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RANGING BASED LOCATION SERVICES IN WIRELESS
COMMUNICATION

CROSS-REFERENCE TO RELATED APPLICATIONS
(8081} This application claims priority to and the benefit of non-provisional patent
application no. 16/286,326 filed in the United States Patent and Trademark Office on
February 26, 2019, and provisional patent application no. 62/637,937, filed in the
United States Patent and Trademark Office on March 2, 2018, the entire contents of
which are incorporated herein by reference as if fully set forth below in their entirety

and for all applicable purposes.

TECHNICAL FIELD
16662] The technology discussed below relates generally to wireless commumnication
systems, and more particularly, to location services with support for ranging in a

wireless communication system and related comnmnication devices.

INTRODUCTION

16003] A wireless network can provide various services in addifion to voice and data
communication. One such service s location service (LCS) that can be used by a user to
determine a posttion or location. LCS may utilize one or more positioning methods to
determine the location of the user, for example, a user equipment {(UE) or vehicle. For
example, LCS may use an observed time difference of arrival (OTDOA) method,
Assisted Global Navigation Satellite System (A-GNSS) method, and/or uplink-time
difference of arrival (UTBDOA) method. In this disclosure, positioning generally refers
to a process of determining the position, location, and/or velocity of a device using radio
signals.

16604} In a wireless network, LCS may be implemented with support of ranging based
positioning. When one wireless device communicates directly with ancther wireless
device, the communication may be referred to as  device-io-device (D2D)
comnmunication. In particular usc cases, a wircless communication device may be a UE
such as a portable cellular device, or may be a vehicle, such as an automobile, a drone,
or may be any other connected device. When the devices are vehicles, such as
automobiles, the D2 communication may be referred to as vehicle-to-vehicle (V2V)
communication. Other vehicle-based communications may include vehicle-to-

everything (V2X), which may include V2V, vehicle-to-infrastructare (V21}, vehicle-to-
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network (V2N), and vehicle-to-pedestran (V2P). VX communications and particularly
V2V communications will become more and more important in the future for collision
avoidance and autonomous driving applications. For example, a vehicle that uses VZX
commmnications in ranging operations can assist a network in determining the location

of the vehicle.

BRIEF SUMMARY OF SOME EXAMPLES

[6065] The following presents a simplified summary of one or more aspects of the
present disclosure, in order to provide a basic understanding of such aspects. This
summary is not an extensive overview of all contemplated features of the disclosure,
and 1s mtended neither to identify key or critical elements of all aspects of the disclosure
nor to delineate the scope of any or all aspects of the disclosure. Its sole purpose is to
present sonie coneepts of one or more aspects of the disclosure in a simplified form as a
prehude to the more detailed description that is presented later.

16606} Aspects of the present disclosure relate to a network architecture with support
for ranging based location services {LCS} in wireless communication.

16067} One aspect of the present disclosure provides a method of providing a location
service at a radio access network (RAN) including a first RAN node. The first RAN
node may include a communication imterface configured for wireless communication, a
memory, and a processor operatively coupled to the communication interface and the
memory. The processor and the memory may be configured to perform ranging based
positioning and related location services. The first RAN node receives a registration
request from a user equipment (UE), and the connection regquest indicates that the UE
supports a ranging based location service session. The first RAN node receives an
Toternal identifier (1D) for identifying mformation, associated with the UE, between the
first RAN node and a core network during the ranging based location service session.
The first RAN node allocates radio resources, associated with the Internal ID, to the UE
for performing a ranging operation in the ranging based location service session
mvolving a plurality of devices mchiding the UE. The first RAN node transmits a
registration response to the UE, indicating the allocated radio resources for performing
the ranging operation.

[6008] Another aspect of the present disclosure provides a method of operating a user
equipment (UE) in a communication network. The UE may include a communication

mterface configured for wireless communication, a memory, and a processor
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operatively coupled to the commumication mterface and the memory. The processor and
the memory may be configured to perform ranging based positioning and related
location services. The UE transmits a registration request to a radio access network
(HAN), and the registration request indicates that the UE supports a ranging based
tocation service session. The UE, from the RAN, receives an allocation of radio
resources for performing a ranging operation and an External identifier (1D} allocated
by a core network for identitying a location result of the UE based on the ranging
operation. The UE receives the location result generated by the core network in the
ranging based location service session, and the location result 1s identificd by the
External ID associated with the UE.

[6009] These and other aspects of the invention will become more fully understood
upon a review of the detailed description, which follows. Other aspects, features, and
embodiments of the present mvention will become apparent to those of ordinary skill in
the art, upon reviewing the following description of specific, exemplary embodiments of
the present inveuntion in conjunction with the accompanying figures. While features of

the present mvention may be discussed relative to certain embodiments and figures

below, all embodiments of the present invention can inchide one or more of the
advantageous features discussed herein. In other words, while one or more embodiments
may be discussed as having certain advantageous features, one or more of such features
may also be used m accordance with the various embodiments of the invention
discussed herein. In similar fashion, while exemplary embodiments may be discussed
below as device, system, or method embodiments it should be understood that such

exemplary embodiments can be implemented m various devices, systerns, and methods.

BRIEF DESCRIPTION OF THE DRAWINGS

[6018] FIG. 1 18 a schematic illustration of a wireless communication system,
8011} FIG. Z is a conceptual illustration of an example of a radic access network.
16612} FIG. 3 is a block diagram illustrating a network architecture with support for

focation services according to some aspects of the disclosure.

[6613] FIG. 4 is a diagram illustrating architectural support for location services using
service-based interface representation according to some aspects of the disclosure,
18014} FIG. 5 is a block diagram conceptually illustrating an example of a hardware

mplementation for a scheduling entity according to some aspects of the disclosure.
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16015} FIG. 6 18 a block diagram conceptually illustrating an example of a bhardware
implementation for a scheduled entity according to some aspects of the disclosure.
18016} FIG. 7 is a diagram illustrating a signaling process of user equipment
registration and selection of a location service server in a wircless communication

network according to some aspects of the disclosure.

[B8017] FIG. & 15 a diagram illustrating a signaling process of a ranging based location
service with a user equipment in an active mode according o some aspects of the
disclosure.

16018} FIG. 9 1s a diagram illustrating another signaling process of a ranging based
location service with a user equipment in an nactive mode according to some aspects of
the disclosure.

{6019} FIG. 10 1s a diagram illustrating another signaling process of a ranging based
location service with a user equipment in an idle mode according to some aspects of the
disclosure.

16626} FIG. 11 s a flow chart iHustrating a process for allocating ranging radio
resourees according to some aspects of the present disclosure.

{6621} FIG. 12 is a flow chart illustrating an exemplary process for a ranging based
location service session according to some aspects of the present disclosure.

{8022} FIG. 13 15 a flow chart illustrating another exemplary process for a ranging

based location service session according to some aspects of the present disclosure.

DETAILED DESCRIPTION

[6623] he detailed description set forth below in connection with the appended
drawings is intended as a description of various configurations and is not intended tfo
represent the only configurations in which the concepts described herein may be
practiced. The detailed description includes specific details for the purpose of providing
a thorough understanding of various concepts. However, it will be apparent io those
skilled  the art that these concepts may be practiced without these specific details. In
some nstances, well-known structures and components are shown in block diagram
form in order to avoid obscuring such concepts.

16024} While aspects and embodiments are described in this application by illustration
to some cxamples, those skilled in the art will understand that additional
mplementations and use cases may come about i many different arvangements and

scenarios. Innovations described hercin may be implemented across many differing
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platform types, devices, systems, shapes, sizes, packaging arrangements. For example,
embodiments and/or uses may come about via integrated chip embodiments and other
non-module-component based devices (e.g., end-user devices, vehicles, commmunication
devices, computing devices, industrial equipment, retail/purchasing devices, medical
devices, Al-enabled devices, ete.). While some examples may or may not be specifically
directed to use cases or applications, a wide assortment of applicability of described
innovations may occur. Implementations may range a spectrum from chip-level or
modular components to non-modular, non-chip-level implementations and further to
aggregate, distributed, or OEM devices or systerns incorporating one or more aspects of
the described innovations. In some practical settings, devices incorporating described
aspects and features may also necessarily mclude additional components and features
for implementation and practice of claimed and described embodiments. For example,
transmission and reception of wireless signals necessarily includes a number of
components for analog and digital purposes {¢.g., hardware components inchiding
antenna, RF-chains, power amplifiers, modulators, buffer, processor(s), mterleaver,
adders/suramers, ete.). It is mtended that innovations described herein may be practiced
in a wide variety of devices, chip-level components, systems, distributed arrangements,
end-user devices, ctc. of varying sizes, shapes and constitution.

[6025] This disclosure describes a network architecture with support for ranging based
location services (LCS). When a user equipment (UE) registers with a network, the UE
can indicate support of ranging based LCS. A radio access network (RAN) node
receives the registration request and indicates to the core network that the UE supports a
ranging based location service session. The network uses an internal identifier (1D) for
identifying information associated with the UE in communication between the RAN
node and the core network during the ranging based location service session, and an
external 1D associated with the UE for fransmitting the location results back to the UE.

[6026] The various concepts presented throughout this disclosure may be implemente
across a broad variety of telecommwnication systems, network architectures, and
communication standards. Referring now to FIG. 1, as an illustrative example without
hinutation, various aspects of the present disclosure are ilhustrated with reference to a
wireless commumnication system 100. The wireless commumication system 100 includes
three interacting domains: a core network 102, a radic access network (RAN) 104, and a

user equipment (UE) 106. By virtue of the wireless communication system 100, the UE
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106 may be enabled to carry out data comnmumnication with an external data network 110,
such as (but not lmited to) the Internet.

16027} The RAN 104 may implement any suitable wireless communication technology
or technologics to provide radio access to the UE 106. As onc example, the RAN 104
may operate according to 3™ Generation Partnership Project (3GPP) New Radio (NR)
specifications, often referred to as 5G. As another example, the RAN 104 may operate
under a hybrid of 5G NR and Evolved Universal Terrestrial Radio Access Network
(elJTRAN) standards, ofien referred to as LTE. The 3GPP refers o this hybrid RAN as
a next-generation RAN (NG-RAN). Of course, many other examples may be utilized
within the scope of the present disclosure.

18028} As illustrated, the RAN 104 includes a plurality of base stations 108, Broadly, a
base station is a network element in a radio access network respounsible for radio
transmission and reception i one or more cells o or from a UBR In different
technologics, standards, or contexts, a base station may variously be referred to by those
skilled n the art as a base transceiver station (BTS), a radio base station, a radio
transceiver, a transceiver function, a basic service set (BSS), an extended service set
(ESS}, an access point (AP), a Node B (NB}, an eNode B (eNB), a gNode B {gNB), or
some other suitable terminology.

[6029] The radic access network 104 is further illustrated supporting wireless
communication for multiple mobile apparatuses. A mobile apparatus may be referred to
as user equipment {UE) in 3GPP standards, but may also be referred to by those skilled
in the art as a mobile station (MS), a subscriber station, a mobile unit, a subscriber unit,
a wireless wmt, a remote umt, a mobile device, a wireless device, a wireless
communications device, a remote device, a mobile subscriber station, an access terminal
(AT), a mobile terminal, a wireless terminal, a remote terminal, a handset, a terminal, a
user agent, a mobile client, a chient, or some other suitable terminology. A UE may be
an apparatus, a vehicle, or a cormponent of a vehicle that provides a user with access to
network services.

16636} Within the present document, a “mobhile” apparatus need not necessarily have a
capability to move, and may be stationary. The term mobile apparatus or mobile device
broadly refers to a diverse array of devices and technologies. UEs may nclude a number
of hardware structural components sized, shaped, and arranged to help in
commmunication; such components can include antennas, antenma arrays, RF chains,

amplifiers, one or more processors, etc. electrically coupled to each other. For example,
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some non-hmiting examples of a mobile apparatus include a mobile, a celiular (cell)

phone, a smart phone, a session initiation protocol (SIP) phone, a laptop, a personal

computer (PC), a notebook, a netbook, a smartbook, a tablet, a personal digital assistant

(PDDA), and a broad arcay of embedded systems, e.g., corresponding to an “internet of

things” (IoT). A mobile apparatus may additionally be an automotive or other

transportation vehicle, a remote sensor or actuator, a robot or robotics device, a satelhite

radio, a global navigation satellite system: (GNSS) device, an object tracking device, a

drone, a nwlti-copter, a quad-copter, a remote control device, a consumer and/or

wearable device, such as eyewear, a wearable camera, a virtual reality device, a smart

watch, a health or fitness tracker, a digital audio player (e.g., MP3 player), a camera, a

game console, ctc. A mobile apparatus may additionally be a digital home or smart

home device such as a home audio, video, and/or multimedia device, an applhiance, a

vending machine, intelligent lighting, a home security systermn, a smart meter, etc. A
mobile apparatus may additionally be a smart energy device, a security device, a solar
pancl or solar array, a nunicipal infrastructure device controliing electric power {¢.g., a
smart grid), highting, water, etc.; an industrial astomation and enterprise device; a
logistics controller; agricultural equipment; military defense equipment, vehicles,
atrcraft, ships, and weaponry, ete. Still further, a mobile apparatus may provide for
connected medicine or telemedicime support, e.g., health care at a distance. Telchealth
devices may include telehealth monitoring devices and telchealth admimstration
devices, whose communication may be given preferential treatment or prioritized access
over other types of information, e.g., in terms of prioritized access for transport of
critical service data, and/or relevant QoS for transport of critical service data.

16631} Wireless communication between a RAN 104 and a UE 106 may be described as
utilizing an air interface. Transmissions over the air interface from a base station {e.g.,
base station 10R) to one or more UEs {e.g., UE 106) may be referred to as downlink
(DL} transmission. In accordance with certain aspects of the present disclosure, the term
downlink may refer to a pomt-to-multipoint transmission originating at a scheduling
entity (described further below; e.g., base station 108). Another way to describe this
scheme may be to use the term broadcast chanuel multiplexing. Transnussions from a
UE {(e.g., UE 106) to a base station {e.g., base station 108} may be referred to as aphink
(UL} transmissions. in accordance with further aspects of the present disclosure, the
term uplink may refer to a point-to-point transmission originating at a scheduled entity

{described further below; e.g., UE 106).
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180323 In some examples, access to the air nterface may be scheduled, wherein a
scheduhing entity (e.g., a base station 108) allocates resources for communication
among some or all devices and equipment within ifs service area or cell. Within the
present disclosure, as discussed further below, the scheduling entity may be responsible
for scheduling, assigning, reconfiguring, and releasing resources for one or more
scheduled entities. That is, for scheduled communication, UEs 106, which may be
scheduled entities, may utifize resources allocated by the scheduling entity 108.

16633} Base stations 108 are not the only cntities that may function as scheduling
entitics. That is, in some examples, a UE may function as a schedulng entity,
scheduhing resources for one or more scheduled entities (e.g., one or more other UEs),

18034} As illustrated in FIG. 1, a scheduling entity 108 may broadcast downlink traffic
112 to one or more scheduled entitics 106. Broadly, the scheduling entity 108 is a node
or device responsible for scheduling traffic in a wireless commmumication network,
including the downlink traffic 112 and, in some examples, uphnk traffic 116 from one
or more scheduled entities 106 to the scheduling entity 108, OUn the other hand, the
scheduled entity 106 i3 a node or device that receives downlink control information 114,
mchiding but not limited to scheduling information (e.g., a grant}, synchronization or
timing information, or other control mformation from another entity in the wireless
communication network such as the scheduling entity 108,

(6035} In general, base stations 108 wmay include a backhaul interface for
commumnication with a backhaul portion 120 of the wircless comimunication system. The
backhaunl 120 may provide a hink between a base station 108 and the core network 102,
Further, in some examples, a backhaul network may provide interconnection between
the respective base stations 108. Various types of backhaul interfaces may be employed,
such as a direct physical connection, a virtual network, or the like using any suitable
transport network.

[8036] The core network 102 may be a part of the wireless communication system 100
and may be independent of the radio access technology used in the RAN 104, In some
examples, the core network 102 may be configured according to 5G standards (e.g.,
5GC). In other examples, the core network 102 may be configured according to a 4G
evolved packet core (EPC), or any other suitable standard or configuration.

18037} FIG. Z is a conceptual illustration of an example of a radio access network 200
(HAN). In some cxamples, the RAN 200 may be the same as the RAN 104 described

above and illustrated in FIG. 1. The geographic area covered by the RAN 200 may be



WO 2019/168908 PCT/US2019/019739

divided into cellular regions (cells) that can be uniquely identified by a user equipment
{UE) based on an identification broadeasted from one access point or base station. FIG.

2 illustrates macrocells 202, 204, and 206, and a small cell 208, each of which may
include one or more sectors {not shown) or zones. A sector is a sub-area of a cell. All
sectors within one cell are served by the same base station. A radio link within a sector
can be identified by a single logical identification belonging to that sector. In a cell that
is divided into sectors, the multiple sectors within a cell can be formed by groups of
antennas with each antenna responsible for communication with UEs i a portion of the
cell.

[6038] In FIG. 2, two base stations 210 and 212 are shown i cells 202 and 204; and a
third base station 214 is shown controlling a remote radio head (RRH} 216 in ccll 206.
That is, a base station can have an integrated antenna or can be connected to an antenna
or RRH by feeder cables. In the illustrated example, the cells 202, 204, and 126 may be
referred to as macrocells, as the base stations 210, 212, and 214 support cells having a
large size. Further, a base station 218 is shown i the small cell 208 (e.g., a microcell,
picocell, ferntocell, home base station, home Node B, home eNode B, ete.) which may
overlap with one or more macrocells. In this example, the cell 208 may be referred to as
a small ccll, as the base station 218 supports a cell having a relatively small size, Cell
sizing can be done according to system design as well as component constraints.

[8039] It is to be understood that the radio access network 200 may nclude any number
of wireless base stations and cells. Further, a rclay node may be deployed to extend the
size or coverage arca of a given cell. The base stations 210, 212, 214, 218 provide
wireless access points to a core network for any number of mobile apparatuses. In some
examples, the base stations 210, 212, 214, and/or 218 may be the same as the base
station/scheduling entity 108 described above and illustrated in FIG. 1.

[6048] FIG. 2 further mchudes 2 quadcopter or drone 220, which may be configured to
function as a base station. That is, i some examples, a cell may not necessarily be
stationary, and the geographic area of the cell may move according to the location of a
mobile base station such as the quadcopter 220,

{6041} Within the RAN 200, the cells may include UEs that may be in communication
with one or more sectors of each cell. Further, cach base station 210, 212, 214, 218, and
220 may be configured to provide an access point to a core network 102 (see FIG. 1) for
all the UEs in the respective cells. For example, UEs 222 and 224 may be in

communication with base station 210; UEs 226 and 228 may be 1n conmmunication with
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base station 212; UEs 230 and 232 may be in communication with base station 214 by
way of RRH 216; UE 234 may be in communication with base station 218; and UE 236
may be in communication with mobile base station 220. In some examples, the UEs
222,224, 226, 228, 230, 232, 234, 236, 238, 240, and/or 242 may be the same as the
LiE/scheduled entity 106 described above and illustrated in FIG. 1.

(804 2] In some examples, a mobile network node {ec.g., quadcopter 220) may be
configured to function as a UE. For exanple, the quadcopter 220 may operate within
cell 202 by conununicating with base station 210,

16643} In a further aspect of the RAN 200, sidelink signals may be used between UEs
without necessarily relying on scheduling or control information from a base station.
For example, two or more UEs (e.g., UEs 226 and 228) may communicate with each
other using peer-to-peer (P2P), device-to-device (D2D), velicle-to-vehicle (V2V),
vehicle-to-everything (V2X), or sidelink signals 227 without relaying that
communication through a base station {c.g., base station 212}. In a further example, UE
23% 1s tlustrated communicating with UEs 240 and 242. Here, the UE 238 may function
as a scheduling entity or a primary sidelink device, and UEs 240 and 242 may function
as a scheduled entity or a non-primary (e.g., secondary) sidelink device. In still another
example, a UE may function as a scheduling entity in a D2D, P2P, VIX, or V2V
network, and/or in a mesh network. In a mesh network example, UEs 240 and 242 may
optionally communicate directly with one another in addition to commuunicating with
the scheduling entity 238. Thus, in a wireless communication system with scheduled
access 1o fime-frequency vesources and having a  cellular  configuration, a
P2P/D2D/INV2X/V2V configuration, or a mesh configuration, a scheduling entity and one
or more scheduled entities may commaunicate utilizing the scheduled resources.

16044} In the radio access network 200, the ability for a UE to communicate while
moving, independent of its location, is referred to as mobility. The various physical
channels between the UE and the radio access network are generally set up, maimntained,
and released under the control of an access and mobility management function (AMF,
not dlustrated in FIG. 2, part of the core network 102 i FIG. 1), which may include a
security context management function (SCMF) that manages the sccurnity context for
both the control plane and the user plane functionality, and a security anchor function
{SEAF) that performs authentication. The AMF is an exaniple of a core network entity.

18045] Although the synchronization signal fransmitted by the base stations 210, 212,

and 214/216 may be unified, the synchromzation signal may not identify a particular
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cell, but rather may identify a zone of multiple cclis operating on the same frequency
and/or with the same timing. The use of zones in 5G networks or other next-generation
communication networks enables the uplink-based mobility framework and improves
the efficiency of both the UE and the network, since the number of mobility messages
that need to be exchanged between the UE and the network may be reduced.

(6046} In various implementations, the air interface in the radio access network 200
may utilize licensed spectrum, unlicensed spectrum, or shared spectrumi. Licensed
spectrum provides for exclusive use of a portion of the spectrum, generally by virtue of
a mobile network operator purchasing a lhicense from a government regulatory body.
Unlicensed spectrum provides for shared use of a portion of the spectrum without need
for a government-granted license. While compliance with some technical rules is
generally still required to access unlicensed spectrum, generally, any operator or device
may gain access. Shared spectrum may fall between licensed and unlicensed spectrum,
wherein technical rules or limitations may be required to access the spectrum, but the
spectrum may still be shared by multiple operators and/or multiple RATs. For example,
the holder of a Hcense for a portion of licensed spectrum may provide lcensed shared
access (L3A)} to share that spectrum with other parties, e.g., with suitable licensee-
determined conditions to gain access.

[6047] The air interface in the radio access network 200 may utilize one or more
duplexing algorithms. Duplex refers to a point-to-peint communication hink where both
endpoints can communicate with one another in both directions. Full duplex means both
endpoints can simultancously communicate with one another. Half duplex means only
one endpoint can send information to the other at a time. [n a wireless fink, a full duplex
channel generally relies on physical isolation of a transmitter and receiver, and suitable
interference canceliation technologics. Full duplex enwlation is frequently implemented
for wircless links by utilizing freguency division duplex (FDD) or time division duplex
(TDD). In FDD, transmissions in different directions operate at different carrier
frequencies. In TDD, transnussions in different directions on a given channel are
separated from one another using time division multiplexing. That is, at sometimes the

channel is dedicated for transmissions m one direction, while at other times the channel
is dedicated for transmissions in the other direction, where the direction may change
very rapidly, e.g., several times per slot.

[6048] in order for transmissions over the radio access network 200 to obtain a low

block error rate (BLER) while still achieving very high data rates, channel coding may
v o 2 r o
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be used. That is, wireless communication may generally utilize a suitable error
correcting block code. In a typical block code, an information message or sequence is
split up into code blocks (CBs), and an encoder (e.g., a CODEC) at the iransmiiting
device then mathematically adds redundancy to the information message. Exploitation
of this redundancy n the encoded information message can improve the reliability of
the message, enabling correction for any bit errors that may cceur duoe to the noise.

16049} In 5G NR specifications, user data may be coded using quasi-cychic low-density
parity check (L.DPC) with two different basc graphs: one base graph is used for large
code blocks and/or high code rates, while the other base graph is used otherwise.
Control information and the physical broadceast channel (PBCH) may be coded using
Polar coding, based on nested sequences. For these chanuels, puncturing, shortening,
and repetition are used for rate matching.

[8056] However, those of ordinary skill in the art will understand that aspects of the
present disclosure may be implemented utilizing any suitable channel code. Variou
implementations of scheduling cutities 108 and scheduled entities 106 may include
suitable hardware and capabilities (e.g., an encoder, a decoder, and/or a CODEC) to
atilize one or more of these channel codes for wireless communication.

(6051 The air interface i the radic access network 200 may utilize one or more
multiplexing and multiple access algorithms to enable simultancous communication of
the various devices. For example, 5G NR specifications provide multiple access for UL
transmissions from UEs 222 and 224 to base station 210, and for multiplexing for DL
transmissions from base station 210 to one or more UEs 222 and 224, utilizing
orthogonal frequency division multiplexing (OFDM) with a cyclic prefix (CP). In
addition, for UL transmissions, 5G NR specifications provide support for discrete
Feurier transform-spread-OF DM (DFT-s-0FDM) with a CP (also referred to as single-
carrier FDMA (SC-FDMA)). However, within the scope of the present disclosure,
multiplexing and multiple access are not hmited 1o the above schemes, and may be
provided utilizing time division multiple access (TDMA), code division multiple access
(CDMA), frequency division multiple access (FDMA), sparse code multiple access
(SCMA), resource spread mulfiple access (RSMA), or other switable multiple access
schemes. Further, multiplexing DL transmissions from the base station 210 to UEs 222
and 224 may be provided utilizing time division multiplexing (TDM]}, code division

~

multiplexing (CDM), frequency division mudtiplexing (FDM), orthogonal frequency
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division multiplexing (OFDM), sparse code maltiplexing (SCM), or other suitable
multiplexing schemes.

18052] In a downiink (DL) transmission, the transmitting device {e.g., the scheduling
entity 108} may allocate time-frequency resources {e.g., one or more resource elements
(REs)) to carry DL control information 114 mchuding one or more DL control channels
that generally carry information originating from higher layers, such as a physical
broadeast channel (PBCH), a physical downlink conirol channel (PDCCH), etc., to one
or more scheduled entities 106. In addition, DL REs may be allocated to carry DL
physical signals that generally do not carry mformation originating from higher layers.
These DL physical signals may include a primary synchronization signal (PSS), a
secondary synchronization signal (8583, demodulation reference signals (DM-RS),
phase-tracking reference signals (PT-RS), channel-state information reference signals
{CSI-RS), ete.

[6053] The synchronization signals PSS and 5SS (collectively referred to as S8, and in
some cxamples, the PBCH, may be transmitted in an S5 block that mchudes 4
consecutive OFDM symbols, numbered via a time index in increasing order from 0 to 3.
In the frequency domain, the SS block may extend over 240 contiguous subcarriers,
with the subcarriers being numbered via a frequency index in increasing order from 0 o
239. Of course, the present disclosure i3 not hmited to this specific 55 block
configuration. Other nonhmiting examples may utihize greater or fewer than two
synchronization signals; may include one or more supplemental channels in addition to
the PBCH; may omit a2 PBCH; and/or may utilize nonconsecutive symbols for an 88
block, within the scope of the present disclosure.

[6654] he PDCCH may carry downlink control information {(BCI) for one or more
UEs in a cell. This can include, but is not bmited to, power control commands,
scheduling information, a grant, and/or an assignment of REs for DL and UL
transmissions.

16655] In an uphok (UL} ransmission, a transmitting device (e.g., a scheduled entity

106} may utilize time-frequency resources {(e.g., onc or more REs) to carry UL control
mformation 118 (UCH, The UCT can onginate from higher layers via one or more UL
control channels, such as a physical uplink control chammel (PUCCH), a physical
random access channel (PRACH), etc., to the scheduling entity 168, Further, UL REs
may carry UL physical signals that generally do not carry information originating from

bigher layers, such as demodulation reference signals (DM-RS), phase-tracking
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reference signals (PT-R3), sounding reference signals (SRS), ete. In some examples, the
control information 118 may inchude a scheduling request {SR), i.e., a request for the
scheduling entity 108 to schedule uplink transmissions. Here, in response to the SR
transmitted on the control channel 118, the scheduling entity 108 may transmit
downlink control information 114 that may schedule resources for uphink packet
transmissions.

18056] UL control information may also include hybrid automatic repeat request
(HARQ) feedback such as an acknowledgment (ACK) or negative acknowledgment
(NACK), channel state information (CSI), or any other suitable UL control mformation.
HARQ is a technigue well-known to those of ordinary skill in the art, wherein the
integrity of packet transmissions may be checked at the receiving side for accuracy, €.g.,
utilizing any suitable integrity checking mechanism, such as a checksum or a cychie
redundancy check (CRC). If the integrity of the transmission confirmed, an ACK may
be ransmitied, whereas if not confirmed, a NACK may be transmitted. In response to a
NACK, the transmitting device may send a HAR() vetransmission, which may
implement chase combining, incremental redundancy, ete.

[8657] In addition to control information, time-frequency resources may be allocated
for UL and/or DL user data or traffic data. Such traffic may be carried on one or more
traffic channels, such as, for a DL transmission, a physical downlink shared channel
{(PDSCH); or for an UL transmission, a physical uplink shared channel (PUSCH). In
some examples, certain time-frequency resources may be configured to carry system
mformation blocks (SIBs), carryving information that may enable access to a given cell,
In some examples, certain time-frequency resources may be allocated for P2P, D2D,
V2V, and/or V2X traffic.

[6058] The channels or carriers described above are not necessarify all the channels or
carriers that may be utilized between a scheduling entity 108 and scheduled entities 106,
and those of ordinary skill i the art will recognize that other channels or carriers may
be utilized in addition to those illusirated, such as other traffic, control, and teedback
channels.

166539} These physical channels described above are generally multiplexed and mapped
to transport channels for handhing at the medium access control (MAC) layer. Transport
channels carry blocks of information called transport blocks (TB}. The transport block

size (TBS), which may correspond fo a number of bits of information, may be a
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controlled parameter, based on the modulation and coding scheme (MCS) and the

number of RBs in a given transmission.

Location Services Architecture

{8060} FIG. 3 15 a diagram illustrating a network architecture 300 with support for
location services (LCS} according to some aspects of the disclosure. FIG. 4 18 a diagram
illustrating architectural support for location services using a service-based interface
representation of the network 300 according to some aspects of the disclosure. This
network architecture 300 may be implemented using the wireless network ilhustrated
and described n relation to FIGs. | and 2. In this example, a UE 302 can access a core
network (CN) 304 via a next generation (NG)-HAN 306. The core network 304 may be
the core network 102, and the NG-RAN 306 may be the RAN 104, The NG-RAN 306
consists of gNBs and/or eNBs that communicate with the core network 304. The core
network 304 includes various network functions and entities, for example, a location
manageroent function (LMF) 308, an access and mobility management function {(AMF)
305, a wnified data management (UDM) 310, a gateway mobile location center (GMLC)
312, and a location retrieval function (LRF) 316. In an alternative architecture, the
GMLC may have a direct mterface with the LMF and can communicate divectly with it.
In this alterative configuration, the AMF may perform a simple forwarding function
between the LMF and NG-RAN or UE.

8061} The core network 304 may support LTS using various positioning mechanism,
for example, uplink and downlink celi coverage based positioning methods, an ohserved
time difference of arrival (OTDOA) positioning method, an Assisted Global Navigation
Satellite System {A-GNSB) based positioning method, an uplink-time difference of
arrival (UTDOA) positioning method, etc. In some aspects of the disclosure, the core
network 304 may support a ranging based positioning method, for example, in vehicle-
to-vehicle (V2V) or vehicle-to-everything (V2X) applications. The term “ranging”
refers to measuring and/or determining the distances between pairs of devices, vehicles,
UEs, or pairs of antennas on respective UBs. The measured distances can he combined
with other positioning methods, e.g., satcliite-based positions, to refine or improve UE
position estimation. Ranging based V2X positioning can improve the accuracy of
vehicle location determination to the order of centimeters or better. In some examples,
ranging signals transmitted by UEs can be concentrated in a short period of time fo

achieve highly accurate ranging roeasurements.
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16062} The AMF 305 can provide various functions, for example, registration

management, connection management, mobility  management, access
authentication/authorization, location services management, transport for location
services messages between UE and LMF as well as between NG-RAN and LMF, The
AMF 1s an example of a core network node.

[8063] The LMF 308 can provide various functions, for example, receiving ranging
information from the UEs, determining UEs’ locations, obtaining downlink location

measurements or a location estimate from the UE, obtaining uplink location

=

easurements from the NG-RAN 306, and/or obtaining non-UE associated assistance
data from the NG-RAN 306, etc.

[0064] The UDM 310 provides various functions, for example, user identification
handling {e.g., storage and management of SUPL (Subscriber Permanent Identifier) for
each subscriber}, access authorization based on subscription data, UE’s serving network
function regisiration management, and subscription management.

18665] The GMLC 312 provides a service interface to a focation service (LUS) chent
314. The LRF 316 retrieves location information for users that have mitiated an
emergency session.

18066] in one example, a group of UEs {e.g., UE1, UE2, UE3 in FIG, 4} can participate
m a ranging operation with respective allocated radio resources. UEL may transmit a
ranging signal 330 using first radic resources (Rsvcl) and a first Zadoff-Chu (Z0C)
sequence (ZC-seqi). UEZ may transmit a ranging signal 332 using sccond radio
resources (RsreZ) and a second ZC sequence (ZC-seq2). UE3 may fransmit a ranging
signal 334 using third radio resources (Rsre3) and a third ZC sequence (£C-seq3). o the
ranging operation, each UE measures the ranging signal received from other UEs. The
radio resources may be time-frequency resources scheduled by a scheduling entity.

18067} Thercfore, if UE] receives the ranging signal 332 from UEZ sent using Rsrc2
and ZC-seq2, UEL can determune the time of arrival (TOA) for this measurement
{denoted as TOA12). This result may be stored in a result vector (TOA12, Rsrc2, Z2C-
seq?). Similarly, if UE] receives the ranging signal 334 from UE3 sent using Rsre3 and
£C-seq3, UET can determune the corresponding TOA for this measurement (denoted as
TOAL3)Y, This result may be stored as a result vector {(TOA13, Rsre3, ZC-seq3).
Similarly, UEZ can measure the ranging signal 330 of UE1 and ranging signal 334 of

UE3, and store the measurements in resulf vectors (TOAZ1, Rscl, ZC-seql) and
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(TOAZ3, Rsre3, ZC-seq3). UE3 can perform similar measurernents and obtain the result
vectors (TOA31, Rsel, ZC-seql); (TOA32Z, Rere2, ZC-seg2).

{6068} Each UE reports its result vectors in a certain radio resource based ranging
report to a RAN node (e.g., gNB}. The RAN node may convert the radio resource based
ranging report to an Internal 1D based ranging report that s described in more detail
below in relation to FIGs. 7-10. In the radio resource based ranging report, ranging
results are indexed or identified by the radio resources used to perform the
corresponding ranging operations. o an Internal 1D based ranging report, ranging
results are indexed or identified by the Internal IDs of the UEs. For example, in UEUs
radio resource based ranging report, the RAN node can find: [Rsrel, ZC-seql] {ToAl12,
RsreZ, ZC-seq2); (ToAl3, Rsred, ZC-seq3). The RAN node knows that [Rsrcl, ZC-
seql] corresponds to Internal D1 that is assigned to UE1, (Rsre2, 2C-seq2) corresponds
te Internal ID2 that is assigned to UE2, and (Rsrc3, ZC-seq3) corresponds to Internal
1B3 that is assigned to UE3. The RAN node can make these associations based on
previous or predetermined radio resource allocation and an Internal 1D allocation
procedure,

[6069] herefore, the RAN node can convert UED’s report to an Internal 1D based
ranging report that includes: [Internal 1D1], (TOA1Z, Internal 1D2), (TOA13, Internal
ID3). Similarly, the RAN node can convert reports from UEZ and UE3. As a result,
UE2’s Internal ID based ranging report inchudes: [Internal ID2], (TOAZ21, Internal ID1},
(TOA23, Internal 1D3). Similarly, UE3"s Internal ID based ranging report includes:
[Internal 1D3], (TOA31, Internal ID1), (TOA3Z, Internal 1D72). After the conversion, the
RAN node can report these Internal 1D based ranging reports to the LMF, cither
mdividually or aggregated. The LMF can perform location calculation based on the
ranging reports from all the UEL, UEZ, and UE3. An exemplary location calculation
includes taking all the reported TOA values and calculating the relevant round-trip time
(RTT) value to determine the range between UEs.

16076] For exarmple, a TOA indicates the distance d between two UEs, where the TOA
= d/c +/- Toe, with the speed of light being designated by ¢ and the offset of the clock
designated by Tue The clock offset T may be a few microseconds (ps) and can be
accommodated by the TOA range, for example, between -4000 nanoseconds (ns} and
4000 ns. For each UE pair, the round-trip time (RTT) is 2 d/c. The network may report
the RTT in nanoseconds. Because the network knows all the assigned ranging signaling

resources for each of the UE, the network can estimate the RTT and therefore the
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distance between the UEs. When the RTT is combined with the known positions of
some UEs or reference nodes, the network can determine the positions of all the UEs .

186071} In some examples, the ranging report may include additional information, for
example, UE’s GNSS location mformation, anfenna location, vehicle speed and/or
direction, radio characteristics, cte. For example, since the signaling and calculation of
UE position takes certain time, to accurately reflect the position of the UE, the network
can make use of the UE’s speed and/or direction to compensate for the differences due
to the movements.

(6672} In some aspects of the disclosure, the LME can determine the results of the
ranging calculation based on Internal IDs, and then convert the results to Hxternal 1D
based results. In one aspect of the disclosure, the Internal 1D can use a small number
range, e.g., 32 bits, relative to the Extenal 1D because the AMF may use the tracking
arca and/or RAN node ID to identify the results. The External ID on the other hand may
need to have a much larger number range, ¢.g., 128 bits, because the network needs to
identify a UE uniquely regardless of the UE’s association. For example, an Internal 113
based report may have these data: [Internal 1D1, Location 1], [Internal (D2, Location 21,
and {Internal ID3, Location3]. Based on stored mmformation, the LMF knows that
Toternal 1131 corresponds to External D1, Internal D2 corresponds to External 102, and
Tnternal 103 corresponds to External ID3. Therefore, the LMF can counvert the results to
[External ID1, Location 11, [External ID2, Location 21, [External 1D3, Location 3]. The
LMF can send the location results back to the RAN to be delivered either directly to
cach individual UE or broadcasted to all UEs within the RAN node’s coverage arca. In
some examples, the LMF can cause the RAN to use multimedia broadcast multicast
services (MBMS} to broadeast the results. The External ID may be allocated by the
AMEF to hide the UE’s permanent ID so that the LMF does not need to know the UE’s
permanent 1. Some examples of permanent 1Js are International Mobile Subscriber
Identity (IMSI), Subscriber Permanent Identifier (SUPD), ete. Because the LMF may
cause the RAN to transmit the location result in broadeast/multicast, the External ID
may be used to indicate the UE in those announcements while not revealing the UE’s
true fong-term 1D {e.g., permanent {3} to improve privacy. In some examples, the
External ID may not be needed if obscuring the UE’s ID is not a concern or needed. In
that case, the UE’s permanent 1D may be used to identity the UE in the results that may
be transmitted by the RAN using broadcast or unicast. The LMF may allocate the

Tnternal 1D for internal use between the RAN and LMF. The RAN may use the Intemal
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1D to perform radio resources allocation; therefore the ELMF does not need 1o know the
RAT details for the ranging operations, ¢.g., radio resources mdex, ZC sequence
mapping to the UE, etc.

18073} FIG. 5 is a block diagram illustrating an exarple of a hardware imoplementation
for a scheduling entity 400 employing a processing system 414. For example, the
scheduling entity 400 may be a user equipment (UE) as illustrated 1n any one or more of
FiGs. 1, 2, and/or 3. In another exampie, the scheduling entity 460 may be a base station
or network node as illustrated in any one or more of FIGs. 1, 2, and/or 3.

16074} The scheduling entity 400 may be mmplemented with a processing system 414
that inchuides one or more processors 404. Examples of processors 404 include
nucroprocessors, microcontrollers, digital signal processors (DSPs), field programmable
gate arrays (FPGAS), programmable logic devices (PLDs), state machines, gated logic,
discrete hardware circuits, and other suitable hardware configured to perform the
various functionality described throughout this disclosure. In various examples, the
scheduling entity 400 may be configured to perform any one or more of the functions
described herein. That s, the processor 404, as utilized 1 a scheduling entity 400, may
be used to implement any one or more of the processes and procedures described below
and illustrated in FiGs. 7-13.

[6075] fn this example, the processing system 414 may be wmplemented with a bus
architecture, represented generally by the bus 402, The bus 402 may include any
number of interconnecting buses and bridges depending on the specific application of
the processing system 414 and the overall design constraints. The bus 402
communicatively couples together various circuits including one or more processors
(represented generally by the processor 4043, a memory 405, and computer-readable
media (represented generally by the computer-readable medium 406). The bus 402 may
also Iink various other circuits such as timing sources, peripherals, voltage regulators,
and power management circuits, which are well known in the art, and therefore, will not
be described any further. A bus interface 408 provides an interface between the bus 402
and a transceiver 410. The transceiver 410 provides a communication interface or means
for commmunicating with various other apparatus over a (ransmission medium.
Bepending upon the nature of the apparatus, a user mterface 412 {e.g., keypad, display,
speaker, microphone, joystick) may also be provided. Of course, such a user interface

4172 is optional, and may be omitted in some examples, such as a base station.
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16076} In some aspects of the disclosure, the processor 404 may include circuitry
configured to implement one or more of the functions described below in relation to
FiGs. 7-13. The processor 404 may include a processing circuit 440, a communication
circuit 442, and location service (L.CS) circuit 444. The processing circuit 440 may be
configured to perform various data processing and logic fimctions that may be used in
wireless communication described herein. The communication circuit 442 may be
configured to perform various comnmynication processes and functions described herein,
The LCS circuit 444 may perform various Jocation services and ranging operations
described herein.

{8677} he processor 404 is responsible for managing the bus 402 and general
processing, tncluding the execution of software stored on the computer-readable
medium 406. The software, when executed by the processor 404, causes the processing
system 414 to perform the various functions described below for any particular
apparatus. The computer-readable medium 406 and the memory 405 may also be used
for storing data that i1s manipulated by the processor 404 when executing software,

16078} One or more processors 404 in the processing system may execute software,
Software shall be construed broadly to mean nstructions, instruction sets, code, code
segments, program code, programs, subprograms, software modules, applications,
software applications, software packages, routines, subroutines, objects, executables,
threads of execution, procedures, functions, etc., whether referred to as software,
firmware, middleware, microcode, hardware description language, or otherwise. The
software may reside on a computer-readable medium 406. The computer-readable
medium 406 may be a non-transitory computer-readable medium. A non-transitory
computer-readable medium inclades, by way of example, a magnetic storage device
{e.g., hard disk, floppy disk, magnetic strip), an optical disk {c.g., a compact disc {CD)
or a digital versatile disc (DVD}), a smart card, a flash memory device (e.g., a card, a
stick, or a key drive}, a random access memory (RAM), a read-only memory (ROM), a
programimable ROM (PROM), an erasable PROM (EPROM), an electrically erasable
PROM (EEPROM), a register, a removable disk, and any other suitable medium for
storing software and/or fnstructions that may be accessed and read by a computer. The
computer-readable medium 406 may reside in the processing system 414, external to the
processing system 414, or distributed across multiple entities including the processing
systemn 414. The computer-readable medium 406 may be cmbodied i a computer

program product. By way of example, a computer program product may include a
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computer-readable medium in packaging materials. Those skilled in the art will
recognize how best to implement the described functionality presented throughout this
disclosure depending on the particular application and the overall design constraints
imposed on the overall system.

[8079] fn one or more examples, the computer-readable storage medium 406 may
mclude software configured to tmplement one or more of the functions deseribed in
relation to FlGs. 7-13. The software may include processing instructions 452,
communication instructions 454, and location service (LUS) instructions 456, The
processing instructions 452 may configure the processor 404 to perform various data
processing and logic functions that may be used in wireless communication described
hercin. The communication instructions 454 may configure the processor 404 tfo
perform various conmmunication processes and functions described herein. The LCS
msiructions 456 may configure the processor 404 to perform various location services
and ranging operations described hercin.

16080} FIG. 6 is a conceptual diagram illustrating an example of s bardware
implementation for an exemplary scheduled entity 500 employing a processing system
514. In accordance with various aspects of the disclosure, an element, or any portion of
an element, or any combination of elements may be taplemented with a processing
gystem 514 that includes one or more processors 504. For example, the scheduled entity
500 may be a user equipment (UE) as illustrated in any one or more of FiGs. |, 2,
and/or 3.

16081} The processing system 514 may bhe substantially the same as the processing
system 414 illustrated in FIG. 5, including a bus interface 508, a bus 502, memory 505,
a processor 504, and a computer-readable medium 506. Furthermore, the scheduled
entity 500 may include a user interface 512 and a transceiver 510 substantially similar to
those described above in FIG. 5. That is, the processor 504, as utihized in a scheduled
entity 500, may be used to implement any one or more of the processes described and
illustrated in FIGs. 7-13.

16082] In some aspects of the disclosure, the processor 504 may include circuitry
configured to implement one or more of the functions described in relation to FIGs. 7-
13. The processor 504 may include a processing circuit 548, a commumnication circuit
542, and location service {(LCS) circuit 544, The processing ¢ircuit 540 may be
configured to perform various data and signal processing and logic functions that may

be used in wireless commurdecation described heremn. The conupunication circuit 542
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may be configured to perform various communication processes and functions
described herein. The LCS circuit 544 may perform various location services and
ranging operations described herein.

{8083} in one or morc examples, the computer-readable storage medium 306 may
melude software configured to implement one or more of the fimetions deseribed in
relation to FIGs. 7-13. The software may include processing instructions 552,
communication mstructions 554, and location service {LCS) instructions 536, The
processing instructions 552 may configure the processor 504 to perform various data
processing and logic functions that may be used m wireless communication described
herein. The commumnication instructions 554 may configure the processor 504 (o
perform various communication processes and functions described herein. The LCS
mstructions 536 may configure the processor 504 to perform various location services
and ranging operations described herein.

16084} Aspects of the present disclosure are directed to location service (LCS)
support in a wireless communication system and, more particularly, LCS support for
V22X ranging based positioning. V2X ranging based positioning mvolves a group of
devices (e.g., UEs or vehicles) coordinated to achieve positioning using ranging signals.
Identification, control, coordination, and support of V2X positioning is different from
that of other LTS positioning methods, for example, due to ranging signal design and
UE privacy requirements. The network may manage (e.g., schedule, allocate} radio
resources for V2X ranging based positioning operation, but otherwise has limited
mvolvement in the ranging operation between UEs.

16085} In a network that supports V2X ranging based positioning, the network
facilitates the selection of a V2X specific LCS server (e.g., LMF 308) based on, for
example, network slicing or the like. With network shicing, a wireless communication
network may be separated into a plurality of virtual service networks (VSNs), or
network shices, which are separately configured to better suit the needs of different types
of services. In other words, network slicing 1s a form of virtualization that allows
multiple logical networks or services to run on top of a shared physical network
infrastructure. Some wireless commaunication networks may be separated, e.g.,
according to mobile broadband, internet of things (IoT), V2X, and other services. In
some exampies, a V2X slice may be defined in a network for providing V2X related
ranging-based positioning functions. In a next-generation network {e.g., 54 NR}, an

access and mobility management function (AMF) may bind a V2X specific LCS server
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(e.g., an LMF 308 of FIG. 3} based on a V2X shce ID. A UE can indicate its desire or
support for V2X ranging based LCS using non-access straturm (NAS) signaling between
the UE and core network nodes {e.g., AMF and LMF}.

[6086] in a ranging based location service session, a radio access network {e.g., NG-
RAN 306, and n the following description may be referred as RAN) can assist in
ranging 1D mapping and resources allocation. External ID and Internal 1D may be used
to protect the privacy of a UE that participates in a ranging based location service
session and isolate the radio specific resource management from a core network. A
radio access network (RAN} node (e.g., a base station or gNB) may allocate radio
resources for use in V2X ranging and map that to the Intemal ID of the UE. After
mapping to an Internal 1D, the RAN node can collect and forward UE’s V2X
mformation to an LMFE for processing. The LMF may assist in ID management to
facilitate V2X ranging privacy and RAT agnostic operation. In one example, the LMF
can allocate the Internal I for use by the RAN node to achieve RAT independence.
The LMF can use an External 1D to identify a UE in location results to provide privacy
protection of the UE when causing the RAN to announce the results using broadcast or
multicast. In some examples, the RAN node can refine the radio resources allocation
for ranging operation based on a known or estimated location of the UK. For example,
based on the knowledge of the rough position of the UE, e.g., in a sector of the cel, to
the RAN node can decide which resources pool the UE may use to avoid potential
collision or improve on the reception.

16087} An exemplary ranging based LCS session will be described in more detail in
relation to FIGs. 7-10 below.

{6088} FIG. 7 is a diagram #Hlustrating a signaling process 600 of UE registration and
selection of an LTS server in a wireless communication network according to some
aspects of the disclosure. In this example, the signaling process 600 involves a UE 602,
a RAN 604, an AMF 606, and an LMF 608, The AMF 606 and LME 608 may be
compeonents of a core network (e.g., CN 304}, These entities may be similar or the same
to those described and illustrated in FiGs. 1-3. In some examples, the signaling process
600 may be carried out by any suitable apparatus or means for carrying out the functions
or algorithm deseribed below.

{6089} The UE 602 may establish a radio control resource (RRC) connection with the
RAN 604 (c.g., NG-RAN), for example, using a random access procedure. The UE may

mdicate its desire or request for a network slice {e.g., VZX slice) that supports V2X
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ranging based location service (LCS). Such indication can be mcluded in an RRC
message and an NAS message 610 {(e.g., registration request) for UE registration. In
response to the registration request, the RAN 604 sclects an AMF {e.g., selecting AMF
606 m block 611} that can support this VZX network slice (i.e., support VZX ranging
based LCS). The RAN 604 may optionally prepare or aliocate V2X ranging radio
resources (e.g., in block 612} for the UE. Some examples of these radio resources are
time-frequency resources, spatial resources, and coding sequences {e.g., Zadoff-Chuy
(£ sequence and the like). The RAN 604 forwards a UE register message 614 to the
selected AMF. The register message 614 may optionally provide V2X ranging related
mformation, for example, cell ID, cell size, frequencies, etc., encapsulated in a
positioning protocol message (e.g., tilustrated as NPPa (V2X ranging info)) destined for
an LMF via the AMF. In an alternative operation, the RAN may send V2¥X ranging
related information in a container Information Element (IE) in a NAS message {(e.g., N2
message} towards the AMF. In an alternative operation, the V2X ranging related
mformation may contain an Internal 1D proposed by the NG-RAN node (c.g., RAN 604}
cotresponding to the radio resources reserved for the UE.

In response to the register message 614, based on the indicated V2X shce
information, the AMF 606 sclects (e.g., n block 616) an LMF (e.g., LMF 608) that can
support V2X ranging based LCS. Optionally, the AMF 606 may check (e.g., block 618)
whether the UE has a subscription or authorization to use ranging based LCS. Then, the
AMF transmits a request {e.g., Loc session init 620) to the LMF to start a ranging based
location service session. The AMF may forward the VZX ranging related information, if
available, encapsulated in a positioning protocol message (e.g., NPPa (VIX rangimg
ifo)). In an alternative operation, the AMF may send the V2X rangmg related
information in a container IE as part of the interaction between the AMF and LMF.

The AMF 606 may allocate and provide the LMF with an External 1D for
wdentifying the UE during the ranging based location service session. For example, the
External ID can be used in a location result announcement for the UE over the air
mterface in the RAN. Because the location result may be seen by all other UEs in the
RAN, using the External 1D to identify the UE in the location result can hide the UE’s
permanent D from other UEs and the EMF. In some examples, the External ID may be

eplaced with the UE’s permanent 1D when the RAN communicates with the UE using a
poini-to-point {e.g., unicast) and/or secured communication. In some examples, the

network may use the UE’s permanent D to identify the UE in the location result when
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privacy is not a concern or needed. Some examples of permanent 1D are Tnternational
Mobile Subscriber Identity (IMSIE), Subscriber Permanent Identifier (SUPE),
Subscription Concealed Identifier (SUCH), etc. In some aspects of the disclosure, the
AMF 606 may change the UE’s External 1D periodically {e.g., every 5 minutes) or
aperiodically to reduce the possibility that the UE could be tracked by other users in the
network. The AMFE 606 can mamtain the External 1D as long as the UE is registered
with VZ2X ranging support. The AMF may remove or reassign the External 1D when the
UE deregisters or disables V2X ranging based LCS. The External 1D can be carried
within a UE context across AMFs, and can be updated based on AME’s decision. In
some examples, the UE may at least partially control the External 1D that may be used
to identify the UE. For example, the UE may provide the network a key or certificate
during registration for location service that may be used to determine or authenticate the
External ID.

18092} The LMF 608 may allocate an Internal 1D for identifying the UE duning the
ranging based location service session. The Internal ID is used in communication
between the RAN 604 and the LMF 608 using a positionmg protocol. A RAN node
{(c.g., a base station or gNB) can use the Internal 1D to identify the UE to the LMF as
long as the UE is within the RAN node’s coverage. In somc exanples, the LMF can
update or change the Internal ID after a predeternuned period of time whether or not the
UE remains in the RAN node’s coverage. The Internal ID may change less or more
frequently than the External ID. The LMF 608 may allocate the Internal ID when
ranging based LCS 15 activated for the UE. The LMF 608 can update the Internal iD
when the UE changes its RAN node or RAN area. For example, the LMF 60¥ can
allocate a new Internal D when the UE communicates with a new RAN node {e.g.,
gNB}. The LMF may deallocate the Internal D when the UE moves out of the arca of a
RAN or to another radio access technology (RAT).

[6093] in response to the AMF message (e.g., Loc session it roessage 620), the LMF
608 transmits an acknowiedgment message (e.g., Loc session mit ACK 621} to the
AMEF, for example, ncluding the Intemal 1D and/or External ID. The LMF may
encapsulate the External ID i a positioning protocol message (e.g., NPP (ID-Ext.))
destined for the UE. The External ID may be used in direct ranging report from the UEs
and location result announcement to the UEs. The LMF may encapsulate the Internal D
in a positioning protocol message (e.g., NPPa (ID-int.)) destined for the RAN. The

AMF 606 forwards the LMF’s message in an acknowledgment message {(e.g., NAS
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Register ACK 622), for example including the NPP and NPPa that contain External {D
and Internal ID, to the RAN 604, Then, the RAN forwards the NPP message containing
the External 1D to the UE. The RAN may allocate radio resources accordingly to the UE
for ranging use, and associate the radio resources with the Internal 1D indicated by the
LMF. The RAN may send the radio resource allocation and NPP message that contans
the External 1D to the UE in a registration response {¢.g., a non-access stratum (NAS)
Register ACK 624) carried by an RRC message. In some examples, the AMF may
forward the NPP message that containg the External 1D to the UE as a separate NAS
message, instead of piggybacking on the registration response 624.

[6694] FIG. 8 is a diagram illustrating a signaling process 700 of a ranging based
location service n a wireless communication network according to some aspects of the
disclosure. In this example, the signaling process 700 involves a UE 702, a RAN 704,
an AMFE 706, and an LMF 708. The AMF 706 and LMF 708 may be components of a
core network {e.g., CN 304). These entities may be similar to those described and
illustrated in FiGs. 1-3. In one example, these network entities are the same as those
illustrated in FIG. 7. In some examples, the signaling process 700 may be carried out by
any suitable apparatus or means for carrying out the functions or algorithm deseribed
below.

[8095] The UE 702 may be m an RRC comnected mode with the RAN 704 and can
report its ranging results to the RAN 704 (e.g., a NG-RAN node, gNB, eNB, base
station) using an RRC connection. For example, the UE may report the ranging results
m an RRC based ranging report 710 that includes, for example, a list of time of arrival
{(TOA) data, sequence 1D, and radio resource index. The ranging report 710 may be
called a radio resource based ranging report. The TOA data may include the measured
TOA of a ranging signal sent by other UEs (e.g., UEL, UE2, UE3 in FIG. 4) using the
ranging radio resources and ZC sequences allocated to other UEs and indicated by a
sequence D and radio resowrce index. The radio resource index may indicate a
ubframe number and a symbol number. In one example, there may be 16 subframes
with 14 symbols in cach subframe. Because the RAN node knows the mapping berween
the Internal 1D and radio resources allocated to the UE 702 for ranging operation, at
block 712, the RAN node can convert the radio resource based ranging report to an
Internal 1D based report. That is the ranging report can be identified by the Intemnal ID.
For example, the Imternal 1D based report may comtain a list of TOA data and

corresponding Internal 1D, While FIG. ¥ only illustrates one UE 702, the RAN node and
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LMF may receive multiple ranging reports from different UEs m the same arca covered
by the RAN node. The RAN node 704 may aggregate multiple reports from different
UEs and send them to the LMF together in one report message.

[6096] The RAN node 704 transmits the Internal 1D based report 714 to the LMF 708
via the AMF 706. For example, the RAN can encapsulate the measurement results in a
posttioning protocol message {e.g., NPPa (measurement results)) destined for the LMF,
Then AMF forwards the message to the LMF as a location determination request {(e.g.,
Loc Request 716). With the measurement results, the LMF can calculate, at block 717,
the location rvesults and send it back to the AMF m a location determination response
{e.2., Loc Response 718). Then, the AMF routes the location results to the RAN 704,
The LMF can encapsulate the Jocation results in a positioning protocol message {¢.g.,
NPPa (location results)) destined for the RAN node. The AMF forwards the NPPa
{(location results) 720 to the RAN without knowing the contents of the location results.
The RAN can send the focation results 722 dedicated to a single UE or a group of Uls
using a dedicated RRC message, cell broadcast, or single cell point-to-multipoint (5C-
PTM) transmission. In some aspects of the disclosure, the LMF may cause the RAN to
use multimedia broadcast nulticast services (MBMS) 724 to send the results to a group
of UEs within a group of cells including the RAN 704. In some examples, the LMF can
specify the cells that broadeast the results using an MB2 or xMB interface or the hike to
an MBMS system. In some examples, the LMF may associate the location results with
External 1Ds such that no other UEs can determine the association between the location
results 722 and the target UE.

16097} FIG. 9 i a diagram ilostrating a signaling process 800 of a ranging based
location service in a wireless communication network according to some aspects of the
disclosure. In this example, the signaling process 800 involves a UE 802, a RAN
including a target RAN node 804 and a source RAN node 805, an AMF 8§06, and an
LMF 808. The AMFE 806 and LMF 808 may be components of a core network {e.g., ON
304). These entities may be similar to those described and illustrated in FIGs. 1-3. In
one example, these network entities are the same as those illustrated in FIGs. 7 and 8. In
some examples, the signaling process 800 may be carried out by any suitable apparatus
or means for carrying out the functions or algorithm described below.

[6698] In this example, the UE 802 was in an RRC inactive mode, and it may have
moved to a new coverage area, sector, or cell of a different RAN node (ic., from a

source RAN nede to a target RAN node) within the same RAN area. Therefore, when
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the UE 802 transmits its ranging report 810 to the RAN, the ranging report may be
received by a target RAN node 804 that is different from the original RAN node (e, a
source RAN node 805) that started a ranging based location service session as described
above in relation to FIG. 7. In this case, the UK transitioned or switched from the source
RAN 1o the target RAN. In some examples, the RAN nodes may be base stations, eNBg,
or gNBs. The target RAN node 804 can forward the ranging report 812 to the source
RAN node 805 and inchide the target RAN node’s own ID {e.g., cell ID) so that the
LMF knows how to send the location results back to the target RAN node.

1809%1 Stmilar to the processes described n relation to FIG. &, the source RAN node
805 maps the ranging report to an Internal [D based ranging report, and transmits the
report 814 to the AMEF 806. Then, the AMF 806 forwards the reports 814 to the LMF
808. The RAN node may encapsulate the ranging report 814 in a positioning protocol
message {(e.g., NPPa (mweasurement results)} destined for the LME. The AMF may
forward the message to the LMF in a location determination request 814.

16306 In some aspects of the disclosure, the target RAN node 804 can obtain the
Internal 1D to radio vesources mapping information from the source RAN node, and
maps the ranging report to an Internal 1D based ranging report.

[61G1] With the UE’s ranging based measurement results, the LMF 808 can calculate,
at block 815, the location of the UE and send the location results back to the UE via the
AMEF and RAN. For example, the LMF 808 can transmit a location response 816
including the location results encapsulated in a positioning protocol message (e.g., as
NPPa (location results)) destined for the RAN. The AMF forwards the results 218 to the
RANM. When the RAN sends the location results 820 dedicated to the UE 802 using
wireless compuunication, the location resulis may be protected using an External ID hike
that described in relation to FI(Gs. 7 and & above, so that the UE’s location cannot be
tracked by other users that may receive the location results. Different from the process
described in relation to FIG. 8, the LMF 808 sends the location results back to the target
RAN node 804, not the source RAN node 805. The target RAN node 804 may aliocate
new radio resources 822 to the UE 802 so that the UE can perform ranging operation in
an arca covered by the target RAN node. In some aspects of the disclosure, the target
RAN node can feteh the UE context from source RAN node when it receives the
ranging repott in 810, This way, the target RAN node can perform the conversion of the

ranging report to an Internal HY based report and send it directly to the AMY. The
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operations performed by the AMF 806 and LMF 808 are substantially similar or
identical to those described above in relation to FIG. 8.

[6162) In some aspects of the disclosure, instead of forwarding the location results to
the target RAN node, the LMF can cause the RAN to broadcast or multicast the location
results, for example, using MBMS broadcast or the hike.

[3103] FIG. 10 i3 a diagram illustrating a signaling process 900 of a ranging based
location service in a wireless communication network according to some aspects of the
disclosure. In this example, the signaling process 900 involves a UE 902, a RAN 904,
an AME 906, and an LMF 90X, These entities may be similar to those described and
ihustrated in FIGs. 1-3. In one example, these network entities are the same as those
illustrated in FiGs. 7-9. {n some examples, the signaling process 900 may be carried out
by any suitable apparatus or means for carrying out the functions or algorithm described
below.

[6304] In this example, the UE 902 is in an RRC idle mode {i.e., no active RRC
connection}, and the RAN 904 has no UE context for the UE 902 yet. Therefore, the UE
may identify its ranging report with the radio resources used and its External 1D that is
assigned by the AMF 906. The UE 902 transmits a ranging report 910 with its External
ID encapsulated in a NAS message to the RAN 904, For example, the UE may
encapsulate and transmit the ranging report 910 in a positioning protocol message (e.g.,
NPP (Ranging report, External-ID}), which is imdicated to be routed to the LMF 908.
The RAN 904 routes the NPP message 912 to the AMF 906 that further routes the NPP
message 914 to the LMF 908, With the ranging report, the LMF 908 can determine the
UE’s location based on the UE’s ranging report.

[6105] When the UE 902 is in the idle mode, the UE can use its External 1D, cell 1D,
and/or tracking arca identity (TAI) to derive the resources for ranging operation. In one
example, the UE may apply a hash function over the External 1D, Cell 1D or TAL its
own antenma {0 or any combination thereof, and use the output of the hash function to
select the parameters {e.g., ZC Sequence ID and a resource Index) for ranging operation.
In some examples, the UE may select the radio resources within a resource pool
reserved for IDLE mode UE ranging operation by the network. For example, the RAN
may amounce the resource pool in a system information block (8B}, or the base station
{e.g., gNB} may configure the resource pool when the UE was in a CONNECTED
mode. In some examples, the radio resources may be configured via a provisioning

mechanism (e.g., Open Mobile Alliance {OMA) Device Management (DM), or UE
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Policy configuration), or preconfigured on the UE or UMTS Suobscriber {dentify
Module. The UE 902 may send the report to the LMF 908 via the RAN 904 and AMF
806 without entering into an RRC connected mode.

183106] Based on the ranging report, the LMF can calculate the UE’s location results at
block 915, The LMF may send the location results to the AMF in a location response
816. The location results may be encapsulated in a positioning protocol message (e.g.,
NPPa {(Location results)) destined for the RAN. The AMF can forward the results 918 to
multiple RAN nodes (e.g., a source RAN node and a target RAN node). Then, the RAN
can send the location results 920 dedicated to the UE using wircless communication.
The location results may be indexed using an External 1D like that described in relation
to FIGs. 7 and 8 above, so that the UE’s location cannot be casily tracked by other users
that moay receive the location results 920 because the External 1D changes frequently so
tracking users for a long pericd of time s difficult. In some examples, the RAN may
broadcast the location results to the UE using MBMS or the like.

16307} In one example, the UE 902 may have moved to a new arca covered by a target
RAN node. In that case, the target RAN node may allocate new radio resources 822 to
the UE so that the UE can perform ranging operation in the area covered by the new
RAN node.

{6168 FIG. 11 is a flow chart illustrating a process 1000 for allocating ranging radio
resources in accordance with some aspects of the present disclosure. The process 1000
may be performed by the RAN described above in relation to FIGs 7-10. In some
aspects of the disclosure, the RAN can progressively refine the radio resources allocated
to the UE for ranging based location service. At block 1002, the RAN can first allocate
radio resources to UEs using a resource pool that is used for ranging by all UEs in a cell
or RAN area. At block 1004, the RAN determines the UE location results based on
UE’s ranging report. At block 1006, once a UE’s location is known or estimated, the
RAN can improve radio resources management by allocating ranging resources that are
specific or exclusive to a smaller area {e.g., a sector or zone within the cell or RAN
coverage arca). By allocating resources for a smaller arca, it is possibie to rcuse
resources in different areas of a cell or RAN area. In some cxamples, the LMF can
iform the RAN regarding the UE’s location as part of the Internal ID operation.

[6169] FIG. 12 is a flow chart illustrating an exemplary process 1100 of a ranging based
location service session in accordance with some aspects of the present disclosure. As

described below, some or all illustrated features may be omitted in a particular
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implementation within the scope of the present disclosure, and some illustrated features
may not be required for mmplementation of all embodiments. In some examples, the
process 1100 may be carried out by the scheduling entity 4060 iHustrated in FIG. 5. In
some examples, the process 1100 may be carried out by any suitable apparatus or means
for carrying out the functions or algorithm described below. Tn one example, the process
1100 may be carried out by one or more nodes of a radio access network (RAN) and/or
a core network.

16116] At block 1102, a RAN node may use a communication circuit 442/transceiver
410 (see FIG. 4) to receive a registration request from a UE. The registration request
may indicate that the UE can support a ranging based location service session. For
example, a RAN node 306 (e.g., gNB) may receive the registration request (e.2., NAS
register 610) from the UE as described in relation to FIG. 7. The comnection request
may send a registration message included in a non-access stratum (NAS) message

~
¥
L

destined for a core network node, for example, an access and mobility management
function {(AMF}) 305, In the ranging based location service secssion, a location
manageroent function (LMF) of a core network can be selected to determine the location
of the UE using various positioning methods assisted by ranging data provided by the
UE.

{8511} At block 1104, the RAN node may use an LCS circuit 444 (see FIG. 4) to
allocate radio resources to the UE for performing a ranging operation. The ranging
operation may imvolve measuring and/or determining the distances between pairs of
UEs among a plurality of UEs using ranging signals transmitted by the UHs. Some non-
hmiting examples of radio resources are time-frequency resources and sequences (e.g.,
Zadoff-Chu (ZC) sequence} for transmitting ranging signals.

(6112 At block 1106, the RAN node may use the communication circuit
4472 /transceiver 410 to transmit or forward a message based on the registration request
to the AMF configured to select an LMF that supports the ranging based Jocation
service session. For example, the AMF 305 may select the LMF 308 that is configured
to determine a location result of the UE based on the ranging operation. In some
examples, the LMF may determine the location of the UE using ranging reports
recetved from different UEs in an area served by the same RAN node. The RAN node
may provide ranging mformation to the LMF in a positioning protocol message {e.g.,

NPPa (VZX ranging info))} destined for the LMF.
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(6113} At block 1108, the RAN node may use the LUS circuit 444 to provide the UE
with an External ID determined by the AMF for identifying a location result of the UE
transmitted in the RAN. The location result may be determined by the LMF based on
the results of the ranging operation from one or more UEs. Using the External 1D in
association with the location result may protect the identity of the UE from other UEs.
In some examples, the External 1D may be updated from time to time or periodically by
the AMF to reduce the chance that the UE could be tracked beyond short periods of
time by other users.

(6184} At block 11106, the RAN wpode may use the communication circuit
442 /transeetver 410 to receive an Internial 1D for identifying nformation, associated
with the UE, between the RAN node and the LMF during the ranging based location
service session, Stmilar to the Internal 1D described in relation to FIGs. 7-10, the LMF
can allocate the Internal ID for use by the RAN node to achieve RAT independence.

[6115] At block 1112, the RAN node may use the LCS circuit 444 to allocate radio
resources, associated with the imternal 1D, to the UE for performing the ranging
operation involving a plurality of devices meluding the UE. At block 1114, the RAN
node may use the LCS circuit 444 to inform the UE of the allocated radio resources for
the ranging operation. For exanmple, the RAN node may use the coranunication circuit
442/transceiver 410 to fransmit a message to UE, the message indicating the allocated
radio resources for the ranging operation.

18216} FIG. 13 is a flow chart illustrating an exemplary process 1200 of a ranging based
location service session i accordance with some aspects of the present disclosure. As
described below, some or all illustrated features may be omitted in a particular
mmplementation within the scope of the present disclosure, and some illustrated features
may not be required for implementation of all embodiments. In some examples, the
process 1200 may be carried out by the scheduled entity 500 iHustrated in FIG. 6. In
some examples, the process 1200 may be carried out by any suitable apparatus or means
for carrying out the functions or algorithm described below. In one example, the process
1200 may be carried out hy the UE described m relation to FiGs. 1-4 and 7-10.

(6117} Atblock 1202, a UE uses a comnummication civeuit 542/ransceiver 510 (see FIG.
53 to transmit a registration request to a radio access network (RAN), indicating that the
UE supports a ranging based location service session. I one example, the registration
request may include a registration message 610 in a NAS message destined for an AMF,

similar {o that described m FIG. 7. At block 1204, the UE may use the communication
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circuit 542/transceiver S10 to receive an allocation of radio resources for performing a
ranging operation. For example, the RAN node {e.g., a base station or gNB) may
allocate the UE with certain time-frequency resources and sequences {(e.g., ZC
sequence) for performing V2X ranging operation.

[B1E8] At block 1206, the UE may use the communication cirquit 542/transceiver 510
te receive an External ID allocated by a core network, for example, a mobility
management function (AMF}. The External 1D identifies a location result of the UE
determined by a LMF based on measurement results of the ranging operation. At block
1208 the UE may use the communication circuit 542/transceiver S10 to receive the
location result generated by the core network, for example, a location management

function (LMF) for the ranging based location service session. The UE may use an LCS
circuit 444 to dentify its location result using s External 1D, In some examples, the
LMF allocates and transmits the BExternal 1D to the UE via the AMF and RAN in a
positioning protocol message (¢.3., NPPa (Location results)) destined for the UE. The
External 1D can protect the identity of the UE when ifs location result 15 transmitted in
the RAN, for example, as a broadcast message that could be received by other users as
well.

16119) in one configuration, the apparatus 400 and/or 500 for wircless communication
meludes various means configured to perform the functions and processes described in
relation to FIGs. 1-13. In another aspect, the aforementioned means may be a circuit or
any apparatus configured to perform the functions recited by the aforementioned means.

16326 in one aspect of the disclosure, a RAN node includes a communication circuit
442 ftranseeiver 410 that provides the means for receiving a registration request from a
UE, indicating that the UE supports a ranging based location service session. The
communication circuit 442/transceiver 410 further provides the means for receiving an
internal 1D for identifying information associated with the UE in communication
between the first RAN node and a core network during the ranging based location
service session. The RAN node includes an LCS circuit 444 that provides the means for
allocating radio resources to the UE for performing a ranging operation in the ranging
based location service session involving a phlurality of devices including the UE, and
associating the radio resources with the internal 1D, The LCS circuit 444 may provide
the means for providing a registration response to the UE, indicating the allocated radio

resources for performing the ranging operation.
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(6121} In one aspect of the disclosure, a UE inchides a communication circuit
542/transceiver 510 that provides the means for transmitting a registration request to a
RAN, indicating that the UE supports a ranging based location service session. The
communication circuit 542/transceiver 510 may provide the means for receving, from
the RAN, an allocation of radio resources for performing a ranging operation m the
ranging based location service sesston. The LCS circuit 544 may provide the means for
performing the ranging operation to generate location results. The communication
circuit 542/transceiver 510 may provide the means for receiving an external identifier
(D) from the RAN, the external 1D allocated by a core network for identifying a
location result of the UE based on the ranging operation. The communication circuit
542 /transceiver 510 may provide the means for receiving the Jocation result generated
by the core network in the ranging bascd location service session, the location result
being identified by the external ID associated with the UE. The UE may use the LCS
circuit 544 as the means for identifying the location result using the external 1D.

16122} Of course, in the above examples, the circuitry mchided in the processor
404/504 18 merely provided as an example, and other means for carrying out the
described functions may be included within various aspects of the present disclosure,
including but not limited to the instructions stored in the coroputer-readable storage
medium 406/506, or any other suitable apparatus or means described in any one of the

FiGs. 110, and utilizing

pa

for example, the processes and/or algorithms described herein
i relation to FIGs. 7-13.

163123) Several aspects of a wireless communication network have been presented with
reference to an cxemplary implementation. As those skilled i the art will readily
appreciate, various aspects described throughout this disclosure may be extended to
other telecommunication systems, network architectures and comnwunication standards.

18324} By way of example, various aspects may be implemented within other systems
defined by 3GPP, such as Long-Term Evolution (LTE), the Evolved Packet System
(EPS), the Universal Mobile Telecommunication System (UMTS), and/or the Global
System for Mobile {(G5M). Various aspects may also be extended to systems defined by
the 3rd Generation Partpership Project 2 (3GPP2), such as CDMAZO00 and/or
Evolution-Data Optimized (EV-DQO). Other examples may be implemented within
systems employing IEEE 802.11 {(Wi-Fi}, IEEE 802.16 (WiMAX), IEEE 802.20, Ultra-
Wideband (UWB), Bluctooth, and/or other suitable systems. The actual

telecommmunication standard, network architecture, and/or communication standard
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employed will depend on the specific application and the overall design constramts
imposed on the system.

18125] Within the present disclosure, the word “exenplary” is used {0 mean “serving as
an example, instance, or ihustration.” Any implementation or aspect described herein as
“exemplary” is not necessarily to be construed as preferred or advantageous over other
aspects of the disclosare. Likewise, the term “aspects” does not require that all aspects
of the disclosure include the discussed feature, advantage or mode of operation. The

3

term “coupled” is used herein to refer to the direct or indirect coupling between two
objects. For example, if object A physically touches object B, and object B touches
object C, then objects A and C may still be considered coupled to one another—even if
they do not directly physically touch each other. For instance, a first object may be
coupled to a second object even though the first object i3 never directly physically in

contact with the second object. The terms ¢

<

circuit” and “circuitry” are used broadly, and
ntended to include both bardware implementations of clecirical devices and conductors
that, when connected and configured, enable the performance of the functions described

in the present disclosure, without lunttation as to the type of electromic circuits, as well
p 2

7]

d

» software implementations of mformation and nstractions that, when executed by a

3

processor, enable the performance of the functions described in the present disclosure.

[8126] One or more of the components, steps, features and/or functions illustrated 1o
FiGs. 112 may be rearranged and/or combined mto a single component, step, feature
or function or embodied in several components, steps, or functions. Additional
clements, components, steps, and/or functions may also be added without departing
from wovel features disclosed herein. The apparatus, devices, and/or components
ithustrated in FIGs. 1-12 may be configured to perform one or more of the methods,

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

6127} it is to be understood that the specific order or hierarchy of steps in the methods
disclosed is an illustration of exemplary processes. Based upon design preferences, it is
understood that the specific order or hierarchy of steps in the methods may be
rcarranged. The accompanying method claims present elements of the various steps in a
sample order, and are not meant to be Hmited to the specific order or hierarchy
presented unless specifically recited therein.

16128] The previous description is provided to cnable any person skilled m the art o

practice the various aspects described herein. Various modifications to these aspects
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will be readily apparent to those skilled 1 the art, and the generic principles defined
herein may be applied to other aspects. Thus, the claims are not intended to be limited to
the aspects shown herein, but are to be accorded the full scope consistent with the
language of the claims, wherein reference to an element in the singular is not intended
to mean “one and only one” unless specifically so stated, but rather “one or more.”
Unless specifically stated otherwise, the term “some” refers to one or more. A phrase
referring to “at lcast one of” a list of items refers to any combination of those items,

4

mcluding single members. As an exanple, “at least one of: a, b, or ¢” is mtended to
cover: a; b; c;aand b; a and ¢; b and ¢; and a, b and ¢. Al structural and functional
equivalents to the elements of the various aspects described throughout this disclosure

that are known or later come to be known to those of ordinary skill in the art are

o

expressly incorporated herein by reference and are intended to be encompassed by the
claims. Moreover, nothing disclosed herein is intended to be dedicated to the public

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

1. A method of providing a location service at a radio access network (RAN) comprising a first
RAN node in wireless communication, comprising: receiving a request from a user equipment
(UE), indicating that the UE supports a ranging based location service session; receiving an
internal identifier (ID) allocated by a core network for identifying information, associated with
the UE, between the first RAN node and the core network during the ranging based location
service session; allocating radio resources, associated with the internal 1D, to the UE for
transmitting a ranging signal in a ranging operation in the ranging based location service session
involving a plurality of devices including the UE; and transmitting a response to the UE,
indicating the radio resources allocated for performing the ranging operation.

2. The method of claim 1, further comprising: forwarding the request to a core network entity in
the core network, the core network entity configured to select a location management function
(LMF) in the core network that supports the ranging based location service session; and
transmitting a message to the UE, indicating an external identifier (ID) determined by the core
network entity for identifying a location result of the UE transmitted by the RAN.

3. The method of claim 2, further comprising: receiving, from the UE, a resource based ranging
report generated by the ranging operation, the resource based ranging report comprising ranging
results indexed by radio resources allocated to the plurality of devices; converting the resource
based ranging report to an internal ID based ranging report, the internal ID based ranging report
comprising the ranging results indexed by internal IDs associated with the plurality of devices;
and transmitting the internal 1D based ranging report to the LMF.

4. The method of claim 3, further comprising: receiving the location result from the LMF; and
transmitting, to the UE, the location result identified by the external ID.

5. The method of claim 3, wherein the receiving the resource based ranging report comprises:
receiving the resource based ranging report at a second RAN node; and forwarding the resource
based ranging report to the first RAN node that originally received the request from the UE.

6. The method of claim 3, further comprising: receiving, at a second RAN node included in the
RAN, the resource based ranging report; and receiving, at the second RAN node, internal 1D to
radio resources mapping information from the first RAN node for converting the resource based
ranging report to the internal ID based ranging report.

7. The method of claim 2, further comprising: receiving, from the UE in an idle mode, a resource
based ranging report generated by the ranging operation, the resource based ranging report
encapsulated in a positioning protocol message comprising the external 1D of the UE; and
transmitting the positioning protocol message including the resource based ranging report to the
LMF.
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8. The method of claim 7, further comprising: receiving, from the LMF, a positioning protocol
message comprising the location result; and transmitting the location result, identified by the
external 1D, to the UE.

9. The method of claim 1, further comprising: receiving an internal ID update from the core
network in response to the UE transitioning from the first RAN node to a second RAN node of
the RAN.

10. The method of claim 1, wherein the allocating radio resources comprises: allocating first
radio resources to the UE for performing the ranging operation in a first area; and allocating,
based on a location result determined using the first radio resources, second radio resources to
the UE for performing the ranging operation in a second area that is smaller than the first area.

11. A method of operating a user equipment (UE) in a communication network, comprising:
transmitting a request to a radio access network (RAN), indicating that the UE supports a ranging
based location service session; receiving, from the RAN, an allocation of radio resources for
transmitting a ranging signal in a ranging operation in the ranging based location service session;
receiving an external identifier (ID) from the RAN, the external ID allocated by a core network
for identifying a location result of the UE based on the ranging operation; and receiving the
location result generated by the core network in the ranging based location service session, the
location result being identified by the external ID associated with the UE.

12. The method of claim 11, further comprising: performing the ranging operation to generate a
ranging report; and transmitting the ranging report to the RAN, the ranging report comprising at
least one of time of arrival (TOA) data, a sequence ID, or a radio resource index associated with
the ranging operation.

13. The method of claim 12, further comprising encapsulating the ranging report in a positioning
protocol message destined for a location management function (LMF) in the core network, the
LMF configured to determine the location result based on the ranging report.

14. The method of claim 12, wherein the transmitting the ranging report comprises transmitting
the ranging report while the UE is in a radio resource control (RRC) idle mode with no active
connection with the RAN.

15. The method of claim 12, further comprising encapsulating the ranging report and the external
ID in a positioning protocol message.

16. The method of claim 11, wherein the receiving the location result comprises: receiving a
dedicated message to the UE comprising the location result; or receiving a broadcast message
comprising the location result.
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17. The method of claim 11, further comprising: transmitting the request to a first RAN node of
the RAN; and receiving the location result from a second RAN node of the RAN, different from
the first RAN node.

18. The method of claim 17, further comprising: receiving an allocation of radio resources from
the second RAN node for performing the ranging operation.

19. The method of claim 11, further comprising: transmitting the request to a first RAN node of
the RAN; transitioning from the first RAN node to a second RAN node of the RAN; and
transmitting a ranging report to the second RAN node.

20. A first radio access network (RAN) node of a radio access network, comprising: a
communication interface configured for wireless communication; a memory; and a processor
operatively coupled to the communication interface and the memory, wherein the processor and
the memory are configured to: receive a request from a user equipment (UE), indicating that the
UE supports a ranging based location service session; receive an internal identifier (ID) allocated
by a core network for identifying information, associated with the UE, between the first RAN
node and the core network during the ranging based location service session; allocate radio
resources, associated with the internal 1D, to the UE for transmitting a ranging signal in a ranging
operation in the ranging based location service session involving a plurality of devices including
the UE; and transmit a response to the UE, indicating the radio resources allocated for
performing the ranging operation.

21. The first RAN node of claim 20, wherein the processor and the memory are further
configured to: forward the request to a core network entity in the core network, the core network
entity configured to select a location management function (LMF) in the core network that
supports the ranging based location service session; and transmit a message to the UE, indicating
an external identifier (ID) determined by the core network entity for identifying a location result
of the UE transmitted by the RAN.

22. The first RAN node of claim 21, wherein the processor and the memory are further
configured to: receive, from the UE, a resource based ranging report generated by the ranging
operation, the resource based ranging report comprising ranging results indexed by radio
resources allocated to the plurality of devices; convert the resource based ranging report to an
internal ID based ranging report, the internal ID based ranging report comprising the ranging
results indexed by internal 1Ds associated with the plurality of devices; and transmit the internal
ID based ranging report to the LMF.

23. The first RAN node of claim 22, wherein the processor and the memory are further
configured to: receive the location result from the LMF; and transmit, to the UE, the location
result identified by the external 1D.

24. The first RAN node of claim 22, wherein the processor and the memory are further
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configured to: receive the resource based ranging report that is forwarded by a second RAN node
of the radio access network.

25. The first RAN node of claim 24, wherein the processor and the memory are further
configured to: transmit mapping information to the second RAN node that received the resource
based ranging report, for mapping the resource based ranging report to an internal ID based
ranging report.

26. The first RAN node of claim 21, wherein the processor and the memory are further
configured to: receive, from the UE in an idle mode, a resource based ranging report generated
by the ranging operation, the resource based ranging report encapsulated in a positioning
protocol message comprising the external 1D of the UE; and transmit the positioning protocol
message including the resource based ranging report to the LMF.

27. The first RAN node of claim 26, wherein the processor and the memory are further
configured to: receive, from the LMF, a positioning protocol message comprising the location
result; and transmit the location result, identified by the external ID, to the UE.

28. The first RAN node of claim 20, wherein the processor and the memory are further
configured to: receive an internal ID update from the core network in response to the UE
transitioning from the first RAN node to a second RAN node of the RAN.

29. The first RAN node of claim 20, wherein the processor and the memory are further
configured to: allocate first radio resources to the UE for performing the ranging operation in a
first area; and allocate, based on a location result determined using the first radio resources,
second radio resources to the UE for performing the ranging operation in a second area that is
smaller than the first area.

30. A user equipment (UE) in a communication network, comprising: a communication interface
configured for wireless communication; a memory; and a processor operatively coupled to the
communication interface and the memory, wherein the processor and the memory are configured
to: transmit a request to a radio access network (RAN), indicating that the UE supports a ranging
based location service session; receive, from the RAN, an allocation of radio resources for
transmitting a ranging signal in a ranging operation in the ranging based location service session;
receive an external identifier (ID) from the RAN, the external ID allocated by a core network for
identifying a location result of the UE based on the ranging operation; and receive the location
result generated by the core network in the ranging based location service session, the location
result being identified by the external ID associated with the UE.

31. The UE of claim 30, wherein the processor and the memory are further configured to:
perform the ranging operation to generate a ranging report; and transmit the ranging report to the
RAN, the ranging report comprising at least one of time of arrival (TOA) data, a sequence ID, or
a radio resource index associated with the ranging operation.
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32. The UE of claim 31, wherein the processor and the memory are further configured to:
encapsulate the ranging report in a positioning protocol message destined for a location
management function (LMF) in the core network, the LMF configured to determine the location
result based on the ranging report.

33. The UE of claim 31, wherein the processor and the memory are further configured to:
transmit the ranging report while the UE is in a radio resource control (RRC) idle mode with no
active connection with the RAN.

34. The UE of claim 31, wherein the processor and the memory are further configured to:
encapsulate the ranging report and the external ID in a positioning protocol message.

35. The UE of claim 30, wherein the processor and the memory are further configured to: receive
a dedicated message to the UE comprising the location result; or receive a broadcast message
comprising the location result.

36. The UE of claim 30, wherein the processor and the memory are further configured to:
transmit the request to a first RAN node of the RAN; and receive the location result from a
second RAN node of the RAN, different from the first RAN node.

37. The UE of claim 36, wherein the processor and the memory are further configured to: receive
an allocation of radio resources from the second RAN node for performing the ranging
operation.

38. The UE of claim 30, wherein the processor and the memory are further configured to:
transmit the request to a first RAN node of the RAN; transition from the first RAN node to a
second RAN node of the RAN; and transmit a ranging report to the second RAN node.



