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P ONAP Architecture

Version 4.0.10 (Date: May 16th, 2019)
Design | Orchestration & Management Operations

Design-Time Run-Time . D NAP

OPEN NETWORK AUTOVATION PLATFORM

Service Design & Creation Control Loop Policy Service Active & Available External System Shared
(SDC) Automation (CLAMP) Framework B Orchestration (SO) | Inventory (AAl) Register (ESR) Sarilas

Service/xNF Design Microservice Bus (MSB) / Message & Data Routers (DMaaP) . AuthN/AuthZ (AAF)

XNF Onboarding Optimization (OOF
Workflow Designer Correlation Engi . logging
< gine Infrastructure _ Virtual
Controller Design Studio (Holmes) Adaptation SDN Application et Audit (POMBA

T sud | Controller
DCAE Design Studio Data Collection (Multi-VIM/ Controller Controller Multi-Site State (MUSIC

i aS ___ &Others..
——— Analytics & Cloud) (SDNC) ( ) (VEC) & Others ...
-EEE- Events (DCAE) see

External Systems Third Party Controllers sVNFM @

Network Function Layer

ONAP Shared Utilities

CCSDK
Model Utilities Private MPLS Private IP Public
TOSCA Parser Edge Cloud DC Cloud Cloud

Curtesy of ONAP project

Managed
Environment




O-RAN Alliance

RAN Intelligent Controller (RIC) near-RT
Applications Layer

= mmm B

— —

E2 :btw RIC near-RT and CU/DU

Multi-RAT
CU Protocol Stack

NFVI Platform: Virtualization layer and COTS platform F1

0-DU: RLC/MAC/PHY-high

I Open Front Haul

O-RAN Alliance is aiming at building an “Open” and “Smart”
Radio Access Network (RAN) for future wireless systems

e e



ation Networking Projects O-RAN

ENER C1 THE LINUX FOUNDATION

Organization L. :
Tier i

ﬂ
LF Networklng

Project Umbrella/ seh Fund (LFN)
|

unding Tier

Linux Foundation Open Source Projects

El

Deep Learning
Foundahon

: Accelerator
Near-RT Adaptation —————
RIC Layer (AAL)

Integration @Non-RT RIC

Development (Sub) Projects

L1 THELINUX FOUNDATION



Open Wireless Lab (OWL) at ORBIT

* OpenStack Pike
installation
* ONAP Dublin Installation
* Three Rancher servers
 Twelve Kubernetes
nodes
* One NFS server
* Two VMs hosting
10,000 NETCONF

simulators
ETHI'—_SLINUX FOUNDATION

CCCCCCC
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1G-1 19-3 el
— L——1 | swch| [ $witch
10g link
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........

10 Ubuntu
servers managed
by OpenStack

Instances
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Deployed ONAP modules at OWL

e Currently deployed ONAP components at OWL:

e aaf

* aai

e consul

* dcaegen?2

 dmaap

* log

* msb

e oof

e policy

e portal

* robot

e sdnc

* SNIRO Emulator

* SO
HTHIfLINUX FOUNDATION

ubuntu@onap-control-1:~5 helm 1s

NAME

demo

demo-aaf

demo-aail
demo-cassandra
demo-consul
demo-dcaegen2
demo-dmaap

demo-log
demo-mariadb-galera
demo-msb

demo-oof
demo-policy
demo-portal
demo-robot
demo-sdnc
demo-sniro-emulator
demo-so

REVISION

=

L T T = Sy Sy Ay Gy Sy Sy S S5

ubuntu@onap-control-1:~5 I

UPDATED

Mon
Mon
Mon
Mon
Mon
Tue
Mon
Mon
Mon
Mon
Mon
Mon
Mon
Mon
Mon
Mon
Mon

Jul
Jul
Jul
Jul
Jul

Jul

Jul
Jul
Jul
Jul
Jul
Jul
Jul
Jul
Jul
Jul
Jul

STATUS

DEPLOYED
DEPLOYED
DEPLOYED
DEPLOYED
DEPLOYED
DEPLOYED
DEPLOYED
DEPLOYED
DEPLOYED
DEPLOYED
DEPLOYED
DEPLOYED
DEPLOYED
DEPLOYED
DEPLOYED
DEPLOYED
DEPLOYED

CHART

onap-4.0.0

aaf-4.0.0

aai-4.0.0
cassandra-4.0.0
consul-4.0.8
dcaegen2-4.0.0
dmaap-4.0.1
log-4.0.0
mariadb-galera-4.0.0
msb-4.0.0

oof-4.0.0
policy-4.0.0
portal-4.08.0
robot-4.0.8
sdnc-4.0.0
sniro-emulator-4.6.8
50-4.0.0

‘I‘ OPEN NETWORK AUTOMATION PLATFORM



ONAP-Based SON (Self Organizing Networks) (July 2019)

Optimization (OOF) Co-ordination, Decisions
. (Policy)
[ policies « SON < Control Loop (CL)
— —> W |
|  ONAP: Open-source platform,
with basic open-source code
Data Collection, _
v « Companies can use framework to

& Analysis add proprietary SON solutions

P~
lﬁ DPDWNMAPN Action

) /\
(SDN-R) i:@ « OOF-PCI Casablanca —
Control loop \l/u - First ONAP SON PClI use case

(DCAE

- PoC Demo in Dec 2018

 OOF-PCI Dublin
- Added SON function: ANR
- More SON data flows: FM, PM
- More ONAP code integration

Data, FM, PM £
5G/4G Radio Network

Config status

D)
1 THELINUXFOUNDATION SDWNAP !



COSMOS Testbed

D. Raychaudhurit (Pl), Ivan Seskar! (PD), Gil Zussman? (co-Pl), Sundeep Rangan3 (co-Pl)
1Rutgers University, 2Columbia University, SNYU

Partners: New York City, Silicon Harlem, City College of New York, University of Arizona

COSMOS is part of the NSF PAWR program, and is funded in part by NSF award CNS-1827923, and by the PAWR Industry Consortium

©COSMOS

]{UTGERS &2 COLUMBIA UNIVERSITY ch @
IN THE CITY OF NEW YORK

NYU




COSMOS Project Vision

 Latency and compute power are the two
new dimensions for characterizing sweetspot ™ oL

wireless access T
* Latency for 4G cellular > 50 ms, while |

Compute (GIPS/user)

v )
f 60

targets for 5G are <10 ms T
* Edge computing is an enabler for real- wmos | © oa

time services o F
e COSMOS will enable researchers to N T R

investigate ultra-high speed (~Gbps), low
latency (<5ms), and edge computing
(~10-100 GIPS)

e COSMOS = Cloud Enhanced Open

Software Defined Mobile Wireless
Testbed for City-Scale Deployment
©COSMOS

RUTGERS & Gounma gy
NYU

™



Key Technologies

SDR

Design goal: 400 Mhz — 6 Ghz + 28 Ghz and 60 Ghz
bands, ~500 Mhz BW, Gbps

Optical Networking

Fast and low latency optical x-haul network using 3D
MEMS switch and WDM ROADM - wide range of
topologles with SDN control plane,,

fast front-haul/mid-
haul/back-haul
connectivity between

7 radio nodes and edge
Node cloud

\m T
@COSM OS ROADM (whitebox)

ETETE]
Jan3s/ngg h:_:‘

9

EEER
)
LR |

B EaR
)

o NS

SDN and (distributed) Cloud

mmWave

IBM 28 GHz mmWave phased arrays (64 antennas with 1
or 8 beams)

Compute clusters with choice of CPU, GPU and FPGA proc.

e 40>

RUTGER

O I |:a“
| Radio Front-End

SDN control plane

used to control X- .y seares

haul and (near)

CIOUd se rver FPGA Accelerator,

connectivity

S &2 COLUMBIA UNIVERSITY
IN THE CITY OF NEW YORK

@
1

NYU

E Radio Front-End
With A/D

10/100G Switching

)

()

)

Radio Front-End
With A/D

we @

Access to regular
(far) cloud racks

over L3

The City College

of New York



COSMOS: System Architecture

* System design based on cosmos coswos
. o PN Computing é ! End-user
three levels of SDR radio (@NYO) - Genenalpurpose bty /- EdgeClowd SDR e

(0 roution securtty. § : ervers
node (S’M’L) Wlth M’L Mobility mgmt, etc.) jlis=

connected via fiber to
optical WDM transport

 SDN-based backhaul and
compute services, with
access to ORBIT, GENI... o
Medium Radio ;—*(»(‘.)))

e COSMOS control center and .
AR Node (~40)
general purpose cloud at | [P—— \ Bg

10G/100G
SDN Switching
Fabric

Small Radio
Node (~200) é

To 12/GENI

Optical
WDM
Switch

To COSMOS Sandbox
& CloudLab and

Network Control, User Portal,

RUtgerS V|a 32 AOA POP Experiment Mgmt.

COSMOS Network Operations Center (@Rutgers) COSMOS Deployment in NYC/Uptown Manhattan (@West Harlem)

RUTGERs #commmvwves [l pppe @
YU

N

©COSMOS




COSMOS Deployment Map

=T i!. ]
i i i
Morningside thts‘

Site Ownership:

@» DOE @» CCNY
CcuU NYCHA

@ DoT

Existing Fiber Plant:

Nysernet
ZenFi

CUIT Network
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Deployment:

Large node: rooftop deployments with
number of antennas and edge cloud

Medium node: street-level devices dual
use with wireless/wired backhaul

Control Center: CRAN, control,
management and operations center



West Harlem Innovation Zone

Frequency | Type of Allocation | Maximum

Band operation EIRP
(dBm)

2500-2690 MHz Fixed Non-federal 20

P < : N EWS from the Federal Communications Commission

Media Contact: 3700-4200 MHz Mobile Non-federal 20
Will Wiquist, (202) 418-0509

will wiquist@fee.gov 5850-5925 MHz Mobile Shared 20
For Immediate Release 5925-7125 MHz Fixed & Non-federal 20
Mobile
FCC ESTABLISHES FIRST TWO INNOVATION ZONES 975.28.35 GHz  Fixed Non-federal 20
New York City & Salt Lake City Projects Empower Advanced Wireless Technology .
and 5G-Ready Network Experimentation 38.6-40.0 GHz  Fixed Non-federal 20

o

COSMOS RUTGERS  Cotuman s

©
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HOW TO REALIZE DYNAMIC SLICING?

* Common Open Service Management and
Orchestrator Controller (SMO-C): e.g., ONAP

* Open Standard 5G Core and nGR APIs.

* nGR management and control APIs: e.g., O-RAN
* 5G Core management and control APls: ?



USE CASE SCENARIO: DISASTER

Earthquake / Tsunami / Wild Fire

Set out for Emergency/Paramedics/Police
team for help, aid and assist

Full service restoration

Massive network outage

Verify the active/available mobile
RANs/NEs

Create the disaster recovery slice across all
operators based on available network
resources

Adjust the slice dynamically based on
situation and for the desired period of
disaster recovery

Delete the slice




DYNAMIC NETWORK SLICING REALIZATION (1)

Runaway Rapids o
Waterpark

|

Aids Beach
e
N, S
N

Keansburg

SANDY

Normal
[T R A Operation

33 Atlantic
* Highlands

()
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Huber
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Holmdel Park

Operator A:% Operator B fgz




DYNAMIC NETWORK SLICING REALIZATION (2)

Runaway Rapids o
Waterpark

|

Aids Beach
e
N, S
N

Keansburg

SANDY

Disaster

Atlantic
Highlands

TRATHMORE PNC Bank Arts Center

Huber
Woods Park

Rumson
Holmdel Park

Operator A:% Operator B fgz
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DYNAMIC NETWORK SLICING REALIZATION (3)

Resource Poolin ' =
| ° smo-c/o-ran B B Additionally,
Y Map Creation at SM’@-C : SMO-C /O-

S
S

~ = Jarsey AY: -

N, R e
.

. &0 7 =
-1y
5

RAN-C can
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