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Abstract

Radio base stations in radio access networks (RANSs) for Sth-generation mobile communications sys-
tem networks are growing in number because of the adoption of microcells for the utilization of high-
frequency bands and to increase network capacity. Standardization of RANs proposes new usages of
network slices, such as smart factories. In addition to conventional device operations, more complex
operations are thus required, such as power saving by putting radio base stations into sleep mode and
network slice control. To enable such operations, it is necessary to add “intelligence” to operations so
that network status analysis and control decisions can be executed autonomously. This article introduces
the Cognitive Foundation Collaboration Platform technology that enables autonomous and intelligent

control of RANSs.
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1. Enhancing the intelligence of RAN operation
and management

In radio access networks (RANs) for Sth-genera-
tion mobile communications system (5G)/6G net-
works, the use of high-frequency bands is prompting
the adoption of microcells, leading to increased net-
work capacity. This means that the number of
installed radio base stations is growing, which in turn
increases the power consumption of RANs yearly. It
thus necessary to implement power-saving measures
such as sleep control of radio base stations during
low-traffic periods. As standardization progresses for
enabling network use in new fields, such as smart
factories, it is becoming a necessity to achieve net-
work slicing and integrated operation and manage-
ment of devices and slices such as identifying slices
that will be affected in the event of a device failure.
As we see increases in both the installation density of
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radio base stations in an area and the number of total
radio parameters to be set, the design and operation of
RAN:Ss is becoming so complex that they are difficult
to manage manually. Hence, automated design and
operation is required.

To meet these requirements, in addition to execut-
ing conventional operations, the network needs to
acquire “intelligence” so that it can autonomously
decide what to control and how to control it by using
big data and artificial intelligence (Al)/machine
learning (ML).

The path to making RAN operation and manage-
ment intelligent is being studied by the O-RAN
ALLIANCE, a standardization organization. This
article introduces the Cognitive Foundation (CF)
Collaboration Platform technology that enables
autonomous control of RANs based on the O-RAN
specification.
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Fig. 1. O-RAN architecture.

2. O-RAN architecture and SMO

The O-RAN ALLIANCE is developing a set of
functions and an architecture for intelligent RAN
operation and management. Figure 1 shows the
O-RAN architecture.

RAN devices for 5G consist of radio units (RUs)
that control antennas and radio waves, distributed
units (DUs) that process radio signals, and a central
unit (CU) that controls RUs/DUs and connects them
to the core network. These units are called network
functions (NFs). It is necessary to execute fault, con-
figuration, accounting, performance, security
(FCAPS) control, such as setting radio parameters,
for NFs. The virtualization of RANs is in progress
[1], and virtualized DUs and CUs (vDUs and vCUs)
are commercially available. It is necessary to control
the virtualization platform on which vDUs and vCUs
operate by, for example, managing compute resourc-
es. The O-RAN architecture defines the service man-
agement and orchestration (SMO) layer as a func-
tional part that executes these basic control functions.

The O-RAN architecture also defines the RAN
intelligent controller (RIC) as a functional part that
processes the logic that enables autonomous control.
There are two categories of RIC: near-real-time RIC
(Near-RT RIC), which executes near-real-time con-
trol actions that take less than 1 second, and Non-RT
RIC, which executes control actions that take 1 or
more seconds. The SMO is internally equipped with
the Non-RT RIC and externally controls the Near-RT
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RIC.

On the basis that the SMO is essential to achieving
intelligent RAN operation and management, we are
working to make it a reality.

3. SMO architecture

As mentioned above, the SMO is required to con-
trol FCAPS for NFs, control the virtualization plat-
form, and process control logic. How these capabili-
ties are implemented as well as the functions required
of the SMO and its architecture are described below.

FCAPS control for NFs includes the creation of
new NFs, modification of NF configurations, status
monitoring, and alarm detection. Specifically,
FCAPS control includes data management such as
collection and storage of performance management
(PM) and fault management (FM) information, and
inventory management such as storage, modification,
and history control of configuration management
(CM) information.

When virtualized NFs operate on the virtualization
platform, a variety of control measures are required,
such as reserving virtual resources, monitoring fail-
ures, and restoring them when failures occur.

The Non-RT RIC, which is responsible for process-
ing control logic, consists of Non-RT RIC applica-
tions (rApps), which execute individual control logic,
and the Non-RT Framework, which provides, as a
platform, various data needed for logic execution and
NF control functions. Since there can be a variety of
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Fig. 2. Functions within SMO.

control logic, rApps are loosely coupled with the
Non-RT RIC Framework, and an rApp management
function is needed to commonly manage the deploy-
ment, start, and stop of rApps.

To implement these functions, the O-RAN ALLI-
ANCE specifies the SMO function groups shown in
Fig. 2. However, implementation methods for the
functions indicated with dotted boxes in the figure
(non-anchored functions), such as the locations and
sharing of functions, have not been specified and are
still being studied.

Even though NFs are expected to be provided by
multiple vendors, it is desirable that the control logic
to be executed by the Non-RT RIC should operate in
a common manner regardless of the vendor. For this
reason, an operation support system (OSS) functional
part is defined, which is responsible for providing the
RAN management functions that executes FCAPS
control for NFs, data management functions, and
inventory management functions. It is loosely cou-
pled with the Non-RT RIC.

The standardization of the functions and control
schemes needed for controlling virtual resources is
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well underway. These are specified by the European
Telecommunications Standards Institute (ETSI) for
network functions virtualisation (NFV) and manage-
ment and orchestration (MANO). Therefore, we
define the MANO functional part, assuming the use
of vDUs/vCUs, and loosely couple it with the OSS
functional part.

We equip the Non-RT RIC with a set of functions
needed for executing the control logic of rApps (the
R1-related functions, Al-related functions, and Al/
ML workflow functions) and the rApp management
functions.

Figure 3 shows the CF Collaboration Platform that
implements the SMO on an architecture that includes
three functions: the Non-RT RIC, OSS, and MANO.
Each functional part is described below.

4. OSS functional part

Specific examples of FCAPS control for NFs
implemented by the OSS include managing NF con-
figurations, changing parameter settings for each
DU/CU, controlling the antenna angle (tilt angle),
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Fig. 3. CF Collaboration Platform architecture.

and updating NF software. Regardless of NF ven-
dors, the OSS monitors the operational status of NFs,
collects operational status data and logs, traces sig-
nals, closes cells or puts cells in sleep mode, monitors
PM information, and issues alarms when threshold
values are exceeded.

When an NF is to be created and added to the SMO,
the OSS functional part works with the MANO func-
tional part to allocate virtual resources, boots the
NFs, configures, and manages the association
between NFs and virtual resources. The OSS func-
tional part manages NF configuration, such as chang-
ing/deleting configurations, and managing the gen-
erations of configuration. When a failure occurs in
virtual resources, it associates the alarm from the
virtual resources received via MANO with the NF
running on the virtual resources and generates its own
alarm associated with the relevant NF. Maintenance
personnel can receive alarms from both the virtual
resources and NF and centrally control restoration
and recovery of the NF and the associated virtual
resources. These NF management functions are
called network function management functions
(NFMFs).
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It is necessary to consider the use of RAN slices in
certain new network usage patterns such as in fixed-
mobile convergence services. For such usage pat-
terns, it is necessary to combine a given network with
other networks depending on how the particular ser-
vice is used. In such a scenario, end-to-end (E2E)
network slices spanning multiple network domains
will be used. Standardization for this approach is
underway in the 3rd Generation Partnership (3GPP)
(Fig. 4).

To implement network slicing, it is necessary to
manage the association between slices and individual
radio base stations and configure base stations to sup-
port slices. When slices are to be created/deleted or
slice configurations are to be changed, CM actions
are executed, such as identifying the base stations, the
configuration of which is to be changed, classifying
slice parameters according to base stations, and
inputting the parameters accordingly. FM actions are
also executed, such as identifying affected slices and
generating alarms for each slice when device alarms
are received. PM actions are also executed, such as
monitoring PM information and determining whether
threshold values for each slice have been exceeded.
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The slice management function that covers CM, FM,
and PM for slices will be implemented by incorporat-
ing the RAN network slice subnet management func-
tion (NSSMF) specified in 3GPP TS28.531.

By implementing these functions, we will enable
slicing in the RAN domain. We will also provide E2E
network slices through a collaboration between slic-
ing in the RAN domain and network slice manage-
ment function (NSMF), which is a higher-level sys-
tem that manages E2E network slices. By combining
the slicing in the RAN domain described above with
slicing in transport and core networks—which is
expected to yield technical advances in the future—
we aim to provide E2E network services. Thus, the
OSS functional part will be implemented equipped
with NFMF and NSSMF.

5. Non-RT RIC functional part

To enable intelligent RAN operation and manage-
ment, it is necessary to implement a range of control
logics. Each control logic is implemented as a mod-
ule in the form of an rApp, and necessary rApps can
be added on the Non-RT RIC Framework on the basis
of the nature of any desired control.

Since the information required by an rApp varies
depending on its control logic, the Non-RT RIC
Framework provides the PM/FM/CM information it
stores to any rApp in such a manner that the informa-
tion can be searched for using a variety of keys, such
as by a PM item or the period in which the data were
collected, CM item, CM update history, FM alarm
detail, and the date/time that the alarm was issued.
When the Non-RT RIC Framework controls NFs, it
works with the OSS functional part to implement CM
change and base station control, such as sleeping for
energy saving, in a manner that enables multi-vendor
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procurement. Since sophisticated control may be
achieved using multiple rApps, the Non-RT RIC
Framework provides functions necessary for collab-
orative operation between rApps, such as data trans-
fer between them.

The control logic for the base station sleep mode is
described below as a specific example. When a base
station is installed, its capacity is designed to meet
traffic demand during the busiest time of the day. In
areas with a small nighttime population, such as
office areas, the network traffic decreases signifi-
cantly at night and on weekends. By identifying the
characteristics of such areas through continuous traf-
fic analysis and putting the relevant radio base sta-
tions into sleep mode when their traffic decreases, it
is possible to reduce the power consumption of these
base stations. However, when a base station is put
into sleep mode, the terminals in the area covered by
it lose radio access. This problem is avoided by auto-
matically identifying those base stations that have an
overlay coverage relationship with the currently
sleeping base station and by automatically optimizing
their antenna tilts [2, 3] to cover the area. The traffic
of the covering base stations is monitored, and when
an increase in traffic is detected, the sleeping base
station is taken out of sleep mode. This type of con-
trol logic leads to lower power consumption than can
be achieved by simple time-based sleep/wake con-
trol. In this example, the rApp that identifies the
overlay coverage relationship of the base stations and
calculates the desired amount of antenna angle
change, and the rApp that determines whether to put
a base station into sleep mode on the basis of peri-
odic traffic analysis work together. They share data,
such as on the amount of antenna angle change and
the candidate base stations to be put into sleep mode,
via the Non-RT RIC Framework.
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Fig. 5. Integrating AlI/ML functions into the SMO.

If real-time control is required, rApps work with the
Near-RT RIC. For example, when the load at a certain
base station increases, it can be distributed by hand-
ing over the terminals served by that base station to
surrounding base stations. For this purpose, rApps
monitor the loads of surrounding base stations, iden-
tify appropriate handover destinations, and notify the
Near-RT RIC of these destinations in advance. The
Near-RT RIC executes actual real-time handover.

With the advancement of AI/ML technology, vari-
ous proposals have been made to apply AI/ML to
network operations. The O-RAN ALLIANCE is
studying how to apply AI/ML to RAN operation and
management. One function-sharing proposal being
studied to implement AI/ML-assisted control logic in
rApps involves making rApps execute inference
using AI/ML models and making the Non-RT RIC
manage the models used for inference. Specifically,
the Non-RT RIC is equipped with a model repository,
accepts model registrations and updates, deploys
models to rApps, and sends notifications to rApps
when a new version of the AI/ML model is available
to them.

The accuracy of inferences made using AI/ML
degrades over time for various reasons. Therefore,
relearning and some other functions are required. Al/
ML platform products that provide these functions,
including relearning and model creation, are avail-
able, including open source products such as Kube-
flow. Since different AI/ML platforms support differ-
ent learning algorithms, it is desirable that an appro-
priate product be selected on the basis of the nature of
the desired control. Therefore, we are studying a way
to enable selection of an AI/ML platform product for
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relearning and model creation by providing model
storage, update, and deletion functions as an interface
for AI/ML platforms. This interface was derived on
the basis of the AI/ML model management interface
specified as the R1 interface (Fig. 5).

6. MANO functional part

The MANO functional part was designed on the
basis of ETSI NFV standards. It consists of an NFV
orchestrator (NFVO) that mediates resources used by
virtual network functions (VNFs) and a VNF man-
ager (VNFM) that manages the VNF life cycle
(Fig. 6).

MANO components, such as the NFVO and
VNFM, are often designed and implemented indi-
vidually by each VNF vendor. Therefore, costs
increase when operating a combination of products
from multiple vendors. To solve this problem, we
have designed MANO interfaces and functions on the
basis of the common specifications defined by ETSI
NFV. Therefore, MANO can be run with unified
specifications and operations even if it is built with a
combination of products from multiple vendors.

We have specifically developed VNFM in conjunc-
tion with open source community activities through
the OpenStack Tacker [4] Project to ensure multi-
vendor procurement. We have also leveraged NTT’s
expertise in carrier network operation to implement
additional functions that assist the real-world opera-
tion of RAN functions.
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