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Electronics and Telecommunications
Research Institute
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Alsst Rule 7|4t #3812 (Heuristic)
QIE{H|O|A H|EZ

FIEL A 29|(Pre-built)

QoE: Quality of Experience, RRM: Radio Resource Management (241 2+ 2t2]), SON: Self Organizing Networks (AS 74 HIEQIT)
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Logical Architecture of O-RAN

Service Management and Orchestration Framework

Non-Real Time RIC 01

—

Legend

—— 3GPP interfaces
—— O-RAN interfaces

Open FH CUS-Plane Open FH M-Plane

0O-Cloud

@

£ X2-c
X2-u
0-eNB
——NG-u
Xn-u
Xn-c
Open FH M-Plane NG-c

CUS: Control User Synchronization

Z£7X: 0-RAN.WG1.0AD-R003-v12.00, “O-RAN Architecture Description”
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Non-RT RIC

Internal to the SMO
Access other SMO framework functionalities

A1 interface to the Near-Real Time RIC
= Policy-based guidance

= Enrichment Information(El)

= Al/ML model management

Intelligent radio resource management function
= Latency > 1sec.

Data analytics and Al/ML training/ inference
= RAN optimization

Support the execution of third-party applications

- o - ——

A1
01
*{ Near-RT RIC
E2 Nodes
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Near-RT RIC

* Near real-time control and _
optimization of E2 Nodes functions
and resources

= xXApps use E2 interface

v collect near real-time information (e.g., on
a UE basis or a Cell basis)

v provide value added services
Latency: 10ms ~ 1sec.

Fine-grained data collection and
actions (E2)

Policies and the enrichment data (A1)
RAN analytics information (Y1)

SMO (Service Management and Orchestration)

Non-RT RIC

A1

Near-RT RIC

01

Near-RT RIC Platform

E2

E2 Nodes

Y1
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E2 Interface

« E2 Service Models | T " E2Node
(el e
« E2SM-KPM (Key Performance Measurement) P —
v Performance metrics from 4G LTE and 5G NR s"'“::'::"’:sc o rocedure
. . . LU ripir pr ur
Network Functions, using the E2 report service (trigger-based/periodic, action: report)

= E2SM-NI (Network Interface) E2 Node detects event
trigger/timer expires

RIC indication (report: KPM)

v Take the messages received by the E2 node on
specific network interfaces (e.g. Xn, X2, F1, NG...)

Examples of KPM:

Packet delay/loss rate/drop rate
+ Radio resource utilization
+ UE throughput

= E2SM-RC (RAN Control)  COprelted measurements

+  Handover-related measurements

| xApp receives KPMs

v Radio bearer, radio resource allocation,

connected mode mobility, radio access control, € indication (report: KPM) [_rmeromies |
DC, CA and idle mobility control of an E2 node =~ | xAppreceives) o )
» E2SM-CCC (Cell Configuration and Control) ";f;:r:g' ; | E2Node '

___________________________________

v Node level and cell level configuration
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Closed-control loops

Control & learning
objective

Policies, models, slicing

User Session Management
e.g., load balancing,
handover

Medium Access
Management e.g., scheduling
policy, RAN slicing

Radio Management
e.g., resource scheduling,
beamforming

Device DL/UL Management

e.g., modulation, interference,

blockage detection

Scale

> 1000
devices

> 100
devices

> 100
devices

~10
devices

1
device

Input data

Infrastructure-level
KPls

CU-level KPIs
e.g., number of
sessions, PDCP traffic

MAC-level KPIs
e.g., PRB utilization,
buffering

MAC/PHY-level KPIs
e.g., PRB utilization,
channel estimation

I/Q samples

ZX: L Bonati et al., “Intelligence and Learning in O-RAN for Data-driven NextG Cellular Networks,” [EEE Communications Magazine

Timescale

Non-real-time:
>1s

Near-real-time:

10-1000 ms

Near-real-time:

10-1000 ms

Real-time:
< 10 ms

Real-time:
<1ms

Architecture

SM O/ Non-RT RIC .

/

At

/

S —_—

Near- “
RT RIC _
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O-FH
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d A P P ° 0 RA N G RG Service Management and Orchestration Eramework (SMO)
I n - n ' Non-real-time RIC -

Container-based environment

]
o1l;
_l

i

|

Contributors

= Northeastern University, NVIDIA, Mavenir, o mmmimimiimmm oo STITETITITIVITITIIITIIN :
MITRE, Qualcomm = oo ;
' Near-rea.‘-nmemc :"- Container-based environment N
+ Usage |
» Physical layer security (I/Q samples: : - 1 XApp(s)
jamming detection, spoofing detection, ...) e mmmmmmmmmm TR TE TSI TS TETE TR 0]

E2

= Spectrum sensing (interference management,
automated Bandwidth Parts,...)

Real-time scheduling
Energy Savings

Al/ML-Based CSI Feedback, Channel
Estimation, and Coding

Remote Interference Detection and
Mitigation
Uplink Throughput Optimization

Beam Management and Optimization in the
O-DU

+« ML/Al models
» Data collection
* Mgmt/Config

1
Cﬂ"ta'“er haseﬂ‘ 1 | » Control actions

L Enrichment info
* Data for inference

I

- .«...........{.,

S afle ] ._F_l_—_u_ .-
i 0-DU !
SO
s . .ﬁmmw.hwd.ewwen’r_ -,
. . .o v Y
- |
Open Fronthaul
; O-RU i

ZXN: “"dApps for Real-Time RAN Control: Use Cases and Requirements” in O-RAN nGRG, 2024.10. 10
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Enabling Real-Time Al-Based Open RAN Control
» dApps: Enabling Real-Time Al-Based Open RAN Control

KPMs from dApp 1

Compose / fuse
information from dApps

KPMs from dApp ...

Use case:
e e m it , + Direct Processing of Waveforms and PDUs
fdApp T X « Real-Time Scheduling and Beam Management
:' I raemaryons |_[ aop e i ‘g" * RAN Nodes and Fronthaul Configuration
i samples togic i o « Augmented Sensing and Channel Estimation
N ] B e ,
i Dsap] [Eisimpion (RaNnacsion | aprmort | C % TearRTRIC

i E3 AP layer 2 | KPMs from dApp N

1l J =] o

I Pairing of dApps with RAN data § [ & "-Pi

e | Subscription Manager | Expﬂ::tadﬂw a i i ! Create confrol action L, XApp Intelligent Logic

1 i s ! ! for the RAN node g

[ Byl ISRt = . i

! Change RAN Expose R i

B configuration datatelemetry E | Hiibintinbivkintivtinky inbivbinhinbinbinbinbintivbiobintinbinbinbivbinbisbinl
3 @  :

1 i (= 1 !

I Expose telemetry/KPMs/PDUs/IQs o~ 1

11| Change RAN parameters without blocking RAN Node . :

1 e

" T Change RAN configuration T : Change RAN configuration

1 1!

i . M

i; RAN Function (DU, CU-UP, CU-CP) i

1 I = i
T T T T T TR T R T T T T * E7X: A Lacava, L. Bonati, N. Mohamadi, R. Gangula, F. Kaltenberger, P. Johari, S. D'Oro, F. Cuomo, M. Polese, and T. Melodia,

"dApps: Enabling Real-Time Al-Based Open RAN Control," Computer Networks, pp. 1-31, February 2025. 11
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- Egj=E AE|0{E xApp + Massive MIMO xApp
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Holg ezl & M=
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A1 Policy &&

RAN OAM &
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» R1 AH|A XS

Near-RT RIC
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Carrier and Cell Switch Off/On

00

eSaving @ eSaving d

eSaving

eSaving TES-compensate {

eSaving eSaving

RF Channel Reconfiguration Off/On

<N

TN

DI o e

DDA

LN

SOTOZ0% mmp T e
NATN

Advanced Sleep Mode Selection

- -
[ ]| Paoff

Pa off

PA off

PA off

O-Cloud Resource Energy Saving Mode

DU

Resource

DU

pooling

Cw
-

B
__n

=X 3GPP TS 32.551, Energy Saving Technologies and Best Practices for 5G RAN, IEEE Access
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GUI
ETRI

SMO/OAM

eucAsT”

01

RIC Tester
VIAVI

Non-RT RIC ETRI

REST API rApps

GUI Backend rApp Energy Saving rApp Data Producer rApp

R1 termination

Non-RT RIC Framework R1 termination

(?AM . RAN OAM-related Data Management Mansae:avr[rf:nt & A1-Policy related
(internal interface) services & Exposure services g . services
Exposure services

A1 termination

Near-RT RIC A1 termination
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Type Description

Band * B1(4G capacity) / B5(4G coverage) / N78(5G capacity)

.| * 3 sites, 26 cells (8 coverage cells, 18 capacity cells)
Network scenario | e
» 150 UEs, random distribution

* Cell load prediction model
- (Offline) training: data with 15 min. granularity

AI/ML model (generation by VIAVI RIC Test)
- Cell load prediction for every cell
Interface * OT/R1

* O1 metrics report every 1 min. (data granularity: 10 sec.)

« ESrApp — Energy Saving App
AbDS * TCrApp — Test Case Control App
PP * VrApp — GUI Backend App
* PrApp — PM Data Producer App
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AlE LH& (ol X]| = Z Dashboard)

& | ¥ o-ran Dashboard

« (e}

ETRI

HIUXNBUAIE
& B A etrl |Q

SMO/OAM >

@& sMojoAM
Non-RT RIC >
I rApps

l% Framework

Near-RT RIC >

IN xApps

& Platform

E2 Nodes >

@ £2 Nodes

Utilities >
WV viavi
) InfluxDB

15 Grafana

=

, Overview

2,

DM

TS

o

+

* 192.168.10.112 "o
OFF ON
Throughput E2 Nodes ERIC
RO SMO/OAM
' ‘ Active SMOs
3 w3y
] i = )
ojnle R
'K’ 2 < Non-RT RIC
g i Active Framaw
Total 4- B
a . aau
{ A0 o i RT RIC A
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14 “y
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Throughput
g ——— s |
-5 — — —
2 5z19 2 2%
Power
00
) e— N ; o
2 219 22 523 ” 286
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eo
— & — i
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ERROR
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Cell 1(SUBYCY)

0
20241001 00:00:00 2024-10-011200:00 20241002 00:00:00 2024.10-02 12:00:00 s 0 2024400600 4-10-06 12:00:00 024.10-07 00:00:00 202410.07120000 20241008

o
12410.0100:00:00 2024.10-0112:00:00 20241002 00:00:00 0 0 s 0 20241006 1200:00 2024-10-07 00:00:00 20241007 12:00:00 202.10.0¢

Cell 4 (sUBS/CY)

[
20241001 00:00:00 202410-0112:00:00 20241002 12:0 . 202410061200:00  2024-10-07 00:00:00 202440.07120000 20281008

0
20241001 00:00:00 2024-10-011200:00 2024.10-02 000 20241002 12:00: o . o 41006 1200:00 2024:10-07 00:00:00 202410.07120000 20241008

Cell 8 (SUNT8/C3)

o
12410.0100:00:00 2024.10-0112:00:00 20241002 00:00:00 024100 o o . 2 0 o 00:00:0 o 0 20241006 1200:00 20241007 00:00:00 20241007 12:00:00 2024-10.0¢




Band * N79 (4.7 GHz)
« 2 cells (5G NR Smallcell)
« 2 UEs (Samsung Galaxy S22 Z-22(NTT Docomo))

* Prediction model
- (Offline) training

Network scenario

Al/ML model - Anomalous UE Prediction with Isolation Forest (or Autoencoder)
- QoE Prediction with Vector Autoregressive (or LSTM)
« E2 over SCTP with E2AP/E2SM-KPM/E2SM-RC
Interface : ) .
* PM metrics report every 1 min. (data granularity: 1 sec.)
Near-RT RIC * ricplt: 17 pods such as e2term (EETB), e2mgr (EEMB), submgr (ESMB) , rtmgr

(ERMB), influxdb, etc.
* ricinfra: 3 pods such as nfs-server etc.

* XTSB — Traffic Steering xApp Block for Traffic Steering Use Case
* XRCB — RAN Control xApp Block for Traffic Steering Use Case
XApps + xXKMB — KPI Monitoring xApp Block for Traffic Steering Use Case
« xXADB — Anomaly UE Detection xApp Block for Traffic Steering Use Case
+ xQPB — QoE Prediction xApp Block for Traffic Steering Use Case

Platform (k8s 7|&h
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e
SMO Non-RTRIC
SUT e

Near-RT !
RIC Near-RT RIC Platform

Protocol

I Analyzer

5GC

!

‘g

=)

-

i

T

e

E2node #1

O-Cu/0-DU

i IS

— VIAVI RIC tester

il 1]

E2node #2
0-Cu/0-DU

E2node #3
0-CU/0-DU
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No data

Cell(l’ﬁh\iRﬁL«!SﬁQﬁ o Cell(PCI-32): PRBUSage /\ Ce"(”cf‘“““ﬁge ” r\ce"(')c' ) Pﬂsusage
..(.\. 0 5 o ...’ 7 - - 0:45 430!
E1: ThroughputDL. M

UE1: ThroughputDL. UE1: ThroughputDL. ‘ UET: Ihrougbm&tDL

No data 258 104







