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a3 Zoom Interaction Rules

1. Please add your affiliation to your zoom name, e.g. Navid Nikaein (BubbleRAN/Eurecom/OSA)

2. Please use Zoom Chat for any questions or comments outside of the Q&A session. This is highly
recommended to be able to answer all the questions. The team will reply to you.

3. Please always mute the microphone and disable Video all the time to minimize background
noise.

4. Please enable your video and audio when asking a question during the Q&A.
The recorded video will be published on the BubbleRAN Youtube channel. We will send a

separate email with all the materials.

GDPR Notice: By joining this webinar, you are agreeing that your name and voice could appear in the

© BubbleRAN recorded materials and published online without future consent. 2



i@}}@@@f@%ﬁ@z ORS Mini-Series

Importance, organization, and goals
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Why Open RAN Studio Mini-Series?

Share Knowledge
|Identify New Challenges/Features
Accelerate the R&D lifecycle from Idea to PoC

Showcase Ideas and Validate use-cases

AN .

Foster Academia and Industry Collaboration
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5G/6G Open Source Ecosystem are complex!
O
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Open/Free Source Software are Becoming Expensive!
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Example of a testbed at NTUST /NYCU (Taiwan)
®
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What is Open RAN Studio?
O
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%’}E Open RAN Studio Global Presence (2021-2023) £39356035603E03EEDILEDIEEDT
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Open RAN Studio Goals

Empower communities and organizations to accelerate the adoption of modern technologies
Solid ground for tutoring the next generation researchers and engineers
Reproducible/verifiable and consistent outcomes for teaching and research

Affordable and accessible means for education and research

ook wd e

Opening new possibilities and dimensions via multi-disciplinary research
a. Cloud, Edge
b. Al/ML, Data Science,
c. OpenRAN, 5G/6G
d. Security

e. Applications, Use-case, ...
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Today's Agenda and Speakers

Part 1 (45 minutes)

1. Open RAN Studio: Features and Bronze Release Notes
2.  Non-RT RIC: Architecture and rApps call flow

3. OAM: How to design and deploy a 5G Open RAN network on GKE Alireza Ilias
BubbleRAN Eurecom
Break (5 minutes) Product Manager SMO expert
Part 2 (45 minutes)
1. xApp lifecycle: RAN slicing use-cases
2. Data Analytics: Large-scale 5G Open RAN deployment
. DevOps xApp: Int tive xA .
3 VLIPS XAPP: INTEractive XApp Chieh-Chun Khoa lan
4. Observability: Data flow processing Eurecom Eurecom NTUST-BMW.Lab
5. Guest Demo (10 minutes) RIC expert Data Scientist PhD student

a. Interoperability between Open RAN Studio and OSC DU
6. Closing remarks and Q&A (10 minutes)
© BubbleRAN 1



%@@%ﬁ@l Build, Operate, and Automate

A Cloud-native 5G Open RAN Network, Bottom Up

© BubbleRAN
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(3 %ﬁ 3 00 - Infrastructure O33R EoOI OO OITE IR OIEOIIGHIIRHIIEH

* Automated cluster deployment in one command
* From infrastructure to ORS service, in just 10 minutes, with Pay-as-you-Go

* Deployment of ORS over Google Kubernetes Engine (GKE) via Terraform

@ Kubernetes Engine
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** _ORS in Nutshell 395 0raoTeoiEo oo GO C OO C OO HIEHIEE

Open RAN Studio is world-first production-grade cloud-native platform to

seamlessly design, operate, experiment an emulated end-to-end 3GPP &
O-RAN standard-compliant network with edge services, at scale.
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** _ORS features 93eoisEolrEnienlrEoltEossaniraolsEniiaoIteoIsEnIrEHInEoIses

Multi-infrastructure support: Bare-metal, On-premise, Public (GKE), Single-node (Microk8s)
O-RAN compliant SMO and RIC stack including Non-RT RIC, Near-RT RIC, and OAM
Network design, protocol tracing, log extraction, integrated UE testing

rApps and xApps for monitoring and control

End-to-end agile and scalable declarative deployment including UE

Day-2 features, including network reconfiguration, upgrade, and fault management
Difference between declarative and imperative deployments

Multi-vendor support: OAI, SRS, and Open5GS (both LTE and NR)

Programmable cloud-native observability with Grafana dashboard

LD D D . D D D I

Multi-source data lake, including RAN, Energy, and Infrastructure metrics

© BubbleRAN
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** _ORS features 93eoisEolrEnienlrEoltEossaniraolsEniiaoIteoIsEnIrEHInEoIses

Bronze Release (v2.0) is here!

Rollout for current customers starting this week (Week #44)

New customers from December

Installation options available:

e Pay-as-you-Go
Google Cloud via Terraform
e Small Scale, Single Node
e Remoteinstallation, Large Scale

© BubbleR@oud-init

= Microk8s

= Kubeadm and
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** _ORS uSe cases SeornieoitoiiEoieoiiinirt ot ottt HIEHTGES

Education and training

Data collection and model training

rApp or xApp design and analysis
Interoperability testing

Test and measurements with UE in the loop

Research validation

LD D D . B

Network simulation and emulation

© BubbleRAN
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** - Revisiting the O-RAN Ecosystem

MX-ORS

MX-OPERATOR

01:SMOto all

02: SMO to O-Cloud

A1: Non-RT RIC to Neal-RT RIC

E1: O-CUUPand CP

E2: Neal-RT RIC to E2 Nodes

F1-C: O-CUCPto O-DUCP

F1-U: O-CU UP to O-DU UP

Open Fronthaul(7.2): O-DU to O-RU

© BubbleRAN 18
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** - Revisiting the O-RAN Ecosystem

rApp ODIN Dynamic xApp

Policy CRD

\ 4

_________________________ .’
| Deploying...
Policy via APIs _
Enforcement...
Policy CRD y
>
Policy via APIs _
Enforcement...
Delete Policy CRD _ Gracefully Delete xApp >
| Deleting...

© BubbleRAN 19



** _ GKE Authentication

* Get the config generated from Terraform

* Or manually download the config from gcloud
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k% Deploy network step by step HGOEEEOIEHILEDIEOILEHIRCOTLEDILEDILEVTLED

Design a simple network with O-RAN stack
Step-by-step design

Day-2 operations

Test and measurement

Packet tracing

xApps and rApps

UE in the loop

LD D D . 2 B
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01 - Step-1 Network
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01 - Step-1 Network

OAIl gNB 5G-SA
OAI 5GC
BR-FlexRIC [ FlexRIC with enhanced functionality ]

Wireshark trace for following the UE messages later

LD D S .

Log extraction to verify E2 connection
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02 - Step-2 Network
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02 - Step-2 Network

* AddUE intheloop
* Checkout the UE messages in Wireshark
* RTT test with the UE
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03 - Step-3 Network
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03 - Step-3 Network

Day-2: Add xApp

Open access to interactive xApp

Run throughput tests with plotting
Check the PRB utilization from the xApp

* % % %
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04 - Step-4 Network
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04 - Step-4 Network oXeo3Eose03Eo3oiEoste0ite0ItE O3t oRE0TECDIEEDFED

* rApps and dynamic xApps

*

Policy 1 — Maximum PRB Utilization = Control Action 1 — RAN Slicing
% Policy 2 — Slice Enforcement = Control Action 2 — RAN Slicing, User

Association
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** _ Step-oo Destroy

* Remove the network
* Release the infrastructure

* View the costs
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Short break
5 minutes
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i@}}ﬁ@@i@%ﬁ@ Large Scale Open RAN 5356036036036 03G0Ise 03 nEsens

ORS Observability for large scale networks
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Storyline

© BubbleRAN
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Storyline

© BubbleRAN
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Storyline

3
2

CHI e s am e Ti3 e lidane ThIn e T3 amatidanatidsne TR n et analidine CRISne S na Lt nalidna i nalid

Far-Edge Site
[ Vertical, MVNO, MNO ]

SMO (OAM + Non-RT RIC + rApps)

Near-RT RIC Zone 1 [ South — Dev ]

Near-RT RIC Zone 2 [ Paris — Production ]

Compute Site 1

Compute Site 2

Compute Site 3 Compute Site Trident

© BubbleRAN

PLMN 00101

PLMN 00102 PLMN 00103

Near-Edge Site

[ Vendor ]
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sz Statistics

Containers

© BubbleRAN

3
2

CHI e s am e Ti3 e lidane ThIn e T3 amatidanatidsne TR n et analidine CRISne S na Lt nalidna i nalid

Machines

RANs

UEs

Total CPUs

[not allocated ]

Time
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Open RAN enables management and control of such large

networks by utilizing different range of xApps and rApps

© BubbleRAN



Open RAN
Ecosystem

© BubbleRAN

9 > rApp

Independent xXApp Lifecycle

e Accelerating innovative xApp development

e Operating xApp dynamically through SMO

e |Leading the way of xApp evolution in O-RAN ecosystem
e Bridging xApp and rApp seamlessly

e Enabling a smooth transition from RAN to data

38



Open RAN
Ecosystem

CopyRight BubbleRAN

DevOps Data & ML
ontainerized xApp Integrated xApp rApp

Monitor Identify Optimiz

_______——‘-—________ \—___\_‘______—“' /“»»,>>>>>>
Operate Collect Train ‘

______-“-‘--._____ ‘\—_____/ e
Deploy Process Extract ‘

__-—-“‘__—-"-—-___ \\____/ e
Release Store Explore ‘
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Open RAN
Ecosystem

Roles

Participants

evOps

ntainerized xApp

Data & ML

Integrated xApp

rApp

Business intelligent

Usage Scenario

Knowledge of
NearRT-RIC APIs

Knowledge of
SMO APIs

Actions

Maintainer Vertical User
ital : & Data analyst
Operator Application Provider Stakeholder
Testing & Measurement Production Analysis & Optimize
Moderate Basic None
Basic Moderate Proficient

Programming
Languages

Interact with network

Apply & Enforce policy

Define network
intent & Create policy

Network
Configuration

Network
Deployment

Demg BXBINAIR0

Python, Go Python, Go Any
Automatic Automatic Automatic
Static Dynamic Dynamic

WS BHeE

Go xApp with A1 APIs &

Programmable Python xApp

ComingtSoon
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1. Develop xapp.c by using
NearRT-RIC APIs provided by FlexRIC

© Bibbl&2023 CopyRight BubbleRAN 42



2. Build xapp.c with SQLite3

© Bibbl&2023 CopyRight BubbleRAN 43



3. Get IP address and port number of existing RIC from the cluster

© Bibbl&2023 CopyRight BubbleRAN 44



4. Configure xapp_oran_sm.conf

© Bibbl&2023 CopyRight BubbleRAN 45



5. Run xApp

© Bibbl&2023 CopyRight BubbleRAN 46



6. Run UEs throughput test

© Bibbl&2023 CopyRight BubbleRAN 47



7. Open SQLite3 database to query the collected KPM data

© Bibbl&2023 CopyRight BubbleRAN 48



XApp DevOps Data & ML
Open RAN . ..
Ecosystem Binary xApp Containerized xApp Integrated xApp rApp
. . Business intelligent
Roles Developer Maintainer Vertical User & Data analyst
Participants Vendor Operator Application Provider Stakeholder

Usage Scenario Research & Develop Testing & Measurement Production Analysis & Optimize
Knowledge of . . .
NearRT-RIC APIs Proficient Moderate Basic None
Knowledge of . . .
SMO APIs None Basic Moderate Proficient
Actions Develop new Interact with network Apply & Enforce policy 2L

functionalities

intent & Create policy

Programming

++
Languages C/C++, Python, Go Python, Go Python, Go Any
Ne'tworlf Manual Automatic Automatic Automatic
Configuration
Network Static Static Dynamic Dynamic
Deployment
Deme BEHHANE023 C xApp chgjg %E,%ML AN Go xApp with A1 APIs & eiEtesn

with monitor service

Programmable Python xApp




Containerized xApp
Python xApp with interactive module

1. Access to deployed running xApp

© Bibbl2023 CopyRight BubbleRAN
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Containerized xApp
Python xApp with interactive module

1. Show the functionalities provided by xApp to do the testing

© Bibbl2023 CopyRight BubbleRAN
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Containerized xApp
Python xApp with interactive module

2. Strat xApp

© Bibbl2023 CopyRight BubbleRAN
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Containerized xApp
Python xApp with interactive module

3. Subscribe SMin E2-Node

© Bibbl2023 CopyRight BubbleRAN
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Containerized xApp
Python xApp with interactive module

4. Print subscribed SMs’ stats

© Bibbl2023 CopyRight BubbleRAN
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Containerized xApp
Python xApp with interactive module

4. Run UEs throughput tests

© Bibbl2023 CopyRight BubbleRAN
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Containerized xApp
Python xApp with interactive module

5. Print the slice configuration example

© Bibbl2023 CopyRight BubbleRAN
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Containerized xApp
Python xApp with interactive module

6. Send control message

© Bibbl2023 CopyRight BubbleRAN
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Containerized xApp
Python xApp with interactive module

7. Modify the slice configuration and send control message

© Bibbl2023 CopyRight BubbleRAN
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Containerized xApp
Python xApp with interactive module

8. Open MySQL database to query the collected Slice data

© Bibbl2023 CopyRight BubbleRAN
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XApp DevOps Data & ML
Open RAN . ..
Ecosystem Binary xApp Containerized xApp Integrated xApp rApp
. . Business intelligent
Roles Developer Maintainer Vertical User & Data analyst
Participants Vendor Operator Application Provider Stakeholder

Usage Scenario Research & Develop Testing & Measurement Production Analysis & Optimize
Knowledge of . . .
NearRT-RIC APIs Proficient Moderate Basic None
Knowledge of . . .
SMO APIs None Basic Moderate Proficient
Actions Develop new Interact with network Apply & Enforce policy 2L

functionalities

intent & Create policy

Programming

++
Languages C/C++, Python, Go Python, Go Python, Go Any
Ne'tworlf Manual Automatic Automatic Automatic
Configuration
Network Static Static Dynamic Dynamic
Deployment
Deme BEHHANE023 C xApp chgja/ %E,EH?%EL AN Go xApp with A1 APIs & ComingBoon

with monitor service

Programmable Python xApp




Integrated xApp
Programmable Monitoring

9. Deploy a monitoring job request to ODIN

© Bibbl2023 CopyRight BubbleRAN
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Programmable Monitoring - A need that starts 2020 3tEO3EEHFEDIEEDIE

* Even for the same scenario, optimal learner of A does not translate to optimal of A’.

* We couldn't collect data on the “real” testbed like big labs, stick to this 2011 dataset...
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a2z FlexMon: Goals & Architecture L E o) S i

1) Get ALL the data you want, plus programmability, in the simplest way.
2) Worry-free about Multi-source Schema & Scaling: Reliability + FDW + S3.
3) Beyond Jupyter Notebooks into Production: SRE + Streamer.

Flexible Data Model:

- Ingestion w/o knowing the schema.

- Preprocess with few assumptions.
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(3 %ﬁ 2 FlexMon - DEMO EELISIEe CRSIRE ISR TS IHETHS IEe TS HETHTIES THISEETITR THI e TS SRETHS SRE LI IR TR e THS

%

Programmable Monitoring as simple as Copy-and-Paste.
Lake, act 1: PromQL for EZ Visualization (network monitoring).

Lake, act 2: SQL for Precise Data Analysis (machine learning).

Will Python dynamicity affect our performance? Testing FlexMon at Scale.

Hint: 4x Wikipedia at % Latency.
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Today's Agenda and Speakers

Part 1 (45 minutes)

1. Open RAN Studio: Features and Bronze Release Notes
2.  Non-RT RIC: Architecture and rApps call flow

3. OAM: How to design and deploy a 5G Open RAN network on GKE Alireza Ilias
BubbleRAN Eurecom
Break (5 minutes) Product Manager SMO expert
Part 2 (45 minutes)
1. xApp lifecycle: RAN slicing use-cases
2. Data Analytics: Large-scale 5G Open RAN deployment
. DevOps xApp: Int tive xA .
3 VLIPS XAPP: INTEractive XApp Chieh-Chun Khoa lan
4. Observability: Data flow processing Eurecom Eurecom NTUST-BMW.Lab
5. Guest Demo (10 minutes) RIC expert Data Scientist PhD student

a. Interoperability between Open RAN Studio and OSC DU
6. Closing remarks and Q&A (10 minutes)
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f@’}z Closing Remarks

@® Open RAN Mini-Series are a forum to share knowledge and foster academia-industry

collaboration
o We value your feedback to improve the quality, format and the content of upcoming series

@® To this end, Open RAN Studio platform is designed with the following objectives
1. Empower communities and organizations to accelerate the adoption of modern technologies

Solid ground for tutoring the next generation researchers and engineers
Reproducible/verifiable and consistent outcomes for teaching and research

Affordable and accessible means for education and research

AR S RN

Opening new possibilities and dimensions via multi-disciplinary research
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Linkedin: https://www.linkedin.com/company/bubbleran 68
Youtube: https://www.youtube.com/@bubbleran

Feedback

https://bubbleran.com/products/mx-ors/
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