DI TORINO

2019 ACP CONFERENCE T POLITECNICO

INDUSTRIAL FORUM ON TECHNOLOGICAL ADVANCES IN
OPTICAL TRANSPORT AND ACCESS

BAND- VS SPATIAL-DIVISION MULTIPLEXING
FOR NETWORK CAPACITY UPGRADE

VITTORIO CURRI

CURRI@POLITO.IT

PROFESSOR, PHYSICAL LAYER AWARE NETWORKING
DET - POLITECNCO DI TORINO - ITALY

=OPTCOM 1




OPTIONS FOR NETWORK CAPACITY EXPANSION

| Strategy | Pros | Cons | Maturity | Capacity |
1) Mature technology Proportional to the
Multi-fiber 2) Exploitation of available dark-fibers New fiber deployment High number of available
fibers

. . ] Proportional to the

Multi-core / - . - . _1] New deployment of optical ﬁber§ Significantly number of available

mode fiber High capacity per optical fiber 2) Development of new components low fibers. number of cores
and modes

1) Exploits the full low-loss region of
Multi-band SMF

transmission 2) Maximizes previous investments

Up to ~10x the current

Development of new components Low capacity per fiber
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AVAILABLE BAND IN SSMF FIBERS
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BDM TECHNOLOGY EVOLUTION

Applications }

, Metro, Regio &
Full Network Long-Haul Networks
o0 oo
Amplified Long Reach DCI
Point-to-Point « «
Link > g

Unamplified Short Reach DCI
Point-to-Point
Link

-

1. MB Transceivers . 4. MB Spectrum Enabling
3. NV :
2. MB Fixed Filters MB Amplifiers Selective Switches  Technologies
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On the achievable capacity of point-to-point
links
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SYSTEM LAYOUT
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THE ANALYSIS

= Hypothesis of exploiting the 50 GHz WDM grid

= We do not include impairments of specific component implementation
except ILA NF to evaluate the fundamental capacity limits

» Launched power optimized for every band
= Analysis of Intra- and Inter-band Stimulated Raman Scattering

= Application of the QoT-E of the GNPy!" based on the GGN model® for NLI
evaluation to derive the GSNR per channel

= Hypothesis of Shannon transceiver to calculate the bit-rate per channel
(2)

On the Interplay of Nonlinear Interference

_ _ Generation With Stimulated Raman Scattering
(1) https://telecominfraproject.com/oopt/ for QoT Estimation
Mattia Cantono ™, Student Member, 054, Dario Pilon ©, Student Member, (2
|

Alessio Ferrari, Student Member, O5A, Clara Catanese, Jordane Thouras, Jean-Luc Augé, Member, (354
and Vittorio Curri ¥, Member, IEEE
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https://telecominfraproject.com/oopt/

RESULTS: GSNR
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CAPACITY FOR DCI, METRO, EXTENDED METRO AND REGIONAL SCENARIOS
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Networking analysis: BDM vs. SDM

Band-division vs. Space-division multiplexing: a
Network Performance Statistical Assessment

Alessio Ferrari, Student Member, IEEE, Emanuele Virgillito, Student Member, IEEE, and Vittorio Curri, Senior
Member, IEEE, Member. OSA

To appear on JLT special issue on wideband optical systems
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MULTIPLEXING CARDINALITY AND NETWORK ABSTRACTION

Investigated solutions

1) Reference scenario in which N¢p,, =1 and Ngpy = 1
2) Pure BDM, when N¢py = 1 and Ngpy = Ny,

3) Pure SDM, when Ngp,, = 1 and Ny = Ny,

4) Mixed upgrades in which Ny # 1 and Ngpy # 1

N.= Naw X Noo
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INVESTIGATED SCENARIOS

TABLE I: Per band parameters

L L [ 5 E [
Wavelength range [nm] 1625 - 1675 1565 - 1625 15330 - 1565 1460 - 15330 1360 - 1460 1260 - 1360
Frequency range [THz] 170,10 - 18462 18462 - 191,69 19169 - 19608 19608 - 20548 20548 - 22050 22050 - 238.10
Central Frequency [THz] 181.86 188,16 193,89 200,78 213.04 229.35
Mumber of available channels 108 137 80 183 196 156
Attenuation o [dBkm] 0. 264 0.200 0.191 0.220 0.283 0.34
Dispersion coefficient Fa [ps'zﬂ:ml 3008 -24.3 -20.2 -13.4 -4.2 0.5
Monlinear coefficient « [1/W/km] 1.22 1.28 1.3 1.4 1.5 1.6
F [dB] 6 (i 3.5 T f T
TABLE II: Ny, Ngpm and Nspy of each mvestigated upgrades. TABLE IIl: BDM bandwidth occupation
Pure BDM Mixed Upgrades Pure SDM Ny | Wy [T A T E et
Nm | Nepm Nsom | Ngpm Nsom | Nepm Nspm | Nepm Nsom | Nepm Nspm | Neom Nspw = 0 - —0 T
- - l - - - - - - - - - > || - 8 80 - g THz
3 3 I - - - - - - - - 1 3 3 240 | - 137 80 23 12 THz
4 4 l 2 2 - - - - - - 1 4 4 30| - 137 80 103 16 THz
6 6 ! 3 2 2 3 - - - - 1 6 6 480 | 80 137 80 183 - - 24 THz
12 12 1 6 2 4 3 3 4 2 6 1 12 12 160 | 108 137 B0 183 296 156 | 48 THz
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STATISTICAL NETWORK ASSESSMENT PROCESS
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THE ANALYZED NETWORK TOPOLOGIES

German topology US-net topology
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BP VS. PER-CARDINALITY TRAFFIC
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CONCLUSION

*Pure BDM solution is an effective solution for
capacity capacity upgrade up to full C+L+S band
with limited penalty with respect to SDM

=Use of U, E and O bands is effective only in case
SDM is not available

»Best options are mixed solutions with C+L+S band
per fiber
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