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Intellectual Property Rights

Essential patents

IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The declarations
pertaining to these essential IPRs, if any, are publicly available for ETSI members and non-member s, and can be
found in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to
ETS in respect of ETS standards’, which is available from the ETS| Secretariat. Latest updates are available on the
ETSI Web server (https://ipr.etsi.org/).

Pursuant to the ETSI Directivesincluding the ETSI IPR Policy, no investigation regarding the essentiality of IPRS,
including I PR searches, has been carried out by ETSI. No guarantee can be given as to the existence of other IPRs not
referenced in ETSI SR 000 314 (or the updates on the ETS| Web server) which are, or may be, or may become,
essential to the present document.

Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does
not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are trademarks of ETSI registered for the benefit of its
Members. 3GPP™ and LTE™ are trademarks of ETSI registered for the benefit of its Members and of the 3GPP
Organizational Partners. oneM 2M ™ logo is atrademark of ETSI registered for the benefit of its Members and of the
oneM2M Partners. GSM ® and the GSM logo are trademarks registered and owned by the GSM Association.

Foreword

This Technical Specification (TS) has been produced by O-RAN Alliance and approved by ETSI Technical Committee
Mobile Standards Group (MSG).

The present document is part of a TS-family covering the Al interface as identified below:
. "Al interface: General Aspectsand Principles’;
. "Al interface: Use Cases and Requirements’;
. "A1l interface: Transport Protocol";
. "Al interface: Application Protocol”;
e "Alinterface: Type Definitions'; and

. "Al interface: Test Specification”.

Modal verbs terminology

In the present document "shall", "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" areto beinterpreted as described in clause 3.2 of the ETS| Drafting Rules (Verba forms for the expression of
provisions).

"must” and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.

ETSI
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1 Scope

The present document specifies the general aspects and principles of the Al interface.

2 References

2.1 Normative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

Referenced documents which are not found to be publicly available in the expected location might be found at
https://docbox.etsi.org/Reference.

NOTE: While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are necessary for the application of the present document.

1 Void.

[2] O-RAN TS: "Non-RT RIC & Al Interface: Use Cases and Requirements”.

[3] O-RAN TS: "O-RAN Architecture Description”.

[4] ETSI TS 103988 (V5.0.0): "Publicly Available Specification (PAS); Al interface: Type

Definitions (O-RAN.WG2.A1TD-R003-v05.00)".

[5] ETSI TS103985 (V1.1.0): "Publicly Available Specification (PAS); Al interface: Use Cases and
Requirements (O-RAN.WG2.A1UCR-R003-v01.01)".

[6] ETSI TS 103 987 (V4.0.0): "Publicly Available Specification (PAS); Al interface: Application
Protocol (O-RAN.WG2.A1AP-R003-v04.00)".

[7] ETSI TS103986 (V2.1.0): "Publicly Available Specification (PAS); Al interface: Transport
Protocol (O-RAN.WG2.A1TP-R003-v02.01)".

[8] ETSI TS 103989 (V3.0.0): "Publicly Available Specification (PAS); Al interface: Test
Specification (O-RAN.WG2.A1TS-R003-v03.00)".

2.2 Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1] O-RAN TR: "Al/ML workflow description and requirements”.

[i.2] ETSI TR 121 905: "Digital cellular telecommunications system (Phase 2+) (GSM); Universal
Mobile Telecommunications System (UMTS); LTE; 5G; Vocabulary for 3GPP Specifications
(3GPP TR 21.905)".

[1.3] O-RAN TS: "Non-RT RIC Architecture".

ETSI


https://docbox.etsi.org/Reference
https://orandownloadsweb.azurewebsites.net/specifications
https://orandownloadsweb.azurewebsites.net/specifications
https://www.etsi.org/deliver/etsi_ts/103900_103999/103988/05.00.00_60/ts_103988v050000p.pdf
https://www.etsi.org/deliver/etsi_ts/103900_103999/103985/01.01.00_60/ts_103985v010100p.pdf
https://www.etsi.org/deliver/etsi_ts/103900_103999/103987/04.00.00_60/ts_103987v040000p.pdf
https://www.etsi.org/deliver/etsi_ts/103900_103999/103986/02.01.00_60/ts_103986v020100p.pdf
https://www.etsi.org/deliver/etsi_ts/103900_103999/103989/03.00.00_60/ts_103989v030000p.pdf
https://orandownloadsweb.azurewebsites.net/specifications

7 ETSI TS 103 983 V3.1.0 (2024-01)

3 Definition of terms, symbols and abbreviations

3.1 Terms

For the purposes of the present document, the terms given in ETSI TR 121 905 [i.2], the O-RAN specifications Non-RT
RIC & Al Interface: Use Cases and Requirements [2], Non-RT RIC Architecture [i.3], O-RAN Architecture
Description [3], and the following apply:

Al enrichment infor mation: enrichment information that is collected or derived at SMO/Non-RT RIC either from
non-network data sources or from network functions themselves and provided over the A1 interface to be utilized by
Near-RT RIC

NOTE 1. Al enrichment information is either not directly available to Near-RT RIC from O-RAN network
functions via standardized interfaces or cannot be derived in Near-RT RIC from network function data
due to processing or storage constraints.

NOTE 2: Inferred/modelled information elements that can be provided over O1-CM is not considered as Al
enrichment information.

Al interface: interface between Non-RT RIC and Near-RT RIC

Al policy: declarative policy expressed using formal statements that enable the Non-RT RIC function in the SMO to
guide the Near-RT RIC function, and hence the RAN, towards better fulfilment of the RAN intent

Al policy type: formal schema-based definition of how an A1 policy, and its status, is expressed and validated

available Al policy type: Al policy type for which the policy type identifier can be discovered, and policy type
information and policy type status can be queried, over the Al interface

available El type: El type for which the El type identifier can be discovered, and El type information and El type
status can be queried, over the Al interface

declar ative policy: type of policy that uses statements to express the goals of the policy, but not how to accomplish
those goals

El job: request for delivery of A1 enrichment information expressed using formal statements

El type: formal schema-based definition of how request and result deliveries for A1 enrichment information, and the
status and constraints related to an El job, is expressed and validated

enrichment infor mation: information provided to an entity, in addition to the information that is generally available to
it, in order to enhance the performance of its tasks

NOTE: Theavailability or usage of enrichment information is not critical for the entity to be able to perform its
tasks.

external enrichment infor mation: information provided by an O-RAN external information source through a
direct and secure connection with Near-RT RIC

NOTE: Detailed specification of a direct interface for external enrichment information is out of scope of the
present document.

policy: set of rulesthat are used to manage and control the changing and/or maintaining of the state of one or more
managed objects

policy objectives: statements with the objective to reach the goal of the policy
policy resources. statements expressing the use of resources

RAN intent: expression of high-level operational or business goalsto be achieved by the radio access network,
allowing an operator to specify the desired SLAs that RAN needs to fulfil for al or aclass of usersin agiven area over
aperiod of time

NOTE: RAN intentisnotin Al scope.

ETSI
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For the purposes of the present document, the abbreviations given in ETSI TR 121 905 [i.2], the O-RAN specifications
Non-RT RIC & Al Interface: Use Cases and Requirements[2], Non-RT RIC Architecture [i.3], O-RAN Architecture
Description [3] and the following apply:

Al-El A1l Enrichment Information service
Al-ML A1 ML model management service
Al-P A1 Policy management service
BSS Business Support System
El Enrichment Information
HTTP Hypertext Transfer Protocol
IP Internet Protocol
JSON JavaScript Object Notation
KPI Key Performance Indicator
KQI Key Quality Indicator
QoE Quality of Experience
QoS Quiality of Service
RIC RAN Intelligent Controller
SLA Service Level Agreement
SMO Service Management and Orchestration
TCP Transmission Control Protocol
TLS Transport Layer Security
UE User Equipment

4 General Aspects

4.1 Al architecture

4.1.1 General

O-RAN Architecture Description [3] includes aNon-RT RIC and a Near-RT RIC which are connected through the

Alinterface as shownin figure 4.1.1-1.

Non-RT RIC

Al

Near-RT RIC

Figure 4.1.1-1: Al is the interface between the Non-RT RIC and the Near-RT RIC

41.2 Role of Al in the O-RAN architecture

The Non-RT RIC function residesin the SMO layer as described in the O-RAN Architecture Description [3]. that also

handles deployment, configuration, and data collection from RAN nodes.

ETSI



9 ETSI TS 103 983 V3.1.0 (2024-01)

In the SMO layer there also resides functions that handle AI/ML workflow, e.g. training and update of ML models, as
well as functions for deployment of ML models and other applications as described in O-RAN WG2: "Al/ML workflow
description and requirements” [i.1].

The SMO Layer may aso have access to data other than that available in the RAN network functions and this
enrichment information can be used to enhance the RAN guidance and optimization functions.

One purpose of the SMO layer is to optimize the RAN performance towards fulfilment of the SLAsin the RAN intent.
The purpose of the Al interface is to enable the Non-RT RIC function to provide policy-based guidance, ML model
management, and enrichment information to the Near-RT RIC function so that the RAN can optimize e.g. RRM under
certain conditions.

RAN intent
O-RAN external
information
| : sources
| SMO !
| { _ Information
: Non-RT RIC !
4 i |
A Al |
|
01 Delivery of External I
Enrichment Information |
—» Near-RTRIC 4-——————————— !
A
E2 O-RAN internal
Y . .
information
—»  E2nodes sources

Figure 4.1.2-1: lllustration of Al and related interfaces in the O-RAN architecture

The E2 nodesin figure 4.1.2-1 refers to RAN nodes such as an O-CU-CP, an O-CU-UP, an O-DU or an O-eNB.
A1l policiesand A1 enrichment information derived from various (O-RAN internal and O-RAN external) sources, are
provided by the Non-RT RIC to the Near-RT RIC viathe Al interface.

4.1.3 Al service architecture

4131 Al policy management service (Al-P)

Based on high level goals for the system expressed in RAN intent, and on observables (events and counters) provided
over O1, the Non-RT RIC can define policies that are provided to the Near-RT RIC over the Al interface. The purpose
of the Al policiesisto guide the RAN performance towards the overall goal expressed in RAN intent. The A1 policies
are declarative policies that contain statements on policy objectives and policy resources applicable to e.g. UEs and
cells.

The Non-RT RIC can manage the A1 policies based on A1 policy feedback, and on the network status provided over
O1. The Non-RT RIC can use the O1 observables to continuously eval uate the impact of the A1 policies towards
fulfilment of the RAN intent and based on internal conditionsit can decide to issue/update the goals expressed in the
Al policies.

The Near-RT RIC functions based on itsinternal functions or applications, the configuration received over O1 and the
temporary policies received over Al. The A1 policies may not survive are-start of the Near-RT RIC.

To support the policy enforcement in the Near-RT RIC, the Non-RT RIC can provide enrichment information over the
Al interface.

ETSI
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4.1.3.2 Al enrichment information service (A1-El)

Enrichment information is generically defined as information provided to an entity, in addition to the information that is
generally available to it, in order to enhance the performance of its tasks. It can be produced based on information from
one or more sources, e.g. by relaying, combining, refining or analysing information from the input source(s).

In the O-RAN architecture [3] it is described that external systems can provide enrichment data to the SMO. Thisis
referred to as " O-RAN external information sources’ while the network functions in the RAN are examples of "O-RAN
internal information sources’.

SMO can collect information from O-RAN internal and O-RAN external information sources. Based on this
information, Non-RT RIC can derive information that could be beneficial for both Non-RT RIC and/or Near-RT RIC
internal functions or applications, e.g. an ML model, to improve its performance.

In relation to the Al interface, two types of enrichment information are distinguished: A1 enrichment information and
external enrichment information.

The Al interface is used for discovery, request and delivery of A1 enrichment information.

The Al interfaceis also used for the discovery of external enrichment information and the SMO / Non-RT RIC is
responsible for the authentication of the source and the security of the direct connection.

NOTE: The handling of direct connections, and discovery or delivery of externa enrichment information
involving the Al interface is not yet defined.

4.1.3.3 Al ML model management service (A1-ML)

ML models can be trained and executed in different places in the O-RAN architecture. Two scenarios described in
O-RAN WG2: "Al/ML workflow description and requirements” [i.1] that involves the Non-RT RIC are:

SCENARIO 1.1: ML model istrained in the SMO layer and then used by the Non-RT RIC to improve the
monitoring and guidance of the RAN based on the O1 observahility. The training and the
deployment of the ML model is handled by SMO internal functions. The training datais the same
asthe datathe Non-RT RIC will use for inference, i.e. the O1 observahility.

SCENARIO 1.2: ML model istrained in the SMO layer and then used by the Near-RT RIC to improve the
optimization of the RAN. The training of the ML model is handled by SMO internal functions.
The input data for training is the same as the input data the Near-RT RIC will use for inference.
Thetrained ML model is deployed by the SMO layer via the Ol interface. The performance
evaluation resulting from the execution of the ML model, and the handling of explicit feedback
from the ML model itself, is based on O1 observability.

To support the ML model inference in the Near-RT RIC, the Non-RT RIC can provide enrichment information over the
Al interface.

4.2 Al interface general principles
The general principles for the specification of the Al interface are as follows:

e theAlinterfaceisan open logica interface within O-RAN architecture between the Non-RT RIC
functionality in the SMO and the Near-RT RIC functionality in the RAN;

. the Al interface enables a multi-vendor environment and is independent of specific implementations of the
SMO, Non-RT RIC, and Near-RT RIC;

. the Al interface is defined in an extensible way that enables new services and data types to be added without
needing to change the protocol stack or the procedures;

e the Al interface enables policy-based guidance (objective, resource) of radio resource management internal
functions or applications that are part of Near-RT RIC;

. the Al interface can provide basic feedback mechanism from Near-RT RIC that enables Non-RT RIC to
monitor the status of policies;

ETSI
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e thepolicy enforcement servicein Near-RT RIC requiresthat the policies transferred over Al interface are
expressed using a standardized mechanism (language, syntax, etc.);

° the Al interface enables transmission of A1 enrichment information from Non-RT RIC to Near-RT RIC as
needed by Near-RT RIC;

. the Al interface enables Near-RT to discover available enrichment information for which secure delivery can
be provided, and to request delivery of enrichment information;

e Al policiesare created, modified and deleted by the Non-RT RIC;

. the A1 policies are enforced until deleted. It isthe responsibility of Non-RT RIC to create and delete policies
based on context information e.g. observability from RAN indicating RAN intent fulfilment received over O1.
The Al interface enables the Near-RT RIC to provide feedback to the Non-RT RIC regarding enforcement
status of Al policies;

. El jobs are created, modified and deleted by the Near-RT RIC based on the needs of itsinternal functions;

e theNon-RT RIC delivers Al enrichment information to the Near-RT RIC according to an El job aslong as the
El job isenabled and until it is deleted.

4.3 Al interface specification objectives

The Al interface specification facilitates the following:

. inter-connection of Non-RT RIC functionality in the SMO with Near-RT RIC functionality in the Radio
Access Network supplied by different manufacturers;

e  provision of policies for individual UEs or groups of UEs;

e  provision of basic feedback on policy state from Near-RT RIC that enables Non-RT RIC to monitor the use of
policies,

. provision of enrichment information as required by Near-RT RIC.

4.4 Al interface capabilities

Asdescribed in O-RAN WG2: "Non-RT RIC & Al Interface: Use Cases and Requirements’ [2], the Al interface
supports:

e transfer of policy management information from Non-RT RIC to Near-RT RIC;
. policy feedback from Near-RT RIC to Non-RT RIC;

. discovery and request of A1 enrichment information from Near-RT RIC to Non-RT RIC and delivery of Al
enrichment information from Non-RT RIC to Near-RT RIC.

5 Functions of the Al interface

5.1 Policy management

51.1 Introduction

The purpose of Al policiesisto enable the Non-RT RIC function in the SMO to guide the Near-RT RIC function, and
hence the RAN, towards a better fulfilment of the RAN intent.
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NOTE 1: RAN intent represents e.g. the SLA from the BSS (Business Support System) that the RAN isto fulfil for
all usersor for a subset of users (e.g. QCI or dice). Based on the permanent configuration and the
available resources, the RAN strivesto deliver the expected QoS for the users.

By utilizing the observability over O1, and the A1 policy feedback, the Non-RT RIC can conclude that the RAN intent
is not achieved. The Non-RT RIC can then decide to use Al policies that enable the Near-RT RIC to e.g. optimize
RRM for asingle UEs or for group of UEs.

EXAMPLE: When the Non-RT RIC understands that the available resources in a certain area are not enough to
fulfil the SLA for all usersin adlice, it can then decide to temporarily change the QoS targets for
some users (dynamic group of users) belonging to the same dlice (pre-defined group of users).

There are different types of Al policiesreferred to as Al policy types. A Non-RT RIC need not use al A1l policy types,
and a specific function in the Near-RT RIC may only support one specific Al policy type. Non-RT RIC can discover
available A1 policy types over the Al interface.

NOTE 2: As Al policy types represent capabilities of the Near-RT RIC and they may also be indicated to the
Non-RT RIC in other ways.
5.1.2  The policy management function

The policy management function is used by the Non-RT RIC to provision and manage A1 policiesin the Near-RT RIC.
The Non-RT RIC isresponsible for definition and administration of A1 policies.

The function is used to create, update and delete A1 policiesin the Near-RT RIC.
The function is used to query the presence, content and run-time status of an A1 policy in the Near-RT RIC.
The function is supported by A1 policy feedback from the Near-RT RIC to the Non-RT RIC.

NOTE 1. Asthe Near-RT RIC cannot change the content of a policy, only a change in enforcement status can be
notified. If context is changed in such a way that the enforcement status of a policy is changed, the
Non-RT RIC is notified and may decide to delete the policy.

NOTE 2: Feedback on the fulfilment of A1 policiesin the Near-RT RIC is not transferred over the Al interface.
The Non-RT RIC can estimate the fulfilment of A1 policies based on O1 observables.

NOTE 3: Before and after the creation of an A1 policy, the Non-RT RIC can monitor the network to understand the
effect of the A1 policy on performance. Performance monitoring or tracing is not handled over the
Alinterface.

5.1.3 Lifecycle aspects of Al policies

Per default, the Near-RT RIC controls the RAN based on the persistent configuration. The RAN operation can be
optimized using A1 policies that, compared to the persistent configuration:

J are not critical to traffic;

. have temporary validity;

. handle individual UE or dynamically defined groups of UEs;

. act within and takes precedence over the configuration;

. are non-persistent, i.e. do not survive arestart of the Near-RT RIC.

An Al policy existsin the Near-RT RIC after it has been created by the Non-RT RIC using the Create policy procedure
and accepted by the Near-RT RIC.

For an Al policy, the Near-RT RIC can provide basic policy feedback to the Non-RT RIC using notifications
containing information on changes in enforcement status and causes.
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The Near-RT RIC continuously eval uates the policy conditions versus the environment and notifies the Non-RT RIC in
case the enforcement status of the policy changes due to e.g. environment changes.

NOTE: When acreated Al policy is accepted, the Non-RT RIC can assume that the policy is enforced until
Near-RT RIC notifies about changes in the enforcement status.

An Al policy can be updated by the Non-RT RIC using the Update policy procedure. After the update, the policy is
evaluated and enforced by the Near-RT RIC based on the updated policy statements.

An Al policy existsin the Near-RT RIC until it is deleted by the Non-RT RIC using the Delete policy procedure.

The states related to policy lifecycle and policy enforcement areillustrated in figure 5.1.3-1.

Query policy(4)
Update policy (2)
Query policy status (4)

F

Create poIicyQ( ENFORCED \ Delete DOHCY@@
@ ) {

Update poIicy(z)
Query policy status(®)
Feedback polic¢6)

N

(5)

Query policy status( )
5

Feedback policy

[ A Delete policy(3)

N

Query policy(4)
Query policy status (4)

J

Figure 5.1.3-1: State transition diagram for policy in the Non-RT RIC

The state transition diagram in figure 5.1.3-1 illustrates the Non-RT RIC view of the states of a policy instance during
the policy lifecycle. All state transitions are related to A1 policy related procedures as listed in clause 6.1 with the
following notes:

NOTE 1: A Create policy request is accepted after the policy has been validated and considered as being possible to
enforce.

NOTE 2: An Update policy request is accepted after the policy has been validated and considered as being possible
to enforce, it does not cause a state transition unless it makes a policy possible to enforce.

NOTE 3: A Delete policy request, whether accepted or not, always leads to that the Non-RT RIC considersthe
policy as deleted.

NOTE 4: A Query policy request does not cause a state transition, and a Query policy status request does not cause
astate transition in case the enforcement status has not changed.

NOTE 5: A Query policy request or a Feedback policy cause a state transition in case the enforcement status has
changed from ENFORCED to NOT_ENFORCED.

NOTE 6: A Query policy request or a Feedback policy cause a state transition in case the enforcement status has
changed from NOT_ENFORCED to ENFORCED.
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5.1.4 Identification and scope of Al policies

5.1.4.0 General

An Al policy typeisidentified by the policy type identifier (PolicyTypeld). Different policy types have different
PolicyTypelds. Based on the PolicyTypeld, schemas are identified and used for creation, validation, and formulation,
and for query of the status, of A1 policies of that type.

An A1l policy isidentified by a policy identifier (Policyld) that shall be assigned by Non-RT RIC. The Policyld shall be
locally unique within Non-RT RIC and sent in the policy request operations that carry representations of Al policies.

A1l policies consist of a scope identifier and one or more policy statements asillustrated in figure 5.1.4.0-1. The scope
identifier represents what the policy statements are to be applied on (e.g. UEs, QoS flows, or cells). The policy
statements represent the goals to the Near-RT RIC and covers policy objectives and policy resources.

Al policy

Scope identifier
Policy statement(s) II

Figure 5.1.4.0-1: Illustration of the structure of an Al policy

By including policy statements with policy objectives, the quality of experience can be optimized for UEs or QoS flows
that are identified either explicitly by e.g. a UE identifier or a QoS identifier, or implicitly by e.g. agroup identifier
from which the Near-RT RIC can deduce a set of UEs.

By including policy statements with policy resources, UEs can e.g. be made to avoid certain cells or the radio network
can be optimized in specific areas.

The identifiers that can be used as scope identifier in A1 policies are defined as data types in the A1 Type Definitions
specification [4]. The scope identifier can be composed by a single or a by a combination of these as defined for each
policy type definition in the A1 Type Definitions specification [4].

5.14.1 Identification of UEs

In the scope of Al policies, a UE isidentified by a UE identifier. The UE identifier identifies alogical UE entity that is
known to the RAN and measurements related to it. It does not identify any hardware equipment or user subscription.

The UE identifier is used for correlating O1-PM data with service targets and enables evaluation of the fulfilment of
policies. In order to be able to utilize non-RAN data for the usage of Al policies, non-RAN data need to include
identifiers that can be correlated with the UE identifier by the Non-RT RIC.

If the Non-RT RIC needs to express policies for multiple individual UEs, it can be done through a set of policies, one
for each individual UE.

5.1.4.2 Identification of groups of UEs

In the scope of A1 policies, agroup of UEs can be identified based on a group identifier.

When the Near-RT RIC receives agroup identifier inan A1 policy, it may resolveit into a set of UES that are present in
the nodes controlled by the Near-RT RIC and applies the policy statements to each one of the UEs.

5.1.4.3 Identification of slices

When the Near-RT RIC receives adiceidentifier inan Al policy, it may resolve it into a set of UEs and a set of QoS
flows that are present in the nodes controlled by the Near-RT RIC and applies the policy statements to each one of the
UEs or the QoS flows.
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5.1.4.4 Identification of QoS flows

When the Near-RT RIC receives a QoS identifier in an Al policy, it may resolve it into a set of QoS flows (that are
related to the applications that the Non-RT RIC isintending to optimize) and the set of UES (that are present in the
nodes controlled by the Near-RT RIC) for which they apply. Then it applies the policy statements to each one of the
UEs and QoS flows.

5.1.45 Identification of cells

In the scope of Al policies, a part of the radio network can be identified based on a cell identifier.

A policy is applied to a specific cell when acell identifier isincluded in the scope. When no cell identifier isincluded in
the scope, a policy may apply to multiple cells.

When the scope identifier in an A1 policy isacell identifier, the policy statement may contain policy resources and the
policy may implicitly impact on multiple UEs handled by the specified cell.

If the Non-RT RIC needsto express policies for agroup of cells (i.e. aset of cells), it is done through a set of policies
for individual cells.

5.1.5 Al policy content

5151 General

In addition to a scope identifier, an A1 policy contains policy statements. There are several kinds of policy statements
that cover policy objectives and policy resources.

NOTE: Thedetailed rulesfor how to formulate policy statements, and which combinations of identifiers and
statements that are allowed, are specified in the A1 Type Definitions specification [4].
5.1.5.2 Policy objectives

A statement for policy objectives expresses the goal for the policy. It can be related to e.g. QoS or QoE targets, or KPI
or KQI targets. For detailed definitions of statements for policy objectives, see clause 6.3.3 of the A1 Type Definitions
specification [4].

There is normally only one statement for policy objectivesin an Al policy.

5.1.5.3 Policy resources

A statement for policy resources expresses the conditions for resource usage for the policy. It can be related to e.g. cell
preferences. For detailed definitions of statements for policy resources, see clause 6.3.4 of the A1 Type Definitions
specification [4].

Statements for policy resources can be combined with a statement for policy objectivesin an Al policy.

5.2 Al enrichment information

521 Introduction

The purpose of Al enrichment information is to enable the Near-RT RIC to improve its RAN optimization performance
by utilizing information that is not available within the RAN. The information sources can be O-RAN interna and
O-RAN external, and the derived A1 enrichment information can be provided by the Non-RT RIC over the A1
interface.

There are different types of A1 enrichment information referred to as El types. A Near-RT RIC may not need to use all
El types, and a specific function in the Near-RT RIC may only need one specific type of Al enrichment information.

An El typeisidentified by the El type identifier (EiTypeld). Based on the EiTypeld, information can be provided about
the A1 enrichment information properties and how to request delivery of the A1 enrichment information.
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The Near-RT RIC can discover available EiTypelds over Al and request delivery of Al enrichment information related
to an available EiTypeld. The Non-RT RIC controls the accessto A1 enrichment information and how the connection
for delivery of the enrichment information can be made.

NOTE: There may be functionsin the SMO or the Non-RT RIC that also utilize enrichment information for their
tasks, it may be the same or different enrichment information as exposed over the Al interface. Thisis
outside the scope of the present document to describe.

522 The enrichment information function

The enrichment information function is used by the Non-RT RIC to produce and make A1 enrichment information
available to the Near-RT RIC. The Non-RT RIC is responsible for exposure and secure delivery of A1 enrichment
information.

The function is used to publish available EiTypelds over A1l.

The function is used to deliver A1 enrichment information for an EiTypeld based on an El job.
5.2.3 Lifecycle aspects of A1 enrichment information

5.2.3.1 Registration of enrichment information source

Before the Non-RT RIC can provide a certain EiTypeld over A1, the SMO needs to set-up the collection of input
information from O-RAN internal and/or external sources and the Non-RT RIC needsto set-up the functions that
produce the enrichment information based on the input information and deliver it. When onboarding and set-up is
complete, the new EiTypeld can be discovered over Al.

5.2.3.2 Discovery of enrichment information

5.2.3.2.0 General

Before aNear-RT RIC can use A1 enrichment information it needs to identify that the needed EiTypeld is available and
how to accessit.

The Near-RT RIC can discover available EiTypelds using A1-El. The Non-RT RIC controls which EiTypelds are
discoverable and accessible by a specific Near-RT RIC.

For a specific EiTypeld, the Near-RT RIC can request a detailed description of the enrichment information provided
and how to formulate a request for delivery of it.

5.2.3.2.1 Lifecycle aspects of El types

The Non-RT RIC isresponsible for ensuring that the El types that are discoverable over Al can be used for El jobs and
delivery of El job results. An EiTypeld shall not be made available until El jobs can be created, and EI job results
delivered for that El type.

In case Non-RT RIC detectsthat it is no longer able to deliver El job results for an El type, the EiTypeld should no
longer be discoverable over Al

5.2.3.3 Request and Delivery of enrichment information

5.2.3.3.0 General

A1 enrichment information can be delivered to the Near-RT RIC in different ways depending on the type of the A1
enrichment information or on the needs from the using internal function or application.

A1 enrichment information can be delivered on an as per needed basis, due to an event or continuously. For continuous
delivery, different mechanisms can be used depending on the volume of enrichment information to be delivered.
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Following the discovery that an EiTypeld is available, the request and delivery of A1 enrichment informationis donein
two steps:

1) Firstthe Near-RT RIC requests over Al to get A1 enrichment information for the EiTypeld by creating an
El job that contains a description of the information that is requested and which delivery mechanism to use.

2) Thenthe Non-RT RIC sets up the appropriate connection and delivers A1 enrichment information according to
the agreed details for the El job.
5.2.3.3.1 Lifecycle aspects of El jobs

The Near-RT RIC can initiate creation, update and deletion of El jobs. The El job is created when the Near-RT RIC
needs A1 enrichment information of a specific El type and the El job is deleted when the Near-RT RIC no longer needs
the information.

In case the Near-RT RIC temporarily cannot use delivered El, it can discard or buffer the received El or stop the El
delivery by deleting the El job and re-create it when it is ready to receive delivered El.

The Near-RT RIC may query existing El jobs after are-start, and either delete, update or keep the El jobsif till
relevant.

5.2.3.3.2 Lifecycle aspects of El results

The Non-RT RIC isresponsible for the set-up of connectionsto the Near-RT RIC for the delivery of El results
according to the agreed El job. The delivery of the El resultsis started when the El job is created and stopped when the
El job is deleted.

In case delivery connections cannot be set-up to the Near-RT RIC, the Non-RT RIC need not buffer any information
produced while the delivery connections are not successful. In case the El cannot be successfully produced or delivered
according to an agreed El job, the Near-RT RIC can detect this through the delivered El job results, or through lack of
delivered El job results.

The Near-RT RIC may evaluate the received El job results. If the received El results are not according to expectations,
the Near-RT RIC can update the El job or deleteiit.
5.2.4 Identification of A1 enrichment information

A1l enrichment information is identified by the A1 enrichment information identifier (EiTypeld). Different typesof Al
enrichment information have different EiTypelds.

The Near-RT RIC can request delivery of A1 enrichment information from the Non-RT RIC by creating an El job for
an EiTypeld. The El job and the EI job results are identified by an El job identifier (EiJobld) assigned by the Near-RT
RIC.

5.2.5 Al enrichment information format and delivery

5251 Push based delivery

When A1 enrichment information has been produced during an El job, it is pushed from the Non-RT RIC to the
Near-RT RIC. This can be done once, regularly or event based depending on the conditions set for the El job.

6 Signalling procedures of the Al interface

6.1 General

The usage of the procedures listed in this clause are described in the A1 Use Cases and Requirements specification [5]
and defined in detail in A1AP [6].
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Policy related procedures

Policy related procedures include:

6.3

Query policy typeidentifiers procedure.
Query policy type procedure.

Query policy type status procedure.
Notify policy type status procedure.
Create policy procedure.

Query policy identifiers procedure.
Query policy procedure.

Update policy procedure.

Delete policy procedure.

Query policy status procedure.

Feedback policy procedure.
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Enrichment information transfer procedures

A1 enrichment information related procedures include:

For EI discovery:

Query EI typeidentifiers.
Query El type.
Query El type status.

Notify El type status.

For El job control:

Query EI job identifiers.
Create El job.

Query EI job.

Update EI job.

Delete El job.

Query El job status.

Notify El job status.

For El delivery:

6.4

No ML model related procedures are listed in the present document.

Deliver El job result.

ML model related procedures
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7 Al interface protocol structure

The protocol stack of the Al interface is shown in figure 7-1. The transport network layer is built on | P transport. For
the reliable transport of messages, HTTS is added on top of 1P. The application layer protocol is based on a RESTful
approach with transfer of JSON formatted policy statements.

The detailed description is provided in A1ITP [7].

Data Interchange

Application delivery
Transport layer
Network layer
Data link layer

Physical layer

JSON

HTTPS

JSON

HTTPS

TCP

IP

TCP

L2

L2

L1

non-RT

L1

Figure 7-1: lllustration of the Al protdtol stack

near-RT

8 Other Al interface specifications

8.1

Al TS-family overview

The present document is part of a TS-family covering the O-RAN WG2: Al interface. The other specifications cover
Use Cases and Requirements, Transport Protocol, Application Protocol, Type Definitions, and Test cases.

The relations between the A1 specifications and their relations to other O-RAN and WG2 specifications for architecture
and for use cases and requirements are illustrated in figure 8.1-1.

WG2: Non-RT RIC
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Figure 8.1-1: Overview of relations between Al specifications
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8.2 Al interface: Use Cases and Requirements

The Al Use Cases and Requirements specification (ALUCR) [5] describes the use cases for the A1 procedures and the
related requirements.

8.3 Al interface: Transport Protocol

The A1 Transport Protocol specification (A1TP) [7] defines how the A1 protocol stack is based on TCP/IP, HTTP/1.1
over TLS and JSON as data interchange format.

8.4 Al interface: Application Protocol

The A1 Application Protocol specification (A1AP) [6] defines the service framework, the service operations and the
service APIsfor the Al servicesincluding the URIs for HTTP based procedures.

8.5 Al interface: Type Definitions

The A1 Type Definitions specification (A1TD) [4] defines attributes, data types and objects for HTTP based procedures
and JSON examples of objects are provided.

8.6 Al interface: Test Specification
The A1 Test Specification (A1TS) [8] definestest cases for:

. A1 conformance testing of Non-RT RIC;

e Al conformancetesting of Near-RT RIC; and

. Al interoperability testing between Non-RT RIC and Near-RT RIC;
based on the procedures defined in ALAP [6].
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Annex A (informative):
Change history

Date Version Information about changes

2019.09.30 01.00 |First version.

2020.07.30 02.00 |Definitions, functions and procedures for A1 enrichment information and Al policy type
description.

2020.11.09 02.01 |Enhancing description of LCM aspects for A1 enrichment information service.

2021.03.13 02.02 |Editorial corrections to apply latest template and update references. Enhance
description of life cycle aspects for Al policies.

2021.07.16 02.03 |Enhancing descriptions of Al policy scope and content.

2022.07.30 03.00 |Adapting to ODR template and general updates to align with Al suite specifications.

2022.11.17 03.01 |Aligning to O-RAN drafting rules.
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