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MANAGING INTER-RADIO ACCESS TECHNOLOGY CAPABILITIES OF A USER EQUIPMENT

BACKGROUND
[0001] A base station, such as a fifth-generation new-radio base (SGNR) station, may
establish a connection with a user equipment (UE). The base station, however, may not know
capabilities of the user equipment with respect to inter-radio access technologies. Such capabilities
may include an ability to support carrier bands and networks, for example.
[0002] In certain instances, measurements performed by the UE may trigger a handover.
However, without the base station knowing the capabilities of the UE with respect to inter-radio

access technologies, handing over the connection to another base station may fail.

SUMMARY

[0003] Techniques and apparatuses are described for managing inter-radio access
technology capabilities of a user equipment. A base station receives a New Radio capability
information element that indicates one or more core networks supported by the user equipment.
Based on the New Radio capability information element, the base station generates a measurement
configuration and sends measurement configuration to the user equipment. Afterwards, the base
station receives one or more measurement results based on the measurement configuration. The
base station then determines a handover type for the user equipment and initiates the handover
based on the determined handover type.

[0004] In some aspects, a method is described. The method comprises a user equipment
receiving, from a base station, a first message that requests a capability information element. In
response to receiving the first message, the user equipment transmits, to the base station, a second

message that (1) includes the capability information element and (ii) causes the base station to
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perform operations that include generating a measurement configuration and determining to
handover the user equipment.

[0005] In some other aspects, another method is described. The method comprises a base
station transmitting, to a user equipment, a first message that requests a capability information
element. The base station receives, from the user equipment, a second message that includes the
capability information element, where the capability information element includes information
indicating radio capabilities, supported band information, and a supported network. In response
to receiving the response message, and based on the received capability information element, the
base station performs operations that include generating a measurement configuration and
determining to handover the user equipment.

[0006] In one or more aspects, a user equipment indicates New Radio capabilities
supported by the user equipment. The user equipment receives a request for a New Radio
capability information element. The user equipment then generates a user equipment New Radio
capability information element that indicates one or more evolved universal terrestrial radio access
core networks supported by the user equipment, where the user equipment implicitly and/or
explicitly indicates supported or unsupported core networks as further described. Afterwards, in
response to receiving the request, the user equipment communicates the user equipment New
Radio capability information element.

[0007] The details of one or more implementations are set forth in the accompanying
drawings and the following description. Other features and advantages will be apparent from the
description and drawings, and from the claims. This summary is provided to introduce subject

matter that is further described in the Detailed Description and Drawings. Accordingly, a reader
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should not consider the summary to describe essential features nor limit the scope of the claimed

subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] This document describes details of one or more aspects of devices and methods
associated with managing inter-radio access technology capabilities. The use of the same
reference numbers in different instances in the description and the figures may indicate like
elements:

FIG. 1 illustrates an example wireless network environment in which various
aspects of managing inter-radio access technology capabilities of a user equipment can be
implemented.

FIG. 2 illustrates an example device diagram for devices that can implement various
aspects of managing inter-radio access technology capabilities of a user equipment in
accordance with one or more implementations.

FIG. 3 illustrates an example method performed by a user equipment in accordance
with one or more implementations.

FIG. 4 illustrates an example method performed by a base station in accordance
with one or more implementations.

FIG. 5 illustrates an example information element that can be used for
communicating inter-radio access technology capabilities of a user equipment in
accordance with one or more implementations.

FIGs. 6-1 and 6-2 illustrate examples of configurable information elements used by

a user equipment to provide an indication of supported or unsupported core network types.
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FIGs. 7-1 and 7-2 illustrate examples of configurable information elements used by
a user equipment to provide an indication of supported or unsupported core network types.

FIGs. 8-1 and 8-2 illustrate examples of configurable information elements used by
a user equipment to provide an indication of supported or unsupported core network types.

FIGs. 9-1 and 9-2 illustrate examples of configurable information elements used by
a user equipment to provide an indication of supported or unsupported core network types.

FIGs. 10-1 and 10-2 illustrate examples of configurable information elements and
fields used by a user equipment to provide an indication of supported or unsupported core
network and/or handover types.

FIG. 11 illustrates an example signal and control transaction diagram associated
with managing inter-radio access technology capabilities of a user equipment in accordance
with one or more implementations.

FIG. 12 illustrates an example signal and control transaction diagram associated
with handing over a user equipment in an inter-RAT environment based on obtaining
capabilities of the user equipment in accordance with various implementations.

FIG. 13 illustrates an example signal and control transaction diagram associated
with handing over a user equipment in an inter-RAT environment based on obtaining the
capabilities of a user equipment in accordance with various implementations.

FIG. 14 illustrates an example signal and control transaction diagram associated
with managing inter-radio access technology capabilities of a user equipment in accordance

with one or more implementations.
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FIG. 15 illustrates an example signal and control transaction diagram associated
with handing over a user equipment in an inter-RAT environment based on obtaining the
capabilities of a user equipment in accordance with various implementations.

FIG. 16 illustrates an example signal and control transaction diagram associated
with handing over a user equipment in an inter-RAT environment based on obtaining the
capabilities of a user equipment in accordance with various implementations.

FIG. 17 illustrates an example method for managing inter-RAT technology
capabilities of a user equipment.

FIG. 18 illustrates an example method for managing inter-RAT technology

capabilities of a user equipment.

DETAILED DESCRIPTION

[0009] This document describes methods and systems as associated with managing inter-
radio access technology capabilities of a user equipment. As part of the methods and systems, a
user equipment may receive, from a base station, a first message that requests a capability
information element. In response to receiving the first message, the user equipment transmits, to
the base station, a second message, where the second message includes the capability information
element that causes the base station to generate a measurement configuration and determine to
handover the user equipment.

[0010] A capability manager application is described in this document. The capability
manager application may cause the user device to exchange a capability information element with
a base station manager and, in general, assist the base station manager in managing inter-radio

access technology capabilities
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[0011] Evolving wireless communication systems provide interconnectivity between
different radio access technologies (RATs). This interconnectivity poses challenges for the various
devices operating in these communication systems, such as for base stations assisting in inter-RAT
handovers of a UE. If a base station is unaware of what capabilities the UE has with respect to
supported and unsupported RATs, the base station may hand over the UE to an unsupported RAT
which, in turn, causes the handover to fail.

[0012] In some aspects, a base station receives a New Radio capability information
element that indicates one or more core networks supported by a user equipment, such as implicitly
indicating supported or unsupported networks and/or explicitly indicating supported or
unsupported core networks. The base station generates, based on the New Radio capability
information element, a measurement configuration, and sends the measurement configuration to
the user equipment. Afterwards, the base station receives one or more measurement results based
on the measurement configuration, and determines, based on the one or more core networks
supported by the user equipment and the one or more measurement results, a handover type for
the user equipment. The base station then initiates the handover of the user equipment based on
the determined handover type. This allows the base station to determine what core networks the
user equipment supports, and subsequently determine the handover type successfully hand the user
equipment over to a base station that implements the supported core networks.

[0013] In one or more aspects, a user equipment indicates New Radio capabilities
supported by the user equipment. The user equipment receives a request for a New Radio
capability information element. The user equipment then generates a user equipment New Radio
capability information element that indicates one or more evolved universal terrestrial radio access

core networks supported by the user equipment, where the user equipment implicitly and/or
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explicitly indicates supported or unsupported core networks as further described. Afterwards, in
response to receiving the request, the user equipment communicates the user equipment New
Radio capability information element. This provides the user equipment with an ability to
communicate supported core networks and perform a successful handover between base stations

that implement the supported core networks.

Example Environments

[0014] FIG. 1 illustrates an example environment 100, which includes multiple user
equipment 110 (UE 110), illustrated as UE 111, UE 112, and UE 113. Each UE 110 can
communicate with base stations 120 (illustrated as base stations 121, 122, 123, and 124) through
one or more wireless communication links 130 (wireless link 130), illustrated as wireless links 131
and 132. For simplicity, the UE 110 is implemented as a smartphone but may be implemented as
any suitable computing or electronic device, such as a mobile communication device, modem,
cellular phone, gaming device, navigation device, media device, laptop computer, desktop
computer, tablet computer, smart appliance, vehicle-based communication system, or an Internet-
of-Things (IoT) device such as a sensor or an actuator. The base stations 120 (e.g., an Evolved
Universal Terrestrial Radio Access Network Node B, E-UTRAN Node B, evolved Node B,
eNodeB, eNB, Next Generation Node B, gNode B, gNB, ng-eNB, or the like) may be implemented
in a macrocell, microcell, small cell, picocell, or the like, or any combination thereof.

[0015] The base stations 120 communicate with the UE 110 using the wireless links 131
and 132, which may be implemented as any suitable type of wireless link. The wireless links 131
and 132 include control and data communication, such as downlink of data and control information

communicated from the base stations 120 to the UE 110, uplink of other data and control
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information communicated from the UE 110 to the base stations 120, or both. The wireless links
130 may include one or more wireless links (e.g., radio links) or bearers implemented using any
suitable communication protocol or standard, or combination of communication protocols or
standards, such as 3rd Generation Partnership Project Long-Term Evolution (3GPP LTE), Fifth
Generation New Radio (5G NR), and so forth. Multiple wireless links 130 may be aggregated in
a carrier aggregation to provide a higher data rate for the UE 110. Multiple wireless links 130
from multiple base stations 120 may be configured for Coordinated Multipoint (CoMP)
communication with the UE 110.

[0016] The base stations 120 are collectively a Radio Access Network 140 (e.g., RAN,
Evolved Universal Terrestrial Radio Access Network, E-UTRAN, SG NR RAN or NR RAN). The
RANSs 140 are illustrated as an NR RAN 141 and an E-UTRAN 142. The base stations 121 and
123 in the NR RAN 141 are connected to a Fifth Generation Core 150 (SGC 150) network. The
base stations 122 and 124 in the E-UTRAN 142 are connected to an Evolved Packet Core 160
(EPC 160). Optionally or additionally, the base station 122 may connect to both the SGC 150 and
EPC 160 networks.

[0017] The base stations 121 and 123 connect, at 102 and 104 respectively, to the SGC 150
through an NG2 interface for control-plane signaling and using an NG3 interface for user-plane
data communications. The base stations 122 and 124 connect, at 106 and 108 respectively, to the
EPC 160 using an S1 interface for control-plane signaling and user-plane data communications.
Optionally or additionally, if the base station 122 connects to the SGC 150 and EPC 160 networks,
the base station 122 connects to the SGC 150 using an NG2 interface for control-plane signaling

and through an NG3 interface for user-plane data communications, at 180.
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[0018] In addition to connections to core networks, the base stations 120 may communicate
with each other. For example, the base stations 121 and 123 communicate through an Xn interface
at 103, the base stations 122 and 123 communicate through an Xn interface at 105, and the base
stations 122 and 124 communicate through an X2 interface at 107.

[0019] The 5GC 150 includes an Access and Mobility Management Function 152 (AMF
152), which provides control-plane functions, such as registration and authentication of multiple
UE 110, authorization, and mobility management in the 5G NR network. The EPC 160 includes
a Mobility Management Entity 162 (MME 162), which provides control-plane functions, such as
registration and authentication of multiple UE 110, authorization, or mobility management in the
E-UTRA network. The AMF 152 and the MME 162 communicate with the base stations 120 in
the RANs 140 and also communicate with multiple UE 110, using the base stations 120. In
implementations, the AMF 152 and the MME 162 communication with each other via an N26

interface 182.

Example Devices

[0020] FIG. 2 illustrates an example device diagram 200 of devices (e.g., the user
equipment 110, one of the base stations 120) that can implement various aspects of managing inter-
radio access technology capabilities. The user equipment 110 and/or the base station 120 may
include additional functions and interfaces that are omitted from FIG. 2 for the sake of clarity.

[0021] The user equipment 110 includes antennas 202, a radio frequency front end 204
(RF front end 204), an LTE transceiver 206, and a SG NR transceiver 208 for communicating with
the base station 120 in the RAN 140. The RF front end 204 of the user equipment 110 can couple
or connect the LTE transceiver 206, and the 5SG NR transceiver 208 to the antennas 202 to facilitate

various types of wireless communication. The antennas 202 of the user equipment 110 may
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include an array of multiple antennas that are configured similar to or differently from each other.
The antennas 202 and the RF front end 204 can be tuned to, and/or be tunable to, one or more
frequency bands defined by the 3GPP LTE and 5G NR communication standards and implemented
by the LTE transceiver 206, and/or the 5G NR transceiver 208. Additionally, the antennas 202,
the RF front end 204, the LTE transceiver 206, and/or the 5G NR transceiver 208 may be
configured to support beamforming for the transmission and reception of communications with
the base station 120. By way of example and not limitation, the antennas 202 and the RF front end
204 can be implemented for operation in sub-gigahertz bands, sub-6 GHZ bands, and/or above
6 GHz bands that are defined by the 3GPP LTE and 5G NR communication standards.

[0022] The user equipment 110 also includes processor(s) 210 and computer-readable
storage media 212 (CRM 212). The processor 210 may be a single core processor or a multiple
core processor composed of a variety of materials, such as silicon, polysilicon, high-K dielectric,
copper, and so on. The computer-readable storage media described herein excludes propagating
signals. CRM 212 may include any suitable memory or storage device such as random-access
memory (RAM), static RAM (SRAM), dynamic RAM (DRAM), non-volatile RAM (NVRAM),
read-only memory (ROM), or Flash memory useable to store device data 214 of the user equipment
110. The device data 214 includes user data, multimedia data, beamforming codebooks,
applications, and/or an operating system of the user equipment 110, which are executable by
processor(s) 210 to enable user-plane communication, control-plane signaling, and user interaction
with the user equipment 110.

[0023] CRM 212 also includes a capability manager 216. Alternately or additionally, the
capability manager 216 is an application, which may be implemented in whole or part as hardware

logic or circuitry integrated with or separate from other components of the UE 110. In some

10
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aspects, the capability manager 216 may cause the UE 110 to determine a capability information
element. In other aspects, the capability manager 216 may cause the UE to manage exchange of
messages with the base station 120 that are pertinent to the capability information element.

[0024] The device diagram for the base station 120, shown in FIG.2, includes a single
network node (e.g., a gNode B). The functionality of the base station 120 may be distributed
across multiple network nodes or devices and may be distributed in any fashion suitable to perform
the functions described herein. The base station 120 include antennas 252, a radio frequency front
end 254 (RF front end 254), one or more LTE transceivers 256, and/or one or more 5SG NR
transceivers 258 for communicating with the UE 110. The RF front end 254 of the base station
120 can couple or connect the LTE transceivers 256 and the 5G NR transceivers 258 to the
antennas 252 to facilitate various types of wireless communication. The antennas 252 of the base
station 120 may include an array of multiple antennas that are configured similar to, or different
from, each other. The antennas 252 and the RF front end 254 can be tuned to, and/or be tunable
to, one or more frequency band defined by the 3GPP LTE and 5G NR communication standards,
and implemented by the LTE transceivers 256, and/or the SG NR transceivers 258. Additionally,
the antennas 252, the RF front end 254, the LTE transceivers 256, and/or the 5G NR transceivers
258 may be configured to support beamforming, such as Massive-MIMO, for the transmission and
reception of communications with the UE 110.

[0025] The base station 120 also include processor(s) 260 and computer-readable storage
media 262 (CRM 262). The processor 260 may be a single core processor or a multiple core
processor composed of a variety of materials, such as silicon, polysilicon, high-K dielectric,
copper, and so on. CRM 262 may include any suitable memory or storage device such as random-

access memory (RAM), static RAM (SRAM), dynamic RAM (DRAM), non-volatile RAM

11
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(NVRAM), read-only memory (ROM), or Flash memory useable to store device data 264 of the
base station 120. The device data 264 includes network scheduling data, radio resource
management data, beamforming codebooks, applications, and/or an operating system of the base
station 120, which are executable by processor(s) 260 to enable communication with the user
equipment 110.

[0026] CRM 262 also includes a base station manager 266. Alternately or additionally,
the base station manager 266 may be implemented in whole or part as hardware logic or circuitry
integrated with or separate from other components of the base station 120. In at least some aspects,
the base station manager 266 configures the LTE transceivers 256 and the 5G NR transceivers 258
for communication with the user equipment 110, as well as communication with a core network,
such as the core network 150. In at least some aspects, the base station manager 266 may cause
the base station 120 to manage exchange of messages with the UE 110 that are pertinent to a
capability information element. In other aspects, the base station manager 266 may cause the base
station 120 to perform operations based on a received capability information element, including
generating a measurement configuration or determining to handover the UE 110.

[0027] The base station 120 also include an inter-base station interface 268, such as an Xn
and/or X2 interface, which the base station manager 266 configures to exchange user-plane,
control-plane, and other information between other base station 120, to manage the communication
of the base station 120 with the user equipment 110. The base station 120 include a core network
interface 270 that the base station manager 266 configures to exchange user-plane, control-plane,
and other information with core network functions and/or entities.

[0028] Having described an example environment and example devices that can be utilized

for managing inter-RAT capabilities of a UE, consider now a discussion of managing inter-radio

12
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access technology capabilities of a user equipment that is in accordance with one or more

implementations.

Managing Inter-Radio Access Technology Capabilities of a User Equipment

[0029] The evolution of 3GPP introduces enhancements to LTE technologies, such as
including support for evolved universal terrestrial radio access (EUTRA) connected to SGC,
alternately referred to as evolved LTE (eLTE). Toillustrate, an evolved Node B (eNB) base station
that supports EUTRA connected to SGC is a next-generation eNB (ng-eNB) base station, where
the ng-eNB base station connects to a SGC or to both an EPC and the 5GC. As one example, ng-
eNB base station 122 of FIG. 1 connects to SGC 150 through an NG interface as described at 180,
and EPC 160 through an S1 interface at 106. This interconnectivity, however, poses challenges in
handing over UEs operating in the inter-RAT environment. For example, a UE supporting
EUTRA that is connected to SGC may or may not support EUTRA connected to EPC. In other
words, the UE connected to SGC may or may not support eLTE. This poses challenges for a SGC
base station (e.g., gNB base station 121) connected to the UE when determining to handover the
UE over to a EUTRA base station, such as determining whether to hand the UE over to an ng-eNB
base station or to an eNB base station. Without knowledge of what the UE supports (e.g., LTE or
eLTE), a base station may select to hand the UE over to an unsupported RAT, thus causing a failed
handover. In some implementations, the base station requests capability information from the UE
that indicates what RATs the UE supports.

[0030] Example methods 300 and 400 are described with reference to FIG. 3 and FIG. 4
in accordance with one or more aspects of performing handovers in an Inter-RAT environment,

such as an exchange of capability information between a UE and a base station. The order in

13
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which the method blocks are described are not intended to be construed as a limitation, and any
number of the described method blocks can be skipped or combined in any order to implement a
method or an alternate method. Generally, any of the components, modules, methods, and
operations described herein can be implemented using software, firmware, hardware (e.g., fixed
logic circuitry), manual processing, or any combination thereof. Some operations of the example
methods may be described in the general context of executable instructions stored on computer-
readable storage memory that is local and/or remote to a computer processing system, and
implementations can include software applications, programs, functions, and the like.
Alternatively, or additionally, any of the functionality described herein can be performed, at least
in part, by one or more hardware logic components, such as, and without limitation, Field-
programmable Gate Arrays (FPGAs), Application-specific Integrated Circuits (ASICs),
Application-specific Standard Products (ASSPs), System-on-a-chip systems (SoCs), Complex
Programmable Logic Devices (CPLDs), and the like.

[0031] FIG. 3 illustrates an example method 300 for determining how to handover a user
equipment in an Inter-RAT environment. In some implementations, operations of the method 300
are performed by a base station, such as the base station 121 of FIG. 1.

[0032] At 302 the base station transmits, to a UE, a first message that requests a capability
information element. The base station (e.g., gNB base station 121), for example, sends a message
to the UE (e.g., UE 110) over wireless links (e.g., wireless links 131), where the message includes
the request for the capability information element. The requested capability information element
may be, in certain instances, a capability information element that is associated with New Radio
capabilities, such as one or more of the IEs described with reference to FIGs. 5, 6-1, 6-2, 7-1, 7-2,

8-1, 8-2, 9-1, and/or 9-2.
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[0033] At 304, the base station receives, from the UE, a second message that includes the
capability information element. To illustrate, the base station (e.g., gNB base station 121) receives
a message from the UE (e.g., UE 110) over wireless links (e.g., wireless links 131), that includes
a UE-NR-Capability IE as further described. The capability information element may indicate, to
the base station, radio capabilities of the UE, information related to bands supported by the UE
110, and one or more supported core networks. In implementations, the received capability
information element corresponds to any one or more of the IEs described with reference to FIGs.
5,6-1,6-2, 7-1, 7-2, 8-1, 8-2, 9-1, 9-2, and/or 10.

[0034] At 306, and based on the received capability information element, the base station
performs operations that include generating a measurement configuration and determining to
handover the UE 110. For instance, the base station (e.g., gNB base station 121) generates the
measurement configuration, and includes EUTRA carrier information in the measurement
configuration based on the received capability information element.

[0035] FIG. 4 illustrates an example method 400 performed by a user equipment in
accordance with one or more implementations. The user equipment may be the UE 110 of FIG. 1.
In implementations, method 400 works in conjunction, in part or wholly, with method 300.

[0036] At 402, the UE receives, from the base station, a first message that requests a
capability information element. For example, the UE 110 receives, from the gNB base station 121,
a message as described at 302 of method 300. The requested capability information element may
be, in certain instances, a capability information element that is associated with New Radio
capabilities, such as one or more of the IEs described with reference to FIGs. 5, 6-1, 6-2, 7-1, 7-2,

8-1, 8-2, 9-1, 9-2, and/or 10.
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[0037] At 404 the UE transmits, to the base station, a second message that (i) includes the
capability information element and (i1) causes the base station to perform operations that include
generating a measurement configuration and determining to handover the user equipment based
on the capability information element. For instance, the UE 110 transmits a message, such as that
received by a base station at 304 of method 300 and causes the base station to generate the
measurement configuration and/or determine to handover the UE 110 at 306 of method 300.

[0038] In various implementations, the requested capability IE, such as the capability

information element requested in method 300 and/or method 400, explicitly and/or implicitly
indicates core networks supported (or unsupported) through the inclusion and/or exclusion of an
IE, a field in an IE, or any combination thereof. To demonstrate, consider now FIG. 5 that
illustrates an example user equipment New Radio capability (UE-NR-Capability) IE 500 that can
be used for communicating inter-radio access technology capabilities of a user equipment in
accordance with one or more implementations. In various implementations, a UE generates,
stores, and/or communicates the UE-NR-Capability IE 500 to other devices. For instance, UE 110
generates the UE-NR-Capability IE 500 using processor 210 of FIG. 2, stores the UE-NR-
Capability IE 500 in CRM 212 of FIG. 2, and/or communicates the UE-NR-Capability IE 500 to
the base station 121 over the wireless links 131 of FIG. 1

[0039] UE-NR-Capability IE 500 corresponds to an example UE-NR-Capability IE
configured by a UE to indicate NR UE Radio Access Capability parameters associated with the
UE. In implementations, the UE-NR-Capability IE 500 represents the capability IE requested by

the base station at 302 of method 300, and/or the capability IE transmitted by the UE at 404 of

method 400. For the sake of clarity, the configuration of information denoted by the UE-NR-
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Capability IE 500 omits information, and it is to be appreciated that a UE-NR-Capability IE can
include any alternate or additional combinations of information not illustrated here.

[0040] To indicate the supported and/or included capabilities, the UE (e.g., UE 110) sets
various field values within the UE-NR-Capability IE 500. Setting the field values, at times,
includes optionally inserting or omitting fields and/or IEs to explicitly and/or implicitly indicate
supported/unsupported capabilities of the UE. To demonstrate, consider the optionally included
UE-NR-Capability-vxy IE 502 within UE-NR-Capability IE 500. The UE-NR-Capability-vxy IE
502 includes a variety of information as indicated by IE 504, where the IE 504 denotes an example
configuration of information included in the UE-NR-Capability-vxy IE 502. For the sake of
clarity, the example configuration of information denoted by the IE 504 omits some information,
and it is to be appreciated that a UE-NR-Capability-vxy IE can include any additional or alternate
combinations of information not illustrated here.

[0041] IE 504 optionally includes an instance of an InterRAT-Parameters IE 506, where
IE 508 denotes an example configuration of information included in the InterRAT-Parameters 506.
In implementations, the inclusion of the (optional) inter-radio access technology parameters
(InterRAT-Parameters) IE 506 within the UE-NR-Capability-vxy IE signifies that the
corresponding UE supports other RATs. Accordingly, the contents of the InterRAT-Parameters
506 provide additional details on how the UE supports the other RATs. For the sake of clarity, the
example configuration of information denoted by the IE 508 omits information, and it is to be
appreciated that an InterRAT-Parameters IE can include any additional or alternate combinations
of information not illustrated here.

[0042] The example configuration of information illustrated by the IE 508 (e.g.,

InterR AT-Parameters 506) optionally includes an instance of an IRAT-ParametersEUTRA IE 510.
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IE 512 denotes an example configuration of information included in an IRAT-ParametersEUTRA
IE. For the sake of clarity, the IE 512 omits information, and it is to be appreciated that an
IRAT-ParametersEUTRA IE can include any combination of information. In implementations,
the inclusion of the IRAT-ParametersEUTRA IE within the InterRAT-Parameters IE implies
support of at least one core network, such as 5GC or EPC.

[0043] In some implementations, the IRAT-ParamtersEUTRA IE includes one or more
fields that indicate radio capability(ies). For example, as illustrated in FIG. 5, the IE 512 includes
a supportedBandListEUTRA field that provides an indication of supported frequency bands but
alternate or additional fields can be included to indicate radio capability(ies).

[0044] As one example, in a first implementation, the inclusion of the optional
IRAT-ParametersEUTRA IE within an InterRAT-Parameters IE implicitly indicates that the
corresponding UE supports an EPC, such as the EPC network 162 of FIG. 1. Thus, in the first
implementation, a complementary base station receiving the UE-NR-Capability IE with the
included (optional) IRAT-ParametersEUTRA IE determines that the corresponding UE supports
the EPC.

[0045] As another example, in a second implementation, the inclusion of the (optional)
IRAT-ParametersEUTRA IE 508 within an InterRAT-Parameters IE 506 implicitly indicates that
the corresponding UE supports SGC. Thus, in the second implementation, a complementary base
station  receiving  the  UE-NR-Capability [E ~ with  the included  (optional)
InterRATParametersEUTRA 510 determines that the corresponding UE supports SGC. Thus, the
inclusion of the (optional) IRAT-ParametersEUTRA IE within an InterRAT-Parameters IE

implies, at times, a supported core network (e.g., either EPC or 5GC).
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[0046] At times, various UEs support multiple core networks, such as both SGC and EPC.
Some implementations of an IRAT-ParametersEUTRA IE provide optional fields that allow a UE
configuring the IRAT-ParametersEUTRA IE to explicitly or implicitly indicate support (or lack of
support) for additional core networks. Alternately or additionally, an IRAT-ParametersEUTRA
IE includes a configurable IE, such as IRAT-ParametersEUTRA-Common IE 514, that provides
optional fields used by a UE to explicitly or implicitly indicate support (or lack of support) for
additional core networks.

[0047]  An explicit indication corresponds to a field or IE that has a primary and/or
dedicated purpose for providing a specific indication. For example, a field that has a primary
purpose of indicating support for a core network, such as an optional SGC field used to indicate
support for SGC or an optional EPC field used to indicate support for EPC, are examples of explicit
indications. An implicit indication corresponds to using the presence (or lack of presence) a field
or IE as an indication of information, where the field or IE has a different primary purpose than
indicating the information. To illustrate, consider an IE that includes fields dedicated to providing
frequency band information, but lacks any fields with a primary purpose of indicating a supported
(or unsupported) core network. An implicit indication in this example corresponds to including or
excluding the IE within a message, where the primary purpose of the IE corresponds to providing
the frequency band information, and the presence (or lack of presence) of the IE provides
secondary, and implicit, information about supported core networks. Alternately or additionally,
an implicit indication corresponds to excluding a field, such as excluding a field with a primary
purpose (e.g., excluding a SGC field to implicitly indicate no support for SGC versus including a

No5SGC field that explicitly indicates no support for SGC).
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[0048] To demonstrate, consider now FIGs. 6-1 and 6-2 that illustrate a first example 600
and a second example 602, respectively, of configurable IEs used by a UE to provide an indication
of supported/unsupported core network types. In these examples, a UE (e.g., UE 110) explicitly
indicates the supported core network type(s). The first example 600 includes an IRAT-
ParametersEUTRA IE 604 that corresponds to an IE included in a UE-NR-Capability IE, such as
the IRAT-ParametersEUTRA IE 510 included in the UE-NR-Capability IE 500 of FIG. 5. The
configuration of the IRAT-ParametersEUTRA IE 604 includes a field, SupportedCNType 606,
that a UE configures to indicate the supported core network types. In implementations, the
SupportedCNType 606 corresponds to an enumerated type 608 that includes at least three data
types: “EPC”, “5SGC”, and “EPCand5GC”. Accordingly, to explicitly indicate support for only
5GC, the UE sets the SupportedCNType 606 field to “SGC”. Similarly, to explicitly indicate
support for only EPC, a UE sets the SupportedCNType field to “EPC”. In scenarios where the UE
supports both SGC and EPC, the UE sets the SupportedCNType field to “EPCand5GC”. Thus, by
including and setting the SupportedCNType field in an IRAT-ParametersEUTRA IE of a UE-NR-
Capabilities IE, a UE provides an explicit indication of supported core network types. In some
implementations, the capability manager 216 of UE 110 configures the SupportedCNType 606 in
response to receiving a request for a capability information element, such as that described at 402
and/or at 404 of method 400.

[0049] In the second example 602 of FIG. 6-2, an optionally included IRAT-
ParametersEUTRA-Common IE 610 of an IRAT-ParametersEUTRA IE 612 includes an optional
field: SupportedCNType 614. Similar to the SupportedCNType 606 of FIG. 6-1, the
SupportedCNType 614 corresponds to an enumerated type 616 with at least three data types (e.g.,

“EPC”, “SGC”, “EPCand5GC”). In implementations, a UE explicitly indicates supported core
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network types by setting the SupportedCNType 614 (of an IRAT-ParametersEUTRA-Common
IE) to one of the corresponding enumerated types. In some implementations, the capability
manager 216 of UE 110 configures the SupportedCNType 614 in response to receiving a request
for a capability information element, such as that described at 402 and/or at 404 of method 400.
[0050] Now consider FIGs. 7-1 and 7-2 that illustrate a third example 700 and a fourth
example 702 of configurable IEs used by a UE to explicitly or implicitly provide an indication of
supported/unsupported core network types. In the third example 700, a UE 110 determines (by
way of the capability manager 216) to include an (optional) IRAT-ParametersEUTRA IE in an
InterRAT-Parameters IE, such as the IRAT-ParametersEUTRA IE 510 included in the InterRAT-
Parameters IE 506 as described with reference to FIG. 5. In some implementations, the inclusion
of the IRAT-ParametersEUTRA IE implicitly indicates that the corresponding UE supports EPC.
[0051] Next, at 704, the capability manager 216 determines whether the UE 110
additionally supports a SGC, such as the SGC network 150. In response to determining that the
UE 110 supports the SGC, the capability manager 216 configures an IRAT-ParametersEUTRA IE

706 to include the optional 5GC field 708. Conversely, in response to determining that the UE

110 does not support the SGC, the capability manager 216 configures an IRAT-ParametersEUTRA

710 to exclude the optional SGC field, denoted in the third example with empty space 712 for
emphasis. Thus, in the third example 700, the capability manager 216 implicitly indicates support
of EPC by including an (optional) IRAT-ParametersEUTRA IE in an InterRAT-Parameters IE,
explicitly indicates support of the SGC by including the optional SGC field 708 in the IRAT-
ParametersEUTRA IE, and implicitly indicates no support of the SGC by excluding the optional

5GC field from the IRAT-ParametersEUTRA IE.
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[0052] In the fourth example 702, and similar to the third example 700, the capability
manager 216 of the UE 110 determines to optionally include an IRAT-ParametersEUTRA IE 714
in an InterRAT-Parameters IE, thus implicitly indicating that the corresponding UE supports the
EPC. However, to explicitly or implicitly indicate the UE 110’s support (or lack of support) for
5GC, the capability manager 216 modifies an IRAT-ParametersEUTRA-Common IE 716 of the
IRAT-ParametersEUTRA IE 714.

[0053] To illustrate, at 718, the capability manager 216 determines whether the UE 110
additionally supports the SGC. In response to determining the UE 110 supports 5GC, the
capability manager 216 generates IRAT-ParametersEUTRA-Common IE 720 to use as the IRAT-
ParametersEUTRA-Common IE 716. The IRAT-ParametersEUTRA-Common IE 720 includes
optional SGC field 722, thus explicitly indicating support for SGC. Conversely, in response to
determining the UE 110 does not support the SGC, the capability manager 615 generates IRAT-
ParametersEUTRA-Common IE 724 to use as the IRAT-ParametersEUTRA-Common IE 716,
where the IRAT-ParametersEUTRA-Common IE 724 excludes the optional 5GC field,
emphasized with empty space 726. In other words, the IRAT-ParametersEUTRA-Common IE
724 implicitly indicates no support for the SGC by excluding the optional SGC field. Thus, in the
fourth example 702, the capability manager 216 implicitly indicates support of the EPC by
including an IRAT-ParametersEUTRA IE in an InterRAT-Parameters IE, explicitly indicates
support of the SGC by including the optional SGC field 722 in the IRAT-ParametersEUTR A-
Common IE, and implicitly indicates no support of the SGC by excluding the optional SGC field
from the IRAT-ParametersEUTRA-Common IE.

[0054] Now consider FIGs. 8-1 and 8-2 that illustrate a fifth example 800 and a sixth

example 802 of configurable IEs used by a UE to explicitly or implicitly provide an indication of
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supported/unsupported core network types. In the fifth example 800, a UE 110 determines (by
way of the capability manager 216) to include an (optional) IRAT-ParametersEUTRA IE in an
InterRAT-Parameters IE, such as the IRAT-ParametersEUTRA IE 510 included in the InterRAT-
Parameters IE 506 as described with reference to FIG. 5. In some implementations, the inclusion
of the (optional) IRAT-ParametersEUTRA IE implicitly indicates that the corresponding UE
supports SGC.

[0055] Next, at 804, the capability manager 216 determines whether the UE 110
additionally supports an EPC, such as the EPC network 162 of FIG. 1. In response to determining
that the UE 110 supports the EPC, the capability manager 216 configures an IRAT-
ParametersEUTRA IE 806 to include the optional EPC field 808. Conversely, in response to

determining that the UE 110 does not support the EPC, the capability manager 216 configures an

IRAT-ParametersEUTRA 810 to exclude the optional EPC field, denoted with empty space 812

for emphasis. Thus, in the fifth example 800, the capability manager 216 implicitly indicates
support of the SGC by including an IRAT-ParametersEUTRA IE in an InterRAT-Parameters IE,
explicitly indicates support of the EPC by including the optional EPC field 808 in the IRAT-
ParametersEUTRA IE, and implicitly indicates no support of the EPC by excluding the optional
EPC field from the IRAT-ParametersEUTRA IE.

[0056] In the sixth example 802, and similar to the fifth example 800, the capability
manager 216 of the UE 110 determines to include an (optional) IRAT-ParametersEUTRA IE 814
in an InterRAT-Parameters IE, thus implicitly indicating that the corresponding UE supports the
5GC. However, to explicitly or implicitly indicate the UE 110’s support (or lack of support) for
the EPC, the capability manager 216 modifies an IRAT-ParametersEUTRA-Common IE 816 of

the IRAT-ParametersEUTRA IE 814.
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[0057] To illustrate, at 818, the capability manager 216 determines whether the UE 110
additionally supports the EPC. In response to determining the UE 110 supports the EPC, the
capability manager 216 generates IRAT-ParametersEUTRA-Common IE 820 to use as the IRAT-
ParametersEUTRA-Common IE 816. The IRAT-ParametersEUTRA-Common IE 820 includes
optional EPC field 822, thus explicitly indicating support for EPC. Conversely, in response to
determining the UE 110 does not support EPC, the capability manager 216 generates IRAT-
ParametersEUTRA-Common IE 824 to use as the IRAT-ParametersEUTRA-Common IE 816,
where the IRAT-ParametersEUTRA-Common IE 824 excludes the optional EPC field,
emphasized here with empty space 826. In other words, the IRAT-ParametersEUTRA-Common
IE 824 implicitly indicates no support for EPC by excluding the optional EPC field. Thus, in the

sixth example 802, the capability manager 216 implicitly indicates support of SGC by including

an IRAT-ParametersEUTRA IE in an InterRAT-Parameters IE, explicitly indicates support of EPC
by including the optional EPC field 822 in the an IRAT-ParametersEUTRA-Common IE, and
implicitly indicates no support of EPC by excluding the optional EPC field from the IRAT-
ParametersEUTRA-Common IE.

[0058]  Now consider FIGs. 9-1 and 9-2 that illustrate a seventh example 900 and an eighth
example 902 of configurable IEs used by a UE to explicitly or implicitly provide an indication of
supported/unsupported core network types. In the seventh example 900, a UE 110 determines (by
way of the capability manager 216) to include an (optional) IRAT-ParametersEUTRA IE in an
InterRAT-Parameters IE, such as the IRAT-ParametersEUTRA IE 510 included in the InterRAT-
Parameters IE 506 as described with reference to FIG. 5.

[0059] In the seventh example 900, the capability manager 216 determines, at 904, to

explicitly indicate the core networks supported by the UE 110. For example, following path (1),
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in response to determining the UE supports both EPC and SGC, the capability manager configures
IRAT-ParametersEUTRA IE 906 to include optional EPC field 908 and optional SGC field 910.
Thus, by including the EPC field 908 and the 5GC field 910, the capability manager configures
the IRAT-ParametersEUTRA IE 906 to explicitly indicate support for EPC and explicitly indicate
support for SGC.

[0060]  Following path (2), in response to determining the UE supports EPC and does not
support SGC, the capability manager configures the IRAT-ParametersEUTRA IE 912 to include
optional EPC field 914 and exclude optional SGC field, emphasized by empty space 916. Thus,
by including the optional EPC field 908 and excluding the optional SGC field, the capability
manager configures the IRAT-ParametersEUTRA IE 912 to explicitly indicate support for EPC
and implicitly indicate no support for SGC.

[0061]  Following path (3), in response to determining the UE supports SGC and does not
support EPC, the capability manager configures the IRAT-ParametersEUTRA IE 918 to exclude
the optional EPC field, emphasized here by empty space 920, and include the optional SGC field
922. By excluding the optional EPC field, and including the SGC field 922, the capability manager
configures the IRAT-ParametersEUTRA IE 918 to implicitly indicate no support for EPC and
explicitly indicate support for SGC. Thus, in the seventh example 900, the capability manager 216
can indicate any combination of support for SGC and EPC by including and/or excluding optional
EPC and 5GC fields.

[0062] In the eighth example 902, and similar to the seventh example 900, the capability
manager 216 of the UE 110 determines to include an (optional) IRAT-ParametersEUTRA IE 924
in an InterRAT-Parameters IE, such as the IRAT-ParametersEUTRA IE 510 included in the

2

InterRAT-Parameters IE 506 as described with reference to FIG. 5. To explicitly or implicitly
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indicate the UE 110’s support (or lack of support) for EPC and SGC, the capability manager 216
modifies an IRAT-ParametersEUTRA-Common IE 926 of the IRAT-ParametersEUTRA IE 924.

[0063] To illustrate, at 928, the capability manager 216 determines whether the UE 110
supports EPC, SGC, or both. For example, following path (1), in response to determining the UE
supports both EPC and 5GC, the capability manager configures the IRAT-ParametersEUTRA-
Common IE 930 to include optional EPC field 932 and optional 5GC field 934. By including the
optional EPC field 932 and the optional SGC field 934, the capability manager configures the
IRAT-ParametersEUTRA-Common IE 930 to explicitly indicate support for EPC and explicitly
indicate support for SGC.

[0064]  Following path (2), in response to determining the UE supports EPC and does not
support SGC, the capability manager configures the IRAT-ParametersEUTRA-Common IE 936
to include optional EPC field 938 and exclude the optional SGC field, emphasized by empty space
940. By including the EPC field 938 and excluding the optional SGC field, the capability manager
configures the IRAT-ParametersEUTRA-Common IE 936 to explicitly indicate support for EPC
and implicitly indicate no support for SGC.

[0065] Following path (3), in response to determining the UE supports SGC and does not
support EPC, the capability manager configures the IRAT-ParametersEUTRA-Common IE 942 to
exclude the optional EPC field, emphasized here by empty space 944, and include optional SGC
field 946. By excluding the optional EPC field, and including the SGC field 946, the capability
manager configures the IRAT-ParametersEUTRA IE 942 to implicitly indicate no support for EPC
and explicitly indicate support for SGC. Thus, in the eighth example 902, the capability manager
216 can indicate any combination of support for SGC and EPC by including and/or excluding

optional EPC and 5GC fields.
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[0066] As yet another example, consider now FIGs. 10-1 and 10-2, which illustrate a ninth
example 1000 and a tenth example 1002 of configurable IEs used by a UE to explicitly or implicitly
provide an indication of supported/unsupported core network types. In the ninth example 1000
and the tenth example 1002, a UE 110 determines (by way of the capability manager 216) whether
to include optional field(s) in information element(s) to explicitly indicate support of a core
network, and/or whether to exclude optional field(s) in the information element to implicitly
indicate no support of a core network, similar to the optional fields described with reference to
FIGs. 9-1 and 9-2 (e.g., optional fields 908, 910, 932, 934).

[0067] In FIG. 10-1, the capability manager 216 determines a configuration for a
MeasAndMobParameters IE 1004 to indicate the capabilities of UE 110. In some
implementations, the UE 110 returns the MeasAndMobParameters IE 1004 in response to
receiving a request for a capability information element, such as by including the
MeasAndMobParameters IE 1004 within a UE-NR-Capabilities IE and/or as a stand-alone IE. For
example, in response to receiving the first message from the base station as described at 402 of
method the 400, the UE 110 configures and returns the MeasAndMobParameters IE 1004 to the
base station as described at 404 of the method 400. Accordingly, the capability manager 216, at
times, returns UE capability information using the MeasAndMobParameters IE 1004.

[0068] In the ninth example 1000, the MeasAndMobParameters IE 1004 includes an
optional measAndMobParametersXDD-Diff IE 1006. The measAndMobParametersXDD-Diff IE
1006 includes a variety of information as indicated by IE 1008, where the IE 1008 denotes an
example configuration of information included in the measAndMobParametersXDD-Diff IE 1006.

For the sake of clarity, the example configuration of information denoted by the IE 1008 omits
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some information, and it is to be appreciated that a measAndMobParametersXDD-Diff IE 1006
can include any additional or alternate combinations of information not illustrated here.

[0069] In implementations, the capability manager 216 determines at 1010 and at 1012
whether the UE 110 supports an EPC and/or an 5GC (e.g., similar to that described at 904 of FIG.
9-1, and at 928 of FIG. 9-2). In this example, the capability manager 216 determines that the UE
110 supports both the EPC and the 5GC, and includes an optional handoverLTE-EPC field 1014
(e.g., similar to optional EPC field 908, optional EPC field 932) to explicitly indicate support of
the EPC, and includes an optional handoverLTE-5GC field 1016 to explicitly indicate support of
the SGC. While not illustrated in FIG. 10-1, the capability manager 216 can alternately or
additionally determine to exclude the optional handoverLTE-EPC field 1014 and/or the optional
handover LTE-5GC field 1016, such as that illustrated by IE 912, IE 918, IE 936, and/or IE 942
of FIGs. 9-1 and 9-1, to implicitly indicate no support for the core network of the respective
optional field not included in measAndMobParametersXDD-DIFF IE 1006.

[0070] In the tenth example 1002, the MeasAndMobParameters IE 1018 includes an
optional measAndMobParametersFRX-Diff IE 1020. The measAndMobParametersFRX-Diff IE
1020 includes a variety of information as indicated by the example information denoted with IE
1022. For the sake of clarity, the example of information denoted by the IE 1022 omits some
information, and it is to be appreciated that the measAndMobParametersFRX-Diff IE 1020 can
include additional or alternate combinations of information not illustrated here.

[0071] The capability manager 216 determines at 1024 and at 1026 whether the UE 110
supports an EPC and/or an SGC (e.g., similar to that described at 904 of FIG. 9-1, at 928 of FIG.
9-2). In this example, the UE 110 determines that the UE 110 supports both the EPC and the SGC.

Accordingly, the capability manager 216 includes an optional handoverLTE-EPC field 1028 (e.g.,
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similar to optional EPC field 908, optional EPC field 932) to explicitly indicate support of the EPC
and includes an optional handoverLTE-5GC field 1030 to explicitly indicate support of the SGC.
While not illustrated in FIG. 10-2, the capability manager 216 can alternately or additionally
determine to exclude the optional handoverLTE-EPC field 1028 and/or the optional handover
LTE-5GC field 1030, such as that illustrated by IE 912, IE 918, IE 936, and/or IE 942 of FIGs. 9-
1 and 9-2, to implicitly indicate no support for the core network of the respective optional field not
included in the measAndMobParametersFRX-DIFF IE 1020. Further, while example 1000 and
example 1002 are illustrated separately, various implementations can include and/or exclude
optional fields in any combination of the measAndMobParametersXDD-Diff IE 1006 and/or the
measAndMobParametersFRX-Diff IE 1020 within a MeasAndMobParameters IE.

[0072] Having described examples of managing inter-radio access technology capabilities
of a user equipment using configurable IEs, consider now some example signal and control

transaction diagrams that are in accordance with one or more implementations.

Signal and Control Transaction Diagrams

[0073] FIG. 11 illustrates an example signal and control transaction diagram 1100
associated with managing inter-radio access technology capabilities of a user equipment in
accordance with one or more implementations. The diagram 1100 illustrates example exchanges
between the user equipment 110 and the gNB base station 121 of FIG. 1, where the gNB base
station 121 requests user equipment capability information, such as that described by method 300,
and the UE 110 returns user equipment capability information, such as that described by method
400. Alternately or additionally, the UE 110 generates measurement report(s) according to a

generated measurement configuration from the base station 121. Accordingly, in implementations,
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the signal and control transaction diagram 1100 works in conjunction with, wholly or in part, with
methods 300 or 400 and/or the various IE configurations described with reference to FIGs. 5 to
10.

[0074] At 1105, the gNB base station 121 sends a UECapabilityEnquiry to the UE 110,
such as that described at 402 of method 400. For example, the gNB base station transmits the
UECapabilityEnquiry over the wireless links 131. In some implementations, the base station 121
requests the UE-NR-Capabilities of the UE 110, such as by sending a New Radio (NR) Radio
Resource Control (RRC) that includes an Information Element (IE) Radio Access Technology
(RAT) type set to “nr”. This directs the UE 110 to return the UE-NR-Capabilities in a reply.

[0075] At 1110, the UE 110 returns the UECapabilityInformation to the gNB base
station 121, such as that described at 304 of method 300. At times, the UECapabilityInformation
returned by the UE 110 includes a UE-NR-Capability IE with any combination of NR information
such as, by way of example and not of limitation, NR capabilities, supported EUTRA band
information, an indication of whether EPC is supported, an indication of whether 5GC is
supported, etc.

[0076] For example, some implementations of the UE 110 indicate support of EPC or SGC
by including an optional IRAT-ParametersEUTRA IE in an InterRAT-ParametersIE (e.g., IRAT-
ParametersEUTRA IE 510). In implementations, the inclusion of the optional IRAT-
ParametersEUTRA IE implicitly indicates support of EPC, while in other implementations, the
inclusion of the optional IRAT-ParametersEUTRA IE implicitly indicates support of SGC.

[0077] Some implementations include an optional SupportedCNType field in an IRAT-
ParametersEUTRA IE or an IRAT-ParametersEUTRA-Common IE (e.g., SupportedCNType 606,

SupportedCNType 614), and set the enumerated type to the supported core network(s).
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[0078] Some implementations explicitly indicate support of SGC by including an optional
5GC field in an IRAT-ParametersEUTRA IE or an IRAT-ParametersEUTRA-Commons IE (e.g.,
5GC field 708, SGC field 722, SGC field 910, 5GC field 922, SGC field 934, 5GC field 946). In
various implementations, the exclusion of the optional SGC field implicitly indicates no support
for SGC. Alternately or additionally, implementations explicitly indicate support of EPC by
including an optional EPC field in an IRAT-ParametersEUTRA IE or an IRAT-
ParametersEUTRA-Commons IE (e.g., EPC field 808, EPC field 822, EPC field 908, EPC field
914, EPC field 932, EPC field 938). In various implementations, the exclusion of the optional
EPC field implicitly indicates no support for EPC. Thus, at 1110, the UE indicates support of
EPC, support of SGC, and/or support of EPC and 5GC through including and/or excluding IEs
and/or fields in IEs as further described.

[0079] In some implementations, the UE 110 returns capability information using a
MeasAndMobParameters IE, such as MeasAndMobParameters IE 1000 of Fig. 10-1 and/or Fig.
10-2, and indicates in the MeasAndMobParameters IE support, or no support, for core networks.
As an example, to explicitly indicate support for an EPC, the UE 110 configures
MeasAndMobParameters IE to include an optional handoverLTE-EPC field, such as optional
handoverLTE-EPC field 1010 of FIG. 10-1 and/or optional handoverLTE-EPC field 1022 of FIG.
10-2.  To implicitly indicate no support for the EPC, the UE 110 excludes the optional
handoverLTE-EPC field from the MeasAndMobParameters IE (e.g., handoverLTE-EPC field
1010 and/or optional handoverLTE-EPC field 1022). Alternately or additionally, to explicitly
indicate support for a SGC, the UE 110 configures MeasAndMobParameters IE to include an
optional handoverLTE-5GC field, such as optional handoverLTE-5GC field 1012 of FIG. 10-1

and/or optional handoverLTE-5GC field 1024 of FIG. 10-2. To implicitly indicate no support for
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the EPC, the UE 110 excludes the optional handoverLTE-5GC field from the
MeasAndMobParameters IE (e.g., handoverLTE-5GC field 1012 and/or optional handoverL TE-
5GC field 1024).

[0080] At 1115, the gNB base station 121 generates a measurement configuration for
directing the UE 110 to perform one or more measurements, such as that described at 406 of
method 400. In implementations, the gNB base station 121 generates the measurement
configuration based on the UE-NR-Capability IE. For example, based on determining the UE 110
supports EPC by analyzing the UE-NR-Capability IE, the gNB base station 121 configures the
measurement configuration with a EUTRA carrier in a band supported by the UE 110, where the
InterRAT-Parameters IE of the UE-NR-Capability IE received from the UE 110 includes the
EUTRA carrier in a supportedBandListEUTRA field.

[0081] In some implementations, the measurement configuration generated by the gNB
base station 121 configures an Absolute Radio Frequency Channel Number (ARFCN) identifying
the EUTRA carrier frequency. Toillustrate, the base station 121 determines the ARFCN according
to the first EUTRA frequency information in the UE-NR-Capability IE. In some implementations,
the measurement configuration includes a reporting configuration for storing measurement
result(s) generated by the UE 110.

[0082] Afterwards, at 1120, the gNB base station 121 sends an NR RRC Reconfiguration
to the UE 110, where the NR RRC Reconfiguration includes the measurement configuration
generated by the gNB base station 121 at 1115.

[0083] At 1125, the UE 110 generates measurement results as directed by the measurement
configuration. For example, the UE 110 measures a EUTRA carrier according to the measurement

configuration included in the NR RRC Reconfiguration. In implementations, the measurement
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configuration includes a reporting configuration that enables the UE 110 to transmit measurement
report message(s), such as a measurement result from measuring the EUTRA carrier.

[0084] Accordingly, in response to generating the measurement results, such as measuring
the EUTRA carrier as indicated in the NR RRC Reconfiguration, the UE 110 returns an NR RRC
Measurement report to the gNB base station 121 at 1130. In implementations, the NR RRC
Measurement report includes the measurement result(s) of the EUTRA carrier as further described.

[0085] At 1135, the gNB base station 121 analyzes the measurement result(s) and the
capabilities information to determine a handover type for the UE. For example, if the measurement
result(s) indicate a EUTRA cell or a EUTRA carrier frequency of an eNB base station has a good
signal strength, and the UE-NR-Capability IE indicates the UE supports EPC, the base station 121
determines a handover type that corresponds to performing a handover to an eNB base station. As
another example, if the measurement result(s) indicate a EUTRA cell or a EUTRA carrier
frequency of a ng-eNB base station has a good signal strength, and the UE-NR-Capability IE
indicates the UE supports SGC, the base station 121 determines a handover type that corresponds
to performing a handover to an ng-eNB base station. A handover type can correspond to any
suitable combination of handovers, such as a handover type that corresponds to performing a
handover to another gNB base station, a handover type that corresponds to performing a handover
to a eNB base station, a handover type that corresponds to performing a handover to an ng-eNB
base station, etc.

[0086] A EUTRA base station, such as an ng-eNB base station, can be connected to EPC
and 5GC, where the EUTRA base station supports both. If the measurement result(s) indicate a
EUTRA cell or a EUTRA carrier frequency of the EUTRA base station has a signal strength that

meets or exceeds a threshold value, and the UE-NR-Capability IE indicates the UE supports both
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the EPC and the SGC, the gNB base station 121 determines a handover type that corresponds to
performing a handover to an eNB base station or a ng-eNB base station. In some instances, the
gNB base station 121 determines the handover type in a dual-support scenario based on priorities
(e.g., SGC has higher priority than EPC, EPC has higher priority than 5GC) and/or system
conditions. To illustrate, consider a scenario in which SGC has priority, then the gNB base station
selects a handover type that corresponds to handing the user equipment over to an ng-eNB base
station. However, if the ng-eNB base station, or SGC network node is not functioning and/or is
congested, the gNB base station 121 determines to handover the UE to the eNB.

[0087]  Diagram 1140 included in the signal and control transaction diagram 1100 refers to
any combination of the signals and transactions performed between the UE and the gNB base
station (e.g., at 1105, at 1110, at 1115, at 1120, at 1125, at 1130, and/or at 1135). Accordingly,
references to diagram 1140 correspond to any of the signal and transactions described by the
diagram 1100.

[0088] Now consider FIG. 12 that illustrates a second example signal and control
transaction diagram 1100 that is associated with handing over a user equipment in an inter-RAT
environment based on obtaining capabilities of the user equipment in accordance with various
implementations. The diagram 1200 illustrates example exchanges between the user equipment
110, gNB base station 121, AMF 152, MME 162, and/or eNB base station 124 of FIG. 1, where
the gNB base station 121 determines to perform a handover of the UE 110 to the eNB base station
124 based on a generated measurement configuration and/or obtaining UE capabilities as further
described. In implementations, the signal and control transaction diagram 1200 works in
conjunction with, wholly or in part, the various IE configurations described with reference to FIGs.

6-1 to 9-2, and/or the signal and control transaction diagram 1100 of FIG. 11.
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[0089] The signal and control transaction diagram 1200 begins with diagram 1140 of FIG.
11, where the base station 121 and the UE 110 perform various signals and controls transactions
to exchange UE capability information and measurement results, such as through sending a
UECapabilityEnquiry at 1105, receiving UECapabilityInformation (e.g., UE-NR-Capability IE
500) at 1110, generating a measurement configuration for measuring a EUTRA carrier at 1115,
sending the measurement configuration at 1120, measuring the EUTRA carrier at 1125,
sending/receiving a measurement report at 1130, and analyzing the measurement report at 1135.

[0090] Accordingly, at 1205, the gNB base station 121 determines to perform a handover
of the UE 110 to an eNB base station based on the analyzing the measurement results performed
at 1135. In other words, the gNB base station determines the handover type based on the analysis.
To illustrate, the gNB base station determines a handover type that corresponds to handing the UE
over to an eNB base station 124 in response to the UE indicating EPC support, such as by that
described at 1110 of FIG. 11. Alternately or additionally, the gNB base station 121 determines a
handover type that corresponds to handing the UE 110 over to the eNB base station 124 based
upon information included in the NR RRC Measurement report received at 1130. For example,
the gNB base station 121 determines to perform a handover the UE 110 to the eNB base station
based on a signal strength of the eNB base station, such as a measurement result indicating the
signal strength of the eNB base station 124 meets or exceeds a threshold value.

[0091] In response to determining to perform a handover of the the UE to the eNB base
station, the gNB base station 121 communicates a Handover Required message at 1210 to the AMF
152, such as through an NG interface as described at 102. In implementations, the gNB base
station 121 includes a target Global eNB ID (IE) in the Handover Required message, where the

target Global eNB ID identifies the eNB base station (e.g., eNB base station 124). In response to
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receiving the Handover Required message, the AMF 152 forwards the message to MME 162 at
1215, such as through the N26 interface 182 of FIG. 1.

[0092]  In response to receiving the Handover Required message, the MME 162 forwards
a Handover Request message to the eNB base station 124 at 1220. For example, the MME 162
communicates the Handover Request message using an S1 interface as described at 108 of FIG. 1.

[0093] Afterwards, and in response to receiving the Handover Request message, the eNB
base station 124 replies to the MME 162 with a Handover Request Acknowledge at 1225. At
times, the eNB base station 124 communicates the Handover Request Acknowledge to the MME
162 using the S1 interface as described at 108. In some examples, the Handover Request
Acknowledge message includes a EUTRA RRC message (e.g., an RRC Connection
Reconfiguration message) that orders the UE to perform a handover to a EUTRA cell of the eNB
base station 124. The eNB base station 124, for instance, indicates, in the EUTRA RRC message,
the core network by inserting “EPC” in the EUTRA RRC message. The MME 162 then forwards
a Relocation Response to the AMF 152 at 1230, such as through the N26 interface 182, where the
Relocation Response includes the EUTRA RRC message.

[0094] At 1235, the AMF 152 sends a Handover Command to the gNB base station 121,
such as through an NG interface as described at 102. In implementations, the AMF 152 configures
the Handover Command to include the EUTRA RRC message received from the eNB base station
124 (by way of the Relocation Response received from the MME 162).

[0095] In response to receiving the Handover Command, the gNB base station 121 sends
an NR RC Mobility From NR Command message to the UE 110 at 1240, where the gNB base

station inserts the EUTRA RRC message in the NR RC Mobility From NR Command message.
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[0096] At 1245, and in response to the UE 110 receiving the NR RC Mobility From NR
Command message, the various devices within the system (e.g., the UE 110, the gNB base
station 121, the AMF 152, the MME 162, and/or the eNB base station 124) perform the EUTRA
Random Access Procedure that causes the UE 110 to perform a handover from the gNB base
station 121 to the eNB base station 124 according to the EUTRA RRC message in the NR RC
Mobility From NR Command message. Afterwards, at 1250, the UE 110 communicates a EUTRA
RRC Connection Reconfiguration Complete message to the eNB base station 124.

[0097] FIG. 13 illustrates a third example signal and control transaction diagram 1300 that
is associated with handing over a user equipment in an inter-RAT environment based on obtaining
measurement results and capabilities of the user equipment in accordance with various
implementations. The diagram 1300 illustrates example exchanges between the user equipment
110, gNB base station 121, AMF 152, and/or ng-eNB base station 122 of FIG. 1, where the gNB
base station 121 determines to perform a handover of the UE 110 to the ng-eNB base station 122
based on a generated measurement configuration and/or UE capability information as further
described. In implementations, the signal and control transaction diagram 1300 works in
conjunction with, wholly or in part, the various IE configurations described with reference to FIGs.
5-10, and/or the signal and control transaction diagram 1100 of FIG. 11.

[0098] The signal and control transaction diagram 1300 begins with diagram 1140 of FIG.
11, where the base station 121 and the UE 110 perform various signal and control transactions to
exchange UE capability information and measurement results, such as through sending a
UECapabilityEnquiry at 1105, receiving UECapabilityInformation (e.g., UE-NR-Capability IE

500) at 1110, generating a measurement configuration for measuring a EUTRA carrier at 1115,
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sending the measurement configuration at 1120, measuring the EUTRA carrier at 1125,
sending/receiving a measurement report at 1130, and analyzing the measurement report at 1135.

[0099] Accordingly, at 1305, the gNB base station 121 determines to perform a handover
of the UE 110 to the ng-eNB base station 122 based on the analyzing performed at 1135. In other
words, the gNB base station determines the handover type based on the analysis. To illustrate, the
UE indicates SGC support in any suitable manner, such as those described at 1110 of FIG. 11, and
the gNB base station 121 determines the handover type based on the indication of SGC support.
Alternately or additionally, the gNB base station 121 determines a handover type that corresponds
to handing the UE 110 over to the ng-eNB base station 122 based upon information included in
the NR RRC Measurement report received at 1130. For example, the gNB base station 121
determines to perform a handover of the UE 110 to the ng-eNB base station based on a
measurement result (in the NR RRC Measurement Report) that indicates a signal strength of the
ng-eNB base station, such as a measurement result that indicates the signal strength of the ng-eNB
base station 122 meets or exceeds a threshold value.

[0100] At 1310, the gNB base station 121 communicates the Handover Required message
to the AMF 152, such as through an NG interface as described at 102. In turn, at 1315, the AMF
152 forwards a Handover Request to the ng-eNB base station 122, such as through an NG interface
as described at 180.

[0101] At 1320, the ng-eNB base station 122 replies to the AMF 152 with a Handover
Request Acknowledge, such as by sending the Handover Request Acknowledge message through
an NG interface described at 180. In some implementations, the Handover Request Acknowledge
message includes a EUTRA RRC message (e.g., an RRC Connection Reconfiguration message),

where the ng-eNB base station 122 indicates “SGC” in the EUTRA RRC message. Alternately or
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additionally, the EUTRA RRC message directs the UE to perform a handover to a EUTRA cell of
the ng-eNB base station 122.

[0102] At 1325, the AMF 152 sends a Handover Command to the gNB base station 121,
such as through an NG interface as described at 102. Afterwards, and in response to receiving the
Handover Command, the gNB base station 121 sends an NR RC Mobility From NR command to
the UE 110 at 1330. In implementations, the gNB base station inserts the EUTRA RRC message
into the NR RC Mobility From NR Command message.

[0103] Accordingly, at 1335, the various devices within the system (e.g., the UE 110, the
gNB base station 121, the AMF 152, and/or the ng-eNB base station 122) perform the EUTRA
Random Access Procedure. Further, at 1340, the UE 110 communicates a EUTRA RRC
Connection Reconfiguration Complete message to the ng-eNB base station 122, such as through
wireless links 132.

[0104] FIG. 14 illustrates a fourth example signal and control transaction diagram 1400
that is associated with handing over a user equipment in an inter-RAT environment based on
obtaining measurement results and/or capabilities of the user equipment in accordance with
various implementations. The diagram 1400 illustrates example exchanges between the user
equipment 110, gNB base station 121, and/or ng-eNB base station 122 of FIG. 1, where the gNB
base station 121 determines to perform a handover of the UE 110 to the ng-eNB base station 122
based on a generated measurement configuration and/or UE capability information as further
described. In implementations, the signal and control transaction diagram 1400 works in
conjunction with, wholly or in part, the various IE configurations described with reference to FIGs.

5-10, and/or the signal and control transaction diagram 1100 of FIG. 11.
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[0105] The signal and control transaction diagram 1400 begins with diagram 1140 of
FIG. 11, where the base station 121 and the UE 110 perform various signals and control
transactions to exchange UE capability information and measurement results, such as through
sending a UECapabilityEnquiry at 1105, receiving UECapabilitylnformation (e.g., UE-NR-
Capability IE 500) at 1110, generating a measurement configuration for measuring a EUTRA
carrier at 1115, sending the measurement configuration at 1120, measuring the EUTRA carrier at
1125, sending/receiving a measurement report at 1130, and analyzing the measurement report at
1135.

[0106] Accordingly, at 1405, the gNB base station 121 determines to perform a handover
of the UE 110 to the ng-eNB base station 122 in response to the UE indicating SGC support. In
other words, the gNB base station determines the handover type based on the analysis. To
illustrate, the UE indicates SGC support in any suitable manner, such as those described at 1110
of FIG. 11. Alternately or additionally, the gNB base station 121 determines a handover type that
corresponds to handing the UE 110 over to the ng-eNB base station 122 based upon information
included in the NR RRC Measurement report received at 1130. For example, the gNB base station
121 determines to perform a handover of the UE 110 to the ng-eNB base station based on a
measurement result (in the NR RRC Measurement Report) that indicates a signal strength of the
ng-eNB base station meets or exceeds a threshold value.

[0107] At 1410, the gNB base station 121 communicates a Handover Request to the ng-
eNB base station 122 over an Xn interface, such as through an Xn interface similar to the Xn
interface described at 103.

[0108] At 1415, the ng-eNB base station 122 communicates a Handover Request

Acknowledge message to the gNB base station 121, such as through an Xn interface similar to the
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Xn interface described at 103. In some implementations, the Handover Request Acknowledge
message includes a EUTRA RRC message (e.g., an RRC Connection Reconfiguration message),
where the ng-eNB base station122 indicates “SGC” in the EUTRA RRC message. Alternately or
additionally, the EUTRA RRC message directs the UE to perform a handover to a EUTRA cell of
the ng-eNB base station 122.

[0109] At 1420, and in response to receiving the Handover Request Acknowledge, the
gNB base station 121 sends an NR RC Mobility From NR Command to the UE 110, where the
gNB base station inserts the EUTRA RRC message into the NR RC Mobility From NR Command
message. In implementations, the gNB base station 121 transmits the NR RC Mobility From NR
Command message using wireless links 131.

[0110] Accordingly, at 1425 the various devices within the system (e.g., the UE 110, the
gNB base station 121, and/or the ng-eNB base station 122) perform the EUTRA Random Access
Procedure.  Further, at 1430, the UE 110 communicates a EUTRA RRC Connection
Reconfiguration Complete message to the ng-eNB base station 122, such as through wireless links
132.

[0111] FIG. 15 illustrates a fifth example signal and control transaction diagram 1500 that
is associated with handing over a user equipment in an inter-RAT environment based on obtaining
capabilities of the user equipment in accordance with various implementations. The diagram 1500
illustrates example exchanges between the user equipment 110, gNB base station 121, and/or the
AMF 152 of FIG. 1, where the gNB base station 121 determines to perform a handover of the UE
110 to another base station based on a generated measurement configuration and/or UE capability
information as further described. In implementations, the signal and control transaction diagram

1500 works in conjunction with, wholly or in part, the various IE configurations described with
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reference to FIGs. 5-10, diagram 1100 of FIG. 11, diagram 1200 of FIG. 12, 1300 of FIG. 13,
and/or diagram 1400 of FIG. 14.

[0112] At 1505, the gNB base station 121 sends a UE-NR-Capability IE to the AMF 152,
such as through an NG interface as described at 102, where the UE-NR-Capability IE corresponds
to the UE 110. In other words, the UE-NR-Capability IE includes capability information of the
UE 110. In implementations, the gNB base station 121 receives the UE-NR-Capability IE from
the UE 110 (not illustrated here), such as through a request and response (e.g., the signal and
control transactions described at 1105 and 1110 of FIG. 11). Afterwards, the gNB base station
121 communicates the UE-NR-Capability IE to the AMF 152 as illustrated at 1505. In
implementations, the UE-NR-Capability IE includes indication(s) of supported core networks,
such as by implicitly and/or explicitly indicating SGC, EPC, and/or both.

[0113] At a first arbitrary point in time later, the UE 110 and the gNB base station 121
disconnect from one another at 1510, such as through a handover, a call drop, a user initiating the
disconnect at the UE 110, the UE 110 powering down, etc. At a second arbitrary point in time
later, the UE 110 and the gNB base station 121 establish a connection at 1515.

[0114] In response to the UE 110 and the gNB base station 121 establishing the connection,
the AMF 152 sends the UE-NR-Capability IE to the gNB base station 121 at 1520. To illustrate,
as part of establishing the new connection, the gNB base station 121 communicates with the AMF
152, where the communications identify the UE 110 to the AMF 152. In response to the
communications, the AMF 152 forwards the UE-NR-Capability IE to the gNB base station 121.
In implementations, the UE-NR-Capability IE includes the information received by the AMF 152

at 1505 and corresponds to the capabilities of the UE 110.
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[0115] For clarity, the signal and control transaction diagram 1500 illustrates the gNB base
station 121 acquiring and forwarding the UE-NR-Capability IE to the AMF 152 based upon a first
connection with the UE 110 (e.g., at 1505), and then receiving the UE-NR-Capability IE from the
AMF based upon establishing a second connection with the UE 110 (e.g., at 1520). However, in
alternate implementations, the AMF 152 receives/transmits the UE-NR-Capability IE from/to
different base stations. To illustrate, a first base station (e.g., gNB base station 123) can establish
a connection to the UE 110, and forward the UE-NR-Capability IE to the AMF, similar to that
described at 1505. When a second base station (e.g., gNB base station 121) establishes a
connection to the UE 110, the AMF can forward the UE-NR-Capability IE (acquired from the first
base station) to the second base station. Thus, while FIG. 15 illustrates gNB base station 121
forwarding and receiving the UE-NR-Capability IE, alternate implementations acquire and
forward the UE-NR-Capability IE using different base stations.

[0116] At 1525, the gNB base station 121 generates a measurement configuration using
information in the UE-NR-Capability IE. For example, the gNB base station configures, in the
measurement configuration, a EUTRA carrier in a band supported by the UE by obtaining
supported EUTRA band information from the UE-NR-Capability IE.  Accordingly, in
implementations, the gNB base station generates the measurement configuration based on
information received in the UE-NR-Capability IE at 1520. To further illustrate, based on
determining the UE 110 supports EPC by analyzing the UE-NR-Capability IE, the gNB base
station 121 configures the measurement configuration with a EUTRA carrier in a band supported
by the UE 110, where the EUTRA carrier is in a supportedBandListEUTRA field in the InterRAT-

Parameters IE of the UE-NR-Capability IE.
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[0117] Receiving the UE-NR-Capability IE at 1520 allows the gNB base station to
generate the measurement configuration without performing communications with the UE 110,
such as the communications described at 1105 and at 1110 of FIG. 11. In other words, since the
gNB base station 121 receives the UE-NR-Capability IE from the AMF 152 at 1520, the gNB base
station 121 proceeds with generating the measurement configuration, instead of requesting the UE-
NR-Capability IE from the UE 110. This frees up the resources of the wireless communication
system for other devices, and provides the gNB base station with information that can be used to
configure a successful handover.

[0118] Afterwards, at 1530, the gNB base station 121 sends an NR RRC Reconfiguration
to the UE 110, where the NR RRC Reconfiguration includes the measurement configuration
generated at 1525 by the gNB base station 121.

[0119] At 1535, the UE 110 measures the EUTRA carrier according to the measurement
configuration included in the NR RRC Reconfiguration. In implementations, the measurement
configuration includes a reporting configuration that the UE 110 uses to transmit measurement
report message(s), such as a measurement result based on measuring the EUTRA carrier.
Accordingly, in response to measuring the EUTRA carrier as indicated in the NR RRC
Reconfiguration, the UE 110 returns an NR RRC Measurement report to the gNB base station 121
at 1540, where the NR RRC Measurement report includes the measurement result(s) of the
EUTRA carrier as further described.

[0120] At 1545, the wireless communication system (e.g., any combination of devices as
illustrated in the environment 100 of FIG. 1) performs a handover based on the measurement
reports. For example, in one implementation, the wireless communication system hands the UE

110 over to an eNB base station, such as that described by the signal and control transaction
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diagram 1200 (e.g., the signal and control transactions described at 1205, 1210, 1215, 1220, 1225,
1230, 1235, 1240, 1245, and 1250). In another implementation, the wireless communication
system hands the UE 110 over to an ng-eNB base station using various signal and control
transactions, such as that described by the signal and control transaction diagram 1300 (e.g., the
signal and control transactions described at 1305, 1310, 1315, 1320, 1325, 1330, 1335, 1340)
and/or the signal and control transaction diagram 1400 (e.g., the signal and control transactions
described at 1405, 1410, 1415, 1420, 1425, 1430). Accordingly, performing the handover at 1545
can include any combination of devices, such as MME 162, ng-eNB base station 122, and/or eNB
base station 124 (not illustrated here).

[0121] In some implementations, the gNB base station receives the UE-NR-Capability IE
from another base station, such as another gNB base station and/or a EUTRA base station (e.g.,
ng-eNB base station 122, eNB base station 124). To demonstrate, consider now FIG. 16 that
illustrates a sixth example signal and control transaction diagram 1600 that is associated with
handing over a user equipment in an inter-RAT environment based on obtaining capabilities of the
user equipment in accordance with various implementations. The diagram 1600 illustrates
example exchanges between the user equipment 110, gNB base station 121, and/or another base
station 1502, where the gNB base station 121 determines to perform a handover of the UE 110 to
an arbitrary base station based on a generated measurement configuration and/or UE capability
information as further described. In implementations, the signal and control transaction diagram
1600 works in conjunction with, wholly or in part, the various IE configurations described with
reference to FIGs. 5 to 10, diagram 1100 of FIG. 11, diagram 1200 of FIG. 12, diagram 1300 of

FIG. 13, and/or diagram 1400 of FIG. 14.
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[0122] At 1605, the UE 110 sends a UE-NR-Capability IE to another base station 1602,
such as through the wireless links 131 and/or wireless links 132, where the UE-NR-Capability IE
includes capability information of the UE 110. In implementations, a gNB base station 123
receives the UE-NR-Capability IE from the UE 110 based on a request and response (e.g., the
signal and control transactions described at 1105 and 1110 of FIG. 11). In other implementations,
the UE 110 sends the UE-NR-Capability IE to a EUTRA base station (e.g., ng-eNB base station
122, eNB base station 124) in response to receiving a EUTRA RRC message that requests the
capability information. As described herein, the UE-NR-Capability IE includes, at times,
indication(s) of supported core networks, such as by implicitly and/or explicitly indicating SGC,
EPC, and/or both.

[0123] At a first arbitrary point in time later, the UE 110 and the base station 1602
disconnect from one another at 1610, such as through a handover, a call drop, a user initiating the
disconnect at the UE 110, the UE 110 powering down, etc. At a second arbitrary point in time
later, the UE 110 and the gNB base station 121 establish a connection at 1615.

[0124] At a third arbitrary point in time later, at 1620, the gNB base station 121 receives
the UE-NR-Capability IE from the base station 1602, such as through the Xn interface described
at 103 and/or at 105. In implementations, the UE-NR-Capability IE includes the information
received by the base station 1602 at 1605 and corresponds to the capabilities of the UE 110. In
some implementations, the gNB base station 121 receives the UE- NR-Capability IE from the gNB
base station 123 in a Handover Request message, in a UE Context message, and so forth. In other
implementations, the gNB base station 121 receives the UE-NR-Capability IE from a EUTRA base

station directly through the Xn interface described at 105, or indirectly through core networks.
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[0125] To illustrate, in one example, the base station 1602 sends a Handover Request
message including the UE-NR-Capability IE to the SG NR base station via an Xn interface, such
as when the base station 1602 corresponds to the ng-eNB base station 122.

[0126] In another example, the base station 1602 sends a Handover Required message
including the UE-NR-Capability IE to the AMF 152 using an NG interface described at 180, such
as when the base station 1502 corresponds to ng-eNB base station 122. In turn, the AMF 152
sends a Handover Request message including the UE-NR-Capability IE to the gNB base station
121 using the NG interface described at 102.

[0127] In a further example, the base station 1602 sends a Handover Required message
including the UE-NR-Capability IE to the MME 162 using the S1 interface described at 108, where
the base station 1602 corresponds to the eNB base station 124. The MME 162 then sends a
Forward Relocation Request message including the UE-NR-Capability IE to the AMF 152, such
as that described at 1230 of FIG. 21. The AMF 152 then sends a Handover Request message
including the UE-NR-Capability IE to the gNB base station 121 using the NG interface described
at 102.

[0128] At 1625, the gNB base station 121 generates a measurement configuration using
information in the UE-NR-Capability IE. For example, the gNB base station configures, in the
measurement configuration, a EUTRA carrier in a band supported by the UE by obtaining
supported EUTRA band information from the UE-NR-Capability IE.  Accordingly, in
implementations, the gNB base station generates the measurement configuration based on
information received in the UE-NR-Capability IE at 1620. To further illustrate, based on
determining the UE 110 supports EPC by analyzing the UE-NR-Capability IE, the gNB base

station 121 configures the measurement configuration with a EUTRA carrier in a band supported
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by the UE 110, where the EUTRA carrier is in a supportedBandListEUTRA field in the InterRAT-
Parameters IE of the UE-NR-Capability IE.

[0129] Receiving the UE-NR-Capability IE at 1620 allows the gNB base station generate
the measurement configuration without performing communications with the UE 110, such as the
communications described at 1105 and at 1110 of FIG. 11. In other words, since the gNB base
station 121 receives the UE-NR-Capability IE from the base station 1602 at 1620, the gNB base
station 121 proceeds with generating the measurement configuration, instead of requesting the UE-
NR-Capability IE from the UE 110, thus freeing up resources of the wireless communication
system for other devices and/or communications.

[0130] Afterwards, at 1630, the gNB base station 121 sends an NR RRC Reconfiguration
to the UE 110, where the NR RRC Reconfiguration includes the measurement configuration
generated by the gNB base station 121 at 1625.

[0131] At 1635, the UE 110 measures the EUTRA carrier according to the measurement
configuration included in the NR RRC Reconfiguration. In implementations, the measurement
configuration includes a reporting configuration that the UE 110 uses to transmit measurement
report message(s), such as a measurement result of measuring the EUTRA carrier. Accordingly,
in response to measuring the EUTRA carrier as indicated in the NR RRC Reconfiguration, the
UE 110 returns an NR RRC Measurement report to the gNB base station 121 at 1640, where the
NR RRC Measurement report includes the measurement result(s) based on measuring the EUTRA
carrier as further described.

[0132] At 1645, the wireless communication system (e.g., any combination of devices as
illustrated in the environment 100 of FIG. 1) performs a handover based on the measurement

reports. For example, in one implementation, the wireless communication system hands the UE
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110 over to an eNB base station, such as that described by the signal and control transaction
diagram 1200 (e.g., the signal and control transactions described at 1205, 1210, 1215, 1220, 1225,
1230, 1235, 1240, 1245, and 1250). In another implementation, the wireless communication
system hands the UE 110 over to an ng-eNB base station using various signal and control
transactions, such as that described by the signal and control transaction diagram 1300 (e.g., the
signal and control transactions described at 1305, 1310, 1315, 1320, 1325, 1330, 1335, 1340)
and/or the signal and control transaction diagram 1400 (e.g., the signal and control transactions
described at 1405, 1410, 1415, 1420, 1425, 1430). Accordingly, performing the handover at 1645
can include any combination of devices, such as AMF 152, MME 162, ng-eNB base station 122,
and/or eNB Base station 124 (not illustrated here).

[0133] Having described example signal and control transactions that can be used to
manage inter-radio access technology capabilities of a user equipment, consider now some

example methods that are in accordance with one or more implementations.

Example Methods

[0134] Example methods 1700 and 1800 are described with reference to FIG. 17 and FIG.
18 in accordance with one or more aspects of managing inter-radio access technology capabilities
of a user equipment. The order in which the method blocks are described are not intended to be
construed as a limitation, and any number of the described method blocks can be skipped or
combined in any order to implement a method or an alternate method. Generally, any of the
components, modules, methods, and operations described herein can be implemented using
software, firmware, hardware (e.g., fixed logic circuitry), manual processing, or any combination

thereof. Some operations of the example methods may be described in the general context of

49



CA 03109602 2021-02-12

WO 2020/041618 PCT/US2019/047750

executable instructions stored on computer-readable storage memory that is local and/or remote to
a computer processing system, and implementations can include software applications, programs,
functions, and the like. Alternatively, or additionally, any of the functionality described herein can
be performed, at least in part, by one or more hardware logic components, such as, and without
limitation, Field-programmable Gate Arrays (FPGAs), Application-specific Integrated Circuits
(ASICs), Application-specific Standard Products (ASSPs), System-on-a-chip systems (SoCs),
Complex Programmable Logic Devices (CPLDs), and the like.

[0135] FIG. 17 illustrates an example method 1700 for managing inter-radio access
technology capabilities of a user equipment. In some implementations, operations of the method
1700 are performed by a base station, such as base station 121 of FIG. 1.

[0136] At 1705, a base station receives a New Radio capability information element that
indicates one or more core networks supported by a user equipment. For example, a base station
(e.g., gNB base station 121) receives a UE-NR-Capabilities IE (e.g., UE-NR-Capabilities IE 500)
from a UE (e.g., UE 110) in response to sending the UE a request, such as that described with
reference to diagram 1100 of FIG. 11. As another example, the base station receives the UE-NR-
Capabilities IE from an AMF (e.g., AMF 152), such as that described with reference to diagram
1500 of FIG. 15. As yet another example, the base station receives the UE-NR-Capabilities IE
from another base station, such as that described with reference to diagram 1600 of FIG. 16. In

some implementations, the base station receives a MeasAndMobParameters IE, such as that

described with reference to FIG. 10-1 and/or FIG. 10-2, and determines the core networks
supported by the UE based upon the inclusion and/or exclusion of optional fields (e.g., optional

handoverLTE-EPC field 1010, optional handoverLTE-EPC field 1022, optional handoverL TE-

5GC 1012, optional handoverLTE-5GC field 1024).
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[0137] At 1710, the base station generates, based on the New Radio capability information
element, a measurement configuration. The base station (e.g., base station 121), for example,
generates a measurement configuration by identifying, from the New Radio capability information
element, an evolved universal terrestrial radio access carrier frequency supported by the user
equipment. To illustrate, in some implementations, the base station determines an ARFCN
according to EUTRA frequency information included the UE-NR-Capability IE. The base station
then forms the measurement configuration based on the evolved universal terrestrial radio access
carrier frequency supported by the user equipment. Alternately or additionally, in generating the
measurement configuration, the base station identifies core networks supported by the user
equipment, such as by identifying explicit information and/or implicit information included in the
New Radio capability information element, such as those described with reference to FIGs. 5
through 10.

[0138] At 1715, the base station sends the measurement configuration to the user
equipment. For instance, the base station (e.g., gNB base station 121) sends an NR RRC
Reconfiguration message to the UE (e.g., UE 110) over wireless links, such as that described at
1110 of FIG. 11, where the NR RRC Reconfiguration message includes the measurement
configuration. In some implementations, the base station includes a reporting configuration in the
measurement configuration for storing measurement results.

[0139] At 1720, the base station receives, from the user equipment, one or more
measurement results based on the measurement configuration. The base station (e.g., gNB base
station 121) receives, at times, an NR RRC measurement report from the UE (e.g., UE 110), where
the measurement report includes measurement results, such as measurements of the EUTRA

carriers identified in the measurement configuration, signal strengths of base stations, etc.
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[0140] At 1725, the base station determines a handover type for the user equipment. In
various implementations, the base station (e.g., gNB base station 121) determines the handover
type based on the measurement reports and/or the one or more core networks (e.g., SGC 150, EPC
160) supported by the UE (e.g., UE 110). To illustrate, in at least one implementation, the base
station determines a handover type that corresponds to handing the UE over to an eNB base station
(e.g., eNB base station 124) based on the UE indicating (implicitly or explicitly) support for EPC
and/or a signal strength measurement of the eNB base station indicating the signal strength meets
or exceeds a threshold value, such as that described with reference to diagram 1200 of FIG. 12.
As another example, the base station determines a handover type that corresponds to handing the
UE over to an ng-eNB base station (e.g., ng-eNB base station 122) based on the UE indicating
(implicitly or explicitly) support for SGC and/or a signal strength measurement of the ng-eNB base
station indicating the signal strength meets or exceeds a threshold value, such as that described
with reference to diagram 1300 of FIG. 13 or diagram 1400 of FIG. 14.

[0141] In implementations, the base station identifies supported core networks by
analyzing the New Radio capability information element to determine whether the capability
information element includes an optional information element. The base station then determines
the user equipment supports a first core network of the one or more core networks based on a
presence of the optional information element (e.g., the optional information element is present in
the IE). In a first implementation, the presence of the optional information element implicitly
indicates support of EPC. In a second implementation, the presence of the optional information
element implicitly indicates support of SGC. In some implementations, the base station determines
whether the UE supports a second core network by determining whether the New Radio capability

information element includes an optional field. For example, in various implementations, the base
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station determines that the user equipment supports the second core network when the optional
field is present in the New Radio capability information element, and determines that the user

equipment does not support the second core network when the optional field is not present.

[0142] At 1730, the base station initiates the handover of the user equipment based on the
determined handover type. For instance, the base station (e.g., gNB base station 121) sends a
Handover Required message to an AMF (e.g., AMF 152) and/or sends a Handover Request to an
ng-eNB base station, such as that described with reference to diagram 1200 of FIG. 12, diagram
1300 of FIG. 13, and/or diagram 1400 of FIG. 14.

[0143] FIG. 18 illustrates an example method 1800 for managing inter-radio access
technology capabilities of a user equipment. In some implementations, operations of the method
1800 are performed by a user equipment, such as user equipment 110 of FIG. 1.

[0144] At 1805, a user equipment receives a request for a New Radio capability
information element, such as a UE-NR-Capability IE, a MeasAndMobParameters IE, etc. To
illustrate, the UE (e.g., UE 110) receives the request (e.g., a UECapabilityEnquiry) from a base
station (e.g., gNB base station 121), such as that described with reference to diagram 1100 of FIG.
11. Alternately or additionally, the UE receives the request from an eNB base station or an ng-
eNB base station (e.g., EUTRA RRC message).

[0145] At 1810, the user equipment generates a user equipment New Radio capability
information element that indicates the one or more core networks supported by the user equipment.
In one or more implementations, the UE (e.g., UE 110) generates a UE-NR-Capability IE (e.g.,
UE-NR-Capability IE 500), and indicates support for a first core network of the core networks
(e.g., SGC or EPC) implicitly by including an optional inter-radio access technology parameters

information element (e.g., Inter-RAT-Parameters IE 506) within the UE-NR-Capability IE.
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Alternately or additionally, the UE indicates support, or no support, for a second core network of
the core networks (e.g., EPC or 5GC) by including an optional core network field within the user
equipment New Radio capability information element to explicitly indicate support, or excluding
the optional core network field to implicitly indicate no support. As yet another example, the user
equipment generates a MeasAndMobParameters IE, such as that described with reference to FIG.
10-1 and/or FIG. 10-2, and indicates the supported and/or unsupported the core networks through
the inclusion and/or exclusion of optional fields (e.g., optional handoverLTE-EPC field 1010,
optional handoverLTE-EPC field 1022, optional handoverLTE-5GC 1012, optional
handoverLTE-5GC field 1024). In various implementations, the UE configures the UE-NR-
Capability IE and/or the MeasAndMobParameters IE in manners similar to those described with
reference to FIGs. 5 through 10 to explicitly or implicitly indicate the supported (and/or
unsupported) core networks.

[0146] In some implementations, the user equipment New Radio capability information
element Ne includes one or more fields that indicate one or more radio capabilities of the user
equipment. To illustrate, in generating the user equipment New Radio capability information
element, some implementations of the UE include an indication of one or more evolved universal
terrestrial radio access carrier frequencies supported by the user equipment in the one or more
fields that indicate the one or more radio capabilities.

[0147] Afterwards, at 1815, the user equipment communicates the user equipment New
Radio capability information element in response to receiving the request. For instance, the UE
(e.g., UE 110) communicates a UE-NR-Capability IE to a base station (e.g., gNB base station 121,

eNB base station 124, ng-eNB base station 122) over wireless links.
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[0148] Although aspects of managing inter-radio access technology capabilities of a user
equipment have been described in language specific to features and/or methods, the subject of the
appended claims is not necessarily limited to the specific features or methods described. Rather,
the specific features and methods are disclosed as example implementations of managing inter-
radio access technology capabilities of a user equipment, and other equivalent features and
methods are intended to be within the scope of the appended claims. Further, various different
aspects are described, and it is to be appreciated that each described aspect can be implemented
independently or in connection with one or more other described aspects.

[0149] In the following, several examples are described.

[0150] Example 1: A method performed by a base station for performing a handover of a
user equipment, the method comprising: receiving, by the base station, a New Radio capability
information element that indicates one or more core networks supported by the user equipment;
generating, based on the New Radio capability information element, a measurement configuration;
sending the measurement configuration to the user equipment; receiving, from the user equipment,
one or more measurement results based on the measurement configuration; determining, based on
the one or more core networks supported by the user equipment and the one or more measurement
results, a handover type for the user equipment; and initiating the handover of the user equipment
based on the determined handover type.

[0151] Example 2: The method as recited in example 1, wherein the New Radio capability
information element includes an information element that indicates one or more radio capabilities
of the user equipment, wherein the generating the measurement configuration further comprises:
identifying, from the one or more radio capabilities in the New Radio capability information

element, an evolved universal terrestrial radio access carrier frequency supported by the user
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equipment; and forming the measurement configuration based on the evolved universal terrestrial
radio access carrier frequency supported by the user equipment.

[0152] Example 3: The method as recited in example 1 or example 2, wherein the
determining the handover type comprises identifying, from the New Radio capability information
element, that the user equipment supports a fifth-generation core network, and wherein
determining the handover type comprises determining a handover type that corresponds to handing
over the user equipment to a next-generation evolved node B base station.

[0153] Example 4: The method as recited in example 1 or example 2, wherein the
determining the handover type comprises identifying, from the New Radio capability information
element, the user equipment supports a fifth-generation core network, and wherein determining
the handover type comprises determining a handover type that corresponds to handing over the
user equipment to a next-generation node B base station.

[0154] Example 5: The method as recited in example 1 or example 2, wherein the
determining the handover type comprises identifying, from the New Radio capability information
element, that the user equipment supports an evolved packet core network, and wherein
determining the handover type comprises determining a handover type that corresponds to handing
over the user equipment to a next-generation evolved node B base station.

[0155] Example 6: The method as recited in example 1 or example 2, wherein the
determining the handover type comprises identifying, from the New Radio capability information
element, the user equipment supports an evolved packet core network, and wherein determining
the handover type comprises determining a handover type that corresponds to handing over the

user equipment to a evolved node B base station.
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[0156] Example 7: The method as recited any one of the examples 3 to 6, wherein the
determining the handover type further comprises: obtaining one or more signal strength
measurements from the measurement results; and determining the handover type based on the one
or more signal strength measurements.

[0157] Example 8: The method as recited in example 1 or example 2, wherein the
determining the handover type comprises identifying, from the New Radio capability information
element, the user equipment supports both a fifth-generation core network and an evolved packet
core network, and wherein determining the handover type comprises determining the handover
type based on priorities or system conditions.

[0158] Example 9: The method as recited in any one of the preceding examples, wherein
the base station comprises a first base station, and wherein receiving the New Radio capability
information element comprises receiving the New Radio capability information element from a
second base station.

[0159] Example 10: The method as recited in any one of the preceding examples, wherein
the method further comprises requesting the New Radio capability information element from the
user equipment, and wherein receiving the New Radio capability information element comprises
receiving the New Radio capability information element from the user equipment.

[0160] Example 11: The method as recited in any one of the preceding examples, the
method further comprising: analyzing the New Radio capability information element to determine
whether the New Radio capability information element includes an optional information element;
determining the user equipment supports a first core network of the one or more core networks
based on a presence of the optional information element; determining whether the New Radio

capability information element includes an optional field, and determining whether the user
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equipment supports a second core network of the one or more core networks based on whether the
optional field is present in the New Radio capability information element.

[0161] Example 12: A method performed by a user equipment for indicating capability
information of the user equipment, the method comprising: receiving, by the user equipment, a
request for a New Radio capability information element; generating a user equipment New Radio
capability information element that indicates one or more core networks supported by the user
equipment; and communicating the user equipment New Radio capability information element in
response to receiving the request.

[0162] Example 13: The method as recited in example 12, wherein the generating the user
equipment New Radio capability information element comprises indicating support for a first core
network of the one or more core networks implicitly by including an optional information element
within the user equipment New Radio capability information element.

[0163] Example 14: The method as recited in example 13, wherein the generating the user
equipment New Radio capability information element comprises indicating support for a second
core network of the one or more core networks explicitly by including an optional core network
field within the user equipment New Radio capability information element.

[0164] Example 15: The method as recited in example 13, wherein the generating the user
equipment New Radio capability information element comprises implicitly indicating no support
for a second core network of the one or more core networks by excluding an optional field within
the user equipment New Radio capability information element.

[0165] Example 16: The method as recited in any one of the preceding claims, wherein the
user equipment New Radio capability information element includes one or more fields that indicate

one or more radio capabilities of the user equipment, and wherein the generating the user
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equipment New Radio capability information element comprises including an indication of one or
more evolved universal terrestrial radio access carrier frequencies supported by the user equipment
in the one or more fields that indicate the one or more radio capabilities.

[0166] Example 17: The method as recited in any one of examples 13 through 16, wherein
the first core network comprises an evolved packet core network.

[0167] Example 18: The method as recited in any one of examples 13 through 16, wherein
the first core network comprises a fifth-generation core network.

[0168] Example 19: A base station comprising: a wireless transceiver; a processor; and
computer-readable storage media comprising instructions that, responsive to execution by the
processor, direct the base station to perform any one of the methods of examples 1 to 11.

[0169] Example 20: A user equipment comprising: a wireless transceiver; a processor;
and computer-readable storage media comprising instructions that implement a capability manager
that, responsive to execution by the processor, directs the user equipment to perform one of the

methods of examples 12 to 18.
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CLAIMS

What is claimed is:

1. A method performed by a base station for performing a handover of a user
equipment, the method comprising:

receiving, by the base station, a New Radio capability information element;

analyzing the New Radio capability information element to determine whether the
New Radio capability information element includes one or more fields that indicate one or
more core networks supported by the user equipment;

generating, based on the New Radio capability information element, a measurement
configuration;

sending the measurement configuration to the user equipment;

receiving, from the user equipment, one or more measurement results based on the
measurement configuration,;

determining, based on whether the user equipment supports an inter-RAT handover
to one or more of: a EUTRA base station connected to the SGC network or a EUTRA base
station connected to the EPC network and the one or more measurement results, a handover
type for the user equipment ; and

initiating the handover of the user equipment based on the determined handover type.
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2. The method as recited in claim 1, wherein the New Radio capability
information element includes an information element that indicates one or more radio
capabilities of the user equipment, wherein the generating the measurement configuration
further comprises:

identifying, from the one or more radio capabilities in the New Radio capability
information element, an evolved universal terrestrial radio access carrier frequency
supported by the user equipment; and

forming the measurement configuration based on the evolved universal terrestrial

radio access carrier frequency supported by the user equipment.

3. The method as recited in claim 1 or claim 2, wherein the determining the
handover type comprises:

identifying, from the New Radio capability information element, that the user
equipment supports a fifth-generation core network, and

determining a handover type that corresponds to handing over the user equipment to

a next-generation evolved node B base station.

4. The method as recited in claim 3, wherein the determining the handover type
further comprises:

obtaining one or more signal strength measurements from the measurement results;
and determining the handover type based on the one or more signal strength

measurements.

61

Date Recue/Date Received 2022-06-03



5. The method as recited in claim 1 or claim 2, wherein the determining the
handover type comprises:

identifying, from the New Radio capability information element, that the user
equipment supports both a fifth-generation core network and an evolved packet core
network, and

determining the handover type based on priorities or system conditions.

6. The method as recited in any one of claims 1 to 5, wherein:

the base station comprises a first base station, and receiving the New Radio capability
information element comprises receiving the New Radio capability information element
from a second base station; or

the method further comprises requesting the New Radio capability information
element from the user equipment, and receiving the New Radio capability information
element comprises receiving the New Radio capability information element from the user

equipment.

7. The method as recited in any one of claims 1 to 6, wherein the analyzing the
New Radio Capability information element further comprises:

analyzing the New Radio capability information element to determine whether the
New Radio capability information element includes a first optional field as part of the one

or more fields; and

62

Date Recue/Date Received 2022-06-03



determining whether the user equipment supports a first core network of the one or
more core networks based on whether the first optional field is present in the New Radio
capability information element; and/or

analyzing the New Radio capability information element to determine whether the
New Radio capability information element includes a second optional field as part of the one
or more fields; and

determining whether the user equipment supports a second core network of the one
or more core networks based on whether the second optional field is present in the New

Radio capability information element.

8. The method as recited in any one of claims 1 to 7, wherein the one or more
fields indicate that the user equipment supports an inter-radio-access-technology, inter-RAT,
handover to an evolved universal terrestrial radio access, EUTRA, base station connected to
one or more of a fifth-generation core, SGC, network or an evolved packet core, EPC,

network.

9. A method performed by a user equipment for indicating capability
information of the user equipment, the method comprising:
receiving, by the user equipment, a request for a New Radio capability information

element from a base station;
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generating a user equipment New Radio capability information element by including,
in the New Radio capability information element, one or more fields to indicate one or more
core networks supported by the user equipment; and

communicating, to the base station, the user equipment New Radio capability

information element in response to receiving the request.

10.  The method as recited in claim 9, wherein the generating the user equipment
New Radio capability information element comprises including a first optional field as part
of the one or more fields within the user equipment New Radio capability information

element to indicate support for a first core network.

11.  The method as recited in claim 10, wherein the generating the user equipment
New Radio capability information element comprises:

including a second optional field as part of the one or more fields within the user
equipment New Radio capability information element to indicate support for a second core
network; or

excluding a second optional field from the one or more fields within the user
equipment New Radio capability information element to indicate the user equipment does

not support a second core network.
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12. The method as recited in any one claims 9 to 11, wherein the user equipment
New Radio capability information element includes one or more fields that indicate one or
more radio capabilities of the user equipment, and

wherein the generating the user equipment New Radio capability information
element comprises including an indication of one or more evolved universal terrestrial radio
access carrier frequencies supported by the user equipment in the one or more fields that

indicate the one or more radio capabilities.

13.  The method as recited in claim 10 or claim 11 or claim 12 when dependent
upon claim 10, wherein the first core network comprises an evolved packet core network or

a fifth-generation core network.

14.  The method as recited in any one of claims 9 to 13, wherein the one or more
fields indicate that the user equipment supports an inter-radio-access-technology, inter-RAT,
handover to an evolved universal terrestrial radio access, EUTRA, base station connected to
one or more of a fifth-generation core, SGC, network or an evolved packet core, EPC,

network.

15. A base station comprising:

a wireless transceiver;

a processor, and
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computer-readable storage media comprising instructions that, responsive to
execution by the processor, direct the base station to perform the method of any one of claims

1 to 8.

16. A user equipment comprising:

a wireless transceiver;

a processor; and

computer-readable storage media comprising instructions that implement a
capability manager that, responsive to execution by the processor, directs the user equipment

to perform the method of any one of claims 9 to 14.

17. A computer-readable medium comprising instructions that, when executed
by a processor of a base station, cause a method as recited in any one of claims 1 to 8 to be
performed; or

when executed by a processor of a user equipment, cause a method as recited in any

one of claims 9 to 14 to be performed.
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