, to select the closer candidate donor UE (e ¢, the shorter RTT or the
stronger RSRP). The recipient UE 901 sends a share request to each of the dovor UEs
802, 903 that the recipient UE 901 selects to share position information. In this
example, the recipient UE 901 transmits a share request 939 to the donor UE 902
[80119] The share request 939 may include an indication of a requested periodicity for
the donor UE 902 to share position information with the recipient UE 901, The
requested periodicity {e.g., aperiodic, periodic, or semi-persistent (i e, periodic that is
aperiodically triggered)) may depend on a reporting periodicity of the reciptent UE 901
For example, if the recipient UE 901 is providing aperiodic measurement reports, then
the recipient UE 901 may request aperiodic position information sharing from the donor
UE 902, The share request 939 may be transmitted by the recipient UE 901 using, and
thus the position information sharing may be initiated by, SCI {sidelink control
wnformation), SL-MAC-CE (sidelink - media access control - control element), or SL-
RRC (sidelink radio resource control} via sidelink or through a serving cell {e.g.,
through the TRP 300). The share request 939 may include detailed measurement
request information. For example, for Uu-PRS (PRS between a TRP and a UE), the
share request 939 may include a specific TRP, a specific TRP and PRS resource set, or a
spectfic TRP and PRS resource set and PRS resource. The share request 939 may, for

example identify a TRP from which the recipient UE 901 would like the donor UE 902
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to measure PRS or may identify a TRP and request the donor UE 902 to measure PRS
from one or more TRPs other than the identified TRP. As another example, the
recipient UE 901 may identify one or more measurements that the donor UE 902 should
exclude from sharing with the recipient UE 901 (e ¢, to avoid redundancy because the
recipient UE 901 will make the measurement(s)). For SL-PRS, the share request 939
may include UE-ID, or UE-ID and an SL-PRS resource related ID.

[80128] At stage 940, the TRP 300 sends PRS 941, 942 to the UEs 901, 902,
respectively. For example, the TRP 300 sends the PRS 941, 942 in accordance with the
PRS schedules indicated in the AD messages 914, 915, To this example, DL-PRS are
sent by the TRP 300, but other PRS {e g, SL-PRS) may also or alternatively be
traunsmitted at stage 940 to the recipient UE 901 and/or the donor UE 902, The PRS
941, 942 may be identical, e.g, if the TRP 300 1s broadeasting the PRS.

{00121} Atstage 950, the recipient UE 901 may measure none, a subset of, or all of the
PRS 941 and the donor UE 902 measures at east some of the PRS 942, For example, at
sub-stage 951, the PRS measurement unit 750 of the recipient UE 901 may measure
none of the PRS resources of the PRS 941 or roay measure oue or more PRS resources
of the PRS 941, e g, based on desired measurements for the positioning technique used,
{30S criteria to be met, position information expected to be recetved from the donor UE
902, and/or processing limits/desires {e.g., a power limit) of the recipient UE 901, At
sub-stage 952, the PRS measurement uuit 750 of the recipient UE 901 may, for
example, measure all of the PRS 941, less than all of the PRS 941, or none of the PRS
941, The PRS measurement untt 750 of the donor UE 902 may measure one or more
PRS resources of the PRS 942, e g, based on the measurement behavior agreed upon
{explicitly or implicitly {e.g., to meet one or more agreed-upon criteria such as position
information to be provided) at stage 930, For example, the donor UE 902 may employ a
best-etfort behavior regarding measuring PRS or may measure one or more extra PRS
resources as appropriate, e.g., to meet a request by the recipient UE 901 and 1f the extra
measurement(s) is{are} within any measurement limitation of the donor UE 902, At
sub-stages 951, 952, the recipient UE 901 and/or the donor UE 902 may determine
posttion information from one or more respective PRS measurements {e.g., PRS
measurements and/or processed PRS measurement(s) {e.g., pseudorange(s) for UE-
assisted positioning or UE-based positioning, and location estimate(s) for UE-based

positioning}. The position information may include one or more processed
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measurements (e.g., pseudorange(s)) and/or one or more location estimates of the
recipient UE 901 or the donor UE 902, respectively.

[86122] At stage 960, the donor UE 902 transmits position information 961 to the
recipient UE 901, The position information sharing unit 770 of the donor UE 902
transmits posttion information determined by the donor UE 902, e.g., position
information agreed at stage 930 to be provided, to the recipient UE 901 via sidelink
coramunication. The posittion wnformation may be provided periodically, senu-
persistently, or aperiodically (e.g., in response to an aperiadic request from the recipient
UE 901, such as the share request 939). The position information 961 may wndicate the
PRS measured to obtain the corresponding position information, with the PRS being
indicated by a UE-neutral ID. The position information sharing unit 770 of the dovor
UE 902 may convert a UE-specific PRS-1D for the donor UE 902 into the UE-neutral
ID and transmit the UE-neutral ID to the recipient UE 901 and the position information
sharing unit 770 of the recipient UE 901 may convert the UE-neutral ID into a UE-
specific ID corresponding to the recipient UE 901

[80123] At stage 970, the recipient UE 901 may cross validate position information.
For example, the cross-validation unit 780 of the recipient UE 901 may compare a piece
of position information recetved from the donor UE 902 with similar position
information determined by the recipient UE 901 and/or a similar piece of position
information received from another donor UE (in close proximity to the recipient UE
801} For example, the cross-validation unit 730 of the recipient UE 901 may compare
a PRS measurement from the position information 961 with a similar measurerment
made by the PRS measurement unit 750 of the recipient UE 901, The measurements
may correspond, for exaraple, to the same PRS source site, the same TRP, the same
PRS resource set, or the same PRS resource. I the measurements differ by less thav a
threshold amount {e.g., an absolute value of a difference {subtraction) being less than a
threshold or an absolute value of a ratio being less than avother threshold), then the
cross-validation unit 780 of the recipient UE 901 determines that both of the
measurernents may be reliable or both of the rueasurements may be unrehable. If the
measurements differ by more than a threshold amount, then at least one of the
measurements 15 determined to be unreliable (e g, due to multipath), e g, undesirable to
be used to determine location of the recipient UE 901, For example, for timing

measurernents where one measurement s determined to be unreliable (an outlier), then
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the cross-validation unit 780 may 1dentify the measurement corresponding to the earlier-
arriving PRS resource as potentially reliable and wdentify the measurement
corresponding to the later-arriving PRS rescurce as unreliable. The earlier-arriving PRS
resource has an earlier time of arrival, 1.e, a ToA measurement of the earlier-arriving
PRS resource will be earfier in time than a ToA measurement of the later-arriving PRS
resource. As another example, where RTT measurements differ by more than a
threshold amount, the larger RTT measurement may be identified as voreliable.
Because the recipient and donor UEs 901, 902 are in close proximity, RTT
measurements by the Uls 901, 902 for the same PRS source site are expected to be very
similar. Thus, for example, if one RTT measurement 1s 10 ms and the other RTT
measurernent is 100 ms, then the 100 ms RTT measurement may be identified as
anreliable. Cross validation is discussed further below

(00124} Also at stage 970, the recipient UE 901 transmits a measurement report 971 to
the server 400. The measurement report 971 may be transmitted directly from the
recipient UE 901 to the server 400 or via the TRP 300, The position information
reporting unit 760 of the recipient UE 901 may omit any position information
determined to be unreliable by the cross validation. The measurement report 971 may
nclude position information corresponding to one or more measurements made by the
recipient UE 901 and/or one or more measurements made by the donor UE 902 {e. g,
sumitar to the measurements 620 and the position information 630 shown in FIG. 6).
The measurement report 971 may include one or more recipient UE measurements that
are simtlar to one or more donor UE measurements, e.g , measurements of the same
PRS respurce(s), or PRS resources from the same site, or the same TRP, or the same
TRP resource set. The position information reporting unit 760 of the recipient UE 901
may format the measurement report 971 to correspond to the recipient UE 901, eg.,
identifying PRS by UE-specific PRS-ID(s) corresponding to the recipient UE 201, The
position information reporting unit 760 of the recipient UE 901 may provide no
indication that any position information in the measurement report 971 was provided by
the donor UE 902 in order to have the position information sharing be transparent to the
server 400.

[00125] At stage 980, the server 400 determines position information for UE-assisted
positioning. For example, the processor 410 uses the measurement report 971, and

possibly other information (e.g., measurements from one or more TRPs 300 of one or
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more signals from the recipient UE 901}, to determine position information for the
recipient UE 901, e g, to determuine one or more signal measurements, one or more
ranges (e.g., pseudoranges), and/or one ot more location estimates for the recipient UE
S01.

[B0126] Atstage 990, one or more early-termination requests may be exchanged and/or
One of More requests to change the sharing configuration may be exchanged. For
exarple, the recipient UE 901 and/or the donor UE 902 may send a termination request
091 1o the donor UE 902 or the recipient UE 901, respectively. The termination request
901 may request termivation of position information sharing before expiration of a time
for periodic or semi-persistent sharing. As another example, the recipient UE 901
and/or the donor UE 902 may send a reconfiguration request 992 to the donor UE 902
or the recipient UE 901, respectively. The recounfiguration request 992 may reguest to
initiate a new negotiation of sharing behavior and/or may indicate one or more specific
position information sharing behaviors {e.g., specific position information sought,
change to best-etfort sharing, ete.).

(80127} Referring to FIG. 10, with further reference to FIGS. 1-9, a position
information reporting method 1000 includes the stages shown. The method 1000 s,
however, an example and not limiting. The method 1000 may be altered, e g, by
having stages added, removed, rearranged, combined, performed concurrently, and/or
having single stages split into muliiple stages.

[66128] At stage 1010, the method 1000 includes communicating by a first UE with a
second UE to identify a first PRS measurement to be made by the second UE. For
example, at stage 930 the recipient UE 901 communicates with the donor UE 902 to
identify {e.g, to determine or agree to} one or more PRS measurernents for the donor
UE 902 to make (instead of or in addition to the recipient UE 902). The processor 710,
possibly in combination with the memory 730, in combination with the transceiver 720
{e.g., the antenna 246 and the wireless transmitter 242, and possibly the wireless
receiver 244) may comprise means for communicating with the second UE.

(86129} At stage 1020, the method 1000 includes receiving, by the first UE from the
second UE via sidelink communication, first position information based ou the first PRS
measurement. For example, at stage 960 the recipient UE 901 receives the position
information 961 based on measurement of the PRS 942 at sub-stage 952. The processor

710, possibly in combination with the memory 730, in combination with the transceiver
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720 {e.g., the wireless receiver 244 and the antenna 246} may comprise means for
receiving the first position information.

(80130} At stage 1030, the method 1000 includes transmitting, from the first UE toa
network entity, the first position information. For example, at stage 970 the position
information reporting unit 760 of the reciptent UE 901 transmits the measurement report
971, including position information determined by the donor UE 902 and shared with
the recipient UE 901, to the server 400, The measurement report 971 may or may not
include position information determined from one or more PRS measurements taken by
the recipient UE 901, The processor 710, possibly 1o combination with the memory
730, in combination with the transcetver 720 (e.g., the antenna 246 and the wireless
transmitter 242} may coroprise means for trausmitiing the first position information and
the second position information o the network entity.

(00131} Implementations of the method 1000 may include one or more of the
following features. In an example implementation, the method 1000 comprises
determining a proximity of the second UE to the first UE, where transmitting the first
posttion inforration to the network entity comprises transmitting the first position
information to the network entity based on the proximity of the second UE to the first
UE being acceptably close. For example, at stage 930 the recipient UE 901 may
determine proximities to candidate donor UEs by exchanging ranging signals, e.g.,
using one or mote of the sensors {(e.g, radar, lidar, etc.) and/or one or more sigonals
received by the wireless receiver 244 via the antenna 246 (possibly in response to one or
more signals transmitted by the wireless transmitter 242 via the antenna 246}, The
recipient UE 901 may only negotiate with the donor UE 902 (and/or other donor UE) if
the donor UE 902 has been determined to be acceptably close to the recipient UE 901
(e.g., within a threshold distance, within communication range of the recipient UE 901
with transmit power of the recipient UE 901 of a threshold value or less, etc.). As
another example, the recipient UE 901 may only transmit position information received
from the donor UE 902 if the donor UE 902 has been determined to be acceptably close
to the recipient UE 901, The processor 710, possibly tn combination with the menmory
730, possibly in combination with the franscetver 720 {(e.g., the antenna 246, the
wireless receiver 244 and possibly the wireless transmitter 242} and/or one or more of
the sensor(s) 213 {e.g., a radar sensor, a lidar sensor, etc ) may comprise means for

determining proximities to candidate donor UEs. In another example implementation,
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the method 1000 comprises: identifying a plurality of candidate UEs within an
acceptable proximity of the first UE; and selecting, to serve as a position information
donor, the second UE from the plurality of candidate UEs based on processing
capabilities of the plurality of candidate UEs. For exaruple, at stage 930 the recipient
UE 901 determines proximities to candidate donor UHs and may use processing
capabilities (indicated in the capability reports 935, 936} of multiple UEs within
accepiable proximity of the recipient UE 901 to select a donor UE (or donor UEs) from
which to recetve position information. The processor 710, possibly in combination with
the memory 730, possibly 1n combination with the transceiver 720 {e.g., the antenna
246, the wireless receiver 244 and possibly the wireless transmitter 242) and/or one or
more of the sensor(s) 213 {e.g., a radar seusor, a lidar sensor, etc. ) may comprise means
for identifying candidate UEs within an acceptable proximity of the recipient UE 901
and the processor 710, possibly 1n combination with the memory 730, may comprise
means for selecting the second UE to serve as a position information donor {e.g., select
the donor UE 902 from the candidate UEs) based on processing capabilities of the
plurality of candidate UEs. Tu another example imaplementation, the roethod 1000
comprises: identifying a plurality of candidate UEs within an acceptable proximity of
the first UE, and selecting, to serve as a position information donor, the second UE from
the plurality of candidate UEs based on overlaps of a first PRS configuration associated
with the first UE and second PRS contigurations each associated with a respective oue
of the plarality of candidate UHs. For example, at stage 930 the recipient UE 901
determines proximities to candidate donor UEs and may use PRS configurations of
multiple UEs within acceptable proximity of the recipient UE 901 to select a donor UE
{or donor UEs) from which to receive position information, e.g., the UE(s) having the
PRS countfiguration{s} with the most PRS resources in common with the PRS
configuration of the reciptent UE 901. The processor 710, possibly in combination with
the memory 730, may comprise means for selecting the second UE to serve as a position
information donor {e.g., select the donor UE 902 from the candidate UEs) based on
overlaps of the PRS configuration of the first UE and PRS configurations of the
plurality of candidate UEs. Iu another example implementation, the method 1000
comprises: identifying a plurality of candidate UEs within an acceptable proximity of
the first UE; and selecting, to serve as a position information donot, the second UE from

the plurality of candidate UEs based on the second UE being closest, of the plurality of
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candidate UEs, to the first UE. For example, at stage 930 the recipient UE 901
determines proxumities to candidate donor UEs and may use the candidate donor UE
that s closest to the recipient UE 901 as a donor UE. The processor 710, possibly in
combination with the memory 730, may comprise means for selecting the second UE to
serve as a position information donor {e.g., select the donor UE 902 from the candidate
UEs) based on the second UE being closest to the first UE.

(86132} Also or alternatively, implementations of the method 1000 may include one or
more of the following features. In an example implementation, the method 1000
comprises transmitting a request to the second UE for the second UE to transmit the
first position information with a requested periodicity of one of periodically, semi-
persistently, or aperiodically. For example, at stage 930 the position information
sharing unit 770 of the reciptent UE 901 sends the share request 939 to the donor UE
902 indicating a periodicity for sharing position information to the recipient UE 901
The processor 710, possibly in combination with the memory 730, in combination with
the transceiver 720 (e.g., the antenna 246 and the wireless transmitter 242) may
coruprise means for transmitiing the request to the second UE. In another example
implementation, the requested periodicity 1s based on a reporting periodicity of the first
UE for the second position information. For example, the position information sharing
unit 770 of the recipient UE 901 may configure the share request 939 with the requested
periodicity based ou a reporting periodicity indicated by the position information
reporting unit 760 of the recipient UE 901.

100133} Also or alternatively, implementations of the method 1000 may include one or
more of the following features. In an example implementation, the method 1000
comprises indicating, by the first UE to the second UE, for the first PRS measurement, a
TRP, or the TRP and a PRS resource set, or the TRP and the PRS resource set and a
PRS resource, or a UE-ID, or the UE-ID and a sidelink-PRS resource related ID. For
example, the share request 939 may provide specific information regarding PRS to
measure in order to report corresponding position information. For example, for Uu-
PRS (PRS between TRP and UE), the share request 939 may indicate TRP, TRP + PRS
resource set, or TRP + PRS resource set + PRS resource. As another example, for SL-
PRS, the share request 939 may indicate a UE-ID, or a UE-ID + SL-PRSID, e g, an
SL-PRS resource set 1D and/or an SL-PRS resource 3. The processor 710, possibly in

combination with the memory 730, in combination with the transceiver 720 {e.g., the
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antenna 246 and the wireless transmitter 242) may comprise means for indicating such
information for the first PRS measurement. o another example implementation, the
method 1000 comprises validating the first PRS measurement indicated in the first
position information by comparing the first PRS measurement with a similar
measurement made by a device other than the second UE. For example, at stage 970 the
cross-validation unit 780 of the recipient UE 901 may cross validate a measurement by
the PRS measurement unit 750 of the donor UE 902 with another similar measurement
{e.g., of the same PRS resource, or from the same PRS resource set, or from the same
TRE, or from the same stie, etc. ) made by the recipient UE 901 or another UE. The
device making the similar measurement may be the first UE {e g, the recipient UE 901}
or another device {e.g., another UE) that is separate from both the first UE and the
second UE. The cross-validation unit 780 of the recipient UE 901 may cross validate a
measurement made by the PRS measurement unit 750 of the donor UE 902 {(and
received from the donor UE 902 by the position information sharing unit 770 of the
recipient UE 901) with another similar measurement made by the recipient UE 901
and/or with a similar measurement from another UE in acceptably close proximity to
the reciptent UE 901. The processor 710, possibly in combination with the memory
730, may comprise rueans for validating the first PRS measurement. In another
example implementation, the method 1000 includes: measuring, by the first UE, a PRS
resource to determine a second PRS measurement; and transmitting, from the first UE to
the network entity, second position information based on the second PRS measurement.
For example, at sub-stage 951 the recipient UE 902 (e.g., the PRS measurement unit
750 of the recipient UE 901) measures a subset of the PRS 941 received at stage 940,
and at stage 970 transmits position information {e.g., measuremeni(s}, processed
measurernent(s), location estimate(s)) in the measurement report 971 based on the
measurement{s} of the PRS 941. The processor 710, possibly in combination with the
memory 730, in combination with the transceiver 720 {e g., the wireless receiver 244
and the antenna 246} may comprise means for measuring the PRS resource. In another
example implementation, the method 1000 comprises transmitting the first position
information to the network entity with a group indication indicative of a group including
the first UE and the second UE. For exaraple, the position information reporting unit
760 of the recipient UE 901 may include a group 1D of 3 virtual UE in association with

the first position information {(e.g., such that the server 400 can combine the first
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position information with other appropriate information and/or transmit position
information derived using the first position information {o one or more appropriate
devices, e.g., UHs, and/or take other appropriate action). The group 12 may be obtained
by the recipient UE 901 by being received from another UE or from the server 400, or
by being produced by the recipient UE 901 (acting as a positioning entity/virtual UE
controller). The processor 710, possibly in combination with the memory 730, 1n
corabination with the transceiver 720 (e g, the antenna 246 and the wireless transmitter
242y may comprise means for transmitting the first position information with a group
indication.

[80134] Referring to FIG. 11, with further reference to FIGS. 1-9, a position
information sharing method 1100 includes the stages shown. The method 1100 is,
however, an example and not limiting. The method 1100 may be altered, e.g., by
having stages added, removed, rearranged, combined, performed concurrently, and/or
having single stages split into multiple stages.

[00135] At stage 1110, the method 1100 mcludes transnutting, from a first UE to a
second UE via sidelink communication, a position-information-sharing capability of the
first UE. For example, the position information sharing unit 770 of the donor UE 902
transmits the capability report 935 to the recipient UE 901 indicating one or more
position information sharing capabilities, e.g., an ability to share position information,
processing capacity, bandwidth, scheduled PRS resources that the donor UE 902 may
measure, etc. The processor 710, possibly in combination with the memory 730, o
combination with the transceiver 720 (e.g., the wireless transmitter 242 and the antenna
246} may comprise means for transmitting a position-information-sharing capability.
[00136] At stage 1120, the method 1100 imncludes recetving, at the first UE from the
second UE via sidelink communication, a request for first position information. For
example, the donor UE 902 receives the share request 939 from the recipient UE 901,
The request may be a request for apenodic, periodic, or semi-persistent sharing of
position information by the donor UE 902 with the recipient UE 901, The processor
710, possibly 1n combination with the memory 730, in combination with the transceiver
720 (e.g., the wireless receiver 244 and the antenna 246) may comprise means for
receiving the request.

[80137] Atstage 1130, the method 1100 includes measuring, at the first UE, a PRS

resource received from a network entity to determine a PRS measurement. For
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example, at sub-stage 952 the PRS measurement unit 750 of the donor UE 902
measures at one PRS resource of the PRS 942 received at stage 940, The processor 7190,
possibly in combination with the memory 730, in combination with the transceiver 720
{e.g., the wireless receiver 244 and the antenna 246) may comprise means for measuring
the PRS resource.

[00138] At stage 1140, the method 1100 mncludes transnutting, from the first UE to the
second UE via sidelink communication, the first position information based on the PRS
measurement. For example, at stage 960 the position information sharing unit 770 of
the donor UE 902 transmoits the position information 961 to the recipient UE 901, The
processor 710, possibly in combination with the memory 730, in combination with the
trauscetver 720 (e.g., the wireless transmitter 242 and the antenna 240) may comprise
means for transmitting the first position information.

100139} Implementations of the method 1100 may include one or more of the
following features. In an example implementation, transmitting the first position
information comprises transmitting the first position information ounly if the first UE
measures the PRS resource independently of the request for the first position
information. For example, the position information sharing unit 770 of the donor UE
902 may use a best-effort sharing behavior, sharing position information that the donor
UE 902 measures/determines for the sake of the donor UE 902 and not
measuring/determining position information due solely to receiving the request, e.g., the
request 937 or the share request 939. In another example implementation, measuring
the PRS resource comprises measuring the PRS resource in response to receiving the
request such that the PRS measurement 18 an extra measurement in addition to one or
more other PRS measurements that the first UE would make absent receipt of the
request. For example, in response to receiving the request 937 or the share request 939
the PRS measurement unit 750 of the donor UE 902 may measure one or more PRS
resources that the donor UE 902 would not measure without receiving the request 937,
939,

(86140} Also or alternatively, implementations of the method 1100 may include one or
more of the following features. In an example implementation, the PRS resource s a
first PRS resource and the PRS measurement is a first PRS measurement, and the
method further comprises: measuring, by the first UE, a second PRS resource to

determine a second PRS measurement; and abstaining from transmitting the second

57



WO 2022/220933 PCT/US2022/017950

PRS measurement from the first UE to the second UE. For example, the donor UE 902
may transmit a subset of position information {¢.g., a subset of measurernents) that the
donor UE 902 has available for sharing and not transmit another subset of position
information to the recipient UE 901, The donor UE 902 may, for example, share one or
more representative measurements per TRP, per TRP resource set, or per site (PRS
source site). The processor 710, possibly in combination with the memory 730, may
comprise means for abstaining {from transmitiing the second PRS measurement. In
another example implementation, the first UE abstains from transmitting the second
PRS measurement to the second UE based on the first PRS measurement being an
earlier time of arrival than the second PRS measurement. For example, the position
information sharing unit 770 of the dovor UE 902 may determine which PRS
measurement, e.g., timing measurement, not to share with the recipient UE 901 based
on arrival times of the measurements, e.g., sharing a measurement of a PRS resource
that arrived earlier {with an earlier ToA as opposed o an earlier PRS instance) than
another PRS resource and not sharing the measurement of the other PRS resource (that
arrived later). In another exarople implementation, the first UE abstaius from
transmitting the second PRS measurement to the second UE based on the first PRS
resource being received with stronger power than the second PRS resource. For
example, the position information sharing unit 770 of the donor UE 902 may determine
which PRS measurement, e.g., power measurement, not to share with the recipient UE
801 based on indications of recetved signal power (e.g., RSSL, RSRP), e.g, sharing a
measurement of a PRS resource that arrived with greater power than another PRS
resource and not sharing the measurement of the other PRS resource (that arrived with
less power). In another example implementation, the first UE abstains from
traunsmitting the second PRS measurement to the second UE based on both the first PRS
rescurce and the second PRS rescurce being at least one of associated with a single
transmission/reception point, or associated with a single PRS resource set, or associated
with a single PRS source site. For example, if the donor UE 902 has measurements for
multiple PRS resources, the posttion inforroation sharing unit 770 of the donor UE 902
may select to transmit one of the measurements and not another if both measurements
correspond to the same TRP, or the same TRP resource set, or the sarne PRS source site,
e.g., if the multiple measurements would be redundant.

[80141]  Group-benefit mode
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[80142] Referring also to FIG. 12, with further reference to FIGS. 5-8, in the group-
benefit mode, multiple UEs, here the UEs 511-513, act together for at least some
posttioning tasks (e.g., position tnformation determination {e.g., PRS measurement,
processed measurement calculation, location estimate calculation) position information
sharing} as a single virtual UE 1210, The virtual UE 1210 shown is an example, and
countiess other virtual UEs are possible (e g, a virtual UE including multiple vehicle
Ubs). Aswith the individual-benefit mode, in the group-bevefit mode one or more
tasks, e.g., PRS measurements and/or position information calculations, may be
offfcaded from one UE to another UE. Tmplementation of the group-benefit mode may
involve modifications to the legacy LPP protocol and the legacy SL protocol. In the
group-benetit mode, a UE may act as a position information recipient and/or a position
information donot, exchanging UE-neutral position information {position information in
a UE-neutral format). Members of the virtual UE 1210 are all within close proximity of
each other {e.g., such that position information measured/determined by one of the
virtual UE members may be used as position information for another of the virtual UE
members while matntainiog desived posttioning accuracy ). The posttioning entity 800 is
configured to manage the virtual UE 1210, e g, adding members to the virtual UE 1210,
removing members from the virtual UE 1210, distributing measurement tasks between
the members, determining one or more delegates for the virtual UE 1210, etc.
Measurement reports provided to the server 400 from the virtual UE may tndicate that
reported posifion information is associated with the virtual UE 1210 (and thus all the
members of the virtual UE 1210}, e g, by including a group ID corresponding to the
virtual UE 1210,

[80143] The positioning entity 800 15 configured to manage virtual UEs {e.g., the
virtual UE 1210), e.g., controlling including membership and possibly controlling
positioning task performance by the members. The positioning entity 800 may be a
separate entity as shown, or may be integrated with an entity {e.g., the server 400, the
TRP 300 {e.g., in the base station 520}, or a UE such as any of the UEs 511-513). The
posttioning entity 800 may communicate directly and/or indirectly with the UEs 1o the
virtual UE 1210 and UEs that are candidate for the virtual UE 1210, The virtual UE
management unit 850 is configured to control membership 1n virtual UEs, in this
example, the virtual UE 1210, The virtual UE management unit 350 may control

membership to ensure that each member 18 within close proximity of all other members,
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e.g., based on rough estimates of member locations {e.g., using E-CID, previously-
determined locations, and/or dead-reckoning location estimates, eic.),

[86144] The virtual UE management unit 850 may send a virtual UE request to gach of
one or more UEs that are candidate virtual UE members, ¢ g, based on the location(s)
of the candidate member UE(s). If the positioning entity i1s not 8 UE or part of 3 UE
(i.e.,, part of the server, part of a TRP, or independent), then the virtual UE management
unit 850 may send a virtual UE request to each of two or more candidate virtual UE
members. The virtual UE request may include an inquiry as to whether the UE supports
position information sharing via sidelink with other Uls. The virtual UE request may
include a virtual-UE-ID that may be included with reported position information to
associate the position information with the virtual UE 1210 The virtual UE request
may include UE-1Ds {e.g., IMEI (International Mobile Bquipment Identity), IMSH
{(International Mobile Subscriber Identity), ete)) of the virtual UE members to help the
virtual UE members establish SL connections between each other. H the positioning
entity is part of a UE, then the request may include (1) the inquiry as to whether the
receiving UE supports position information sharing via sidelink, (2) the UE-ID of the
posttioning entity, (3) a virtual-UE-ID, and (4} other UE IDs (if the request is
transmitted to more than one UE).

[80145] The virtual UE management unit 850 may establish and manage (e g., grow,
reduce, terminate) a virtual UE. For example, the virtual UE management unit 850 may
determine a virtual-UE-ID, determine one or more initial members, possibly determine
a proximity requirement for the virtual UE, add one or more UEs to an existing virtual
UE, remove one or more members from an existing virtual UE, or terminate an existing
virtual UE.

[80146] The UE 700 (e.g., the posttion information sharing unit 770) may be
configured to send, and the positioning entity 800 may be configured to receive, a
request for the UE 700 to be added to a virtual UE, for the UE 700 to be removed from
a virtual UE, or for the positioning entity 800 to form a virtual UE. For example, the
UE 700 may, 1o response to SE-discovery/connection to another UE, send a request to
the positioning entity 800 to join a virtual UE or to have the positioning entity 800 form
a virtual UE. The UE 700 may request to join a specific virtual UE (e g, by including
the virtual-UE-1D in the request) in response to SL discovery of a virtual UE, e.g.,

obtaining a virtual-UE-ID from a UE that the UE 700 discovers using SL. Requests to
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join a virtual UE may be sent to the positioning entity 800 individually by each UE
requesting entry into a virtual UE, and/or may be sent by a delegate of the virtual UE to
the positioning entity 300 on behalf of the UE requesting membership in the virtual UE.
A virtual UE may include one or more delegates that may send requests on behalf of
other members or candidate members of the virtual UE, and/or may send position
information collected from one or more other members of an exasting virtual UE. A
request to join an existing virtual UE may include the virtual -UE-ID and/or may contato
the UE-1D{s} of one or more UEs of the existing virtual UE. A request to form a virtual
UE may include UE-ID(3) of one or more UEs requested to be in a new virtual UE
along with the requester. A request to form a virtual UE may include a proposed
virtual-UE-HD. To leave a virtual UE, a member of the virtual UE may send a request to
the positioning entity 300 directly {especially it the positioning entity 800 is part of a
UE of the virtual UE) and/or via a delegate of the virtual UE.

[80147] Each UE in the virtual UE 1210 may be responsible, as coordinated by the
posttioning entity 800, for a portion of PRS measurements to be taken by the virtual UE
1210, For example, the virtual UE position information management unit 860 may
coordinate {e.g., assign} the position information to be determined (e.g., the PRS
measurement(s) to be made) by each of the moembers of the virtual UE 1210, The
virtual UE position information management unit 860 may be configured to unify PRS
configurations across members of the virtual UE, e g., providing mappings of UE-
specitic PRS configurations to a UE-neutral PRS configuration. For example, the UE
511 may take one or more measurements of PRS from one TRP (TRP1, although not
shown in FIG. 12), the UE 512 may take one or more measurements of PRS from
another TRP (TRP2, although not shown in FIG. 12}, and the UE 513 may take
measurernent of PRS from a set of TRPs (TRP3, TRP4, TRPS, although not shown in
FIG. 12 If a UE does not share the position information determined by that UE, but
receives position information from another UE in the virtual UE 1210, then that UE is
acting like the individual-benefit (hitchhiking} mode, but in this case the receipt of the
shared posttion information will be visible to the server 400 and a determined location
can sti}i be used for, and thus benefit, the group of UEs i the virtmal UE 1210, The
positioning entity 800 may be responsible for distributing (including redistributing as
appropriate) the position-information-determination tasks (including measurement

tasks) arnong the UEs in the virtual UE 1210, The positioning entity 800 may split
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measurements tasks at the TRP level, or at the PRS resource set fevel {within a TRP), or
at the PRS resource level {(within a TRP). To split measurements tasks at the PRS
resource set level or the PRS resource level, detaifed configuration information of PRS
resource set or PRS resource, respectively, 1s provided during negotiation between the
positioning entity 800 and the UEs in the virtual UE 1210 and during position
information sharing. A shared measurement may be identified at the level of
measurernent split depending on the use of the measurement. For example, for AoD
determination, the measurement may be identified at a PRS resource level, evenifa
sphit was at the TRP level, i order to provide sutficient AoD resolution.

[80148] Communication between members of the virtual UE 1210 and the positioning
entity 800, including reporting posttion information, may occur in a variety of ways.
For example, each member of the virtual UE 1210 may communicate with the
positioning entity 800 without communications passing through another member of the
virtual UE 1210 (although the communications may pass through one or more other
endities such as a TRP). As another example, a member of the virtual UE 1210 may
serve as a delegate or multiple members of the virtual UE 1210 may serve as delegates
tfor communication with the server 400. As another example of communication
between the virtual UE 1210 and the server 400, hybrid communication may be used
where one or more non-delegate members of the virtual UE 1210 may communicate
with the server 400 (e g, to report position information) without the communication
passing through a delegate and one or more delegate members of the virtual UE 1210
collect and send position information to the server 400,

[80149] For communication between the virtual UE 1210 and the server 400 using one
or more delegates, a delegate may collect position information from one or more other
members of the virtual UE 1210 and transmit the position information to the server 400,
In the example shown 1n FIG. 12, the UE 511 1s acting as a delegate, collecting position
nformation 542, 543 from the Uls 512, S13 and providing a report 1220 that may
include at least some of the position information 542, 543 and/or may include position
information determined by the UE S11. The report 1220 1s transmitted by the UE 511
to the server 400 in a single LPP session. The report 1220 may include a group 1D of
the virtual UE 1210 and/or may include the ID(s) of one or more of the members of the
virtual UE 1210 that the server 400 may associate with the virtual UE 1210, Ifthe

virtual UE 1210 includes multiple delegates, some position information may be

.
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collected by more than one delegate and reported to the server 400, ¢ g, to help ensure
deltvery of the position information to the server 400, The positioniong entity 800 may,
however, coordinate the determination and/or collection and/or reportting of position
information to avoid sending the same position information multiple times from one
virtual UE to the server 400, e.g., to limit communication overhead between the virtual
UE 1210 and the server 400, A location estimate for the virtual UE 1210 determined by
the server 400 may be transmitied by the server 400 to the delegate(s) via LPP and
transmitted from the delegate(s) to other members of the virtual UE 1210 via sidelink.
{80180] For communication between the virtual UE 1210 and the server 400 from one
or more members of the virtual UE 1210 without passing through a delegate, each of
one or more non-~delegate members of the virtual UE 1210 mwaintains a respective
reporting sesston {e.g., using LPP) with the server 400. Position information sent from
each non-delegate member (which could be all of the members) of the virtual UE 1210
is assoctated with a group 1D of the virtual UE 1210 (e.g., the group ID is included in a
report with the position information). The server 400 gathers the position information
for the virtual UE 1210 from multiple members {(non-delegate member(s) and delegate
member(s) if any) of the virtual UE 1210 to determine a location estimation for the
virtual UE 1210, The server 400 may be able to use a combination of the position
information reported by multiple UEs to determine a location estimate, e.g., when a
location estimate (at least meeting desired accuracy ) would not determinable based on
the position information {e.g., measurements} from a single one of the UEs. The server
400 transmaits the location estimate to the non-delegate member(s), and to any delegate
members, of the virtual UE 1210 via LPP.

[80151] As with the individual-benefit mode, cross validation may be performed in the
group-benetit mode. Cross validation of position information, e.g., measurements, may
be performed at one or more of the UEs in the virtual UE 1210, The appropriate
member UE{(s) may discard or otherwise abstain from reporting unreliable position
information to the server 400, avoiding communication overhead to transmit the
information, avoiding processing of the information by the server 400, and avoiding
negative consequences, if any, to the location estimate by using the unreliable
information to determine the location estimate. Cross validation is discussed 1n more

detail below.
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{80152} Referring to FIG. 13, with further reference to FIGS. 1-9 and 12, a signaling
and process flow 1300 for establishing and mwanaging, and possibly terminating, a
virtual UE includes the stages shown. The flow 1300 is an example, as stages may be
added, rearranged, and/or removed. Signals may be exchanged directly between UEs
1301, 1302, 1303 and the server 400 in the flow 1300 and/or may be exchanged via the
TRP 300

[80133] At stage 1310, position sessions between the server 400 and each of a UE
1301, a UE 902, and a donor UE 903 start. Stage 1310 is similar to stage 920 discussed
above with respect to the flow 900,

{00154} Atstage 1320, one or more of the UEs 1301-1303 determines proximity
refative 1o the other UEs 1301-1303 and requesis formation of, or inclusion in & virtual
UE 1305 While the VUE 1305 1s shown with three members, i.e., the UEs 13011303,
one or more of these UEs 1301-1303 may be removed from the VUE 1305 and one or
more other UHs may be members of the VUE 1305, Ranging/SL-discovery signais
1321, 1322, 1323 may be exchanged between respective pairs of the UHs 1301-1303 to
determine that the UEs 1301-1303 are within an acceptable proximity of each other,
simifar to the discussion of ranging signals 931, 932 in the flow 900. Position
information sharing capability(ies) of the UEs 1301-1302 may also be exchanged at
stage 1320. Based on the proximity determination(s} and possibly based on the sharing
capability information, one or more requests to form or join a virtual UE may be sent to
the positioning entity 800 directly or indirectly. In this example, the UE 1302 sends a
virtual-UE request 1324 to the UE 1301 and/or a virtual-UE request 1325 to the
positioning entity 8300, The request 1324 and/or the request 1325 may request to form a
virtual UE with the UE 1301, or request to join a virtual UE that includes the UE 1301,
The UE 1301 may send a virtual-UE request 1326 to the positioning entity 800 (e.g., if
the request 1325 is not sent and/or in response to receiving the request 1324 with the UE
1301 acting as a delegate UE), with the request 1326 requesting formation of a virtual
UE including the UEs 1301, 1302, or a request to add the UE 1302 to a virtual UE
containing the UE 1301 The request 1325 and/or the request 1326 may include a
virtual-UE-ID of the virtual UE to be formed or the virtual UE to be joined by the UE
1302 {e.g., if the UE 1302 obtained the virtual-UE-ID, e.g., from the UE 1301). The
virtual UE management unit 850 of the positioning entity 800 determines whether to

form the requested UE or add the UE 1302 to a virtual UE as requested, e.g., based on
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indicated proximity of the UEs 1301, 1302, processing capability(ies} of one or both of
the UEs 1301, 1302, requested processing limit(s) of the UE(s) 1301, 1302, reporting
capability(ies} of one or both of the UEs 1301, 1302, and/or requested positioning
accuracy, etc. For exaraple, the virtual UE management unit 850 may determine
whether forming the virtual UE or adding the UE 1302 to an existing virtual UE will
likely improve positioning accuracy and/or will help reduce power consuraption to meet
one or more power consumption fimits of one or both of the UEs 1301, 1302, The
virtual UE management unit 850 of positioning entity 800 transmits an accept/reject
message 1327 indicating whether the requested virtual UE formation or modification is
accepted {(approved) or rejected. If the UE 1301 is a delegate UE, then the UE 1301
frausmits an accept/reject message 1328 to the UE 1302, The virtual UE management
unit 850 of the positioning entity 800 transmitfs an accept/reject message 1329 to the UE
1302 1 the UE 1301 1s not acting as a delegate UE, and may send the accept/reject
message 1329 to the UE 1302 even if the UE 1301 is acting as a delegate UE. For
exarple, if the UE 1301 is acting as a delegate, the positioning entity 800 may send a
report termination message to the UE 1302 to terminate an on-going LPP session
between the UE 1302 and the server 400 explicitly. As another example, the LPP
session between the UE 1302 and the server 400 may be implicitly terminated, by the
UE 1302 responding to acceptance of the UE 1302 into the VUE 1305 with the UE
1301 designated as a delegate by automatically termoinating the LPP session between the
UE 1302 and the server 400, The messages 1327-1329 may include a virtual-UE-ID
{e.g., if the virtual UE 1s being formed, or to confirm formation of or acceptance into a
virtual UE} and/or a list of members of the VUE 1305,

[80155] In addition to or instead of stage 1320, at stage 1330, the positioning entity
B00 determines proximities of the UEs 1301-1303 to each other. For example, at sub-
stage 1331, the virtual UE management unit 850 may use one or more ranging
measurements from one or more of the UEs 1301-1303 and/or other information, e.g,
rough location estimate{s) of the UE(s) 1301-1303 to determine UEs that are within an
acceptable proximity to act as a virtual UE. The virtual UE management unit 850
transmits a VUE request 1332 {virtual UE request} to the UE 1301, tn this example
requesting formation of a virtual UE including the UHs 1301, 1302 or addition of the
UE 1302 to a virmal UE that already includes the UE 1301, The UE 1301 transmits a

VUE request 1333 to the UE 1302 based on the VUE request 1332 if the UE 1301 15
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acting as a delegate. The virtual UE management unit 850 transmits a YUE request
1333 to the UE 1302 if the UE 1301 13 not actiog as a delegate, and roay send the VUE
request 1333 to the UE 1302 if the UE 1301 is acting as a delegate. The UE 1302
transmits an accept/reject message 1335 to the UE 1301 accepting or rejecting the VUE
request 1333 if the UE 1301 is acting as a delegate. The UE 1301 transmits an
accept/reject message 1336, e g, based on the accept/reject message 1335, to the
posttioning eutity 800 accepting or rejecting the VUE request 1332, The UE 1302
transmits an accept/reject message 1337 to the positioning entity 800 accepting or
rejecting the VUE request 1334 if the UE 1301 1s not acting as a delegate and may send
the message 1337 accepting or rejecting the VUE regquest 1333 if the UE 1301 is acting
as a delegate. The VUE requests 1332-1334 may include a virtual-UE-ID (e g, if the
virtual UE is being formed, or to confirm formation of or acceptance into a virtual UE)
and/or a list of members of the VUE 1305

[B0156] Atstage 1340, the UE 1303 tranamits a request VUE membership message
1341 to the positioning entity 800, The message 1341 may be sent directly to the
posttioning eutity 800 as shown. Also or altervatively, if the UE 1301 is acting as a
delegate, the UE 1303 may send a VUE membership request to the UE 1301 and the UE
1301 may respoud by sending a VUE membership request to the positioning entity
{similar to the discussion of requests 1324, 1326 of stage 1320 with respect to the UE
1302 requesting virtual UE membership). The positioning entity 800 determunes
whether to accept or reject membership of the UE 1303 in the virtual UE and transmits
an accept/reject message 1342 to the UE 1303 accordingly. Also or alternatively, if the
UE 1301 s acting as a delegate, the positioning entity 300 may transmit an accept/reject
message to the UE 1301 and the UE 1301 may respond by transmitting a corresponding
accept/reject message to the UE 1303 (similar to the discussion of the messages 1327,
1328 of stage 1320 with respect to the positioning entity 800 accepting/rejecting
membership of the UE 1302 in a virtual UE).

[80157] At stage 1350, one or more UEs may be removed from a virtual UE or a
virtual UE may be termunated. In the example shown, the virtual UE management unit
850 of the positioning entity 800 transmits a VUE membership terminated message
1351 indicating to the UE 1302 that membership of the UE 1302 in an indicated virtual
UE, here the VUE 1305, 1s terminated. The UE 1302 wili not be assigned to share

position information and position information of the indicated VUE will no longer be
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provided to the UE 1302, The UE 1303 may, for example, request removal from the
VUE 1305 because the UE 1303 15 low on power, or 13 busy with operations
independent of operations for the VUE 13035, or desires not to use power for operations
tor the VUE 1305, Also as shown, the UE 1303 transmits a VUE membership
termination reguest 1352 to the positioning entity 800 requesting removal of the UE
1303 from the virtual UE 1305, The virtual UE management unit 850 of the positioning
entity 800 transmoits an ACK message 1353 {acknowledgement) acknowledging
removal of the UE 1303 from the VUE 1305 If the UE 1301 is acting as a delegate,
then VUE termination indications, VUE termination requests, and/or VUE termination
ACK messages may be sent via the UE 1301, similar to the discussion above. Thus, for
example, if the UE 1301 1s serving as a delegate for the VUE 1305, then a VUE
membership termination request for any member of the VUE 1305 {or at least any UE
of the VUE 1305 for which the UE 1301 is serving as a delegate} may be transmitted
by, and received from, the UE 1301, If the positioning entity 800 is a part of a UE that
is part of the VUE 1308, then the VUE management unit 850 may terminate a UE from
membership in the VUE 1305 0 respounse to the positioning eotity 800 losing SL
connection with that UE.

[00188] At stage 1360, one or more group change (GC) messages 1361, 1362, 1363
may be sent. The GC messages 1361-1363 indicate a change the VUE 1305, eg., a
membership change (indicating oue or wore UEs that are no longer part of the VUE
and/or one or more new members that are now part of the VUE). The GC message
1361 may be sent without sending the GC messages 1362, 1363, e g, if'the UE 1301 13
acting as a delegate for the VUE 1305, in which case the UE 1301 may transmit GC
messages (not shown; to the UEs 1302, 1303, respectively.

[80159] Referring to FIG. 14, with further reference to FIGS. 1-9, 12, and 13, a
siginaling and process flow 1400 for sharing position information in the virtual UE 1308
with a delegate and determiniog a location estimate for the virtual UE 1308 includes the
stages shown. The flow 1400 is an example, as stages may be added, rearranged, and/or
rernoved. Signals may be exchanged divectly between UEs 1301, 1302, 1303 and the
server 400 in the flow 1400 and/or may be exchanged via the TRP 300.

[00160] Atstage 1410, the VUE 1305 1s established and managed in an ongoing
fashion. For example, the VUE 1305 13 established as discussed with respect to the

flow 1300, The VUE 1305 1s managed, e.¢., as discussed with respect to the fiow 1300,
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which may include addition of members not shown and/or removal of one or more of
the merobers (i.e, the UEs 1301-1303) shown. In this exarople, the UE 1301 s acting
as a delegate for the VUE 1305, here the only delegate for the VUE 1305, if the only
delegate in a VUE 15 removed from a VUE, then a new delegate may be designated or
the VUE may operate without a delegate {(e.g., as discussed below with respect to FIG.
15},

(80161} Atstage 1420, the UEs 1301-1303 in the VUE 130S request and receive
assistance data. The UEs 1301-1303 send requests for assistance data to the server 400
{e.g., via the TRP 300}, The TRP 300 and the server 400 coordinate PRS schedules.
The server 400 and/or the TRP 300 provide assistance data, including respective PRS
schedules (e.g, each comprising a new P3 schedule or a reconfigured PRS schedule), to
the UEs 1301-1303.

100162} Atstage 1430, the positioning entity assigns positioning information
responstbilities for the VUE 1308, For example, the VUE position information
management unit 860 of the positioning entity 800 transmits a position information
responsibility (PIR) message 1431 to the UE 1301 that is acting as the sole delegate for
the VUE 1305. The UE 1301, e.g., the position information sharing unit 770 of the UE
1301, respouds to receipt of the message 1431 by sending position information
responsibility messages 1432, 1433 to the UEs 1302, 1303, respectively. The messages
1431-1433 assign respective responsibilities of the UEs 1301-1303 to determiue
respective posttion information {e.g., make respective PRS measurements, and possibly
determine one or more processed PRS measurements and/or possibly determine one or
more focation estimates). The message 1432 may indicate the responsibilities for only
the UE 1302 and the message 1433 may indicate the responsibilities for only the UE
1303, or the messages 1432, 1433 may indicate respounsibilities for other UEs as well.
One or more sets of UHs (with at least two UEs per set} of the VUE 1305 may negotiate
with each other regarding what positioning responsibilities to perform (e.g., what
measurement(s) to make, what processed measurement(s} to determine}, e g., through
sidelink communications. For example, the UEs 1301, 1302 may negotiate via SL
communications 1434, the UEs 1302, 1303 may negotiate via SL communications 1435,
and/or the UEs 1301, 1303 may negotiate via SL communications 1436, The
negotiations may replace one or more responsibilities indicated by the PIR messages

1431-1433. The UEs 1301-1303 may negotiate, for example, similar to the discussion
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above regarding stage 930, with capabilities being exchanged requests being determined
based on the capabilities and sent to one or more other UEs until agreement is reached
as to a distribution of responsibilities. The assignments/determinations of
responsibilities may indicate what PRS resources to measure and may indicate what
measurements or other posttion information to share. The assignments/determinations
of responsibilitics may help load balance PRS measurements, may help conserve power
used by power-limited UEs, and/or may help improve accuracy {e.g., by having UEs
with higher-processing capability make appropriate measurements, or by having each
UE measure the PRS resource(s) that that UE 1s best able to measure or that that UE can
measure better than other UEs in the VUE 1303), and/or may provide one or more other
advantages. Toformation in one or more of the PIR messages 1431-1433 may also or
alternatively be provided in one or more measurement request messages and/or in the
PRS configuration{s) exchanged at stage 1420

[B0163] Atstage 1440, the TRP 300 sends PRS 1441, 1442, 1443 o the UEs 1301,
1302, 1303, respectively. For example, the TRP 300 sends the PRS 1441, 1442, 1443 in
accordance with the PRS schedules indicated in the AD at stage 1420, lu this example,
DL-PRS are sent by the TRP 300, but other PRS {e.g., SL-PRS) may also or
alternatively be transroitied at stage 1440 to the UEs 1301-1303.

[80164] Atstage 1450, the UEs 1301-1303 measure respective PRS resources. The
UEs 1301-1303 may measure respective PRS resources {which may overlap (i.e,
multiple UEs may measure the same PRS resources or similar PRS resources {e.g., from
the sarme TRP or from the same PRS resource set) PRS resources)). One or more of the
UEs 1301-1303 may not measure any PRS resources {at least for some time}. One or
more of the UEs 1301-1303 may obtain one or more shared measurements from one or
more UEs 1o close proximity {e.g., within and/or outside the VUE 1305). For example,
the UE 1301 may obtain PRS measurement(s) from the UE 1302 and/or the UE 1303
{and/or a UE outside the VUE 1305 but in close proxtmuty to the UE 1301), the UE
1302 may obtain PRS measuremeni(s) from the UE 1301 and/or the UE 1303 (and/or
another UE), and/or the UE 1303 may obtain PRS measuremeni(s} from the UE 1301
and/or the UE 1302 (and/or another UE}. Any UE receiving a shared measurement
similar to a measurement made by the UE {(or received from another UE} may c¢ross
validate the measurement(s} to determine whether any measurement ts unreliable. A

UE that determines that a measurement 18 unreliable may abstain from turther
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processing and/or sharing that measurement, which may reduce signaling overhead,
may avoid using power for further processing of the measurement by the UE, may
reduce processing by the server 400, and/or may tmprove posttioning accuracy and/or
latency.

[00165] Atstage 1460, the non-delegate UE(s), here the UEs 1302, 1303, share
respective position information 1461, 1462 with the delegate UE(s), here the UE 1301,
The shared position information may be all or less than all of the position information
determined {or otherwise obtained, ¢.g., from another close-proximity UE} by the
respective UE. At sub-stage 1463, the UE 1301 may use the position information 1461,
1462 to perform cross validation on one or more measurements {e.g., made by any of
the UEs 1301-1303 or other close-proximity UE from which the UE 1301 obtained one
or more measurements) to determine whether the measurement(s) is{are} unreliable. If
the UE 1301 determines that a measurement is unreliable, the UE 1301 may abstain
from further processing and/or sharing that measurement. The UE 1301 transmits
position information 1464 to the server 400, The position information 1464 may
include some or all of the position 1nformation determined by the UE 1301, sorue or all
of the position information 1461, 1462 received from the UEs 1302, 1303, and/or
position information from one or more other close-proximity UEs (vot in the VUE
1305) that shared position information with the UE 1301, In UE-based positioning
mode, the position information 1464 will include a location estimate. If the UE 130118
the client, or if one of the donor UEs 1302, 1303 is the client and the UE 1301 shares
the position information 1464 with the chient, then the server 400 may or may not
transmit the position information 1464 to the client. If the UE 1301 19 not the client or
does not provide the position information to the client, then the server 400 may provide
the location estimate to the client {e.g., one of the UEs 1302, 1303 or to another UE or
another entity).
[00166] Atstage 1470, for UE-assisted positioning, the server 400 processes the
position information received at stage 1460 and provides a location estimate for the
VUE 130S. The processor 410 may use some or all of the position information 1464 to
determine a location estimate 1471 for the VUE 1305 and transmit the location estimate
1471 to the delegate UE(s) of the VUE 1308, here the UE 1301, if any of the UEs 1301-
1303 is a location client. The UE 1301 may respond to recetving the location estimate

1471 by transmitting location estimate messages 1472, 1473 to one or both of the UEs
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1302, 1303, respectively, indicating the location estimate 1471, based on which of the
Uks 1301-1303 13 a location client. The location estimate 1471 may include a the
virtual-UBE-ID (VUE-ID} of the VUE 1305, The UE 1301 may use the VUE-ID to
determine to which UHs to send the location estimate 1471

[80167] Referring to FIG. 13, with further reference to FIGS. 1.9, and 12-14, 3
signaling and process flow 1500 for sharing position information in the virtual UE 1308
without a delegate and determining a location estimate for the virtual UE 1305 includes
the stages shown. The flow 1500 is an example, as stages may be added, rearranged,
and/or rernoved. Signals may be exchanged divectly between UEs 1301, 1302, 1303
and the server 400 in the flow 1500 and/or may be exchanged via the TRP 300

[80168] Stages 1510, 1520, 1540, and 1550 are the same as or similar to the stages
1410, 1420, 1440, and 1450, At stages 1510, 1520, the VUE 1305 is established and
managed, and AD is requested and delivered. At stage 1540, PRS 1541, 1542, 1543 are
delivered by the TRP 300 to the UHs 1301-1303. At stage 1550, the PRS are measured
and cross validation may be performed by any of the UHs 1301-1303.

[86169] At stage 1530, position information respousibilities are assigned. In this
example, without a delegate, the positioning entity 800 sends PIR messages 1531, 1532,
1533 to the UBEs 1301-1303, respectively. The PIR messages 1531-1533 indicate the
respective responsibilities of the UEs 1301-1303 as to what position information to
obtatn and possibly what position information to report to the server 400 Two or more
of the UHs 1301-1303 (in one more UE sets), similar to the discussion with respect to
stage 1430, may exchange SL communications 1534, 1535, 1536 and negotiate position
information responstbilities.

[80170] At stage 1560, the UEs 1301-1303 transmit respective position information
1561, 1562, 1563, The UEs 1301-1303 transmit the position information 1561-1363 to
the server 400 (possibly through the TRFP 300) without being sent to a delegate (as at
stage 1400).

[80171] Atstage 1570, the server 400 determines a location estimate for the VUE 1305
and distributes the location estimate to the UEs 1301-1303. The server 400 may
transmit the location estimate in one or more location estimate messages 1571, 1572,
1573 to the UEs 1301, 1302, 1303, respectively, instead of sending the location estimate
to the delegate UK as in stage 1470, The server 400 may send one or more of the

messages 1571-1573 based on which, if any, of the UHs 1301-1303 15 a location client.



WO 2022/220933 PCT/US2022/017950

{80172} Referring to FIG. 16, with further reference to FIGS. 1-15, a method 1600 of
managing a UE group wnchudes the stages shown. The method 1600 is, however, an
example and not limiting. The method 1600 may be altered, e.g., by having stages
added, removed, rearranged, combined, performed concurrently, and/or having single
stages split into multiple stages.

[80173] At stage 1610, the method 1600 includes determining a plurality of UEs of the
UE group based on proximity of each of the plurality of UEs to at least one other UE of
the plurality of UEs. For example, the positioning entity 800 determines the UEs of a
VUE based on proximities of the UHs, e.g., proximities of the UHs 1301, 1302, 1303 for
the VUE 1305. The positioning entity 800 may determine the proximities based on
information from the server 400 and/or the UEs 1301-1303. The processor 810,
possibly in combination with the memory 830, possibly in combination with the
transceiver 820 (e.g., an antenna and a wireless transmuitter and/or a wireless receiver,
and/or a wired recetver and/or a wired transmitter) may comprise means for determining
the plurality of UEs of the UE group.

(86174} At stage 1620, the method 1600 includes transnutting, fror a communication
device 1o at least one of the plurality of UEs of the UE group, an indication of the UE
group. For example, the positioning entity 800 sends oue or wore of the VUE requests
1332-1334 {(e.g., the VUE request 1332 (and possibly the VUE request 1334} if the UE
1301 15 a delegate of the VUE 1305, or the VUE requests 1332, 1334 if there 1s no
delegate for the VUE 1305} As another example, the positioning entity sends the
request VUE membership message 1341 to the UE 1303, As other example, the
posifioning entity sends one or more of the accept/reject messages 1327, 1328, 1342
The processor 810, possibly in combination with the memory 830, in combination with
the transceiver 820 (e.g., an auntenna {e.g, the antenna 246, 346, or 440) and a wireless
transmitter (e.g., the wireless transmitter 242, 342, 442 respectively) and/or a wired
transmitter {e.g., the wired transmitter 252, 352, 452) may comprise means for
transmitting the indication of the UE group.

(86175} Implementations of the method 1600 may include one or more of the
following features. In an example implementation, the indication of the UE group
includes a group 1dentitication. For example, the group indication may include a VUE-
D identifying the group (and possibly the group members). An explicit or implicit

instruction may be included to instruct that the VUE-ID be included with position
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information directly to a network entity (without passing through a delegate of the
group). o another example moplementation, the method 1600 comprises trausmitting a
posttioning request to a selected UE of the plurality of UEs of the UE group for the
selected UE to provide requested position information. For example, the VUE position
information management unit 860 of the positioning entity 800 transmits the PIR
message 1431 or the PIR messages 1531-1533 indicating positioning information that
the respective UEs 1301-1303 are to provide. The positioning information may be one
Of MIOTe Mmeasurements, one or more processed measurements, and/or one or more
location estirvates. The processor 810, possibly 1o combination with the memory 830,
possibly in combination with the transceiver 820 {e.g., an antenna and a wireless
transmitter and/or a wired transmitter) may comprise roeans for transmitting the
posttioning request. In another example implementation, the method 1600 comprises
transmitting a sharing request to a selected UE of the plurality of UEs of the UE group
for the selected UE to share the requested position information with a designated UE of
the plurality of UEs of the UE group. The sharing request may be transmitted indirectly
to the selected UE. For example, the portions of the PIR message 1431 intended for the
UEs 1302, 1303 may indicate for the UEs 1302, 1303 to share position information with
the UE 1301 that 1s acting as & delegate for the VUE 1305, The positiouing information
may be one or more measurements, one or more processed measurements, and/or one or
more location estimates. The processor 810, possibly 1o combination with the memory
830, possibly in combination with the transceiver 820 (e.g,, an antenna and a wireless
transmitter and/or a wired transmitier) may comprise means for transmitting the sharing
request.

(80176} Also or alternatively, implementations of the method 1600 may include one or
more of the following features. In an example implementation, the method 1600
includes determining the plurality of UEs of the UE group based on proximity of all of
the plurality of UEs of the UE group. For example, the virtual UE management unit
850 uses the proximities of each prospective UE to all other prospective VUE group
members (e.g., not just a proximity of a UE to a nearest UE) to determine the members
of the VUE. This helps prevent some pairs of UEs being in close proximity to each
other, but a pair not being in close proximity to each other but still included in the same
YUE {e.g., to help ensure positioning accuracy, viability of one location estimate for

every member of the VUE, etc.}. The processor 810, possibly tn combination with the
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memory 830, and possibly the transceiver (e.g., an antenna and a wireless receiver
and/or wireless transmitter, and/or a wired receiver and/or wired transmiiter) may
comprise means for determining the plurality of UEs of the UE group. In another
example implementation, the method 1600 includes receiving a joining request
indicating a prospective UE group member; and determining whether to include the
prospective UE group member in the plurality of UEs of the UE group in response to
receiving the joining request. For example, the VUE management unit 850 of the
positioning entity receives one or more of the VUE requests 1325, 1326, 1341 (from a
prospective member and/or a VUE delegate) and determines whether to form a VUE to
include the requesting UE(s) or to add the requesting UEs to a VUE. The positioning
entity may receive the request froro the requester directly or via a delegate for a VUE.
The processor 810, possibly in combination with the memory 830, and the transceiver
{e.g., an antenna and a wireless recetver and/or a wired receiver) may comprise means
for receiving the joining request and the processor 810, possibly in combination with the
memory 830, may comprise means for determining whether to include the prospective
UE in the UE group. In another example implementation, the method 1600 includes
detecting a new sidelink connection to a prospective UE group member; and
determiniog whether to include the prospective UE group member 1o the plurality of
UEs of the UE group in response to detecting the new sidelink connection to the
prospective UE group member. For example, one or more of the VUE requests 1325,
1326, 1341 may be an indication of a new SL connection with an existing member of a
VUE. As another example, the positioning entity may recetve an indication from the
server 400 of a new SL connection involving a present member of 2 VUE and a UE that
is not presently a member of the VUE. The VUE management unit 850 may respond to
an indication of a new SL connection by determining whether to include {e.g., to invite)
the prospective UE in the VUE (e g, based on proximity of the prospective UE to all
members of the VUE, processing capability(ies) of the prospective UE, etc). The
processor 8§10, possibly in combination with the memory 830, and the transceiver (e.g.,
an antenna and a wireless receiver and/or a wired receiver) may comprise means for
detecting the new sidelink connection and the processor 810, possibly in combination
with the memory 830, may comprise means tor determining whether to include the
prospective UE tn the UE group. In another example implementation, the method 1600

comprises transmitting a delegate indication to a selected UE of the plurality of UEs of
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the UE group indicating for the selected UE to act as a delegate of the UE group by
coilecting respective position information from oune or more UEs of the plurality of UEs
of the UE group and transmitting the respective position information to a network
entity. For example, the accept/reject message 1327 and/or the VUE request 1332 may
include an indication {e.g., a request or an instruction for the UE 1301 to actas a
delegate for the VUE 1305 The indication may include from which UE(s) to obtain
posttion wnforration that the delegate is to send to the server 400, and to which UE(s)
the delegate 1s to provide location information, e.g., a location estimate from the server
400. The VUE management unit 850 may determine these sets of UHs (which may be
the same or different), e.g., based on proximity{ies) of the delegate UE and the other
UE(s}), processing capability(ies), etc. The processor 810, possibly in combination with
the memory 830, and the transceiver {e.g., an antenna and a wireless transmitter and/or a
wired transmitter) may comprise means for transmitting the delegate indication,

{80177 Also or alternatively, implementations of the method 1600 may include one or
more of the following features. In an example implermentation, the method 1600
includes transmitting a group-~change indication indicating a new roember of the UE
group, removal of a previous member of the UE group, or a combination thereof. For
example, the VUE managernent unit 830 may send one or more of the GC messages
1361-1363 to indicate one or more changes to the VUE 1305, e ¢, one or more changes
in membership of the VUE 1305, The group ID may be provided with the group-
change indication, e.g., to disambiguate between multiple groups {e.g., with one or more
members in common}. The processor 810, possibly in combination with the memory
330, and the transceiver (e.g., an antenna and a wireless fransmitter and/or a wired
transmitter) may comprise means for transmitting the group-change indication. In
another example imoplementation, the group-change indication indicates removal of the
previous member of the UE group at least one of in response to receiving a request for
removal of the previous member of the UE group or in response to loss of sidelink
connection between the communication device and the previous member of the UE
group. For example, the VUE manageroent unit 850 may determine that a UE is to be
removed from a VUE in response to recetving a request for removal, e.g., the VUE
membership termination request 1352, and/or in response to determining that SL
connection has been lost between the positioning entity 800 and another member of the

VUE 1305 with the positioning entity 800 being part of a UE of the VUE 1305
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[80178] Referring to FIG. 17, with further reference to FIGS. 1-15, a method 1700 of
providing posttion tnformation from a first UE includes the stages shown. The ruethod
1700¢ i3, however, an example and not limiting. The method 1700 may be altered, e.g.,
by having stages added, removed, rearranged, combined, performed concurrently,
and/or having single stages split into multiple stages.

[80179] At stage 1710, the method 1700 includes receiving, at the first UE, a UE group
indication indicating a group of UEs including the first UE and a second UE. For
example, the UE 1301 receives a VUE-ID at stage 1510, e.g, via the accept/reject
message 1327 or the VUE request 1332, As another example, the UE 1302 receives a
message 1329, or the VUE request 1333 and/or the VUE request 1334, The processor
710 {(e.g, the position information sharing unit 770}, possibly in combination with the
memory 730, in combination with the transceiver 720 (e g., the antenna 246 and the
wireless receiver 2443 may comprise means for recetving the UE group indication.
{00180} At stage 1720, the method 1700 includes communicating, by the first UE using
sidelink communication, with the second UE to identity first position information to be
determined by the first UE, or second position information to be determined by the
second UE, or a combination thereof. For example, one or more sets of the UEs 1301-
1303 may exchange SL comnwmnications 1434-1436, 1534-1536 to negotiate position
information respousibifities, e.g., based on UK capabilities and/or available UE
processing resources. The processor 710 (e.g., the posttion information sharing unit
770}, possibly in combination with the memory 730, in combination with the transcetver
720 {e.g., the wireless transmitier 242, the wireless receiver 244, and the antenna 246}
may comprise means for communicating with the second UE to determine first position
information to be determined by the first UE and second position information to be
determined by the second UE.

{00181} Implementations of the method 1700 rvay include one or more of the
following features. In an example implementation, the method 1700 includes:
determining the first position information at the first UE; and transmitting the first
position information, and a UE group identification in association with the first position
information, from the first UE to a network entity. For example, the PRS measurement
unit 750 of the UE 1301 measures at least some of the PRS 1441 or the PRS 1541 or the

PRS measurement unit 750 of the UE 1302 measures at least some of the PRS 1442 or
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the PRS 1542, The processor 710 {e.g., the PRS measurement unit 750), possibly in
combination with the memory 730, in corbination with the transceiver 720 {e g, the
wireless receiver 244, and the antenna 240} may comprise means for determining the
tirst position information. Also, the UE 1301 may transmit at least some of the position
information 1464 to the server 400 or at feast some of the position information 1561 o
the server 400, or the UE 1302 may transmuit at least some of the position information
1461 to the UE 1301 (acting as a delegate) or at least some of the position information
1562 to the server 400. The UE(s) 1301, 1302 may transmit a VUE-ID of the VUE
1308 in association with (in the same or different moessage as) the position information
1461, 1464, 1561, 1562, e g, to facilitate determination of a location estimate for the
VUE 1308 and/or for use 1o associating a location estunate with the VUE 1305 (and the
members thereof). The processor 710 (e.g., the position information sharing unit 7703,
possibly 1n combination with the memory 730, in combination with the transcetver 720
{e.g., the wireless transmitter 242 and the antenna 246} may comprise means for
transmitting the first position mformation and the group identification. In another
example implementation, the method 1700 includes: determining the first position
information at the UE; receiving, at the first UE, a delegate indication that a third UE,
separate froro the first UE and the second UE, 15 a delegate of the UE group; and
transmitting the first position information, and a2 UE group identification in association
with the first position information, from the first UE to the third UE based on receiving
the delegate indication. For example, the first and second UEs may be the UHs 1302,
1303 and the accept/reject message 1342 transmitted to the UE 1303 may include an
indication that the UE 1301 is a delegate (for the VUE 1305}, and the UE 1303 may
transmit the position information 1462 to the UE 1301 based on having received the
indication that the UE 1301 is a delegate. The processor 710 {e.g, the position
information sharing unit 770}, possibly in combination with the memory 730, in
combination with the transceiver 720 (e.g., the wireless receiver 244 and the antenna
246} may comprise means for receiving the delegate indication and the processor 710
(e.g., the position information sharing unit 770}, possibly in combination with the
memory 730, in combination with the transceiver 720 (e.g., the wireless transmitter 242
and the antenna 246) may comprise means for transmitting the first position information

and the group identification to the third UE based on receiving the delegate indication.
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[80182] Also or alternatively, implementations of the method 1700 may include one or
more of the following features. In an example implementation, the method 1700
includes: determining the first position information at the first UE; receiving, at the first
UE, a delegate indication that the second UE 15 a delegate of the UE group; and
transmitting the first position information from the first UE fo the second UE based on
receiving the delegate indication. For example, the first and second UEs may be the
Ubs 1302, 1301, and the accept/reject message 1328 and/or the accepi/reject message
1329 indicates that the UE 1301 is a delegate, and the UE 1302 transmits the position
nformation 1461 to the UE 1301 based on having received the indication that the UE
1301 is a delegate. The processor 710 (e.g., the position information sharing unit 770},
possibly in combination with the memory 730, in combination with the transceiver 720
{e.g., the wireless receiver 244 and the antenna 2406) may comprise means for receiving
the delegate indication and the processor 710 {e.g., the position information sharing unit
770}, possibly i combination with the memory 730, in combination with the transceiver
720 (e.g., the wireless transmitter 242 and the antenna 246) may comprise means for
transmitting the first position information to the second UK based on receiving the
delegate indication. In another example implementation, the method 1700 includes:
measuring, at the first UE, a PRS resource to determine a first PRS resource
measurement; receiving a second PRS resource measurement at the first UE;
corupariog, at the first UE, the first PRS resource measurement and the second PRS
resource measurement; and transmitting the first position information, based on the first
PRS resource measurement, from the first UE without transmitting third position
information, that is based on the second PRS resource measurement, from the first UH
based on the second PRS resource measurement differing unacceptably from the first
PRS resource measurement. For example, the PRS measurement unit 750 of the UE
1301 measures at least some of the PRS 1441 or the PRS 1541 or the PRS measurement
unit 750 of the UE 1302 measures at least some of the PRS 1442 or the PRS 1542, The
processor 710 (e.g., the PRS measurement unit 750}, possibly in combination with the
memory 730, 1o combination with the transceiver 720 {e.g., the wireless receiver 244,
and the antenna 240) may comprise means for measuring a PRS resource. Also, cross
validation may be performed at stage 1450 and/or sub-stage 1463, or stage 1550 and
unreliable position information withheld from being transmitted as part of one or more

of the position information 1461, 1462, 1464, 1561-1563. A measurement may be
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deemed unacceptably different if the measurement differs from another similar
measurernent by more than a threshold and 15 more likely than the other measurerent to
measurement being from the PRS resource that arrived at the UE later. The processor
710 {e.g., the position information sharing unit 770}, possibly 1n combination with the
memory 730, in combination with the transceiver 720 {e.g., the wireless receiver 244
and the antenna 246) ray comprise means for receiving the second PRS resource
measurement, the processor 710, possibly in combination with the memory 730, may
comprise means for comparing the first and second PRS resource measurements, with
the processor 710 {e.g., the position information sharing unit 770), possibly in
combination with the memory 730, in corbination with the transceiver 720 {e g, the
wireless transmitter 242 and the antenna 246} may comprise means for transmitting the
tirst position information without transmitting the third position information.

{80183  Crossvalidation

[80184] Cross validation of measurements may be used to identify unreliable
measurernents from measurernents made by separate UEs in close proximity.
Notification of an unreliable measurement may be provided to a UE that made the
unreliable measurement. Unrelisble measurements may be discarded and/or not used or
transmitted, thus avoiding transmission and/or processing overhead for the unreliable
measurernents, and avoiding potential negative iropact of use of an unreliable
measurement on location estimation of a target UE. A UE that identifies a measurement
from a neighbor UE as being unreliable may suggest one or more measurements for the
neighbor UE to obtain, e.g., may suggest one or more PRS beams for the neighbor UE
to measure. For a target UE with high positioning accuracy requirement(s) {e.g., IOT
(Industrial Internet Of Things) requirement(s)}, the UE may not use a roeasurement
from a neighbor UE directly, but may use the measurement from the neighbor for cross
validation to determine whether a measurernent made by the target UE 18 reliable.
Measurements may be shared between neighbor UEs in a unified or UE-generic format
(e.g., identitying PRS in a UE-~generic format that each UE can map to a UE-specific
format as appropriate (e.g., if desired)).

[80185] Referning to FIG. 18, a method 1800 of identifying unreliable PRS
measurements includes the stages shown. The method 1800 is, however, an example

and not limiting. The method 1800 may be altered, e.g., by having stages added,
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removed, rearranged, combined, performed concurrently, and/or having single stages
split into multiple stages

[60186] At stage 1810, referring also to FIG. 19, two UEs 1910, 1920, labeled UET and
UEZ, negotiate PRS measurement sharing. Each of the UEs 1910, 1920 15 an example
of the UE 700. In this example, UE1 is a reciptent UE that will receive one or more
measurerments from UE2 which 1s a donor UE. The position information sharing unit
770 of each of the UEs may communicate regarding processing capabilities and
measurement sharing capabilities, and negotiate measurement sharing (for individual-
benefit sharing or group-benetit sharing), e.g., to ensure that UET will have one or more
similar measurements, e.g., PRS resources from the same TRP, or of PRS resources in
the same TRP resource set, of the same PRS resource, ete., made by UET and received
from UE2. The UEs may also negotiate what PRS measurement(s) each UE will make.
The negotiation may use UE-generic identifications, ¢.g., UE-generic PRS-1Ds.
Measurements made in respect to the same PRS resource or PRS resource set or the
same TRP may be cross validated. For example, timing measurements of the same
PRS resource from a TRP made by UET and UEZ may be cross validated, but a timing
measurement of a PRS resource from one TRP, e g, a TRP 1930, cannot be reliably
cross validated with a tirniog measurement of another PRS resource froro another TRP,
e.g., a TRP 1940, where the two TRFPs 1930, 1940 are not co-sited.

{86187} At stage 1820, the recipient UE, UET in this example, measures at least one
first PRS resource to obtain at least one first PRS measurement. The PRS measurement
unit 750 of UE1 measures one or more PRS resources corresponding to the similar PRS
measurement(s} negotiated at stage 1810, and may make one or more gther
measurerments (e g, dissimilar from the measurement(s) to be received from UE2). In
the exarople shown in FIG. 19, UE] measures PRS resource 1 from the TRP 1930
[80188] Atstage 1830, UE1 receives a second PRS measurement, based on
measurement of a second PRS resource, from UE2. For purposes of simplicity of
discussion, the description of the method 1800, the discussion assumes that only one
PRS measurement 1s shared, but more than one measurement may be made, shared, and
cross validated. The recipient UE sends a request to the donor UE for pertodic/semi-
persistent/aperiodic (P/SP/A) PRS measurement sharing. The donor UE sends the
second PRS measurement to the recipient UE. The donor UE may make and/or share

the second PRS measurement independent of a sharing request trom the recipient UE.
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For example, as shown in FIG. 19, UE2 measures PRS resource 2 from the TRP 1930
and provides a measurernent of PRS resource 2 to UET via a sidelink connection 1950
[B0189] At stage 1840, an inquiry is made as to whether UE1 and UE2 are within an
acceptable proximity of each other for cross validation (e g, for using a measurement
made by UEZ as though the measurement was made by UE1). For example, UET may
determine whether UE2 is within a threshold distance using one or more of a variety of
techniques, e.g, as discussed with respect to stage 930 {e.g., comparing locations,
determining RTT, making communication connection(s), detecting signal strength(s),
eic.}. The inquiry at stage 1840 may be made at a different point in time, e.g., before
stage 1810, If the UEs are not within an acceptable proximity for using their
measurements for cross validation, then the method 1800 ends at stage 1880 without
trying to cross validate the first and second PRS measurements. If the UEs are within
an acceptable proximity, then the method 1800 proceeds to stage 1850,
[001920] Atstage 1850, an inquiry 13 made as to whether the first PRS measurement and
the second PRS measurement are substantially similar. For example, the cross-
validation unit 780 of the UE 1910 may determine whether the first and second
measurements differ significantly, e g, by more than a threshold amount. For example,
the cross-validation unit 780 may determine whether a magnitude difference between
the measurements exceeds a threshold or whether a ratio of the measurements exceeds a
threshold. The cross-validation unit 780 rvay, for example deterroine whether

M1 —-M2ZI<T
where M7 15 a time measurement of a first PRS resource measured by UE1, M2 is a time
measurement of a second PRS resource measured by UE2, and 7'is a threshold value.
The first PRS resource is the same or similar 1o the second PRS resource, e.g., from the
same TRP or from the same PRS resource set {(depending on what the measurement is
for, and thus whether being from the same PRS resource set or the same TRP 18
sufficient). Hf the measurements are within the threshold similarity, then the two
measurements roay either both be good/reliable (from PRS resources that traveled LOS
paths, e.g., paths 1911, 1912 from TRP to UE} or both be bad/unreliable (from PRS
resources that traveled NLOS paths from TRP to UE). Etther way, the method 1800
ends at stage 1880 and one or more of the measurements may be used or disregarded, or
another technigue may be used to try to identify whether the measurements are reliable

or unreliable. It the measurements differ by more than the threshold similanity, then one
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of the measurements is an unreliable measurement {e. g, from a PRS resource that
traveled an NLOS path such as a path 1913) and the other measurement is a possibly
reliable measurement, and the method 1800 proceeds to stage 1860 for identification of
the unreliable measurement.

{80191} The threshold value used at stage 1850 affects whether measurements are
determined to be unreliable or possibly reliable/unreliable and may be based on one or
more of a variety of factors. For example, the threshold may be based on a separation
distance between the UEs 1910, 1920, measurement uncertainty, and/or measurement
resolution. The separation distance may be determined based on one ot more factors
such as one or more ranging measurements using SL-RTT, estimated RSST and/or
estimated RSRP, tranamit power and path loss, time of flight (TOF), and/or one or more
sensor {&.g., radar, lidar) measurements. Transmit power and path loss may provide a
maximum separation of UEs based on a known maximurm distance for receiving a
signal sent with a known transmit power. The measurement uncertainty for any
particular measurement may be a range of values, or a bound on measurement values, or
a level indicator. Different factors may affect the measurement resolution or different
measurements. For example, for angle measurements a beamwidth may be considered
to determine the threshold, with smaller beamwidth providing finer angle resolution
such that the threshold may be smaller. As another example, for a spatial measurement
the number of antennas may be considered to determine the threshold, with more
antennas typically providing finer spatial resolution such that the threshold may be
smaller. As another example, for timing measurements the available bandwidth may be
considered, with greater bandwidth typically meaning finer timing resolution {resolution
being roughly proportional to the inverse of bandwidth) such that the threshold may be
smaller. Combinations of tactors may be considered when determiniog the valued of
the similarity threshold, e.g., range and uncertainty combined to determine a threshold
time or range of times. The factors and/or the threshold may be provided in assistance
data toa UE.

[80192] At stage 1860, one of the PRS measurements may be identified as unreliable
based on timing of the PRS resources corresponding to the first and second PRS
measurements. How the timing 1s used to determine the unreliable PRS measurement

may depend on the kind of PRS measurements involved, e.g., whether the PRS
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measurements are timing measurements {and what type of timing measurements} or
angle measurements.

[86193] For timing measurements, times of arrival {and possibly power levels} may be
used to identify the unreliable measurement and the possibly reliable measurement. For
RTT measurements, the cross-validation unit 780 may identify the PRS measurement
corresponding to the PRS resource that arrived earlier as the possibly reliable
measurernent and the PRS measurement corresponding to the PRS resource that arrived
later as the unreliable measurement. The PRS measurements may correspond to the
same site {e.g., the same TRP or different, but co-located, TRPs), or the same TRP or
the same PRS resource set (for the same TRP), or the same PRS resource (for the same
TRP and resource set). For RSTD roeasurements, the cross-validation voit 780 may
identify the PRS measurement corresponding to the smaller RSTD as the possibly
reliable measurement and the PRS measurement corresponding to the larger RSTD as
the unreliable measurement, with the first and second PRS measurements being
determined with reference to the sarne PRS resource or different PRS resources of the
same cell. For the first and second PRS measurements being PDP (power delay profile)
measurements, the cross-validation unit 780 may be configured to use a function of
RSRPs and corresponding tumestarnps of each of the first and second PRS measurement
to determine a difference between the first and second PRS measurements to identify
the unreliable measurement. The cross-validation unit 780 way, for example, determine
a norm, or an F-norm (Frobenius norm), or an L1/L2 norm, ete. using the timestamps
and RSPRs to define the difference between the first PRS measurerment and the second
PRS measurement. The cross-validation unit 780 may identity the PDP that contains
the earliest imestarnp or whose sum of timnestamps of the N strongest peaks of the PDP
13 smaller as the possibly reliable measurement. For the PDP with the later timestamp
or larger timestamp sum, the cross-validation unit 780 may identify this PDP as possibly
reliable if the norm of difference between the two PDPs ts within a threshold and
identify this PDP as the unreliable measurement if the norm of the difference exceeds
the threshold.

(86194} For angle measurements, the cross~validation unit 780 may use times of
arrival to identify the unreliable measurement and the possibly reliable measurement.
For example, the angle measurement corresponding to the PRS resource that arrived

earlier may be identified as the possibly reliable measurement and the angle
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measurement corresponding to the PRS rescurce that arnived later identified as the
unreliable measurement. Downlink AoD may be measured using RSRPs of PRS
resources, with the earlier-arriving PRS resource corresponding to the possibly reliable
measurement and the later-arriving PRS resource corresponding to the unreliable
measurement. A possibly reliable measurement may be provided by the UE 1910 (e g,
the position information reporting unit 760} using a local coordinate system (LCS) {of
the UE 1910) or using a global coordinate system (GCS) (e g, relative to the Earth)y. B
the reported angle measurement is given in terms of the LCS, then the UE 1910 should
also provide the orientation of the UE 1910 along with the reported angle.

[80195] The cross-validation unit 780 may attempt to cross validate measurements
using power values without timing values. For example, the measurement with the
higher RSRP may be identified as the possibly reliable measurement and the
measurement with the lower RSRP identified as the unreliable measurement. These
identifications may be provided with a caveat, however, as a later-arriving PRS resource
may have a higher RSRP than an earlier-arriving PRS resource. As another example, a
difference between RSRP values exceeding a threshold way be an indication that
channels vary significantly between UEs and that at least one of the measurements may
be unreliable.

[80196] While the discussion of FIG. 18 assumes only two measurements are under
consideration, more than two measurements may be cross validated as long as at feast
two measurements differ by more than the threshold similarity. With more than two
measurements, the measurement corresponding to the earliest-arriving PRS resource
may be identified as the possibly reliable measurement and all other measurements
identified as being unreliable.

[86197] One or more other factors may be analyzed in determining rehiability of
measurements and thus whether to use and/or report a measurement for positioning. For
example, a measurement may be determuned to be uvureliable it a quality metric of the
measurement is below a quality threshold and/or if interference present in the
measurernent{s} is above an interference threshold.

[80198] Atstage 1870, the UE 1910, e.g., the cross-validation unit 780, notifies the
maker of the unreliable measurement of the unreliability of the measurement and
discards or otherwise abstains from using or transmitting the unreliable measurement

for deternuning a location estimate for the UE 1910, For example, if the first PRS
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measurement {made by the UE 1910) is identified as unreliable, the cross-validation
unit 780 may votify the position information reporting unit 760 which may respond to
the notification by abstaining from reporting the unreliable measurement for UE-
assisted positioning. The processor 710 of the UE 1910 may abstain from using the
unreliable measurement for location estimation for UE-based positioning. As another
exarple, the cross-validation unit 780 may notify the pesition information sharing unit
770 that the first PRS measurement is unreliable in respounse to which the position
information sharing unit 770 may abstain from sharing the unreliable measurement. As
another example, if the second PRS measurement (imade by the UE 1920} is 1dentified
as unreliable, the cross-validation unit 780 may notify the UE 1920 which may respond
to the notification by abstaining from measuring the corresponding PRS and/or sharing
the unreliable measurement and/or using the unreliable measurement for UE-based
positioning and/or reporting the unreliable measurement for UE-assisted positioning.
The UE 1910 may abstain from notifying the UE 1920 that the second PRS
measurernent 1 unreliable if the UE 1910 shares the first PRS measurement and the UE
1910 15 aware that the UE 1920 will cross validate the first and second PRS
measurements.

100199} Further at stage 1870, the UE 1910 may perform beam management based on
the possible reliability and unreliability of the PRS measurements. This may improve
posttioning performance and/or reduce PRS beam management overhead. For example,
if the first PRS measurement {(made by the UE 1910} is unreliable, then the UE 1910
may use one or more recommended PRS bears for future measurement(s) instead of
the PRS resource corresponding to the unreliable PRS measurement {e.g., measure PRS
resource 2 instead of PRS resource 1 shown in FIG. 19). The recommended PRS beam
may be a beam with a strongest RSRP or earliest ToA. For example, if the second PRS
measurement is provided from the UE 1920 to the UE 1910 with a detailed PRS-ID
(identifying TRP, PRS resource set, and PRS resource) of the second PRS resource, and
the first PRS measurement is identified as unreliable and the second PRS measurement
as possibly reliable, then the PRS measurement unit 750 of the UE 1910 may measure
the second PRS resource gotng forward {(e.g., at least a next PRS session/instance)
instead of the first PRS resource. If a detailed PRS-ID was not provided for the second

PRS resource, then the postiion information sharing unit 770 of the UE 1910 may

-85.



WO 2022/220933 PCT/US2022/017950

request the detatled PRS-ID from the UE 1920, and then measure the second PRS
resource tu response to receiving the detailed PRS-ID of the second PRS resource.
186260] Referring to FIG. 20, with further reference to FIGS. 1-19, a method 2000 of
cross validating a PRS includes the stages shown. The method 2000 13, however, an
example and not limiting. The method 2000 may be altered, e g., by having siages
added, removed, rearranged, combined, performed concurrently, and/or having single
stages split into multiple stages.

[80201] At stage 2010, the method 2000 includes measuring, at a first UE, a first PRS
resource to determune a first PRS measurement. For example, the PRS measurement
unit 750 of the UE 1910 measures a PRS resource {e.g., PRS resource 1) to determine a
PRS measurement (e.g., ToA, RSRP, etc.). The processor 710, possibly in combination
with the memory 730, in combination with the transcetver 720 {e.g., the wireless
receiver 244 and the antenna 246) may comprise means for measuring a PRS resource.
1902021 Atstage 2020, the method 2000 includes receiving, from a second UE via
sidelink communication, a second PRS measurement of a second PRS resource. For
exampile, the UE 1910 receives a PRS measurement from the UE 1920 via the sidelink
connection 1950, The second PRS measurement may be, for example, of PRS resource
2 as shown in FIG. 19, or of PRS resource 1, or of another PRS resource (from the TRP
1930 or a different TRP (e.g., the TRP 1940) that may or may not be co-located with the
TRP 1930). The processor 710, possibly in combination with the memory 730, 1n
combination with the transceiver 720 (e.g., the wireless receiver 244 and the antenna
2463 may comprise means for receiving the second PRS measurement

1902031 Atstage 2030, the method 2000 includes determining whether at least one of
the first PRS measurement or the second PRS measurement 1s unreliable based on a
relationship of the first PRS measurement to the second PRS measurement. For
example, the cross-validation unit 780 of the UE 1910 compares the first and second
PRS measurements to determine, e.g., as discussed herein, whether at least one of the
measurements is uynreliable. The processor 710, possibly in combination with the
memory 730, 1o combination with the transceiver 720 {e.g., the witeless recetver 244
and the antenna 246) may comprise means for determining whether at least oue of the
tirst PRS measurement or the second PRS measurement 1s unreliable.

[00204] Implementations of the method 2000 may include one or more of the

following features. In an example implementation, determining whether at least one of
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the first PRS measurement or the second PRS measurement is unreliable comprises
determining whether at least one of the first PRS measurement or the second PRS
measurement is unrefiable only if the second UE is within a threshold proximity of the
tirst UE. For example, the UE 1910 may determine at stage 1840 whether the UEs
1910, 1920 are close enough that PRS measurements of the UE 1920 may be used as the
PRS measurements for the UE 1910 while providing acceptable positioning accuracy
and only determining reliability of at least one of the PRS measurements if the UEs
1910, 1920 are acceptably close to each other.

1802085] Also or alternatively, implementations of the method 2000 may include one or
more of the following features. In an example implementation, determining whether at
least one of the first PRS measurement or the second PRS measurement is unreliable
comprises determining that at least one of the first PRS measurement or the second PRS
measurement 1s unreliable based on the first PRS measurement differing from the
second PRS measurement by more than a threshold. For example, the cross-validation
unit 780 of the UE 1910 may determine whether magnmitude difference (e g., as shown in
Equation (1)) of the first and second PRS reasurements exceeds a threshold, or whether
a ratio of the first and second PRS measurements exceeds a threshold, to determine that
at least one of the first and second PRS measurernents is unreliable. In another example
implementation, the method 2000 includes identifying the first PRS measurement or the
second PRS measurement as an unreliable measurement based on timing of the first
PRS resource relative to the second PRS resource. For example, the cross-validation
unit 780 of the UE 1910 may determine which of the first and second PRS resources
arrived at the UEs 1910, 1920, respectively, later {(and thus has a ToA PRS
measurerent that 1s later) and identify the corresponding PRS measurement as
unreliable. As another example, the cross-validation vt 780 of the UE 1910 may
determine the unreliable PRS measurement based on a function of time and power of
the PRS resources {¢.g., a norm, an F-uorm, an L1/L2 norm) relative to a threshold. As
ancther example, the cross-validation unit 780 of the UE 1910 may determine the
unreliable PRS measurement based on which of the PRS resources does not contain the
earliest timestamp of PDPs, or based on which of the PRS resources has a greater sum
of timestamps of the N-strongest PDP peaks. The processor 710, possibly in
combination with the memory 730, may comprise means for identifying the first PRS

measurement or the second PRS measurement as an unreligble measurement. In
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ancther example implementation, the method 2000 includes transmitting, to the second
UE based on the second PRS measurement being identified as the unreliable
measurement, an indication that the second PRS measurement is unreliable. For
example, at stage 1870, the cross-validation unit 780 of the UE 1910 may noufy the UE
1920 of the unreliable measurement. The processor 710, possibly in combination with
the memory 730, in combination with the transceiver 720 {e.g., the wireless transmitter
242 and the antenna 246) way comprise means for transmitiing the indication that the
second PRS measurement is unreliable. In another example implementation, the
method 2000 includes further comprising abstaining from using the unreliable
measurement to determine a position estimate for the first UE. For example, at stage
1870 the processor 710 of the UE 1910 may discard the unreliable measurement or
otherwise not use the unreliable measurement to determine position information {(e.g., a
location estimnate). The processor 710, possibly in combination with the memory 730,
may comprise means for abstaining from using the unreliable measurement to determine
a position estimate. In another example implementation, the method 2000 includes
abstaining from transmitting the unreliable measurement to a network entity. For
example, at stage 1870 the position information sharing unit 770 of the UE 1910 may
not transiut the voreliable measurement (e.g., the first PRS measurement} to another
UE as shared position information and/or the position information reporting unit 760
may not trausmit the unreliable measurement to the server 400 as reported position
information. The processor 710, possibly 1n combination with the memory 730, may
comprise means for abstaining from transmitting the unreliable measurement. In
another example implementation, the method 2000 includes transmitting, to the second
UE, a request for a PRS-ID of the second PRS resource based on the first PRS
measurerment being identified as the unreliable measurement. For example, at stage
1870 the position information sharing unit 770 of the UE 1910 may request the detailed
PRS-ID from the UE 1920 if the first PRS measurement is upreliable and the UE 1920
did not provide PRS-resource-level detail of the second PRS resource for the second
PRS resource measurement. The processor 710, possibly in combination with the
memory 730, in combination with the transceiver 720 (e.g., the wireless transmitter 242
and the antenna 246) may comprise means for transmitting the request for a PRS-ID. In
another example implementation, the method 2000 includes measuring a next instance

of the second PRS resource based on the first PRS measurement being identified as the
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unreliable measurement. For example, the PRS measurement unit 750 of the UE 1910
may measure at feast the next instance of the second PRS resource (e.g., 1nstead of or v
addition to measuring the first PRS resource) in response to the first PRS measurement
being determined to be unreliable, ¢ g, to conserve processing power. The processor
710, possibly in combination with the memory 730, in combination with the transceiver
720 (e.g., the wireless receiver 244 and the antenna 240} may comprise means for
measuring a next instance of the second PRS resource. In another example
implementation, the method 2000 includes determining the threshold based on a
distance between the first UE and the second UE, or a measurement uncertainty, or a
measurement resolution, or any combination thereof. The processor 710, possibly in
corabination with the memory 730, possibly 1n combination with the transceiver 720
{e.g., the wireless receiver 244 and the antenna 246) may comprise means for
determining the threshold. The transceiver 720 may be used to obtain information for
use in determining the threshold.

(00206} Implementation examples

(802671 First implementation examples

(80208} Implementation examples are provided in the following numbered clauses.
100209} 1. A first UE (user equipment) comprising:
a transceiver,;
a memory,; and
a processor, communicatively coupled to the transceiver and the memory,
contigured to:
communicate, via the fransceiver, with a second UE to identify a first
PRS measurement {(positioning reference signal measurement}) to be made by the second
UE:
receive, via the transceiver from the second UE via sidelink
communication, first position information based on the first PRS measurement; and
transmit, via the transceiver to a network entity, the first position
information.
[86218] 2. The first UE of clause 1, wherein the processor s further configured to
determine a proximity of the second UE to the first UE and to transmait the first position
information to the network entity based on the proximity of the second UE to the first

UE being acceptably close,
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[80211] 3. The first UE of clause 1, wherein the processor is further configured to:
wdentify a plurality of candidate UEs within an acceptable proximity of the first
UK and
select, to serve as a posttion information donor, the second UE from the plurality
of candidate UEs based on processing capabilities of the pharality of candidate UEs.
[80212] 4. The tirst UE of clause 1, wherein the processor 1s further configured to:
wdentify a plurality of candidate UEs within an acceptable proximity of the first
UE; and
select, to serve as a posttion information donor, the second UE from the plurality
of candidate UHs based on overlaps of a first PRS configuration associated with the first
UE and second PRS configurations each associated with a respective one of the
plurality of candidate UEs.
{80213} S. The first UE of clause 1, wherein the processor is further configured to:
identify a plurality of candidate UEs within an acceptable proximity of the first
UE; and
select, to serve as 4 position information donor, the second UE from the plurality
of candidate UEs based on the second UE being closest, of the plurality of candidate
UEs, to the first UE.
[80214] 6. The tirst UE of clause 1, wherein the processor is further configured to
transmit a request to the second UE for the second UE to transmit the first position
information with a requested periodicity of one of periodically, semi-persistently, or
aperiodically.
[B0215] 7. The first UE of clause 6, wherein the requested pertodicity is based on a
reporting periodicity of the first UE for the first position information.
[80216] 8 The first UE of clause 1, wherein the processor is further configured to
indicate to the second UE, for the first PRS measurement, a transmission/reception point
{TRP)}, or the TRP and a PRS resource set, or the TRP and the PRS resource set and a
PRS resource, or a UE-ID (UE identity), or the UE-ID and a sidelink-PRS resource
related 1D
(86217} 9. The first UE of clause 1, wherein the processor s further configured to
validate the first PRS measurement indicated in the first position intormation by
comparing the first PRS measurement with a similar measurement made by a device

other than the second UE.
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[00218] 10. The first UE of clause 1, wherein the processor is further configured to:
measure g PRS resource to determine a second PR measurement; and
transmit, via the transceiver to the network entity, second position information

based on the second PRS measurement.

[80219) 11, The first UE of clause 1, wherein the processor is further configured to

transmit the {irst position information to the network entity with a group indication

indicative of a group including the first UE and the second UE.

(80220} 12. A position information reporting method comprising:
communicating by a first UE {user equipment) with a second UE o identify a

first PRS measurement {positioning reference signal measurement) to be made by the

second;

receiving, by the first UE from the second UE via sidelink commumication, first
position information based on the first PRS measurement; and

transmitting, from the first UE 1o a network entity, the first posttion information.

[80221] 13. The method of clause 12, further comprising determining a proximity of

the second UE to the first UE, wherein transmitting the first position toformation to the

network entity comprises transmitting the first position information to the network
entity based on the proximity of the second UE to the first UE being acceptably close.

[80222) 14. The method of clause 12, further comprising:
wdentifying a plurality of candidate UEs within an acceptable proxamity of the

first UE; and
selecting, to serve as a position information donor, the second UE from the

plurality of candidate UEs based on processing capabilities of the plurality of candidate

UEs.

(80223} 15. The method of clause 12, further comprising:
identifying a plurality of candidate UEs within an acceptable proximity of the

first UE: and
selecting, to serve as a position information donor, the second UE from the

plurality of candidate UEs based on overlaps of a first PRS configuration associated
with the first UE and second PRS configurations each associated with a respective one
of the plurality of candidate UEs.

[80224] 10, The method of clause 12, further comprising:
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identifying a plurality of candidate UEs within an acceptable proximity of the
first UE; and

selecting, to serve as a position information donot, the second UE from the
plurality of candidate UEs based on the second UE being closest, of the plurality of
candidate UBs, to the first UE.
[80225] 17. The method of clause 12, further comprising transmitting a request to the
second UE for the second UE to transnut the first position wnformation with a requested
periodicity of one of periodically, semi-persistently, or aperiodically.
100226} 18 The method of clause 17, wherein the requested periodicity 15 based ov a
reporting periodicity of the first UE for the first position information.
(802271 19. The method of clause 12, further comprising indicating, by the first UE {0
the second UE, for the first PRS measurement, a transmission/reception point {TRP}, or
the TRP and a PRS resource set, or the TRP and the PRS resource set and a PRS
resource, or a UE-ID (UE identity), or the UE-ID and a sidelink-PRS resource related
ID.
(86228} 20. The method of clause 12, further compnsing validating the first PRS
measurement indicated in the first position information by comparing the first PRS
measurement with a similar measurement made by a device other than the second UE.
[80229) 21 The method of clause 12, further comprising:

measuriong, by the first UE, a PRS resource to determine a second PRS
measurement; and

transnutting, from the first UE to the network entity, second position
information based on the second PRS measurement.
{00230} 22, The method of clause 12, further comprising transmitting the first position
information to the network entity with a group indication indicative of a group including
the first UE and the second UE.
100231} 23, A first UE {user equipment) comprising:

means for communicating with a second UE to identify a first PRS measurement
{(posttioning reference signal measurernent) to be made by the second UE;

means for receiving, from the second UE via sidelink communication, first
position information based on the first PRS measurement; and

means for transmitting, 10 a network entity, the first position information.
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[80232) 24. The first UE of clause 23, further comprising means for determining a
proximity of the second UE to the fitst UE, wherein the means for transmitting the first
posttion information to the network entity comprise means for transmitting the first
position information to the network entity based on the proximity of the second UE to
the first UE being acceptably close.
(00233} 25. The first UE of clause 23, further comprising:

means for identifying a plurality of candidate UEs within an acceptable
proximity of the first UE; and

means for selecting, to serve as a position information donor, the second UE
from the plurality of candidate UEs based on processing capabilities of the plurality of
candidate UEs.
(80234} 26. The first UE of clause 23, further comprising:

means for identifving a plurality of candidate UEs within an acceptable
proximity of the first UE; and

means for selecting, to serve as a position information donor, the second UR
from the plurality of candidate UEs based on overlaps of a first PRS configuration
associated with the first UE and second PRS configurations each associated with a
respective one of the plurality of candidate UEs.
[80235) 27. The first UE of clause 23, turther comprising:

means for identifying a plurality of candidate UEs within an acceptable
proximity of the first UE; and

means for selecting, {0 serve as a position information donor, the second UE
from the plurality of candidate UEs based on the second UE being closest, of the
plurality of candidate UEs, to the first UE.
[80236] 28. The first UE of clause 21, further comprising means for transmitting a
request to the second UE for the second UE to transmit the first position information
with a requested periodicity of one of peniodically, semi-persisiently, or aperiodically.
[80237) 29. The first UE of clause 27, wherein the requested periodicity is based on a
reporting periodicity of the first UE for the first position information.
(806238} 30. The first UE of clause 23, further comprising means for indicating to the
second UE, for the first PRS measurement, a transmission/reception point {(TRP), or the
TRP and a PRS resource set, or the TRP and the PRS resource set and a PRS resource,

or a UE-ID (UE identity), or the UE-ID and a sidelink-PRS resource related 1D,
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[8023%) 31, The first UE of clause 23, further comprising means for validating the first
PRS measurement indicated in the first position information by comparing the first PRS
measurement with a simifar measurement made by a device other than the second UE.
100240} 32, The first UE of clause 23, further comprising:

means for measuring a PRS resource to determine a second PRS measurement;
and

means for transmitting, to the network entity, second position information based
on the second PRS measurement.
802411 33, The first UE of clause 23, further comprising means for transmitting the
first position information to the network entity with a group indication indicative of a
group including the first UE and the second UE.
[86242] 34. A non-transitory, processor-readable storage medium comprising
processor-readable instructions to cause a processor of a first UE {(user equipment) to;

communicate with a second UE fo identity a first PRS measurement {positioning
reference signal measurement) to be made by the second UE;

receive, from the second UE via sidelink commurucation, first position
information based on the first PRS measurement; and

transmit, to a network entity, the first position information.
[80243] 35. The storage medium of clause 34, further comprising processor-readable
instructions to cause the processor o determine a proximity of the second UE to the first
UE, wherein the processor-readable instructions to cause the processor fo transmit the
first position information to the network entity comprise processor-readable instructions
to cause the processor to transmit the first position information to the network entity
based on the proximity of the second UE to the first UE being acceptably close.
86244} 36. The storage medium of clause 34, further comprising processor-readable
instructions to cause the processor o

identity a plurality of candidate UEs within an acceptable proximity of the first
UE; and

select, to serve as a position information donor, the second UE from the plurality
of candidate UEs based on processing capabilities of the plurality of candidate UEs.
[80245}] 37 The storage medium of clause 34, further comprising processor-readable

instructions to cause the processor 1o
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identify a plurality of candidate UEs within an acceptable proximity of the first
UE; and

select, to serve as a position information donor, the second UE from the plurality
of candidate UEs based on overlaps of a first PRS configuration associated with the first
UE and second PRS configurations each associated with a respective one of the
plurality of candidate UEs.
[80246] 38. The storage mediurn of clause 34, further comprising processor-readable
instructions to cause the processor o

identity a plurality of candidate UEs within an acceptable proximity of the first
UE; and

select, to serve as 4 position information donor, the second UE from the plurality
of candidate UEs based on the second UE being closest, of the plurality of candidate
UEs, to the first UE.
[80247] 39, The storage medium of clause 34, further comprising processor-readable
instructions to cause the processor to transmit a request to the second UE for the second
UE to transmit the first position information with a requested periodicity of one of
periodically, semi-persistently, or aperiodically.
[80248] 40, The storage mediom of clause 39, wherein the requested periodicity is
based on a reporting periodicity of the first UE for the first position information.
[80249] 41, The storage mediurn of clause 34, further comprising processor-readable
instructions to cause the processor to indicate to the second UE, for the first PRS
measurement, a transmission/reception point {(TRP), or the TRP and a PRS resource set,
or the TRP and the PRS resource set and a PRS resource, or a UE-ID (UE identity), or
the UE-ID and a sidelink-PRS resource related 1D,
[80250] 42, The storage mediurn of clause 34, further comprising processor-readable
instructions to cause the processor to validate the first PRS measurement indicated in
the first position information by comparing the first PRS measurement with a simotlar
measurement made by a device other than the second UE.
[80251] 43, The storage mediurn of clause 34, further comprising processor-readable
instructions to cause the processor (o

measure a PRS resource to determine a second PRS measurement; and

transmit, to the network entity, second position information based on the second

PRS measurement.
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[80252] 44. The storage medium of clause 34, further comprising processor-readable
insiructions to cause the processor to transmoit the first position information to the
network entity with a group indication indicative of a group including the first UE and
the second UE.
[002531 45, A first UE {(user equipment} comprising:
a transceiver,
a memory,; and
a processor, communicatively coupled to the transceiver and the memory,
configured to:
transmit, via the transceiver, a position-information-sharing capability of
the first UE to a second UE via sidelink commumcation;
receive, via the transceiver from the second UE via sidelink
communication, a request tor first position information;
measure a8 PRS resource {positioning reference signal resource) received
from a network entity to determine a PRS measurement; and
transmit, via the transceiver to the second UE via sidelink
communication, the first position information based on the PRS measurement.
[80254] 40, The first UE of clause 45, wherein the processor is configured to transmit
the first position information only if the processor measures the PRS resource
independently of the request tor the first position information.
[80255] 47. The first UE of clause 45, wherein the processor is configured to measure
the PRS resource in response to receiving the request such that the PRS measurement i3
an extra measurement in addition to one or more other PRS measurements that the
processor would make absent receipt of the request.
[802586] 48. The first UE of clause 43, wherein the PRS resource 18 a first PRS
resource and the PRS measurement i3 a first PRS measurement, and wherein the
processor 13 further configured to:
measure a second PRS resource to determine a second PRS measurement; and
abstain from transmitiing the second PRS measurement to the second UE.
[86257] 49. The first UE of clause 4&, wherein the processor is further configured o
abstain from transmitting the second PRS measurement to the second UE based on the
first PRS measurement being an earlier time of arrival than the second PRS

measyurement.
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[80258] 50. The first UE of clause 48, wherein the processor is further configured to
abstain from transmitting the second PRS measurement to the second UE based on the
first PRS resource being received with stronger power than the second PRS resource.
[80289] S1. The first UE of clause 48, wherein the processor is further configured to
abstain from transmitting the second PRS measurement to the second UE based on both
the first PRS resource and the second PRS resource being at feast one of associated with
a stogle transmission/reception point, or associated with a single PRS resource set, or
associated with a single PRS source site.
{90260 S2. A posttion information sharing method comprising:

transmitting, from a first UE {user equipment} to a second UE via sidelink
corarnunication, a position-information-sharing capability of the first UE;

receiving, at the first UE from the second UE via sidelink communication, a
request for first position imformation;

measuring, at the first UE, a PRS resource {positioning reference signal
resource) received from a network entity to determine a PRS measurement; and

transmitiing, from the first UE to the second UE via sidelink communication, the
first position information based on the PRS measurement.
802611 S3. The method of clause 52, wherein transmitting the first position
information comprises transmitting the first position information only if the first UE
measures the PRS resource independently of the request for the first position
information.
[80262] 5S4 The method of clause 52, wherein measuring the PRS resource comprises
measuring the PRS resource in response to receiving the request such that the PRS
measurernent 18 an extra measurement in addition to one or more other PRS
measurerents that the first UE would make absent receipt of the request.
[80263] 55. The method of clause 52, wherein the PRS resource 1s a first PRS resource
and the PRS measurement i3 a first PRS measurement, and the method further
Comprises:

measuring, by the first UE, a second PRS resource to determine a second PRS
measurement; and

abstaining from transmitting the second PRS measurement from the first UE to

the second UE.
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[80264] 56. The method of clause 55, wherein the first UE abstains from transmitting
the second PRS measurement to the second UE based on the first PRS measurement
being an earlier time of arrival than the second PRS measurement.
[80265] S7. The method of clause 55, wherein the first UE abstains from transmitiing
the second PRS measurement to the second UE based on the first PRS resource being
received with stronger power than the second PRS resource.
[80266] 58. The method of clause SS, wherein the first UE abstains from transmitting
the second PRS measurement to the second UE based on both the first PRS rescurce
and the second PRS resource being at least one of associated with a single
transmission/reception point, or associated with a single PRS resource set, or associated
with a single PRS source site.
(86267} 59. A first UE (user equipment) comprising:

means for transmitting, to a second UE via sidelink communication, a position-
information-sharing capability of the first UE;

means for recetving, from the second UE via sidelink communication, a request
for first position information;

means for measuring a PRS resource {positioning reference signal resource}
received from a network entity to determine a PRS measurement; and

means for transmitting, to the second UE via sidelink communication, the first
posttion wnforroation based on the PRS measurement.
[86268] 60. The first UE of clause 59, wherein the means for transmitiing the first
position information comprise means for transnutting the first position information only
if the first UE measures the PRS resource independently of the request for the first
position information.
[80269] 61. The first UE of clause 59, wherein the means for measurning the PRS
resource comprise means for measuring the PRS resource in response to receiving the
request such that the PRS measurerment 1s an extra measureroent in addition to one or
more other PRS measurements that the first UE would make absent receipt of the
request.
[86278] 62. The first UE of clause 59, wherein the PRS rescurce is a first PRS
resource and the PRS measurement 18 a first PRS measurement, and the first UE further

COMpPrises:
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means for measuring, by the first UE, a second PRS resource to determine a
second PRS measurement; and

means for abstaining from transmitting the second PRS measurement from the
tirst UE to the second UE.
[80271] 63. The first UE of clause 62, wherein the means for abstaining from
transmitting the second PRS measurement comprise means for abstaining from
traunsmitting the second PRS measurement to the second UE based on the first PRS
measurement being an earlier time of arrival than the second PRS measurement.
802721 64, The first UE of clause 62, wherein the means for abstaining from
transmitting the second PRS measurement comprise means for abstaining from
transmitting the second PRS measurement to the second UE based on the first PRS
resource being recetved with stronger power than the second PRS resource.
{80273} 65, The first UE of clause 62, wherein the means for abstaining from
transmitting the second PRS measurement comprise means for abstaining from
transmitting the second PRS measurement to the second UE based on both the first PRS
resource and the second PRS resource being at least one of associated with a single
transmission/reception point, or associated with a single PRS resource set, or associated
with a single PRS source site.
[80274] 60. A non-transitory, processor-readable storage medium comprising
processor-readable tustructions to cause a processor of a first UE (user equipment) to

transmit, to a second UE via sidelink communication, a position-information-
sharing capability of the first UE;

recetve, from the second UE via sidelink communication, a request for first
posttion information;

measure a PRS resource (positioning reference signal resource) received from a
network entity to determine a PRS measurement; and

transmit, to the second UE via sidelink communication, the first position
information based on the PRS measurement.
[80275] 67. The storage mediurn of clause 66, wherein the processor-readable storage
medium comprising processor-readable instructions to cause the processor to transmit
the first position information comprise processor-readable storage medium comprising

processor-readable instructions 1o cause the processor to tranamit the first position
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information only if the first UE measures the PRS resource independently of the request
for the first position information.
186276} 68. The storage medium of clause 66, wherein the processor-readable storage
medium comprising processor-readable instructions to cause the processor to measure
the PRS resource comprise processor-readable storage medium comprising processor-
readable tnstructions to cause the processor to measure the PRS resource in response to
receiving the request such that the PRS measurement is an extra measurement in
addition to one or more other PRS measurements that the first UE would make absent
receipt of the request.
[80277) 69. The storage medium of clause 66, wherein the PRS resource 1s a first PRS
resource and the PRS measurement 18 a first PRS measurement, and the storage mediur
turther comprises processor-readable storage medium comprising processor-readable
instructions to cause the processor o

measure a second PRS resource o determine a second PRS measurement; and

abstain from transmitting the second PRS measurement from the first UE to the
second UE.
(80278} 70. The storage medium of clause 69, wherein the processor-readable storage
medium comprising processor-readable instructions to cause the processor to abstain
from transmitting the second PRS measurement comprise processor-readable storage
medium comprising processor-readable instructions fo cause the processor to abstain
from transmitting the second PRS measurement to the second UE based on the first PRS
measurement being an earlier time of arrival than the second PRS measurement.
[80279) 71, The storage medium of clause 69, wherein the processor-readable storage
medium comprising processor-readable instructions to cause the processor to abstain
from transmitiing the second PRS measurement comprise processor-readable storage
medium comprising processor-readable instructions to cause the processor to abstain
fromw transmutting the second PRS measurement to the second UE based on the first PRS
resource being received with stronger power than the second PRS resource.
[80280] 72. The storage mediur of clause 69, wherein the processor-readable storage
medium comprising processor-readable instructions fo cause the processor to abstain
from transmitting the second PRS measurement comprise processor-readable storage
medium comprising processor-readable instructions to cause the processor to abstain

from transroitting the second PRS measurement to the second UE based on both the first
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PRS resource and the second PRS resource being at least one of associated with a single
transmission/reception point, of associated with a single PRS resource set, or associated
with a single PRS source site.

{00281} Second implementation examples

190282} Further implementation examples are provided in the following numbered
clauses.
(806283} 1. A commumcation device for managiog a UE group (user equipment
group}, the communication device comprising:

a transceiver;

a memory; and

a processor, communicatively coupled to the transceiver and the moemory,
configured to

determine a plurality of UEs of the UE group based on proximity of each
of the plurality of UEs to at least one other UE of the plurality of UEs; and
transmit, via the transceiver to at least one of the plurality of UEs of the

UE group, an mdication of the UE group.
[80284] 2. The communication device of clause 1, wherein the indication of the UE
group tncludes a group identification.
[80285] 3. The communication device of clause 1, wherein the processor is further
configured to transimit, via the trausceiver, a postiioning request to a selected UE of the
plurality of UEs of the UE group for the selected UE to provide requested position
information.
[80286] 4. The communication device of clause 3, wherein the processor is further
configured to transnut, via the transceiver, a sharing request to the selected UE of the
plurality of UEs of the UE group for the selected UE to share the requested position
information with a designated UE of the plurality of UEs of the UE group.
902871 S. The communication device of clause 1, wherein the processor is configured
to determine the plurality of UEs of the UE group based on proximity of all of the
plurality of UHs of the UE group.
[66288] 6. The communication device of clause 1, wherein the processor is further
contigured to:

receive a joining request via the transceiver indicating a prospective UE group

member; and
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determine whether to include the prospective UE group member in the plurality
of UEs of the UE group in response to receiving the joining request.
[86289] 7. The communication device of clause 1, wherein the processor is further
contigured to:

detect a new sidelink connection to a prospective UE group member; and

determine whether to include the prospective UE group mermber in the plurality
of UEs of the UE group in response to detecting the new sidelink connection to the
prospective UE group member.
{80290] 8. The communication device of clause 1, wherein the processor 1s further
the UE group indicating for the selected UE to act as a delegate of the UE group by
collecting respective position information from one or more UEs of the plurality of UEs
of the UE group and transmutting the respective posttion information to a network
entity.
[80291] © The communication device of clause 1, wherein the processor is further
configured to fransmut, via the transcetver, a group-change indication indicating a new
member of the UE group, removal of a previous member of the UE group, or a
combination thereof
[80292] 10. The communication device of clause 9, wherein the processor is
configured to transimit the group-change indication ndicating removal of the previous
member of the UE group at least one of 1n response {o receiving a request for removal
of the previous member of the UE group or in response to loss of sidelink connection
between the communication device and the previous member of the UE group.
[80293] 11 A communication device for managing a UE group (user equipment
group), the coramunication device comprising:

means for determining a plurality of UEs of the UE group based on proximity of
each of the plurality of UEs to at feast one other UE of the plurality of UEs; and

means for transmitting, to at least one of the plurality of UEs of the UE group,
an indication of the UE group.
[86294] 12. The communication device of clause 11, wherein the indication of the UE

group includes a group wdentification.
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[80295] 13. The communication device of clause 11, further comprising means for
transmitting a positioning request to a selected UE of the plurality of UEs of the UE
group for the selected UE to provide reguested position information,
[80296] 14 The communication device of clause 13, further comprising means for
transmitting a sharing request to the selected UE of the plurality of Uks of the UE group
for the selected UE to share the requested position information with a designated UE of
the plurality of UEs of the UE group.
(80297} 15. The communication device of clause 11, further comprising means for
determiniog the plurality of UEs of the UE group based on proximuty of all of the
plurality of UEs of the UE group.
[80298] 16. The communication device of clause 11, further comprising:
means for receiving a joining request indicating a prospective UE group
member; and
means for determining whether to inchude the prospective UE group member in

the plurality of UEs of the UE group in response to receiving the joining request.
[80299] 17. The communication device of clause 11, further comprising:

means for detecting a new sidelink connection to a prospective UE group
member; and

means for determining whether to include the prospective UE group member in
the plurality of UEs of the UE group in tesponse to detecting the new sidehink
connection 1o the prospective UE group member,
[80300] 18 The communication device of clause 11, further comprising means for
transmitting a delegate indication to a selected UE of the plurality of UEs of the UE
group indicating for the selected UE to act as a delegate of the UE group by collecting
respective posttion information from one or more UEs of the plurality of Ulls of the UE
group and transmitting the respective position information to a network entity.
803611 19 The communication device of clause 11, further comprising means for
transmitting a group-change indication indicating a new member of the UE group,
rernoval of a previous mernber of the UE group, or a corabination thereof
[86362] 20. The communication device of clause 19, wherein the means for
transmitting the group-change indication comprise means for transmitting the group-
change indication indicating removal of the previous member of the UE group at least

one of in response to receiving a request for removal of the previous member of the UE
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group or in response to loss of sidelink connection between the communication device
and the previous member of the UE group.
(80303} 21. A method of managing a UE group {(user equipment group}, the method
comprising:

determining a plurality of UEs of the UE group based on proximity of each of
the plurality of UEs to at least one other UE of the plurality of UEs; and

transmtiing, from a communication device, 1o at least one of the plurality of
UEs of the UE group, an indication of the UE group.
[80364] 22, The method of clause 21, wherein the indication of the UE group includes
a group identification.
[80365] 23, The method of clause 21, further comprising transmitling a positioning
request to a selected UE of the plurality of UEs of the UE group for the selected UE to
provide requested position information.
190306} 24. The method of clause 23, further comprising transmitting a sharing
request to the selected UE of the plurality of UEs of the UE group for the selected UE to
share the requested position information with a designated UE of the plurality of UHs of
the UE group.
{00307} 25, The method of clause 21, further comprising determining the plurality of
UEs of the UE group based on proximity of all of the plurality of UEs of the UE group.
[80338] 26. The method of clause 21, further comprising:

receiving a joining request indicating a prospective UE group member; and

determining whether to include the prospective UE group member in the
plurality of UHs of the UE group in response to receiving the joining request.
[8030%] 27, The method of clause 21, further comprising:

detecting a new sidelink connection to a prospective UE group member; and

determining whether to include the prospective UE group member in the
plurality of UEg of the UE group in response to detecting the new sidelink connection to
the prospective UE group member.
[80318] 28. The method of clause 21, further comprising transmitting a delegate
indication to a selected UE of the plurality of UEs of the UE group indicating for the
selected UE to act as a delegate of the UE group by collecting respective position
information from one or more UEs of the plurality of UEs of the UE group and

transmitting the respective position information to a network entity.
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(80311} 29 The method of clause 21, further comprising transmitting a group-change
indication wndicating a new member of the UE group, rervoval of a previous merober of
the UE group, or a combination thereof,
(80312} 30. The method of clause 29, wherein the group-change indication indicates
removal of the previous member of the UE group at feast one of in response {0 receiving
a request for removal of the previous member of the UE group or in response to loss of
sidelink connection between the commmunication device and the previous member of the
UE group.
[80313] 31 A non-transitory, processor-readable storage medium comprising
processor-readable instructions o cause a processor of a communication device, in
order to manage a UE group (user equipment group), to:

determine a plurality of UEs of the UE group based on proximity of each of the
plurality of UEs to at least one other UE of the plurality of UEs; and

transmit, to at least one of the plurality of UEs of the UE group, an indication of
the UE group.
1006314} 32, The storage medium of clause 31, wherein the indication of the UE group
includes a group identification.
[80315] 33, The storage mediom of clause 31, further comprising processor-readable
instructions to cause the processor to transmit a positioning request to a selected UE of
the plurality of UEs of the UE group for the selected UE to provide requested position
information.
[80316] 34 The storage medium of clause 33, further comprising processor-readable
instructions to cause the processor {0 transmit a sharing request fo the selected UE of the
plurality of UEs of the UE group for the selected UE to share the requested position
information with a designated UE of the plurality of UEs of the UE group.
(80317} 35. The storage medium of clause 31, further comprising processor-readable
instructions 1o cause the processor to determine the plurality of UEs of the UE group
based on proximity of all of the plurality of UEs of the UE group.
{86318} 36. The storage medium of clause 31, further comprising processor-readable
instructions to cause the processor (o

recelve a joining request indicating a prospective UE group member; and

determine whether to include the prospective UE group member in the plurality

of UEs of the UE group in response to receiving the joining request.
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[80319] 37 The storage medium of clause 31, further comprising processor-readable
instructions to cause the processor (o

detect a new sidelink connection to a prospective UE group member; and

determine whether to include the prospective UE group member in the plurality
of UEs of the UE group 1o response to detecting the new sidelink connection to the
prospective UE group member,
(86320} 38. The storage medium of clause 31, further comprising processor-readable
instructions to cause the processor to transmit a delegate indication to a selected UE of
the plurality of UEs of the UE group indicating for the selected UE to act as a delegate
of the UE group by collecting respective position information from one or more UEs of
the plurality of UEs of the UE group and transmitting the respective position
information to a network entity.
(80321} 39 The storage medium of clause 31, further comprising processor-readable
instructions to cause the processor 1o transmit a group-change indication indicating a
new member of the UE group, removal of a previous member of the UE group, ora
combination thereof.
[80322] 40. The storage medium of clause 39, wherein the processor-readable
instructions to cause the processor to transmit the group-change indication comprise
processor-readable instructions to cause the processor to transmit the group-change
indication ndicating removal of the previous mernber of the UE group at least ove of in
response to receiving a request for removal of the previous member of the UE group or
in response to loss of sidelink connection between the communication device and the
previcus member of the UE group.
[80323] 41, A first UE {user equipment) comprising

a transceiver;

a memory; and

a processor, communicatively coupled to the transceiver and the memory,
configured to:

receive, via the transceiver, a UE group indication wndicating a group of
Uls including the first UE and a second UE; and
communicate, via the transceiver using sidelink communication, with the

second UE to identify first position information to be determined by the first UE, or
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second position information to be determined by the second UE, or a combination
thereof.
160324] 42. The first UE of clause 41, wherein the processor 1s further configured to:

determine the first position information; and

transmit the first position information, and a UE group identification in
association with the first position information, to a network entity.
[80325] 43, The first UE of clause 41, wherein the processor i3 further configured to:

determine the first position information;

recetve a delegate indication that a third UE, separate from the first UE and the
second UE, is a delegate of the group of UEs; and

transmoit the first position information, and a UE group 1dentification o
association with the first posttion information, to the third UE based on receiving the
delegate indication.
[80326] 44, The first UE of clause 41, wherein the processor is further configured to:

determine the first position information;

receive a delegate indication that the second UE 1s a delegate of the group of
UEs:; and

transmit the first position information to the second UE based on receiving the
delegate indication.
[80327] 45. The first UE of clause 41, wherein the processor 1s further configured to:

measure a PRS resource (positioning reference signal resource) to determine a
first PRS resource measurement;

receive a second PRS resource measurement;

compare the first PRS resource measurement and the second PRS resource
measurement; and

transmit the first position information, based on the first PRS resocurce
measurement, without transmititing third position information, that 13 based on the
second PRS resource measurement, based on the second PRS resource measurement
differing unacceptably from the first PRS resource measurement.
(806328} 46. A first UE (user equipment) comprising:

means for receiving a UE group mdication indicating a group of UEs including

4

the first UE and a second UE: and
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means for communicating, using sidelink communication, with the second UE to
identify first position information to be determived by the first UE, or second position
information to be determined by the second UE, or a combination thereof.
[80329] 47 The first UE of clause 46, further comprising:

means for determining the first position information; and

means for transnutting the first position information, and a UE group
identification 10 association with the first position 1nformation, to a network entity,
[80330] 48. The first UE of clause 40, further comprising:

means for determining the first position 1nformation;

means for receiving a delegate indication that a third UE, separate from the first
UE and the second UE, 13 a delegate of the group of UHs; and

means for transmitting the first position information, and a UE group
wdentification in association with the first position information, to the third UE based on
receiving the delegate indication.
[80331] 49, The first UE of clause 46, turther comprising:

means for determining the first position information;

means for receiving a delegate indication that the second UE is a delegate of the
group of UEs; and

means for transmitting the first position information to the second UE based on
receiving the delegate indication.
(86332} 50. The first UE of clause 406, further comprising:

means for measuring a PRS resource {positioning reference signal resource) to
determine a first PRS resource measurement;

means for receiving a second PRS resource measurement,

means for comparing the fivst PRS resource measurement and the second PRS
resource measurement; and

means for transmitting the first position nformation, based ou the first PRS
resource measurement, without fransmitting third position information, that is based on
the second PRS resource measurement, based on the second PRS resource measurement
differing unacceptably from the first PRS resource measurement.
180333} 51 A method of providing position information from a first UE (user

equipment}, the method comprising:
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receiving, at the first UE, 2 UE group indication indicating a group of UEs
including the first UE and a second UE; and

communicating, by the first UE using sidelink communication, with the second
UE to identify first position information to be determined by the first UE, or second
position information to be determined by the second UE, or a combination thereof.
[80334] 52. The method of clause 51, further comprising:

determining the first position information at the first UE; and

transmitting the first position information, and a UE group identification in
association with the first position information, from the first UE to a network entity.
[80335] 53. The method of clause 51, further comprising:

determining the first position information at the first UE;

receiving, at the first UE, a delegate indication that a third UE, separate from the
first UE and the second UE, is a delegate of the group of UEs; and

transmitting the first position information, and a UE group identification in
association with the first position information, from the first UE to the third UE based
on receiving the delegate indication.
[80336] 54, The method of clause 51, further comprising:

determining the {irst position information at the first UE,

recetving, at the first UE, a delegate indication that the second UE is a delegate
of the group of Uls; and

transmitting the first position information from the first UE to the second UE
based on receiving the delegate indication.
[80337] 55. The method of clause 51, further comprising:

measuring, at the first UE, a PRS resource {positioning reference signal
resource) to determine a first PRS resource measurement;

receiving a second PRS resource measurement at the first UE;

comparing, at the first UE, the first PRS resource measurement and the second
PRS resource measurement; and

transmitiing the first position information, based ou the first PRS resource
measurement, from the first UE without transmitting third position information, that is
based on the second PRS resource measurement, from the first UE based on the second
PRS resource measurement differing unacceptably from the first PRS resource

measyurement.
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{00338} 50. A non-transttory, processor-readable storage medium comprising
processor-readable tustructions to cause a processor of a first UE (user equipment) to

receive a UE group indication indicating a group of UEs including the first UE
and a second UE; and

communicate, using sidelink communication, with the second UE to identify
first position information to be determined by the first UE, or second position
information to be determined by the second UE, or a combination thereof,
[80339] 57. The storage medium of clause 56, further comprising processor-readable
instructions to cause the processor o

determine the first position information; and

transmoit the first position information, and a UE group 1dentification o
assoctation with the first position information, to a network entity.
[80340] S8 The storage medium of clause 56, further comprising processor-readable
instructions to cause the processor 1o

determine the first position information;

receive a delegate indication that a third UE, separate from the first UE and the
second UE, is a delegate of the group of UEs; and

transmit the first position information, and a UE group dentitication in
association with the first position information, to the third UE based on receiving the
delegate indication.
[86341] 59, The storage medium of clause 56, further comprising processor-readable
instructions to cause the processor o

determine the first position information;

receive a delegate indication that the second UE 13 a delegate of the group of
UEg; and

transmit the first position information to the second UE based on receiving the
delegate indication.
[80342] 60. The storage medium of clause 56, further comprising processor-readable
instructions to cause the processor (o

measure a PRS resource (positioning reference signal resource) to determine a
first PRS resource measurement;

receive a second PRS resource measurement;
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compare the first PRS resource measurement and the second PRS resource
measurement; and

transmit the first position information, based on the first PRS resource
measurement, without transmitting third position information, that is based on the
second PRS resource measurement, based on the second PRS resource measurement
differing unacceptably from the first PRS resource measurement.

{60343} Third implementation examples

(80344} Further implementation examples are provided in the following numbered
clauses.
100345 1. A first UE (user equipment) comprising;
a transceiver;
a memory; and
a processor, communicatively coupled to the transceiver and the memory,
configured to:
measure a first PRS resource (positioning reference signal resource) to
determine a first PRS measurement;
receive, via the transceiver from a second UE via sidelink
communication, a second PRS measurement of a second PRS resource; and
determine whether at least one of the first PRS measurement or the
second PRS measurement s unreliable based ou a relatiouship of the first PRS
measurement 1o the second PRS measurement.
[80346] 2. The first UE of clause 1, wherein the processor is further configured to
determine whether at feast one of the first PRS measurement or the second PRS
measurerent is unreliable only it the second UE is within a threshold proximity of the
first UE.
[80347] 3. The first UE of clause 1, wherein the processor is further configured to
determine that at least one of the first PRS measurement or the second PRS
measurement is unreliable based on the first PRS measurement differing from the
second PRS measurement by more than a threshold.
[66348] 4. The first UE of clause 3, wherein the processor s further configured to
wdentify the first PRS measurement or the second PRS measurement as an unreliable
measurement based on timing of the first PRS resource relative to the second PRS

TEsOurce.

~11i-



WO 2022/220933 PCT/US2022/017950

[8034%] 5. The tirst UE of clause 4, wherein the processor is further configured to
transmit, to the second UE via the transceiver based on the second PRS measurement
being identified as the unreliable measurement, an indication that the second PRS
measurentent 1s unrehiable.
[B0356] 6. The tirst UE of clause 4, wherein the processor is further configured to
abstain from using the unreliable measurement to determing a position estimate for the
first UE.
[80351] 7. The first UE of clause 4, wherein the processor is further configured to
abstain from transmitting the unreliable measurement to a network entity via the
transceiver.
[80352] 8 The first UE of clause 4, wherein the processor s further configured to
transmit, to the second UE via the transceiver, a request for a PRS-ID (PRS identity} of
the second PRS resource based on the first PRS measurement being identified as the
unreliable measurement.
[80353] © The tirst UE of clause 4, wherein the processor s further configured to
measure a next instance of the second PRS resource instead of a next instance of the
tirst PRS resource based on the first PRS measurement being identified as the unreliable
measurement.
[80354] 10. The first UE of clause 3, wherein the processor is further configured to
determine the threshold based on g distance between the first UE and the second UER, or
a measurement uncertainty, or a measurement resolution, or any combination thereof.
[80385) 11 A first UE (user equipment} comprising:

means for measuring a first PRS resource {positioning reference signal resource}
to determine a first PRS measurement;

means for recetving, from a second UE via sidelink communication, a second
PRS measurement of a second PRS resource; and

means for determining whether at least one of the first PRS measurernent or the
second PRS measurement is unreliable based on a relationship of the first PRS
measurement to the second PRS measurement.
[86356] 12. The first UE of clause 11, wherein the means for determining comprise
means for determining whether at least one of the first PRS measurement or the second
PRS measurement is unreliable only it the second UE is within a threshold proximity of

the first UE.
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[80357) 13. The first UE of clause 11, wherein the means for determining comprise
means for determoining that at least one of the first PRS measurernent or the second PRS
measurement is unrefiable based on the first PRS measurement differing from the
second PRS measurement by more than a threshold.
{B0358] 14, The first UE of clause 13, further comprising means for identifying the
first PRS measurement or the second PRS measurement as an unreliable measurement
based on timing of the first PRS resource relative to the second PRS resource.
[80359] 15. The first UE of clause 14, further comprising means for transmitting, to
the second UE based ou the secoud PRS measurement being identified as the unreliable
measurement, an indication that the second PRS measurement is unreliable.
[80360] 16. The first UE of clause 14, further comprising means for abstaining from
using the unreliable measurement to determine a position estimate for the first UE.
[80361] 17, The first UE of clause 14, further comprising means for abstaining from
transmitting the unreliable measurement 1o a network entity.
[80362] 18. The first UE of clause 14, further comprising means for transmitting, to
the second UE, a request for a PRS-ID (PR 1dentity) of the second PRS resource based
on the first PRS measurement being identified as the unreliable measurement.
[80363] 19, The first UE of clause 14, further comprising means for measuring a next
instance of the second PRS rescurce instead of a next instance of the first PRS resource
based on the first PRS measurement being identitied as the unreliable measurement.
[86364] 20. The first UE of clause 13, further comprising means for determining the
threshold based on a distance between the first UE and the second UE, ora
measurement unceriainty, or a measurement resolution, or any combination thereof.
[80365] 21 A method of cross validating a positioning reference signal (PRS), the
method comprising:

measuring, at a first UE (user equipment), a first PRS resource to determine a
first PRS measurement;

recetving, from a second UE via sidelink communication, a second PRS
measurement of a second PRS resource; and

determining whether at least one of the first PRS measurement or the second
PRS measurement is unreliable based on a relationship of the first PRS measurement to

the second PRS measurement.
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[80366] 22 The method of clause 21, wherein determining whether at least one of the

first PRS measurement or the second PRS measurement 1s yoreliable corprises

determining whether at least one of the first PRS measurement or the second PRS

measurement is unreliable only if the second UE is within a threshold proxamity of the

first UE.

[80367] 23. The method of clause 21, wherein determining whether at least one of the

first PRS measurement or the second PRS measurement 1s yoreliable corprises

determining that at least one of the first PRS measurement or the second PRS

measurement is unrehiable based on the first PRS measurement differing from the

second PRS measurement by more than a threshold.

[80368] 24. The method of clause 23, further comprising identitying the first PRS

measurement or the second PRS measurement as an unreliable measurement based on

timing of the first PRS resource relative to the second PRS resource.

[80369] 25. The method of clause 24, further comprising transmitting, to the second

UE based on the second PRS measurement being identified as the unreliable

measurement, an indication that the second PRS measurement is unreliable.

[80370] 26. The method of clause 24, further comprising abstaining from using the

unreliable measurernent to deterruive a position estimate for the first UE

[80371] 27 The method of clause 24, further comprising abstaining from transmitting

the unreliable measurement to a network entity.

186372] 28. The method of clause 24, further comprising transmiiting, to the second

UE, a request for a PRS-ID (PRS identity} of the second PRS resource based on the first

PRS measurement being identified as the unreliable measurement.

[80373] 29 The method of clause 24, further comprising measuring 4 next nstance of

the second PRS resource instead of a next instance of the first PRS resource based on

the first PRS measurement being identified as the unreliable measurement.

{00374} 30. The method of clause 23, further comprising determining the threshold

based on a distance between the first UE and the second UE, or a measurement

uncertainty, or a measurement resolution, or any combination thereof

[86375] 31. A non-transitory, processor-readable storage medium comprising

processor-readable instructions to cause a processor of a first UE {(user equipment) to;
measure a first PRS resource (posttioning reference signal rescurce) 10

determine a first PRS measurement;
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receive, from a second UE via sidelink communication, a second PRS
measurement of a second PRS resource; and

determine whether at least one of the first PRS measurement or the second PRS
measurement is unrehiable based on a relationship of the first PRS measurement to the
second PRS measurement.
[80376] 32, The storage medium of clause 31, wherein the processor-readable
instructions to cause the processor to determine whether at least one of the first PRS
measurement or the second PRS measurement is unreliable comprise processor-readable
nstructions to cause the processor to determine whether at least one of the first PRS
measurement or the second PRS measurement i1s unreliable only if the second UE is
within a threshold proximity of the first UE.
186377} 33. The storage medium of clause 31, wherein the processor-readable
instructions to cause the processor to determine whether at least one of the first PRS
measurement or the second PRS measurement is unreliable comprise processor-readable
instructions to cause the processor to deternune that at least one of the first PRS
measurerment or the second PRS measurement 1s unreliable based on the first PRS
measurement differing from the second PRS measurement by more than a threshold.
[80378] 34, The storage mediom of clause 33, further comprising processor-readable
instructions to cause the processor to identify the first PRS measurement or the second
PRS measurement as an unreliable measurement based on timing of the first PRS
resource relative to the second PRS resource.
[80379] 35 The storage medium of clause 34, further comprising processor-readable
instructions to cause the processor to transmit, to the second UE based on the second
PRS measurement being identified as the unrelisble measurement, an indication that the
second PRS measurement s unreliable.
[80380] 36. The storage medium of clause 34, further comprising processor-readable
nstructions to cause the processor to abstain from using the unreliable measurerent to
determine a position estimate for the first UE.
[80381] 37. The storage mediurn of clause 34, further comprising processor-readable
instructions to cause the processor to abistain from transmitting the unreliable
measurement to a network entity
[80382] 38 The storage medium of clause 34, further comprising processor-readable

instructions to cause the processor to transmit, to the second UE, a request for a PRS-ID
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(PRS identity) of the second PRS resource based on the first PRS measurement being
identified as the unreliable measurerment.

[86383] 39. The storage medium of clause 34, further comprising processor-readable
instructions to cause the processor to measure a next instance of the second PRS
resource instead of a next jnstance of the first PRS resource based on the first PRS
measurerment being identitied as the unreliable measurement.

[80384] 40. The storage mediurn of clause 33, further comprising processor-readable
instructions to cause the processor to determine the threshold based on a distance
between the first UE and the second UE, or a measurement uncertainty, or a
measurement resolution, or any combination thereof.

[60385] Other considerations

[80386] Other examples and implementations are within the scope of the disclosure
and appended claims. For example, due to the nature of software and computers,
functions described above can be implemented using software executed by a processor,
hardware, firmware, hardwiring, or a combination of any of these. Features
implementiog functions may also be physically located at various positions, including
being distributed such that portions of functions are implemented at different physical
locations.

[80387] As used herein, the singular forms “a,” “an,” and “the” include the plural
forms as well, unless the context clearly indicates otherwise. The terms “comprises,”
“comprising,” “includes,” and/or “including,” as used herein, specify the presence of
stated features, integers, steps, operations, elements, and/or components, but do not
prechude the presence or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereot.

[806388] As used heretn, the term RS (reference signal) may refer to one or more
reference signals and may apply, as appropriate, to any form of the term RS, e g, PRS,
SRS, CSI-RS, eic.

[0038%] As used herein, unless otherwise stated, a statement that a function or
operation 1s “based on” an tern or condition meauns that the function or operation i3
based on the stated item or condition and may be based on one or more items and/or
conditions in addition to the stated item or condition.

[B0396] Also, as used herein, “or” as used in a bist of items (possibly prefaced by “at

least one of” or prefaced by “one or more of 7} indicates a disjunctive list such that, for
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example, a list of “at least one of A, B, or " ora list of “one or more of A, B, or U7 or
alistof “Aor Bor U7 means A, or B, or C, or AB (A and B), or AC{A and (), or BC
(B and C), or ABC (i.e, A and B and C}, or combinations with more than one feature
{e.g., AA, AAB, ABBC, etc.). Thus, a recitation that an item, ¢.¢., a processor, is
configured to perform a function regarding at least one of A or B, or a recitation that an
item is contigured to perform a function A or a function B, means that the itera may be
configured to perform the function regarding A, or may be configured to perform the
function regarding B, or may be configured to perform the function regarding A and B.
For example, a phrase of “a processor configured to measure at least one of A or B” or
“a processor configured to measure A or measure B” means that the processor may be
configured to measure A {and may or may not be configured to measure B), or may be
configured to measure B {and may or may not be configured to measure A), or may be
configured to measure A and measure B {(and may be configured to select which, or
both, of A and B to measure). Similarly, a recitation of a means for measuring at least
one of A or B includes means for measuring A {(which may or may not be able to
measure B), or means for roeasuring B {and may or may not be configured to measuse
A}, or means for measuring A and B (which may be able to select which, or both, of A
and B to measure). As another example, a recitation that an item, €.g., 8 processor, 18
configured to at least one of perform function X or perform function Y means that the
item may be configured to perform the function X, or may be configured to perform the
function Y, or may be configured to perform the function X and to perform the function
Y. For example, a phrase of “a processor configured to at least one of measure X or
measure Y means that the processor may be configured to measure X {and may or may
not be configured to measure Y}, or may be configured to measure Y {and roay or may
not be configured to measure X}, or may be configured to measure X and to measure Y
{and may be configured to select which, or both, of X and Y to measure).

{80321} Substantial variations may be made in accordance with specific requirements.
For example, customized hardware might also be used, and/or particular elements might
be implemented i hardware, software (including portable software, such as applets,
etc. } executed by a processor, or both. Further, connection to other computing devices
such as network input/output devices may be emploved. Components, functional or
otherwise, shown in the figures and/or discussed herein as being connected or

communicating with each other are communicatively coupled unless otherwise noted.
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That is, they may be directly or indirectly connected to enable communication between
them,

[86392] The systems and devices discussed above are examples. Various
configurations may omit, substitute, or add various procedures Or COmponents as
appropriate. For instance, features described with respect to certain configurations may
be combined in various other configurations. Ditferent aspects and elements of the
configurations way be combined o a similar manner. Also, technology evolves and,
thus, many of the elements are examples and do not limit the scope of the disclosure or
claims.

[80393] A wireless communication system is one in which communications are
conveyed wirelessly, 1.¢., by electromagnetic and/or acoustic waves propagating
through atmospheric space rather than through a wire or other physical connection. A
wireless communication network may not have all communications transmitted
wirelessly, but is configured to have at least some communications transmitted
wirglessly. Further, the term “wireless communication device,” or similar term, does
not require that the functionality of the device 1s exclusively, or evenly primarily, for
communication, or that communication using the wireless communication device is
exclusively, or evenly primanly, wireless, or that the device be a mobile device, but
indicates that the device includes wireless communication capability {one-way or two-
way), e.g., includes at least one radio {each radio being part of a transmitter, receiver, or
transceiver) for wireless commumication.

[80394] Specific details are given in the description to provide a thorough
understanding of example configurations (including implementations). However,
configurations may be practiced without these specific details. For exaraple, well-
known circuits, processes, algorithms, structures, and techniques have been shown
without unnecessary detail in order to avoid obscuring the configurations. This
description provides example contfigurations only, and does not limit the scope,
applicability, or configurations of the claims. Rather, the preceding description of the
configurations provides a description for implementing described techniques. Various
changes may be made in the function and arrangement of elements.

[80395] The terms “processor-readable medium,” “machine-readable medium,” and
“computer-readable medium,” as used herein, refer to any medium that participates in

providing data that causes a machine to operate in a specific fashion. Using a
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computing platform, various processor-readable media might be involved in providing
mstructions/code to processor(s) for execution and/or might be used to store and/or
carty such instructions/code (e.g., as signals). In many implementations, a processor-
readable medium is a physical and/or tangible storage medium. Such a medium may
take many forms, including but not limited to, non-volatiie media and volatile media.
MNon-volatile media include, for example, optical and/or magnetic disks. Volatile media
include, without hmitation, dynamic memory.

[80396] Having described several example configurations, various modifications,
alternative constructions, and equivalents may be used. For example, the above
elements may be components of a larger system, wherein other rules may take
precedence over or otherwise modify the application of the disclosure. Also, a number
of operations may be undertaken before, during, or after the above elements are
considered. Accordingly, the above description does not bound the scope of the claims.
[80397] Unless otherwise indicated, “about” and/or “approximately” as used herein
when referring to a measurable value such as an amount, a temporal duration, and the
like, encompasses vanations of #20% or £10%, £3%, or +0.1% from the specified
value, as appropriate in the context of the systems, devices, circuits, methods, and other
implementations described herein. Unless otherwise indicated, “substantially” as used
herein when referring to a measurable value such as an amount, a temporal duration, a
physical attribute (such as frequency), and the like, also encompasses variations of
+20% or £10%, 5%, or +0.1% from the specified value, as appropriate in the context
of the systems, devices, circuits, methods, and other implementations described herein,
[00328] A statement that a value exceeds {or is more than or above) a first threshold
value 15 equivalent to a statement that the value meets or exceeds a second threshold
value that 15 shightly greater than the first threshold value, e.g., the second threshold
value being one value higher than the first threshold value in the resolution of a
computing system. A statement that a value 1s tess than (or 18 within or below) a first
threshold value is equivalent to a statement that the value is less than or equal to a
second threshold value that is slightly lower than the first threshold value, e g, the
second threshold value being one value lower than the first threshold value 1n the

resolution of a computing system.
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CEAIMS:

t. A first UE {user equipment) comprising:
a transceiver;
a memory; and
a processor, commurnicatively coupled to the transceiver and the memory,
configured to:
communicate, via the transceiver, with a second UE to identify a first
PRS measurement (positioning reference signal measurement) to be made by the second
UE;
receive, via the transceiver from the second UE via sidelink
communication, first position information based on the first PRS measurement; and
transmit, via the transceiver to a network entity, the first position

information.

2. The first UE of claim 1, wherein the processor is further configured to
determine a proximity of the second UE to the first UE and to transmit the first position
nformation to the network entity based on the proximity of the second UE to the first

UE being acceptably close.

3. The first UE of claim 1, wherein the processor is further configured to:

identity a plurality of candidate UEs within an acceptable proximity of the first
UE; and

select, to serve as a position information donor, the second UE from the plurality

of candidate UEs based on processing capabilities of the plurality of candidate UEs.

4. The first UE of claim 1, wherein the processor is further configured to:

identify a plurality of candidate UEs within an acceptable proximity of the first
UE; and

select, to serve as a position information donor, the second UE from the plurality
of candidate UEs based on overlaps of a first PRS configuration associated with the first
UE and second PRS configurations each associated with a respective one of the

plurality of candidate UEs.

-120-



WO 2022/220933 PCT/US2022/017950

S. The first UE of claim 1, wherein the processor is further configured to:

identify a plurality of candidate UEs within an acceptable proximity of the first
UE; and

select, to serve as a position information donor, the second UE from the plurality
of candidate UHs based on the second UE being closest, of the plurality of candidate

UEs, to the first UE.

6. The first UE of claim 1, wherein the processor is further configured to
transmit a request to the second UE for the second UE to transmit the first position
information with a requested periodicity of one of periodically, semi-persistently, or

aperniodically.

7. The first UE of claim 0, wherein the requested periodicity isbased on a

reporting periodicity of the first UE for the first position information.

8. The first UE of claim 1, wherein the processor is further configured to
indicate to the second UE, for the first PRS measurement, a transmission/reception point
{(TRP), or the TRP and a PRS resource set, or the TRFP and the PRS resource set and a
PRS resource, or a UE-ID (UE wdentity), or the UE-ID and 4 sidelink-PRS resource
related 103,

9. The first UE of claim 1, wherein the processor is further configured to
validate the first PRS measurement indicated in the first position information by
coruparing the first PRS measurement with a simoilar measurement made by a device

other than the second UE.

10, The first UE of claim 1, wherein the processor is further configured to:
measure g PRS resource to determine a second PR measurement; and
transmit, via the transceiver to the network entity, second position information

based on the second PRS measurement.

121-



WO 2022/220933 PCT/US2022/017950

11, The first UE of claim 1, wherein the processor is further configured to
transmit the first position information to the network entity with a group indication

indicative of a group including the first UE and the second UE.

12. A position information reporting method comprising:

communicating by a first UE (user equipment) with a second UE to identify a
first PRS measurement {positioning reference signal measurement) to be made by the
second;

recetving, by the first UE from the second UE via sidelink communication, first
position information based on the first PRS measurement; and

transmitiing, from the first UE to a network entity, the first position information.

13, The method of claim 12, further comprsing determining a proximity of the
second UE to the first UE, wherein transmitting the first position information to the
network entity comprises transmitting the first position information to the network

entity based on the proximity of the second UE to the first UE being acceptably close.

14, The method of claim 12, further coruprising

identifying a plurality of candidate UEs within an acceptable proximity of the
first UE; and

selecting, to serve as a position information donot, the second UE from the
plurality of candidate UEs based on processing capabilities of the plurality of candidate

UEs.

1S. The method of claim 12, further comprising:

identifying a plurality of candidate UEs within an acceptable proximity of the
first UE: and

selecting, to serve as a position information donor, the second UE from the
plurality of candidate UEs based on overlaps of a first PRS configuration associated
with the first UE and second PRS configurations each associated with a respective one

of the plurality of candidate UEs.

16. The method of claim 12, further comprising:
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identifying a plurality of candidate UEs within an acceptable proximity of the
first UE; and

selecting, to serve as a position information donot, the second UE from the
plurality of candidate UEs based on the second UE being closest, of the plurality of

candidate UKs, to the first UE.

17. The method of claim 12, further comprising fransmitting a request to the
second UE for the second UE to transmit the first position information with a requested

periodicity of one of periodically, semi-persistently, or aperiodicaily.

18, The method of claim 17, wherein the requested periodicity 13 based on a

reporting periodicity of the first UE for the first position information.

19. The method of claim 12, further comprising indicating, by the first UE to
the second UE, for the first PRS measurement, a transmission/reception point (TRP), or
the TRP and a PRS resource set, or the TRP and the PRS resource set and a PRS
rescurce, or a UE-ID (UE identity), or the UE-ID and a sidelink-PRS resource related
153

20. The method of claim 12, further comprising validating the first PRS
measurement indicated in the first position information by comparing the first PRS

measurement with a similar measurement made by a device other than the second UE.

21, The method of claim 12, further comprising:

measuriong, by the first UE, a PRS resource to determine a second PRS
measurement; and

transmitting, from the first UE to the network entity, second position

information based on the second PRS measurement.
22. The method of claim 12, further comprising transmitting the first position

information to the network entity with a group indication wndicative of a group including

the first UE and the second UE.
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23, A first UE (user equipment) comprising:

means for communicating with a second UE to identify a first PRS measurement
{posttioning reference signal measurement} to be made by the second UE;

means for receiving, from the second UE via sidelink communication, first
position information based on the first PRS measurement; and

means for transmitting, to a network entity, the first position information.

24. The first UE of claim 23, further comprising means for determining a
proximity of the second UE to the first UE, wherein the means for transmitting the first
position information to the network entity comprise means for transmiiting the first
posttion wnforration to the network entity based on the proximity of the second UE to

the first UE being acceptably close.

25. The first UE of claim 23, further comprising:

means for identifying a plurality of candidate UEs within an acceptable
proximity of the first UE; and

means for selecting, to serve as a position information donor, the second UE
tfrom the plurality of candidate UEs based on processing capabilities of the plurality of

candidate UEs.

26. The first UE of claim 23, further comprising:

means for identifving a plurality of candidate UEs within an acceptable
proximity of the first UE; and

means for selecting, to serve as a position information donor, the second UR
from the plurality of candidate UEs based on overlaps of a first PRS configuration
associated with the first UE and second PRS configurations each associated with a

respective one of the plurality of candidate UEs.
27. The first UE of claim 23, further comprising:

means for identifving a plurality of candidate UEs within an acceptable

proximity of the first UE; and
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means for selecting, to serve as a position information donor, the second UE
from the plurality of candidate UEs based on the second UE being closest, of the

plurality of candidate UESs, to the first UE.

28. The first UE of claim 21, further comprising means for transmitting a
request to the second UE for the second UE to transmit the first position information

with a requesied periodicity of one of periodically, semi~-persistently, or apetiodically.

29. The first UE of clairm 27, wherein the requested periodicity is based on a

reporting periodicity of the first UE for the first position information.

30. The first UE of claim 23, further comprising means for indicating to the
second UE, for the first PRS measurement, a transmission/reception point {(TRP), or the
TRP and a PRS resource set, or the TRP and the PRS resource set and a PRS resource,

or a UE-ID (UE identity), or the UE-ID and a sidelink-PRS resource related 1D,

31, The first UE of claim 23, further comprising means for validating the first
PRS measurement indicated tn the first position information by comparing the first PRS

measurement with a similar measurement made by a device other than the second UE.

32, The first UE of claim 23, further comprising:

means for measuring a PRS resource to determine a second PRS measurement;
and

means for transmitting, to the network entity, second position information based

on the second PRS measurement.
33, The first UE of claim 23, further comprising means for transmitting the first
position information to the network entity with a group indication indicative of a group

including the first UE and the second UE.

34, A non-transitory, processor-readable storage mediurm comprising processor-

readable instructions 1o cause a processor of a first UE (user equipment) o
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communicate with a second UE to identity a first PRS measurement {(positioning
reference signal measurement) to be made by the second UE;

receive, from the second UE via sidelink communication, first position
information based on the first PRS measurement; and

transmit, to a network entity, the first position information,

35. The storage medium of claim 34, further comprising processor-readable
instructions to cause the processor to determine a proximity of the second UE to the first
UE, wherein the processor-readable instructions to cause the processor to transmit the
first position information to the network entity comprise processor-readable instructions
to cause the processor to transmit the first position information to the network entity

based on the proximity of the second UE to the first UE being acceptably close.

36. The storage medium of claim 34, further comprising processor-readable
instructions to cause the processor to;

wdentify a plurality of candidate UEs within an acceptable proximity of the first
UE; and

select, to serve as a posttion information donor, the second UE from the plurality

of candidate UHs based on processing capabilities of the plurality of candidate UEs.

37. The storage medium of claim 34, further comprising processor-readable
instructions to cause the processor o

identify a plurality of candidate UEs within an acceptable proximity of the first
UE; and

select, to serve as 4 position information donor, the second UE from the plurality
of candidate UEs based on overlaps of a first PRS configuration associated with the first
UE and second PRS configurations each associated with a respective one of the

plurality of candidate UEs.

38. The storage medium of claim 34, further comprising processor-readable
instructions to cause the processor o
identify a plurality of candidate UEs within an acceptable proximity of the first

UE; and
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select, to serve as a position information donor, the second UE from the plurality
of candidate UEs based oun the second UE being closest, of the plurality of candidate

UEs, to the first UE.

39. The storage medium of claim 34, further comprising processor-readable
instructions to cause the processor to transmit a request to the second UE for the second
UE to transmit the first position information with a requested periodicity of one of

periodically, semi-persistently, or aperiodically.

40, The storage medium of claim 39, wherein the requested periodicity s based

on a reporting petiodicity of the first UE for the first position information.

41. The storage medium of clairn 34, further comprising processor-readable
instructions to cause the processor to indicate to the second UE, for the first PRS
measurernent, a transmission/reception point (TRP), or the TRP and a PRS resource set,
or the TRP and the PRS resource set and a PRS resource, or a UE-ID (UE identity), or

the UE-ID and a sidelink-PRS rescurce related 1D,

42. The storage medium of claim 34, further comprising processor-readable
mstructions to cause the processor o validate the first PRS measurement indicated in
the first position information by comparing the first PRS measurement with a similar

measurement made by a device other than the second UE.

43. The storage medium of claim 34, further comprising processor-readable
instructions to cause the processor (o

measure a PRS resource to determine a second PRS measurement; and

ransmit, to the network entity, second position information based oo the second

PRS measurement.

44, The storage medium of claim 34, further comprising processor-readable
instructions to cause the processor to transmit the first position information to the
network entity with a group indication indicative of a group including the first UE and

the second UE.
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4S. A first UE (user equipment) comprising:
a transceiver;
a memory; and
a processor, communicatively coupled to the transceiver and the memory,
configured to:
transmit, via the transceiver, a position-information-sharing capability of
the first UE to a second UE via sidelink communication;
receive, via the transceiver from the second UE via sidelink
communication, a request for first position information;
measute a PRS resource (positioning reference sigoal resource) received
from a network enfity to determine a PRS measurement; and
fransmit, via the transceiver 1o the second UE via sidelink

communication, the first position information based on the PRS measurement.

46. The first UE of claim 45, wherein the processor is configured to transoit the
first position information only if the processor measures the PRS resource

ndependenily of the request for the first position information.

47. The first UE of claim 45, wherein the processor is configured to measure the
PRS resource in response to receiving the request such that the PRS measurement is an
extra measurement in addition to one or more other PRS measurements that the

processor would make absent receipt of the request.

48. The first UE of claim 45, wherein the PRS resource is a first PRS resource
and the PRS measurement is a first PRS measurement, and wherein the processor is
further configured to:

measure a second PRS resource to determine a second PRS measurement; and

abstain from transmitiing the second PRS measurement to the second UE.

49, The tirst UE of claim 48, wherein the processor 18 further configured to

abstain from transmitting the second PRS measurement to the second UE based on the
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first PRS measurement being an earlier time of arrival than the second PRS

measurernent.

50. The first UE of claim 48, wherein the processor 18 further configured to
abstain from transmitting the second PRS measurement to the second UE based on the

first PRS resource being received with stronger power than the second PRS resource.

51. The first UE of claim 48, wherein the processor is further configured to
abstain from transmiiting the second PRS measurement to the second UE based on both
the first PRS resource and the second PRS resource being at feast one of associated with
a stogle transmission/reception point, or associated with a single PRS resource set, or

associated with a single PRS source site.

52. A position information sharing method comprising:

transmitting, from a first UE (user equipment} to a second UE via sidelink
corurnunication, a position-information-sharing capability of the first UE;

receiving, at the first UE from the second UE via sidelink communication, a
request for first position information;

measuring, at the first UE, a PRS resource {positioning reference signal
resource) received from a network entity to determine a PRS measurement; and

transmitting, from the first UE to the second UE via sidelink communication, the

first position information based on the PRS measurement.

$3. The method of claim 52, wherein transmitting the first position information
coruprises transmutiing the first position information only 1f the first UE measures the

PRS resource independently of the request for the first position information.

54. The method of claim 52, wherein measuring the PRS resource comprises
measuring the PRS resource in response to receiving the request such that the PRS
measurement is an extra measurement in addition to one or more other PRS

measurements that the first UE would make absent receipt of the request.
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55. The method of claim 52, wherein the PRS resource is a first PRS resource
and the PRS measurement is a first PRS measurement, and the method further
comprises:

measuring, by the first UE, a second PRS resource to determine a second PRS
measurement; and

abstaining from transmitting the second PRS measurement from the first UE to

the second UE.

56. The method of claim 55, wherein the first UE abstains from transmitting the
second PRS measurement to the second UE based on the first PRS measurement being

an earlier ime of arrival than the second PRS measurement.

57. The method of claim 55, wherein the first UE abstains from transmitting the
second PRS measurement to the second UE based on the first PRS resource being

received with stronger power than the second PRS resource.

58. The method of claim 55, wherein the first UE abstains from transmitting the
second PRS measurement to the second UE based on both the first PRS resource and
the second PRS resource being at least one of associated with a single
transmission/reception point, of associated with a single PRS resource set, or associated

with a single PRS source site.

59, A first UE (user equipment) comprising:

means for transnutting, to a second UE via sidelink communication, a position-
information-sharing capability of the fivst UE,

means for receiving, from the second UE via sidelink communication, a request
for first position woformation;

means for measuring a PRS resource (positioning reference signal resource)
received trom a network entity to determine a PRS measurement; and

means for transmitting, to the second UE via sidelink communication, the first

position information based on the PRS measurement.
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60. The first UE of claim 59, wherein the means for transmitting the first
posttion inforration corprise means for transmitting the fivst position information only
if the first UE measures the PRS resource independently of the request for the first

position information.

61. The first UE of claim 59, wherein the means for measuring the PRS
resource comprise means for measuring the PRS resource in response to recetving the
request such that the PRS measurement is an extra measurement in addition to one or
more other PRS measurersents that the first UE would make absent receipt of the

request.

62. The first UE of claim 59, wherein the PRS resource is a first PRS resource
and the PRS measurement is a first PRS measurement, and the first UE further
COMpPrises:

means for measuring, by the first UE, a second PRS resource to determine a
second PRS measurement; and

means for abstaining from transmitting the second PRS measurement from the

first UE to the second UE.

63. The first UE of claum 62, wherein the means tor abstaining from
transmitiing the second PRS measurement comprise means for abstaining from
transmitting the second PRS measurement to the second UE based on the first PRS

measurement being an earlier time of arrival than the second PRS measurement.

64. The first UE of claum 62, wherein the rmaeans tor abstaining from
transmitting the second PRS measurement comprise means for abstaining from
transmittiog the secoud PRS measurement to the second UE based on the first PRS

resource being received with stronger power than the second PRS resource.

65. The first UE of claim 62, wherein the means for abstaining from
transmitting the second PRS measurernent comprise means for abstaining from
transmitting the second PRS measurement to the second UE based on both the first PRS

resource and the second PRS resource being at least one of associated with a single
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transmission/reception point, or associated with a single PRS resource set, or associated

with a single PRS source site.

66. A non-transitory, processor-readable storage mediurm comprising processor-
readable instructions 1o cause a processor of a first UE (user equipment) o

transmit, to a second UE via sidelink communication, a posittion-information-
sharing capability of the first UE;

receive, from the second UE via sidelink communication, a request for first
position information;

measure a PRS resource {positioning reference signal resource) received from a
network entity to determine a PRS measurement; and

transmit, to the second UE via sidelink communication, the first position

information based on the PRS measurement.

67. The storage medium of claim 66, wherein the processor-readable storage
medium comprising processor-readable instructions to cause the processor to fransmit
the first position information comprise processor-readable storage medium comprising
processor-readable instructions to cause the processor to transmit the first position
information only if the first UE measures the PRS resource independently of the request

for the first position information.

68. The storage medium of claim 66, wherein the processor-readable storage
medium comprising processor-readable instructions to cause the processor to measure
the PRS resource comprise processor-readable storage medium comprising processor-
readable tustructions to cause the processor to measure the PRS resource in response to
receiving the request such that the PRS measurement is an extra measurement in
addition to one or more other PRS measurements that the first UE would make absent
receipt of the request.

69. The storage medium of claim 66, wherein the PRS resource 1s a first PRS
resource and the PRS measurement is a tirst PRS measurement, and the storage medinm
further comprises processor-readable storage medium comprising processor-readable

instructions to cause the processor to;
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measure a second PRS resource to determine a second PRS measurement; and
abstain from transmitiing the second PRS measurement {from the first UE to the

second UE.

70. The storage medium of claim 69, wherein the processor-readable storage
medium comprising processor-readable instructions to cause the processor to abstain
from transroitiing the second PRS measurement comprise processor-readable storage
medium comprising processor-readable instructions to cause the processor to abstain
fromw transmutting the second PRS measurement to the second UE based on the first PRS

measurement being an earlier time of arrival than the second PRS measurement.

71. The storage medium of claim 69, wherein the processor-readable storage
medium comprising processor-readable instructions to cause the processor to abstain
from transmitting the second PRS measurement comprise processor-readable storage
medium comprising processor-readable instructions to cause the processor to abstain
from transroitiing the second PRS measurement to the second UE based on the first PRS

resource being received with stronger power than the second PRS resource.

72. The storage medium of claim 69, wherein the processor-readable storage
medium comprising processor-readable instructions fo cause the processor to abstain
from transmitting the second PRS measurement comprise processor-readable storage
medium comprising processor-readable instructions to cause the processor to abstain
from transmitting the second PRS measurement to the second UE based on both the first
PRS resource and the second PRS resource being at least one of associated with a single
transmission/reception point, of associated with a single PRS resource set, or associated

with a single PRS source site.
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