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ENERGY SAVING CONTROL IN A NETWORK

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to Indian Provisional Patent Application No.
202341040353, filed with the Indian Patent Office on June 13, 2023, Indian Provisional Patent
Application No. 202341041647, filed with the Indian Patent Office on June 19, 2023, and U.S.
Provisional Patent Application No. 63/472,498, filed with the U.S. Patent and Trademark Office

on June 12, 2023, the entire contents of which are incorporated herein by reference.

FIELD
[0002] The present disclosure relates to an energy saving control in a telecommunication
network.
BACKGROUND
[0003] The information disclosed in this background section is only for enhancement of

understanding of the general background of the disclosure and should not be taken as an
acknowledgement or any form of suggestion that this information forms the prior art already
known to a person skilled in the art.

[0004] A radio access network (RAN) is an important component in a telecommunications
system, as it connects end-user devices (or user equipment) to other parts of the network. The RAN
includes a combination of various network elements (NEs) that connect end-users to a core

network. Traditionally, hardware and/or software of a particular RAN is vendor specific.
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[0005] Open RAN (O-RAN) technology has emerged to enable multiple vendors to
provide hardware and/or software to a telecommunications system. Since different vendors are
involved, the type of hardware and/or software provided may also be different. That is, different
types of NEs may be provided by different vendors, and depending on the specific service, the NE
could be virtualized in software form (e.g., virtual machine (VM)-based), or could be in physical
hardware form (e.g., non-VM based).

[0006] To this end, O-RAN disaggregates the RAN functions into a centralized unit (CU),
a distributed unit (DU), and a radio unit (RU). The CU may be a logical node for hosting Radio
Resource Control (RRC), Service Data Adaptation Protocol (SDAP), and/or Packet Data
Convergence Protocol (PDCP) sublayers of the RAN. The DU may be a logical node hosting Radio
Link Control (RLC), Media Access Control (MAC), and Physical (PHY) sublayers of the RAN.
The RU may be a physical node that converts radio signals from antennas to digital signals that
can be transmitted over the Front Haul to a DU. Because these entities have open protocols and
interfaces between them, they can be developed by different vendors.

[0007] FIG. 1 illustrates an O-RAN architecture in the related art. RAN functions in the
O-RAN architecture may be controlled and optimized by a RAN Intelligent Controller (RIC). The
RIC may be a software-defined component that implements modular applications to facilitate the
multivendor operability required in the O-RAN system, as well as to automate and optimize RAN
operations. As shown in FIG. 1, the RIC may be divided into two types: a non-real-time RIC (Non-
RT RIC) 120 and a near-real-time RIC (Near-RT RIC) 130.

[0008] The Non-RT RIC 120 may be the control point of a non-real-time control loop and
may operate on a timescale greater than 1 second within a Service Management and Orchestration
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(SMO) framework 110. Its functionalities may be implemented through modular applications
called rApps, and may include: providing policy based guidance and enrichment across the Al
interface, which is the interface that enables communication between the Non-RT RIC and the
Near-RT RIC; performing data analytics, Artificial Intelligence/Machine Learning (AI/ML)
training and inference for RAN optimization; and/or recommending configuration management
actions over the O1 interface, which may be the interface that connects the SMO to RAN managed
elements (e.g., Near-RT RIC 130, O-RAN Centralized Unit (O-CU) 140,150, O-RAN Distributed
Unit (O-DU) 170, etc.).

[0009] The Near-RT RIC 130 may operate on a timescale between 10 milliseconds and 1
second and may be coupled with the O-DU 170, the O-CU (disaggregated into the O-CU control
plane (O-CU-CP) 140 and the O-CU user plane (O-CU-UP) 150), and an open evolved NodeB (O-
eNB) 160 via the E2 interface. The Near-RT RIC 130 may use the E2 interface to control the
underlying RAN elements (E2 nodes/network functions (NFs)) over a near-real-time control loop.
The Near-RT RIC 130 may monitor, suspend/stop, override, and control the E2 nodes (O-CU
140,150, O-DU 170, and O-eNB 160) via policies. For example, the Near-RT RIC 130 may set
policy parameters on activated functions of the E2 nodes. Further, the Near-RT RIC 130 may host
xApps to implement functions such as quality of service (QoS) optimization, mobility optimization,
slicing optimization, interference mitigation, load balancing, security, etc.

[0010] Here, the O-CU-CP 140 and the O-CU-UP 150 may be coupled to each other via
the E1 interface, and may be coupled to the O-DU 170 via the F1-c interface and F1-u interface,

respectively. Further, the O-RU 180 may be coupled to the O-DU 170 via the Open Fronhaul (OF)
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Control (C), User (U), Synchronization (S), and Management (M) Planes, and may be coupled to
the SMO 110 via the OF M-Plane.

[0011] The two types of RICs work together to optimize the O-RAN. For example, the
Non-RT RIC 120 may provide the policies, data, and AI/ML models enforced and used by the
Near-RT RIC 130 for RAN optimization, and the Near-RT RIC 130 may return policy feedback
(i.e., how the policy set by the Non-RT RIC 120 works).

[0012] As mentioned above, the Non-RT RIC 120 may be located within the SMO
framework 110, which manages and orchestrates RAN elements. Specifically, the SMO 110 may
manage and orchestrate what is referred to as the O-Ran Cloud (O-Cloud) 190. The O-Cloud 190
may be a collection of physical RAN nodes that host the RICs, O-CUs, and O-DUSs, the supporting
software components (e.g., the operating systems and runtime environments), and the SMO 110
itself. In other words, the SMO 110 may manage the O-Cloud 190 from within. The O2 interface
may be the interface between the SMO 110 and the O-Cloud 190 it resides in. Through the O2
interface, the SMO 110 may provide infrastructure management services (IMS) and deployment

management services (DMS).

SUMMARY

[0013] Example embodiments of the present disclosure automatically performs energy
saving control. As such, example embodiments of the present disclosure allow for energy saving
features to be effectively controlled and provisioned to the RU, while considering various essential
aspects, such as the capability of the RU, the tradeoff between user experience and energy saving

performance, and the various conditions of the network.
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[0014] According to embodiments, an apparatus is provided. The apparatus may be
configured to: transmit an energy saving capability request to a distributed unit (DU); receive,
from the DU, an energy saving capability of a radio unit (RU) associated with the DU, wherein
the energy saving capability may include at least one of’ a plurality of sleep modes of an Advanced
Sleep Mode (ASM) and a plurality of array modes of an antenna mask (TRX) control that can be
performed by the RU, and wherein the energy saving capability may further include a capability
range associated with the at least one of: the plurality of sleep modes and the plurality of array
modes; select a value within the capability range; and transmit the selected value to the DU.
[0015] According to embodiments, a method is provided. The method may include:
transmitting an energy saving capability request to a distributed unit (DU); receiving, from the DU,
an energy saving capability of a radio unit (RU) associated with the DU, wherein the energy saving
capability may include at least one of: a plurality of sleep modes of an Advanced Sleep Mode
(ASM) and a plurality of array modes of an antenna mask (TRX) control that can be performed by
the RU, and wherein the energy saving capability may further include a capability range associated
with the at least one of: the plurality of sleep modes and the plurality of array modes; selecting a
value within the capability range; and transmitting the selected value to the DU.

[0016] According to embodiments, a non-transitory computer-readable recording medium
is provided. The non-transitory computer-readable recording medium may have recorded thereon
instructions executable by an apparatus to cause the apparatus to perform a method including
transmitting an energy saving capability request to a distributed unit (DU); receiving, from the DU,
an energy saving capability of a radio unit (RU) associated with the DU, wherein the energy saving
capability may include at least one of: a plurality of sleep modes of an Advanced Sleep Mode

5
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(ASM) and a plurality of array modes of an antenna mask (TRX) control that can be performed by
the RU, and wherein the energy saving capability may further include a capability range associated
with the at least one of: the plurality of sleep modes and the plurality of array modes; selecting a
value within the capability range; and transmitting the selected value to the DU.

[0017] Additional aspects will be set forth in part in the description that follows and, in
part, will be apparent from the description, or may be realized by practice of the presented

embodiments of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Features, aspects, and advantages of embodiments of the disclosure will be
described below with reference to the accompanying drawings, in which like reference numerals
denote like elements, and wherein:

[0019] FIG. 1 illustrates an O-RAN architecture in the related art;

[0020] FIG. 2A to FIG. 2B illustrate a flow sequence of an example use case for
performing energy saving control with carrier and cell switch off/on, according to one or more
embodiments;

[0021] FIG. 3A to FIG. 3B illustrate a flow sequence of an example use case for
performing energy saving control with RF channel switch off/on, according to one or more
embodiments;

[0022] FIG. 3C to FIG. 3D illustrate a flow sequence of an example use case for
performing energy saving control with RF channel switch off/on, according to one or more

embodiments;
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[0023] FIG. 4A to FIG. 4B illustrate a flow sequence of an example use case for
performing energy saving control with ASM, according to one or more embodiments;

[0024] FIG. 4C to FIG. 4D illustrate a flow sequence of an example use case for
performing energy saving control with ASM, according to one or more embodiments;

[0025] FIG. 5 illustrates a flow diagram of an example method for performing energy
saving control, according to one or more embodiments;

[0026] FIG. 6 illustrates a flow sequence of an example use case for performing energy
saving control, according to one or more embodiments;

[0027] FIG. 7 illustrates a flow diagram of an example method for performing energy
saving control, according to one or more embodiments;

[0028] FIG. 8 illustrates a flow sequence of an example use case for performing energy
saving control, according to one or more embodiments; and

[0029] FIG. 9 illustrates a diagram of example components of a device for implementing

one or more example embodiments.

DETAILED DESCRIPTION

[0030] The following detailed description of example embodiments refers to the
accompanying drawings. The present disclosure provides illustrations and descriptions, but is not
intended to be exhaustive or to limit the implementations to the precise form disclosed.
Modifications and variations are possible in light of the present disclosure or may be acquired from
practice of the implementations. Further, one or more features or components of one embodiment
may be incorporated into or combined with another embodiment (or one or more features of

another embodiment). Additionally, the flowchart and description of operations provided below
7
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relate to at least one of the embodiments in the present disclosure. It should be noted that it is
possible to make other embodiments that do not exactly match the flowchart and its description. It
is understood that in other embodiments one or more operations may be omitted, one or more
operations may be added, one or more operations may be performed simultaneously (at least in
part). Further, the order of one or more operations may be switched, as long as these modifications
may not affect the resulting scope of the invention.

[0031] It will be apparent that systems and/or methods, described herein, may be
implemented in different forms of hardware, software, or a combination of hardware and software.
The actual specialized control hardware or software code used to implement these systems and/or
methods should not limit their implementations. Thus, the operation and behavior of the systems
and/or methods are described herein without reference to specific software code. It is understood
that software and hardware may be designed to implement the systems and/or methods based on
the description herein.

[0032] Even though particular combinations of features are recited in the claims and/or
disclosed in the specification, the particular combinations are not intended to limit the disclosure
of implementations. In fact, many of these features may be combined in ways not specifically
recited in the claims and/or disclosed in the specification. Even if a dependent claim directly
depends on only one claim, the present disclosure may indicate that the dependent claim is
dependent on other claims in the claim set.

[0033] No element, act, or instruction used herein should be construed as critical or
essential unless explicitly described as such. Also, as used herein, the articles “a” and “an” (in
other words, nouns not mentioned in the plural) are intended to include one or more items, and

8
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may be used interchangeably with “one or more.” Also, as used herein, the terms “has,” “have,”
“having,” “include,” “including,” or the like are intended to be open-ended terms. Further, the
phrase “based on” is intended to mean “‘based, at least in part, on” unless explicitly stated otherwise.
Furthermore, expressions such as “at least one of [A] and [B],” “[A] and/or [B],” or “at least one
of [A] or [B]” are to be understood as including only A, only B, or both A and B. Further still,
where only one item is intended, the term “one” or similar language is used.

[0034] The foregoing disclosure provides illustration and description but is not intended to
be exhaustive or to limit the implementations to the precise form disclosed. Modifications and
variations are possible in light of the above disclosure or may be acquired from practice of the
implementations.

[0035] It shall be noted that, descriptions of example embodiments of the present
disclosure may include terms and names defined in one or more standard organizations, such as
the 3rd Generation Partnership Project (3GPP) standard organization, the European
Telecommunications Standards Institute (ETSI) standard organization, the Open Radio Access
Network (O-RAN) Alliance standard organization, and the like. For instance, the terms “ASM”,
“TRX”, “rApp”, “xApp”, and the like, as well as the associated features and operations, are to be
interpreted as consistent with those specified in one or more technical specifications.

[0036] Further, although some embodiments of the present disclosure may be described
herein with reference specific components of 5G system, it can be understood that the scope of the

present disclosure should not be limited thereto. Specifically, example embodiments of the present

disclosure may also apply to any suitable network elements in any suitable telecommunication
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system, such as a 4G LTE system, a 6G system, and the like, without departing from the scope of
the present disclosure.

[0037] As described above in relation to FIG. 1, the RAN may be disaggregated into
multiple nodes or entities. Specifically, in the O-RAN architecture, the RAN functions may be
disaggregated into multiple logical nodes or entities, such as a central unit (CU), a distributed unit
(DU), and a radio unit (RU). The CU may be a logical node for hosting Radio Resource Control
(RRC), Service Data Adaptation Protocol (SDAP), and/or Packet Data Convergence Protocol
(PDCP) sublayers of the RAN. The DU may be a logical node hosting Radio Link Control (RLC),
Media Access Control (MAC), and Physical (PHY) sublayers of the RAN. A single DU may host
or serve multiple network cells formed by multiple RUs. The RU may be a physical node that
converts radio signals from antennas to digital signals that can be transmitted over the Front Haul
to a DU. In this regard, a network cell may correspond to one or more radio units responsible for
providing wireless coverage and signal transmission within the network cell. To this end, since the
disaggregated entities have open protocols and interfaces between them, they can be developed by
different vendors.

[0038] On the other hand, network energy-saving is an important aspect of O-RAN in order
to optimize energy efficiency, reduce operating costs, and minimize carbon footprint, while
maintaining high network performance and ensuring high quality of service (QoS). In the related
art, the concept of policy-based Advanced Sleep Mode (ASM) and Antenna mask control (TRX
Control) for energy-saving has been introduced. Nevertheless, the specific manner in which the
above mechanisms are controlled and provisioned to the RU are not specified or defined in the
related art. In this regard, since entities from different vendors may be involved in the O-RAN

10
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architecture, it is crucial to define and specify the control and provisioning for energy-saving in a
standardized manner, such that entities from different vendors can understand the policies and
operate accordingly for energy-saving.

[0039] Accordingly, apparatuses, systems, methods, devices, and the like, provided in the
example embodiments of the present disclosure automatically perform energy saving control.
[0040] According to embodiments, the apparatus may obtain an energy saving capability
of a radio unit (RU) from a distributed unit (DU), where the energy saving capability may specify
at least one of’ a plurality of sleep modes of an Advanced Sleep Mode (ASM) and a plurality of
array modes of an antenna mask (TRX) control that can be performed by the RU, and where the
energy saving capability also specify a capability range associated with the at least one of: the
plurality of sleep modes and the plurality of array modes. The apparatus may then select a value
within the capability range and transmit the selected value to the DU, such that the DU may execute
at least one of: a sleep mode of the plurality of sleep modes and an array mode of the plurality of
array modes associated with the selected value.

[0041] Ultimately, example embodiments of the present disclosure automatically perform
energy saving control, which allows for energy saving features to be effectively controlled and
provisioned to the RU, while considering various essential aspects, such as the capability of the
RU, the tradeoff between user experience and energy saving performance, and the various
conditions of the network.

[0042] It is contemplated that features, advantages, and significances of example
embodiments described hereinabove are merely a portion of the present disclosure, and are not

intended to be exhaustive or to limit the scope of the present disclosure.

11
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[0043] Further descriptions of the features, components, configuration, operations, and
implementations of the apparatus of the present disclosure, according to one or more embodiments,
are provided in the following.

Example Energy Saving Methods

[0044] In ORAN, various energy saving concepts have been introduced, examples of
which include carrier and cell switch off/on, Radio Frequency (RF) switch off/on (also referred to
as RF channel reconfiguration), and Advanced Sleep Mode (ASM).

[0045] FIG. 2A to FIG. 2B illustrate a flow sequence of an example use case for
performing energy saving control with carrier and cell switch off/on, according to one or more
embodiments. The carrier and cell switch off/on may refer to a process where one or more carriers
and/or one or more cells are switched off in order to save energy.

[0046] As shown in FIG. 2A to FIG. 2B, the flow sequence may involve a Service
Management and Orchestration (SMO) framework 210 and RAN nodes 220, where the SMO 210
may include a Non-RT RIC 212 and a collection and control network function 214, and the RAN
nodes 220 may include a Near RT-RIC 222, E2 nodes 224 (CU, DU, and the like), and RU 226.
The SMO 210, Non-RT RIC 212, Near RT-RIC 222, E2 nodes 224, and RU 226 may be similar
to the SMO 110, Non-RT RIC 120, Near RT-RIC 130, O-CU 140/150, O-eNB 160, O-DU 170,
and O-RU 180 described above in relation to FIG. 1. Further, one or more operations in FIG. 2A
to FIG. 2B may involve or may be part of one or more operations described below with reference
to FIG. 5 and FIG. 7.

[0047] At step 1.1, the collection and control network function 214 may transmit a data

collection request for energy saving to the E2 nodes 224 via an O1 interface, where the E2 nodes

12
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224 may then forward the data collection request to the RU 226 at step 1.2 via a fronthaul plane
(e.g., M plane, C plane, and the like of the Open Fronthaul).

[0048] At step 2.1, the RU 226 may transmit measurement data for energy saving to the
E2 nodes 224 via the fronthaul plane, where the E2 nodes 224 may then forward the measurement
data to the collection and control network function 214 at step 2.2 via the O1 interface.

[0049] At step 3, the Non-RT RIC 212 may retrieve data from the collection and control
network function 214 (e.g., measurement data received from the E2 nodes 224 and the like). The
above steps 1 to 3 may be collectively referred to as data collection process.

[0050] At step 4.1, the Non-RT RIC 212 may perform Artificial Intelligence (AI)/ Machine
Learning (ML) model training to train an AI/ML model based on the data retrieved from the
collection and control network function 214. The Non-RT RIC 212 may then deploy the trained
AI/ML model to the Near-RT RIC 222 at step 4.2 via the O1 interface or an O2 interface, where
the Near-RT RIC 222 may use the trained AI/ML model to perform inference (i.e., at step 6.5
below). Steps 4.1 to 4.2 may be collectively referred to as AI/ML workflow process involving data
analysis and training. Further, step 4.1, as well as steps 1.1 to 3 may be repeated to further train
the AI/ML model.

[0051] At step 5.1 to 5.2, the collection and control network function 214 may transmit an
optimization trigger/target to the Near-RT RIC 222 via the O1 interface, and the Non-RT RIC 212
may transmit an Al policy to the Near-RT RIC 222.

[0052] The A1 policy may refer to a policy that is generated and provided from the Non-
RT RIC 212 to the Near-RT RIC 222 via an Al interface, and may be a declarative policy that
contains information applicable to one or more network nodes (e.g., one or more UEs, one or more

13
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network cells, and the like), as well as information associated with energy-saving (e.g., carrier and
cell switch off/on and the like). The A1 policy may consist of a scope identifier and one or more
policy statements. The scope identifier may represent what the policy statements are to be applied
on (e.g., cells, UEs, DUs, RUs etc.) The policy statements may define the goals or objectives of
the policy and may include information associated with one or more policy objectives and one or
more policy resources. The Non-RT RIC 212 may provide the one or more A1 policies to the Near-
RT RIC 222, thereby providing guidance to the Near-RT RIC 222 towards one or more objectives
or goals defined in the RAN intent. The RAN intent may refer to the high-level operational or
business goal(s) to be achieved by the RAN, which may be defined by one or more desired service
level agreements (SLAs) that the RAN is to fulfill for all users or for a subset of users in a given

area over at least a predefined period of time.

[0053] Steps 5.1 to 5.2 may be collectively referred to as optimization trigger and policy
process.
[0054] At step 6.1, the Near-RT RIC 222 may transmit a data collection request for energy

saving to the E2 nodes 224 via an E2 interface, where the E2 nodes 224 may then forward the data
collection request to the RU 226 at step 6.2 via the fronthaul plane. The RU 226 may then transmit
measurement data for energy saving to the E2 nodes 224 at step 6.3 via the fronthaul plane, where
the E2 nodes 224 may then forward the measurement data to the Near-RT RIC 222 at step 6.4 via
the E2 interface.

[0055] At step 6.5, the Near-RT RIC 222 may perform AI/ML model inference to

determine appropriate E2 node parameters configuration and actions for carrier and cell switch
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off/on based on the data obtained from the RU 226 during steps 6.3 to 6.4 using the trained AI/ML
model deployed during step 4.2.

[0056] At step 6.6, the Near-RT RIC 222 may transmit the determined E2 node parameters
configuration and actions for carrier and cell switch off/on to the E2 nodes 224 via the E2 interface,
where the E2 nodes 224 may then transmit a notification of execution of the E2 node parameters
configuration and actions for carrier and cell switch off/on back to the Near-RT RIC 222 via the
E2 interface.

[0057] At step 6.7, the E2 nodes 224 may update the configurations of the RU 226 in
accordance with the received E2 node parameters configuration and actions for carrier and cell
switch off/on via the fronthaul plane, where the RU 226 may then transmit a notification of update
back to the E2 nodes 224 via the fronthaul plane. Steps 6.1 to 6.7 may be collectively referred to
as action data collection and decision making process.

[0058] In view of the above, energy saving can be achieved by switching off one or more
carriers or entire cells based on AI/ML model using measured data (e.g., traffic data such as load,
user location, service type, mobility, energy efficiency measurements, and the like) without
impacting user experience.

[0059] FIG. 3A to FIG. 3B illustrates a flow sequence of an example use case for
performing energy saving control with RF channel switch off/on, according to one or more
embodiments. The RF channel switch off/on may refer to a process where RF channels of the RU
are switched off in order to save energy. The RF channel switch off/on may involve antenna mask
control (TRX control), where antenna array elements (i.e., transmit antenna arrays (tx-arrays),
recelving antenna arrays (rx-arrays), and the like) of the RU are switched off in order to save
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energy. For example, using AI/ML model, rApp hosted at the Non-RT RIC 212 or xApp hosted at
the Near-RT RIC 222 may trigger switching off/on certain RF channels, based on traffic data such
as load, user location, service type, mobility, energy efficiency measurements, and the like; where
32 out of 64 antenna elements of a massive MIMO antenna may be turned off (TRX control).
According to example embodiments, the antenna mask control (TRX control) may also involve
disabling one or more components of the RU, such as O-RAN fronthaul processing unit, digital
processing unit, RF processing unit, and the like. The RF channel switch off/on may also involve
data layer control, where the number of data layers may be reduced in order to save energy.
[0060] As shown in FIG. 3A to FIG. 3B, the flow sequence may involve a Service
Management and Orchestration (SMO) framework 210 and RAN nodes 220, where the SMO 210
may include a Non-RT RIC 212 and a collection and control network function 214, and the RAN
nodes 220 may include a Near RT-RIC 222, E2 nodes 224 (CU, DU, and the like), and RU 226.
The SMO 210, Non-RT RIC 212, Near RT-RIC 222, E2 nodes 224, and RU 226 may be similar
to the SMO 110, Non-RT RIC 120, Near RT-RIC 130, O-CU 140/150, O-eNB 160, O-DU 170,
and O-RU 180 described above in relation to FIG. 1. Further, one or more operations in FIG. 3A
to FIG. 3B (as well as FIG. 3C to FIG 3D) may involve or may be part of one or more operations
described below with reference to FIG. 5 and FIG. 7.

[0061] At step 1.1, the collection and control network function 214 may transmit a data
collection request for energy saving to the E2 nodes 224 via an Ol interface, where the E2 nodes
224 may then forward the data collection request to the RU 226 at step 1.2 via a fronthaul plane

(e.g., M plane, C plane, and the like of the Open Fronthaul).
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[0062] At step 2.1, the RU 226 may transmit measurement data for energy saving to the
E2 nodes 224 via the fronthaul plane, where the E2 nodes 224 may then forward the measurement
data to the collection and control network function 214 at step 2.2 via the O1 interface.

[0063] At step 3, the Non-RT RIC 212 may retrieve data from the collection and control
network function 214 (e.g., measurement data received from the E2 nodes 224 and the like). The
above steps 1 to 3 may be collectively referred to as data collection process.

[0064] At step 4.1, the Non-RT RIC 212 may perform Artificial Intelligence (Al)/ Machine
Learning (ML) model training to train an AI/ML model based on the data retrieved from the
collection and control network function 214. The Non-RT RIC 212 may then deploy and activate
the trained AI/ML model at the Non-RT RIC 212 at step 4.2, where the Non-RT RIC 212 may use
the trained AI/ML model to perform inference. Once the trained AI/ML model is deployed, the
Non-RT RIC 212 may perform monitoring and analysis of energy efficiency and energy
consumption of the E2 node 224 and the RU 226 at step 4.3. Step 4.1, as well as steps 1.1 to 3 may
be repeated to further train the AI/ML model.

[0065] At step 5, the Non-RT RIC 212 may determine RF channel reconfiguration based
on the energy efficiency and energy consumption of the E2 node 224 and the RU 226 that were
monitored and analyzed at step 4.3, and transmit a request to prepare and execute the RF channel
reconfiguration for energy saving to the collection and control network function 214.

[0066] At step 6.1, the collection and control network function 214 may transmit the RF
channel reconfiguration for energy saving to the E2 nodes 224 via the O1 interface. Then, at step
6.2, the E2 nodes 224 may update the configurations of the RU 226 in accordance with the RF
channel reconfiguration via the fronthaul plane, where the RU 226 may then transmit a notification
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of update back to the E2 nodes 224 via the fronthaul plane. Steps 5 to 6.2 may be collectively
referred to as actor decision making process.

[0067] At step 7, the Non-RT RIC 212 may perform a performance analysis of the A/ML
model. The performance analysis of the AI/ML model may be performed, for example, for fallback,
re-training, and the like. Steps 4.1 to 7 may be collectively referred to as AI/ML workflow process
involving data analysis training and inference.

[0068] FIG. 3C to FIG. 3D illustrates a flow sequence of an example use case for
performing energy saving control with RF channel switch off/on, according to one or more
embodiments. The flow sequence shown in FIG. 3C to FIG. 3D may be similar to the flow
sequence shown in FIG. 3A to FIG. 3B, with changes to steps 1.1, 1.2, 2.1, and 2.2.

[0069] In particular, at step 1.1 the collection and control network function 214 may
transmit a data collection request for energy saving to the E2 nodes 224 via an Ol interface, as
well as to the RU 226 at step 1.2 via a fronthaul plane (e.g., M plane, C plane, and the like of the
Open Fronthaul).

[0070] At step 2.1, the RU 226 may transmit measurement data for energy saving directly
to the collection and control network function 214 via the fronthaul plane, and the E2 nodes 224
may also transmit the measurement data to the collection and control network function 214 at step
2.2 via the Ol interface.

[0071] In view of the above, energy saving can be achieved by switching off one or more
RF channels based on AI/ML model using measured data without impacting user experience.
[0072] FIG. 4A to FIG. 4B illustrates a flow sequence of an example use case for
performing energy saving control with ASM, according to one or more embodiments. The ASM
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may refer to a process where components of the RU are switched off for a certain time duration in
order to save energy. In particular, the ASM may include a plurality of sleep modes (SMs), where
each of the plurality of sleep modes may be associated with at least one component of the RU and
a certain time duration. For Example, the ASM may include AM1, SM2, and SM3, where SM1
may be associated with Time Division Duplex (TDD) switches of an RF processing unit of the RU
and a first time duration, SM2 may be associated with the TDD switches, transceiver and CAL
switch of the RF processing unit of the RU, a digital processing unit of the RU, and a second time
duration, and SM3 may be associated with the TDD switches, transceiver and CAL switch of the
RF processing unit of the RU, the digital processing unit of the RU, a Low-Physical Layer
processing unit of an O-RAN fronthaul processing unit of the RU, an enhanced Common Public
Radio Interface (eCPRI) C-Plane, S-Plane, and M-Plane processing unit of the O-RAN fronthaul
processing unit of the RU, and a third time duration. Accordingly, when an SM is applied, the
associated components of the RU may be switched off for the associated time duration.

[0073] The ASM may also involve configuring cell parameters, such as Synchronization
Signal Block (SSB) periodicity. In particular, the SSB may be utilized in a cell search procedure
where a UE acquires time and frequency synchronization of a cell and detects a Cell ID of that cell
in order to connect to that cell. The time and frequency synchronization and Cell ID may be
acquired based on a Primary Synchronization Signal (PSS), Secondary Synchronization Signal
(SSS), and Physical Broadcast Channel (PBCH) in the SSB transmitted from a cell. It may be
understood that Synchronization Signal Block and Synchronization Signal and Physical Broadcast

Channel (PBCH) Block may refer to a same element. Accordingly, cell parameters, such as the
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SSB periodicity, may be configured as needed for the operation of ASM using multi-dimensional
data such as traffic load, user service type, energy efficiency measurements, and the like.

[0074] As shown in FIG. 4A to FIG. 4B, the flow sequence may involve a Service
Management and Orchestration (SMO) framework 210 including a Non-RT RIC 212 and a
collection and control network function 214, CU 224-2, DU 224-4, RU 226, and EXT 228. The
SMO 210, Non-RT RIC 212, CU 224-2, DU 224-4, and RU 226 may be similar to the SMO 110,
Non-RT RIC 120, O-CU 140/150, O-eNB 160, O-DU 170, and O-RU 180 described above in
relation to FIG. 1. Further, EXT may refer to an external system, device, and the like that provides
training data for training AI/ML model. Further, one or more operations in FIG. 4A to FIG. 4B (as
well as FIG. 4C to FIG. 4D) may involve or may be part of one or more operations described below
with reference to FIG. 5 and FIG. 7.

[0075] At step 1.1, the RU 226 may transmit sleep mode (SM) capabilities to the DU 224-
4 via a fronthaul plane (e.g., M plane, C plane, and the like of the Open Fronthaul), where the DU
224-4 may determine capabilities of the RU 226 to perform sleep mode based on such SM
capabilities during step 1.2. The DU 224-4 may then transmit the determined capabilities of the
RU 226 to the collection and control network function 214 via an O1 interface during step 1.3, and
to the Non-RT RIC 212 via an E2 interface during step 1.4. The above steps 1.1 to 1.4 may be
collectively referred to as initialization process.

[0076] At step 2.1, the collection and control network function 214 may transmit a data
collection request for energy saving to the CU 224-2 via the O1 interface, to the DU 224-4 via the
O1 interface, and to the EXT 228, where the CU 224-2 may transmit measurement data for energy
saving to the collection and control network function 214 via the O1 interface, the DU 224-4 may
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transmit measurement data for energy saving to the collection and control network function 214
via the Ol interface, and the EXT 228 may transmit measurement data for energy saving to the
collection and control network function 214. Subsequently, at step 2.2, the Non-RT RIC 212 may
retrieve data from the collection and control network function 214 (e.g., measurement data
received from the CU 224-2, DU 224-4, EXT 228, and the like). The above steps 2.1 to 2.2 may
be collectively referred to as data collection process (e.g., data collection for training and
inference).

[0077] At step 3.1, the Non-RT RIC 212 may perform Artificial Intelligence (AI)/ Machine
Learning (ML) model training to train an AI/ML model based on the data retrieved from the
collection and control network function 214. The Non-RT RIC 212 may then deploy the trained
AI/ML model at the Non-RT RIC 212 at step 3.2, where the Non-RT RIC 212 may use the trained
AI/ML model to perform inference. Step 3.1, as well as steps 2.1 to 2.2 may be repeated to further
train the A/ML model. Step 3.2 may also be repeated to perform multiple inferences. Steps 3.1 to
3.2 may be collectively referred to as A/ML workflow process involving data analysis training
and inference.

[0078] At step 4.1, the Non-RT RIC 212 may determine guidance for the DU 224-4 and
the RU 226 to utilize the SM, and transmit such guidance to the collection and control network
function 214, where the collection and control network function 214 may then forward such
guidance to the DU 224-4 via the O1 interface during step 4.2.

[0079] Once the DU 224-4 receives the above guidance, the DU 224-4 may update the

scheduling strategy in accordance with the guidance during step 4.3, and transmit a request to
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select an SM to the RU 226 during step 4.4, where the RU 226 may then perform internal SM
selection in accordance with the guidance during step 4.5.

[0080] Steps 4.1 to 4.5 may be repeated as necessary to provide suitable SM guidance to
the DU 224-4 and the RU 226. Steps 4.3 to 4.4 may be collectively referred to as configuration
update process, and steps 4.1 to 4.5 may be collectively referred to as SM guidance process.
[0081] FIG. 4C to FIG. 4D illustrates a flow sequence of an example use case for
performing energy saving control with ASM, according to one or more embodiments. The flow
sequence shown in FIG. 4C to FIG. 4D may be similar to the flow sequence shown in FIG. 4A to
FIG. 4B, with changes to steps 4.3 and 4.5.

[0082] In particular, at step 4.3, once the DU 224-4 receives the guidance from the
collection and control network function 214, the DU 224-4 may select a suitable SM based on the
guidance (e.g., select SM1). The DU 224-4 may then transmit a request to apply new SM
configuration to the RU 226 via the fronthaul plane during step 4.4, where the RU 226 may then
apply the new SM configuration during step 4.5.

[0083] In view of the above, energy saving can be achieved by switching off one or more
components of the RU for a certain period of time based on AI/ML model using measured data
without impacting user experience.

[0084] It can be understood that the configuration illustrated in FIG. 2 to FIG. 4 are
provided for descriptive purpose, and is not intended to limit the scope of the present disclosure in
any way. Further, one or more steps described in relation to FIG. 2 to FIG. 4 may be modified
and/or combined with each other.

Example Operations for Performing Energy Saving Control in the Present Disclosure
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[0085] In the following, several example operations are performable by the apparatus of
one or more example embodiments of the present disclosure are described with reference to FIG.
5to FIG. 8.

[0086] FIG. 5 illustrates a flow diagram of an example method 500 for performing energy
saving control, according to one or more embodiments. One or more operations in method 500
may be performed by the apparatus of one or more example embodiments of the present disclosure.
The apparatus may be configured to perform energy saving control.

[0087] According to example embodiments, the apparatus may include an SMO, a Non-
RT RIC, or a Near-RT RIC, where the Non-RT RIC may be communicatively coupled to the Near-
RT RIC via an Al interface.

[0088] As illustrated in FIG. 5, at operation S510, the apparatus may be configured to
transmit an energy saving capability request. The energy saving capability request may be
transmitted to a distributed unit (DU), and may specify a request for the DU to transmit an energy
saving capability of a radio unit (RU) associated with the DU.

[0089] Once the DU receives the energy saving capability request, the DU may transmit
the energy saving capability of the RU to the apparatus. According to example embodiments, the
DU may request the energy saving capability of the RU from the RU in response to receiving the
energy saving capability request. According to example embodiments, the RU may report its
energy saving capability to the DU prior to the DU receiving the energy saving capability request
(e.g., during start up, initialization, operation, and the like). According to example embodiments,
the RU may report its energy saving capability to the DU via a fronthaul plane, such as the M
Plane of the Open Fronthaul. The method then proceeds to operation S520.
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[0090] At operation S520, the apparatus may be configured to receive the energy saving
capability of the RU associated with the DU. The energy saving capability may be received from
the DU, and may specify energy saving features that are supported (i.e., can be performed) by the
RU. According to example embodiments, the energy saving capability may include at least one of:
a plurality of sleep modes of an Advanced Sleep Mode (ASM) and a plurality of array modes of
an antenna mask (TRX) control that can be performed by the RU.

[0091] According to example embodiments, each of the plurality of sleep modes of the
ASM may be associated with a component of the RU and a sleep duration, where the sleep duration
may specify a duration when the associated component of the RU is disabled. For example, the
ASM may include 2 sleep modes (SM): SM1 and SM2, where SM1 may be associated with an RF
processing unit of the RU and a first duration, and SM2 may be associated with the RF processing
unit and a digital processing unit of the RU and a second duration (e.g., longer than the first
duration). Accordingly, when SM1 is executed, the RF processing unit of the RU may be disabled
for the first duration, and when SM2 is executed, the RF processing unit and the digital processing
unit of the RU may be disabled for the second duration. The component of the RU may include
any physical and functional components in the RU, such as O-RAN fronthaul processing unit,
digital processing unit, RF processing unit, antenna elements (e.g., transmitting antenna array (tx-
array), receiving antenna array (rx-array), and the like), component carriers, and the like.

[0092] According to example embodiments, the ASM may also specify a transition time,
which specifies a minimum time required to transition the component of the RU from being

disabled to being enabled, and vice versa. According to example embodiments, each of the
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plurality of sleep modes of the ASM may be associated with a wake-up duration, where the wake-
up duration may specify a duration when the associated component of the RU is enabled.

[0093] According to example embodiments, each of the plurality of array modes of the
TRX control may be associated with an antenna element of the RU that is to be disabled. The
antenna element may include an antenna element from an antenna array comprised in the RU, such
as a transmitting antenna array (tx-array), a receiving antenna array (rx-array), and the like. For
example, the TRX control may include 2 array modes: a first array mode and a second array mode,
where the first array mode may be associated with a first group of antenna elements from the tx-
arrays, and the second array mode may be associated with a second group of antenna elements
from the tx-array and the rx-arrays. Accordingly, when the first array mode is executed, the first
group of antenna elements may be disabled (i.e., the first array mode may specify a configuration
where all antenna elements of the RU except the first group of antenna elements are enabled), and
when the second array mode is executed, the second group of antenna elements may be disabled
(i.e., the second array mode may specify a configuration where all antenna elements of the RU
except the second group of antenna elements are enabled). According to example embodiments,
the TRX control may also specify a transition time, which specifies a minimum time required to
transition from a baseline configuration (e.g., configuration where all antenna elements of the RU
are enabled) to a configuration associated with the plurality of array modes. For example, the
transition time from a baseline configuration of a 64TRx antenna array to a 32TRx antenna array

configuration may be 0.5 milliseconds.
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[0094] In view of the above, for example, the energy saving capability of the RU may
include SM1 and SM2, first array mode and second array mode, or all SM1, SM2, first array mode,
and second array mode, which can be performed by the RU.

[0095] Further, the energy saving capability may also include a capability range associated
with the at least one of: the plurality of sleep modes and the plurality of array modes.

[0096] According to example embodiments, the capability range may include a range of
natural numbers (values). According to example embodiments, each of the value within the
capability range may be associated with at least one of: a sleep mode of the plurality of sleep modes
and an array mode of the plurality of array modes. For example, the capability range may include
arange of value from 1to 3 (i.e., 1, 2, and 3), where value 1 may be associated with SM1, value 2
may be associated with SM2, and value 3 may be associated with SM2 and first array mode.
[0097] According to example embodiments, the capability range may specify an
aggressiveness (aggressiveness level) in which the RU can perform energy saving features, and
may specify such aggressiveness in a range from a first value representing a maximum user
experience and a minimum energy saving performance of the RU to a second value representing a
minimum user experience and a maximum energy saving performance of the RU.

[0098] For example, value 1 may correspond to the value representing a maximum user
experience and a minimum energy saving performance of the RU, since value 1 is associated with
SM1 where only the RF processing unit of the RU may be disabled for the first duration. On the
other hand, value 3 may correspond to the value representing a minimum user experience and a

maximum energy saving performance of the RU, since value 3 is associated with SM2 and first
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array mode where the RF processing unit and the digital processing unit of the RU may be disabled
for the second duration and the first group of antenna elements may be disabled.

[0099] According to example embodiments, the energy saving capability may further
specify an interface supported by the RU to perform an energy saving feature. For example, the
energy saving capability may specify M-Plane, C-Plane (e.g., Section Type 4 (ST4) C-Plane
message), and the like of the Open Fronthaul supported by the RU, where energy saving features
(i.e., ASM, TRX control, and the like) may be implemented to the RU via such interface.

[0100] According to example embodiments, the energy saving capability may further
specify any additional information related to energy saving features supported by the RU and/or
any additional information related to the RU itself. For example, the energy saving capability may
specify valid antenna mask values, achievable energy saving ratio per antenna array configuration,
and the like associated with TRX control. In another example, the energy saving capability may
specify achievable energy saving ratio per sleep mode, permitted sleep duration extension,
emergency wake-up, and the like associated with the ASM. In further another example, the energy
saving capability may specify internal architecture (e.g., functional blocks, antenna array
architecture, and the like) of the RU. The method then proceeds to operation S530.

[0101] At operation S530, the apparatus may be configured to select a value within the
capability range. According to example embodiments, the selected value within the capability
range may be associated with at least one of: a sleep mode of the plurality of sleep modes and an
array mode of the plurality of array modes to be executed by the DU.

[0102] According to example embodiments, the apparatus may be configured to select the
value within the capability range by determining an aggressiveness level in which the RU should
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perform energy saving features, and selecting a value within the capability range corresponding to
such aggressiveness level. For example, the apparatus may determine that the RU should perform
energy saving features with maximum aggressiveness level, and may select value 3 from within
the capability range.

[0103] The apparatus may determine the aggressiveness level in which the RU should
perform energy saving features using any means. According to example embodiments, the
apparatus may select the value within the capability range (determine the aggressiveness level)
using an AI/ML model. According to example embodiments, the apparatus may determine the
aggressiveness level in which the RU should perform energy saving features based on a
performance of the network (e.g., traffic load, energy saving efficiency measurements, Key
Performance Indicators (KPIs), and the like) using an AI/ML model trained based on historical
records. Accordingly, according to example embodiments, the apparatus may be configured to also
monitor the performance of the network, as well as train the AI/ML model based on historical
records of the performance. It may be understood that energy saving related KPI metric may be
identified according to different Work Groups (WG) of the O-RAN Alliance. For example, WG4
may identify energy saving related KPI metrics for RU, WGS may identify energy saving related
KPI metrics for CU and DU, and WG6 may identify energy saving related KPI metrics for the O-
Cloud.

[0104] According to example embodiments, the apparatus may determine the
aggressiveness level in which the RU should perform energy saving features based on a
requirement. According to example embodiments, the requirement may include a performance
target that the RU is required to achieve. For example, the requirement may include a minimum
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Quality of Service (QoS) target (e.g., based on user Packet Data Convergence Protocol (PDCP)
latency, throughput, and the like). Accordingly, the apparatus may determine the aggressiveness
level that is as high as possible while ensuring that the minimum Quality of Service (QoS) target
is achieved. According to example embodiments, the requirement may include an energy saving
target that the RU is required to achieve. For example, the requirement may include a maximum
energy consumption target. Accordingly, the apparatus may determine the aggressiveness level
that is as low as possible while ensuring that the maximum energy consumption target is
maintained. According to example embodiments, the apparatus may determine the aggressiveness
level that can satisfy both performance target and energy saving target.

[0105] According to example embodiments, high aggressive level may indicate that the
DU should schedule compress more user data into Transmission Time Intervals (TTIs).

[0106] According to example embodiments, the capability range may be in a form of a
knob, where the apparatus may be configured to dynamically change a value of the knob based on
a tradeoff between the user experience and the energy saving performance of the RU. The method
then proceeds to operation S540

[0107] At operation S540, the apparatus may be configured to transmit the selected value
in order to trigger an energy saving feature/use case. The selected value may be transmitted to the
DU, such that the DU may execute the at least one of: the sleep mode of the plurality of sleep
modes and the array mode of the plurality of array modes associated with the selected value. For
example, the apparatus may select value 3 from within the capability range, and transmit value 3
to the DU. Accordingly, the DU may execute the SM2 and first array mode which are associated
with the value 3.
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[0108] According to example embodiments, the selected value may be transmitted to the
DU via an Ol interface, such that the energy saving features may be triggered through the O1
interface to the RU via the DU. According to example embodiments, the selected value may be
transmitted to the DU along with a request to trigger an energy saving feature. According to
example embodiments, the DU may analyze the request and the selected value in order to
determine which energy saving feature to execute (i.e., in order to determine the at least one of:
the sleep mode of the plurality of sleep modes and the array mode of the plurality of array modes
associated with the selected value).

[0109] According to example embodiments, the at least one of: the sleep mode of the
plurality of sleep modes and the array mode of the plurality of array modes associated with the
selected value (i.e., the determined at least one of: the sleep mode of the plurality of sleep modes
and the array mode of the plurality of array modes) may be executed by the DU via a C-Plane
message in the fronthaul. According to example embodiments, the at least one of’ the sleep mode
of the plurality of sleep modes and the array mode of the plurality of array modes associated with
the selected value may be executed by the DU via a Section Type 4 (ST4) C-Plane message.
[0110] According to example embodiments, the ST4 C-Plane message may be used to
specify (send) slot level configuration from the DU to the RU, which may apply to one or more
endpoints in the RU (i.e., all endpoints belonging to a carrier, all endpoints associated with a tx-
array/rx-array, all the endpoints in the RU, and the like). According to example embodiments, the
slot level configuration may be specified for multiple extended antenna-carrier identifiers (eAxC

IDs) with one or more ST4 configuration commands.
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[0111] According to example embodiments, the ST4 configuration commands may include
a TRX control command, which may be defined to allow energy saving by disabling (putting to
sleep) one or more antenna elements in an antenna array of the RU (e.g., tx array, rx-array, and the
like). According to example embodiments, the TRX control command may include an antenna
mask parameter specifying a specific antenna element that is to be disabled or enabled. For
example, the antenna mask parameter may specify a value “0” for antenna elements to be disabled,
and a value “1” for antenna elements to be enabled.

[0112] According to example embodiments, the ST4 configuration commands may include
an ASM command, which may be defined to allow energy saving by disabling (putting to sleep)
one or more components of the RU for a duration of time in order to reduce some or an entire
processing of the RU. According to example embodiments, when the ASM command pertains to
an antenna array, the ASM command may pertain to all antenna elements in the array (e.g., all
antenna elements in the tx-array, rx array, and the like). According to example embodiments, the
ASM command may include a sleep mode parameter specifying a specific sleep mode. According
to example embodiments, the sleep mode parameter may specify a maximum number of sleep
modes (e.g., 4 sleep modes) which are based on a wake-up duration.

[0113] According to example embodiments, the ST4 C-Plane message may specify a time
duration for activating the energy saving features. According to example embodiments, the ST4
C-Plane message may include a “numSlots” parameter and “numSlotsExt” parameter to specify a
time duration (slot) for activating the energy saving features. According to example embodiments,
the “numSlots” parameter and “numSIlotsExt” parameter may be set to zero in order to activate the

energy saving features for longer or for undefined duration.
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[0114] According to example embodiments, the ST4 C-Plane message may also specify a
command scope, which may include at least one of CARRIER-COMMAND, ARRAY-
COMMAND, and O-RU-COMMAND.

[0115] According to example embodiments, the DU may use the ST4 C-Plane message to
apply a sleep mode/array mode to the RU (i.e, apply configurations associated with a sleep
mode/array mode to the RU), where the RU may then apply the sleep mode/array mode using the
ST4 C-Plane message. According to example embodiments, the DU may use the ST4 C-Plane
message together with a Section Extension (e.g., SE 10 messages, SE 11 messages, SE 16
messages, SE 19 messages, and the like).

[0116] According to example embodiments, the apparatus may also be configured to
receive a performance counter. The performance counter may be measured by and received from
the DU.

[0117] According to example embodiments, the performance counter may indicate
counters related to the performance of the DU/RU when performing an energy saving method
(feature), and may be defined based on different energy saving methods for Work Group 4 (WG4)
and Work Group 5 (WGS) in the following Table 1, and for Work Group 3 (WG3) and Work

Group 2 (WG2) in the following Table 2.

Table 1: Counters required for energy saving features for WG4 and WGS

Energy Saving Method WG4 WGS (0-DU Calculates/Count and Report
(Fronthaul) via O1 or E2)
Carrier Cell Switch On/Off OR.ORU EPE-STATS o  Number of times Carrier Cell
Switch On/Off

e  Sum of Seconds when Carrier/Cell

was in energy savings mode.
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RF Channel Switch On/Off
TRX Control

OR.ORU.EPE-STATS

Number of Times Each TRX
Configuration is executed (during a
ROP)

&

Total Time for each configuration
(during a RODP)

Times each energy savings KNOB
TRX Control is utilized

Count of Times and total time
(seconds) I'ach ASM with TRX

control was executed on O-RU)

RF Channel Switch On/Off
Layer Control

OR.ORU.EPE-STATS

Number of Times O-DU restricted
O-RU to lower Layer Mode
(Specific number of Layers) (during
aROP)

&

Total Time for each configuration

(during a ROP)

Advanced Sleep Mode

OR.ORU.EPE-STATS

Number of Times O-DU sent O-RU
to a particular advance sleep mode.
&

Total Time for each configuration
(during a ROP)

Times each energy savings KNOB

for Advance sleep modes is utilized

Table 2: Counters required for energy saving features for WG2 and WG3

Energy Saving Method

WG3
(E2SM KPM - E2 AP)

WG2
(A1 TD or R1TD)
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Carrier Cell Switch On/Off

KPM define Cell/Carrier
configuration for Energy
Savings Mode

Energy Consumption

Energy Consumption of O-RU
Number of times Carrier/Cell
Shutdown due to ES

Number of Times O-RU
configuration changed to O-RU

Hardware Energy savings Mode

RF Channel Switch On/Off
TRX Control

E2SM KPM Definition
for Energy Savings
Number of times O-RU is
Power Saving mode
through TRX Control
Total time in each ES
configuration

Times each energy
savings KNOB TRX
Control is utilized

Total energy consumption

of O-RU or cell

O1 Definition for Energy Savings
Number of times O-RU is Power
Saving mode through TRX
Ceontrol

Total time in each ES TRX
configuration

Total energy consumption of O-

RU or cell

RF Channel Switch On/Off

Layer Control

E2SM KPM Definition
for Energy Savings
Number of times O-RU is
in particular Power
Saving mode through
Layer Control

Total time in each ES

Al TD/R1 TD Definition for
Energy Savings

Number of times O-RU is in
particular Power Saving mode
through Layer Control

Total time in each ES

configuration

configuration Total energy consumption of O-
RU or cell
Advanced Sleep Mode E2SM KPM Definition A1l TD/R1 TD Definition for

for Energy Savings
Number of times O-RU is
in particular Sleep Mode
Total time in each ES

configuration

Energy Savings

Number of times O-RU is in
particular Power Saving mode
through Sleep modes

Total time in each Sleep Mode

configuration
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e Total energy consumption o Total energy consumption of O-
of O-RU or cell RU or cell
[0118] According to example embodiments, the performance counter for TRX control for

WGS may be defined in the following Table 3.

Table 3: Counters definition

Measurement- measurement- report- object- Note
group object info unit
nes- TRX _CONTROL _ count RU, Type yang: counter64 is used for the
measurement- | CONFIG_X TIME TRANSPORT, | count. When object-unit is EAXC_ID,
objects OR EAXC_ID | TRANSPORT is reported as additional
parameter for EAXC_ID.
TRX _CONTROL _ count RU, Type yang: counter64 is used for the
CONFIG _ TRANSPORT, | count. When object-unit is EAXC _ID,
TRANSITION_ OR EAXC_ID | TRANSPORT is reported as additional
TIME parameter for EAXC_ID.
TRX_CONTROL_ | max Hardware Type decimal64 including 4 traction-
CONFIG_X_ min component type | digits for max, min, average. Power
POWER average e.g., O-RAN- measured using method specified in
RADIO, O-RU- | clause 5.1.1.19 of 3GPP TS 28.552 [57]
POWER- Unit of power: watts (W) Temperature
AMPLIFIER, O- | measured using method specified in
RU-FPGA, clause 5.1.1.19 of 3GPP TS 28.552 [57]

power-supply,

fan, cpu

Unit of temperature: Celsius Voltage
measured using method as specified in
clause 5.1.1.19 of 3GPP TS 28.552 [57]
Unit of voltage: Volts Current measured
using method specified in clause

5.1.1.19 of 3GPP TS 28.552 [57] Unit of

current: Ampere.
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According to example embodiments, the performance counter for ASM for WG4

Measurement- measurement- report- object- Note
group object info unit
nes- ASM_MODE count RU, Type yang: counter64 is used for the
measurement- | X TIME TRANSPORT, | count. When object-unit is EAXC D,
objects OR EAXC_ID | TRANSPORT is reported as additional
parameter for EAXC_ID.
ASM_MODE count RU, Type yang: counter64 is used for the
WAKE UP_ TRANSPORT, | count. When object-unit is EAXC D,
TIME OR EAXC_ID | TRANSPORT is reported as additional
parameter for EAXC_ID.
ASM MODE max Hardware Type decimal64 including 4 fraction-
X POWER min component type | digits for max, min, average. Power
average e.g., O-RAN- measured using method specified in
RADIO, O-RU- | clause 5.1.1.19 of 3GPP TS 28.552 [57]
POWER- Unit of power: watls (W) Temperature
AMPLIFIER, O- | measured using method specified in
RU-FPGA, clause 5.1.1.19 of 3GPP TS 28.552 [57]
power-supply, | Unit of temperature: Celsius Voltage
fan, cpu measured using method as specified in
clause 5.1.1.19 of 3GPP T'S 28.552 [57]
Unit of voltage: Volts Current measured
using method specified in clause
5.1.1.19 of 3GPP TS 28.552 [57] Unit of
current: Ampere.
[0120] According to example embodiments, the performance counter may be associated

with Energy, Power, and Environmental (EPE) stats measurement, and may be defined in the

following Table 5.
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Table 5: Performance Counter Table

IMeasurement Name

OR.ORU.EPE-STATS

The epe-stats include the performance measurement for energy, power and environmental

[Description ) ) ] ]
parameters. This counter would be useful to quantify the energy saving achieved

Collection Method CC (Cumulative Counter)

Condition TRx control/ASM

[Measurement Result

Fnergy saving related performance counters

Measurement Type

OR.ORU.EPL-STATS

Measurement Object] )
aggregation (O-RU)
Class
Switching Technology [Packet Switched
Generation 5GS
Purpose [Network Operator’s Energy Saving Community
[0121] According to example embodiments, the performance counter may be associated

with power measurement, and may be defined in the following Table 6.

Table 6: Performance Counter Table

IMeasurement Name

OR.ORU.POWER

The epe-stats include the performance measurement tor energy, power and environmental

[Description ) N ) )
parameters. This counter would be useful to quantity the energy saving achieved

Collection Method CC (Cumulative Counter)

Condition TRx control/ASM

Measurement Result Power

Measurement Type OR.ORU POWER

Measurement Object] )
aggregation (O-RU)

Class

Switching Technology  [Packet Switched
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Generation 5GS
Purpose [Network Operator’s Energy Saving Community
[0122] According to example embodiments, the performance counter may be associated

with current measurement, and may be defined in the following Table 7.

Table 7: Performance Counter Table

Measurement Name OR.ORU.Current
o The epe-stats include the performance measurement for energy, power and environmental
Description ] ] ] ]
parameters. This counter would be useful to quantify the energy saving achieved
Collection Method CC (Cumulative Counter)
Condition TRx control/ASM
Measurement Result CURRENT
Measurement Type OR.ORU POWER
Measurement Object )
aggregation (O-RU)
Class
Switching Technology [Packet Switched
Generation 5GS
Purpose [Network Operator’s Energy Saving Community
[0123] Upon performing operation S540, the method 500 may be ended or be terminated.

Alternatively, method 500 may return to operation S510, such that the apparatus may be

configured to repeatedly perform, for at least a predetermined amount of time, the transmitting the

energy saving capabil
operation S520), the s

(at operation S540).

ity request (at operation S510), the receiving the energy saving capability (at

electing the value (at operation S530), and the transmitting the selected value
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[0124] For example, the apparatus may have performed operations S510 to S540. Then the
apparatus may monitor the performance of the network and detect a change in the performance of
the network. Accordingly, the apparatus may return to operation S530 to select a new value based
on the current performance of the network, and transmit the new value to the DU in operation
S540.

[0125] In view of the above, example embodiments of the present disclosure allow for
energy saving features to be effectively controlled and provisioned to the RU, while considering
the capability of the RU and the tradeoff between user experience and energy saving performance.
[0126] FIG. 6 illustrates a flow sequence of an example use case for performing energy
saving control, according to one or more embodiments. As shown in FIG. 6, the flow sequence
may involve an SMO/ Non-RT RIC 602, DU 604, and RU 606. The SMO/ Non-RT RIC 602, DU
604, and RU 606 may be similar to the SMO 110, Non-RT RIC 120, O-DU 170, and O-RU 180
described above in relation to FIG. 1. Further, one or more operations in FIG. 6 may involve or
may be part of one or more operations described above with reference to FIG. 5. For instance,
steps 1 to 4 in FIG. 6 may be similar to operations S510 to S540 in FIG. 5, respectively.

[0127] At step 1, the SMO/ Non-RT RIC 602 may transmit a data collection request to the
DU 604 in the similar manner as described above in relation to operation S510. The data collection
request may be transmitted via, for example, an O1 interface.

[0128] At step 2, the DU 604 may transmit the energy saving capability of the RU 606 to
the SMO/ Non-RT RIC 602 in the similar manner as described above in relation to operation S520.

The energy saving capability of the RU 606 may be transmitted via, for example, the O1 interface.
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[0129] At step 3, the SMO/ Non-RT RIC 602 may select a value from within a capability
range indicated in the energy saving capability of the RU 606 in the similar manner as described
above in relation to operation S530.

[0130] At step 4, the SMO/ Non-RT RIC 602 may transmit the selected value to the DU
604 in the similar manner as described above in relation to operation S540. The selected value may
be transmitted via, for example, the O1 interface.

[0131] At step 5, once the DU 604 receives the selected value from the SMO/ Non-RT RIC
602 (which is associated with at least one of: a sleep mode of a plurality of sleep modes and an
array mode of a plurality of array modes), the DU 604 may determine the at least one of’ the sleep
mode of the plurality of sleep modes and the array mode of the plurality of array modes associated
with the selected value, and then execute such determined at least one of: the sleep mode of the
plurality of sleep modes and the array mode of the plurality of array modes.

[0132] For example, the DU 604 may receive value 3 from the SMO/ Non-RT RIC 602,
and determine which energy saving feature(s) is associated with value 3. Accordingly, the DU 604
may determine that SM2 and first array mode are associated with the value 3, and then execute the
SM2 and first array mode.

[0133] At step 6, the DU 604 may transmit command associated with the executed energy
saving feature to the RU 606. For example, the DU 604 may transmit command for the RU 606 to
disable the RF processing unit and the digital processing unit of the RU 606 for the second duration
(i.e,, SM2), and a command for the RU 606 to disable the first group of antenna elements (change
the configuration of the antenna arrays of the RU 606 from the baseline configuration to the

configuration where all antenna elements of the RU 606 except the first group of antenna elements

40



WO 2024/258816 PCT/US2024/033343

are enabled) (i.e., first array mode). The command associated with the executed energy saving
feature may be transmitted via, for example, a front haul plane message, such as a Section Type 4
(ST4) C-Plane message.

[0134] It can be understood that the configuration illustrated in FIG. 6 is provided for
descriptive purpose, and is not intended to limit the scope of the present disclosure in any way. In
particular, the SMO/ Non-RT RIC 602 may be replaced with a Near-RT RIC (where the
communications with the DU 604 and RU 606 may be done via an E2 interface), the number of
DU 604 and RU 606 may be any number, and the communications between the SMO/ Non-RT
RIC 602, DU 604, and RU 606 may be performed via other suitable interface in with different
configuration (e.g., SMO/ Non-RT RIC 602 may communicate with the DU 604 and RU 606 via
the Near-RT RIC and Al and E2 interfaces, and the like).

[0135] FIG. 7 illustrates a flow diagram of an example method 700 for performing energy
saving control, according to one or more embodiments. One or more operations in method 700
may be performed by the apparatus of one or more example embodiments of the present disclosure.
The apparatus may be configured to perform energy saving control.

[0136] According to example embodiments, the apparatus may include an SMO, a Non-
RTRIC, or a Near-RT RIC, where the Non-RT RIC may be communicatively coupled to the Near-
RT RIC via an Al interface.

[0137] As illustrated in FIG. 7, at operation S710, the apparatus may be configured to
transmit an energy saving capability request. The energy saving capability request may be

transmitted to a distributed unit (DU), and may specify a request for the DU to transmit an energy
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saving capability of a radio unit (RU) associated with the DU in the similar manner as described
above in relation to operation S510 in method 500. The method then proceeds to operation S720.
[0138] At operation S720, the apparatus may be configured to receive the energy saving
capability of the RU associated with the DU. The energy saving capability may be received from
the DU, and may specify energy saving features that are supported (i.e., can be performed) by the
RU in the similar manner as described above in relation to operation S520 in method 500. The
method then proceeds to operation S730.

[0139] At operation S730, the apparatus may be configured to determine an allowed energy
saving feature. The allowed energy saving feature may specify an energy saving feature that is
allowed to be executed by the DU. According to example embodiments, the allowed energy saving
feature may include a sleep mode from the plurality of sleep modes (i.e., plurality of sleep modes
supported by the RU and indicated in the energy saving capability), an array mode from the
plurality of array modes (i.e., plurality of array modes supported by the RU and indicated in the
energy saving capability), or a combination of a sleep mode from the plurality of sleep modes and
an array mode from the plurality of array modes. For example, the apparatus may determine that
the DU is allowed to execute only SM1, first array mode, and second array mode.

[0140] According to example embodiments, the allowed energy saving feature may be
associated with a trigger condition, and may specify an energy saving feature that is allowed to be
executed by the DU based on the trigger condition. The trigger condition may include any
conditions associated with the performance, status, operations, and the like of the network. For
example, the trigger condition may include at least one of: Physical Resource Block (PRB) usage,
number of connected User Equipment (UE), Packet Data Convergence Protocol (PDCP) buffer,
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QoS target, energy consumption of the RU, user distribution, user RF coverage, coverage of
underlying cells, and the like exceeding a threshold; where SM1 may be associated with the PRB
usage exceeding a first threshold, first array mode may be associated with number of connected
UE exceeding a second threshold, and second array mode may be associated with PDCP buffer
exceeding a third threshold.

[0141] According to example embodiments, the allowed energy saving feature may not be
associated with a trigger condition. In particular, for example, a sleep mode with low/short latency
(e.g., few symbols or slots) may have minimum impact on the user experience, while a sleep mode
with high/long latency may have large impact on the user experience. Accordingly, the allowed
energy saving feature may include the low latency sleep mode and high latency sleep mode, where
the low latency sleep mode may not be associated with a trigger condition, while the high latency
sleep mode may be associated with a trigger condition (i.e., only triggers during a specific
situation).

[0142] The apparatus may determine the allowed energy saving feature and the associated
trigger condition using any means. According to example embodiments, the apparatus may
determine the allowed energy saving feature and the associated trigger condition using an AI/ML
model trained based on historical records of a performance of the network (e.g , traffic load, energy
saving efficiency measurements, Key Performance Indicators (KPIs), and the like). Accordingly,
according to example embodiments, the apparatus may be configured to also monitor the
performance of the network, as well as train the AI/ML model based on historical records of the
performance. It may be understood that energy saving related KPI metric may be identified
according to different Work Groups (WG) of the O-RAN Alliance. For example, WG4 may
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identify energy saving related KPI metrics for RU, WGS may identify energy saving related KPI
metrics for CU and DU, and WG6 may identify energy saving related KPI metrics for the O-Cloud.
[0143] The method then proceeds to operation S740.

[0144] At operation S740, the apparatus may be configured to transmit the determined
allowed energy saving feature. The determined allowed energy saving feature may be transmitted
to the DU, such that the DU may execute the allowed energy saving feature based on the trigger
condition. For example, the DU may monitor the PDCP buffer, and execute the second array mode
when the PDCP buffer exceeds the third threshold.

[0145] According to example embodiments, the determined allowed energy saving feature
may be transmitted to the DU via an O1 interface, such that the energy saving features may be
triggered through the O1 interface to the RU via the DU. According to example embodiments, the
determined allowed energy saving feature may be transmitted to the DU along with a request to
trigger an energy saving feature. According to example embodiments, the DU may analyze the
request and the determined allowed energy saving feature in order to determine which energy
saving feature to execute for which trigger condition.

[0146] According to example embodiments, the determined allowed energy saving feature
may be executed by the DU via a C-Plane message in the fronthaul. According to example
embodiments, the determined allowed energy saving feature may be executed by the DU via a
Section Type 4 (ST4) C-Plane message.

[0147] According to example embodiments, the ST4 C-Plane message may be used to
specify (send) slot level configuration from the DU to the RU, which may apply to one or more
endpoints in the RU (i.e., all endpoints belonging to a carrier, all endpoints associated with a tx-
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array/rx-array, all the endpoints in the RU, and the like). According to example embodiments, the
slot level configuration may be specified for multiple extended antenna-carrier identifiers (eAxC
IDs) with one or more ST4 configuration commands.

[0148] According to example embodiments, the ST4 configuration commands may include
a TRX control command, which may be defined to allow energy saving by disabling (putting to
sleep) one or more antenna elements in an antenna array of the RU (e.g., tx array, rx-array, and the
like). According to example embodiments, the TRX control command may include an antenna
mask parameter specifying a specific antenna element that is to be disabled or enabled. For
example, the antenna mask parameter may specify a value “0” for antenna elements to be disabled,
and a value “1” for antenna elements to be enabled.

[0149] According to example embodiments, the ST4 configuration commands may include
an ASM command, which may be defined to allow energy saving by disabling (putting to sleep)
one or more components of the RU for a duration of time in order to reduce some or an entire
processing of the RU. According to example embodiments, when the ASM command pertains to
an antenna array, the ASM command may pertain to all antenna elements in the array (e.g., all
antenna elements in the tx-array, rx array, and the like). According to example embodiments, the
ASM command may include a sleep mode parameter specifying a specific sleep mode. According
to example embodiments, the sleep mode parameter may specify a maximum number of sleep
modes (e.g., 4 sleep modes) which are based on a wake-up duration.

[0150] According to example embodiments, the ST4 C-Plane message may specify a time
duration for activating the energy saving features. According to example embodiments, the ST4
C-Plane message may include a “numSlots” parameter and “numSIlotsExt” parameter to specify a
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time duration (slot) for activating the energy saving features. According to example embodiments,
the “numSlots” parameter and “numSlotsExt” parameter may be set to zero in order to activate the
energy saving features for longer or for undefined duration.

[0151] According to example embodiments, the ST4 C-Plane message may also specify a
command scope, which may include at least one of CARRIER-COMMAND, ARRAY-
COMMAND, and O-RU-COMMAND.

[0152] According to example embodiments, the DU may use the ST4 C-Plane message to
apply a sleep mode/array mode to the RU (i.e, apply configurations associated with a sleep
mode/array mode to the RU), where the RU may then apply the sleep mode/array mode using the
ST4 C-Plane message. According to example embodiments, the DU may use the ST4 C-Plane
message together with a Section Extension (e.g., SE 10 messages, SE 11 messages, SE 16
messages, SE 19 messages, and the like).

[0153] According to example embodiments, the apparatus may also be configured to
receive a performance counter. The performance counter may be measured by and received from
the DU in the similar manner as described above in relation to method 500.

[0154] Upon performing operation S740, the method 700 may be ended or be terminated.
Alternatively, method 700 may return to operation S710, such that the apparatus may be
configured to repeatedly perform, for at least a predetermined amount of time, the transmitting the
energy saving capability request (at operation S710), the receiving the energy saving capability (at
operation S720), the determining the allowed energy saving feature (at operation S730), and the

transmitting the determined allowed energy saving feature (at operation S740).
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[0155] In view of the above, example embodiments of the present disclosure allow for
energy saving features to be effectively controlled and provisioned to the RU, while considering
the capability of the RU and the various conditions of the network.

[0156] FIG. 8 illustrates a flow sequence of an example use case for performing energy
saving control, according to one or more embodiments. As shown in FIG. 8, the flow sequence
may involve an SMO/ Non-RT RIC 802, DU 804, and RU 806. The SMO/ Non-RT RIC 802, DU
804, and RU 806 may be similar to the SMO 110, Non-RT RIC 120, O-DU 170, and O-RU 180
described above in relation to FIG. 1. Further, one or more operations in FIG. 8 may involve or
may be part of one or more operations described above with reference to FIG. 7. For instance,
steps 1 to 4 in FIG. 8 may be similar to operations S710 to S740 in FIG. 7, respectively.

[0157] At step 1, the SMO/ Non-RT RIC 802 may transmit a data collection request to the
DU 804 in the similar manner as described above in relation to operation S710. The data collection
request may be transmitted via, for example, an O1 interface.

[0158] At step 2, the DU 804 may transmit the energy saving capability of the RU 806 to
the SMO/ Non-RT RIC 802 in the similar manner as described above in relation to operation S720.
The energy saving capability of the RU 806 may be transmitted via, for example, the O1 interface.
[0159] At step 3, the SMO/ Non-RT RIC 802 may determine the allowed energy saving
feature in the similar manner as described above in relation to operation S730.

[0160] At step 4, the SMO/ Non-RT RIC 802 may transmit the determined allowed energy
saving feature to the DU 804 in the similar manner as described above in relation to operation
S740. The determined allowed energy saving feature may be transmitted via, for example, the O1

interface.
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[0161] At step 5, once the DU 804 receives the determined allowed energy saving feature
from the SMO/ Non-RT RIC 802, the DU 804 may monitor the performance, status, operations,
and the like of the network, and detect the trigger condition(s) associated with the allowed energy
saving feature. For example, the DU 804 may detect the PDCP buffer exceeding the third threshold.
[0162] At step 6, the DU 804 may execute the allowed energy saving feature associated
with the detected trigger condition. For example, the DU 804 may execute the second array mode
associated with the PDCP buffer exceeding the third threshold.

[0163] At step 7, the DU 804 may transmit command associated with the executed allowed
energy saving feature to the RU 806. For example, the DU 804 may transmit command for the RU
806 to disable the second group of antenna elements (change the configuration of the antenna
arrays of the RU 806 from the baseline configuration to the configuration where all antenna
elements of the RU 806 except the second group of antenna elements are enabled) (i.e., second
array mode). The command associated with the executed allowed energy saving feature may be
transmitted via, for example, a front haul plane message, such as a Section Type 4 (ST4) C-Plane
message.

[0164] It can be understood that the configuration illustrated in FIG. 8 is provided for
descriptive purpose, and is not intended to limit the scope of the present disclosure in any way. In
particular, the SMO/ Non-RT RIC 802 may be replaced with a Near-RT RIC (where the
communications with the DU 804 and RU 806 may be done via an E2 interface), the number of
DU 804 and RU 806 may be any number, and the communications between the SMO/ Non-RT

RIC 802, DU 804, and RU 806 may be performed via other suitable interface (e.g., SMO/ Non-
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RT RIC 802 may communicate with the DU 804 and RU 806 via the Near-RT RIC and A1 and E2
interfaces, and the like).

[0165] In view of the above, example embodiments of the present disclosure allow for
energy saving features to be effectively controlled and provisioned to the RU, while considering
various essential aspects, such as the capability of the RU, the tradeoff between user experience
and energy saving performance, and the various conditions of the network.

[0166] For example, example embodiments of the present disclosure allow for controlling
of dynamic switching of SSB periodicity while providing minimum and maximum values, and
traffic shifting from capacity carrier to coverage carrier by the Near-RT RIC via the Al and E2
interfaces in order to optimize energy efficiency and consumption.

[0167] Further, example embodiments of the present disclosure allow for controlling of
ASM operations. For example, Near-RT RIC may be allowed to control the sleep modes which
have wake-up time higher than 10ms (in certain embodiments, RU may only provide wake-up
time, where the DU may send the RU to sleep with specific sleep modes for a certain duration of
time), Near-RT RIC may be allowed to execute the sleep modes on the RU through the DU’s CUS-
Plane, individual sleep modes may be modified to be shortened and/or elongated, the above
configuration may be used to determine if a cell will be transmitting SSB and/or Physical Random
Access Channel (PRACH), allowed period of maximum sleep may be specified in milliseconds,
and SSB periodicity parameters may be utilized by interfacing with CU for Radio Resource
Control (RRC)/ Master Information Block (MIB)/ System Information Block (SIB) modifications.
[0168] Furthermore, example embodiments of the present disclosure allow for controlling
of TRX control operations. For example, Near-RT RIC may be allowed to control the TRX at
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latency higher than 10ms, Near-RT RIC/Non-RT RIC may be allowed to execute the control of
turning off/on the antenna elements of the RU through the DU’s CUS-Plane. and SSB periodicity
parameters may be utilized by interfacing with CU for Radio Resource Control (RRC)/ Master
Information Block (MIB)/ System Information Block (SIB) modifications. According to example
embodiments, the DU may reject E2 or O1 command from the Near RT-RIC and Non-RT RIC
due to its own internal logic (e.g., emergency call running, users to be affected, and the like). In
such case, analysis on user distribution, underlying coverage from other cells, impact on the users,
and the like, may be done in the Near RT-RIC or Non-RT RIC.

[0169] Additionally, since not every operator can have access to a Near-RT RIC, Non-RT
RIC may be utilized which allows for reusing of O1 interface parameters and mode. On the other
hand, if O1 interface is not used, implementations may be done via E2 interface and Near-RT RIC.
Further, O1 interface may also be utilized for NES use case scenarios and transmission of
associated parameters, for exposing capabilities of the DU (as well as RU) against each NES use
case, for read and configuration of energy saving control parameters by the SMO, for allowing the
SMO to subscribe and receive notifications related to changes to energy saving control attributes,
and for collection and reporting of performance measurement data.

[0170] According to example embodiments, the roles and responsibilities of a Non-RT
RIC, Near-RT RIC, DU, and RU may be defined below. It can be understood that the below
explanations are provided for descriptive purpose, and is not intended to limit the scope of the
present disclosure in any way. In particular, the roles and responsibilities for each of the Non-RT
RIC, Near-RT RIC, DU, and RU may be switched, combined, and added and/or removed from the
example provided without departing from the scope of the present disclosure.
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[0171] According to example embodiments, the Non-RT RIC may be responsible for
obtaining the capability of RU and DU to support ASM and TRX control; monitoring energy
consumption of the system/apparatus; generating AI/ML model through utilizing all relevant user
and Energy Performance Counters/KPIs; providing A1 policy guidance to Near-RT RIC on EE
and EC; generating O1 based policy/configuration parameters for the DU; providing policy on
which cells or RU can be utilized for ASM or TRX control; providing goals of energy savings or
user/cell experience on a particular area, and controlling TRX directly through direct control
commands to DU or provide a policy for TRX control to DU.

[0172] According to example embodiments, the Near-RT RIC may be responsible for
monitoring energy consumption of the RUs; QoS monitoring of users (latency and throughput);
cell level EE and performance KPIs; current traffic load and prediction on all carrier in a particular
area; generating ASM policy/guidance or exact sleep commands for DU/CU based on A1 policy;
providing feedback to Non-RT RIC on Al Policy execution; initiating energy savings policy;
inquiring about DU and RU capabilities; providing initial value of ES and increase the value over
time to learn about impact on users and energy consumption reduction; changing the knob if user
performance degradation is acceptable (based on Al policy); activating Intelligent Scheduling
features including slots and symbols (for level 1 DU only); and controlling TRX directly through
direct control commands to DU or provide a policy for TRX control to DU.

[0173] According to example embodiments, the DU may be responsible for intelligence
traffic shaping for energy savings;, data convergence in symbols; data convergence in slots;
controlling and executing ASM on RU in real time via Open Front Haul CUS-Plane based on RU
capabilities; interpreting Near-RT RIC provided EE policy and execute ASMs as per the policy;
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exposing DU’s ASM related capabilities to Near-RT RIC; exposing capabilities related to
Intelligent Scheduling for EE Optimization; exposing Du and RU capabilities on TRX control to
Near-RT RIC or Non-RT RIC; providing knob for controlling energy savings through ASM or
TRX control by Near-RT RIC or Non-RT RIC; and providing the ability to shutdown antenna of
the RU when received E2SM direct command or policy from Near-RT RIC.

[0174] According to example embodiments, the RU may be responsible for sharing RU
ASM and TRX capabilities to DU via M-Plane; and executing ASM or TRX control based on DU
C-Plane commands over FH.

Various Aspects of Embodiments

[0175] Example embodiments of the present disclosure allow for energy saving features to
be effectively controlled and provisioned to the RU, while considering various essential aspects,
such as the capability of the RU, the tradeoff between user experience and energy saving
performance, and the various conditions of the network

[0176] The foregoing disclosure provides illustration and description, but is not intended
to be exhaustive or to limit the implementations to the precise form disclosed. Modifications and
variations are possible in light of the above disclosure or may be acquired from practice of the
implementations.

[0177] Some embodiments may relate to a system, a method, and/or a computer readable
medium at any possible technical detail level of integration. Further, one or more of the above
components described above may be implemented as instructions stored on a computer readable
medium and executable by at least one processor (and/or may include at least one processor). The

computer readable medium may include a computer-readable non-transitory storage medium (or
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media) having computer readable program instructions thereon for causing a processor to carry
out operations.

[0178] The computer readable storage medium can be a tangible device that can retain and
store instructions for use by an instruction execution device. The computer readable storage
medium may be, for example, but is not limited to, an electronic storage device, a magnetic storage
device, an optical storage device, an electromagnetic storage device, a semiconductor storage
device, or any suitable combination of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium includes the following: a portable computer
diskette, a hard disk, a random access memory (RAM), a read-only memory (ROM), an erasable
programmable read-only memory (EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-ROM), a digital versatile disk (DVD),
a memory stick, a floppy disk, a mechanically encoded device such as punch-cards or raised
structures in a groove having instructions recorded thereon, and any suitable combination of the
foregoing. A computer readable storage medium, as used herein, is not to be construed as being
transitory signals per se, such as radio waves or other freely propagating electromagnetic waves,
electromagnetic waves propagating through a waveguide or other transmission media (e.g., light
pulses passing through a fiber-optic cable), or electrical signals transmitted through a wire.
[0179] Computer readable program instructions described herein can be downloaded to
respective computing/processing devices from a computer readable storage medium or to an
external computer or external storage device via a network, for example, the Internet, a local area
network, a wide area network and/or a wireless network. The network may comprise copper
transmission cables, optical transmission fibers, wireless transmission, routers, firewalls, switches,
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gateway computers and/or edge servers. A network adapter card or network interface in each
computing/processing device receives computer readable program instructions from the network
and forwards the computer readable program instructions for storage in a computer readable
storage medium within the respective computing/processing device.

[0180] Computer readable program code/instructions for carrying out operations may be
assembler instructions, instruction-set-architecture (ISA) instructions, machine instructions,
machine dependent instructions, microcode, firmware instructions, state-setting data,
configuration data for integrated circuitry, or either source code or object code written in any
combination of one or more programming languages, including an object oriented programming
language such as Smalltalk, C++, or the like, and procedural programming languages, such as the
"C" programming language or similar programming languages. The computer readable program
instructions may execute entirely on the user's computer, partly on the user's computer, as a stand-
alone software package, partly on the user's computer and partly on a remote computer or entirely
on the remote computer or server. In the latter scenario, the remote computer may be connected to
the user's computer through any type of network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an external computer (for example,
through the Internet using an Internet Service Provider). In some embodiments, electronic circuitry
including, for example, programmable logic circuitry, field-programmable gate arrays (FPGA), or
programmable logic arrays (PLA) may execute the computer readable program instructions by
utilizing state information of the computer readable program instructions to personalize the
electronic circuitry, in order to perform aspects or operations.

[0181] These computer readable program instructions may be provided to a processor of a
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general purpose computer, special purpose computer, or other programmable data processing
apparatus to produce a machine, such that the instructions, which execute via the processor of the
computer or other programmable data processing apparatus, create means for implementing the
functions/acts specified in the flowchart and/or block diagram block or blocks. These computer
readable program instructions may also be stored in a computer readable storage medium that can
direct a computer, a programmable data processing apparatus, and/or other devices to function in
a particular manner, such that the computer readable storage medium having instructions stored
therein comprises an article of manufacture including instructions which implement aspects of the
function/act specified in the flowchart and/or block diagram block or blocks.

[0182] The computer readable program instructions may also be loaded onto a computer,
other programmable data processing apparatus, or other device to cause a series of operational
steps to be performed on the computer, other programmable apparatus or other device to produce
a computer implemented process, such that the instructions which execute on the computer, other
programmable apparatus, or other device implement the functions/acts specified in the flowchart
and/or block diagram block or blocks.

[0183] The flowchart and block diagrams in the Figures illustrate the architecture,
functionality, and operation of possible implementations of systems, methods, and computer
readable media according to various embodiments. In this regard, each block in the flowchart or
block diagrams may represent a microservice(s) module, segment, or portion of instructions, which
comprises one or more executable instructions for implementing the specified logical function(s).
The method, computer system, and computer readable medium may include additional blocks,
fewer blocks, different blocks, or differently arranged blocks than those depicted in the Figures.
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In some alternative implementations, the functions noted in the blocks may occur out of the order
noted in the Figures. For example, two blocks shown in succession may, in fact, be executed
concurrently or substantially concurrently, or the blocks may sometimes be executed in the reverse
order, depending upon the functionality involved. It will also be noted that each block of the block
diagrams and/or flowchart illustration, and combinations of blocks in the block diagrams and/or
flowchart illustration, can be implemented by special purpose hardware-based systems that
perform the specified functions or acts or carry out combinations of special purpose hardware and
computer instructions.

[0184] It will be apparent that systems and/or methods, described herein, may be
implemented in different forms of hardware, firmware, or a combination of hardware and software.
The actual specialized control hardware or software code used to implement these systems and/or
methods is not limiting of the implementations. Thus, the operation and behavior of the systems
and/or methods were described herein without reference to specific software code-it being
understood that software and hardware may be designed to implement the systems and/or methods
based on the description herein.

[0185] One or more components of the system of the example embodiments (e.g., Non-RT
RIC, Near-RT RIC, etc.), as well as the operations associated therewith (e.g., one or more
operations in FIG. 5 to FIG. 8, etc.), may be implemented in one or more systems, devices, or
hardware components, such as one or more servers, and the like. In the following, descriptions of
a device in which the systems or components of the example embodiments may be implemented
are provided. It is contemplated that one or more operations or methods described above with

reference to FIG. 5 to FIG. 8 may be performed by the device. For instance, the one or more
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operations or methods may be performed by at least one processor of the device upon executing
machine-readable instructions or computer-readable instructions (e.g., instructions for
implementing the Non-RT RIC, etc.) stored in a memory or a storage component of the device.
[0186] FIG. 9 illustrates a diagram of example components of a device 900 for
implementing one or more example embodiments. As shown in FIG. 9, the device 900 includes a
processor 910, a memory 920, a storage component 930, an input component 940, an output
component 950, a communication interface 960, and a bus 970.

[0187] The processor 910, as used herein, means any type of computational circuit that
may comprise hardware elements and software elements. The processor 910 may be embodied as
a multi-core processor, a single core processor, or a combination of one or more multi-core
processors and one or more single core processors, a distributed processing system, or the like. The
processor 910 may be a Central Processing Unit (CPU), a graphics processing unit (GPU), an
accelerated processing unit (APU), an application-specific integrated circuit (ASIC), or another
type of processing component.

[0188] Memory 920 includes a non-transitory computer readable medium. Memory 920
includes a random-access memory (RAM), a read only memory (ROM), and/or another type of
dynamic or static storage device (e.g., a flash memory, a magnetic memory, and/or an optical
memory) that stores information and/or instructions for use by processor 910. The memory 920
comprises machine-readable instructions which are executable by the processor 910. These
machine-readable instructions when executed by the processor 910 causes the processor 910 to

perform one or more method steps of an embodiment described herein.
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[0189] Storage component 930 stores information and/or software related to the operation
and use of the device 900. For example, storage component 930 may include a hard disk (e.g., a
magnetic disk, an optical disk, a magneto-optic disk, and/or a solid-state disk), a compact disc
(CD), a digital versatile disc (DVD), a floppy disk, a cartridge, a magnetic tape, and/or another
type of non-transitory computer-readable medium, along with a corresponding drive.

[0190] Input component 940 is configured to receive information, such as user input. For
example, the input component 940 may include, but not be limited to, a touch screen display, a
keyboard, a keypad, a mouse, a button, a switch, and/or a microphone. Additionally, or
alternatively, the input component 940 may include a sensor for sensing information (e.g., a global
positioning system (GPS), an accelerometer, a gyroscope, and/or an actuator).

[0191] Output component 950 is configured to provide output information from the device
900. For example, the output component 950 may be, but not limited to, a display, a speaker, an
instruction device to an external device, and/or one or more light-emitting diodes (LEDs).

[0192] Communication interface 960 is an interface that provides a communication
connection to other devices, such as external devices and internal devices. The connection by the
communication interface 960 can be a wired connection, a wireless connection, or a combination
of wired and wireless connections, and can be a direct connection or an indirect connection via a
communication network that exists between the device 900 and other devices. In other words, the
standard of the communication interface 960 is not limited.

[0193] The bus 970 acts as an interconnect between the processor 910, the memory 920,

the storage component 930, the input component 940, the output component 950, and the
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communication interface 960 of the device 900. The bus 970 may include a wired interconnection
or a wireless interconnection.

[0194] The number and arrangement of components shown in FIG. 9 are provided as an
example. In practice, device 900 may include additional components, fewer components, different
components, or differently arranged components than those shown in FIG. 9. Additionally, or
alternatively, a set of components (e.g., one or more components) of device 900 may perform one
or more functions described as being performed by another set of components of device 900.
Further, one or more method steps described in any of the embodiments may be performed utilizing
a plurality of device 900 in communication with one another.

[0195] Various further respective aspects and features of embodiments of the present
disclosure may be defined by the following items:

Item [1]: An apparatus that may be configured to: transmit an energy saving
capability request to a distributed unit (DU); receive, from the DU, an energy saving
capability of a radio unit (RU) associated with the DU, wherein the energy saving
capability may include at least one of: a plurality of sleep modes of an Advanced Sleep
Mode (ASM) and a plurality of array modes of an antenna mask (TRX) control that can be
performed by the RU, and wherein the energy saving capability may further include a
capability range associated with the at least one of’ the plurality of sleep modes and the
plurality of array modes; select a value within the capability range; and transmit the
selected value to the DU.

Item [2]: The apparatus according to item [1], wherein: each value within the
capability range may be associated with at least one of: a sleep mode of the plurality of
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sleep modes and an array mode of the plurality of array modes; and the selected value
within the capability range may be associated with at least one of: a sleep mode of the
plurality of sleep modes and an array mode of the plurality of array modes to be executed
by the DU.

Item [3]: The apparatus according to item [2], wherein the at least one of: the sleep
mode of the plurality of sleep modes and the array mode of the plurality of array modes
associated with the selected value may be executed by the DU via a Section Type 4 (ST4)
C-Plane message.

Item [4]: The apparatus according to one of items [1]-[3], wherein the capability
range may include a range of values from a first value representing a maximum user
experience and a minimum energy saving performance of the RU to a second value
representing a minimum user experience and a maximum energy saving performance of
the RU.

Item [5]: The apparatus according to one of items [1]-[4], wherein each of the
plurality of sleep modes may be associated with a component of the RU and a sleep
duration, and wherein the sleep duration may include a duration when the associated
component of the RU is disabled.

Item [6]: The apparatus according to one of items [1]-[S], wherein each of the
plurality of array modes may be associated with an antenna element of the RU to disable.

Item [7]: The apparatus according to one of items [1]-[6], wherein the apparatus
may be configured to select the value within the capability range using an Artificial
Intelligence (Al)/ Machine Learning (ML) model.
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Item [8]: A method that may include: transmitting an energy saving capability
request to a distributed unit (DU); receiving, from the DU, an energy saving capability of
aradio unit (RU) associated with the DU, wherein the energy saving capability may include
at least one of: a plurality of sleep modes of an Advanced Sleep Mode (ASM) and a
plurality of array modes of an antenna mask (TRX) control that can be performed by the
RU, and wherein the energy saving capability may further include a capability range
associated with the at least one of: the plurality of sleep modes and the plurality of array
modes; selecting a value within the capability range; and transmitting the selected value to
the DU.

Item [9]: The method according to item [8], wherein: each value within the
capability range may be associated with at least one of: a sleep mode of the plurality of
sleep modes and an array mode of the plurality of array modes; and the selected value
within the capability range may be associated with at least one of: a sleep mode of the
plurality of sleep modes and an array mode of the plurality of array modes to be executed
by the DU.

Item [10]: The method according to item [9], wherein the at least one of: the sleep
mode of the plurality of sleep modes and the array mode of the plurality of array modes
associated with the selected value may be executed by the DU via a Section Type 4 (ST4)
C-Plane message.

Item [11]: The method according to one of items [8]-[10], wherein the capability
range may include a range of values from a first value representing a maximum user

experience and a minimum energy saving performance of the RU to a second value
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representing a minimum user experience and a maximum energy saving performance of
the RU.

Item [12]: The method according to one of items [8]-[11], wherein each of the
plurality of sleep modes may be associated with a component of the RU and a sleep
duration, and wherein the sleep duration may include a duration when the associated
component of the RU is disabled.

Item [13]: The method according to one of items [8]-[12], wherein each of the
plurality of array modes may be associated with an antenna element of the RU to disable.

Item [14]: The method according to one of items [8]-[ 13], wherein the value within
the capability range may be selected using an Artificial Intelligence (AI) Machine
Learning (ML) model.

Item [15]: A non-transitory computer-readable recording medium that may have
recorded thereon instructions executable by an apparatus to cause the apparatus to perform
a method including: transmitting an energy saving capability request to a distributed unit
(DU); receiving, from the DU, an energy saving capability of a radio unit (RU) associated
with the DU, wherein the energy saving capability may include at least one of: a plurality
of sleep modes of an Advanced Sleep Mode (ASM) and a plurality of array modes of an
antenna mask (TRX) control that can be performed by the RU, and wherein the energy
saving capability may further include a capability range associated with the at least one of:
the plurality of sleep modes and the plurality of array modes; selecting a value within the

capability range; and transmitting the selected value to the DU.
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Item [16]: The non-transitory computer-readable recording medium according to
item [15], wherein: each value within the capability range may be associated with at least
one of: a sleep mode of the plurality of sleep modes and an array mode of the plurality of
array modes; and the selected value within the capability range may be associated with at
least one of: a sleep mode of the plurality of sleep modes and an array mode of the plurality
of array modes to be executed by the DU.

Item [17]: The non-transitory computer-readable recording medium according to
item [16], wherein the at least one of: the sleep mode of the plurality of sleep modes and
the array mode of the plurality of array modes associated with the selected value may be
executed by the DU via a Section Type 4 (ST4) C-Plane message.

Item [18]: The non-transitory computer-readable recording medium according to
one of items [15]-[17], wherein the capability range may include a range of values from a
first value representing a maximum user experience and a minimum energy saving
performance of the RU to a second value representing a minimum user experience and a
maximum energy saving performance of the RU.

Item [19]: The non-transitory computer-readable recording medium according to
one of items [15]-[ 18], wherein each of the plurality of sleep modes may be associated with
a component of the RU and a sleep duration, and wherein the sleep duration may include a
duration when the associated component of the RU is disabled.

Item [20]: The non-transitory computer-readable recording medium according to
one of items [15]-[19], wherein each of the plurality of array modes may be associated with
an antenna element of the RU to disable.
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[0196] It can be understood that numerous modifications and variations of the present
disclosure are possible in light of the above teachings. It will be apparent that within the scope of
the appended clauses, the present disclosures may be practiced otherwise than as specifically
described herein.

Additional Descriptions

[0197] Advance Sleep Mode Related Configuration policy from Near RT RIC to O-DU/O-
CU.

[0198] Policy Provisioning (Knob Based)

[0199] Option 1: O-DU report its energy savings capability of O-RU through a Knob for

example a range [1to 5 ]
e Value 1= Maximize user experience & Value 5 =Maximize Energy Savings.
e Near RT RIC or Non-RT RIC can dynamically change the value based on the user
experience vs the energy savings or energy consumption.
¢ Along, with the Knob RIC Can also provide following
o  Min QoS Target (User PDCP Latency, Throughput).
o Target O-RU Energy Consumption
e Aggressive target means DU schedule compress more user's data into TTIs.
e Dynamic SSB Periodicity (Switch) ; Provide minimum and maximum range.
e Al-> E2 (Near-RT RIC) Traffic Shift from Capacity Carrier to Coverage Carrier to
Optimise Energy Efficiency and Consumption.

[0200] Policy provisioning (Allowed Sleep Modes)
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[0201] Option 2: Near RT RIC provide guidance on which supported Sleep modes can be
supported. (if only Low Latency Sleep Modes, for exampled few Symbols or Slots are allowed to
turn on then Impact on user experience will be minimum). However, when longer sleep modes are
enabled by near-RT RIC for O-DU then O-DU executes the sleep modes under specific conditions.
[0202] Conditions = PRB Usage for a Time Period , lower then a certain threshold; Number
of Connected UE’s in Cell under certain threshold; PDCP Buffer of all user under a threshold.
(Delay).
e Along, with the sleep modes that can be utilized by O-DU/
o Min QoS Target (User PDCP Latency, Throughput).
o Target O-RU Energy Consumption
e Aggressive target means DU schedule compress more user's data into TTIs.
e Dynamic SSB Periodicity (Switch) -> RIC Provide minimum and maximum range.
e Al-> E2 (Near-RT RIC) Traffic Shift from Capacity Carrier to Coverage Carrier to

Optimise Energy Efficiency and Consumption.

[0203] Advance Sleep Mode Related Configuration Parameters from Near RT RIC to O-
DU/O-CU.
[0204] Control Individual Sleep Mode

e Near RT RIC Control of Individual Sleep Modes On/Off Control
o Near RT RIC can control the sleep modes which have Wake Up time higher then

10ms.

o Near RT RIC will execute The sleep mode on O-RU Through O-DU CUS-Plane.
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o Individual Sleep Modes Shorten/Elongate (Based on latency and other user

experience KPIs”)

o Note: O-RU only provide Wake up time for each O-RU, it is upto O-DU to send

the O-RU to sleep with specific Sleep Mode and for certain period of time.

During Certain period of time shorter sleep modes can be elongated by
provide definite sleep for longer periods at a time.

Above configuration can also be used to determine if the cell will be
transmitting SSB and PRACH.

Allowed period of Maximum Sleep-in milliseconds

SSB Periodicity Parameter — May require interface with O-CU for RRC

/MIB/SIB Modifications.
[0205] TRX Control Related Configuration policy from Near RT RIC to O-DU/O-CU.
[0206] Policy Provisioning (Knob Based)
[0207] Option 1: O-DU report its energy savings capability of O-RU through a Knob for

example a range [1to 5 |

e Value 1= Maximize user experience & Value 5 =Maximize Energy Savings.

e Near RT RIC or Non-RT RIC can dynamically change the value based on the user

experience vs the energy savings or energy consumption.

e Along, with the Knob RIC Can also provide following

o Min QoS Target (User PDCP Latency, Throughput).

o Target O-RU Energy Consumption

[0208] Policy provisioning (Allowed TRX /Antenna Control)
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[0209] Option 2: Near RT RIC provide guidance on which Antennas can be turned off/On.
For example for Massive MIMO, TRX Control is allowed from 64T64R to 32T32R. Or for non
Massive MIMO O-RU, 4T4R to 2T2R.
[0210] Conditions
e Impact on users, take action when impact on users is minimum
o Min QoS Target (User PDCP Latency, Throughput).
o Target O-RU Energy Consumption
e Based on User distribution, Users RF Coverage, Coverage of other underlying cells, -RIC

can guide O-DU to disable or enable certain Antenna elements or set of antenna elements.

[0211] TRX Control Related Configuration Parameters from Near RT RIC to O-DU/O-
CU.
[0212] Control Individual Antenna Elements /TRX or set of Antenna elements.

e Near RT RIC or Non-RT RIC command O-DU to turn on/Off Certain Antenna Elements
o Near RT RIC can control the TRX at latency above 10ms
o Near RT RIC /Non-RT will execute the control of turning off or On of O-RU
Through O-DU CUS-Plane..
* O-DU may reject the E2SM or O1 command from near RT RIC or Non-RT
RIC due to its own internal logic (emergency call running, users to be
effected etc.)
* In this scenario most of the analysis on user distribution, underlying
coverage from other cells and impact on users would be done in the near

RT or Non RT RIC.
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[0213]

[0214]

[0215]

= SSB Periodicity Parameter — May require interface with O-CU for RRC
/MIB/SIB Modifications.
Advance sleep modes and TRX Control Roles and Responsibilities.
Non-RT RIC
Get the capability of O-RU’s and O-DU to support Advance Sleep modes and TRX Control
Monitor Energy consumption of System
Generate ML Model through utilizing all relevant User and Energy Performance
Counters/KPIs
Opt 1: Provide A1 Policy guidance to Near RT RIC on EE and EC.
Opt 2: Generate O1 based Policy/ Configuration Parameters for O-DU.
Provide policy on which cells or O-RU can be utilized for ASM or TRX sleep.
Provide goals of energy savings or user/cell experience or a particular area.
Control TRX directly through direct control commands to O-DU or Provide a policy for
TRX control to O-DU.
Near-RT RIC
Monitor Energy consumption of O-RUs
QoS Monitoring of Users (Latency and Throughput)
Cell Level EE and Performance KPIs.
Current Traffic Load and prediction on all carrier in a particular area.
Generate Advance sleep modes Policy/Guidance or Exact Sleep commands for O-DU /O-
CU based on A1 Policy.

Feedback to Non-RT RIC on A1 Policy execution.
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[0216]

Initiate Energy savings Policy, Inquire about O-DU & O-RU Capabilities
Provide initial value of ES and increase the value over time to learn about
Impact on users and energy consumption reduction .
Change the Knob if user performance degradation is acceptable (Based on A1l Policy)
For O-DU ( Level 1, O-DU Only activates Intelligent Scheduling features including Slot
and symbols)
Control TRX directly through direct control commands to O-DU or Provide a policy for
TRX control to O-DU.
O-DU
Intelligent Traffic shapping for energy savings
Data Convergence in Symbols
Data Convergence in Slots
Based on O-RU Capabilities Control and Execute Advance sleep modes on O-RU in Real
time via Open Front Haul CUS-Plane.
Interpret Near-RT RIC Provided EE Policy and execute ASMs as per the policy.
Expose O-DU’s ASM related Capabilities to Near RT RIC.
Also, Expose capabilities related to Intelligent Scheduling for EE Optimization.
Expose O-DU and O-RU’s Capabilities on TRX control to Near RT or Non-RT RIC.

Provide Knob for controlling energy savings through Advance sleep modes or TRX

Control by Near RT or Non-RT RIC .
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e Ability to shutdown Antenna’s of O-RU when received E2SM direct command or Policy
from near RT RIC.
[0217] O-RU
e Share O-RU ASM and TRX Capabilities to O-DU via M-Plane

e Based on O-DU C-Plane commands over FH execute advance sleep modes or TRX Turn

On/Off.
[0218] Counters required for Energy savings features.
Energy Saving Method WG4 WGS (0-DU Calculates/Count and Report
(Fronthaul) via Ol or E2)
Carrier Cell Switch On/Off OR.ORU EPE-STATS e  Number of times Carrier Cell
Switch On/Otf
¢  Sum of Seconds when Carrier/Cell
was in energy savings mode.
RF Channel Switch On/Off OR.ORU.EPE-STATS e  Number of Times Each TRX
TRX Control Configuration is executed (during a
ROP)
¢ &
o Total Time for each configuration
(during a ROP)
o Times each energy savings KNOB
TRX Control is utilized
o Count of Times and total time
(seconds) Each ASM with TRX
control was executed on O-RUJ)
RF Channel Switch On/Off OR.ORU EPE-STATS e  Number of Times O-DU restricted
Layer Control O-RU to lower Layer Mode
(Specific number of Layers) (during
a ROP)
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&
Total Time for each configuration

(during a ROP)

Advanced Sleep Mode

OR.ORU.EPE-STATS

Number of Times O-DU sent O-RU
to a particular advance sleep mode.
&

Total Time for each configuration
(during a ROP)

Times each energy savings KNOB

for Advance sleep modes is utilized

Energy Saving Method

WG3

(E2SM KPM - E2 AP)

WG2
(A1 TD or R1 TD)

Carrier Cell Switch On/Off

KPM define Cell/Carrier
configuration for Energy
Savings Mode

Energy Consumption

Energy Consumption of O-RU
Number of times Carrier/Cell
Shutdown due to ES

Number of Times O-RU
configuration changed to O-RU

Hardware Energy savings Mode

RF Channel Switch On/Off
TRX Control

E2SM KPM Definition
for Energy Savings
Number of times O-RU is
Power Saving mode
through TRX Control
Total time in each ES
configuration

Times each energy
savings KNOB TRX
Control is utilized

Total energy consumption

of O-RU or cell

O1 Definition for Energy Savings
Number of times O-RU is Power
Saving mode through TRX
Control

Total time in each ES TRX
configuration

Total energy consumption of O-

RU or cell

RF Channel Switch On/Off

Layer Control

E2SM KPM Definition
for Energy Savings

Al TD/R1 TD Definition for
Energy Savings
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Number of times O-RU is
in particular Power
Saving mode through
Layer Control

Total time in each ES

e Number of times O-RU isin
particular Power Saving mode
through Layer Control

e Total time in each ES

configuration

configuration o Total energy consumption of O-
RU or cell
Advanced Sleep Mode e E25M KPM Definition e Al TD/R1 TD Definition for
for Energy Savings Energy Savings
e Number of times O-RU is ¢ Number of times O-RU is in
in particular Sleep Mode particular Power Saving mode
o Total time in each ES through Sleep modes
configuration e Total time in each Sleep Mode
e Total energy consumption configuration
of O-RU or cell o Total energy consumption of O-
RU or cell
[0219] NES related O-RU performance counters (TRx Control) — WGS5.

Table B.1-1 — Counters definition

Measurement- measurement- report- object- Note
group object info unit
nes- TRX CONTROL _ count RU, Type yang: counter64 is used for the
measurement- | CONFIG_X TIME TRANSPORT, | count. When object-unit is EAXC_ID,
objects OR EAXC_ID | TRANSPORT is reported as additional
parameter for EAXC_ID.
TRX _CONTROL _ count RU, Type yang: counter64 is used for the
CONFIG_ TRANSPORT, | count. When object-unit is EAXC_ID,
TRANSITION _ OR EAXC ID | TRANSPORT is reported as additional
TIME parameter for EAXC_ID.
TRX_CONTROL_ | max Hardware Type decimal64 including 4 traction-
CONFIG_X_ min component type | digits for max, min, average. Power
POWER average e.g., O-RAN- measured using method specified in
RADIO, O-RU- | clause 5.1.1.19 of 3GPP TS 28.552 [57]
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POWER- Unit of power: watts (W) Temperature
AMPLIFIER, O- | measured using method specified in
RU-FPGA, clause 5.1.1.19 of 3GPP T'S 28.552 [57]
power-supply, | Unit of temperature: Celsius Voltage
fan, cpu measured using method as specified in
clause 5.1.1.19 of 3GPP T'S 28.552 [57]
Unit of voltage: Volts Current measured
using method specified in clause
5.1.1.19 of 3GPP TS 28.552 [57] Unit of
current: Ampere.
[0220] NES related O-RU performance counters (ASM) — WG4 (Contd.. ).
Table B.1-1 — Counters definition
Measurement- measurement- report- object- Note
group object info unit
nes- ASM_MODE count RU, Type yang: counter64 is used for the
measurement- | X TIME TRANSPORT, | count. When object-unit is EAXC D,
objects OR EAXC_ ID | TRANSPORT is reported as additional
parameter for EAXC_1D.
ASM_MODE count RU, Type yang: counter64 is used for the
WAKE UP_ TRANSPORT, | count. When object-unit is EAXC_ID,
TIME OR EAXC_ ID | TRANSPORT is reported as additional
parameter for TAXC_ID.
ASM_MODE max Hardware Type decimal64 including 4 fraction-
X POWER min component type | digits for max, min, average. Power
average e.g., O-RAN- measured using method specified in
RADIO, O-RU- | clause 5.1.1.19 of 3GPP T'S 28.552 [57]
POWER- Unit of power: watts (W) Temperature
AMPLIFIER, O- | measured using method specified in
RU-FPGA, clause 5.1.1.19 of 3GPP T'S 28.552 [57]
power-supply, | Unit of temperature: Celsius Voltage
fan, cpu measured using method as specified in
clause 5.1.1.19 of 3GPP T'S 28.552 [57]
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Unit of voltage: Volts Current measured
using method specified in clause

5.1.1.19 of 3GPP TS 28.552 [57] Unit of

current: Ampere.

[0221]

WG5S -

NES Performance counters Example.

A.14.1 Performance Counter Table

IMeasurement Name

OR.ORU.EPE-STATS

The epe-stats include the performance measurement for energy, power and environmental

[Description ) » ) )
parameters. This counter would be useful to quantity the energy saving achieved

Collection Method CC (Cumulative Counter)

Condition TRx control/ASM

Measurement Result

Fnergy saving related performance counters

Measurement Type

OR.ORU.EPE-STATS

Measurement Object] )
aggregation (O-RU)
Class
Switching Technology  [Packet Switched
Generation 5GS
Purpose [Network Operator’s Energy Saving Community
[0222] WGS — NES Performance counters Example.

A.14.2 Performance Counter Table

IMeasurement Name

OR.ORU.POWER

The epe-stats include the performance measurement for energy, power and environmental

Description
parameters. This counter would be useful to quantity the energy saving achieved
Collection Method CC (Cumulative Counter)
Condition TRx control/ASM
Measurement Result Power
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Measurement Type OR.ORU POWER
Measurement Object )
aggregation (O-RU)
Class
Switching Technology  [Packet Switched
Generation 5GS
Purpose [Network Operator’s Energy Saving Community
[0223] WG5S — NES Performance counters Example.

A.14.2 Performance Counter Table

IMeasurement Name

(OR.ORU.Current

The epe-stats include the performance measurement for energy, power and environmental

Description ) ) ) )
parameters. This counter would be useful to quantify the energy saving achieved

Collection Method CC (Cumulative Counter)

Condition TRx control/ASM

Measurement Result CURRENT

Measurement Type OR.ORU POWER

Measurement Object )
aggregation (O-RU)

Class

Switching Technology [Packet Switched

(Generation 5GS

Purpose [Network Operator’s Energy Saving Community
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What is claimed is:

1. An apparatus configured to:

transmit an energy saving capability request to a distributed unit (DU),

receive, from the DU, an energy saving capability of a radio unit (RU) associated with
the DU, wherein the energy saving capability comprises at least one of: a plurality of sleep
modes of an Advanced Sleep Mode (ASM) and a plurality of array modes of an antenna
mask (TRX) control that can be performed by the RU, and wherein the energy saving
capability further comprises a capability range associated with the at least one of: the
plurality of sleep modes and the plurality of array modes;

select a value within the capability range; and

transmit the selected value to the DU.

2. The apparatus according to claim 1, wherein:
each value within the capability range is associated with at least one of: a sleep
mode of the plurality of sleep modes and an array mode of the plurality of array modes;
and
the selected value within the capability range is associated with at least one of: a
sleep mode of the plurality of sleep modes and an array mode of the plurality of array

modes to be executed by the DU.
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[FS]

The apparatus according to claim 2, wherein the at least one of: the sleep mode of the
plurality of sleep modes and the array mode of the plurality of array modes associated with

the selected value is executed by the DU via a Section Type 4 (ST4) C-Plane message.

The apparatus according to claim 1, wherein the capability range comprises a range of
values from a first value representing a maximum user experience and a minimum energy
saving performance of the RU to a second value representing a minimum user experience

and a maximum energy saving performance of the RU.

The apparatus according to claim 1, wherein each of the plurality of sleep modes is
associated with a component of the RU and a sleep duration, and wherein the sleep duration

comprises a duration when the associated component of the RU is disabled.

The apparatus according to claim 1, wherein each of the plurality of array modes is

associated with an antenna element of the RU to disable.

The apparatus according to claim 1, wherein the apparatus is configured to select the value
within the capability range using an Artificial Intelligence (AI)/ Machine Learning (ML)

model.

A method comprising;

transmitting an energy saving capability request to a distributed unit (DU);
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receiving, from the DU, an energy saving capability of a radio unit (RU) associated
with the DU, wherein the energy saving capability comprises at least one of: a plurality of
sleep modes of an Advanced Sleep Mode (ASM) and a plurality of array modes of an antenna
mask (TRX) control that can be performed by the RU, and wherein the energy saving
capability further comprises a capability range associated with the at least one of: the
plurality of sleep modes and the plurality of array modes;

selecting a value within the capability range; and

transmitting the selected value to the DU.

9. The method according to claim 8, wherein:
each value within the capability range is associated with at least one of: a sleep
mode of the plurality of sleep modes and an array mode of the plurality of array modes;
and
the selected value within the capability range is associated with at least one of: a
sleep mode of the plurality of sleep modes and an array mode of the plurality of array

modes to be executed by the DU.

10. The method according to claim 9, wherein the at least one of’ the sleep mode of the plurality

of sleep modes and the array mode of the plurality of array modes associated with the

selected value is executed by the DU via a Section Type 4 (ST4) C-Plane message.
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11. The method according to claim 8, wherein the capability range comprises a range of values
from a first value representing a maximum user experience and a minimum energy saving
performance of the RU to a second value representing a minimum user experience and a

maximum energy saving performance of the RU.

12. The method according to claim 8, wherein each of the plurality of sleep modes is associated
with a component of the RU and a sleep duration, and wherein the sleep duration comprises

a duration when the associated component of the RU is disabled.

13. The method according to claim 8, wherein each of the plurality of array modes is associated

with an antenna element of the RU to disable.

14. The method according to claim 8, wherein the value within the capability range is selected

using an Artificial Intelligence (AI)/ Machine Learning (ML) model.

15. A non-transitory computer-readable recording medium having recorded thereon
instructions executable by an apparatus to cause the apparatus to perform a method
comprising:

transmitting an energy saving capability request to a distributed unit (DU);

receiving, from the DU, an energy saving capability of a radio unit (RU) associated
with the DU, wherein the energy saving capability comprises at least one of: a plurality of
sleep modes of an Advanced Sleep Mode (ASM) and a plurality of array modes of an antenna
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mask (TRX) control that can be performed by the RU, and wherein the energy saving
capability further comprises a capability range associated with the at least one of: the
plurality of sleep modes and the plurality of array modes;

selecting a value within the capability range; and

transmitting the selected value to the DU.

16. The non-transitory computer-readable recording medium according to claim 15, wherein:
each value within the capability range is associated with at least one of: a sleep
mode of the plurality of sleep modes and an array mode of the plurality of array modes;
and
the selected value within the capability range is associated with at least one of: a
sleep mode of the plurality of sleep modes and an array mode of the plurality of array

modes to be executed by the DU.

17. The non-transitory computer-readable recording medium according to claim 15, wherein
the at least one of: the sleep mode of the plurality of sleep modes and the array mode of
the plurality of array modes associated with the selected value is executed by the DU via a

Section Type 4 (ST4) C-Plane message.

18. The non-transitory computer-readable recording medium according to claim 15, wherein
the capability range comprises a range of values from a first value representing a maximum
user experience and a minimum energy saving performance of the RU to a second value
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representing a minimum user experience and a maximum energy saving performance of

the RU.

19. The non-transitory computer-readable recording medium according to claim 15, wherein
each of the plurality of sleep modes is associated with a component of the RU and a sleep
duration, and wherein the sleep duration comprises a duration when the associated

component of the RU is disabled.

20. The non-transitory computer-readable recording medium according to claim 15, wherein

each of the plurality of array modes is associated with an antenna element of the RU to

disable.

81



PCT/US2024/033343

WO 2024/258816

1/16

(v pare[ay) 1 'O

061
pnop-0
08T
n4-o0
aue|d-N 40 aueld-SND 40 sueld-W 10
0LT
na-o
-4 -4
0ST
dN-ND-0 —— Bl
il .
Ta | >
d>ND0 _ dN>O
d
@
0T
OI Ld-12aN =
0
v 10
0CT
JIM L-UON
10 oTT
SHIOMOWEL,] UOLENRSIYOI() PUE JUSWIISEUBJA 90TAISS




PCT/US2024/033343

WO 2024/258816

2/16

Aotjod IV T'S

19818)/108311)
uoneziundQ 1°¢

[2POIN TIN/LY
Lordeqg T'F

Surure1], [opoN
TNAY T'F

)

Teasrnar e ¢

UOTI33[]02 BlEp JU3IaMmsSeaN T°T

TOTDI[TOD LIBp JUSWSINSEIN 1°¢

1sanbax uonooy[oo eled 71 |«

97T
ny

vTe T
SOPON Td OTd Ld-1eeN
07T
SOPON NVY

1sanbax
uoT0a[00 vt T'T

YT

[

[onuo) pue uonda[o) || OTd Iy-uoN

V< DI



PCT/US2024/033343

WO 2024/258816

3/16

A

arepdn Jo uonesgiou pue ‘suonernSyuod Y epdn L9

A

pue I2L1Ied I0] SUOnoR pue uonemnsyuos sioeweled opoN ¢q 979

UONNISXS JO UONEDIII0U PUB “UOJJO [IIIMS [[3D

20ULISIU] [OPOIA
TIN/IV €79

UO1}03]| 0D BIEP JUSWIINSEIN £ 9

97T ¥TT T
nda sapoN zd O T¥-TeaN
0Tt
SaPON NV i
|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| J
- J

1sanbar monosod vt 79 |

UOI123][00 elep JuswaInsedq $°9

jsanba1 wonoaoo e 19

q¢ "DId



PCT/US2024/033343

WO 2024/258816

4/16

SIsA[eue pug
SUIIOIUO €'
J/

(PO TV
Aordeq v

( Sumurey [spo
TNAY T'F

Teasrnar e ¢

UOTI33[]02 BlEp JU3IaMmsSeaN T°T

TOTDI[TOD LIBp JUSWSINSEIN 1°¢

1sanbax uonooy[oo eled 71 |«

97T
ny

vTe T
SOPON Td OTd Ld-1eeN
07T
SOPON NVY

1sanbax
uoT0a[00 vt T'T

¥1T [T
[onuo) pue uonda[o) || OTd Iy-uoN

V¢ DI



PCT/US2024/033343

WO 2024/258816

5/16

»
Lg

A

ajepdn Jo monesynoU pue
‘suoneIngrpuoo Ny sepdn 7°9

97T vTT
ny SOPON d
0zt
SOPON NVY

(X%

O LY-1eaN

[SPOW TNV
Jo sisATeue
QOUBULIONS [
uoneINgFUosaI
Puueo 1 19 |
A UOTRINSIJI0da1
[ouuEyd
A 91109%2 pue
aredaid o3 3sanboyy ¢
vIT Tic
[0RUOY puE UOHS[[0) III LY-UoN
01T
OIS




PCT/US2024/033343

WO 2024/258816

6/16

RN B

azATeue pue

IOHUOWN £°F

[9PON "TIN/IV
Kordeq 7%

—T——

Sururel] [Ppow
TNV TV

UOTIIJTO eIep IUdWINSEIN T°T

UOTMD3[[02 elep JustuaInseaN 1°¢

A

159nbax
wonOa[oo BIR T'T

97T
ny

vTe T
SOPON Td OTd Ld-1eeN
07T
SOPON NVY

1sanbax
uoT0a[00 vt T'T

TeadLnaI vje(] €

¥1T
[onuo) pue uonda[o) || OTd Iy-uoN

[

D¢ DI



PCT/US2024/033343

WO 2024/258816

7/16

»
Lg

A

ajepdn Jo monesynoU pue
‘suoneIngrpuoo Ny sepdn 7°9

97T vTT
ny SOPON d
0zt
SOPON NVY

(X%

O LY-1eaN

[SPOW TNV
Jo sisATeue
QOUBULIONS [
uoneINgFUosaI
Puueo 1 19 |
A UOTRINSIJI0da1
[ouuEyd
A 91109%2 pue
aredaid o3 3sanboyy ¢
vIT Tic
[0RUOY puE UOHS[[0) III LY-UoN
01T
OIS




PCT/US2024/033343

8/16

[eAsImaIvIR( 7'

s[eAslnar
pue sysanbox
uonoI[0d Ble(q 17T

Vv ‘DI

ogut sanmIqeded NS 41

ojut saniqedeo WS €1
uorsoap
senIiqedes WS T'T

soniqeded WS T'T

yIc T
Jonuo) pue uonaao) || ord md-uoN

87T 9tz T TVt
X9 nd na no

WO 2024/258816

01T
ONS



PCT/US2024/033343

WO 2024/258816

9/16

87T
Lxd

_

uornoa[as
NS TeuwI™U] S

J

%

9T
na

NS 10979s 01 3sanbay] ¢

01¢

1
1
1
1
1
1
|
1
1
1

AZerens urnpeyos “

apepd() €+ |
1
1
" NS az1jn
“ oreouepmo Ty [ WS 2zin
1 0} douepms 1y
1
1 {
1 [9PON TIN/TV
“ Kopda( 7°¢
1
I uutel] [spo
| TNV T°€
1
1
1
¥¥TT TyTe “ vIc [4¥4
na no 1 [ORUOT) pue UonIS[[07) I Id-UON

1
1
1
1
1
1

ONS

~

(<

gy "DId



PCT/US2024/033343

10/16

[eAsImaIvIR( 7'

s[eAslnar
pue sysanbox
uonoI[0d Ble(q 17T

Dy ‘DI

ogut sanmIqeded NS 41

ojut saniqedeo WS €1
uorsoap
senIiqedes WS T'T

soniqeded WS T'T

yIc T
Jonuo) pue uonaao) || ord md-uoN

87T 9tz T TVt
X9 nd na no

WO 2024/258816

01T
ONS



PCT/US2024/033343

WO 2024/258816

11/16

87T
Lxd

I
uonernsguod
NS mou A1ddy g°p
uoneImSIuod
NS mau jsanbay] pp
ﬁ Uonda[as NS £ _
9T P¥TT
m na

[ 44
no

NS 3zInn
03 20UBPID) T WS 2zIn
0} oouepInn 1§

(" 1epo TW/IV
Lorde ¢

ulurel], [9poN
TNIV T'E

¥Ic T
Jonuo) pue uwond([0) || ITA Ld-UoN

01C
ONS

~

(<

ay ‘DId



PCT/US2024/033343

WO 2024/258816

12/16

¢ DId

)
a

0PesS
INBA PJOI[IS Y} JIWISUBI],

i

0€ssS
anyeaA © 19995

i

0SS
Apqedes Suraes AS10UD U JAIDIIY

i

01¢s
1sonbai Lpiqedes Suiaes AS1ous ue ywsuel],

i

ﬁ uels H

00s



PCT/US2024/033343

WO 2024/258816

13/16

A

amjes] Suraes
ASI0U2 PoINIIXD YIIM POJETOOSSE PUBLILIO)) "9

amgeay Suiaes AS1oud
9JNV3X3 PUE SWULIO(] °§

J

A

anfeA padsIes b

9 OI4

ﬁ an[eA 399138 °¢

Anqedes Suraes A310u7 ¢

909
ny

¥09
na

1sanbar Liprqedes Suiaes AS1ouy '

709
(DT L-UoN) ONS




PCT/US2024/033343

WO 2024/258816

14/16

L O

)
a

OPLS
21medy uiaes AS12UD pomo|[e PAUILLIDIOP Sy} JWISULL],

;

0¢€LS
amyedy Suraes A519U9 poMO[[e UB SUIULIANS(]

i

0CLS
Aniqedes Suraes AS10UD UB 2A1209Y

i

OTLS
1sonbaa Aypiqedes Suiaes AF1sus ue ywsuer],

i

H ues _

00L



PCT/US2024/033343

WO 2024/258816

15/16

908
ny

21mesy Suiaes AS1ous pamoj[e
PAIMIIXI YIIM PIJBIJOSSE PUBTUTUO) “/

armesy Suraes
A312u2 pamo||e ANIIXY ‘9

- 8 DId

suonIpuos 138511 39919(1 °§

A

amyeay
Suiaes A81ous pamoj[e poulnLd(] P

aImyesy
Suraes A510uUd pamo|[e SUILLINA(] *€

Aniqededs Suiaes A510uqg 7

1sanbar Liprqedes Suiaes AS1ouy '

108 708
na (DT L-UoN) ONS




PCT/US2024/033343

WO 2024/258816

16/16

096
90BJI0)U] UOBOTUNTUTIO)

L "DIA

056
wouodwo) ding

0¥6
jusuodwo)) induf

0L6 shyg

0€6
jusuodwo)) ae10)g

026
KIOWON

016
J0SSII0L]

006



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US2024/033343

A. CLASSIFICATION OF SUBJECT MATTER

H04W 52/02(2009.01)i; GO6N 20/00(2019.01)i; H04W 88/08(2009.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO4W 88/08(2009.01)

Minimum documentation searched (classification system followed by classification symbols)

HO04W 52/02(2009.01); HO4W 24/02(2009.01); HO4W 28/06(2009.01); HO4W 72/00(2009.01); HO4W 72/04(2009.01);

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS(KIPO internal) & Keywords: distributed unit (DU), radio unit (RU), energy saving capability, Advanced Sleep
Mode (ASM), array modes of antenna mask control, Service Management and Orchestration (SMO), sleep

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

pages 6, 25-26, 49

A paragraphs [0044]-[0087]

A claims 1-10

WO 2022-100157 A1 (HUAWEI TECHNOLOGIES CO., LTD.) 19 May 2022 (2022-05-19)
Y page 16, line 31 - page 18, line 28, page 29, lines 10-12; claim 2; and figure 5 1-20

JOHAN VON PERNER et al., "Network energy efficiency”,
Y [Retrieved on 2024.09.20]. Retrieved from the Internet: <URL: https://www.ngmn.org/ 1-20
publications/green-future-networks-network-energy-efficiency.html>.

NGMN Alliance, 15 December 2021

US 2021-0385686 A1 (MAVENIR SYSTEMS, INC.) 09 December 2021 (2021-12-09)
A paragraphs [0059]-[0121]; claims 1-16; and figure 1 1-20

US 2013-0157677 Al (KAIMENG LIAO et al.) 20 June 2013 (2013-06-20)

EP 4138472 A1 (MAVENIR SYSTEMS, INC.) 22 February 2023 (2023-02-22)

D Further documents are listed in the continuation of Box C.

See patent family annex.

*  Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

document cited by the applicant in the international application

earlier application or patent but published on or after the international

filing date

document which may throw doubts on priority claim(s) or which is

cited to establish the publication date of another citation or other

special reason (as specified)

«0” document referring to an oral disclosure, use, exhibition or other
means

«p>” document published prior to the international filing date but later than

the priority date claimed

«1> later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

«X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

«y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

35208, Republic of Korea
Facsimile No. +82-42-481-8578

10 October 2024 10 October 2024
Name and mailing address of the [SA/KR Authorized officer
Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon YANG, Jeong Rok

Telephone No. +82-42-481-5709

Form PCT/ISA/210 (second sheet) (July 2022)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2024/033343

Patent document

Publication date

Patent family member(s)

Publication date

cited in search report (day/month/year) (day/month/year)
WO 2022-100157 A1l 19 May 2022 CN 114501488 A 13 May 2022
EP 423169 Al 23 August 2023
EP 423169 A4 24 April 2024
Jp 2023-549211 A 22 November 2023
uUsS 2023-0284133 Al 07 September 2023
UsS 2021-0385686 Al 09 December 2021 EP 3920468 Al 08 December 2021
EP 3920468 A4 08 December 2021
EP 3920468 Bl 24 April 2024
us 2013-0157677 Al 20 June 2013 CN 102387570 A 21 March 2012
CN 102387570 B 19 March 2014
EP 2613593 Al 10 July 2013
EP 2613593 Bl 11 January 2017
WO 2012-028015 Al 08 March 2012
EP 4138472 Al 22 February 2023 uUsS 2023-0088205 Al 23 March 2023

Form PCT/ISA/210 (patent family annex) (July 2022)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - description
	Page 60 - description
	Page 61 - description
	Page 62 - description
	Page 63 - description
	Page 64 - description
	Page 65 - description
	Page 66 - description
	Page 67 - description
	Page 68 - description
	Page 69 - description
	Page 70 - description
	Page 71 - description
	Page 72 - description
	Page 73 - description
	Page 74 - description
	Page 75 - description
	Page 76 - description
	Page 77 - description
	Page 78 - claims
	Page 79 - claims
	Page 80 - claims
	Page 81 - claims
	Page 82 - claims
	Page 83 - claims
	Page 84 - drawings
	Page 85 - drawings
	Page 86 - drawings
	Page 87 - drawings
	Page 88 - drawings
	Page 89 - drawings
	Page 90 - drawings
	Page 91 - drawings
	Page 92 - drawings
	Page 93 - drawings
	Page 94 - drawings
	Page 95 - drawings
	Page 96 - drawings
	Page 97 - drawings
	Page 98 - drawings
	Page 99 - drawings
	Page 100 - wo-search-report
	Page 101 - wo-search-report

