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Abstract: The proliferation of connected users and downloaded applications has driven the
development of a new paradigm in wireless mobile networks. Additional air interfaces operating
in the unlicensed spectrum serving as supplementary downlinks (SDL) and enhancing end-user
throughput are utilized by this paradigm. However, integrating these interfaces into licensed base
stations can be challenging, as they are distributed across various domains. WiFi is a key technology
for increasing capacity through the user plane interface. Traffic is buffered in WiFi when unlicensed
channels become unavailable, and transmissions resume once new radio slots are free. To meet
the strict round-time delay requirements of fifth generation (5G) networks, a new virtual controller
that resides at the mobile edge cloud is defined in this standard. The multi-connectivity model and
traffic sharing between licensed and unlicensed interfaces are coordinated by the controller based
on the real-time availability of unlicensed channels for specific user equipment.Two schemes are
presented for managing multi-connectivity modes: distributed and centralized. In the distributed
scheme, traffic forwarding and steering between distributed radio interfaces across domain sites
is managed by the controller. In the centralized scheme, various radio interfaces are co-located
in the same base station, and traffic steering is managed by the controller through a new unified
5G media access control (MAC) design. Traffic sharing between different interfaces is ensured
by the controller, given that access to operator-deployed WiFis or any other customer WiFi using
separate service level agreements (SLAs) is provided by operators. Multi-connectivity modes imply
the provision of efficient new services that may require measuring airtime for each interface and
changes to user plane topology.

Keywords: 5G core, IEEE 1932.1, licensed band, spectrum utilization, unlicensed band, virtual
controller
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers.
These notices and disclaimers, or a reference to this page (https://standards.ieee.org/ipr/disclaimers.html),
appear in all standards and may be found under the heading “Important Notices and Disclaimers Concerning
IEEE Standards Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents are developed within IEEE Societies and subcommittees of IEEE Standards
Association (IEEE SA) Board of Governors. IEEE develops its standards through an accredited consensus
development process, which brings together volunteers representing varied viewpoints and interests to
achieve the final product. IEEE standards are documents developed by volunteers with scientific, academic,
and industry-based expertise in technical working groups. Volunteers are not necessarily members of IEEE
or IEEE SA and participate without compensation from IEEE. While IEEE administers the process and
establishes rules to promote fairness in the consensus development process, IEEE does not independently
evaluate, test, or verify the accuracy of any of the information or the soundness of any judgments contained in
its standards.

IEEE makes no warranties or representations concerning its standards, and expressly disclaims all warranties,
express or implied, concerning this standard, including but not limited to the warranties of merchantability,
fitness for a particular purpose and non-infringement IEEE Standards documents do not guarantee safety,
security, health, or environmental protection, or guarantee against interference with or from other devices
or networks. In addition, IEEE does not warrant or represent that the use of the material contained in its
standards is free from patent infringement. IEEE Standards documents are supplied “AS IS” and “WITH ALL
FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and
issued is subject to change brought about through developments in the state of the art and comments received
from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity, nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon their
own independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate,
seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: THE
NEED TO PROCURE SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.
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Translations

The IEEE consensus balloting process involves the review of documents in English only. In the event that an
IEEE standard is translated, only the English version published by IEEE is the approved IEEE standard.

Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board Operations
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall
not be considered to be, nor be relied upon as, a formal position of IEEE. At lectures, symposia, seminars,
or educational courses, an individual presenting information on IEEE standards shall make it clear that the
presenter’s views should be considered the personal views of that individual rather than the formal position
of [EEE, IEEE SA, the Standards Committee, or the Working Group. Statements made by volunteers may not
represent the formal position of their employer(s) or affiliation(s).

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations, consulting
information, or advice pertaining to IEEE Standards documents.

Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is
important that any responses to comments and questions also receive the concurrence of a balance of interests.
For this reason, IEEE and the members of its Societies and subcommittees of the IEEE SA Board of Governors
are not able to provide an instant response to comments, or questions except in those cases where the matter
has previously been addressed. For the same reason, IEEE does not respond to interpretation requests. Any
person who would like to participate in evaluating comments or in revisions to an IEEE standard is welcome
to join the relevant IEEE working group. You can indicate interest in a working group using the Interests tab in
the Manage Profile & Interests area of the IEEE SA myProject system.! An IEEE account is needed to access
the application.

Comments on standards should be submitted using the Contact Us form.?

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not constitute compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

!Available at: https://development.standards.ieee.org/myproject-web/public/view.html#landing.
2Available at: https://standards.iece.org/content/icee-standards/en/about/contact/index.html.
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Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization,
and the promotion of engineering practices and methods. By making these documents available for use and
adoption by public authorities and private users, neither IEEE nor its licensors waive any rights in copyright
to the documents.

Photocopies

Subject to payment of the appropriate licensing fees, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual, non-
commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center,
Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400; https://www.copyright
.com/. Permission to photocopy portions of any individual standard for educational classroom use can also be
obtained through the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years old
and has not undergone a revision process, it is reasonable to conclude that its contents, although still of some
value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have
the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended through
the issuance of amendments, corrigenda, or errata, visit IEEE Xplore or contact IEEE.? For more information
about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website.* Search for standard number and
year of approval to access the web page of the published standard. Errata links are located under the Additional
Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to periodically
check for errata.

Patents
IEEE standards are developed in compliance with the IEEE SA Patent Policy.?
Attention is called to the possibility that implementation of this standard may require use of subject matter

covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has

3Available at: https://ieeexplore.iece.org/browse/standards/collection/ieee.
4Available at: https://standards.ieee.org/standard/index.html.
’Available at: https://standards.iece.org/about/sasb/patcom/materials.html.
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filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE
SA Website at https://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation
or under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting inquiries
into the legal validity or scope of Patents Claims, or determining whether any licensing terms or conditions
provided in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are
reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the
validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility.
Further information may be obtained from the IEEE Standards Association.

IMPORTANT NOTICE

Technologies, application of technologies, and recommended procedures in various industries evolve over
time. The IEEE standards development process allows participants to review developments in industries,
technologies, and practices, and to determine what, if any, updates should be made to the IEEE standard.
During this evolution, the technologies and recommendations in IEEE standards may be implemented in ways
not foreseen during the standard’s development. IEEE standards development activities consider research
and information presented to the standards development group in developing any safety recommendations.
Other information about safety practices, changes in technology or technology implementation, or impact
by peripheral systems also may be pertinent to safety considerations during implementation of the standard.
Implementers and users of IEEE Standards documents are responsible for determining and complying with
all appropriate safety, security, environmental, health, and interference protection practices and all applicable
laws and regulations.
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Introduction

This introduction is not part of [EEE Std 1932.1-2024, IEEE Standard for Licensed/Unlicensed Spectrum Interoperability
in Wireless Mobile Networks.

The framework described in IEEE Std 1932.1™ enables real-time management of multi-connectivity modes
in a fifth generation (5G) core-based virtual controller, allowing for efficient handling of various licensed
and unlicensed radio interfaces. When making traffic diversion decisions, the availability of participant
access points and channels is crucial, particularly in unlicensed base stations. This virtual controller can be
seamlessly integrated into the control plane of the network core, specifically in 5G, and is capable of meeting
the requirements of automated cloud-native domains. In addition, IEEE Std 1932.1 introduces a new unified
air interface that combines licensed and unlicensed air interfaces through carrier aggregation, utilizing
bands under different license regimes, and natively supporting new disruptive media access control (MAC)
protocols. This new MAC model, named enhanced dynamic spectrum access (eDSA), incorporates built-in
features for multi-connectivity and spectrum aggregation.
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IEEE Standard for Licensed/
Unlicensed Spectrum Interoperability
in Wireless Mobile Networks

1. Overview

This standard defines the licensed and unlicensed controller (LUC), a virtualized controller aimed at
coordinating traffic load transmissions in multi-connectivity modes. The LUC may be initiated at the primary
edge cloud or any other cloud within the network and facilitates seamless service management through a
unique ID that coordinates with network components. The standard specifies the instantiation and chaining
process of the LUC with other fifth generation core (5GC) network functions (NFs). Furthermore, it outlines
the installation of enabling reporting mechanisms at the user equipment (UE) or the 5G new radio (NR) unified
media access control (MAC).

1.1 Scope

This standard defines a mechanism for communications among entities operating in licensed and unlicensed
spectrum. The mechanism includes interoperation among media access control/physical layer (MAC/PHY)
protocols designed for unlicensed and licensed spectrum operations and a controller for coordination among
communicating entities.

1.2 Word usage

The word shall indicates mandatory requirements strictly to be followed in order to conform to the standard
and from which no deviation is permitted (shall equals is required to).%’

The word should indicates that among several possibilities one is recommended as particularly suitable,
without mentioning or excluding others; or that a certain course of action is preferred but not necessarily
required (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard (may equals
is permitted to).

The word can is used for statements of possibility and capability, whether material, physical, or causal (can
equals is able to).

The use of the word must is deprecated and cannot be used when stating mandatory requirements; must is used only to describe
unavoidable situations.
"The use of will is deprecated and cannot be used when stating mandatory requirements; will is only used in statements of fact.
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IEEE Std 1932.1-2024
IEEE Standard for Licensed/Unlicensed Spectrum Interoperability in Wireless Mobile Networks

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document is
explained). For dated references, only the edition cited applies. For undated references, the latest edition of the
referenced document (including any amendments or corrigenda) applies.

3GPP TR 23.791, version 16.2.0, release 16, Study of enablers for network automation for 5G.

3GPP TR 38.801, Technical specification group radio access network; Study on new radio access technology:
Radio access architecture and interfaces.

3GPP TS 23.503, version 16.5.0, release 16, Policy and charging control framework for the 5G system (5GS);
stage 2.

3GPP TS 29.244, version 16.5.0, release 16, Interface between the control plane and the user plane nodes.
3GPP TS 29.501, version 15.2.0, release 15, Principles and guidelines for services definition; stage 3.
3GPP TS 33.310, Network domain security (NDS); authentication framework (AF).

3GPP TS 36.331, Radio resource control (RRC) protocol specification.

3GPP TS 33.501, version 16.3.0, release 16, Security architecture and procedures for 5G system.

3GPP TS 36.300, Evolved universal terrestrial radio access (E-UTRA) and evolved universal terrestrial radio
access network (E-UTRAN); Overall description; stage 2.

ETSI EN 301 893, V1.7.2 (2012-06), Broadband radio access networks (BRAN); 5 GHz high performance
RLAN; Harmonized EN covering the essential requirements of article 3.2 of the R&TTE Directive.®

ETSI GS NFV-IFA 010, V3.2.1 (2019-04), NFV release 3; Management and orchestration; Functional
requirements specification.

ETSI GS NFV-IFA 011, V4.2.1 (2021-05), NFV release 4; Management and orchestration; VNF descriptor
and packaging specification.

ETSI GS NFV-IFA 040, V4.2.1 (2021-05), NFV release 4; Management and orchestration; Requirements for
service interfaces and object model for OS container management and orchestration specification.

ETSITS 123 501, V16.6.0 (2020-10), 5G; System architecture for the 5G system (5GS).

ETSI TS 128 541, V16.6.0 (2020-11), 5G; Management and orchestration; 5G network resource model
(NRM); Stage 2 and stage 3.

ETSI TS 129 500, V15.4.0 (2019-07), 5G; 5G system; Technical realization of service based architecture;
Stage 3.

ETSITS 129511, V16.2.0 (2020-07), 5G; 5G system; Equipment identity register services.

ETSITS 129557, V17.1.0 (2022-07), 5G; 5G system; Application function ProSe service; Stage 3.

SETSI publications are available from the European Telecommunications Standards Institute (https://www.etsi.org/).
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IEEE P802.11-15/0132r17, Specification Framework for TGax.”!*!!

LTE Forum, LTE-U SDL CSAT Procedure Technical Specifications v1.0, Oct. 2015.

OpenAPI Initiative, The OpenAPI Specification (OAS)."

RFC 7540, Hypertext transfer protocol version 2 (HTTP/2)."

3. Definitions, acronyms, and abbreviations

3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards Dictionary
Online should be consulted for terms not defined in this clause.'

There are no definitions in this standard.

3.2 Acronyms and abbreviations

5G
5G-AIV
5GC
5GRLC
5GRRC
ABS
AF

Al
AKA
AP

API
AUSF
AMF
BAR
BLER
BS
C_5GRLC_LMAC
CA

fifth generation

fifth generation air interface variant
fifth generation core

fifth generation radio link control
fifth generation radio resource control
almost blank sub-frames

application function

artificial intelligence

authentication and key agreement
access point

application programming interface
authentication server function

access and mobility management function
buffering action rules

block error rate

base station

control SGRLC lower MAC

carrier aggregation

°The IEEE standards or products referred to in Clause 2 are trademarks owned by The Institute of Electrical and Electronics Engineers,

Incorporated.

""Numbers preceded by P are IEEE authorized standards projects that were not approved by the IEEE SA Standards Board at the time this
publication went to press. For information about obtaining drafts, contact IEEE.

"TEEE publications are available from The Institute of Electrical and Electronics Engineers (https://standards.ieee.org/).
12 Available at https://github.com/OAI/OpenAPI-Specification/blob/main/versions/3.1.0.md.
RFC documents are available through the IETF at https://www.ietf.org/standards/rfcs/.

YIEEE Standards Dictionary Online is available at: http://dictionary.ieee.org. An IEEE account is required for access to the dictionary,
and one can be created at no charge on the dictionary sign-in page.
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CCA
CDR
CP
CP-DRX
CPU
CIR
CISM
cRRM
CSAT
CQI
CUPS
D 5GRLC LMAC
DB

DL
DN
DNAI
EAP-AKA
eDSA
EMM
FARs
GS
GUTI
HARQ
HMAC
I-AMF
ID
IMEI
IMSI
IoT

1P
I-UPF
JSON
KPI
LBT
LCM
LAA

IEEE Std 1932.1-2024

clear channel assessment

call data record

control plane

cyclic prefix-discontinuous reception
central processing unit

container image registry

container infrastructure service management
central radio resource management
carrier sense adaptive transmission
channel quality indicator

control and user plane separation

data SGRLC lower MAC

DataBase

downlink

data network

domain name access identifier
extensible authentication protocol-authentication and key agreement
enhanced dynamic spectrum access
EPS mobility management

forwarding action rules

group specifications

global unique temporary identifier
Hybrid Automatic Repeat reQuest
higher media access control
intermediate access and mobility management function
identifier

international mobile equipment identity
international mobile subscriber identity
Internet of Things

Internet protocol

intermediate user plane function
JavaScript Object Notation

key performance indicator

listen before talk

life cycle management

licensed-assisted access
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LMAC
LTE
LuC
LUT
LWA
MA
MAC
MA-PDU
MEC
MSC
MU-MIMO
NEF
NFS
NFV
NOMA
NR

NRF
Nsmf
NSSAI
NSSF
NWDAF
OAM
OFDMA
0SS
OTA
OTT
PCF
PDRs
PDU
PFCP
PHY
PLMN
QERs
QoS
RACH
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lower media access control

long-term evolution

licensed and unlicensed controller

look up table

long-term evolution wireless local area network aggregation
multiple access

media access control

multiple access protocol data unit
multi-access edge computing

message sequence chart

multi-user multiple input multiple output
network exposure function

network function service

Network Functions Virtualization
non-orthogonal multiple access

new radio

network repository function

network slice management function
network slice selection assistance information
network slice selection function

network data analytics function

operations, administration, and maintenance
orthogonal frequency division multiple access
operations support systems

over-the-air

over-the-top

policy control function

packet detection rules

protocol data unit

Packet Forwarding Control Protocol
physical layer

public land mobile network

quality of service (QoS) enhancement rules
quality of service

random access channel

radio access network
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RB
RBC
RLC
RRC
SAP
SBA
SBI
SC
SDL
SDR
SINR
SLA
SMF
S-NSSAI
SUCI
SUPI
TTI
UDM
UDSF
UE
UL
UP
UPF
VNF
YAML

radio access technology
resource block

radio bearer control

radio link control

radio resource control
service access point
service-based architecture
service-based interface
scheduler controller
supplementary downlinks

software defined radio
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signal-to-noise-and-interference ratio

service level agreement

session management function

subscribed network slice selection assistance information

subscriber concealed identifier

subscription permanent identifier

transmission time interval

unified data management

unstructured data storage function

user equipment
uplink

user plane

user plane function

virtual network function

Yet Another Markup Language

4. LUC technology

4.1 General

The following subclauses explain the high-level architecture of licensed and unlicensed controller (LUC)
network function (NF), functions, and interfaces.

This standard defines a new virtualized controller, the LUC, which may be initiated at the primary edge cloud
or any other cloud to coordinate the different traffic load transmissions in multi-connectivity modes. The
virtual LUC shall have a unique identifier (ID) that shall coordinate with the network components for service
management. The standard shall define how the LUC is instantiated and chained with other fifth generation
core (5GC) NFs. Furthermore, the standard shall define the enabling reporting mechanisms that shall be
installed at the UE or the fifth generation (5G) new radio (NR) unified media access control (MAC). The
framework for this standard can be found in Figure 1.
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Mobile Agent

» Ap connectivity
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Sensing & measurement Measurement reports are sent over CP I
reports from cRRM and shared with LUC through I-AMF |
............................................. [ AMF ]
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! DataBase [N9°% | ypE :
© NN . UserPlane ../
@ N3IWE N3 DataBase stores mirrored traffic for possible
diversion between connected APs

Figure 1—The framework for interfacing the LUC with 5GC network functions

4.2 Network function and interfaces

The 5G architecture shall be a service-based architecture (SBA), wherein a service-based representation of
network functions within the control plane enables other authorized network functions to access their services,
as specified in 3GPP TS 33.501." The licensed and unlicensed controller (LUC) may be deployed at over-
the-top (OTT) additional network functions that comply with the SBA domain, including HTTP/2 as outlined
in ETSI TS 129 500 and application programming interface (API) design principles, as outlined in 3GPP TS
29.501. The LUC network function shall operate and support the fifth generation core (5GC) operations as
outlined in ETSI TS 123 501. In reference point interactions, the LUC interfaces shall be represented as point-
to-point links with other SGC network functions, as outlined in ETSI TS 123 501.

The proposed LUC-integrated 5G architecture describes several network functions, some of which will be
detailed later in this document, including the following:

— Licensed and unlicensed controller (LUC)

— Access and mobility management function (AMF)

— Intermediate access and mobility management function (I-AMF)

— User plane function (UPF)

— Intermediate user plane function (I-UPF)

— Policy control function (PCF)

— Session management function (SMF)

— Unified data management (UDM)

— User equipment (UE)
— (Radio) access network ([R]AN)
— Application function (AF)

— Network exposure function (NEF)

SInformation on references can be found in Clause 2.
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— Network repository function (NRF)
— Data network (DN), e.g., operator services, Internet access, or third-party services
— Unstructured data storage function (UDSF)
— Authentication server function (AUSF)

— Network slice selection function (NSSF)

The LUC shall use dedicated new interfaces to communicate with other 5GC NFs. These interfaces are defined
as follows:

— N70: Interface between LUC and another LUC within the same domain

— N71: Interface between LUC and AMF

— N72: Interface between LUC and SMF

— N73: Interface between LUC and PCF

— N74: Interface between LUC and UDM

— N75: Interface between LUC and NSSF

— N76: Interface between LUC and network data analytics function (NWDAF)
— N77: Interface between LUC and NWDAF

The LUC may influence the amount of user plane traffic allocated to each access point (AP) in multi-
connectivity mode, where the UE is able to perform downloading from multiple surrounding APs concurrently.
The LUC decisions shall be determined using real-time measurement reports that may be obtained from either
an agent installed at the UE or through the sensing mechanism of the common radio resource management
(cRRM) in 5G unified media access control (MAC). The measurement reports can be sent over the N1 interface
to the access and mobility management function (AMF) and then consumed by the LUC.

4.3 Enabling components

There are three prime component enablers for this standard as explained below:

a) LUCNF

The LUC coordinates with other virtual functions to enable multi-connectivity process and traffic
diversion between participant APs, as presented in Clause 6.

b) DataBase

Buffering mirrored traffic from various UPFs that support the multi-connectivity model, as described
in6.5.2.

¢) Measurement and reporting mechanisms

This component provides information on the availability and capacity status of each channel. There
are two types of reporting systems, as follows:

1) Mobile installed agent

The installation of this agent in the UE shall provide real-time status updates of the connected
APs and available channels. This agent may be utilized in a distributed scenario where operator
APs are located around the UE in a distributed model, as detailed in 7.3.1.

2) Measurement and sensing module in cRRM
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This module shall provide information on channel availability and connected UE within the base
stations that employ multiple radio interfaces managed by 5G unified MAC technology. This
module shall be integrated into the cRRM and can access the N1 interface, as presented in 8.4.3.

4.4 Associations

The LUC shall be a new entity of the SBA of the 5GC. The main functions and responsibilities of the LUC

shall be:

a)  Managing the registration of topology for NFs and APs serving a multi-connectivity domain.

b) Providing traffic forwarding by analyzing measurement reports obtained from the mobile agent and

sensing module.

¢) Managing traffic through the session management function (SMF).

The LUC may provide services to the SMF and shall share analytics with the network data analytics function
(NWDAF). The LUC can also exchange services with other network functions via SBA, as shown in Figure 2.

LUC

NRF

AMF

SMF

PCF

Nluc

UDM

NSSF

NWDAF

Figure 2—The LUC interfaces and association with 5GC NFs

Table 1 summarizes some of the services that LUC shall process with other core NFs.
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Table 1—LUC network function services

NF Network function Description
service (NFS)
LUC Nluc_SMTopologyControl | The SMF may use this NFS for the selection of UPF serving the APs

engaged in a multi-competitivity model. This NFS shall provide the
following key functions:

— Since the APs topology may change at any time, the SMF shall
act as the DHCP server to manage the call flows toward the UE.

— The SMF shall instruct the PDU session anchor UPF
serving the PDU session to forward DHCP packets between the UE
and the SMF over the user plane, as specified in ETSI TS 123 501.

Nluc_AMTopologyControl | The AMF may use this NFS to associate a certain UE profile
with LUC. This NFS shall provide the following key functions:

—  The LUC shall generate the topology association
based on the UE information provided by the AMF
and shall deliver the policy association to the AMEF.

—  Based on the provided topology, the LUC shall either maintain the
current AMF or select a new AMF using information obtained from PCF.

—  Ifatopology change occurs, the LUC shall use this NFS to select
anew AMF after policy updates with PCF.

Nluc_UEPolicyControl The LUC shalluse this NFS torequestatopology association withacertain set
ofpolicies from the PCF. This NFS shall provide the following key functions:

—  The PCF shall generate a set of policies based on
the topology associated with the UE as provided by the LUC.

—  The LUC shall request policy updates from the PCF
each time there is a change in the topology serving that UE.
This update may include different sets of AMFs or SMFs.

—  The PCF may trigger a policy change that enforces changes to the
LUC topology to meet the other requests from within the slice.

5. LUC topology registration and NF assignment
5.1 General

Once a request is received from the UE, the AMF shall perform the NAS encryption and user verifications
with UDM. The following operations shall take place on the 5GC side during topology registration:

a)  The AMF shall abstract the measurement report (acquired from the UE or the sensing module on the
5G unified MAC) to identify all the available surrounding APs. This information shall be consumed
by the LUC to generate the topology association.

b) The LUC shall generate topology (e.g., topology [TO] #1) that shall be associated with UE identifiers
(e.g., subscription permanent identifier [SUPI]). This topology, in this case, shall refer to the APs
available for that UE.

¢) The LUC may obtain the available SMF NF from the NRF.

d) The LUC shall inform the SMF to create the N4 interfaces and UPF mesh that can serve the AP
topology (e.g., TO #). The SMF may establish the necessary interconnections with other NFs to ensure
the proper functioning of the network.

e) The standard mandates the use of the N4 interface for the communication between the SMF and the
LUC. This interface shall be used to exchange information related to the UPF mesh and to provide any
necessary updates. In case of any changes in the topology, the LUC shall inform the SMF, which may
trigger updates in the network to ensure optimal performance.

The above procedure is shown in Figure 3.
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Communications Communications Topology Registration Service

« Registration request « Update request UE Topology Service Information
* Measurement reports « Available APs

UE #1 AMF #1 LUC #1

h 4

TO #1 AMF #1: Communication address, authentication

information, and topology descriptors

Anchor(s)
*FAR, QER, URR

UPF #1 SMF #1 UE #1 "/\_/\El_zi_{\l NRF: Communication address, authentication
I NR2 : information, and available slice NFs
UP Toplo ‘ !
.p 9y } LTE 6 : SMF #1: PDU session, and event exposure,
+ PDU session I_WiFi3 ) | and DHCP enablement

«DHCP signaling || | | | ~—————~

Figure 3—Topology registration and NF association

5.2 Topology update

The topology update shall occur when any of the following events take place:

a)

b)

c)
d)

The UE moves away from its current domain, and connectivity with one or more surrounding APs is
lost.

One or more connected WiFi networks become unavailable due to changes in channel availability.
One or more UPFs become faulty, triggering lifecycle transitions at the core side.

For events a) and b), the AMF shall obtain the topology change from the measurement reports. In the
case of event c), the SMF shall provide the topology update.

If a topology update is necessary, the LUC shall perform the following operations:

The LUC shall remove the impacted AP(s) from the list of available APs in the topology.

The updated topology information shall be published and made available to the AMF, SMF, and NRF
NFs.

The SMF shall update the N4 interface to provide connectivity to the new UPF(s).

Note that in the event of a topology update, the LUC shall promptly initiate the necessary changes to ensure the
smooth operation of the network.

5.3 Topology deletion

The LUC shall remove the created topology if one of the following events occurs:

a)
b)
¢)
d)

The UE request is completed, and resources shall be released for other users.
Only one AP remains in the topology, and LUC can transfer the connectivity management to AMF.
The UE moves to another domain and loses connectivity with APs associated with the topology.

The connected UE switches to private network mode.

The LUC shall perform the following operations when the topology is removed:

The LUC shall detach all APs.
The LUC shall inform the SMF to detach all UPFs and terminate any PDU sessions.
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The LUC shall inform the AMF and NRF about NFs dissociations.

6. Licensed and unlicensed controller (LUC)
6.1 General

In multi-connectivity mode, the LUC is responsible for managing the establishment of PDU sessions between
the UE and the SMF. To accomplish this, the LUC shall invoke the Nsmf PDUSession service of the SMF, as
shown in Figure 4, which provides the necessary functionality for establishing and maintaining PDU sessions.

In some cases, the LUC may not know which SMF to connect to in order to establish the PDU session. In
these situations, the LUC may request the SMF to perform a service discovery to identify an SMF that can
provide the necessary service. The service discovery process involves sending a request to the NRF to obtain
information about the available SMFs and their capabilities. Once the LUC has identified the appropriate
SMF, it shall use the Nsmf PDUSession service to establish the PDU session. The service provides a range of
functions, including the establishment of bearers, the allocation of resources, and the management of session
states.

It is important to note that while the LUC shall invoke the Nsmf PDUSession service during PDU session
establishment, it may also need to interact with other NFs to ensure the proper functioning of the overall
network. For example, the LUC may need to coordinate with the AMF to ensure the proper management of UE
context and mobility, or with the UPF to manage data traffic and quality of service (QoS) requirements.

12. N4 session
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@
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15. IPsec tunneling
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L 3. LUC IP address information |

Figure 4—Enforcing topology by LUC

The PDU session establishment procedure shall be performed as follows:

a) A UE shall send a PDU session establishment request message to the AMF. The message may include
a measurement report, DNN, and the subscribed network slice selection assistance information
(S-NSSAI).

b) The AMEF shall determine the multi-connectivity mode based on the presence of multi-APs Internet
protocols (IPs) in the measurement report. If multi-connectivity mode is required, the AMF shall
invoke a topology request to the LUC.

¢) The LUC shall create a topology file that lists all available APs for the multi-connectivity mode. The
LUC may query the NRF for available SMFs. The query request shall contain the DNN, type of the
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requester NF, requested public land mobile network (PLMN), target NFS name, S-NSSAI and target
NF type.

d) Ifall the SMFs registered on the NRF support the Nsmf PDUSession service, the NRF shall select an
available SMF based on the DNN and S-NSSAI in the request and shall return the SMF IP address and
endpoint information about the Nsmf PDUSession service to the AMF, as shown in Figure 4.

e) The LUC shall invoke the Nsmf PDUSession service of the SMF to establish a PDU session.
f)  The SMF shall initiate an N4 session establishment procedure toward the selected UPF.

g)  The SMF shall notify the AMF through LUC of the N2 session management information and the N1
session management information.

h) The AMF shall send an N2 PDU session request message to the RAN to request the RAN to allocate
the N3 tunnel access network address and radio resources.

i) The RAN shall forward the PDU session establishment response to the UE. The PDU session shall be
established successfully.

6.2 Specifications
6.2.1 General

The following subclauses shall provide a summary of the compliance and functionality of the LUC network
function within the 5GC.

6.2.2 Compliancy with 5GC

The new LUC NF shall comply with the specification outlined in ETSI TS 123 501 and other security features
mandated by the 5GC design, such as TLS1.3 as explained in 6.7. The LUC NF shall utilize service-based
interfaces (SBIs) and access control plane (CP) information through predefined interfaces in the reference
point architecture or via the message bus in the SBA model.

Specifically, the LUC NF shall:

a)  Register with the NRF responsible for managing the core, slice, or PLMN upon instantiation
b)  Send status update messages to the NWDAF of the slice, PLMN, or cluster

¢)  Subscribe to multiple NFs (AMF, UDM, SMF, etc.) to consume services required for creating the
topology to support multi-connectivity for a specific UE

d)  Serve multiple UEs and provide service coordination based on location, domain, or any other use case
defined by the system administrator

e) Actasacomplementary component to the SGC, managing complex networks and reducing signaling
and status update activities in the CP domain

6.2.3 Control and user planes

The LUC NF shall be responsible for coordinating the UP services provided to a certain UE in a multi-
connectivity model via the SMF NF. The LUC shall maintain a registry of UPFs associated with the multi-
connectivity model. This implies that a certain LUC NF shall obtain the identity of UPFs that provide the
service in a multi-connectivity model.

a)  The UPFs shall be chained as an anchor UPF with multiple I-UPFs that are meshed to distribute traffic
to multiple APs.
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