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B5G-OPEN Project

Beyond 5G — OPtical nEtwork continuum
Grant Agreement Number: 101016663
Start Date: 01 Nov 2021

Duration: 36 months

Budget: €5.465.068,75

Call ID:H2020 ICT-52-2020 (RIA)

06/06/2023

~ AN\/A

Vo N WMENr W iE W

cnit

UNIVERSITAT POLITECNICA
DE CATALUNYA
BARCELONATECH

OPEN
LIGHT

COMM

5

B5G-OPEN

TIM

-, -
yp Infinera

NO<IA
BELCL
LABS

AN\
CTTC

\

~ Fraunhofer

HHI

»

B 90—

A
E-LIGHTHOUSE

EINDHOVEN
e UNIVERSITY OF
TECHNOLOGY

355G
OPEN



(@1
()]

OPEN

B5G-Open Pillars

Band o [ E T = Key Feature | Description
vl 1260-1360 1360-1460 1460-1530 = 1565-1625 Multi-Band Availability of bands O, E, S, C, L to provision: a) the required capacity, and b) service
C-bard Bnm operation based on requirements
Sk ; 2 Operate connectivity extending the principles of optical bypassing of nodes in the
All band 365nm Optical : i ; o .
ti Multi-Band B5G-OPEN network, allowing optical slicing based on service
el requirements and crossing network segments (i.e. access, metro, core, etc.)
e Integrated Operate and control service regardless of the access technology (Mobile, Fixed, WiFi,
Priise d access LiFi)
P / / \ E2E network Operate service and network operations from the Access Point to the Cloud node,
e ' e ‘ orchestration | which may include monitoring and Al/ML
| Based on Intent-based and zero-touch networking paradigms, autonomous operation
--‘ ﬁg | T — is built using closed-control loops at various levels, from device to network.
1@ &P IV L ration Empowered by a distributed Al/ML-based engine providing data collection and
W)NP izt (fleterd/fitterless) ROADM = 2 e * . &
W [ o intelligent aggregation, analysis, and acting on the network devices, autonomous

operation enables coordinated decision-making across domains

06/B5GE20PEN B5G-OPEN



Multi-band architectures
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Optical continuum

* Optical continuum
e Transparent multi-domain
e Access CO bypass

A:::‘sts one%??ui/r;el:vels Access CO Regional CO National CO Cloud CO * Reglonal CO bypaSS
(Fn : =) : frang : s .
= o § ! o 01 o0 01 a0 o) 0o * Multi-band
5 o L g o
__ <Wkm i <100km , <300km , | _ ~1000km  Packet-optical nodes (IPoWDM)
Y Y 3 '-\.’/ 5 . ¥ v >4
Access Kk S e Coherent pluggable
Aggregation Core ? e modules (no transponders)
~ FarEdge NN OO N g ,
_Far tage HEEEE HAMMHMMHIMDIDHDHIDDIDIDIDTTTGHinb s e Coherent Point-to-

MultiPoint (P2MP)
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Metro-core interconnection oPEN

* Currently, regional networks are terminated electronically at the IP/MPLS layer
* To enable regional to core optical bypass
- multi-domain, disaggregated, impairment-aware transparent networking

[. National nicBackbnne ‘ -- MEtrﬂ HEEH:IHHI Core

. Fibar/WDM mashed topology
G5 redes Im dotal, T80 Heks i gotad
h East

VM layer VM layer . POPsand Tt nods e

IP layer | IP layer IP layer IP layer
¢ v v

v
| Eth./IP/MPLS layer | | Eth./IP/MPLS layer | | Eth./IP/MPLS layer |

Eth./IP/MPLS

layer i DOTN layer ! ! DOTN layer ! E D OTN layer |
Phot. layer F—W | Phot. layer |<—>| Phot. Iayer]
| Fibre layer Fibre layer | I Fibre layer Fibre layer I

| Duct layer Duct layer l‘———'l Duct layer Duct layer I'—

SLatistica

Example of regional and national optical networks (TIM)
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Metro-core tra nsparent Interconnection

* Regional and National optical networks are
typically provided by different vendors

* |Impairment-aware path computation
across domains considering multiple bands

e Standardized way to handle impairments
and expose (manifest) capabilities

IETF explicit mode GNPY OpenConfig OLC-E tool
supported modes mode operational mode
bit rate bit rate data rate
baud rate baud rate baud rate symbol rate
min OSNR required OSNR in
0.1nm
roll off Tx roll-off filter roll off
grid spacing adjustment granularit y

min frequency

max frequency

min Rx power

max Rx power

CD max

PMD max

€D penalty

PMD penalty

DGD penalty
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Provisioning with Manifest

OpenConfig Agent of devices exposing
detailed descritpion of supported parameters

For example, a transpoder can include the
detailed description of supported operational
modes

SDN Controller forwards such info through
TAPI to the impairment-aware Path
Computation Element

Fiber parameters are taken from inventory
Next step to move towards MB multi-domain
* Connection termination to a ROADM

degree (not to a receiver)
* Updates to OpenConfig model
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Orchestrator

AN ) ImpA
e tid ONOS

; width":"50.0","min-rx-osnr":"33.0","bit-

m rate":"TRIB_RATE_40G","min-tx-osnr":"40.0","max-input-

power":"9.0","max-differential-group-

CTch delay":"1.0","modulation-

format":"MODULATION_FORMAT_QPSK","min-input-
power":"0.0","baud-rate":"20000000000.0","max-
polarization-dependent-loss":"0.12","max-chromatic-
dispersion":"200.0"},"fec":{"pre-fec-ber-
threshold":"0.000000000001","coding-gain":"8.53","fec-
coding":"FEC_HD","coding-
overhead":"7.0"},"filter":{"pulse-shaping-
type":"OFF"},"optical-channel-config-value-
constraints":{"max-central-frequency":"205281058","grid-
type":"FLEX","max-output-power":"25","adjustment-
granularity":"G_50GHZ","min-central-
frequency":"191675804","min-channel-
spacing":"50.0","min-output-
power":"0.0"},"penalties":[{"parameter-and-
unit":"CD_PS_NM","up-to-boundary":"800.0","penalty-
value":"10.0"},{"parameter-and-unit":"PMD_PS","up-to-
boundary":"0.77","penalty-value":"1.0"} {"parameter-and-
unit":"PDL_DB","up-to-boundary":"0.12","penalty-
value™:"1.0"}}

{"mode-id":100,"mode-
type":"TRANSCEIVER_MODE_TYPE_EXPLICIT","operati
N D KIA onal-mode-capabilities":{"optical-channel-spectrum-

I_ ma.nifest |

manifest |

{OPENCONFIG
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IPOWDM

Photonic
Layer
(ROADM)

: o
* Benefits I‘I_H'I! o
* Removal of transponders as L2/18 Transponder

Router
standalone network elements
* Tight integration with IP layer
e Savings in power consumption and  conmmaseron
space in central office
e Savings in CAPEX, leveraging on
white box for Data Centers

Photonic
Layer
(ROADM)

DWDM
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Optical Access Segment

In BG5-ERA we envision the diverse landscape in the access/aggregation segment

WDM in access networks to allow mobile network functional splits and save fiber
TDM PONs

Placing of computing resources close to the end-user

Optical bypass of the local/access CO (optical continuum)

o
5G (((A)» ST @ ) Optical bypass

@ | | Optical Continuum

Packet Node with
pluggable

LiFi AP2 G o] OpemXR '
PON
i S’;_ Pluggable OLT - B '4OOZR(+) e —
» S = / OpenXR IP/ MPLS Node
' LiFi AP1 S
— 4 & regionsl C0

@ Cabinet/ @ local CO
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Point-to-MultiPoint pluggable interfaces

Aggregation performed at the interface level, avoiding intermediate aggregation switches/routers

Enterprise |

SMBs

({ ®))
/56\

Mobility

400G, 64 GHz
16 x Subcarriers

400G - P2MP

"1 2s
100G, 4x25G6 ~ yp
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Hierarchical SDN Architecture

Hierarchical SDN Controller

* Traditionally, I (HrC) |

O
N,
-

Packet SDN Optical SDN
Controller Controller

* the SDN Optical Controller controls the transport network :

* only the SDN Packet controller has the capability to configure
resources within the packet node, including its pluggables

* How to control pluggable modules? L

Royter

|~

i L
n

Dual is slightly faster,
mainly due to a
simpler coordination
- between the two

y Hrc) . “
- ! = 1
fe, ~ B . » s
: = | | - | Time [s]
M Packet SDN Controller Optical SDN Controller < B Packet s:ngomrolkr Optical SDN Controller [ CO nt rO I I e rS .
I (Pcke) (Opt<) I | (PckC) (OptC) .
s < ; ’ v

“Single” IPoWDM “Dual” IPoWDM -

Hierarchical S

<
Occurrences [%]
cwBHB3RERESS

4 y
\FI-_ YOS "(_ J o= emsmm s ememe e - . 4 a;@s, ''''''''''' ’_.( et - i Packet link discovery time (Tlink)
£5- 73 £5, gf e’ H i
S5 2 S§1 <& owever, It poses
Qvé;" </ Packet-Qptical Node Q“#’I P Packet-Queical Node T o0
R ! : . R s
ey e g P | =5 more management
| . € 20
g 15 |
- @ ------ ~ N s, 7 - L challenges
o
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IPOWDM in-band telemetry oPEN

* Monitoring and processing of optical telemetry B ROADM .
. . . Packet-optical white box
data/metadata directly in the packet WB2

fOFW ar di ng plane Packet-op&c;: white box ' _
*  Programmable ASIC (e.g. P4 technology) _

J Control plane flow entries I o

ONT action rules ’f" flow rules A ’?‘ thresholds

i
1
- [ [ \
i
/ ONT_process y E !

Forward/steer V If1
Table flow match Rewrite >

set set MAC If2 >
FR_port | ONT_port Table

A MAC rules
|

- fd e

Parser BELCIEES Table | Egress
ONT ONT Update OSNR :
TCP Headers Update pre-FEC BER ; - Read ONT OutPort
f
£

UDP Compute ONT OutPort

Metadata

IP
Ethernet

............. I .
OSNR Pre-FECBER Thr OutPort
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End-to-end provisioning assisted by Al&telemetry

B5G-ONP app
Provisioning / Network analysis /
Capacity planning
Orchestrator
[SERVERLESS - AWS]
A A
| k8s API ONOS :
INative NBI ; 4 THELROR
k8s Packet i STt Multi-Band Optical
Master Controller P Network SDN »|  Domain Telemetry
(ONOS) v A Control o[
' A ¥ T e
. el ROADM 7 __-ROADM
K R1/~ vl R2 /—\
\ &ISONIC)[3 i AMP1 AMP2
PR 3witch Packet / Optical} pyi,e7opoint Connectivity
Node *_ TAPI DSR Connectivity Request i
Optical Connectivity
TAPI Photonic Media Layer (Network Media Channel).
-
K8s Node
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End-to-end provisioning assisted by Al&telemetry

Hierarchical Control Architecture
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End-to-end provisioning assisted by Al&telemetry =

|[0] 0:PACKETCONTROLLER* 1:bash- ~ "vmopticallab" 22:05 22-feb-23
TRACE CALL notification stream get_log_times(stream=mellanox) --> CONFD_OK
TRACE CALL notification stream get_log_times(stream=mellanox) --> CONFD_OK — "
TRACE CALL notification stream get_log_times(stream=mellanox) --> CONFD_OK .
TRACE CALL notification stream get_log_times(stream=mellanox) --> CONFD_OK
TRACE CALL notification stream get_log_times(stream=mellanox) --> CONFD_OK
TRACE CALL notification stream get_log_times(stream=mellanox) --> CONFD_OK
TRACE CALL notification stream get_log_times(stream=mellanox) --> CONFD_OK L3 Devicess ONOS Summary
TRACE CALL notification stream get_log_times(stream=mellanox) --> CONFD_OK s
= I ersion 3.0.0.0'333746304"
2 IP COhtI’O”er |0 S Transp-1 J Transp-3 D»emes S
10.30.2.223 - - [21/Feb/2023 21:06:10] " ‘ g ‘ ;'::; &
10.30.2.223 - - [21/Feb/2023 21:07:32] " \ / Topology SCCs
10.30.2.223 - - [21/Feb/2023 21:07:33] " 30.2 : N - e o
1M M 9D 792 _ _ [D1/Eah/2°022 21-mQ-201 " " 200 - :5'9: ROADINE :@“”’D"j L,:;:s
€
File Edit View Control Node Annotate Tools Help
e OB > P> IIEC @I o QQ | < SONIC-1
(
URI netconf:10.30.2.44:2022
® Emulated IP network GNS3 root@elighthouse-ubuntu-1: / ~ N . Vendor sss
JR— MEvery 3,0s: traceroute -n -m ... elighthouse-ubuntu-1: Wed Feb 22 22:04:14 2023 W H/W Veffion 1.0.0
- traceroute to 132,168.2,2 (192,168.2.2), 5 hops max, 60 byte packets n o - —— s/V\{Verswn ol SECLD
&= 1 132,168.1.1 10.223 ms 10,206 ms 10,195 ms @wa 12 ff:‘ ROADM-4 Serialy 619519 |
PR 2 10,0,31,2 20,310 ms 20,307 me 20,296 ms Protocol co
3 10.0.53.2 30.353 ms 30.354 me 30.346 ms
4 10,0.54.1 40,393 ms 40.392 ns 40,383 ns Grid Y 850.0
Q 5 10,0.45.1 50,411 ms 50.407 ms 50.398 ms \. Goa% 66
_ SONIC-1 B24Y SONiIC-2
Ports 1
(> 1) traceroute I
— Tunnels 0
0@ 2] i [w[@]~Li) o]
B B E =3
l S Qs o 2 """ .
Console ! # A @ Optical controller ONOS

GNS3 management console.
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https://www.b5g-open.eu/

W https://twitter.com/b5gopen
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