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DEVICES AND METHODS FOR FACILITATING OPTIMIZATION OF
PUBLIC LAND MOBILITY NETWORK CONFIGURATION FOR A KYSTEM
INFORMATION BLOCK

CROSS-REFERENCE TO RELATED APPLICATION(S)
[8601] This application claims priority to and the benefit of non-provisional patent
application no. 16/351,612 filed in the United States Patent and Trademark Office on
March 12, 2019, provisional patent application no. 62/642,981 filed in the United States
Patent and Trademark Office on March 14, 2018, as well as priority to and the benefit of
provisional patent application no. 62/666,052 filed in the United States Patent and
Trademark Office on May 2, 2018, with the entire content of each disclosure
mcorporated herein by reference as if fully set forth below in its entivety and for all

applicable purposes.

TECHNICAL FIELD
[8002] The technology discussed below relates generally to wireless communication
systems, and more particularly to methods and devices for facilitating optimization of
public land mobility network (PLMN) configuration in broadcast signaling in a wireless

communication system.

INTRODUCTION

[8003] Wiucless conununications systems are widely deployed to provide various
types of communication content such as voice, video, packet data, messaging,
broadcast, and so on. These systems may be accessed by various types of devices
adapted to facilitate wireless communications, where multiple devices share the
avatlable system resources (e.g., time, frequency, and power).

18604} As the demand for mobile broadband access contimies to mcrease, research
and development contine to advance wireless communication technologies not only to
meet the growing demand for mobile broadband access, but to advance and enhance the
user experience with mobile communications. For example, the third generation
partnership project (3GPP) is an orgamization that develops and maintains
telecommunication standards for fourth generation (4G) long-term evolution (LTE)
networks.  Recently, the 3GPP has begun the development of a next-generation

evolution of LTE called New Radio (NR), which may correspond to a fifth gencration
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(5G) network. As it stands today, 5G NR networks may exhibit a higher degree of
flexibility and scalability than LTE, and are envisioned to support very diverse sets of
cquirements. In some instances, it may be desirable that one or more of the
improvements obtained in 5G NR be applicable to other multi-access technologies and

the telecommunication standards that employ these techmologies.

BRIEF SUMMARY OF SOME EXAMPLES

18605] The following presents a simphified 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 is intended 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 some concepts of one or more aspects of the disclosure in a simplified form as a
prefude to the more detailed description that is presented later.

16666] Various cxamples and implementations of the present disclosure facilitate
optimization of public land mobility network (PLMN) configuration in broadcast
signaling in a wireless communication system. According to at least one aspect of the
disclosure wireless comumunication devices are disclosed. In at least one cxample,
wireless communication devices may include a transceiver, a rmoemory, and a processor
coupled to the transceiver and the memory. The processor may be adapted to make a
determination for cach of a first public land mobile network (PLMN) configuration
directed towards PLMNs configured to connect with a first type of core network, and a
second PLMN configuration divected towards PLMNs configored to connect with a
second type of core network. At least one parameter may be identified having a
common identifier between a hybrid PLMN and a different PLMN. Here, the hybrid
PLMN can be configured to connect with each of the first type of core network and the
second type of core network, and the hybrid PLMN and the different PLMN are histed in
different ones of the first PLMN configuration and the second PLMN configuration. An
mclusion of the common identifier is then limited to one of the first PLMN
configuration ot the second PLMN configuration by utilizing at least one index. Each
of the first PLMN configuration and the second PEMN configuration are then
transmitted to at least one user equipment.

[8007] Additional aspects of the present disclosure include methods operational on a

wireless communication device and/or means for performing such methods. According
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to at least one example, such methods may include determining each of a first PLMN
configuration and a second PLMN configuration. The first PLMN configuration may
be directed towards PLMNSs configured to connect with a first type of core network, and
the second PLMN configuration may be directed towards PLMNs configured to connect
with a second type of core network. At least one parameter may be identified having a
common identifier between a hybrid PLMN and a different PLMN, where the hybrid
PLMN is configured to connect with each of the first type of core network and the
second type of core network, and where the hybrid PLMN and the different PLMN are
histed in different ones of the first PLMN configuration and the second PLMN
configuration. An inclusion of the common identifier may be limited to one of the first
PLMN configuration or the second PLMN configuration by utilizing at least one index.
Each of the first PLMN configuration and the second PLMN configuration are then
transmitted to at least one user equipment.

[8008] Stll further aspects of the present disclosure include processor-readable
storage mediumos storing processor-executable programming. In at least one example,
the processor-executable programming may be adapted to make a deternunation for
each of a first PLMN configuration directed towards PLMNs configured to connect with
a first type of core network, and a second PLMN configuration directed towards
PLMNs configured to connect with a second type of core network. At least one
parameter may be identified having a common identifier between a hybrid PLMN and a
different PLMIN. Here, the hybrid PLMN can be configured to connect with each of the
first type of core network and the second type of core network, and the hybrid PLMN
and the different PLMN are listed 1n different ones of the first PLMN configuration and
the second PLMN configuration. An inclusion of the common identifier is then limited
to one of the first PLMN configuration or the second PLMN configuration by utilizing
at least one index. Each of the first PLMN configuration and the sccond PLMN
configuration are then transmitted to at least one user equipment.

{8809 According to additional aspects of the present disclosure, wireless
communication devices may inchude a transceiver, a memory, and a processor coupled
to the transceiver and the memory. The processor may be adapted to receive via the
transceiver each of a first PLMN configuration and a second PLMN configuration. The
first PLMN configuration may be directed towards PLMNs configured to connect with a
first type of core network, and the second PLMN configuration may be directed towards

PLMNs configured to connect with a second type of core network. A hybrid PLMN
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mchuded in one of the fivst PLMN configuration or the second PLMN configuration
may be selected, where the hybrid PLMN is configured to connect with each of the first
type of core network and the second type of core network. A determination may be
made whether the hybrid PLMN will be used to connect with the first type of core
network or the second type of core network., Whether a parameter associated with the
hybrid PLMN was ascertained via the first PLMN configuration or the second PLMN
configuration may be reported, such that the reporting facilitates an indication of
whether the hybrid PLMN is connected to the first type of core network or the second
type of core network.

[8618] Additional aspects of the present disclosure inchide methods operational on a
wireless communication device and/or means for performing such methods. According
to at least one example, such methods may include receiving each of a first PEMN
configuration and a second PLMN configuration. The first PLMN configuration may
be directed towards PLMNSs configured to connect with a first type of core network, and
the seccond PLMN configuration may be directed towards PLMNs configured to connect
with a second type of core network. A hybrid PLMN included in one of the first PLMN
configuration or the second PLMN configuration may be sclected, where the hybrid
PLMN is configured to connect with cach of the first type of core network and the
second type of core network., A determination may be made whether the hybrid PLMN
will be used to connect with the first type of core network or the second type of core
network. Whether a parameter associated with the hybrid PLMN was ascertained via
the first PLMN configuration or the second PLMN configuration may be reported, such
that the reporting facilitates an indication of whether the hybrid PLMN 1s connected to
the first type of core network or the second type of core network.

(6088} Still further aspects of the present disclosure include processor-readable
storage mediums storing processor-cxecutable programming. fn at least one cxample,
the processor-executable programming way be adapted to receive cach of a first PLMN
configuration and a second PLMN configuration. The first PLMN configuration may
be directed towards PLMNs configured to connect with a first type of core network, and
the second PLMN configuration may be directed towards PLMNs configured to connect
with a second type of core network. A hybrid PLMN mchuded in one of the first PLMN
configuration or the second PLMN configuration may be selected, where the hybrid
PLMN is configured to connect with cach of the first type of core network and the

second type of core network. A determination may be made whether the hybrid PLMN
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will be used to cormect with the first type of core network or the second type of core
network. Whether a parameter associated with the hybrid PLMN was ascertained via
the first PLMN configuration or the second PLMN configuration may be reported, such
that the reporting facilitates an indication of whether the hybrid PLMN is connected fo
the first type of core network or the second type of core network.

(8082} Other aspects, features, and embodiments associated with the present
disclosure will become apparent to those of ordinary skill in the art upon reviewing the

following description in conjunction with the accompanying figures.

BRIEF BDESCRIPTION OF THE DRAWINGS
[8013] FI1G. 1 is a schematic diagram illustrating an example of a wireless
communication systemn.
[B814] FIG. 2 is a conceptual diagram illustrating an example of a radic access
network.
16615]) FIG. 3 is a schematic illustration of an organization of wircless resources in an
air interface utilizing orthogonal frequency divisional multiplexing (OFDM).
[88i6] FIG. 4 illustrates an example structure of a system information block in a Long
Term Evolution (LTE) network, in accordance with certain aspects of the present
disclosure.
[8817] FIG. S illustrates another example structure of a system information block in
LTE, in accordance with certain aspects of the present disclosure.
18018} FIG. 6 illustrates a first portion of a SIB1 structure for a first implementation
in accordance with certain aspects of the present disclosure.
(8089} FIG. 7 illustrates a second portion of a SIB1 structure for the first
implementation in accordance with certain aspects of the present disclosure.
[60286] FI1G. 8 illustrates a first portion of a SIB1 structure for a second
mmplementation in accordance with certain aspects of the present disclosure.
18621) FIG. 9 illustrates a second portion of a SIB1 structure for the second
implementation in accordance with certain aspects of the present disclosure.
16622) FIG. 10 itlustrates a first portion of a SIB1 structure for a third implementation
in accordance with certain aspects of the present disclosure.
(6623} FIG. 11 illustrates a second portion of a SIB1 structure for the third

implementation in accordance with certain aspects of the present disclosure.
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[6624) FIG. 12 illustrates exernplary structure for reporting an index in accordance
aspects disclosed herein.

[8625] FIG. 13 is a block diagram illustrating select components of a scheduling
entity employing a processing system according to at least one example of the present
disclosure.

[8826] FIG. 14 is a flow diagram illustrating at least opne example of a method
operational on a scheduling entity.

18627) FIG. 15 1s a block diagram illustrating select components of a scheduled entity
employing a processing system according to at least onc example of the present
disclosure.

[8028] FIG. 16 is g flow diagram illustrating at least one example of a method

operational on a scheduled entity.

DETAILED DESCRIPTION

[6629] The detailed description set forth below m comnection with the appended
drawings is intended as a description of various configurations and is not intended to
represent the only configurations in which the concepts described berein may be
practiced. The detailed description mcludes specific details for the purpose of providing
a thorough understanding of various concepts. However, it will be apparent to those
skilled in the art that these concepts may be practiced without these specific details. In
some mstances, well known structures and components arc shown in block diagram
form to avoid obscuring such concepts.

(6038 While aspects and embodiments are described in this application by
itlustration to some examples, those skilled in the art will understand that additional
implementations and use cases may come about in many different arrangements and
scenarios. Innovations described herein may be implemented across many differing
platform types, devices, systems, shapes, sizes, packaging arrangements. For example,
embodiments and/or uses may come about via integrated chip embodiments and other
non-module-component based devices (e.g., end-user devices, vehicles, communication
devices, computing devices, industrial equipment, retail/purchasing devices, medical

devices, Al-enabled devices, etc.)

While some examples may or may not be
specifically directed to use cases or applications, a wide assortment of applicability of
described mnovations may occur.  Implementations may range a spectrum from chip-

fevel or modular components to non-modular, non-chip-level implementations and
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further to aggregate, distributed, or OEM devices or systeras incorporating one ot more
aspects of the described innovations. In some practical settings, devices incorporating
described aspects and features may also necessarily include additional components and
features for tmplementation 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 (e.g., hardware components including
antenna, RF-chains, power amplifiers, modulators, buffer, processor(s}, interleaver,
adders/summers, etc.). It is intended that innovations described herein may be practiced
in a wide variety of devices, chip-level components, systems, distributed arrangements,
end-user devices, ete. of varying sizes, shapes, and constitution.

[6031] The wvarious concepts presented throughout this disclosure may be
mplemented  across a broad variety of telecomnumication systems, network
architectures, and communication standards, such as LTE, CDMA, TDMA, FDMA,
OFDMA, SC-FDMA and other networks. The terms “network™ and “system” are often
used interchangeably. A CDMA network may implement a radio technology such as
Universal Terrestrial Radio Access (UTRA), cdma2000, etc. UTRA includes Wideband
CDMA (WCDMA) and other variants of CDMA. cdma2000 covers IS-2000, IS-95 and
1S-856 standards. A TDMA network may tmplement a radio technology such as Global
System for Mobile Communications (GSM). An OFDMA network may implement a
radio technology such as NR {e.g. 5G RA), Evolved UTRA (E-UTRA), Ultra Mobile
Broadband (UMB), IEEE 802.11 (Wi-Fi}, IEEE 802.16 (WiMAX), IEEE &02.20, Flash-
OFDMA, ete. UTRA and E-UTRA are part of Universal Mobile Telecomnunication
System (UMTS). NR is an emerging wireless communications technology under
development in conjunction with the 5G Technology Forum (SGTF). 3GPP Long Term
Evolution (LTE) and LTE-Advanced (LTE-A} are releases of UMTS that use E-UTRA.
UTRA, E-UTRA, UMTS, LTE, L.TE-A and GSM are described m documents from an
orgamization named “3rd Generation Partnership Project” (3GPP). ¢dma200 and UMB
are described in documents from an organization named “3rd Generation Partnership
Project 2 (3GPP2). The techniques described berein may be used for the wircless
networks and radio technologies mentioned above as well as other wireless networks
and radio technologies. For clarity, while aspects may be described herein using
terminology commonly associated with 3G and/or 4G wireless technologies, aspects of
the present disclosure can be applicd in other generation-based communication systems,

such as 5G and later, including NR technologies.
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{8032} Referring now to FIG. 1, as an illustrative example without Hitation, various
aspects of the present disclosure are illustrated with reference to a wireless
communication system 100. The wireless communication system 100 includes three
interacting domains: a core network 102, a radio access network (RAN) 104, and a user
equipment (UE) 106. By virtue of the wireless communication system 100, the UE 106
may be enabled to carry out data communication with an external data network 110,
uch as (but not limited to) the Internet.
18633] The RAN 104 may implement any suitable wircless communication
technology or technologies to provide radio aceess to the UE 106, As one example, the
RAN 14 may operate according to 3™ Generation Partnership Project (3GPP) New
Radio {INR) 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 (eUTRAN) standards, often referred to as LTE. The 3GPP refers to this
hybrid RAN as a next-generation RAN, or NG-RAN. Of course, many other exanmples
may be utilized within the scope of the present disclosure.
(6034} Asillostrated, the RAN 104 includes a plurality of base stations 108, Broadly,
a base station is a network element in a radio access network responsible for radio
transmission and reception n one or more cells to or from a UE. in different
technologies, standards, or contexts, a base station may variously be referred to by those
skilled in the art as a base transceiver station (BTS), a radio base station, a radio
transceiver, a transceiver function, a basic service set (BSS), an extended service set
(ESS), an access point (AP), a Node B (NB), an eNode B (eNB), a gNode B (gNB), or
some other suitable terminology.
{86353} The radic access network 104 1s further illusirated supporting wireless
comnmnication 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
mn the art as a mobile station (MS), a subscriber station, a mobile unit, a subscriber umt,
a wircless unit, a remote unit, a mobile device, a wireless device, a wireless
communications device, a remote device, a mobile subscriber station, an access terminal
{AT), a mobile terminal, 8 wireless terminal, a remote termunal, a handset, a ternunal, a
user agent, a mobile client, a client, or some other suitable terminology. A UE may be
an apparatus that provides a user with access to network services.
[8036] Within the present document, a “mobile” apparatus need not necessarily have a

capability to move, and may be stationary. The term mobile apparatus or mobile device



WO 2019/178256 PCT/US2019/022089

broadly refers to a diverse array of devices and technologies. UEs may include a
number of hardware structural components sized, shaped, and arranged to help in
communication; such components can include antennas, antenna arrays, RF chains,
amplifiers, one or more processors, etc. electrically coupled to cach other. For cxample,
some non-limiting examples of a mobile apparatus mclude a mobile, a cellular {cell)
phone, a smart phone, a session initiation protocol (SIP) phone, a laptop, a personal
computer (PC), a notecbook, a netbook, a smartbook, a tablet, a personal digital assistant
(PDA), and a broad array of embedded systerns, e.g., corresponding to an “Internet of
things” (IoT). A wmobile apparatus may additionally be an astomotive or other
transportation vehicle, a remote sensor or actuator, a robot or roboties device, a satellite
radioc, a global positioning systern {GPS) device, an object tracking device, a drone, a
multi-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, etc. A mobile apparatus may additionally be a digital home or smart home
device such as a home audio, video, and/or multimedia device, an appliance, a vending
machine, intelligent lighting, a home security system, a smart meter, etc. A mobile
apparatus may additionally be a smart energy device, a security device, a solar pancl or
solar array, a municipal infrastructure device controlling electric power (e.g., a smart
grid), lighting, water, etc., an industrial automation and enterprise device, a logistics
controller, agricultural equipment, military defense equipment, vehicles, aircraft, ships,
and weaponry, cte.  Still further, & mobile apparatus may provide for connected
medicine or telemedicine support, ¢.g., health care at a distance. Telehealth devices
may include telehealth monitoring devices and telehealth administration devices, whose
comnmnication may be given preferential treatment or prioritized access over other
types of mformation, e.g., in terms of prioritized access for transport of critical service
data, and/or relevant QoS for transport of critical service data.

18637) Wircless communication between a RAN 104 and a UE 106 may be described
as ufilizing an air interface. Transmissions over the air interface from a base station
(e.g., base station 108) to one or more UEs (e.g, UE 106) may be referred to as
downlink (DL} transmission. In accordance with certain aspects of the present
disclosure, the term downlink may refer to a point-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 chanunel
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multiplexing. Transmissions from a UE (e.g., UE 106) to a base station {e.g., base
station 108) may be referred to as wplink (UL) transmissions. In accordance with
further aspects of the present disclosure, the term uplink may refer to a point-to-point
transrission originating at a scheduled entity (described further below; e.g., UE 106).
[8038] In some examples, access to the air nterface may be scheduled, where a
scheduling entity (e.g., a base station 108) allocates resources for communication
among some or all devices and equipment within ifs service area or cefll. 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 utilize resources allocated by the scheduling entity 108.

[8039] Base stations 108 are not the only entities that may function as scheduling
entities. That is, in some examples, a UE may function as a scheduling entity,
scheduling resources for one or more scheduled entities {e.g., one or more other UES).
166408) As illustrated in FIG. 1, a scheduling entity 108 may broadeast downlink
traffic 112 to one or more scheduled entitics 106. Broadly, the scheduling entity 108 1s
a node or device responsible for scheduling traffic in a wircless commmunication
network, including the downlink traffic 112 and, in some examples, uphink traffic 116
from one or more scheduled entities 106 to the scheduling entity 108. On the other
hand, the scheduled entity 106 is a node or device that receives downlink control
information 114, including but not limited to scheduling information {(e.g., a grant),
synchronization or timing information, or other confrol information from another entity
in the wireless commumnication network such as the scheduling entity 108.

{8041} In gencral, base stations 108 may include a backhaul interface for
comnmnication with a backhaul portion 120 of the wireless communication system.
The backhaul 120 may provide a link between a base station 108 and the core network
102. Further, in some examples, a backhaul network may provide interconnection
between the respective base stations 108. Various types of backhaul interfaces may be
employved, such as a direct physical connection, a virtual network, or the like using any
suitable transport network.

(8842} The core network 102 may be a part of the wircless 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
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(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.

[8843] Using aspects presented herein, a base station 108 may determine a first
PLMN configuration for PLMNs associated (c.g., solely) with an EPC network and
PLMNs associated with an EPC network and 5G core network. The base station 108
may also determine a second PLMN configuration for PEMNs asseciated (e.g., solely)
with a 5G core network. The base station 108 may signal the first and second PLMN
configurations fo one or more UEs 106. A UE 106 may perform a cell selection
procedure in one of the PLMNs from the first and second PLEMN configurations using
parameter(s} in at least one of the first or second PLMN configurations.

[8044] Referring now o FIG. 2, by way of example and without limtation, a
schematic ilustration of a RAN 200 is provided. In some examples, the RAN 200 may
be the same as the RAN 104 described above and illustrated in FIG. 1. The geographic
area covered by the RAN 200 may be divided into cellular regions {cells) that can be
uniquely identificd by a user equipment (UE) based on an identification broadcasted
from one access point or base station. FIG. 2 illustrates macrocells 202, 204, and 206,
and a small cell 208, each of which may inchide one or more sectors (not shown). A
sector is a sub-arca of a cell.  All sectors within one cell are served by the same base
station. A radio link within a sector can be identificd by a single logical identification
belonging to that sector. In a cell that is divided into sectors, the multiple sectors within
a cell can be formed by groups of antennas with cach antenna responsible for
communication with UEs in a portion of the cell.

(8045} In FIG. 2, two base stations 210 and 212 are shown in cells 202 and 204, and a
third base station 214 is shown controlling a remote radio head (RRH) 216 in cell 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 exaraple, the cells 202, 204, and 206 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 in the small cell 208 (e.g., a microcell,
picocell, feratocell, home base station, home Node B, home eNode B, etc.) which may
overlap with one or more macrocells. In this example, the cell 208 may be referred to as
a small cell, as the base station 218 supports a cell having a refatively small size. Cell
sizing can be done according to system design as well as component constraints.

[8046] It is to be understood that the radio access network 200 may inchide any

number of wireless base stations and cells. Further, a relay node may be deployed to
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extend the size or coverage area 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.

[8047] FIG. 2 further includes a quadeopter or drone 220, which may be configured to
function as a base station. That is, in some examples, a cell may not necessanly be
stationary, and the geographic area of the cell may move according to the location of a
meobile base station such as the quadeopter 220.

[6648] Within the RAN 200, the cells may include UEs that may be m
communication with one or more sectors of each cell. Further, each base station 210,
212,214, 218, and 220 may be configured to provide an access point 1o a core network
102 (see FIG. 1) for all the UEs in the respective cells. For example, UEs 222 and 224
may be i communication with base station 210, UEs 226 and 228 may be in
communication with base station 212, UEs 230 and 232 may be in communication with
basc 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 U

FIG. 1.

/scheduled entity 106 described above and illustrated in
(8049} In some examples, a mobile network node {e.g., quadcopter 220} may be
configured to function as a UE. For example, the quadcopter 220 may operate within
cell 202 by communicating with base station 210,

[6658] o 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

7 .
1

other using peer to peer {(P2P) or sidelink signals 227 without relaying that
commumcation through a base station (e.g., base station 212). In a further example, UE
238 is illustrated 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 device-to-device (D2D),
peer-to-peer (P2ZP), or vehicle-to-vehicle (V2ZV) network, and/or in a mesh network. In
a mesh network example, UEs 240 and 242 may optionally communicate directly with

one another in addition to communicating with the scheduling entity 238. Thus, in a
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wireless commuunication system with scheduled access to time—frequency resources and
having a celiular configuration, a P2P configuration, or a8 mesh configuration, a
scheduling entity and one or more scheduled entities may communicate utilizing the
scheduled resources.

[8051]  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, maintained,
and released under the control of an access and mobility management function (AMEF,
not Hlustrated, part of the core network 102 in FIG. 1), which may inchude a security
context management function (SCMF) that manages the security context for both the
control plane and the user plane functionality, and a sccurity anchor function (SEAF)
that performs authentication. In various aspects of the disclosure, a radio access
network 200 may utilize DL-based mobility or UL-based mobility to enable mobility
and handovers (i.e., the transfer of a UE’s connection from one radio channel to
another).

{8652} The awr interface in the radio access network 200 may utilize one or more
multiplexing and multiple access algorithms to enable simultaneous comnmunication 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
Fourier transform-spread-OF DM (DFT-s-OFDM) 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 limited to 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
(BCMA), resource spread multiple access (RSMA), or other suitable multiple access
schemes. Further, multiplexing DL transmissions from the hase station 210 to UEs 222
and 224 may be provided utilizing time division multiplexing (TDM), code division
multiplexing (CDM), frequency division multiplexing (FDM), orthogonal frequency
division multiplexing (OFDM), sparse code multiplexing (SCM), or other suitable

multiplexing schemes.
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{80531 Within the present disclosure, a frame refers to a duration of 16 ms for
wireless transmissions, with each frame consisting of 10 subframes of 1 ms each. Ona
given carrier, there may be one set of frames in the UL, and another set of frames in the
Di. Referring now to FIG. 3, an expanded view of an exemplary DL subframe 302 s
lustrated, showing an OFDM resource grid 304. However, as those skilled in the art
will readily appreciate, the PHY transmission structure for any particular application
may vary from the example described here, depending on any number of factors. Here,
time is in the horizontal direction with units of OFDM symbols; and frequency 15 in the
vertical direction with units of subcarriers or tones.

[8654] The resource grid 304 may be used to schematically represent time-frequency
resources for a given antenna port. That is, in a MIMO implementation with muliple
antenna ports available, a corresponding multiple number of resource grids 304 may be
available for communication. The resource grid 304 is divided mto multiple resource
elements (REs) 306. An RE, which is 1 subcarrier X 1 symbol, is the smallest discrete
part of the time—frequency grid, and confains a single complex value representing data
from a physical channel or signal. Depending on the modulation utilized 1 a particular
implementation, each RE may represent one or more bits of information. In some
cxamples, a block of REs may be referred to as a physical resource block (PRB) or more
simply a resource block (RB) 308, which contains any suitable number of consecutive
subcarriers in the frequency domain.  In one example, an RB may include 12
subcarriers, a number independent of the numerology used. In some examples,
depending on the numerology, an RB may include any suitable number of consecutive
OFDM symbols in the time domain. Within the present disclosure, it is assumed that a
single RB such as the RBE 308 entirely corresponds to a single direction of
comnmnication {either transmission or reception for a given device).

[8055] A UE generally utilizes only a subset of the resource grid 304. An KRB may be
the smallest unit of resources that can be allocated to a UE. Thus, the more RBs
scheduled for a UE, and the higher the modulation scheme chosen for the air interface,
the higher the data rate for the UE.

[6656] In this illustration, the RB 308 is shown as occupying less than the entire
bandwidth of the subframe 302, with some subearriers illustrated above and below the
RB 308. In a given implementation, the subframe 302 may have a bandwidth

corresponding to any number of one or more RBs 308. Further, in this tllustration, the
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RB 308 is shown as occupying less than the entire duration of the subframe 302,
although this is merely one possible example.

[8657] Each ! ms subframe 302 may consist of one or multiple adjacent slots. In the
example shown in FIG. 3, one subframe 302 includes four slots 310, as an illustrative
example. In some examples, a slot may be defined according to a specified number of
OFDM symbols with a given cyelic prefix (CP} length. For example, a slot may include
7 or 14 OFDM symbols with a nominal CP. Additional examples may include mini-
slots having a shorter duration (e.g., one or two OFDM symbeols). These mini-slots may
in some cases be transmitted occupying resources scheduled for ongoing slot
transmissions for the same or for different UEs.

{6058} An expanded view of one of the slots 310 illustrates the slot 310 inchuding a
control region 312 and a data region 314. In general, the control region 312 may carry
control channels {e.g., PDCCH), and the data region 314 may carry data channels (e.g.,
PDSCH or PUSCH). Of course, a slot may contain all DL, all UL, or at least one DL
portion and at least one UL portion. The stople structure tllustrated in FIG. 3 is merely
exemplary in nature, and different slot structures may be utilized, and may include one
or more of each of the control region(s) and data region(s).

[6039] Although oot illustrated in FIG. 3, the various REs 306 within a RB 308 may
be scheduled to carry one or more physical channels, including control channels, shared
channels, data channels, etc. Other REs 306 within the RB 308 may also carry pilots or
reference signals, including but not limited to a demodulation reference signal (DMRS)
a control reference signal (CRS), or a sounding reference signal (SRS). These pilots or
reference signals may provide for a receiving device to perform chaonel estimation of
the corresponding channel, which may enable coherent demodulation/detection of the
conirol and/or data channels within the RB 308,

[6068] In NR or 5G system architectures, a PLMN can be connected to multiple core
networks. For example, a PLMN can be connected to at least one of a 4G core network
{e.g., Evolved Packet Core (EPC) network), or 5G core network {e.g., NR or Next
Generation Core Network) or both. To other words, each PLMN can be connected to:
(1) an EPC network only, (2) both an EPC network and a 5G core network, or (3) a 5G
core network only.

[8661] In addition, NR or 3G system architectures may support connectivity to the 5G
core network via multiple radio access networks (RANs). In some cases, UEs may

connect to the 5G core network via LTE eNBs (e.g., evolved LTE (eLTE) Next
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Generation (NG)-eNBs) 10 a LTE RAN. In such cases, an el TE eNB can provide per
PLMN connectivity to EPC networks, 5G core networks, or EPC + 5G core networks.
In other cases, UEs may connect to the 54 core network via a gNB in a 5G RAN.

(8062} In cases whete a PLMN associated with an ¢L.TE eNB is connected solely to a
5G core network, it may be desirable to keep UEs that are only capable of a 4G non-
access stratum {NAS) connection to the EPC network (and, thus, cannot connect to the
5G core network) from camping on the eLTE cell. To prevent such UEs (e.g., legacy
LTE UEs) from caraping on an cL.TE eNB connected solely to a 5G core network, and
accessing a PLMN connected solely to a 5G core network, one or more aspects of the
present disclosure may include technigues that prevent legacy UEs from camping on
cLTE PLMNs that are not connected to the EPC network., According to at least one
embodiment, aspects of the present disclosure facilitate optimizing PLMN configuration
in system information blocks (e.g., SIB1) in a manner that may reduce the overhead for
uch system information blocks for wireless comnunications.

16663} According to one or more aspects of the present disclosure, NR system
architectures may support the use of a PLMN list for 5G core networks in addition to a
legacy PLMN list (e.g., for 4G core networks). For example, in cases where all the
PLMNs have access to solely the 5G core network, then the UEs capable of only a 4G
NAS connection to EPC can be barred from accessing the cells n the PLMNs via a flag
{e.g., “cellBarred” flag) in the system information block (e.g., SIB1). On the other
hand, UEs capable of a 5G NAS connection to the 5G core network may ignore the flag
(e.g., “celiBarred” flag) in the system mformation block (e.g., SIB1). Further, a flag
{e.g., “cellBarred-5GC” flag) may be added to the system mformation block (e.g., SIB1)
to provide the cell barring flag functionality for UEs capable of a 5G NAS connection to
the 5G core network.

(6064} In some cases, information may be added in the system information (¢.g.,
SIB1) about the available core network(s) associated with each PLMN. For example, a
5G core network PLMN list that includes PLMNs that can connect to the 5G core
network may be inchuded in the systemn information (e.g., SIB1). A 5G core network
specific parameter (e.g., “cellReservedForOperatorUse 5GC”) may be mtroduced in
SIB1 for PLMNs that can connect to both the EPC network and the 5G core network.
The SIB! may also include a tracking area code (TAC) field for use in 5G core

networks. The TAC field for 5G core networks may be separate from the TAC field for
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EPC networks, e.g., to enable different TAC values for EPC networks and 5G core
networks. In some cases, the TAC for 5G core networks may be PLMN specific.

[8665] The PLMN mformation in the system information {e.g., SIB1) may include
various parameters that the UE can use for cell selection. Examples of such parameters
can include a TAC, cell ideuntity (ID), celiBarred, ete. FIG. 4 illustrates an example of a
SIB! structure used in LTE Release 8 communication systems, in accordance with
certain aspects of the present disclosure. As shown in this example, SIBI may include a
set of PLMNs in a PLMN 1D list (e.g., “plmn-TdentityList”). Each PLMN in the PLMN
ID list may be identified via a PLMN 1D that is based in part on a mobile country code
{MCC) and mobile network code (MNC). In the example shown in FIG. 4, the legacy
TAC (e.g., “trackingArcaCode”)} and the cell 13 {e.g., “cellidentity”) parameters may be
common for all PLMNs in the PLMN ID hst (e.g., “plnn-TdentitylList™).

[8866] FIG. 5 illustrates another example of a SIBI structure used in LTE Release 14
communication systems, in accordance with certain aspects of the present disclosure.
Compared to the SIB1 structure depicted in FIG. 4, the legacy TAC (e.g.
“trackingAreaCode™) and cell 1D (e.g., “cellidentity™) parameters in the SIB1 structure
depicted in FIG. § are defined for each PLMN in the PLMN ID list {e.g., “plmn-
IdentityList”) in the SIB1. Although not shown, in the case of a SIBI structure that
mclodes the additional PLMN ioformation for 5G core networks, the 5G core network
TAC and cell ID parameters can also be common for all PLMNs in the PLMN ID hst,
or the 5G core network TAC and cell ID parameters can be defined per PLMN in the
PLMN ID list.

{6867 o geoveral, in the case of eLTE eNBs, which can provide PLMN connectivity
to solely EPC networks, solely 5G core networks, or both EPC networks and 5G core
networks, it is possible to have (1) a same TAC and same cell ID for PLMNs in EPC
networks and/or 5G core networks, (2) a different TAC and different cell ID for PLMNs
m EPC networks and/or 5G core networks, (3) a different TAC and same cell ID for
PLMNSs in EPC networks and/or 5G core networks, or {4} a same TAC and different cell
1D for PLMNs in EPC networks and/or 5G core networks.

[6668] However, given the different possible parameter configurations for PLMNs,
there may be some situations in which the additional PLMN information for 5G core
networks includes redundant information, ¢.g., nformation aleady provided in the
legacy PLMN lists. This can significantly increase the size of the system information

block (e.g., SIBI), impacting signaling overhead communications in the network.
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Accordingly, it may be desirable to provide techniques for optimizing the configuration
of PLMNs in SIB1 to minimize the system information block (e.g., SIB1) overhead.
[8869] According to various aspects of the present disclosure, a basc station may
identify a plurality of PLMNs available for connecting fo one or more core networks.
The base station may identify the PLMNs based on signaling received from the core
network, another base station, a predefined configuration, etc. The base station may
determine a first PLMN configuration for a first set of the plurality of PLMNs
associated with a first type of core network {(e.g., EPC network) and a second set of the
plurality of PLMNSs (e.g., hybrid PLMN) associated with the first type of core network
and a second type of core network {e.g., 5G core network).

{8078 The base station may further determine a second PLMN configuration for a
third set of the plurality of PLMNs associated with the second type of core network and
not the first type of core network. The base station may subsequently signal the first
PLMN configuration and the second PLMN configuration to one or more UEs, e.g., via
a SIB, such as SIB1.

[6671) Sinularly, a UE may receive a first PLMN configuration for a first set of
PLMNs associated with a first type of core network {e.g., EPC network) and a second
set of PLMNs associated with the first type of core network and 2 second type of core
network (e.g., 5G core network). The UE may receive a second PLMN configuration
for a third set of PLMNs associated with the second type of core network and not the
first type of core network.

18672] The UE may seclect a PLMN from the first PLMN configuration and the
second PLMN configuration. The UE may further perform a cell selection procedure in
the selected PLMN based on a set of parameters in at least one of the first PLMN
configuration or the second PLMN configuration.

[8073] In certain aspects of the present disclosure, techniques may configure the first
PLMN configuration (e.g., legacy PLMN lst) with EPC network only PLMNs and EPC
+ 50 core network PLMNSs, and configure the second PLMN configuration with solely
5G core network PLMNs, However, the base station may refrain from repeating the
EPC + 5G core network connected PLMNs (and associated parameters) in both the first
PLMN configuration and the second PLMN configuration. Such separation may not
impact operation between legacy UEs and eLTE UEs. Legacy UEs, for example, may

not be able to read/decode the second PLMN configuration information in the systemn
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mformation block {e.g., SIB1), whereas eLTE UEs may be able to read/decode the
second PLMN configuration information and the first PLMN configuration information.
[8674] In some aspects of the present dislcosure, the first PEMN configuration and
the second PLMN configuration may include parameters that are common (or the same)
for all PLMNs (associated with a particular core network type} in the first and second
PLMN configurations. For example, the first PLMN configuration may include a same
TAC {e.g., first parameter) and a same cell ID {e.g., second parameter) for PLMNs in
the first set and the second set that are associated with the first type of core network

(o o5
e.g.,

EPC vetwork). Similarly, the first PLMN configuration and the second PLMN
configuration may include a same TAC and a same cell ID for PLMNs in the second set
and the third set that are associated with the second type of core network (e.g., 3G core
network).

[68#75] By way of an example and not hmitation, a particular implementation may
include available PLMNs including PLMNs 1-6. To illustrate various aspects of the
present disclosure, we will assume that PLMNs 1-2 are connected solely to the EPC
network, PLMNs 3-4 are connected solely to the 5G core network, and PLMNs 5-6 are
connected to both the EPC network and 5G core network.,  According to one or more
aspects of the dislcosure, the legacy TAC (e.g., “trackingArcaCode”) and cell 1D {c.g.,
“cellldentity”) parameters associated with EPC may be common for all EPC PLMNs 1,
2, 5 and 6. Similarly, the TAC (e.g., “trackingArcaCode 5GC”) and cell ID (e.g.,
“cellldentity 5GC’) parameters associated with the 5G core network may be common
for all 5G core network PLMNs 3, 4, 5 and 6.

[6676] In some aspects, the first PLMN configuration and the second PLMN
configuration may include parameters that are separately defined for each PLMN
associated with a particular core network type in the first PLMN configuration and the
second PLMN configuration. That is, the first PLMN configuration may include a
separate TAC and separate cell D for each PLMN n the first set and the second set that
is associated with the first type of core network {(e.g., EPC network). Similarly, the first
PLMN configuration and the second PLMN configuration may include a separate TAC
and a separate cell ID for each PLMN in the second set and the third set that s
associated with the second type of core network (e.g., 5G core network).

{6677} For example, there may be three PLMNs, PLMN A, PLMN B, and PLMN C,
where PLMN A may be connected to both the EPC network and the 5G core network,

PLMN B may be connected solely to the EPC network, and PLMN C may be connected
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solely to the 5G core network. According to one or more aspects of the present
disclosure, the system information block (e.g., SIB1) may include the following set of
parameters for PLMN A “trackingAreaCode A.,” “cellidentity A.”
“trackingAreaCode 5GC A” and “cellidentity 5GC A The system information
block (e.g., SIBI) may include the followmg set of parameters for PLMN B:
“trackingAreaCode B” and “cellldentity B.” The system information block (e.g.,
SIB1) may include the following set of parameters for PLMN C:
“trackingAreaCode 5GC C” and “cellidentity 5GC_C.

18078} In situations in which the parameters are separately defined for each PLMN, a
value of at least one of the parameters may be different from a value of at least another
of the parameters. For example, as described above, a first PLMN may have a same
TAC and same cell ID as a second PLMN (in EPC and/or 5G core network), a first
PLMN may have a different TAC and different cell ID as a second PLMN (in EPC
and/or 5G core network), a first PLMN may have a different TAC and same cell [D as a
second PLMN (in EPC and/or 5G core network), or a first PLMN may have a same
TAC and different cell ID as a second PLMN (in EPC and/or 5G core network).

(86791 In certain aspects, the first PLMN configuration and the second PLMN
configuration may also indicate, for each PLMN, the core network connectivity type
(e.g., whether the PLMN supports solely EPC network connectivity, solely 5G core
network connectivity, or EPC network and 3G core network connectivity). In some
aspects, eLTE UEs may be configured to read this core network conmectivity type
mformation in the system nformation (e.g., SIB1), and legacy UEs may not be able to
read such information.

[8688] The core network type per PLMN can be explicitly specified or implicitly
specified. For example, if the TAC and/or cell ID is common for all PLMNs, an
explicit core network type indicator may be included in the system information {(c.g.,
SIB1), to mdicate in some examples whether the PLMN is connected to at least one of
the EPC network or the 5G core network, On the other hand, if the TAC and/or the cell
1D is separately defined for cach PLMN, the core network type may be implicitly
mdicated from the separate TAC and separate ccll 1D associated with the given PLMN.
(8081} For example, referring to the above scenario, a UE may determine that PLMN
A 1s associated with the EPC network and the 5G core network in response to receiving
gystem information (e.g., SIB1) including parameters “trackingArcaCode A,”

“cellldentity A" “trackingAreaCode SGC_A” and “cellidentity 5GC_A” defined for
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PLMN A. Similarly, a UE may determine that PLMN B is associated solely with the
EPC network in response to receiving system information {e.g., SIB1) including legacy
parameters “trackingAreaCode B” and “cellidentity B” defined for PLMN B. Further,
a UE may determine that PLMN C is associated solely with the 5G core network in
response to  receiving systemr  information (e.g., SIB1) including parameters
“trackingAreaCode S5GC _C” and “cellidentity 5GC _C” defined for PLMN C.

[#082] Once the UE receives the modified SIB1 structure with the optimized PLMN
configuration, the UE may select a PLMN and attempt to perform a cell selection
procedure in the selected PLMN.

[8683] In some aspects, assuming common parameters are defined for all PLMNs
assoctated with a particular type of core network, eLTE UEs and LTE UEs that select a
PLMN comnected solely to the EPC network may refer to the common legacy TAC and
cell ID parameters (e.g., “trackingAreaCode” and “cellidentity”). eLTE UEs and LTE
UEs that select a PLMN connected solely to the 5G core network may refer to the
common 3G core network TAC and cell 1D parameters (¢.g., “trackingAreaCode_5GC”
and “cellidentity 5GC”). For PLMNs connected to both the 5G core network and the
EPC network, eLTE UEs and LTE UEs may use the common 5G core network TAC
and cell 1D parameters (e.g., “trackingAreaCode 5GC” and “celiidentity 5GC”) for 5G
core network conpectivity, and may use the common legacy TAC and cell 1D
parameters (e.g., “trackingAreaCode” and “cellidentity”) for EPC network connectivity.
[8084] If there is no configured 5G core network TAC and cell ID parameters (2.g.,
“trackingAreaCode 5GC” and “cellidentity 5GC”) in the system information block
(e.g., SIB1), all PLMNs of both PLMN configurations may use the common legacy
TAC and cell ID parameters (e.g., “trackingAreaCode” and “cellldentity”). As noted
above, legacy LTE UEs may be able to read only the legacy TAC and cell ID
parameters, whereas ¢l TE UEs may be able to read both legacy and 5G core network
TAC and cell 1D parameters.

{#885] In some aspects, assuming separate parameters are defined for each PLMN,
¢l TE UEs and LTE UEs that sclect a PLMN connected solely to the EPC network may
refer to the legacy TAC and cell ID parameters (e.g, “trackingAreaCode” and
“cellidentity”) separately defined for that selected PLMN. eLTE UEs and LTE UEs
that select a PLMN comnected solely to the 5G core network may refer to the 3G core
network TAC and cell 1D parameters (c.g, “trackingArcaCode 5GC” and

“cellldentity 5GC”) separately defined for that selected PLMN. For PLMNs connected
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to both the 5G core network and the EPC network, eLTE UEs and LTE UEs may use
the SG core network TAC and cell ID parameters (e.g., “trackingAreaCode 5GC” and
“cellldentity 5GC”) separately defined for that selected PLMN for 5G core network
comnectivity, and may use the legacy TAC and cell ID paramcters (c.g,
“rackingAreaCode” and “cellidentity”) separately defined for that selected PLMN for
EPC network connectivity.

[8886] If there is no configured 5QG core network TAC and cell ID parameters (e.g.,
“trackingAreaCode 5GC” and “cellidentity 5GC”) in the system information block
(e.g., SIB1}, all PLMNs of both PLMN configurations may use the legacy legacy TAC
and cell ID parameters (e.g., “trackingAreaCode” and “cellldentity”) separately defined
for that selected PLMN. As noted above, legacy LTE UEs may be able to read only the
fegacy TAC and cell ID parameters, whereas el TE UEs may be able to read both legacy
and 5G TAC and cell ID parameters.

(80871 In another aspect of the disclosure, it is contemplated that the aforementioned
techniques may be further optimized. For instance, assume, that the available PLMNs
mechide five PLMNs A-E. Further assume that the TAC and optionally Cell ID are
defined for each of PLMNs A-E per PLMN ID and specified for ecach CN Type

according to the following:

PLMN A Connected to EPC only {trackingAreaCode 1, cellldentity 1}

PLMIN B Comnnected to both EPC and 5GC {trackingArcaCode 2,
cellidentity 2, trackingAreaCode 5GC 1, cellidentity SGC_1}

PLMN € Comnected to 5GC  only  {trackingAreaCode SGC 2,
cellidentity 5GC 2}

PLMN D Comnected to 5GC  only  {trackingArcaCode 5GC 1,
cellidentity 5GC 1} Note the commonality in 5GC TAC and cell 1D with PLMN B

PLMN E Comected to both EPC and S5GC {trackingArcaCode 3,

cellidentity 3, trackingAreaCode 5GC 3, cellldentity 5GC 3}

[6088] Here, if the aforementioned optimization technique were applied, the system
information signaling {e.g., SIBI signaling) would inchude having both the EPC Only
PLMN Identity list(s) and EPC + 5GC PLMN Identity Hst(s) included in the Legacy
PLMN list(s), whereas the SGC only PLMN Identity list(s) would be included in the

new 5GC PLMN hst(s). Moreover, it is noted that there is no need to repeat EPC +
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5GC connected PLMN(s) fdentity in both hst(s). In this scenario, however, it is
problematic to simubtaneously keep PLMN B (Connected to both EPC + 5GC) only in
the Legacy PLMN list{s) while keeping PLMN D (Connected to 5GC only) in the new
5GC PLMN Hst{s). Namely, i this scenario, it is not possible to specify a common
TAC and Cell ID for both PLMN B and PLMN D (i.e., trackingAreaCode 5GC 1,
cellidentity 5GC 1), since the PLMN IDs of these PLMNs are kept in different lists.
[8089] Accordingly, aspects disclosed herein inchude enhanced solutions to overcome
the optimization issue above. In a particular aspeet, it is proposed that EPC only
PLMNs be included in Legacy PLMN hst(s), 5GC only PLMNs be included m the new
5GC PLMN list(s), EPC + 5GC PLMNs be inchuded in either Legacy PLMN list(s) or
5GC PLMN list(s) depending on whether there is a common 5GC TAC and optionally
SGC Cell 1D, and that 5GC TAC Extensions be allowed even for Legacy PLMN
Identity List(s).

(8696 In a first enhanced solution implementation disclosed herein, the
aforementioned scenario of PLMNs A-E is assumed, where EPC+5GC PLMN(s) are
kept in Legacy PLMN list(s} with a 3GC TAC Extension, and where SGC-only
PLMN(s} are kept in SGC PLMN list{s). Namely, cach of PLMNs A-E in this

cxemplary scenario may be listed as follows:

Legacy PLMN Lists:

— Legacy Listl: PLMN Identity A with {trackingAreaCode 1,
cellidentity 1}, corresponding 5GC extension list empty.

— Legacy List2: PLMN Identity B with {trackingAreaCode 2,
celiidentity 2}, corresponding 5GC extension list empty. (Note: Hs 3G
TAC, Cell 1D is specified through the Index n 5GC list below)

— Legacy List3: PLMN Identity E with {trackingAreaCode 3,
cellidentity 3}, corresponding 5GC  extension  list  indicate

{trackingAreaCode_5GC_3, cellidentity 5GC_3}

New SGC PLMN Lists:
- 5GC Listl: PLMN Identity € with {trackingArealode 5GC 2,
cellidentity SGC 2}
- 5GC_List2: (PLMN Identity D + PLMN index Indicating PLMN 1D B)

=> {trackingAreaCode SGC I, cellldentity 5GC 1}



WO 2019/178256 PCT/US2019/022089

(8691} Tlere, 1t is contemplated that the disclosed PLMN Index in the SGC PLMN
List(s) indicates the identification of the legacy list PLMN which corresponds to the
5GC TAC and 5GC Cell 1D common fo the PLMN(s) in this 5GC _List. This avoids
repeating associated 3G TAC ID & SG Cell 1D in both hists to save on the size of the
system information block {e.g., SIB1). The system information block (e.g., SIB1)
overhead is reduced even further if there are more PLMNs connected to both the EPC
and 5GC having common 5G TACs/Cell 1Ds.

18092} FIGS. 6 and 7 iHlustrates non-limiting examples of portions of a SIB1 structure
for this first implementation in accordance with certain aspects of the present disclosure.
As used in this particular implementation, it should be appreciated that plmn-/ndexList
refers to an index Hst corresponding to PLMN identities listed in plmn-IdentityList.
Index 1 corresponds to the 1st PLMN from the 1st plmn-IdentityList included in SIB1,
index 2 corresponds to the Znd PLMN from the same plmn-IdentitvList, or when no
more PLMNs are present within the same plmn-IdentityList, then the PLMN listed 1st in
the subsequent plmn-fdentityList within the same SIB1 and so on. Here, it 1s noted that
it may be desirable to define a dummy (or placeholder, wherein “placeholder” and

“duramy” are interchangeable herein) TAC value to be used when all PLMNs are 5GC-

g
only, for backward compatibility (e.g., to ensure the legacy list is not empty). If a new
SGC cell 1D is defined, it may also be desirable to define a dwmmy LTE cell ID value to
be used when all PLMNs are 5GC-only, for backward compatibility {(e.g., to ensure the
fegacy Hist is not cmpty).
[6693] There are several advantages of allowing 5GC TAC extensions for Legacy
PLMN Identity hst(s). For instance, a PLMN that is connected to both EPC + 5GC, but
does not have common a SGC TAC with any 5GC-Only PLMN in a SGC List(s), can
remain in a Legacy PLMN Identity list(s). Also, when all PLMNs are connected to
SGC Only, alt 3GC-Only PLMNs can be simply specified in the Legacy PLMN Identity
list(s), which may be needed because Legacy PLMN list(s) are not allowed to be empty
(i.e., there needs o be at least one such list with at least one PLMN ID) based on the
existing Rel-14 SIB1 ASN.1 coding structure. Another contemplated advantage is that,
if PLMN(s) commected to 5GC only are specified in Legacy PLMN list(s}, then this may
equire a dummy 4G/LTE TAC to be configured and to be specitied as a dumnyy, which
may be desirable to prevent Rel-15 eL'TE UE from not interpreting the dummy 4GC

TAC as a valid one.
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{8094} In a second evhanced solution wmmplementation disclosed herein, the
aforementioned scenario of PLMNs A-E is again assumed, wherein 5GC-only PLMN(s}
and EPC+5GC PLMN(s) are kept in 5GC PLMN list(s), and no SGC TAC Extensions
are included 1o Legacy PLMN list(s). Namely, cach of PLMNs A-E in this exemplary

scenario may be listed as follows:

Legacy PLMN Lists:
Legacy lastl:  PLMN  Idenmtity A  with  {trackingAreaCode 1,
cellidentity 1}
~ Legacy ListZ: PLMN Identity B with {trackingAreaCode 2,
cellidentity 2}
Legacy List3: PLMN  Identity E  with {trackingArcaCode 3,
cellidentity 3}
New 5GC PLMN Lists:
- 5GC Listl: PLMN Identity C with {trackingAreaCode 5GC 2,
cellidentity 5GC 2}
- 5GC List2: (PLMN Identity D and PLMN Index of PLMN B) with
- 5GC List3: (PLMN Index of PEMN B) with
{trackingAreaCode 5GC 3, cellidentity 5GC 3}

(8095} Here, it is contemplated that the disclosed PLMN Index in the 5GC PLMN
List{s} 1s used to point to a specific PLMN 1D 1 the Legacy PLMN list(s), which avoids
repeating a 24-bit PLMN ID and associated SGC TAC ID & Cell 1D in both lists to thus
save SIB1 size. Thus, associated 5G TAC 1D & 5G Cell ID need not be repeated in
both lists to save on SIB1 size. To avoid keeping legacy PLMN list(s) empty when all
PLMN(s) are connected to S5GC only, it is conteruplated to allow for a durnmy PLMN
1D, dummy 4G TAC, and/or dummy 4G Cell ID to be configured in a legacy PLMN list
when all PLMN(s) are connected to SGC only.

18696] FIGS. 8 and 9 illustrates non-limiting examples of portions of a SIB1 structure
for this second mmplementation in accordance with certamn aspects of the present

disclosure. As depicted in this particular implementation, it should be appreciated that
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plmn-IndexList refers to an index Hst corresponding to PLMN identities histed i pfmin-
IdentitvList. Index 1 corresponds to the Ist PLMN from the Ist plmn-IdentityList
mchuded in SIBI, index 2 corresponds to the Znd PLMN from the same plmn-
{dentityList, or when no more PLMNs are present within the same plmn-IdentityList,
then the PLMN listed 1st in the subsequent pfmm-identityList within the samme SIB1 and
so on. Here, it is again noted that it may be desirable to define a dummy PLMN and
AC value to be used when all PLMNs are SGC-only, for backward compatibility (e.g.,
to ensure the legacy list is not empty). If a new 5GC cell 1D 1s defined, it may also be
desirable to define a dummy LTE cell ID value to be used when all PLMNs are 5GC-
only, for backward compatibility (e.g., to ensure the legacy list is not empty).
(6097} A brief comparison of the first and second implementations shows that the
second tmplementation might be more desirable in some circumstances. For instance,
in case all PLMNs are connected to 53GC only, the first implementation may need
multiple dumny 4G TAC, 4G Cell ID, whereas the second implementation only needs
one set of such dunuay values.
[68098] In a third enhanced solution implementation disclosed heren, the
aforementioned scenario of PLMMNs A-E is again assumed, where EPC+5GC PLMN(s)
are kept in Legacy PLMN list(s) with a 5GC TAC Extension, and where 5GC-only
PLMN(s) are kept in 5GC PLMN hst{s). Namely, cach of PLMNs A-E in this

exemplary scenario may be listed as follows:
plary Y

Legacy PLMN Lists:

- Legacy Listl: PLMN Identity A with {ifrackingArcaCode 1,
cellidentity 1}, corresponding SGC extension list empty.
Legacy last2:  PLMN  Identity B with {trackingAreaCode 2,
cellidentity 2},  corresponding S5GC  extension  list  indicate
ftrackingArcaCode 5GC 1, cellldentity 5GC 1}

— Legacy List3: PLMN Identity E  with  {trackingArcaCode 3,
cellidentity 3}, corresponding  5GC  extension  hst  indicate

~

{trackingAreaCode 5GC 3, cellldentity 5GC 3%

New 5GC PLMN Lists:
SGC Lastl: PLMN identity € with {trackingAreaCode SGC 2,

cellldentity 5GC 2}
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~  5GC_List2: PLMN Identity D indicating List /ndex of Legacy ListZ.

- 5GC List3: PLMN Identity E indicating List fndex of Legacy List3.

[8699] In this example, it is contemplated that the disclosed List Index i the 5GC
PLMN List(s) indicates the identification of the legacy list which corresponds to the
5GC TAC and 5GC Cell 1D common to the PLMN(s) in this 5GC_List, This aveids
repeating associated 5G TAC ID & 5G Cell ID in both hists to save on SIB1 size. SIBI
overhead is reduced even further if there are more PLMNs connected to both the EPC
and 5GC having common 5G TACs/Cell 1Ds.

(6168 FIGS. 10 and 11 ilustrates non-limiting examples of portions of a SIB1
structure for this third implementation in accordance with certain aspects of the present
disclosure. As used in this particular implementation, it should be appreciated that
plmn-Tndexlistindex refers to an index of the PLMN ldentity List inchuded in plwmn-
Identitylist. Index 1 corresponds to the ist plmn-identirylist included in SIB1, index 2
corresponds to the 2nd plmn-TdentityList within the same SIB1 and so on. Here, it is
again noted that it may be desirable to define a dummy TAC value to be used when all
PLMNSs are 5GC-only, for backward compatibility (ie.g., to ensure the legacy Hst is not
empty). If a new 5GC cell ID is defined, it may also be desirable to define a dummy
LTE cell ID value to be used when all PLMNs are 35GC-only, for backward
compatibility {e.g., to ensure the legacy kst is not empty).

[8101] A brief comparison of the second and third implementations shows that the
second implementation might be more desirable in some circumstances. For instance,
in case all PLMNs are connected to 5GC only, the third implementation may need
multiple dummy PLMN 1Ds, 4G TAC, 4G Cell 1D, whereas the second implementation
only needs one set of such durnmy valies. The second mplementation also saves on
PLMN ID as well as associated SGC TAC and Cell ID, whereas the third
implementation only saves 5GC TAC and Cell 1D,

[8102] Aspects of the present disclosure also include reporting the PLMN Index of
the selected PLMN ID during Radio Resource Control (RRC) Connection Setup
Signaling {e.g., in Msg 5), where selectedPLMN-Identity is a mandatory field. For
mstance, when reporting under the first or third implementations, at least a first and
second solution is conteroplated. In the first solution, since Rel-15 el TE UE can

continue to use the mandatory selectedPLMN-Identity, the parameter “selectedPLMN-
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Identity” moay be updated and/or extended to mclude the PLMN D ndex such that the
index N corresponds to Nth entry inchading both the legacy and new PLMN 1D list{s).
[8163] In the sccond proposed solution, a new “selectedPLMN-IdentitvListType*
parameter may be introduced to specify which PLMN List is used by the UE to select a
PLMN ID, where selecredPLMN-identity may then be used to indicate the index.
Exemplary structure for portions of this second solution are depicted in FIG. 12, where
a value “legacy” corresponds to pimn-IdentityList fields included in SIBI, and where a
value Sgc corresponds to plmn-identityList5GC fields included in SIB1. Here, it should
also be noted that a new CN Type Indication mtroduced in Msg 5 may not be sufficient
to specify which PLMN list is used, since 5GC PLMNs can be selected either from
legacy or new 5GC PLMN list(s).

[8104] When reporting under the second mmplementation, the legacy selectedPLMN-
Identity may be used for identifying PLMN ID from the new 5GC PLMN List. Here,
however, it should be noted that the new CN Type Indication introduced in Msg 5 can
be used to specify the new SGC PLMN list used by UE for 5GC PLMN sclection.
[6165] FIG. 13 is a block diagram ilustrating select components of a scheduling
entity 1300 employing a processing system 1302 according to at least one example of
the present disclosure. In this example, the processing system 1302 is implemented
with a bus architecture, represented generally by the bus 1304. The bus 1304 may
mclude any number of interconnecting buses and bridges depending on the specific
application of the processing system 1302 and the overall design constraints. The bus
1304 communicatively couples together various circuits including one or more
processors (represented generally by the processing circunit 1306), a memory 1308, and
computer-readable media (represented generally by the storage medivm 1310). The bus
1304 may also link various other circuits such as timing sources, peripherals, voliage
regulators, and power managerent circuits, which arc well known in the art, and
therefore, will not be described any further. A bus interface 1312 provides an interface
between the bus 1304 and a transceiver 1314. The transceiver 1314 provides a means
for comwaunicating with various other apparatus over a transmission medium.
Depending upon the nature of the apparatus, a user interface 1316 (e.g., keypad, display,
speaker, microphone, joystick) may also be provided.

[8186] The processing circuit 1306 is responsibie for managing the bus 1304 and
general processing, including the exccution of programming stored on the computer-

readable storage mediom 1310, The programming, when executed by the processing
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circutt 1306, causes the processing system 1302 to perform the various functions
described below for any particular apparatus. The computer-readable storage medium
1310 and the memory 1308 may also be used for storing data that is manipulated by the
processing circuit 1306 when execcuting programming.  As used heremn, the term
“programuoing” shall be counstrued broadly to include without limitation instructions,
instruction sets, code, code segments, program code, programs, subprograms, softwar
modules, applications, software applications, software packages, routines, subroutines,
objects, executables, threads of execution, procedures, functions, etc., whether referred
to as software, fitmware, middieware, microcode, hardware description language, or
otherwise.

[8167] The processing circuit 1306 is arranged to obtain, process and/or send data,
control data access and storage, issue conumands, and control other desired operations.
The processing circuit 1306 may include circuitry adapted to implement desired
programming provided by appropriate media, and/or circuitry adapted to perform one or
more functions described i this disclosure. For example, the processing circuit 1306
may be implemented as one or more processors, one or more controllers, and/or other
structire  configured to execute executable programming and/or execute specific
functions. Examples of the processing cirenit 1306 may include a general purpose
processor, a digital signal processor (IDSP), an application specific integrated circuit
{ASIC), a field programmable gate array (FPGA) and/or other programmable logic
component, discrete gate or transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions described herein. A general
purpose processor may include a microprocessor, as well as any conventional processor,
controller, microcontroller, or state machine. The processing circuit 1306 may also be
implemented as a combination of computing components, such as a combination of a
DSP and a microprocessor, a number of nicroprocessors, ong of mMore microprocessors
m conjunction with a DSP core, an ASIC and a microprocessor, or any other number of
varying configurations. These examples of the processing circuit 1306 are for
illustration and other suitable configurations within the scope of the present disclosure
are also contemplated.

[8108] In some instances, the processing circwit 1306 may include a determining
circuit and/or module 1318, an identifying circuit and/or module 1320, and a limiting
circuit and/or module 1322, The determining circuit/module 1318 may generally

melude circuitry and/or programming {(¢.g., programming stored on the storage mediurn
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1310) adapted to determine each of a first PEMN configuration and a second PLMN
configuration, as described herein. Here, it is contemplated that the first PLMN
configuration is directed towards PLMNs configured to connect with a first type of core
network, and that the sccond PLMN configuration is dirccted towards PLMNs
configured to connect with a second type of core network. The identifying
circuit/module 1320 may generally include circuitry and/or programming (e.g.,
programming stored on the storage medium 13190) adapted to identify at least one
parameter having a common identifier between a hybrid PLMN and a different PLMN
{e.g., 8 common ftracking area code (TAC)), as described herein.  Here, it is
contemplated that the hybrid PLMN is configured to connect with each of the first type
of core network and the second type of core network, and that the hybrid PLMN and the
different PLMN are histed in different ones of the first PLMN configuration and the
sccond PLMN configuration. The hmiting circuit/module 1322 may generally include
circuitry and/or programming {e.g., programming stored on the storage medium 1310)
adapted fo linit an inclusion of the common identifier to one of the first PLMN
configuration or the second PLMN configuration by utilizing at least one index, as
described herein.  As used herein, reference to circuitry and/or programming may be
generally referred to as logic (e.g., logic gates and/or data structure logic).

{6188} The storage medium 1310 may represent one or more computer-readable
devices for storing programming, such as processor executable code or instructions
{(e.g., software, firmware}, clectronic data, databases, or other digital information. The
storage medium 1310 may also be used for storing data that 15 manipulated by the
processing circuit 1306 when executing programming. The storage medivm 1310 may
be any available non-transitory media that can be accessed by a general purpose or
special purpose processor, including portable or fixed storage devices, optical storage
devices, and various other mediums capable of storing, containing and/or cartying
programming. By way of example and not fomitation, the storage medium 1310 may
include a non-transitory computer-readable storage medium such as a magnetic storage
device (e.g., hard disk, floppy disk, magnetic strip), an optical storage medium (e.g.,
compact disk (CD), digital versatile disk (DVD)), a smart card, a flash memory device
{e.g., card, stick, key drive}, random access memory (RAM), read only memory (ROM),
programmable ROM (PROM), erasable PROM (EPROM), electrically erasable PROM
(EEPROM), a rogister, a removable disk, and/or other mediwms for storing

programmamg, as well as any combination thereof.
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[6118] The storage medium 1310 may be coupled to the processing circuit 1306 such
that the processing circuit 1306 can read information from, and write information to, the
storage medium 1310. That is, the storage medium 1310 can be coupled to the
processing circuit 1306 so that the storage mediurn 1310 is at least accessible by the
processing cireunit 1306, mcluding exarples where the storage medium 1310 15 integral
to the processing circuit 1306 and/or examples where the storage medium 1310 is
separate from the processing circuit 1306 (e.g., resident in the processing system 1302,
external to the processing system 1302, distributed across multiple entities).

(8111} Programming stored by the storage medium 1310, when executed by the
processing circuit 1306, can cause the processing circuit 1306 to perform one or more of
the various functions and/or process steps described herem. In at least some exanples,
the storage medium 1310 may include determining operations 1324, identifying
operations 1326, and/or limiting operations 1328. The determining operations 1324 are
generally adapted to cause the processing circuit 1306 to determine each of a first
PLMN configuration and a second PLMN configuration, as described herein.  The
identifying operations 1326 are generally adapted to cause the processing circuit 1306 to
identify at Jeast one parameter having a common identifier between a hybrid PLMN and
a different PLMN (e.g., a common tracking arca code (TAC)), as described herein. The
Hmiting operations 1328 are generally adapted to cause the processing cirenit 1306 to
imit an inclusion of the common identifier to one of the first PLMN configuration or
the second PLMN configuration by utilizing at least one index, as described herein.
18182} Thus, according to one or more aspects of the present disclosure, the
processing circuit 1306 1s adapted to perform (independently or in conjanction with the
storage medium 1310) any or all of the processes, functions, steps and/or routines for
any or all of the scheduling entities described herein {(e.g., base station 210, 212, 214,
218, UE 238&, quadcopter 220, scheduling entity 108, 1300). As used hercin, the term
“adapted” in relation to the processing circunit 1306 may refer to the processing circuit
1306 being one or more of configured, employed, implemented, and/or programmed (in
conjunction with the storage medium 1310) to perform a particular process, function,
step and/or routine according to various features described herein.

(8183} FIG. 14 is a flow diagram illustrating at least one example of a method
operational on a scheduling entity, such as the scheduling entity 1300. Referring to
FIGS. 13 and 14, a scheduling entity 1300 may determine each of a first PLMN

configuration directed towards PLMNs configured to connect with a first type of core
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network, and a second PLMN configuration directed towards PLMNs counfigured to
connect with a second type of core network, at operation 1402. For example, the
scheduling entity 1300 may include logic (e.g., determining circuit/module 1318 and/or
determining operations 1324) to determine each of a first public land mobile network
(PLMN) configuration and a second PLMN configuration, where the first PLMN
configuration is directed towards PLMNs configured to connect with a first type of core
network, and the second PLMN configuration is directed towards PLMNs configured to
connect with a second type of core network. In at least onc example, the first PLMN
configuration may be an Evolved Packet Core (EPC) PLMN configuration directed
towards an EPC network, and the second PLMN configuration may be a Fifth-
Generation Core (3GC) PLMN configuration directed towards a 3GC network.

[3114] In some implementations, if all PLMNs are exclusively directed towards a
5GC network, the scheduling entity 1300 may include logic (e.g., determining
circuit/module 1318 and/or determining operations 1324) to configure the EPC PLMN
configuration to include a placeholder PLMN ({c.g., including a placcholder TAC and/or
a placeholder Cell 1D.

[8115] In some implementations, the scheduling entity 1300 may include logic {e.g.,
determining circuit/module 1318 and/or determining operations 1324) to configure the
EPC PLMN configuration to include a 5GC extension for cach listed PLMN. [f all
PLMNs are exclusively directed towards a 5GC network, the scheduling entity 1300
may inchude logic (e.g., determining circuit/module 1318 and/or determining operations
1324) to configure the EPC PLMN configuration to include a placeholder PLMN (e.g.,
mchiding a placeholder tracking arca code (TAC) and/or a placeholder cell identifier
{Cell ID}).

(8186} At 1404, the scheduling entity 1300 may identify at least one parameter having
a commen identifier between a hybrid PLMN and a different PLMN in which the hybrid
PLMN is configured to connect with each of the first type of core vetwork and the
second type of core network, and in which the hybrid PLMN and the different PLMN
are listed in different ones of the first PLMN configuration and the second PLMN

configuration. For example, the scheduling entity 1300 may mclude logic (e.g.,
identifying circuit/module 1320 and/or identifving operations 1326) to identify at least
one parameter having a common identifier between the hybrid PLMN and the different

PLMN.
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[6117] As noted above, in some implementations all PLMNs may be exclusively
directed towards a 5GC network, and the scheduling entity 1300 may configure the EPC
PLMN configuration to include a placcholder PLMN. In such implementations, the
scheduling entity 1300 may include logic (e.g., identifying circuit/module 1320 and/or
identifying operations 1326) to list the different PLMN in the SGC PLMN configuration
with the common identifier and an index associating the common identifier with the
hybrid PLMN.

18118] As also noted above, some implementations may involve the EPC PLMN
counfiguration fncluding a 5GC extension for each listed PLMN. {f such a 5GC
extension i3 used, the scheduling entity 1300 may include logic {e.g., identifying
circuit/maodule 1320 and/or identifying operations 1326) to list the hybrid PLMN in the
EPC PLMN configuration with an empty 5GC extension. To such an implementation,
the scheduling entity 1300 may include logic {(e.g., identifying circuit/module 1320
and/or identifying operations 1326) to further list the different PLMN in the 5GC
PLMN configuration with the conunon identifier and an index associating the common
identifier with the hybrid PLMN.

[8119] Alternatively, the scheduling entity 1300 may include logic {e.g., identifying
circuit/module 1320 and/or identifying operations 1326) to list the hybrid PLMN in the
EPC PLMN configuration with the commen identifier included in the 5GC extension.
In such an implementation, the scheduling entity 1300 may include logic (e.g.,
identifying circuit/module 1320 and/or identifying operations 1326) to further list the
different PLMN in the 5GC PLMN configuration with an index associating the different
PLMN with the comomon identifier inchided in the SGC extension of the hybrid PLMN.
[6128] In some implementations, the scheduling entity 1300 may include logic {e.g.,
identifying circuit/module 1320 and/or identifying operations 1326) to identify at least a
second parameter having a second common identifier between the hybrid PLMN and
the different PLMN {e.g., a Cell ID).

(8121 At 1406, the scheduling entity 1300 may limit inclusion of the common
identifier to one of the first PLMN configuration or the second PLMN configuration by
utilizing at least one index. For example, the scheduling entity 1300 may include logic
e.g., limiting cirenit/module 1322 and/or limiting operations 1328) to himit mclusion of
the common identifier to one of the first or second PLMN configuration by utilizing at
Ieast one index. In some implementations, the scheduling entity 1300 may include logic

(e.g., hmating cireuit/module 1322 and/or hmitng operations 1328) to list the different
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PLMN in the 5GC PLMN configuration with the common identifier and an index
assoctating the common identifier with the hybrid PLMN.

[8122] As noted herein, implementations may include the EPC configuration being
configured to include a 3GC extension for each listed PLMN. In at least one
implementation, the scheduling entity 1300 may include logic (e.g., limiting
circuit/module 1322 and/or limiting operations 1328} to list the hybrid PLMN in the
EPC PLMN configuration with an empty 5GC extension, and list the different PLMN in
the SGC PLMN configuration with the coramon identifier and an index associating the
common identifier with the hybrid PLMN. In at least one implementation, the
scheduling entity 1300 may include logic (e.g., limiting circuit/module 1322 and/or
Himiting operations 1328) to list the hybrid PLMN in the EPC PLMN configuration with
the common dentifier included in the 5GC extension, and hist the different PLMN n the
5GC PLMN configuration with an index associating the different PLMN with the
common identifier included in the SGC extension of the hybrid PLMN.

16123} o the example noted above where the scheduling entity 1300 identifies at least
a second parameter having a second common identifier between the hybrid PLMN and
the different PLMN (e.g., a Cell 1D), the scheduling entity 1300 may further include
logic {e.g., limiting circuit/module 1322 and/or limiting operations 1328) to limit an
mclusion of the second comamon wdentifier to one of the EPC PLMN configuration or
the 5SGC PLMN configuration by utilizing the at least one index.

181247 At 1408, the scheduling entity 1300 transmits each of the first PLMN
configuration and the second PLMN counfiguration to at [east onc user equipment. For
example, the scheduling entity 1300 may mclude logic (e.g., processing circuit 1306) to
transmit each of the first PLMN configuration and the second PLMN configuration via
the transceiver 1314 to one or more UEs.

[6125) Tuming now to FIG. 15, a block diagram is shown illustrating select
components of a scheduled entity 1500 employing a processing system 1502 according
to at least one example of the present disclosure. Similar to the processing system 1302
in FIG. 13, the processing system 1502 may be implemented with a bus architecture,
represented generally by the bus 1504, The bus 1504 may include any number of
interconnecting buses and bridges depending on the specific application of the
processing system 1502 and the overall design constraints.  The bus 1504
communicatively couples fogether various circuits including one or more processors

(represented generally by the processing circuit 1506), a memory 1508, and computer-
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readable media (represented generally by the storage medium 1510). The bus 1504 may
also link various other circuits such as timing sources, peripherals, voltage regulators,

S

and power management circuits, which are well known in the art, and therefore, will not
be described any further. A bus interface 1512 provides an interface between the bus
1504 and a twanscetver 1514,  The fransceiver 1514 provides a means for
communicating with vartous other apparatus over a transmission medium. Depending
upon the nature of the apparatus, a user interface 1516 {e.g., keypad, display, speaker,
microphone, joystick} may also be provided.

18126] The processing circuit 1506 is responsible for managing the bus 1504 and
general processing, including the execution of programming stored on the computer-
readable storage medium 1510, The programmnung, when executed by the processing
circuit 1506, causes the processing system 1502 to perform the various functions
described below for any particular apparatus. The computer-readable storage medium
1510 and the memory 1508 may also be used for storing data that is manipulated by the
processing circuit 1506 when executing programuaing,

[8127] The processing circuit 1506 is arranged to obtain, process and/or send data,
controf data access and storage, issue commands, and control other desired operations.
The processing circuit 1506 may include circuitry adapted to implement desired
progranoing provided by appropriate media in at least one example, and/or circuitry
adapted to perform one or more functions described in this disclosure. The processing
circuit 1506 may be implemented and/or configured according to any of the examples of
the processing circuit 1306 described above.

[6128] In some instances, the processing circuit 1506 may include a selecting circuit
and/or module 1518, a determining circuit and/or module 1520, and/or a reporting
circuit and/or module 1522, The selecting circuit/module 1518 may generally inchude
circuitry and/or programming {¢.g., programming stored on the storage medium 1510}
adapted to select a hybrid PLMN included in one of a first PLMN configuration or a
second PLMN configuration, wherein the hybrid PLMN is configured to connect with
cach of a first type of core network and a second type of core network, as described in
more detail hereinafter. The determining circuit/moduie 1520 may generally include
circuitry and/or programming {e.g., programming stored on the storage medium 1510}
adapted to determine whether the hybrid PLMN will be used to connect with the first
type of core network or the second type of core network, as described in more detail

heremafier. The reporting circuit/module 1522 may generally mclude circuitry and/or
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programmming (e.g., programming stored on the storage medium 1510} adapted to report
whether a parameter associated with the hybrid PLMN was ascertained via the first
PLMN configuration or the second PLMN configuration, where a reporting of the
parameter facilitates an indication of whether the hybrid PLMN is connected to the first
type of core network or the second type of core network, as described in more detail
hereinafter. As noted previously, reference to circuitry and/or programming may be
generally referred to as logic (e.g., logic gates and/or data structure logic).

18129] The storage mediom 1510 may represent one or more computer-readable
devices for storing programming, such as processor executable code or instructions
{e.g., software, firmware), electronic data, databases, or other digital information. The
storage medium 1510 may be configured and/or implemented in a manner similar to the
storage medium 1310 described above.

[6138] Programming stored by the storage medium 1510, when executed by the
processing circuit 1506, can cause the processing circuit 1506 to perform one or more of
the various functions and/or process steps described hercin. In at least some cxamples,
the storage medium 1510 wmay include sclecting operations 1524, determining
operations 1526, and/or reporting operations 1528, The selecting operations 1524 are
generally adapted to cause the processing circuit 1506 to select 2 hybrid PLMN mcluded
in ove of a first PLMN configuration or a second PLMN configuration, where the
hybrid PLMN is configured to conneet with each of a first type of core network and a
second type of core network, as described herein. The determining operations 1526 are
generally adapted to cause the processing circuit 1506 to determine whether the hybrid
PLMN will be used to connect with the first type of core network or the second type of
core network, as described herein. The reporting operations 1528 are generally adapted
to cause the processing circuit 1506 to report whether a parameter associated with the
bybrid PLMN was ascertained via the first PLMN configuration or the second PLMN
configuration, where a reporting of the parameter facilitates an indication of whether the
hybrid PLMN is connected to the first type of core network or the second type of core
network, as described herein.

[6131] Thus, according to one or more aspects of the present disclosure, the
processing circuit 1506 is adapted to perform (independently or in conjunction with the
storage medium 1510) any or all of the processes, functions, steps and/or routines for
any or all of the scheduled entities described herein (e.g., scheduled entity 106, UE 222,

224,226, 228, 230, 232, 234, 236, 238, 240, and 242, scheduled entity 1500). As used
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herein, the term “adapted” in velation to the processing circuit 1506 may refer to the
processing circuit 1506 being one or more of configured, employed, implemented,
and/or programmed {in conjunction with the storage medium 1516} to perform a
particular process, function, step and/or routine according fo various features described
heremn.

[8132] FIG. 16 is a flow diagram illustrating at least opne example of a method
operational on a scheduled entity, such as the scheduled entity 1500. Referring to FIGS.
15 and 16, a scheduled entity 1500 may receive, at operation 1602, each of a first
PLMN configuration directed towards PLMNs configured to connect with a first type of
core network, and a second PLMN configuration directed towards PLMNs configured
to connect with a second type of core network. For example, the scheduled entity 1500
may inchide logic (e.g., processing circuit 1506) to receive the first and second PLMN
configurations via the transceiver 1514, According to at least one implementation, the
first PLMN configuration may be an EPC PLMN configuration directed towards an
EPC network, and the second PLMN configuration may be a 5GC PLMN configuration
directed towards a 5GC network.

[8133] At 1604, the scheduled entity 1500 may select a hybrid PLMN included in one
of the first PLMN configuration or the second PLMN configuration such that the hybrid
PLMN is configured to connect with cach of the first type of core network and the
second type of core network. For example, the scheduled entity 1500 may include logic
(e.g., selecting circuit/module 1518, selecting operations 1524) to select a hybrid PLMN
mchuded in one of the first PLMN configuration or the second PLMN configuration.
(8134} At 1606, the scheduled entity 1500 may determine whether the hybrid PLMN
will be used to conmect with the first type of core network or the second type of core
network. For example, the scheduled entity 1500 may include logic (e.g., determining
circuit/module 1520, determining operations 1526} to determine whether the hybrid
PLMN will be used to connect with the first type of core network or the second type of
core network.

(81351 At 1608, the scheduled entity 1500 may report whether a parameter associated
with the hybrid PLMN was ascertained via the first PLMN configuration or the second
PLMN configuration such that the reporting facilitates an indication of whether the
hybrid PLMN is connected to the first type of core network or the second type of core
network. For cxample, the scheduled entity 1500 may include logic (e.g., reporting

circuit/module 1522, reporting operations 1528) to report via the transceiver 1514
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whether a parameter associated with the hybrid PLMN was ascertained via the first
PLMN configuration or the second PLMN configuration.

[8136] In at least one implementation, the hybrid PLMN may be listed in the EPC
PLMN configuration. In such implementations, the scheduled entity 1500 may inclhude
logic {e.g., reporting circuit/module 1522, reporting operations 1528) to report via the
transceiver 1514 a use of an index included in the 5SGC PLMN configuration, where the
use of the index included in the 5SGC PLMN configuration indicates that the hybrid
PLMN is connected to the SGC network. For instance, the scheduled entity 1500 may
imclude logic (e.g., reporting civcuit/module 1522, reporting operations 1528) to
configure a reporting parameter to further include an identification of the index.

[8137] In at least some implementations, the scheduled entity 1500 may include logic
{e.g., reporting circuit/module 1522, reporting operations 1528} to configure a second
reporting parameter to include an explicit indication of whether the hybrid PLMN was
selected from the EPC PLMN configuration or the 5GC PLMN configuration. In other
implementations, the scheduled entity 1500 may include logic {c.g., reporting
cireuit/module 1522, reporting operations 1528) to configure a second reporting
parameter to include an implicit indication of whether the hybrid PLMN was selected
from the EPC PLMN configuration or the 5GC PLMN configuration.

[8138] Several aspects of a wireless communication network have been presented
with reference to an exemplary implementation. As those skilled in the art will readily
appreciate, various aspects described throughout this disclosure may be extended to
other telecommunication systems, network architectures and communication standards.
[6139] 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 (G8M). Various aspects may also be extended to systems defined
by the 3rd Geoeration Partnership Project 2 (3GPP2), such as CDMA2000 and/or
Evolution-Data Optimized (EV-D(O).  Other examples may be implemented within
systems emploving IEEE 802.11 (Wi-F1), IEEE 802.16 (WiMAX), IEEE 802.20, Ultca-
Wideband (UWB), Bluetooth, and/or other sumable systems. The actual
telecommunication standard, network architecture, and/or communication standard
employed will depend on the specific application and the overall design constraints

imposed on the system.
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[6148]) Within the present disclosure, the word “exemplary” is used to mean “serving
as an example, instance, or illustration.” Any implementation or aspect described herein
as “exemplary” is not necessarily to be construed as preferred or advantageous over
other aspects of the disclosure. Likewise, the term “aspects”™ does not reguire that all
aspects of the disclosure include the discussed feature, advantage or mode of operation.
The 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 mnstance, a first object may be
coupled to a second object even though the first object is never directly physically in
contact with the second object. The terms “circuit” and “circuitry” are used broadly,
and intended to include both hardware implementations of electrical devices and
conductors that, when connected and configured, enable the performance of the
functions described in the present disclosure, without limitation as to the type of

r

clectronic circuits, as well as software implerentations of information and instructions
that, when executed by a processor, enable the performance of the functions described
in the present disclosure.

(6141} While the above discussed aspects, arrangements, and embodiments are
discussed with specific details and particularity, one or more of the components, steps,
features, parameters, and/or functions iflustrated in FIGS. 1,2,3,4, 5,6, 7, 8,9, 10, 11,
12, 13, 14, 13, and/or 16 may be rearranged and/or combined into a single component,
step, feature, paramcter, or function or embodied in scveral components, steps,
parameters, or functions. Additional elements, components, steps, parameters, and/or
functions may also be added or not utilized without departing from the novel features of
the present disclosure. The apparatus, devices and/or components illustrated in FIGS. 1,
2, 13, and/or 15 may be configured to perform or employ one or more of the methods,
features, parameters, and/or steps described herein with reference to FIGS. 3, 4, 5, 6, 7,
8, 9, 10, 11, 12, 14, and/or 16. The novel algorithms described herein may also be
efficiently implemented in software and/or embedded in hardware.

{6142} 1t 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 rearranged. The accompanying method claims present elements of the various
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steps in a sample order, and are not meant to be limited to the specific order or hierarchy
presented unless specifically recited therein.

{6143} The various features associate with the exarples described herein and shown
i the accompanying drawings can be implemented in different exanmples and
implementations without departing from the scope of the present disclosure. Therefore,
although certain specific constructions and arrangements have been described and
shown in the accompanying drawings, such embodiments are merely iltustrative and not
restrictive of the scope of the disclosure, since various other additions and modifications
to, and deletions from, the described embodiments will be apparent to one of ordinary
skill in the art. Thus, the scope of the disclosure is only determined by the literal

language, and legal equivalents, of the claims which follow.



