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Overview of SD-RAN v1.5

e Updating xApps to replace ONF community SM with O-RAN RC SM

o ONF RC-Pre Service Model: onos-pci, onos-mlb = O-RAN RC Service Model
o ONF MHO Service Model: onos-mho = O-RAN RC Service Model

e SD-RAN RIC with OAI 5G RAN stack
e New CI Pipeline: GitHub Action
e Aether On-Ramp for SD-RAN



Overview of SD-RAN v1.5

vli.4 vs v1.5

e Key components of SD-RAN v1.4

o New component:
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Overview of SD-RAN v1.5

vli.4 vs v1.5

e Key changesinvil.b

(@)

New component:

m  ONF OAI 5G RAN (Pronto)

m Aether On-Ramp SD-RAN blueprint
Updated

m PCIl, MLB, MHO xApps’ service model
Deprecating

m SDRAN-in-a-Box (in about next 1-2

releases)
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m Python-related components
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Use Case

KPI Monitoring

PCI Conflict
Resolution

Mobility Load
Balancing

Mobile Handover

RAN Slicing
Management

Policy Driven Traffic

Steering

Overview of SD-RAN v1.5

SD-RAN v1.5 Use-Cases and Versions

XApps
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O-RAN RC Service Model Integration

e Goals

o Replace the community service model with the official O-RAN service model
o To expand the support coverage

e Scope
o onos-pci: ONF RC-Pre service model » O-RAN RC service model
o onos-mlb: ONF RC-Pre service model = O-RAN RC service model
o onos-mho: ONF MHO service model = O-RAN RC service model



O-RAN RC Service Model Integration

PCI xApp

ID Total Resolved Conflicts Most Recent Resolution
138426014550002 1 480=>412
138426014550003 1 148=>91
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O-RAN RC Service Model Integration

PCI xApp - Overall
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O-RAN RC Service Model Integration

MLB XApp

KPIMon xApp PCl xApp MLB xApp
-cli
Install Ocn policy

if Ocn should be R-NIB

sCell node ID sCell PLMN ID sCell cell ID sCell object ID nCell PLMN ID nCell cell ID Ocn [dB] updated
€2:1/5153 138426 1454001 13842601454c001 138426 1454c002 [} atomix ONOS nRT-RIC
e2:1/5153 138426 1454c001 13842601454c001 138426 1454003 [}
€2:1/5154 138426 1454002 13842601454c002 138426 1454001 [) onos-operator onos-e2t
e2:1/5154 138426 1454c002 13842601454c002 138426 1454c003 [}
€2:1/5155 138426 1454c003 13842601454c003 138426 1454c001 [}
€2:1/5155 138426 1454c003 13842601454c003 138426 1454002 [}
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to report KPI and Shrink HO region
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O-RAN RC Service Model Integration

MLB xApp - Overall

nRT RIC

E2 setup request: Policy

gNB

RRC Connection Reconfiguration (A3, Ocn +24)

E2 setup response

Get monitoring results and
cell topology via R-NIB

Need to update Ocn
(Ocn_rc: Ocn_t1)

If Ocn for the gNB needs to be updated (t1) |

E2 subscription request: Policy (RIC Req ID1, Ocn_t1)

E2

policy p1 installed (Ocn_t1)

)

Need to update Ocn
(Ocn_t1 ->Ocn_t2)

If Ocn for the gNB needs to be updated (t2) |

E2 subscription request: Policy (RIC Req ID1, Ocn_t2) |

E2 subscription response

policy p1 updated (Ocn_t2)

Event A3 happens
(with Ocn+

Measurement report

[ Do not execute HO procedure
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O-RAN RC Service Model Integration

MHO XApp

*kk Get MHO result through CLI - Cells sk

CGI Num UEs Handovers-in Handovers-out
13842601c054140 1 3 3
138426010055140 0 3 3

MHO xApp
Send control cli
Insert action:
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O-RAN RC Service Model Integration

MHO xApp - Overall

nRT RIC

E2 Setup request: Insert/Control

A 4

E2 Setup response

A

E2 subscription request: Report,

Insert |

UE

E2 subscription response

A

| Indication message for Report service
" HO preparation: Topology Information

A3 Event happens
(Neighbor becomes
offset better than
SpCells)

A3 Measurement Report

_Indication message for Insert service
‘Target cell ID, UE ID, RIC Call process ID

Control message

Suspend the HO
procedure

>

Target cell ID, UE ID, RIC Call process D

Resume the HO
procedure

(if tgt Cell ID is Oxff..,
reject HO)




SD-RAN with OAI 5G RAN & USRP - 4G
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SD-RAN with OAI 5G RAN & USRP - 5G
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GitHub Action - New SD-RAN CI Pipeline

e Asofvl4
o Use Jenkins CI
m Provision a VM on AWS
m Run Cl pipeline
e Build, Test, Publish

e Fromvlb

o  Fully migrate Jenkins Cl into GitHub Action
m Free and fast
m Same scope: Build, Test, Publish, etc.



Aether On-Ramp for SD-RAN



Misc. Update

e Python-based SDK
o Deprecating
e Python-based xApps
o Deprecating
e User documentation - WIP

o Hardware installation part (will be done in March)



Conclusion & Future Work

e SD-RAN v1.6 Scope

(@)
(@)
(@)
(@)
(@)

Bump up go version, submodule version, etc. up to date
Integrate official OAl 5G RAN and srsRAN

Integrate nonRT RIC

Propose and PoC nonRT RIC and application use-case
Propose RANSIM v2.0 - microservice-based RANSIM

e Timeline

(@)

SD-RAN v1.6: Q3-Q4 2025

e Contact

(@)

(@)

Slack #sdran-dev

Engineering team: woojoong.m.kim@gmail.com
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O-RAN RC Service Model Integration

PCI xApp - E2 Setup

Near RT RIC E2 Node -

- [M] Transaction ID
- [M) Global E2 Node ID
- RAN Functions Added List
> RAN Function Item
>> [M] RAN Function ID
| EZ SCM muast l [M] RAN Function Definition
-3 >> [M] RAN Function Revision
< >> [M] RAN Function OID
- E2 Node Component Configuration Addition List
> E2 Node Component Configuration Addition Item
>> [M] E2 Node Component Interface Type
>> [0] E2 Node Component 1D
>> [M] E2 Node Component Confiquration

Update onos-topo

I E2 Setup Response l RAN Function Definition for REPORT

- Sequence of REFORT styles
RIC Report Style Type: 3

RIC Report Style Name: E2 Node Information

Supported RIC Event Trigger Style Type: 3 (E2 Node Information Change)

RIC Report Action Format Type: 1 (E2SM-RC Action Definition Format 1)

RIC Indication Header Format Type: 1 (E2SM-RC Indication Header Format 1)

M] RIC Indication Message Format Type: 3 (E2SM-RC Indication Message Format 3)
> Sequence of RAN Parameters Supported: empty

>> [M] RAN Parameter ID

>> [M] RAN Parameter Name

>> [0] RAN Parameter Definition

vVVVVVY

RAN Function Definition for CONTROL

=~ Sequence of CONTROL styles
> [M] RIC Contrel Style Type: 9
> [M] RIC Control Style Name: PCI Control

> Sequence of Control Actions:

>> [M] Control Action ID: 1

>> [M] Control Action Name: PCI comtrol

>> Sequence of Associated RAN Parameters

>>> [M] RAN Parameter 1D: 1, 2

—> >>> [M] RAN Parameter Name: NR PCI, CGI
[0] RAN Parameter Definition
RIC Control Header Format Type: 1
RIC Control Message Format Type: 1
RIC Call Process ID Format Type
RIC Control Outcome Format Type: 1
> Sequence of Associated RAN Parameters for Control Outcome
>> [M] RAN Parameter ID: 1

>> [M] RAN Parameter Name: Received Timestamp

>> [0] RAN Parameter Definition

Vv vy




O-RAN RC Service Model Integration

PCI xApp - E2 Subscription

RIC Subscription Request

{M] Message Type
- [M] RIC Request IO

- [M] RAN Function ID
Near RT RIC E2 Node - [M] RTC Subscriprion Datails
> [M] RIC Eveat Trigger Definition

> Sequence of Actions (> 1)

»>> [M] RIC Action ID: 3
l >> [M] RIC Action Tyne! Report
>> [0] RIC Action Pefinition
>> [0] RIC Subseguenl Ac_iun

| RIC Subscription Requost

E2SM-RC Event Trigger Definition Format 3

- Sequence of £Z Node Information Change

[M] Event Trigger Conditzion 1D

IM] E2 Node Information Change ID: (1, 2}
|0] RAssaciated Cell Trto

{0] Logical OR

| RIC Subscription Rasponse |

vYVvVvYvy

E2SM-RC Action Definition Format 1

Parameters to be Reported List
> RAN Parameter lU: CGI, NR-PCI




O-RAN RC Service Model Integration

PCI xApp - Report

| esrhc | == RIC Indication Message

- Sequence of Cell Information

[4] Cell Global ID

[C] Cell Context Information

[G] Cell Deleted

[C --> M] Neighbour Relation Table

vV V'V W

| RIC Indication ] Neighbour Relation Information

- [M] Serving Cell PCI
--------------------- - [M] Serving Cell ARFCN
- [M} Neighbour Cell List




O-RAN RC Service Model Integration

PCI xApp - Control

I Near RT RIC \ ‘ E2 Node I RIC Control Request
- [M] Message Type

- [M] RIC Reques:t ID
= |M] RAN Function TD
| RIC Control Request I {0] RIC Call Process ID

= [M] RIC Control Header

- [M] RIC Control Nessage
= |0] RTC Contral Ack Request

E2SM-RC Control Header Format 1
- [M] LE 1D

[ RIC Control ACK | - [M] RIC Style Type: 9
- |[M] Cantral Action TD: 1

[0] RIC Centrol Cecislon

A

E2SM-RC Control Message Format 1

List of RAN Parameters
> [M] RAN Parameter 1D: 1 (NR-PCI), 2 (CGI)
> [M] RAN Farameter Value Type




O-RAN RC Service

MLB XApp -

Model Integration

E2 Setup

Near RT RIC E2 Node
| E2 Setup Request |
i Update onos-topo !
| E2 Setup Response |

>

E2 Setup Request

(M) Message Type

(M) Transaction ID

Global E2 Node ID

RAN Functions Added List
RAN Function Item

>> [M] RAN Functiecn ID

>

>> (M) RAN Function Definition

>> (M) RAN Function Revision

>> (M) RAN Function QID

EZ Node Component Configuration Addi List
E2 Node Component Configuration Addition Item
>> (M) EZ Node Component Interface Type

>> (0] E2 Node Component ID

>> (M] EZ Node Component Configuration

Y

-

>
>
>

RAN Function Definition for Policy

Sequence of POLICY styles
(M] RIC Policy Style Type: 3
(M) RIC Policy Style Name: Connected Mode Mobility Control
[{M] Supported RIC Event Trigger Style Type: 1 (Message Event)
Sequence of Policy Actions (can be empty)
>> (M) Policy Action ID: 1
>» [M] Policy Action Name: Policy for Handover Control
>> (M) RIC Action Definition Format Type: 2
>> Sequence of Associated RAN Parameters for Policy Action (can be empty)
>>> (M] RAN Parameter ID: 1, 10201
>>> (M] RAN Parameter Name: Target Primary Cell ID, Cell-specific offset
»>>> [0} RAN Parameter Definition
»>> Sequence of Associated RAN Parameters for Policy Condition (can be empty)
»>»> (M] RAN Parameter ID: 1, 10201
>»> (M] RAN Parameter Name: Target Primary Cell ID, Cell-specific offset
>»> |0) RAN Parameter Definition




O-RAN RC Service Model Integration

MLB xApp - E2 Subscription

RIC Subscription Request

Message Type

Details
RIC Event Tri qger Definit:
> Sequence of Actions
A

E2SM-RC Event Trigger Definition Format1
Trigger: 1 item
1

*{ORHTR GORERRAGES  fac Event
ger

> RRC
»> RRC Message ID: UL-DCCH

0] Message Direction

0] Associated UE Info

iated UE Event

->
Logical OR
Associated UE Info

Near RT RIC

E2 Node

Event Trigger UE Event Information

RIC Subscription Request

Y

RIC Subscription Response

- Sequence of UE Event for Event Triggering
> UE Event ID: 2
E2SM-RC Acti Policy

- sequence of Policy Condition
> (M) Policy Action Definition

eo (unique ID per e2 node)
> Seq'uence of RAN Parameters

>>>> (M] RAN Parameter I

>»>7>> (M) Printablestring or Bitstring: NR CGI value
RAN Parameter ID: 10201
>»> (M) RAN Parameter Value type: Element (F)

>»> (M) RAN Parameter Testing

>>>> (M) RAN Parameter
>>>> Element with Key Flag False

>35> nmmxuumg or mmumq ¥R CGI value
>»>»> (0 =-> M) logical OR: (D)

{M) RAN Parameter ot 10201
False

t M) RAN Parameter Value:
>>>»>> INTEGER: Ocn_rc
) Logical OR: fali

(a¥D)

structure

-uuc:m

>>>>>> Sequence of RAN Paranctaid
>>>>>>> RAN Parameter 3
>»>>>>> RAN Parameter Type: structure
>»»>>>>> RAN Parameter structure
»>>>>7>7> Sequence of RAN Para:
237>3>>> RAN Parameter I
>>3>7>>>> RAN Parameter Type: Element with key flag false
>>>3>>>>>>> RAN Parameter Value

(¥R CGI)




O-RAN RC Service Mo

MHO xApp - E

el Integration

Setup

Near RT RIC

E2 Node

E2 Setup Request

”l I
il

é Update onos-topo

E2 Setup Response

Y

E2 Setup Request
Message Type
Transaction ID
Global E2 Node ID
Functions Added List
Function Item
] RAN Function ID

(M) RAN Function Definition
] RAN Function Revision
>> (M) RAN Function OID

onent Configuration Addition List
ponent Configuration Addi
onent
onent
onent Configuration

RAN Function Definition for INSERT
- sequence of INSERT styles
) RIC Insert style Type: 3
RIC Insert Style Name: Connected Mode Mobility Control uq\uu
supported RIC Event Trigger Style Type: 1 (Message Even
3

RIC Action Definition Format Type

sequence of Insert Indications <0,...
Insert Indication ID: 1

Insert Indication Na

>
>
. 1
>
>

x>

>> (M)

: Handover Control Request

»» Sequence of Associated RAN Parameters: empty
>

>
>

RAN Param
RAN Paras
RIC Indication Header Format Type: 2
RIC Indication Message Format Type: §
> (M) RIC Call Process ID Format Type: 1

> M)

RAN Function Definition for CONTROL
styles
RIC Control Style Type:

Sequence of CONTROL

3
RIC Control Style Name: Connected Mode Mobility

> sequence of control Actions:

Control Action ID: 1
Control Action Name: Handover Control
>> Sequence of Associated RAN Parameters
Parameter ID: 1-6
Parameter Name: Target Primary Cell ID
Parameter Definition
RIC Control Header Format Type: 1
RIC Control Message Format Type: 1
(0] RIC Call Process ID Format Type: 1

RIC Control outcome Format Type: 1
sequence of Associated RAN Parameters for Control Outcome
RAN Parameter ID: 1
Parameter Name: Received Timestamp
Parameter Definition

>> (M




O-RAN RC Service Model Integration

MHO XxApp - E2 Subscription

RIC Subseription Request

l

RIC Subscription Response

RIC Subscription Request

- [M] Message Type

RIC Request ID

M] RAN Function ID

(M) RIC Subscription Details

> [M) RIC Event Trigger Definition

> Sequence of Actions (> 1)

>> (M) RIC Action ID: 3

>> [M] RIC Action Type: Insert
>> [O) RIC Action Definition
>> (0] RIC Subsegquent Action

E2SM-RC Event Trigger Definition Format 1

- Seguence of Messages for Event Trigger: 1 item
> (M) Event Trigger Condition ID: 1
> RRC

>> RRC Message ID: UL~-DCCH

> [0) Message Direction

> (O} Associated UE Info

> [0 ==> M) Associated UE Event
> (0} Logical OR

- (0) Global Associated UE Info

Event Trigger UE Event Information

- Sequence of UE Event for Event Triggering
> (M) UE Event ID: 2

E2SM-RC Action Definition Format 3 for Insert

Insert Indication ID

List of RAN parameters for Insert Indication
> [M) RAN Parameter ID: 1 (Target Primary Cell ID)
- [O) UE ID




O-RAN RC Service Model Integration

MHO xApp - Report

RIC Indication

Message Type 9.2.3
Request ID
Function ID
Action ID

Near RT RIC E2 Node o

SN
Type
Header

Call Process ID: Should be matched with the control message

RIC Indication Header Format 2 for Insert

RIC Insert Style Type: 3 (Connected Mode Mobility Control Request)
Insert Indication ID

<] RIC Indication -

RIC Indication Message Format 5 for Insert
- List of RAN Parameter Requested
> [M] RAN Parameter ID: 1 (Target Primary Cell ID)
> [M] RAN Parameter Value Type

RAN RAN Parameter RAN Key Flag | RAN Parameter | Semantics Description
Parameter Parameter Definition
L] Value Type
1 Target Primary Cell D STRUCTURE Target Cell Global ID IE
In TS 38.423 [15) Section
| ; ! y 92326
12 >CHOICE Target Cell  STRUCTURE Target Cell IEn TS
38,423 [15] Section
92326
—3 >>NR Col STRUCTURE NRIE In TS 38423 [15]
Section 92.3.25
4 >>>NR CGI ELEMENT FALSE | NRCGIIEINTS
38423 [15)
Section922.7
5 >>E-UTRA Cell STRUCTURE E-UTRA |E in TS 38.423
1 [15] Section 9.2.3.25
6 »>»>E-UTRA ELEMENT FALSE E-UTRA CGI IEin
cGl TS 38,423 [15)
| Section 9228




O-RAN RC Service Model Integration

MHO xApp - Control

RIC Control Request
Near RT RIC E2 Node - (M) Message Type
- RIC Request ID
- Function ID
- Call Process ID: should be matched with indication message
- Control Header
- Control Message
| RIC Control Request | : otrol ALK st
»
~
E2SM-RC Control Header Format 1
I RIC Control ACK | - UE ID
< - RIC Style Type: 3
- Control Action ID: 1
- (0] RIC Control Decision
E2SM-RC Control Message Format 1
- List of RAN Parameters
> [M) RAN Parameter ID: 1 (Target Primary Cell ID)
> (M) RAN Parameter Value Type
RAN [ RAN Parameter RAN Key Flag RAN Parameter Semantics Description
Paramater Parameter Definition
L] Value Type
1 Target Primary Cell D STRUCTURE Target Cell Global ID IE
In TS 38.423 [15) Section
| | 92328
2 >CHOICE Target Cell  STRUCTURE Target Cel |Ein TS
38,423 [15] Section
92326
—l3 >>NR Cet STRUCTURE NRIE In TS 38423 [15]
77777 . B Section 9.2.3.25
4 >>>NR CGI ELEMENT FALSE | NRCGIIEInTS
38423 15]
Section 922.7
5 »>>E-UTRA Cell STRUCTURE E-UTRA IE in TS 38.423
[15] Section 9.2.3.25
6 >>>E-UTRA ELEMENT FALSE | E-UTRACGIIEiIn
cel TS 38.423 (15}
3 + Section 9228




