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ONF Open Transport Config & Control (OTCC) Project

* Mission
- Promote common configuration and control interfaces for transport networks in

SDN, defining these interfaces with open source software and software defined
standards

* Leadership — OTCC TST

Lyndon Ong, Ciena, OTCC project lead

Giorgio Cazzaniga, SIAE, Wireless Transport sub-project lead
Karthik Sethuraman, NEC, Transport API sub-project lead
Kam Lam, Fiberhome, OT Info Model sub-project lead

* Results
- OpenFlow extensions for optical

- Transport APl Functional Requirements and SDK (related OIF and MEF demonstrations)
e https://qithub.com/OpenNetworkingFoundation/Snowmass-ONFOpenTransport

- Wireless Transport Information Model (related WT PoCs)

D)
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https://github.com/OpenNetworkingFoundation/Snowmass-ONFOpenTransport

API| Definition and Development

* Open APIs for network control are essential

ONF has defined
4 0 \ Transport API (TAPI),
L OSSI/App J and MEF has also
p . adopted TAPI for their
Common Multi-Domain Controller LSO Presto SDK
Network
abstraction Open Transport API
model
! API Agent API Agent API Agent
1 MW Controller Optical Packet
Controller Controller
Common MW Model
technological
models
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Network Control
Domain

Forwarding Domain

Link

Logical Termination
Point

Forwarding Construct

scope of Control ¢ Model of data plane resources in
an SDN-enabled network

- Technology agnostic

Forwarding _ _

element - Recursive (Forwarding
Domain may contain FDs)

Adjacency - Models static and dynamic

between FDs elements

- Extensible to different
technologies and

Termination and .
environments

adaptation

Potential for
forwarding

Product of the ONF Information Modeling and Tooling Project
ONF TR-512 Core Information Model v1.3 — see
https://wiki.opennetworking.org/display/OIMT/Ready+for+ONF+Approval
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https://wiki.opennetworking.org/display/OIMT/Ready+for+ONF+Approval

Configuring and controlling wireless networks
with ONF CIM & ONAP SDN-C

Tracy Van Brakle (AT&T)



Overview and background

r

Q
oNF

Proofs of Concept (PoCs) have been executed by the Open Networking
Foundation Wireless Working Group(s) roughly every six months to
demonstrate progress and to verify functionality and enhancements in a
multi-vendor wireless network using real network devices, beginning with
uWave/mmWave and now inclusive of eNB, RRH, DAS, |oT sensors.

The work began with ONOS, then ODL stand-alone, and now ONAP SDN-C

Date + Sponsor SDN controller and platform (C')I'I\FIQZ gf;egl ggg SBI protocol
1st PoC; 4Q’15; Telefonica ONOS n/a OpenFlow

2nd PoC; 2Q’16; Telefonica ODL Lithium SR4 n/a Netconf/YANG
34 PoC; 4Q17; AT&T ODL Beryllium SR2 (ECOMP) CM11 Netconf/YANG
4th PoC; 2Q’17; Deutsche Telekom | ODL Boron SR1 (ONAP release 0) CM1.2 Netconf/YANG
5t PoC; 4Q'17; AT&T ODL Boron / Carbon (ONAP “pre” Amsterdam) CM1.2 Netconf/YANG
6t PoC; 2Q'18 - TBD ODL Nitrogen (ONAP Beijing) CM 1.3 Netconf/YANG
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15t Proof-of-Concept - two basic SDN applications, OpenFlow — October 2015

I Capacity driven air interface APP I I Flow based 5hapinﬁ APP ]
OMNOS

——.———'——.—————.—————————'—'—————.—.-:-IE-I.:——————————.—————.———.———
e

Leragon ﬁ:::f:;:f::‘
Ericsson f;fﬁ::'_:;:::

|t 6
.
[~

SlaE - >

Test equipment

b vanable attenwator

« 1stPoC took place in Madrid, Spain, October 2015
 Sponsor/Host = Telefénica and IMDEA Networks, AT&T (observer)
« Equipment vendors (in alphabetical order): Ceragon, Coriant, Ericsson, Huawei, NEC and SIAE
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2"d Proof-of-Concept > FCAPS, ODL — April 2016

— Mw link

®—® cHink

« 2nd PoC took place in Munich, Germany, April 2016
« Service Providers / Operators: Telefonica (lead), AT&T, Deutsche Telekom (observer)
« Equipment vendors (in alphabetical order): Ceragon, Ericsson, Huawei, NEC and SIAE
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3'd Proof-of-Concept > ECOMP (closed loop), Spectrum Access System inter-op

PoC Participants O'F

N
& atat
* Host  ATET(WINLAB) WINLAB
* Sponsor. ATAT, Telefonica. DTAG Jedefomica
* Panicipants !
- Vendors:  Ceragon, Ericsson, NEC, Nokia, SIAE
ZTE
= SWintegrators:  HCL, Highstraet Te hnologles
Brocads, FRINX, Wipro, Spirent

" SDN Controller:

ODLbased .

C = Ceragon
S =SIAE w— Vw link
E = Ericsson

= NEC - NEC H ETH link
Nokia=Nokia e ETH (Control)
Z2=7TE

' &0 e optical
| |

« 39 PoC took place in Rutgers University Winlab, October 2016
» Service Providers / Operators: Telefonica, AT&T (lead), Deutsche Telekom
« Equipment vendors (in alphabetical order): Ceragon, Ericsson, Huawei, NEC, Nokia, SIAE, ZTE

CHTHELINUXFOUNDATION :.: DWNAP



4th Proof-of-Concept - 1588v2, connection-oriented Ethernet with re-routing

A

A

south-e

SIAE-
z

ntracom
Telecom
z

Z-hsilhg

ADVA
Aviat
Ceragon
DragonWave
ELVA-1
Ericsson
Fujitsu
Huawei
Intracom
Telecom
NEC
Nokia
SIAE

ZTE

4t PoC took place in Bonn and Prague, June 2017
Service Providers / Operators: Deutsche Telekom (lead), Telefonica, AT&T, Orange (observer)

7TE-A 7TEZ NEC- NEC- Ericsso
A z -A
0 no
2 Yorth-west
>g . north-east
7 >3
south
8 \west >
NG N %
S sou, = st
Nokia- Nokia- Y Huawei Huawei- SIAE-
A z -A z A
Dragon ragon ntracom
Wave-A Wave- Telecom
A
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Overarching objectives for PoCs 2/3/4

[~

Use Case: Multi-Vendor network integration N
I OoOM—

e OSS and BSS
& Applications

g LMy o 0ssandBss E

ivive
AVIYIVIYIN —-:-—-"$$$+®

\

EMS/ l EMS/ |
NMS1 — NMS2 .
CORBA, etc...

SNMP, CLI,
Network
Domain

Orchestrator

Controller Controller Controller

Network Network

Domain Domain

Current Situation: SDN
* Individual EMS/NMS per vendor New level of programmability on top of orchestrator
* Huge complexity and cost in building/maintaining « EMS/NMS bypassed for service creation — standardised
0OSS/BSS — EMS/NMS interfaces & simplified workflow
* Complex and slow for introducing new services * Open Source based orchestrators for project speed up
spanning multiple network domains * Reduced complexity through abstraction & § .
virtualization in controller / orchestrator NBI « - ::"if-*;?.,:;

D)
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Basic architecture for ONF Wireless PoCs 2,3,4
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g = Network functions
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)= = S8~
E = “ N
2 ESE
S S €
= $E
2 s~
5
=z s -
>
=
°
= oberd SDN controller
O Information
s @ Model Network services
D
[++]
(&
-
>
=
=2
g -
3 £ MEDIATOR
=
E SNMP
k= proprietary <« -~~~ <4 ----P proprietary
interface forwarding interface
TR plane —
VENDOR #1 VENDOR #2 VENDOR #3
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CENTENNIAL

« CENTENNIAL Is the open source project being used for (and by)
the ONF Wireless Project to deliver code that implements the
microwave (and now more generalized model) defined by the ONF
Wireless WGs.

 Applications developed in the context of the PoC are also available
iIn CENTENNIAL project repository.

Aug 9, 2015 Jun 26, 2017 _ Contributions: Commits ~
Contributions to maste cluding merge commits Third PoC s
TR-532 delivery Fourth PoC
Second PoC \ \ \

. First PoC \
: October 2016 Apni

15
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5t Proof-of-Concept = October 2017
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Special thanks to the Community!
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First Joint ONF/ONAP Demonstration with SDN-R

George Clapp



ONF Open Transport Working Group -
Wireless Transport Project — Proof-of-Concept Demo

o Sendate-Cloud {

. Berlin, Germany .__," [
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ONF / ONAP joint PoC participants and locations

Vendor Type of test devices Location of test devices Connected via (location of ODL SDN controller)
2x ETH switch _ _ _
ADVA Y ——— Open SDN & NFV Lab, Berlin, Germany Sendate-Cloud in Berlin, Germany
3x ROADM Add-Drgp Multiplgxer
AltioStar RRH Remote Radio Head |WinLab, NJ, USA OWL-cloud (WinLab) in NJ, USA
Ceragon Simulator VM inside DT-Cloud, Prague, Czech Republic |DT-Cloud in Prague, Czech Republic
CommScope DAS Distributed Antenna System |WinLab, NJ, USA OWL-cloud (WinLab) in NJ, USA

DragonWave-X

6x MW devices
4x Horizon Compact Plus (HC+)
2x Horizon Quantum

Ottawa, Canada

DT-Cloud in Prague, Czech Republic

2x MW devices

AT&T Lab, NJ, USA

AT&T-cloud in NJ, USA

Ericsson*

4x MW devices

WinLab, NJ, USA

OWL-cloud (WinLab) in NJ, USA

Intracom Telecom

2x MW devices
OmniBAS OSDR ODU

Athens, Greece

DT-Cloud in Prague, Czech Republic

Nokia* 2x MW devices AT&T Lab, NJ, USA AT&T-cloud in NJ, USA
2x MW devices . : .
SIAE AGS20 IDU split-mount Milan, Italy DT-Cloud in Prague, Czech Republic
ZTE* 2x MW devices Tianjin, China DT-Cloud in Prague, Czech Republic
LA
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Basic Architecture for ONF Proof-of-Concept Demo’s

external external
app 1 appn

OpenDaylight Controller ODL Northbound REST API

Multiple Vendors Share a
Common Model of a Wireless
internal internal

NEtWOrk Element app 1 appn
—
YANG

model | USRS NETCONF Southbound API
l \

Mediator tediator

NETCONF NETCONF
server server

Mediator

NETCONF
server

Mediator

NETCONF
server

Vendor
proprietary
interface

- Vendor - Vendor
YANG YANG .
proprietary

del proprietary del
mode interface moade interface

Vendor
proprietary
interface

>
YANG
model

>
YANG
model

Wireless
network element n

Wireless network

[\ B
element 1 SRR

eNodeB 1
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Common Information Model

‘1‘ OPEM METWORKIMNG Q Features Business Explore  Marketplace  Pricing Sign in o1 Sign up
a F FOUMDATION
L‘ El OpenNetworkingFoundation / CENTENNIAL ©Watch | 322 #Star | 9 YFork 24

<» Code Issues 3 Pull requests 0 Projects 0 Wiki Insights

Microwave Information Model
Branch: master = CENTENNIAL / models /

new file | Find file = History

‘arsion 1.0
December 2018
;g:' demx8as6 ptp-dataset with config false Latest commit 2a8b2ba on Jun 20
TR-532
i tools ptp-dataset with config false 2 months ago
i tree init synch model 4 months ago
° i uml adding simple ethernet model 4 months ago
O N F Te C h n I C a I | yang-od| Ref to CoreModel updated and config false removed. 3 months ago
| yang Ref to CoreModel updated and config false removed. 3 months ago
[ ] il yin-odl Ref to CoreModel updated and config false removed. 3 months ago
Re C O | I l | I l e n d a t I O n (T R ) 5 3 2 i yin Ref to CoreModel updated and config false removed. 3 months ago
[E] README.md housekeeping 8 months ago
README.md

Reduced Core Model and Microwave/mmWave Model

c _ Status
—
' DPE"FI'UW Date: 2016-09-01

® YANG files are valid according to pyang 1.7.
s YANG files are valid according to OpenDaylight yang-validation-tocl-0.8.2-Beryllium-SR2'

Changes compared to 24-reducedCoreModel-MWTN-Prio1 of the 2. PoC

s Prio2 and prio3 attributes added.
* Timeslots converted to segments
® Yang containter arouned status conditional packages lists

* bug-fixes




r D
ONAP OMF Client apps o fi f i onf I
Operational Management 7 e () connect ault config | performance aai pn events test 0g
Framework
rA&N ) [ commons [$openDaylight, $database, $mediator, $log, Common Objects] ]

Active and
Available hitp RESTCONF | WebSocket
Inventory - (html, js, css) RES
<
T -
g SDN-R webSocketManager $database
1=
EL_( REST (AAD) ONAP API deviceManager internal server
Vi
. z REST (VES Connector g apps (apps)
Collection,
Analytics and NETCONF/ONF-512/532 RESTCONF
Events for management and control to mount NETCONF servers (devices)
\ * y,
. ( 7’ -
Wireless xHaul + LTE RAN, DAS,
https://wiki.onap.org/display/DW/Architecture
loT
\
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https://wiki.onap.org/display/DW/Architecture

[ OpenDayight Dhax x

&« C O @ locathosts1al -
2 Apps BB OperStacks @ OOLs Wm SONDatabases W RestCond O CENTENNIALCode & Projects - Dashbos m 004 Distros

~

. OPEN ¢ pnf Topology

Nodes: % 16 || Alarm status: A 0| A0 A O] 4 36| Sum: 36

v Map (35 of 35 sites loaded)

m’
[

& prd Topology

Google

LA
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SDN-R Functions

" OpenDaylight Dlux X
& C O @ locathosts)
5 Apps WM OperStacks &

OPEN

& pnf Inventory
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Inventory

pnf Inventory

6 ]| Alarm status: 9| AO0|A4]A 0| Sum: 1

& pnf Inventt

AltoStar-RRH-1

w ibbu | ibbu

Manutac%rer:
Altiostar

s irrhl | irrthl

Manufacturer:
Altiostar

Manufacturer:
Altiostar

w tla | tla

Manufacturer:
Altiostar

w radio | radio

Manufacturer:
Altiostar

Serial:
C1L23DFE2989

Serial:
PLW39160042

Serial:
PLW39150094

Serial:
PLW39160042

Serial:
PLW37160009

Version:
140

Version:
V2.0-Build 360

Version:
8

Version:
21

Version:
2

Date:
Sep 9, 2017

Date:
Sep 9, 2017

Date:
Sep 9, 2017

Date:
Sep 9, 2017

Date:
Sep 9, 2017

Description:
intelligent Baseband
Unit

Description:
intelligent Remote

Description:
Signal Processing
Module

Description:
tla

Description:
radio

Part Type id:
PLHP13B2SXR1

Part Type Id:

Part Type Id:
330-01-0068

Part Type Id:
340-00-0058

Part Type Id:
330-01-0078

Model Identifier:
ibbu

Madel Identifier:
irrhl

Model |dentifier:
spm

Model |dentifier:
tla

Model Identifier:
radio

Type Name:
ibbu

Type Name:
irrh1

Type Name:
tia

Type Name:
radio

C1 THELINUXFOUNDATION
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z22 pnf Inventory = o1

w SHELF-1.1,0.0 | Microwave Service Switch Shelf

Manufacturer Senal Veersion : Description Part Type id Model Idenofier

VG VG113460439 BACK2U MSS-8 3DB18485ABAA0L CRMLB10HRA

v CARD-1.1.90 | E-FANS Card in MSS Shell, Siot 9

Manufacturer Senal Dare Descrpuon Pan Type Id: Moded Identfer
SAN TH1528Q0158 Jul 11, 2015 MSSI/E-FANS 3EM239118BBAA01 CRCCASZJAA

P

> CARD-1.1.3.0 | PBETH Card in MSS Shell, Siot 3

B ok s  CARD-1.1.4.0 | P8ETH Card in MSS Shelf, Siot 4

2 CARD-1.1.1.0 | CarEvo Card in MSS Shell, Slot 1

v CARD-1.1.7.0 | P32E1DS1_A Card in MSS Shelf, Siot 7

Manufacturer Senal Verson Dare Description Pan Type id Moded idenher Type Name
SAN TH1122Q01V0 P32E1DS1 Jun 8, 2011 MSS/DS1 3DB18126AEABOL CRG2ZABUDAA P32E1DS1 A

> CARD-1.1.5.0 | MPTACC Card in MSS Shell, Slot 5

> CARD-1.1.6.0 | MPTACC Card In MSS Shelf, Slot 6

C1 THELINUXFOUNDATION :‘:DNAP 27
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NETCONF Connected Network Elements

% SDN-C Connect

Nodes: % 6 || Alarm status: 9| A0 | A 4] A 0] Sum: 13

v Required network elements

Connection status > IP address Radio signal ids

& SDIN-C Connect b
& AltioStar-RRH-1 % connected 10.31.1.141 ["41"]

' CommScope-DAS % connected 10.100.0.18 ["Tesi01"]
& Ericsson-Al % connected 10.100.0.11 ["INT3"]
& Ericsson-A2 % connected 10.100.0.11 ["INT4"]

& Ericsson-B1 % connected 10.100.0.11 ['RUBY_low"]

T Ericsson-B2 % connected 10.100.0.11 ["RUBY_high"]

LA
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ONAP Active and Avallable Inventory

12345-123-12345-22
192.168.2.33:14007
i ONAP AAI e 192.168.2.33:14006
12345-123-12345-23
10.10.240.53:4060
192.168.2.7:33002
192.168.2.18:830
10.10.235.10:40011
192.168.2.51:830
10.100.0.11:8303
12345-123-12345-21
10.100.0.11:8304
192.168.1.4:13001
192.168.1.4:13003
10.10.232.30:8307
192.168.2.33:14005

1092160 2 22.14000

TolaJ‘llems; 33

Name

ADVA-ROADM-B
DragonWave-A3
DragonWave-Z2
ADVA-ROADM-C
Quantum_FarEnd
SIAE-S2
Intracom-A
Nokia-62

ZTE-24
Ericsson-B1
ADVA-ROADM-A
Ericsson-B2
Ceragon-Al
Ceragon-Z1
Ericsson-23

DragonWave-A2

_ DrooooiA oo T2

Type

ROADM

WirelessTransport
WirelessTransport
ROADM

Wireless Transport
WirelessTransport
WirelessTransport
WirelessTransport
WirelessTransport
WirelessTransport
ROADM

WirelessTransport
WirelessTransport
WirelessTransport
WirelessTransport

WirelessTransport

S AliroloceTraocnort

DrooconiAfaag

Active and Available Inventory

Vendor v

ADVA
DragonWav...
DragonWav...
ADVA
DragonWave
SIAE
Intracom
Nokia

ZTE

Ericsson
ADVA
Ericsson
Ceragon
Ceragon
Ericsson

DragonWav...

Model v

FSP 3000R7
Horizon Quantum
Horizon Compact Plus
FSP 3000R7
Horizon Quantum
AGS-20
OSDR-13H13
Nokia 7.1

ZXMW NRB120A
MINI-LINK 6352
FSP 3000R7
MINI-LINK 6352
Simulator
Simulator
MINI-LINK 6352

Horizon Compact Plus

Uorioan Musnhao

If OAM

10.20.4.12
0
0

10.20.4.13
0
0
0
0
0
0
10.20.4.11

0
0
0
0
0

O

¥ Mainteman...

false
false
false
false
false
false
false
false
false
false
false
false
false
faise
false

false

_falco

1 THELINUXFOUNDATION
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Established SDN-R as a Subproject of SDN-C

SDN-R Subproject

Subproject Name:
e SDN controller for Radio (SDN-R)

Subproject description:

The SDN-R subproject adds features/functionality to the OpenDaylight-based controller
SDN-C (Core) that is built on the Common Controller Framework to configure and
control wireless resources.

Scope:

The following features are in scope for the SDN-R subproject for ONAP release 2...
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Community Labs in North America

TLAB

Multi-Geo Labs via an IPSec GRE
VPN tunnel

WINLAB
ONAP Wireless Lab (OWL)

1 THELINUXFOUNDATION

AT&T Advanced
Technologies

Wind River

Rutgers University/AT&T

Rich Bennett (RB2745@att com)

John Murray (JM2932@att.com)

Stephen Gooch
(stephen.gooch@windriver.com)

Ivan Seskar (seskar@winlab.rutgers.edu)

Tracy Van Brakle (tv8394@att.com)




WINLAB / ORBIT

WINLAB founded in 1989 as a collaborative
industry-university research center with
specialized focus on wireless networking

I 1 -
~25 faculty/staff, most from the ECE and CS departments

at Rutgers
WINLAB Tech Center Facility ~40-50 grad students (80% PhD, 20% MS)

Center’s research portfolio spans information theory, radio technology, wireless systems, mobile networks and computing

Eooperation (=] Teone _[ ;(Q
Connection —
Q.S _ é & :
E:lgs I;eetworks w%
= C o: rvers
(=1 .‘ —

Controller 1

=|3
0

Low Power loT Device Massive MIMO ORBIT Radio Grid Testbed GENI Rack SDN CloudLab Rack

A\
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Thank You!
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Controller Scope to support anticipated 5G use cases

SDN-C (and possibly 3™ party controller) will be used App-C (now Generic VNF Controller) is responsible for
for transport configuration — Front Haul, Mid Haul, various network application configuration (PNF / VNF) -
Back Haul, etc. DUs, CUs, Disaggregated core, etc.
5G Generic VNF Controller (L4-L7)
Application __Config — sLI ‘ LM
Ecosystem ~___ SDN-C(LO-L3) Database
= Config/ SL SDN-C DB Standard Adaptation Layer SVNEM/EMS
Oper. DB Chef Netconf Ansible Driver

S
2))

T

Adaptation Layer

-

| Netconf Yang L 3" "“’ELF“'E';““"E’ Multi-Cloud Adapt. Multi{Cloud layer for workload management,
(o) (o) = E BE ? .
Macrd|Radio e 1z1° 1K
— & Smdll Cell Cloud/VIM Driver P
Antehnas Disaggregated Core
UE/CPE
(( SMF UDM AUSF
\.

UE Management out of
scope for now

: — Internet
Fl. N

Centralized

H Cloud
...... External Content

Edge
Cloud

ONAP -

CPEM KETWORH ALTTRWATICN PLATFORR

o, |
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New Challenges in 5G Use Case

« Support a hybrid network consisting of PNF & VNF across RAN, WAN and EPC
« Support Design, Deploy, Monitor and Management of Network Slice(s)

» Design studio (SDC) enhancement

« Component models: e.g., RAN VNFs, Core VNFs, PNFs, etc.

« E2E model(s): e.g. service chain (tosca) topology, policy model(s)

« AAIl enhancements to capture topology & inventory

« SO /App-C/ DCAE / Policy enhancements to support for PNF and slice lifecycle management, slice deployment and
management

« DCAE / Policy enhancements to support open framework for near-real time network optimization, conflict resolution
during design time as well as run time across multiple microservices

« OOF enhancements to support multi-cloud and 5G network optimizations
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