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ABSTRACT:

Here we report on the proof of concept of the Open XR Dual Management approach in P2MP
applications where pluggables are hosted in various routers and signals transmitted over multiple line
systems. The proof of concept demonstrates:

1. Compatibility of XR signals with a variety of line systems in
a. Point-to-point configuration and
b. Point-to-multipoint configuration
2. Compatibility of XR pluggable transceivers with a variety of host systems (Juniper,
DriveNets & Ufispace, SONiIC & Edgecore, Infinera TM301, and Infinera NDU)
3. Advanced management functionality of smart pluggable transceivers, demonstrating the
capability of modern routers to seamlessly support remote management of pluggable
transceivers through the Open XR Management Architecture.

This shows the viability of XR to transform the network, while being able to seamlessly integrate with
legacy network infrastructure.
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1 Executive Summary

1.1 Proof of Concept
Open XR promises to simplify the network architecture with long-reach coherent optics supporting point-
to-point and point-to-multipoint connectivity, provide advanced transponder like functionality in a
pluggable form factor, while being able to be deployed in existing optical fiber infrastructure and
network equipment. This comes with a wide variety of challenges, from co-existence in deployed line
systems and PON networks to being deployed in a variety of different types of hosts, all while providing
full operational management functionality for advanced pluggable transceivers without full featured
support by the diverse host system infrastructure.

In this Open XR Proof of Concept, we demonstrate the capabilities of Open XR transceivers to excel in
such diverse environments by showing:

e The Coexistence of Open XR signals in a variety of line systems and networks, tested line
systems from Ciena and Infinera, and Point to Multipoint deployment of XR in a legacy PON
environment.

e Compatibility of Open XR transceivers with a variety of hosts, tested routers: Juniper / Evo,
Ufispace / DriveNets, Infinera, and Edgecore / SONIC.

e Advanced management capabilities of Open XR transceivers and the Open XR controller,
offering unambiguous control of the Optical Line Side independently from the
(disaggregated) hosts [1], here tested in operating anJuniper / Evo and UfiSpace /
DriveNets.

Open XR forum members Liberty Global, Infinera, Juniper, UfiSpace, and DriveNets supported this
demonstration of a network with diverse hosts. Demonstrating interoperability of Open XR signals and
multiple Optical Line Systems currently in use in Liberty Global networks, as well as Interoperability of
Open XR modules with a diverse set of 400G routers (Juniper, Ufispace, ...). Both, 400G point-to-point
and 400G to 4 x 100G point-to-multipoint are shown.

In addition, coexistence of the Open XR signals and the Liberty Global XGS-PON signals on the same
PON single fiber infrastructure is demonstrated.

2 Demonstration Objectives

2.1 Interoperability with Deployed Line Systems in the Liberty Global Optical Network
First, the interoperability of the Open XR signal and deployed Liberty Global Optical Line Systems was
demonstrated.

Liberty Global has deployed the Infinera XTM line system widely in the metro layer of the network in
various countries.

The Ciena OME 6500 line-system supports the Liberty Global international network as well as the
national network of the various countries Liberty Global operates in.

Interoperability between these line systems and the Open XR signal is crucial for brownfield
deployments. This is key for the rapid adoption of Open XR in existing network infrastructures.

Open XR Optics Forum | 6
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To demonstrate compatibility, the following scenarios are investigated for each line system:

1. 100GHz and 112.5GHz AWG Line System passband compatibility of a 16-subcarrier wide signal
and 50GHz AWG Line System passband compatibility of an 8-subcarrier wide signal.

2. Ability of the Line System to read optical signal power level and regulate it to required power
level at the line side.

3. Ability of the Rx side of the Open XR module to recover the signal after being transported across
the line system.

4. Support for Open XR P2MP connectivity after the signal is transported over a Line System and
an optical splitter.

5. In afinal test, interoperability of Open XR signals with current Liberty Global XGS-PON systems
is tested, demonstrating the deployment of an Open XR signal in a single fiber point-to-
multipoint Liberty Global PON testbed to show coexistence with XGS-PON signals in the same
fiber tree.

For this evaluation, the pluggable transceivers were hosted in 400G EdgeCore Whitebox switch running
SONIC or Infinera TM301 system equipped with CFP2 Open XR modules.

2.2 Interoperability with a variety of Routers and diverse Hosts supporting 400G pluggables
The interoperability of the Open XR transceivers with 400G routers at Liberty Global is demonstrated.
This is done by varying the host systems throughout the trials.

Host systems tested in the Liberty Global labs were Juniper PTX10K 400G routers and DriveNets
UfiSpace 400G routers, 400GE EdgeCore Whitebox switches, Infinera TM301, and an Infinera Network
Demarcation Unit (NDU) connected to a Nokia SR-7s. The Infinera NDU facilitates connectivity between
XR pluggables and QSFP28 pluggables.

Table 1: Tested Host Devices

Verified Host Devices

Juniper PTX10K 400G routers

DriveNets UfiSpace 400G router

400GE EdgeCore Whitebox switch with Sonic

Infinera TM301

Infinera NDU connected to Nokia SR-7s through QSFP28

Compatibility of these routing platforms with Infinera Open XR compliant pluggable transceivers was
tested:

1. Successfully power up the module,

2. start up the module through MDIO or CMIS management interface,

3. establish data connectivity though the module, verified by traffic test set,
4

and enable IP connectivity between the pluggable transceiver and an external Open XR
Controller.

Open XR Optics Forum | 7
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2.3

3

Demonstration of Advanced Open XR Management Functionality with the Open XR Controller

Open XR modules provide advanced functionalities beyond the capabilities of currently deployed host
systems. The Open XR management architecture [1] mitigates this mismatch by providing host
independent management capabilities of advanced functionalities through the Open XR controller. These
features include inventory and monitoring but also configuring advanced functionalities for point-to-point
high performance transmission, point to multipoint (establishing point to multipoint module connectivity,

assigning subcarriers, ...).

Interoperability with a variety of 400G Routers and diverse Hosts

3.1 Introduction
A variety of host systems were tested in both P2P and P2MP configurations throughout the following

4

two chapters.

Table on which host is tested in which section.

Host

Section and application

Juniper PTX10K v23.1-EVO

5.4 - 5.5 p2p Dual Mgmt

DriveNets v17.3 & UfiSpace S9702-23D

4.6 p2mp single fiber, 5.2 p2p, 5.3 p2p Dual Mgmt, 5.6 p2p
Dual Mgmt remote, 5.7 p2mp Hub

SONIC 2011-11 & EdgeCore

4.2 p2p, 4.3 p2

Infinera XR-NDU

4.5 p2mp Leaf, 5.7 p2mp Leaf

Infinera TM301

4.4 p2p, 4.5 p2mp Hub

Interoperability with Deployed Line Systems in the Liberty Global Optical Network

4.1 Introduction
Compatibility with multiple line systems was investigated and successfully demonstrated. The line

systems and utilized host devices are listed in the Table below. The line systems were representative of
line systems deployed in the Liberty Global networks.

Table 2: Tested combinations of line systems and host devices for line system interoperability tests.

and DCU

Line System Scenario Host Device
4.2 | Infinera XTM 100GHz Flex Grid WSS 1x400G 400GE EdgeCore Whitebox switch
point-to-point running SONIC
4.3 | Ciena OME 6500 112.5GHz Flex Grid 1x400G 400GE EdgeCore Whitebox switch
WSS point-to-point running SONIC
4.4 | Infinera XTM 50GHz, Fixed Grid WSS, 2x100G P2P Infinera TM301 system

point-to-point

Open XR Optics Forum | 8
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4.5 | Infinera XTM 100GHz Flex Grid WSS 2x100G Infinera TM301 and Infinera NDU
with P2MP breakout after transmission point-to-multipoint
4.6 | PON single fiber overlay scenario 2x100G UfiSpace DriveNets and Infinera NDU
point-to-multipoint

4.2 Open XR 400G P2P signal and Infinera XTM 100GHz Flex Grid WSS
The Infinera XTM line system is widely used inside the metro layer of Liberty Global network. This line
system is currently mostly in combination with transponders and muxponders, extending the usage of
this infrastructure with Open XR technology would make it much more valuable for Liberty Global.

To demonstrate the interoperability an XTM line system setup with two optical nodes interconnected
with 40 km of SMF-28E+ fiber was used. The XTM line system software version used was v35.0.

The line system was equipped with 100GHz AWG filters, 1x9 Route & Select WSS modules, and twin
EFDA amplifiers. To control the optical signal power an OCM was deployed at the amplifier to measure
the per channel signal power and control the VOA attenuation level inside the WSS module.

Connecting to the line system was a 400GE EdgeCore Whitebox switch running SONIC version
SONIC.ec202111.0-dirty-20220928.150408. This device acted as the host for two XR modules running
software version v0.2.2. One XR module was acting as the XR Hub module and the other as XR Leaf
module.

The connection across the line system was established on 100GHz port 940 with optical signal center
frequency 194.00GHz.

1x9ROADM-F 21EC/VG  21EC/VG 1x9ROADM-F
IL: -7.5dB IL: -7.5dB

Corming SWF-28 ’." Edgecore &

Carning SMF-28 400G Open XR
m 64Gbaud

(16x 160AM @ 4Gbaud) P2P Leaf
x40 4 40 km ; 40
ITU-T Ch14-Ch61 L SMF-28E+ Lt +

ocm/8p  Fiber  gcmysp
Spoals

P2PHub  (15x 160AM @ 4Gbaud)

194.00GHz
CO-DABEV/II

Figure 1 - Logical diagram of testbed 1 — Infinera XTM 100GHz
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Figure 2 - Rack layout and cabling of testbed 1

4.2.1 Test results
Using testbed 1 a 400G P2P connection was successfully established between the two XR modules and
across the Infinera XTM line system.

The OSA readings from the transmitted XR signals and the received XR signals indicated that the full 16
XR subcarriers fit through the AWG filter. The attenuation curve of the AWG was showing on the AWG,
but the signal could be recovered on the outer subcarriers.
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Figure 4 - P2P Leaf Tx (Green) P2P Hub Rx (Red) Optical Spectrum Analyzer readings

Liberty Global has deployed most of its XTM line systems as 40 channel systems. To achieve the best
performance, the line side optical signal power per channel is set to 3.5 dB. During the test it was
possible to achieve this power level of 3.5dB as shown in the XTM element manager screenshot. Also
the XR signal was established successfully across the line system with Regulation switched on.
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Figure 6 - Infinera XTM line system of testbed 1

4.3 Open XR 400G P2P signal and Ciena OME 6500 112.5GHz Flex Grid WSS
The Ciena OME 6500 line system is widely used inside the core and international layer of the Liberty
Global network. This line system is currently mostly in combination with transponders and muxponders,
extending the usage of this infrastructure with Open XR technology would make it much more valuable
for Liberty Global.

To demonstrate the interoperability a two node Ciena OME 6500 line system setup with two optical
nodes interconnected with 10dB attenuators was used. The Ciena OME 6500 line system software
version used was v12.72.

Open XR Optics Forum | 13
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The line system was equipped with 112.5GHz AWG filters, 1x9 Broadcast & Select WSS modules, and
two stages of twin EFDA amplifiers. To control the optical signal power an OCM was deployed at the

amplifier to measure the per channel signal power and control the VOA attenuation level inside the WSS
module.

Connecting to the line system was a 400GE EdgeCore Whitebox switch running SONIC version
SONIC.ec202111.0-dirty-20220928.150408. This device acted as the host for two XR modules running

software version v0.2.2. One XR module was acting as the XR Hub module and the other as XR Leaf
module.

The connection across the line system was established on 112.5GHz with optical signal center frequency
195.0188GHz.

OSA

MLA/ MLA3 MLA/MLA3
EdgeCore & DFA

e ‘Corning SMF-28 Edgsf)cv\:::e L
64Gbaud Cornlng SHF-28 64Gbaud
(16x 160AM @ 4Gbaud) m (16x 160AM @ 4Gbaud)
x42 42
CMD42
Mux: -6.5dB 9x1 10dB Att. 9x1 +
Demux: -7.1dB -11.7dB -11.7dB
PB: >108GHz @ 3dB Compensated @ 2 drop ports Compensated @ 2 ports

Figure 7 - Logical diagram of testbed 2 — Giena OME6500 112.5GHz
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u21

u1s

_d-"f
_Infirera TM3000

Ciena CMD44

Infinera Demokit -

[ EdgeCore SONiIC W ¢
uos

Infinera NDU ]
Infinera NDU

U02-04 Infinera TM301

Infinera TM301

Figure 8 - Rack layout and cabling of testbed 2

4.3.1 Test results
Using testbed 2 a 400G P2P connection was successfully established between the two XR modules and
across the Ciena OME 6500 line system.

The OSA readings from the transmitted XR signals and the received XR signals indicated that the full 16
XR subcarriers fit easily through the 112.5GHz AWG filter. The attenuation curve of the AWG was
showing on the AWG, but the signal could be recovered on the outer subcarriers.
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XR - Downlink & Uplink

Measured Power (dBm)

0 19498 19499 195.00 19501 195.02 19503 195.04 19505 195.06

Figure 9 - XR Downlink (Green) and Uplink (Black) Optical Spectrum Analyzer readings

Figure 10 - Ciena OME 6500 line system of testbed 2
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4.4 Open XR 2x100G P2P signal and Infinera XTM 50GHz, Fixed Grid WSS, and DCU

The Infinera XTM line system is widely used inside the metro layer of Liberty Global network. This line
system is currently mostly in combination with transponders and muxponders, extending the usage of
this infrastructure with Open XR technology would make it much more valuable for Liberty Global.

In its most common setup, the XTM is equipped with a 50GHz fixed grid system, which includes a 1x2
WSS and Dispersion Compensation Units. These systems are 10G signal optimized but lack support for
400G coherent signals. The passband should allow for up to 8 Open XR subcarriers which allows for the
delivery of 200G worth of capacity on a single 50GHz channel.

To demonstrate the interoperability an XTM line 50GHz system setup with two optical nodes
interconnected with 40 km of SMF-28E+ fiber was used. The XTM line system software version used
was v35.0.

The line system was equipped with 50GHz AWG filters, 1x2 Route & Select WSS modules, and twin
EFDA amplifiers. To control the optical signal power an OCM was deployed at the amplifier to measure
the per channel signal power and control the VOA attenuation level inside the WSS module.

Together with the Open XR signal a 100G QPSK optical signal and a 10G optical signal were transported
by the XTM line system.

Connecting to the line system was an Infinera TM301 system equipped with CFP2 Open XR modules.
One XR module was acting as the XR Hub module and the other as XR Leaf module.

The connection across the line system was established on 50GHz with optical signal center frequency
194.00GHz. The Open XR modules were configured to send 8 subcarriers with 16QAM modulation by
switching off 4 of the outer subcarriers on both sides.

FXP400
Ch957 QPsSK
2~30Ghaud -
TM301
-

Ch940 32Gbaud
(8x 16QAM @ 4Gbaud) |

r‘mmjf SMF-28

Corning SMF-28

Ch940 32Gbaud
[8x 16QAM @ 4Gbaud)

A A&y DCDK652 T
TPD10GBE s /XX 40 km D10GBE
SMF-28E+ Ch 955 10G
ch 955 10G Fiber Spools

MDU40/50G-EVEN-L
(Spacing:100Ghz, BW:50Ghz,
IL:6dB,ITU-T Ch19-Ch58)

MDU40/50G-EVEN-L
(Spacing:100Ghz, BW:50Ghz,
IL:6dB,ITU-T Ch19-Ch58)

Figure 13 - Logical diagram of testbed 3 — Infinera 50GHz

4.4.1 Test results

Using testbed 3 eight 25G subcarriers were successfully transported across the 50GHz XTM line system

with one subcarrier margin on both sides.
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XR - Downlink & Uplink

[— Downink B
T

Measured Power (dBm)

-0 t i i } } + + + }
19305 193.06 193,07 193.98 103.09 194.00 194.01 19402 194.03 194.04 194.05
Frequency (THz)

Figure 14 - XR Downlink (Green) and Uplink (Black) Optical Spectrum Analyzer readings

4.5 Open XR 2x100G P2MP signal and Infinera XTM 100GHz Flex Grid WSS
The Infinera XTM line system used in testbed 1 was extended with a 4x4 Coupler for Open XR 2x100G
P2MP signal interoperability testing as part of testbed 4.

Connecting to the line system were an Infinera TM301 with CFP2 Hub and CFP2 Leaf module, as well as
a NDU with CFP2 Leaf module.

The connection across the line system was established on 100GHz port 940 with optical signal center
frequency 194.00GHz.
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P2ZMP Leaf 1
TM301 CFP2 Leaf

400G Open XR

VIAVI
Traffic Gen.

VIAVI

; 1X9ROADM-F 21EC/VG  21EC/VG 1x9ROADM-F

Traffic Gen. iL:-7.5dB IL: -7.5dB
100Gbps

TM301 CFP2 Hub

400G Open XR

4Gbaud
1x 16QAM @ 4Gbaud)

Corning SMF-28

Corning SMF-28
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Figure 15 - Logical diagram of testbed 4 — Infinera 100GHz with 4x4 Coupler

4.5.1 Test results
The 2x100G P2MP signal was successfully transported across the 100GHz XTM line system and the 4x4
Coupler. The optical signal was also received, demodulated, and decoded successfully at the Hub and
the two Leaf sides.

The XTM had to be configured for a 0.5dBm line side power to successfully regulate the XR signal.

Optical management Carrier Regulation
Channel plan Fregquency slot Carrier

Mean channel power control

Search ¥ perx

1515

- carrierRegulation:2:67
o T,
Ly Name carrierRegulation:2.67
18 Center frequency 194.000000 THz
1519 Carrier width 100.000 GHz
15:1:10 Administrative status up v
f5:1:11 ‘Operational status up
15112 Status idle.
5113 Power level threshold -5.5 dBm
5114 Optical power 0.5dBm
5115 ‘Wanted optical power 05 dém
5116 Aftenuation 17dB

Minimum supported attenuation 0.0dB
5117

Maximum supporied attenuation 15.0 dB
fs1.18

Attenuation control offset 1.0 de
15119

Force regulation forceRegulation
5:1:20

Startup startup
fs121

‘Output power control failure ok
fs122

Attenuation control degraded ok
5123
= Carrier not found ok
51124 .

Measurement time Thu Nov 3 17:13:19 CET 2022
15:1:25 Current power out of range ok
151126 Attenuation out of range ok

Figure 16 - Infinera XTM 0.5dBm line side & regulation

4.6 Single fiber p2mp with XGS-PON coexistence with UfiSpace DriveNets 400G router
The Nokia XGS-PON test network in Liberty Global’s lab facility was extended with a circulator and
multiple splitters. This allows for testing the coexistence of the XGS-PON optical signal and the Open XR
signal on the same single fiber tree.

Open XR Optics Forum | 20



OPEN XR

) www.openxropticsforum.org

The Open XR hub side was set up in @ p2mp fashion connecting to two leafs with 100G full duplex
speed for each. In parallel to this a single XGS-PON ONU device was connecting with a 10G speed to an
OLT using the same fiber.

IXIA
Traffic Gen.

200G CFP-2
Open XR

DriveNets 17.3 &
UfiSpace 59700-23D network

400G Open XR

XR-NDU

200G CFP-2
Open XR

reflection

-

IL:-0.6dB

HTTP File SRV
: 10.63.69.203
High Res. OSA BOSA BusyBox v1.32.1
Lab mgmt
Wideband OSA network

— Open XR Test bed 8

Figure 17 - Logical diagram of the Open XR and XGS-PON coexistence testbed

4.6.1 Test results
The 2x100G P2MP signal was successfully transported across the single fiber tree including the
circulators and splitters. At the same time the XGS-PON signal was also transmitted successfully and the
working of the IP packet forwarding function was successfully verified.
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Figure 18 - High Resolution OSA graph of the Single Fiber XR signal from hub and leaf interleaved
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Figure 19 - Wideband OSA graph showing both XGS-PON and Open XR signal.

5 Advanced Management of Smart Pluggable Transceivers in a Variety of Hosts

5.1 Introduction
The Advanced management capabilities of the smart pluggable transceivers were tested in a variety of
scenarios and hosts, carefully selected to represent the most promising use cases of the Open XR
technology as identified by Liberty Global. Connectivity was verified using a Viavi traffic tester and
additional telemetry was obtained through a high-resolution optical spectrum analyzer and the Open XR
Controller.

In these investigations, connectivity for the remote management of smart pluggable transceivers was
facilitated by virtual routing and forwarding (VRF), which is a standard feature available in modern
routers.

In the following sections, we show different management concepts up to the zero-touch provisioning in
section 5.7.

The selected use cases were:

1. Initial verification of connectivity between pluggable, host, and Open XR controller

2. 400G Transmission through a line system with local management by host system

3. 400G Transmission through a line system with remote management by the Open XR
controller and static configuration of the IP connectivity in a UfiSpace/DriveNets 400G
router as the host system

4. 400G Transmission through a line system with remote management by the Open XR
controller and static configuration of the IP connectivity in a Juniper PTX10K 400G router as
the host system

5. 400G Transmission through a line system with remote management by the Open XR
controller and zero touch provisioning of the IP connectivity in a Juniper PTX10K 400G
router as the host system

6. 400G Transmission through a line system with remote management by the Open XR
controller and zero touch provisioning of the IP connectivity through a supervisory channel
on the line side of a module in a UfiSpace/DriveNets 400G router as the host system
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7. Point to Multipoint commissioning through VRF in a UfiSpace/DriveNets host to multiple
Infinera XR NDUs, one connected to a Nokia SR-7s.

5.2 CMIS managed Open XR Modules in UfiSpace and DriveNets 400G router

Liberty Global is using UfiSpace hardware with DriveNets software as a 400G routing platform for its
Core Network. This testbed is used to confirm interoperability between this router platform and the
Open XR Modules running in point-to-point mode.

In this test bed the Open XR modules are configured with a center frequency and Tx power using the
DriveNets CLI. The Open XR Controller was placed in monitoring mode, which is identified by the
“Discovered” text in the Constellations and Services pages.

VIAVI
Traffic Gen. OsA
T 44.44.44.72/30 —— TNy /' 44.44 44 75/30
£e400-0/0/4 N II' £e400-0/0/9
$,_Optical Line System ) - - dd44.44.25/30
UfiSpace &DriveNets UfiSpace & DrivaNets
Siand Alone swv17.3 —— A _'/‘“-—-‘ = Stand Alone sw v17.3

—

@ o __—Ec400-0/0 @
MGMT IP: I
— MGMT IP:

172.30.120.214
MPLS PE ™ 172.30.120.214
Open XR Controller \
1pm) MPLS/IP )
network, ./
T

10.101.71.2 I

Open XR Phase 2 - Test bed 1

Figure 20 - CMIS Management test bed logical diagram

DriveNets DNOS 17.3 configuration:

ged00-0/0/1
admin-state enabled
transceiver
optical-transport
center-frequency 194800 ghz
target-output-power -2000

ge400-0/0/6

admin-state enabled
transceiver

Open XR Optics Forum | 23



OPEN XR

) www.openxropticsforum.org

optical-transport
center-frequency 194800 ghz
target-output-power -2000

The 400GE connection availability was successfully verified using a VIAVI tester.

gSys(em Tes( FxberOpucs

DlTest View Reports Help &l

@D Port 1: 100GigE Layer 3 Traffic Term
ARP Successful. Destination MAC obtained

@D Port 2: 100
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3 | 240PM
LN Y

tart Both Tests
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Lovd (d8m)
Freq Do (ppm)

%
04

% Restart

Lol (@)
Froq Dvv ppem)

8

% Restart
04 J

[ Summary

+ | status

DO |

ALL SUMMARY
RESULTS
OK

Tools:| Actions || Config

Tools:| Actions \ Config

ALL SUMMARY
RESULTS
(0]¢

Figure 21 - CMIS Management test bed Viavi test results

The High resolution OSA readings from the Hub and Leaf side with all 16 digital subcarriers:

=30.00 dBm-

=40.00 dBm

5 dBm/div

-50.00 dBm-

-60.00 dBm-

=70.00 dBm~
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Figure 22 - CMIS Management test bed Hub Tx OSA 90/10
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Figure 23 - CMIS Management test bed Leaf Tx OSA 99/1

Several different Open XR Controller screenshots:

C rerresy

[J Status  Module name

@ Tronspoct Capacities
]

Y services
12 0 selected, total records: 4 7 columns selected v

Constellations

C ReFRESH

X creaTe

~ LLDPSystemName  HostPorts MAC address Constellation frequency (THz)  Modulation Topology IEEE1S88TC  Lifecycle State
3C:02:68.00:16:80 194.800000 16QAM v Auto v [m] Configured

v

B3 Dashboard
C reresH Wy oREATE v [ ¥~y
D Hosts
Endpoint A Endpoint Z
i nou [] Neme ~ ServiceMode LLOPSystemName Portid Modulename  Accessidentifier Rate(Gbps) Portspeed (Gbps) LLDPSystemName Portld Modulename  Accessidentifier Rate (Gbps) Portspeed (Gbps) LifecycleState Mar
400 400 Configured  Ho

Hi ] XRL1 MA2223112A010 XRT1 400 400 MA222242A00A XR-T1
»

A, Constellations
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MA2223112A010

A / Modules / MA2223112A010 / Settings / General

84e98218-1031-4755-5d47-cc244871d1b8

© Settings © Line Port (Optical) | & Client Port (Ethernet) |
=] ® Labels
M. n 1
Device name AZZ2INN2A010 a
Access identifier XR
Status ® Online
PE WARM START P COLD START € FACTORY RESET
* Configuration o] ‘ Hardware Description
Configuration state Ready Serial number MA222312A010
Configured Role Auto MAC address 3C:02:68:00:16:80
Current Role Hub Software version v1.1.06
Host ID Hardware version  0cf225
Host port ID Form factor QSFP-DD
|EEE 1588 TC Connector type LC connector
Role Status Ready Model number
Serdes lane rate 50 Gops CLEI Code
Service mode Auto Module Id
Traffic mode L1 mode Vendor INFINERA
DriveNets DNOS 17.3 CLI show command output:
OpenXR1# show interfaces counters ge400-0/0/1 Interface ge400-0/0/6:
Operational state: up
Interface ge400-0/0/1:
Operational state: up Ethernet counters:
RX octets: 6232996758315 ( 80939516954
Ethernet counters: RX frames: 91661721369 ( 148786250
RX octets: 6212702501261 ( 80952256985 bps / 80952.26 Mbps) RX unicast frames: 91661721345 ( 148786250
RX frames: 91363272132 ( 148809136 fps / 148.81 Mfps) RX broadcast frames: ¢ ]
RX unicast frames: 91363272127 ( 148809136 fps / 148.81 Mfps) RX multicast frames: 24 ( ]
RX broadcast frame: 0 ( o fps / 0 Mfps) TX octets: 6232997965295 ( 80940472373
RX multicast frames: 5 ( o fps / 0 Mfps) TX frames: 91661736825 ( 148787856
TX octets: 6212702437283 ( 80952059710 bps / 80952.06 Mbps) TX unicast frames: 91661736825 ( 148787856
TX frames: 91363270799 ( 148808912 fps / 148.81 Mfps) TX broadcast frames: ¢ ]
TX unicast frames: 91363270779 ( 148808912 fps / 148.81 Mfps) TX multicast frames: ¢ ]
TX broadcast frames: 0 ( 0 fps / 0 Mfps)
TX multicast frames: 20 ( 0 fps / 0 Mfps) Ethernet control counters:
RX pause frames: ]
Ethernet control counters: TX pause frames: ]
RX pause frames: ] RX PFC frames: ]
TX pause frames: ] TX PFC frames: ]
RX PFC frames: ]
TX PFC frames: ] Ethernet drop counters:
RX errors: ]
Ethernet drop counters: RX too short: ]
RX errors: ) RX too long: [
RX too short: 2] RX FCS errors: 2]
RX too long: ] RX internal MAC errors: ]
RX FCS errors: ] RX pipeline MAC drops: ]
RX internal MAC errors: ] TX errors: 2]
RX pipeline MAC drops: ]
TX errors: 2] FEC counters:
FEC corrected errors: 29
FEC counters: FEC uncorrected errors: 2]
FEC corrected errors: 169862 FEC symbol errors: 29
FEC uncorrected errors: ] FEC bit errors: 28
FEC symbol errors: 169888
FEC bit errors: 161308 Forwarding drops summary of logical and sub-IF:
RX VLAN mismatch: 0
Forwarding drops summary of logical and sub-IF: Destination MAC mismatch: 1
X VLAN mismatch: ] Invalid IP header: 0
Destination MAC mismatch: 5 Total RX dropped packets: 1
Invalid IP header: ] Total TX dropped packets: ]
Total RX dropped packets: 5
Total TX dropped packets: ] OpenXR1#

OpenXR1# show interfaces counters ge400-0/0/6
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More DriveNets DNOS 17.3 CLI show command output:

OpenXR1# show interfaces transceiver ge400-0/0/6

Interface ge400-0/0/6

Identifier

Connector

Length (SMF,km)

Length (OM3 5@um)

Length (OM2 5@um)

Length (OM1 62.5um)

Length (Copper or Active cable)
Transmitter technology

Optical transport info

Tx Power

Laser wavelength

Laser wavelength tolerance

Vendor name

Vendor OUI

Vendor PN

Vendor rev

Vendor SN

Firmware version

Revision compliance

Module temperature

Module voltage

Alarm/warning flags implemented

Laser tx bias current (Channel @)
Transmit avg optical power (Channel @)
Rcvr signal avg optical power (Channel @)
Laser bias current high alarm (Chan @)
Laser bias current low alarm (Chan )
Laser bias current high warning (Chan @)
Laser bias current low warning (Chan @)
Module temperature high alarm

Module temperature low alarm

Module temperature high warning

Module temperature low warning

Module voltage high alarm

Module voltage low alarm

Module voltage high warning

Module voltage low warning

Laser tx power high alarm (Channel @)
Laser tx power low alarm (Channel )
Laser tx power high warning (Channel @)
Laser tx power low warning (Channel @)
Laser rx power high alarm (Channel @)
Laser rx power low alarm (Channel @)
Laser rx power high warning (Channel @)
Laser rx power low warning (Channel @)
Laser bias current high alarm threshold
Laser bias current low alarm threshold
Laser bias current high warning threshold
Laser bias current low warning threshold
Laser output power high alarm threshold
Laser output power low alarm threshold
Laser output power high warning threshold
Laser output power low warning threshold
Module temperature high alarm threshold
Module temperature low alarm threshold
Module temperature high warning threshold
Module temperature low warning threshold
Module voltage high alarm threshold
Module voltage low alarm threshold
Module voltage high warning threshold
Module voltage low warning threshold
Laser rx power high alarm threshold
Laser rx power low alarm threshold
Laser rx power high warning threshold
Laser rx power low warning threshold
Chromatic dispersion (min / avg / max)
Pre-fec-ber (curr / min / avg / max)
Post-fec-ber (FERC) (curr / min / avg / max)
Osnr (min / avg / max)

Active application
Supported applications:
1. 1@BGBASE-ZRplus

2. ZR200-0FEC-QPSK

3. ZR300-OFEC-8QAM

4. ZR400-0FEC-16QAM

Configuration:
Application
Frequency
Grid spacing
Target output power

N RWWWWE

: QSFP_DD
: 0x7 (LC type fiber connector)
63km

:om

©em

©em

©em

: 0x10 C-band tunable laser
: Grid 6.25GHz, Frequency 194.8 THz
: -2.0 dBm

: 1547 nm

: @ nm

: INFINERA

: 00:0B:F8

© MA222242A00A

: 1.1

: QSFP-DD or QSFP-DD CMIS Rev 5.1
: 62.4 degrees C / 144.3 degrees F
: 3.2V

: Yes

: 100.0 mA

: -3.1 dBm / 0.5 mW
: -2.5 dBm / 0.6 mW
: off

: off

: off

: off

: off

: off

: off

: off

: off

: off

¢ off

: off

: off

: 97.5 mA

: 4.0 dBm / 2.5 mW

: -19.0 dBm / 0.0 mW

: 3.0 .dBm / 2.0 mW

: -18.0 dBm / 0.0 mW

: 75.0 degrees C / 167.0 degrees F
: -5.0 degrees C / 23.0 degrees F
: 70.0 degrees C / 158.0 degrees F

0 degrees C / 32.0 degrees F
6V

oV

5V

1v

© dBm / 2.5 mW

18.0 dBm / 0.0 mW

.0 dBm / 1.6 mW

: -16.0 dBm / 0.0 mW

: 108 / -250689 / 188017 ps/nm

: 8.430e-04 / 1.451e-03 / 3.240e-04 / 2.360e-02
: 0.000e+00 / 3.800e+06 / 0.000e+00 / 2.380e+08
: 210.000 / 260.000 / 276.000 dB

: ZR400-OFEC-16QAM

: N/A
: 194.8 THz
: N/A

¢ -2.0 dBm

OpenXR1# show interfaces transceiver ge400-0/6/1

Interface ge400-0/0/1

Identifier

Connector

Length (SMF,km)

Length (OM3 5@um)

Length (OM2 50um)

Length (OM1 62.5um)

Length (Copper or Active cable)
Transmitter technology

Optical transport info

Tx Power

Laser wavelength

Laser wavelength tolerance

Vendor name

Vendor OUI

Vendor PN

Vendor rev

Vendor SN

Firmware version

Revision compliance

Module temperature

Module voltage

Alarm/warning flags implemented

Laser tx bias current (Channel @)
Transmit avg optical power (Channel @)
Rcvr signal avg optical power (Channel @)
Laser bias current high alarm (Chan @)
Laser bias current low alarm (Chan 0)
Laser bias current high warning (Chan @)
Laser bias current low warning (Chan @)
Module temperature high alarm

Module temperature low alarm

Module temperature high warning

Module temperature low warning

Module voltage high alarm

Module voltage low alarm

Module voltage high warning

Module voltage low warning

Laser tx power high alarm (Channel @)
Laser tx power low alarm (Channel @)
Laser tx power high warning (Channel @)
Laser tx power low warning (Channel @)
Laser rx power high alarm (Channel @)
Laser rx power low alarm (Channel @)
Laser rx power high warning (Channel @)
Laser rx power low warning (Channel @)
Laser bias current high alarm threshold
Laser bias current low alarm threshold
Laser bias current high warning threshold
Laser bias current low warning threshold
Laser output power high alarm threshold
Laser output power low alarm threshold
Laser output power high warning threshold
Laser output power low warning threshold
Module temperature high alarm threshold
Module temperature low alarm threshold
Module temperature high warning threshold
Module temperature low warning threshold
Module voltage high alarm threshold
Module voltage low alarm threshold
Module voltage high warning threshold
Module voltage low warning threshold
Laser rx power high alarm threshold
Laser rx power low alarm threshold
Laser rx power high warning threshold
Laser rx power low warning threshold
Chromatic dispersion (min / avg / max)
Pre-fec-ber (curr / min / avg / max)
Post-fec-ber (FERC) (curr / min / avg / max)
Osnr (min / avg / max)

Active application
Supported applications:
1. 1@@GBASE-ZRplus

2. ZR200-OFEC-QPSK

3. ZR300-OFEC-8QAM

4. ZR400-0FEC-16QAM

Configuration:
Application
Frequency
Grid spacing
Target output power

: QSFP_DD
: 0x7 (LC type fiber connector)
63km

1 oem

:oem

:oem

:oem

: 0x1@ C-band tunable laser
: Grid 6.25GHz, Frequency 194.8 THz
: -2.0 dBm

¢ 1547 nm

0 nm

¢ INFINERA

: 00:0B:F8

: MA222312A010

: 1.1

: QSFP-DD or QSFP-DD CMIS Rev 5.1
: 48.8 degrees C / 119.8 degrees F
1 3.2V

: Yes

: 100.0 mA

: -2.0 dBm / 0.6 mW

: -3.1dBm / 8.5 mW

: 97.5 mA

: 4.0 dBm / 2.5 mW

: -19.0 dBm / 0.0 mW

: 3.0 dBm / 2.0 mW

: -18.0 dBm / 0.0 mW

: 75.0 degrees C / 167.0 degrees F
: -5.0 degrees C / 23.0 degrees F
: 70.0 degrees C / 158.0 degrees F

.0 degrees C / 32.0 degrees F
.6V
.0V
5V
1v
.0 dBm / 2.5 mW
18.0 dBm / 0.0 mW
© dBm / 1.6 mW
-16.0 dBm / 0.0 mW
: 155 / -250689 / 213692 ps/nm
: 9.800e-05 / 8.230e-04 / 7.800e-05 / 2.600e-02

: 0.000e+00 / 1.540e+07 / 0.000e+00 / 1.669e+08
1 207.000 / 288.000 / 305.000 dB

: ZR4@B-OFEC-16QAM

: N/A
: 194.8 THz
: N/A

: -2.0 dBm

5.3  Static IP Dual mgmt. with Open XR Modules in UfiSpace/DriveNets 400G router

This test bed has the same physical setup as the previous one. But in this test bed the Open XR
modules are fully under the control of the Open XR Controller. The connectivity between the Open XR
modules and the Open XR Controller is established through an MPLS L3VPN to a remote PE router. This
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demonstrates the flexibility in the deployment of a centralized Open XR Controller that manages all

Open XR Modules deployed in different routers throughout the network.

VIAVI
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ic
? 44.44.44.22/30
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Stand Alone sw v17.3

MGMT IP:
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Open XR Controller

(1PM)

10.101.71.2

CE
Switch

Optical Line Systen

MPLS PE

MPLS/IP
network

44.44.44.26/20
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44.44.44.25/30
UfiSpace & DrivzNets
Stand Alone sw v17.3

ge400-0/0/1

MG

100G LR4 @
b

MGMT IP:
172.30.120.214

Open XR Phase 2 - Test bed 2

Figure 24 - Static IP Dual Mgmt test bed logical diagram

DriveNets DNOS 17.3 configuration:

interfaces
ge400-0/0/1
admin-state enabled
!
!
interfaces
ge400-0/0/6
admin-state enabled
ipv6-admin-state enabled

The 400GE connection availability was successfully verified using a VIAVI tester.
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Figure 25 - Static IP Dual Mgmt test bed Viavi test results
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Figure 26 - Static IP Dual Mgmt test bed Hub Tx OSA 90/10
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Figure 27 - Static IP Dual Mgmt test bed Leaf Tx OSA 99/1
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Open XR Controller screenshots showing the Open XR modules:

& Settings © Line Port (Optical) | % Client Port (Ethernet)

W Labels

AZ223112A01
Device name MARZZNIZAN0 e

Access |dentifier XR

Status @ Ontine
PiE WARM START PP coLD START £ FACTORY RESET
0 Configuration e ‘ Hardware Description
Configuration state Ready Serial number MA222312A010
Configured Role Hub MAC address 3C:02:68:00:16:80

Current Role

Unknown

Host ID

Host port ID

IEEE 1588 TC

Role Status Scanning

Sordes lane rate 50

Service mode Auto

Traffic mode L1 mode
A 7 Modules / MA 2 /

Digita

Access (dentifier

Actual constellation frequency
Actual Tx Target Power

Baud rate

Client port mode

Operating FEC iterations
Operating frequency
Operating modulation

Spectral bandwidth
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ol Sub-Carriers

XR41-C1

194800000

Ethernet
Standard
194.800000
160AM

63

Digital Sub-Carriers Grou

ps

Software version
Hardware version
Form factor
Connector type
Model number
CLE!I Code
Module Id

Vendor

v1.1.06
ocl22
QsFPoD

LC connector

84e98216-f031-4755-5d47

&5 Client Port (Ethernet)

Figure 28 - Hub Open XR Controller
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OpenXR1# show interfaces counters ge400-0/0/6

Interface g
Operational

Ethernet col
RX
RX
RX
RX
RX
X
X
X
T
T

Ethernet co
RX
T
RX
>

Ethernet dr
RX
RX
RX
RX
RX
RX
>

FEC counter:
FEC
FEC
FEC
FEC

o
Y www.openxrforum.org
N / Modules / MA A / / Genensl
@ Setting © Line Port (Optical) | & Client Port (Ethernet)
©® Lobels
MA222242A00A
Beich e MA222242400. a
Access identifier xR
Status @ Online
PE WARM START PB COLD STARY O FACTORY RESEY
* Configuration > ‘ Hardware Description
Configuration state  Ready Serlal number MA222242A00A
Configured Role Leaf MAC address 0008 ¥868.CECO
Current Role Unknown Software version V1106
Host ID Hardware version ocf225
Host port 1D Form tactor QSFP-00
IEEE 1588 TC Connector type LC connector
Role Status Scanning Model number
Sordoes lane rate 50 ( CLEI Code
Service mode Auto Module id 8838231 bied42b¢
Traffic mode L1 mode Vendor INFINERA
n/w X" 7 Line / Corre
$ Settings © Line stical) @ Client Port (Ethemnet)
Digital Sub-Carriers Groups
Access identifier XRL1CY
Actual consteliation frequency 194 800000 T
Actual Tx Target Power 0.00 48
Baud rate 60 GEd
Client port mode Ethernet
Operating FEC iterations Standard
Operating frequency 194.800000 T+,
Operating modulation 16QAM

Spectral bandwidth

63 (

Figure 29 -

Leaf Open XR Controller

DriveNets DNOS 17.3 CLI show command output:

e400-0/0/6:
state: up

unters:

octets:

frames:

unicast frames:
broadcast frames:
multicast frames:
octets:

frames:

unicast frames:
broadcast frames:
multicast frames:

ntrol counters:
pause frames:
pause frames:
PFC frames:
PFC frames:

op counters:
errors:

too short:
too long:
FCS errors:

internal MAC errors:

pipeline MAC drops:
errors:

s:
corrected errors:

uncorrected errors:

symbol errors:
bit errors:

1650652255472 ( 80944365020 bps
24274255534 ( 148794694 fps
24274255525 ( 148794694 fps

0 ( 0 fps
9 ( 0 fps

1008013765002 ( 80944380557 bps
14823727726 ( 148794856 fps
14823727726 ( 148794856 fps

( 0 fps
0 ( 0 fps
]
]
]
]
]
]
]
]
]
]
]
6
0
6
6
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AN S SN

80944.37 Mbps)
148.79 Mfps)
148.79 Mfps)

0 Mfps)
0 Mfps)

8094438 Mbps)
148.79 Mfps)
148.79 Mfps)

0 Mfps)
0 Mfps)

Forwarding drops summary of logical and sub-IF:

RX VLAN mismatch:
Destination MAC mismatch:
Invalid IP header:
Total RX dropped packets:
Total TX dropped packets:

OpenXR1# show interfaces counters ge400-0/0/1

Interface ge400-0/0/1:
Operational state: up

Ethernet counters:
RX octets:
RX frames:
RX unicast frames:
RX broadcast frames:
RX multicast frames:
TX octets:
TX frames:
TX unicast frames:
TX broadcast frames:
TX multicast frames:

Ethernet control counters:
pause frames:
TX pause frames:
RX PFC frames:
TX PFC frames:

Ethernet drop counters:
RX errors:
RX too short:
RX too long:
RX FCS errors:
RX internal MAC errors:

2]
2]
2]
2]
2]

1129501749403 ( 80948323874 bps / 80948.32 Mbps)
16610284256 ( 148802329 fps /  148.8 Mfps)
16610284256 ( 148802329 fps /  148.8 Mfps)

0 ( o fps / 0 Mfps)
0 ( o fps / 0 Mfps)

1772110212735 ( 88948712302 bps / 80948.71 Mbps)
26060435945 ( 148802736 fps /  148.8 Mfps)
26060435935 ( 148802736 fps /  148.8 Mfps)

0 ( o fps / 0 Mfps)
10 ( o fps / 0 Mfps)
2]
2]
2]
2]
2]
2]
2]
2]
2]
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RX pipeline MAC drops: ) RX VLAN mismatch: 0
TX errors: 2] Destination MAC mismatch: 2]
Invalid IP header: 2]

FEC counters: Total RX dropped packets: 0

FEC corrected errors: 127840 Total TX dropped packets: 0

FEC uncorrected errors: ]

FEC symbol errors: 127867 OpenXR1#

FEC bit errors: 121006
Forwarding drops summary of logical and sub-IF:

More DriveNets DNOS 17.3 CLI show command output:
OpenXR1# show interfaces transceiver ge400-0/0/1 2. ZR200-0FEC-QPSK
3. ZR300-0FEC-8QAM

Interface ge400-0/0/1 4. ZR400-OFEC-16QAM
Identifier : QSFP_DD
Connector : @x7 (LC type fiber connector) Configuration:
Length (SMF,km) : 63km Application : N/A
Length (OM3 50um) :oem Frequency : N/A
Length (OM2 50um) :oem Grid spacing : N/A
Length (OM1 62.5um) :oem Target output power : N/A
Length (Copper or Active cable) om

Transmitter technology

Optical transport info

Tx Power

Laser wavelength

Laser wavelength tolerance

Vendor name

Vendor OUI

Vendor PN

Vendor rev

Vendor SN

Firmware version

Revision compliance

Module temperature

Module voltage

Alarm/warning flags implemented

Laser tx bias current (Channel @)
Transmit avg optical power (Channel @)
Rcvr signal avg optical power (Channel @)
Laser bias current high alarm (Chan @)
Laser bias current low alarm (Chan 0)
Laser bias current high warning (Chan @)
Laser bias current low warning (Chan @)
Module temperature high alarm

Module temperature low alarm

Module temperature high warning

Module temperature low warning

Module voltage high alarm

Module voltage low alarm

Module voltage high warning

Module voltage low warning

Laser tx power high alarm (Channel 0)
Laser tx power low alarm (Channel @)
Laser tx power high warning (Channel @)
Laser tx power low warning (Channel @)
Laser rx power high alarm (Channel 0)
Laser rx power low alarm (Channel @)
Laser rx power high warning (Channel @)
Laser rx power low warning (Channel @)
Laser bias current high alarm threshold
Laser bias current low alarm threshold
Laser bias current high warning threshold
Laser bias current low warning threshold
Laser output power high alarm threshold
Laser output power low alarm threshold
Laser output power high warning threshold
Laser output power low warning threshold
Module temperature high alarm threshold
Module temperature low alarm threshold
Module temperature high warning threshold
Module temperature low warning threshold
Module voltage high alarm threshold
Module voltage low alarm threshold
Module voltage high warning threshold
Module voltage low warning threshold
Laser rx power high alarm threshold
Laser rx power low alarm threshold

Laser rx power high warning threshold
Laser rx power low warning threshold
Chromatic dispersion (min / avg / max)
2147483647 ps/nm

Pre-fec-ber (curr / min / avg / max)

/ 2.300e-02

Post-fec-ber (FERC) (curr / min / avg / max)
/ 1.901e+08

Osnr (min / avg / max)

Active application

Supported applications:
1. 100GBASE-ZRplus
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: 0x10 C-band tunable laser

: Grid 6.25GHz, Frequency 194.8 THz
: 0.0 dBm

: 1547 nm

10 nm

: INFINERA

: 00:0B:F8

: MA222312A010
: 1.1
: QSFP-DD or QSFP-DD CMIS Rev 5.1
: 47.9 degrees C / 118.2 degrees F
: 3.2V
: Yes
: 100.0 mA
: 0.0 dBm / 1.0 mW
-3.0 dBm / 0.5 mW
: off
: off
: off
: off
: off
: off
: off
: off
: off
: off
: off
: off
: off
: off
: off
: off
: off
: off
: off
: off
: 185.0 mA
: 95.0 mA
: 102.5 mA
: 97.5 mA
: 4.0 dBm / 2.5 mW
: -19.0 dBm / 0.0 mW
: 3.0 dBm / 2.0 mW
: -18.0 dBm / 0.0 mW
: 75.0 degrees C / 167.0 degrees F
: -5.0 degrees C / 23.0 degrees F
: 70.0 degrees C / 158.0 degrees F

: 0.0 degrees C / 32.0 degrees F
: 3.6V
: 3.0V
: 3.5V
: 3.1V
: 4.0 dBm / 2.5 mW
: -18.0 dBm / 0.0 mW
: 2.0 dBm / 1.6 mW
-16.0 dBm / 0.0 mW
-2147483648 / -2147483648 /
1 9.300e-05 / 2.930e-04 / 6.500e-05

: 0.000e+00 / 3.320e+06 / 0.000e+00
: 210.000 / 300.000 / 309.000 dB

: ZR400-0FEC-16QAM

OpenXR1# show interfaces transceiver ge400-0/0/6

Interface ge400-0/0/6

Identifier

Connector

Length (SMF,km)

Length (OM3 50um)

Length (OM2 50@um)

Length (OM1 62.5um)

Length (Copper or Active cable)
Transmitter technology

Optical transport info

Tx Power

Laser wavelength

Laser wavelength tolerance

Vendor name

Vendor OUI

Vendor PN

Vendor rev

Vendor SN

Firmware version

Revision compliance

Module temperature

Module voltage

Alarm/warning flags implemented

Laser tx bias current (Channel @)
Transmit avg optical power (Channel 0)
Rcvr signal avg optical power (Channel @)
Laser bias current high alarm (Chan 0)
Laser bias current low alarm (Chan 0)
Laser bias current high warning (Chan @)
Laser bias current low warning (Chan @)
Module temperature high alarm

Module temperature low alarm

Module temperature high warning

Module temperature low warning

Module voltage high alarm

Module voltage low alarm

Module voltage high warning

Module voltage low warning

Laser tx power high alarm (Channel 0)
Laser tx power low alarm (Channel @)
Laser tx power high warning (Channel )
Laser tx power low warning (Channel 0)
Laser rx power high alarm (Channel 0)
Laser rx power low alarm (Channel @)
Laser rx power high warning (Channel @)
Laser rx power low warning (Channel @)
Laser bias current high alarm threshold
Laser bias current low alarm threshold
Laser bias current high warning threshold
Laser bias current low warning threshold
Laser output power high alarm threshold
Laser output power low alarm threshold
Laser output power high warning threshold
Laser output power low warning threshold
Module temperature high alarm threshold
Module temperature low alarm threshold
Module temperature high warning threshold
Module temperature low warning threshold
Module voltage high alarm threshold
Module voltage low alarm threshold
Module voltage high warning threshold
Module voltage low warning threshold
Laser rx power high alarm threshold
Laser rx power low alarm threshold

Laser rx power high warning threshold
Laser rx power low warning threshold

PN R WW WO

: QSFP_DD

: @x7 (LC type fiber connector)
: 63km

:oom

:om

:oom

:oom

: 0x10 C-band tunable laser

: Grid 6.25GHz, Frequency 194.8 THz
: 0.0 dBm

: 1547 nm

0 nm

: INFINERA

: 00:0B:F8

: MA222242A00A

: 1.1

: QSFP-DD or QSFP-DD CMIS Rev 5.1
: 62.4 degrees C / 144.3 degrees F
: 3.2V

: Yes

: 100.0 mA

-3.0 dBm / 0.5 mW
-0.6 dBm / 0.9 mW

: off

: off

: off

: off

: off

: off

: off

: off

: off

: off

: off

: off

: off

: off

: off

: off

: off

: off

: off

: off

: 105.0 mA
: 95.0 mA
: 102.5 mA
: 97.5 mA
: 4.0 dBm / 2.5 mW

-19.0 dBm / 0.0 mW

. 3.0 dBm / 2.0 mW

-18.0 dBm / 0.0 mW

. 75.0 degrees C / 167.0 degrees F

-5.0 degrees C / 23.0 degrees F

; 70.0 degrees C / 158.0 degrees F

0 degrees C / 32.0 degrees F
6V

oV

5V

1V

© dBm / 2.5 mW

8.0 dBm / 0.0 mW

dBm / 1.6 mW

6.0 dBm / 0.0 mW

1

1
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Chromatic dispersion (min / avg / max) 1 -2147483648 / -2147483648 / 1. 1@0GBASE-ZRplus

2147483647 ps/nm 2. ZR200-0FEC-QPSK

Pre-fec-ber (curr / min / avg / max) : 9.180e-04 / 1.089e-03 / 2.680e-04 3. ZR300-OFEC-8QAM

/ 2.300e-02 4. ZR40O-OFEC-16QAM

Post-fec-ber (FERC) (curr / min / avg / max) : ©.000e+00 / 4.250e+06 / 0.000e+00

/ 2.200e+08 Configuration:

Osnr (min / avg / max) : 210.000 / 260.000 / 279.000 dB Application : N/A
Frequency : N/A

Active application 1 ZR400-O0FEC-16QAM Grid spacing : N/A

Supported applications: Target output power : N/A

5.4  Static IP Dual mgmt. with Open XR Modules in Juniper 400G router

To make it possible to take advantage of all the innovative XR Module features in existing 400G routers,
the Open XR Module Dual Management feature is required. This capability avoids two integration points
which are hard to do. First of all, the CMIS implementation of the router must be complete and
supporting the CMIS implementation and the CMIS vendor extensions available on the Open XR Module.
Secondly the router mgmt. interface must support all the functionality needed to manage the Open XR
Modules, which is currently not available for the enhanced p2mp features of Open XR.

For the Open XR Module to expose its IP management interface to the Open XR Controller, several
different approaches exist. The approach taken for this test bed is using functionality that exists in most
Service Provider 400G routers sold today. In this case the physical 400GE port is configured with one
additional IP interface that is associated with a particular VLAN tag. This enables the Open XR Module to
redirect Ethernet Frames with the VLAN tag to its own management plane, as illustrated in the Figure
below.

400G Router as Host device

Figure 30 - Open XR Module MGMT VLAN redirect to Module control plane

This additional IP interface can then be considered an Open XR Module management interface, which
can be connected into a separate MPLS VPN isolating it from other traffic. Based on this principle the
test bed as shown below is implemented. The Open XR Module that is used for this test is a module with
Serial Number MA222312A00B and IP address 10.101.70.2.
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IXIA

Traffic Gen.
44.44.44.10/30

44.44.44.6/30

_4 U

Juniper PTX10K %3 i ) Il Juniper PTX10K
2 Payload VLAN 500 _ Line System y, Payigac vLAN 600 P
et-0/0/23 .44.44.1/30 \\ )’ o et-0/0/15
400G Opd ~— / 400G Open XR

XR
WVLAN 4050

10.101.82.2

i ACMT
GMT VLAN 40950 MGM

10.101.70.2 Wireshark Capture

Device Provisioning Service [DPS?
10.101.71.2 .

Open XR Controllers)  ———
10.100.215.72

XR modules configured
with static IP address andi
Controller IP address

e

. — i
— ______—"0pen XR Controller

7 Open XR Phase 2 — Test bed 3

Figure 31 - Static IP Dual Management test bed logical diagram

Below is displayed the Juniper Junos configuration of the physical interface with the payload and the
mgmt. logical interfaces. The logical interface with VLAN tag 600 is used for carrying traffic between the
routers, while the interface with VLAN tag 4090 is used for the Open XR management traffic. Please
note that the payload traffic can also be carried untagged to increase the available bandwidth for IP
packets on the 400G link.

set
set
set
set
set
set
set
set
set
set

interfaces
interfaces
interfaces
interfaces
interfaces
interfaces
interfaces
interfaces
interfaces
interfaces

et-0/0/23
et-0/0/23
et-0/0/23
et-0/0/23
et-0/0/23
et-0/0/23
et-0/0/23
et-0/0/23
et-0/0/23
et-0/0/23

description "OpenXR Testing - connection to XR 1"
flexible-vlan-tagging

speed 400g

mtu 9192

encapsulation flexible-ethernet-services

unit
unit
unit
unit
unit

600 vlan-id 600

600 family inet address 44.44.44.1/30
4090 vlan-id 4090

4090 family inet mtu 1500

inet address 10.101.82.1/24

4090 family
interfaces et-0/0/23 unit 4090 family
routing-instances OpenXR-Testing-MGMT

inet6
interface et-0/0/23.4090

set
set

The CLI output below shows on top the state of IP interfaces on the Open XR Module during the test.
Below this CLI output from the Juniper router it is showing how the router has detected the Open XR
module and registered it as OpenZR+ transceiver type.
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ip addr show dev br0
ROADCAST, MULTICAST, UP, LONER UP> mtu 1500 gdisc noqueue state UP group default glen 1000
link/ether 3c:02:68:00:17:0d brd ff:ff:ff:ff: ff:ff
inet 10.101.70.2/24 scope global br(
valid 1ft forever preferred 1ft forever
inet 169.254.82.72/16 brd 169 .255.255 scope glcbal noprefixroute br0
valid 1ft forever preferred 1ft forever
ineté feB0::cBb7:65ff:fede:71fb/64 scope link
valid 1ft forever preferred 1ft forever

lab@prod-1lab03d-rcl-re0> show chassis pic fpe—slot 0 pic-slot 0 |match "INFINERE |Wave-—"
Fiber Xevr vendor Wave— Xevr MB%
15 400G-ZR—M SM INFINERA 1528.77 nm — 1567.13 nm 0.1 2 CMI5 5.1

lab@prod-1ab03d-rcl-rel> show chassis hardware | match "Xcvr 15 |Item"™
Item Version Part number Serial number Description
Xevr 15 KX NON—JNFR MR222312A00B QSFP36-DD-400G-ZR—M

The CLI output below shows the output of a Python script that is used to configure the Open XR Module
via its CMIS interface. As shown by the output, the module is statically configured with IP addresses and
DCHP is disabled.

# ./sfputil_dn.py show mgmt -p 6
Port DHCP debugport ip address ip gateway NTP server ip call home mvlan channel oui etype sgmii mvlan id

6 disabled enabled open 10.101.70.2/24 10.101.70.1 0.0.0.0 0.0.0.0:0 manual enabled disabled

To understand how the Open XR Modules connect to the Open XR Controller a Wireshark traffic capture
was made using the Tcpdump application feature that allows writing to a .pcap file. This capture was
made in the IP subnet the Open XR Controller connected to.

The packet capture shows that the Open XR Module (10.101.70.2) initially establishes a connection to
the Device Provisioning Service server (DPS) (10.101.71.2). This allows the Open XR Module to obtain
the contact information of the Open XR Controller and collect the needed certificate to securely connect
to it.

The packet capture shows the initial TCP session establishment, which is followed by a TLS session
setup. This is a relatively short-lived connection.
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Time Source Destination Protocol  Lengt Info

<

=1 Win=@ Len=0

6 ©.885981 10.161.70.2 16.101.71.2 TCP 66 38644 - 25684 [ACK] Seq=1 Ack=1 Win=64248 Len=@ TSval=578392283 TSecr=1350680526

7 e.030le4 10.101.79.2 16.101.71.2 TLSv1.2 178 Client Hello

8 @.838291 18.181.71.2 18.101.78.2 TCP 66 25684 » 38644 [ACK] Seq=1 Ack=185 Win=65152 Len=@ TSwal=135@8688555 TSecr=578392312

9 @.838936 18.181.71.2 16.181.78.2 TLSw1.2 1162 Server Hello, Certificate, Serwver Key Exchange, Certificate Request, Serwver Hello Done
16 8.031328 10.101.70.2 16.181.71.2 TCP 66 38644 » 25684 [ACK] Seq=185 Ack=1897 Win=64838 Len=8 TSval=578392313 TSecr=1358638556
11 2.e47150 10.161.70.2 18.11.71.2 TLSv1.2 689 Certificate

12 @.887736 10.161.71.2 16.101.70.2 TCP 66 25684 - 38644 [ACK] Seq=1097 Ack=648 Win=6464@ Len=8 TSval=1358680613 TSecr=578392329
13 9.231561 10.101.79.2 16.101.71.2 TLSwl.2 141 Client Key Exchange

14 @.231716 18.181.71.2 18.101.78.2 TCP 66 25684 » 38644 [ACK] Seq=1897 Ack=723 Win=6464@ Len=8 TSval=135863@757 TSecr=578392514
15 @.281521 18.181.78.2 16.181.71.2 TLSw1.2 158 Certificate Verify

16 8.281672 108.101.71.2 16.181.70.2 TCP 66 25684 -+ 38644 [ACK] Seq=1897 Ack=887 Win=6464@ Len=8 TSval=1358630887 TSecr=578392563
17 ©.281953 18.161.70.2 16.101.71.2 TLSv1.2 72 Change Cipher Spec

18 @.282835 10.161.71.2 16.101.70.2 TCP 66 25684 - 38644 [ACK] Seq=1097 Ack=813 Win=6464@ Len=8 TSval=13506808@7 TSecr=578392564

19 ©.282517 10.191.70.2 19.101.71.2 TLSwl.2 111 Encrypted Handshake Message

v

> Frame 46: 74 bytes on wire (592 bits), 74 bytes captured (592 bits) ~
» Ethernet II, Src: JuniperN_@e:fd:7d (78:fe:3d:@e:fd:7d), Dst: GoodwayI 24:87:bf (@0:508:b6:24:87
» Internet Protocol Version 4, Src: 10.101.78.2, Dst: 10.100.215.71

)

EeSe e s

8@ 50 b6 24 87 bf 78 fe 3d @e fd 7d 88 @0 45 @0
8@ 3c df 3f 48 80 3e 86 2b 6a @a 65 46 02 Ba 64
d7 47 c@ Ba 16 34 a3 f2 c4 c2 0@ 00 00 00 2@ 02
fa f@ 91 be [EE 02 @4 ©5 b4 84 02 88 0a c2 @
87 @e 80 0@ 20 82 @1 83 a3 a2

PP e e D
HdEH O

Bowora

Source Port: 49298

Destination Port: 5634

[Stream index: 2]

[Conversation completeness: Incomplete, DATA (15)]
[TCP Segment Len: @]

Sequence Number: @ (relative sequence number)

Figure 32 - Wireshark capture of TCP traffic between Open XR Module and Devices Provisioning Service

Pe%xe =}
<@y 4 ef
G4

Once the Open XR Module has collected all needed data from the Device Provisioning Service, then the
TLS session is terminated, and the Module will initiate a new TLS session to the Open XR Controller
server IP address being 10.100.215.71. This stage in the Open XR Module management communication
is shown in the Wireshark screenshot included below.

No.

Time Source Destination Protocol  Lengt Info
39 0.536614 10.101.71.2 10.101.70.2 TLSv1.2 593 Application Data
40 ©.544973 10.101.70.2 10.101.71.2 TLSv1.2 97 Encrypted Alert

41 ©.545035 10.101.71.2 10.101.70.2 TCP 66 25684 » 38644 [ACK] Seq=3932 Ack=1754 Win=64128 Len=0 TSval=1350681078 TSecr=578392827

42 ©.545086 10.101.71.2 10.101.70.2 TLSv1.2 97 Encrypted Alert

45 0.547756 10.101.71.2 10.101.70.2 TCP 66 25684 -+ 38644 [ACK] Seq=3964 Ack=1755 Win=64128 Len=8 TSval=1350681073 TSecr=57839283@

48 2.562795 10.101.70.2 10.100.215.71 TCP 66 49290 » 5684 [ACK] Seq=1 Ack=1 Win=64240 Len=@ TSval=3267397391 TSecr=8564577
49 2.571296 10.101.70.2 10.100.215.71 TLSvl.2 170 Client Hello
50 2.571472 10.100.215.71 10.101.70.2 TCP 66 5684 » 49290 [ACK] Seq=1 Ack=185 Win=65152 Len=@ TSval=8564587 TSecr=3267397399
51 2.578508 10.100.215.71 10.101.70.2 TLSv1.2 1089 Server Hello, Certificate, Server Key Exchange, Server Hello Done
52 2.578927 10.101.70.2 10.100.215.71 TCP 66 49290 » 5684 [ACK] Seq=105 Ack=1824 Win=64038 Len=@ TSval=3267397407 TSecr=8564594
53 2.947145 10.101.70.2 10.100.215.71 TLSvl.2 141 Client Key Exchange
54 2.987785 10.100.215.71 10.101.70.2 TCP 66 5684 > 49290 [ACK] Seq=1024 Ack=180 Win=65152 Len=@ TSval=8565@@3 TSecr=3267397775
55 2.988456 10.101.70.2 10.100.215.71 TLSvl.2 117 Change Cipher Spec, Encrypted Handshake Message
56 2.988575 10.100.215.71 10.101.70.2 TCP 66 5684 » 49290 [ACK] Seq=1024 Ack=231 Win=65152 Len=@ TSval=85650@4 TSecr=3267397816
57 2.988880 10.100.215.71 10.101.70.2 TLSv1.2 117 Change Cipher Spec, Encrypted Handshake Message
- SIS S e O LSS = SRR . S i
> Frame 46: 74 bytes on wire (592 bits), 74 bytes captured (592 bits) ~ 90 50 b6 24 87 bf 78 fe 3d @e fd 7d @8 @@ 45
> Ethernet II, Src: JuniperN_@e:fd:7d (78:fe:3d:@e:fd:7d), Dst: GoodWayI_24:87:bf (00:50:b6:24:87 00 3c df 3f 40 00 3e 06 2b 6a @a 65 46 02 @a
i . st: d7 47 c@ 8a 16 34 a3 f2 c4 c2 00 @2 2@ 20 a0
fa f@ 91 be 00 20 @2 @4 ©5 b4 @4 02 @38 Qa c2

87 @e [} @1 @3 ©3 o
Source Port: 49290 0 20 oo 3 02

Destination Port: 5684
Stream index: 21

Figure 33- Wireshark capture of TCP traffic between Open XR Module and the Open XR Controller

After the TLS session with the Open XR Controller is setup and all data has been exchanged, then the
Open XR Controller web portal shows the Open XR Module as online and managed by the controller.
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; Module Name Host Name B Em_,® s

-
H By e SRS
@ Hosts B Settings ‘ © Line Port (Optical) I &% Client Port (Ethernet) | l", Nelghton | e
[ nou
» ¥ Labels
X, Constellations
i MA222312A008 -
@ Transport Capacities Device name
Hé Access identifier XR
Ci) services
Status @ online

Pl WARMSTART DB COLDSTART 4 FACTORY RESET

[ e —

* Configuration & \ Hardware Description ~
} User Management
o Configuration state Ready Serial number MA222312A008
‘ Fault Manag: t Configured Role Auto MAC address 3C:02:68:00:17:0C
Current Role Unknown Software version v1.1.0.8-rc2-5-1b7b4bfe2
X configuration Host ID Hardware version  ocf.22.6
Host port ID Form factor QSFP-DD
IEEE 1588 TC Connector type LC connector
Role Status Scanning Model number
Serdes lane rate 50 Gt CLEI Code
Service mode Auto Module Id 541bf322-6a94-4dab-5¢8f-7530ae8989ff
Traffic mode L1 mode Vendor INFINERA
& “ @ oeeTe

Figure 34 - Open XR Controller web portal with Open XR Module reported as Online

5.5 Dynamic IP Dual mgmt. with Open XR Modules in Juniper 400G router

This test extends the previous test bed with a DCHP server and client added to it. In this case the Open
XR Module has a DHCP client activated, as opposed to manually configuring the IP address of the
Module and the DPS server. This allows for using Open XR Modules in any router port without first
manually configuring them. The Open XR Module that is used for this test is a module with Serial
Number MA222312A00B and Dynamically assigned IP address 10.101.70.3.

IXIA

Traffic Gen.
44.44.44.10/30 44.44.44.6/30

Juniper PTX10K F&
Payload VLAN 600
et-0/0/23 44.44.44.1/30

400G Opd} XR

M VLA
10.101.70.3 (D!

P RINT..l /uniper PTX10K
44.44.44.2/30 G

400G Open XR

¥R

MGMT VLAN 4090
Dynamic Host Configuration Protocol (DHCP):

HCP assignec) Wireshark Capture 10.101.82.2
10.101.71.2

05

XR modules configed with
DHCP client for dynamic

configuration Devices Provisioning Service (DPS):_—"
U 10.101.71.2
XRMGMTVLAN . Afmene
DHCP relay configured Open XR Phase 2 — Test bed 4

Figure 35 - Dynamic IP Dual Mgmt test bed logical diagram
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To support the DHCP client on the Open XR Module the 400G router must be configured with DHCP
message forwarding/relaying to a centralized DHCP server. This is configured as follows:

set routing-instances OpenXR-Testing-MGMT forwarding-options dhcp-relay group
OpenXR_Group interface et-0/0/23.4090

set routing-instances OpenXR-Testing-MGMT forwarding-options dhcp-relay server-
group OpenXR_IPM_servers 10.101.71.2

set routing-instances OpenXR-Testing-MGMT forwarding-options dhcp-relay group
OpenXR_Group active-server-group OpenXR_IPM_servers

The Open XR Module for this test bed also configured with an active DHCP client.

XR module DHCP configured threugh CMIS script

ip gateway NTP server ip call home mvlan channel gmii mvlan

enabled disabled

After the Open XR Module has requested an IP address from the DHCP server, the IP addresses active
on the Open XR Module looks as follows:

The Wireshark screenshot below shows the DHCP messages that are exchanged between the client and
server. Also visible is the IP addressing information provided by the DHCP server including the URL of
the DPS service as DHCP option 114 (CoAPs URL).
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No. Time Source Destination Protocol
128 243.415573 10.101.70.1 10.101.71.2 DHCP
129 243.416279 10.101.71.2 16.101.70.1 DHCP
130 243.418382 10.101.70.1 10.101.71.2 DHCP
131 243.419380 10.101.71.2 10.101.70.1 DHCP

Lengt Info

342 DHCP Discover - Transaction ID @xc2b760a
405 DHCP offer - Transaction ID @xc2b76@a
342 DHCP Request - Transaction ID @xc2b76@a
485 DHCP ACK - Transaction ID @xc2b768a

140 252.662394 10.101.70.3 1€.1@1.71.
141 252.673553 10.101.70.3 10.101.71.
142 252.673707 10.101.71.2 10.101.70.
143 252.674441 10.101.71.2 10.101.70.
144 252.674837 10.101.70.3 10.101.71
145 252.683964 10.101.70.3 10.101.71.
146 252.726538 10.101.71.2 10.101.70.
147 252.861968 10.101.70.3 16.101.71.
148 252.862110 10.101.71.2 10.101.70.
149 252.91@e43 10.101.70.3 10.101.71.
156 252.910196 10.101.71.2 10.101.70.
151 252.910501 10.101.70.3 10.101.71.
152 252.910583 10.101.71.2 10.101.70.

-

o444
FoForE
w w w
< & <
B B B
NooNR

WNBNWNBNRN W WN N
= a

& )

<

=

9

-

66
174
66
1159
66
609
66
141
66
15e
66
72
66

)

34858 + 35684 [ACK] Seq=1 Ack=1 Win=64240 Len=0 TSval=1982775627 TSecr=2004804199
Client Hello
35684 » 34858 [ACK] Seq=1 Ack=185 Win=65152 Len=8 TSval=2004004211 TSecr=1982775638

Server Hello, Certificate, Server Key Exchange, Certificate Request, Server Hello Done

34858 » 35684 [ACK] Seq=105 Ack=1094 Win=64088
Certificate

35684 -» 34858 [ACK] 5eq=1094 Ack=648 Win=64640
Client Key Exchange

35684 » 34858 [ACK] Seq=1894 Ack=723 Win=64648
Certificate Vverify

35684 » 34858 [ACK] Seq=1094 Ack=807 Win=64640
Change Cipher Spec

35684 » 34858 [ACK] Seq=1894 Ack=813 Win=64648

Len=0 TSval=1982775639 TSecr=2004804212

Len=0 TSval=2004004264 TSecr=1982775648

Len=0 TSval=2004004399 TSecr=1982775826

Len=0 TSval=20040@4447 TSecr=1982775874

Len=@ TSval=2004004448 TSecr=1982775875

Boot file name not given
Magic cookie: DHCP
Option: (53) DHCP Message Type (ACK)
Option: (1) Subnet Mask (255.255.255.9)
Option: (3) Router
Option: (6) Domain Name Server
Option: (15) Domain Name
Option: (42) Network Time Protocol Servers
Option: (51) IP Address Lease Time
Option: (54) DHCP Server Identifier (10.101.71.2)
Option: (58) Renewal Time Value
Option: (59) Rebinding Time Value
Option: (61) Client identifier
Option: (114) DHCP Captive-Portal

Length: 31

Captive Portal: coaps¥2btcp://10.101.71.2:35684
v Qption: (255) End

Option End: 255

{vvyw

<

TSI SIII88
RT1338333383338883
YERS3TIIIILII8E3T
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3383333838888 %
223383833 8388884
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@
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n
®

6c 65 2e 6f 72

@1 2c 30 d7 8@ 26 90
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© 7 DHCP/BOOTP option type (dhcp.option.type), 33 bytes

Figure 36 - Wireshark capture of DHCP messages and TCP traffic between Open XR Module and Devices

Provisioning Service

: 349 - Displayed: 318 (91.1%) - Ignored:

4(1.1%)

|| Profile: Defaul

Once the DPS data exchange is completed the TLS session to 10.101.71.2 is terminated and the TLS
session to the Open XR Controller at 10.100.215.7 is initiated.
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255.149238

Source

10.101.70.3

Destination

10.101.70.3

10.100.215.71

TLSV1.2

TCP
TCP

66 53242 » 5684 ACK] Se Ack=1 Win=64240 Len=0 TSval=518455932 TSecr=13951476

Figure 37 - Wireshark capture of TCP traffic between Open XR Module and the Open XR Controller

Just as with the previous test bed, after the TLS session with the Open XR Controller is setup and all
data has been exchanged, then the Open XR Controller web portal shows the Open XR Module as online
and managed by the controller.

@ Dashboard

9 Hosts

[ nou

Constellations

@ Transport Capacities

T services

PaY
{23 software Management

& User Management

A Foult Management

£ configuration

P WARM START

Module Nome
MA222312A008

Host Name

e Settings

Device name

Access identifier

Status

* Configuration

Configuration state
Configured Role
Current Role

Host ID

Host port ID

IEEE 1588 TC

Role Status
Serdes lane rate
Service mode

Traffic mode

Online

A / Modules / MA222312A008 / Settings / General

© Line Port (Optical) & Client Port (Ethernet) 3 Neic

¥ Labels

XR
@ Online

PB CoLD START

Ready
Auto

Unknown

Scanning
50 Gbps
Auto

L1 mode

MA222312A008

€ FACTORY RESET

\ Hardware Description

Serial number MA222312A008

MAC address 3C:02:68:00:17:0C
Software version v1.1.0.8-r¢2-5-g1b7b4bfe2
Hardware version ocf.2.2.6

Form factor QSFP-DD

Connector type LC connector

Model number

CLEI Code
Module Id ©51987e3-b75b-46ca-787f-f1e74afd8f72
Vendor INFINERA

Figure 38 - Open XR Controller web portal with Open XR Module reported as Online
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TCP
182 255.157037 10.101.70.3 10.100.215.71 TLSvl.2 170 Client Hello
183 255.157171 10.100.215.71 10.101.70.3 TCP 66 5684 » 53242 [ACK] Seq=1 Ack=1@5 Win=65152 Len=0 TSval=13951484 TSecr=510455939
184 255.157858 10.100.215.71 10.101.70.3 TLSv1.2 1088 Server Hello, Certificate, Server Key Exchange, Server Hello Done
185 255.158197 10.101.70.3 10.100.215.71 TCP 66 53242 > 5684 [ACK] Seq=105 Ack=1@23 Win=64088 Len=0 TSval=510455941 TSecr=13951485
186 255.534265 10.101.70.3 10.100.215.71 TLSvl.2 141 Client Key Exchange
187 255.578557 10.100.215.71 10.101.70.3 TCP 66 5684 » 53242 [ACK] Seq=1023 Ack=180 Win=65152 Len=0 TSval=13951906 TSecr=510456317
188 255.579239 10.101.70.3 10.100.215.71 TLSvl.2 117 Change Cipher Spec, Encrypted Handshake Message
189 255.579370 10.100.215.71 10.101.70.3 TCP 66 5684 -+ 53242 [ACK] Seq=1023 Ack=231 Win=65152 Len=@ TSval=13951907 TSecr=510456361
190 255.579673 10.100.215.71 10.101.70.3 TLSv1l.2 117 Change Cipher Spec, Encrypted Handshake Message
191 255.57979@ 10.100.215.71 10.101.70.3 TLSvl.2 105 Application Data
192 255.579977 10.101.70.3 10.100.215.71 TCP 66 53242 > 5684 [ACK] Seq=231 Ack=1074 Win=64088 Len=0 TSval=510456363 TSecr=13951907
193 255.580107 10.101.70.3 10.100.215.71 TCP 66 53242 » 5684 [ACK] Seq=231 Ack=1113 Win=64088 Len=0 TSval=510456363 TSecr=13951907
194 255.587602 10.101.70.3 10.100.215.71 TLSvl.2 620 Application Data
195 255.630279 10.100.215.71 10.101.70.3 TCP 66 5684 » 53242 [ACK] Seq=1113 Ack=785 Win=64640 Len=8 TSval=13951957 TSecr=51845637@
196 255.640613 10.100.215.71 10.101.70.3 TLSv1.2 572 Application Data
197 255.640881 10.101.70.3 10.100.215.71 TCP 66 53242 » 5684 [ACK] Seq=785 Ack=1619 Win=64088 Len=0 TSval=510456423 TSecr=13951968
198 257.655314 10.101.70.3 10.100.215.71 TLSvl.2 597 Application Data
100 787 RSS4SE 10 164 715 71 14 141 70 2 TP AR SRRA = 83747 MACK] Sen=1/10 8rk=131R Win=R419R | ens@ TSuale130520R3 TSarr=G1045R437
<
> Frame 184: 1088 bytes on wire (8704 bits), 1088 bytes captured (8704 bits) fe 3d ee 1
> Ethernet II, Src: GoodWayI_24:87:bf (@@:50:b6:24:87:bf), Dst: JuniperN_@e:fd:7d (78:fe:3d:@e:fd:7d) 32 32 59 ¢
> Internet Protocol Version 4, Src: 10.100.215.71, Dst: 10.101.70.3 03 16 34 «
> Transmission Control Protocol, Src Port: 5684, Dst Port: 53242, Seq: 1, Ack: 105, Len: 1022 ;g i: ;g :
Vv Transport Layer Security 30 03 e5 ¢
> TLSv1.2 Record Layer: Handshake Protocol: Server Hello 31 51 ec &
> TLSv1.2 Record Layer: Handshake Protocol: Certificate @0 @b ff ¢
> TLSv1.2 Record Layer: Handshake Protocol: Server Key Exchange @3 1b @b ¢
> TLSv1.2 Record Layer: Handshake Protocol: Server Hello Done 30 82 01 ¢
ad ab fa ¢
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5.6 Line Side Dynamic IP Dual mgmt. with Open XR Modules in 400G router

When a Service Provider extends the network footprint to a new technical site, then the router deployed
and connected to the network via a new DWDM link might not yet have management connectivity. For
this reason, it is possible to enable a DHCP client on the line side of the Open XR Module. See the
diagram for the connectivity path that is used in this case. This functionality is being tested in Test Bed
5.

400G Router as Host device 400G Router as Host device

XR CPU & MEM

Optical Line Syste

Line Side

Figure 39 - Open XR Module MGMT VLAN redirect to Module control plane on a remote 400G router

The logical diagram of the test bed is shown in the Figure below. The Open XR Modules used for this
test is a module with Serial Number MA222312A00B as local and a module with Serial Number
MA122244A003 on the remote end.

IXIA 40 km IXIA
Traffic Gen. ' AWG SMFI;[)2::E+ Traffic Gen.
J éﬁ DFA Carning SMF.28
UfiSpace & J UfiSpace &
Drivenets 18.0 T ’ DriveNets 18.0
O

\J
: Isolated
\‘\l PE router
MPLS/IP

network 7)./ . o
/- Da'namlc Host Configuration Protocol (DHCP):
10.101.71.2

I'\._. -
p MPLS :
PE =

Figure 40 — Line Side Dynamic IP Dual Mgmt test bed logical diagram

XR modules bootstrapped via
DHCP at line side!

Open XR Phase 2 — Test bed 5 |

In this test bed the 400G router that is used is the DriveNets/UfiSpace router running DNOS v18.0. This
is configured as follows:

interfaces
ged00-0/0/1
admin-state enabled
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transceiver
optical-transport
center-frequency 194200 ghz
target-output-power -3

1
!
ge400-0/0/1.4090
admin-state enabled
ipv4d-address 10.101.81.1/24
vlan-id 4090 tpid 0x8100
dhcp relay-agent
admin-state enabled
server 10.101.71.2
!
!
ged00-0/0/6
admin-state enabled
transceiver
optical-transport
center-frequency 194200 ghz
target-output-power -3

1

!

ge400-0/0/6.4090
admin-state enabled
ipv4d-address 10.101.80.1/24
vlan-id 4090 tpid 0x8100

The Wireshark screen capture below shows how the local Open XR Module obtains its DHCP lease (IP
address 10.101.81.2 is provided) and then registers at the Open XR Controller.
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No. Time Source Destination Protocol  Lengt Info =
7 85.747099 10.101.81.1 10.101.71.2 DHCP 342 DHCP Discover - Transaction ID @x6d4cfb39
8 85.747730 10.101.71.2 10.101.81.1 DHCP 405 DHCP Offer - Transaction ID @x6d4cfb39
9 85.749774 10.101.81.1 10.101.71.2 DHCP 342 DHCP Request - Transaction ID ©x6d4cfb39
10 85.750473 10.101.71.2 10.101.81.1 DHCP 485 DHCP ACK - Transaction ID @x6d4cfb39
11 92.483031 10.101.81.1 10.101.71.2 DHCP 342 DHCP Discover - Transaction ID ©xb3cdbSa@
12 92.483802 10.101.71.2 10.101.81.1 DHCP 405 DHCP Offer - Transaction ID @xb3cdb5a@

! 15 94.823084 10.101.81.2 10.100.215.71 TCP 66 55596 » 5684 [ACK] Seq=1 Ack=1 Win=6424@ Len=0 TSval=2589484827 TSec
i 16 94.834160 10.101.81.2 10.100.215.71 TLSv1l.2 170 Client Hello
E 17 94.834306 10.100.215.71 10.101.81.2 TCP 66 5684 » 55596 [ACK] Seq=1 Ack=185 Win=65152 Len=@ TSval=2530543648 TS
E 18 94.834871 10.100.215.71 10.101.81.2 TLSv1.2 1089 Server Hello, Certificate, Server Key Exchange, Server Hello Done
E 19 94.835254 10.101.81.2 10.100.215.71 TCP 66 55596 » 5684 [ACK] Seq=105 Ack=1024 Win=64088 Len=0 TSva1=258948483S-
E 20 95.241977 10.101.81.2 10.100.215.71 TLSvl.2 141 Client Key Exchange —
f 21 95.285686 10.100.215.71 10.101.81.2 SICE 66 5684 » 55596 [ACK] Seq=1024 Ack=18@ Win=65152 Len=@ TSval=253054410¢
: 22 95.286251 10.101.81.2 10.100.215.71 TLSvl.2 117 Change Cipher Spec, Encrypted Handshake Message
E 23 95.286293 10.100.215.71 10.101.81.2 TCP 66 5684 » 55596 [ACK] Seq=1824 Ack=231 Win=65152 Len=0 TSval=253054410¢
i 24 95.286405 10.100.215.71 10.101.81.2 TLSv1.2 117 Change Cipher Spec, Encrypted Handshake Message
E 25 95.286460 10.100.215.71 10.101.81.2 TLSv1.2 105 Application Data
< >
> Option: (51) IP Address Lease Time A|120 00 20 00 00 00 ©O OO OO 0O OO @0 @0 @B - - e
> Option: (54) DHCP Server Identifier (10.101.71.2) 00 00 00 00 00 G0 ©0 00 00 0° 00 60 00 o0
> Option: (58) Renewal Time Value 00 00 00 00 63 82 53 63 35 01 02 ol e4 ff
> Option: (59) Rebinding Time Value 099594192 65 01 (01.06.96,100/00102 01 CO! ehsen
> outi €13 13 id iFi 92 ef @b 65 78 61 6d 7@ 6¢c 65 2e 6f 72 67 - - exa mple.org
ption: i(e1) client ddentitier 0a 65 47 62 33 04 ©0 00 02 58 36 04 0a 65 *--eG-3- ---X6--e
Vv Option: (114) DHCP Captive-Portal 32 4 0 00 01 2c 3b 04 @8 @8 02 12 3d 13 Go:--- -, jooco=-
Length: 31 90 17 od 00 01 00 01 2c 3@ d7 380 26 9@ fd *h--- -,0- &
Captive Portal: coaps¥2btcp://10.101.71.2:35684 - - +Fp- 3
> Option: (255) End ://10.10 1.71.2:3]
v
(PM Module Name Host Name Status
MA222312A00B - Online
.-
=il Dashboard A / Modules / MA222312A008 / Settings / General
H
© rosts # Settings | @ Line Port (Optical) | & Client Port (Ethernet) | X cor
fi§ NOU
o W Labels
A Constellations
MA222312A008 e
@ Transport Capacities Device name >
- Access identifier XR
C_é Services
Status @ Online
P WARM START P8 coLD START £ FACTORY RESET
(A
225 Software Management
* Configuration ~ ‘ Hardware Description
&
itx User Management Configuration state Ready Serial number MA222312A008
‘ Fault Management Configured Role Auto MAC address 3C:02:68:00:17:0C
o Current Role Hub Software version v1.1.0.8-1c2-5-g1b7b4bfe2
¢ Configuration Host ID Hardware version ocf.2.2.6
Host port ID Form factor QSFP-DD
IEEE 1588 TC Connector type LC connector
Role Status Ready Model number
Serdes lane rate 50 Gbps CLEI Code
Service mode Auto Module Id 51987e3-b75b-46ca-787f-f1e74afd8f72
Traffic mode L1 mode Vendor INFINERA

After the local Open XR Module is registered the remote module also manages to obtain its DHCP lease
(IP address 10.101.81.3 is provided) and then also registers at the Open XR Controller.
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No. Time Source Destination Protocol  Lengt Info
378 747.673723 10.101.81.1 10.101.71.2 DHCP 342 DHCP Discover - Transaction ID @x94clfbec
379 747.674481 10.101.71.2 10.101.81.1 DHCP 405 DHCP Offer - Transaction ID @x94cifbec
380 747.680894 10.101.81.1 10.101.71.2 DHCP 342 DHCP Request - Transaction ID @x94clfbec
381 747.682619 10.101.71.2 10.101.81.1 DHCP 405 DHCP ACK - Transaction ID @x94clfbec
382 748.709670 10.101.81.1 10.101.71.2 DHCP 342 DHCP Discover - Transaction ID @x36657@aa
383 748.710377 10.101.71.2 10.101.81.1 DHCP 405 DHCP offer - Transaction ID @x36657@aa ]
384 752.096828 10.101.81.1 10.101.71.2 DHCP 342 DHCP Discover - Transaction ID @xeldd3dSe —
385 752.097692 10.101.71.2 10.101.81.1 DHCP 405 DHCP Offer - Transaction ID @xeldd3dSe
! 386 753.853119 10.100.215.71 10.101.81.2 TLSv1.2 105 Application Data
E 387 753.853778 10.101.81.2 10.100.215.71 TCP 66 45602 -+ 5684 [ACK] Seq=42816 Ack=13444 Win=64088 Len=0 TSval=708331:
E 388 753.858170 10.101.81.2 10.100.215.71 TLSvl.2 15 Application Data
E 389 753.901676 10.100.215.71 10.101.81.2 TCP 66 5684 > 45602 [ACK] Seq=13444 Ack=42855 Win=64128 Len=0 TSval=253120:
! 392 756.138062 10.101.81.3 10.100.215.71 TCP 66 33800 » 5684 [ACK] Seq=1 Ack=1 Win=64240 Len=0 TSval=4139363217 TSecC
E 393 756.158054 10.101.81.3 10.100.215.71 TLSvl.2 170 Client Hello
E 394 756.158188 10.100.215.71 10.101.81.3 TCP 66 5684 > 33800 [ACK] Seq=1 Ack=105 Win=65152 Len=0 TSval=1618767614 TS
: 395 756.158805 10.100.215.71 10.101.81.3 TLSvl.2 1089 Server Hello, Certificate, Server Key Exchange, Server Hello Done
E 396 756.164965 10.101.81.3 10.100.215.71 TCP 66 33800 » 5684 [ACK] Seq=1@5 Ack=1024 Win=64088 Len=0 TSval=413936324<
< >
Client IP address: ©.0.0.0 A 100 00 00 00 OO GO ©O GO G0 OO OO BB @0 @B  « -« -+« v ~ccioien
Your (client) IP address: 10.101.81.3 D06 90 60 00 09 0000 80 00 00 B0 8O PR oc-coecs svemenee
Next server IP address: ©.0.0.0 @ 80 00 00 63 82 53 63 35 01 62 01 84 ff =HCh) SEhtenns
E 0 03 04 @a 65 51 ©1 06 08 cO @@ 02 @1 c®@ - - &0 sempeme
g:z:&:z:z:r:::Te;:%i::;ie;é?iizs (00:0b:¥8:56:1c:28) 02 of @b 65 78 61 6d 70 6c 65 2e 6f 72 67 - - exa mple.org
E 390z lCs $OD s ea0scCe Ga 65 47 82 33 @4 ©0 @0 62 58 36 84 8a 65 *--eG-3- ---X6 e
Client hardware address padding: 22222200000000000000 ) Grzerney govecome
Server host name not given 20 02N CRR - LR
Boot file name not given [ coa ps
Magic cookie: DHCP ://10.10 1.71.2:3
> Opotion: (53) DHCP Messace Tvoe (Offer) v | EENEX ff 56845
Module Name Host Name Status
L MA122244A003 - Online
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=@ Dashboard

9 Hosts

i nou
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® Transport Capacities
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F‘=s1 Software Management

}0 User Management
‘ Fault Management

* Configuration

A / Modules / MA122244A003 / Settings / General

& Settings . © Line Port (Optical)
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Bavide iaine MA122244A003
Access identifier XR
Status @ online
P% WARM START B COLD START £ FACTORY RESET

* Configuration

Configuration state
Configured Role
Current Role

Host ID

Host port ID

IEEE 1588 TC

Role Status
Serdes lane rate
Service mode

Traffic mode

Ready
Auto

Leaf

Ready
50 Gbps
Auto

L1 mode

| & Client Port (Ethernet)

I aNe

y ‘ Hardware Description

Serial number
MAC address
Software version
Hardware version
Form factor
Connector type
Model number
CLEI Code
Module Id

Vendor

MA122244A003
00:0B:F8:56:1C:27
v1.1.0.81¢2-5-g1b7babfe2
0cf.2.2.6

QSFP-DD

LC connector

f11527be-9755-404d-6b91-f81e61b33aec
INFINERA

400G router CLI ARP output showing the two DHCP assigned IP addresses for the local and the remote
module associated with the same interface ge400-0/0/1.4090.
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OpenXR1# show arp

VRF: default
IEv4 Address MAC Address =] g Interface

reachable 0 days, 0: :30 ged00-0/0/9.4090

ged00-0/0/9.4090

ged400-0/0/6.4090

ged00-0/0/1.4090

dynamic reachable 0 da H 129 ged00-0/0/1.4030

00:0b: :1c:28 dynamic reachable 0 days, O: 2 ged400-0/0/1.4090

5.7  P2MP with Open XR Modules in NDU and UfiSpace DriveNets router

This test bed is built to test the ability of an Open XR Module inside a UfiSpace DriveNets router to act as a
Hub module connecting to multiple NDU devices with Open XR Modules as leaf. The test setup is as follows:

High Res. High Res.
osa1 [ _—" osaz

"

£e400-0/0/4 44.44.44.21/30

e

"
UfiSpace &DriveNets Bottom ~ T\ P
5tand Alone swv17.3 fine )
194.8 THz \ 5 | 44.44.4414/30
Ethi/3 (- System’)/ 06 s VIAVI
Eth1/2 ge400-0/0/1 Y s Open XR Traffic Gen.
100G LR4 [¢ @
MGMT IP: e400-0/0/2 L
172.30.120.214 Vg veisee
C MPLS/IP XRNDU-2 IV Nokia SR-7s
{ )

QSFP-18

xR MGMT IP:
Data VLAN 601
Breryrey st 172.30.150.150

)1.71.2 Unmanaged SN LSS
? Switch

— R Open XR Test bed 6

Figure 41 - Test bed 6 logical diagram

The interface configuration of the Open XR Hub Module for the traffic forwarding:

interfaces
ged00-0/0/4
admin-state enabled
fec none
ipvd-address 44.44.44.21/30
speed 100
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OpenXR1# show config interfaces gel00-0/0/1/0

interfaces

gel00-0/0/1/1
admin-state enabled
fec rs-fec-544-514

OpenXR1l# show config interfaces gel00-0/0/1/1.601

interfaces

gel00-0/0/1/1.601
admin-state enabled
ipvd-address 44.44.44.29/30
vlan-id 601 tpid 0x8100

The interface configuration of the Nokia 100G router with a 100G grey client optic connecting to the NDU:

A:admin@prod-lab03c-ral# info flat | match 1/1/cé6
port 1/1/c6 {
port 1/1/c6 {
port 1/1/c6 {
port 1/1/c6 {
port 1/1/c6 {
port 1/1/c6/1
port 1/1/c6/1
port 1/1/c6/1

transceiver **" }
port 1/1/c6/1
port 1/1/c6/1
port 1/1/c6/1

router

"Base"

[pr:/configure]
A:admin@prod-lab03c-ral# info

router
router
router
router
router

router

"Base"
"Base"
"Base"
"Base"
"Base"
"Base"

[pr:/configure]

The High Resolution OSA devices reading from both the Hub (black) and the two Leaf modules (green):
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}

admin-state

enable }

description "** In use for Open XR testing - 100G LR4 **" }

connector }

connector breakout cl1-100g }

{1

{ admin-state enable }

{ description "** In use for Open XR testing - 100G LR4

{ ethernet }

{ ethernet mode hybrid }
{ ethernet mtu 9192 }
{ interface "OpenXR c6 tag 1" port 1/1/c6/1:601 }

{ interface
{ interface
{ interface
{ interface
{ interface
{ interface

flat | match "OpenXR c6 tag 1"

"OpenXR c6 tag 1"
"OpenXR c6 tag 1"
"OpenXR c6 tag 1"
"OpenXR c6 tag 1"
"OpenXR c6 tag 1"
"OpenXR c6 tag 1"

}

port 1/1/c6/1:601 }

ipvd }

ipv4 primary }

ipv4 primary address 44.44.44.30 }
ipv4 primary prefix-length 30 }
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OSA Screen shots:
Black trace: Hub TX
Green trace: Hub RX
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The Hub and Leaf modules are fully registered and controlled by the Open XR Controller:

1 1 Constelutions ¢ Comt] [ Tepslegy

ks + ] * Leaf Modules Discovered & Control Links # Topology % Neighborhood

Constellation(s)

@ sornesn | By ceeant v

Endpoint A Endpoinn T
[ Mames ServiceMode LLDPSystemNome Portld Moddename  Accessidentifer Rate(Gbps) Portspeed (Gbos) LLOPSystemMome Porlld Meddename  Accessidentiber RateiGbos) Port speed (Obos) LifecycleState Managed
XBL1 MAZZZZIZA00N XRTH 100 100 MAZZZNIZAONO XRTH 100 100 Corbgreed BN
XRL1 MAZZZZ3IA008 XR-TY 160

100 MAZZZINZADID XRTA

Constellations

@ sreesn | ] coeate

(]} Name Mhodhile namne A LLDP System Name Host Ports MAC address Conmtellation frequency (THI)  Modulation Topalogy IEEE 1588 TC Litecycle State
v 1t MAZZZIIZAD10 FCOTEO01E80 104800000 16040 v PP w o Contipaed
LLDP System Namme  Host Ports Current Roke Rcle Statuss Fiber Mode Lifecycle State Connectivity Type
MAZZ22324001 OO.08FE6ED880 Leaf Unkngwn Scanning Ousl Confgured Eontiol Plane Neighbor
MAZZE233A003 00088480760 Leat Unknown Soanning Dl Configured Contiol Plane Neightror
[ Oselectod totalrecords: 1 10 colurms selected Tol1 1 0 v
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6 Summary and Conclusion
In this Proof of concept, we have successfully demonstrated:

1. Coexistence of XR signals with a variety of brownfield DWDM and XGS-PON line systems in:
a. Point-to-point configuration and
b. Point-to-multipoint configuration

2. Compatibility of XR pluggable transceivers with a variety of host and NOS systems (Juniper,
DriveNets & Ufispace, SONiC & Edgecore, Infinera TM301, and Infinera NDU).

3. Host independence of optical management when XR coherent optics are deployed in a
packet host demonstrating the Open XR Management Architecture’s dual management
paradigm.

4. Advanced management functionality of smart pluggable transceivers, demonstrating the
capability of modern routers to seamlessly support remote management of pluggable
transceivers through the Open XR management architecture.

This demonstrates the viability of XR to transform the network architecture with long-reach coherent
optics supporting both P2P and P2MP connectivity, while being able to seamlessly integrate with legacy
network management and installed infrastructures.
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