
The Benefits of Next 
Generation Multi-terabit 
Transport Network 
Architecture
Unprecedented growth in network bandwidth demand 
is driving the need for new innovations to support 
the massive scale of on-demand network traffic. New 
innovations in coherent optical technology have been 
fueled by advancements in electronics and cutting-
edge photonics using large-scale photonic integration. 
The next generation of multi-terabit super-channels 
and sliceable photonic technologies create highly 
scalable and efficient network architectures. Network 
modeling analysis shows that a multi-terabit photonic 
integrated circuit (PIC)-based super-channel approach 
using sliceable photonics technology with an optimal 
mix of muxponder and optical transport network (OTN) 
switching functions can deliver 53 percent lower total 
cost of ownership (TCO) to network operators. 
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Introduction

Bandwidth requirements in transport networks are growing exponentially, driven by the rapid 
growth of cloud-based services, increasing broadband access speeds, 4G/5G mobile data, the 
Internet of Things and online video. This rapid growth is causing service provider networks to 
handle a significant increase in bandwidth. In turn, this is driving the need for new innovations 
that can offer massive on-demand network capacity. In this white paper a highly scalable network 
is modeled using a unified architecture of muxponder and OTN switching functions. The results 
from the modeling compare the cost of ownership of the next-generation PIC-based super-
channel approach and conventional solutions, which today don’t use PIC-based super-channels. 

Network Architecture

The conventional approach to meeting growing bandwidth needs has been to scale the data 
rate transmitted per wavelength from 2.5 gigabits per second (2.5G) to 10G to 100G and to 
200G. However, this increase in transmitted capacity is typically achieved by higher modulation 
rates such as 16QAM (Quadrature Amplitude Modulation) and has often come at the expense 
of reach, resulting in suboptimal network designs. Advanced wavelength-division multiplexing 
(WDM) technologies such as coherent super-channels efficiently transport large amounts of data 
over regional, long-haul and submarine networks. Super-channels use principles similar to multi-
core processors and combine multiple coherent carriers into a single virtual unit of capacity that 
can be brought into service in one operational cycle and can continue to use more noise-tolerant 
modulation techniques such as quadrature phase-shift keying (QPSK) and 8QAM, which have 
better reach. 

Coherent super-channels are made practical by large-scale PICs. Infinera pioneered the 
integration of hundreds of photonic functions, including lasers, modulators, waveguides and 
other optical components, into large-scale indium phosphide (InP) PICs, and also pioneered the 
use of InP semiconductor manufacturing and testing processes for PICs. PICs provide significant 
flexibility and efficiency benefits when integrated into WDM systems through significant reduction 
in modules, fiber interconnects, and space and power consumption, while enhancing reliability. 
Coherent super-channels also require cutting-edge electronics such as digital signal processors 
(DSPs) to implement the coherent algorithms that are transmitted by the PIC. PIC-based 500G 
super-channels have been shipping since 2012 and are deployed in networks globally, creating a 
large pool of capacity to handle traffic growth. 

Now the next generation of photonics and electronics is upon us. Both PICs and DSPs are 
making significant strides forward to deliver the next step function in coherent super-channel 
functionality. The next generation of optical engines deliver multi-terabit super-channels using 



cutting-edge photonics and advanced electronics, creating a foundation for new innovations 
such as sliceability, Nyquist subcarriers and soft-decision forward error correction (SD-FEC) gain 
sharing. 

Traditional muxponder- based network architectures are only able to utilize optical wavelength 
(Layer 0) switching using reconfigurable optical add/drop multiplexers (ROADMs). While 
ROADMs are necessary, they are not sufficient, and ROADM-only switching is inherently 
inefficient as they are not able to effectively groom sub-wavelength services and fill up the 
bandwidth of each wavelength, especially as wavelength data rates change based on modulation 
profile. OTN grooming, multiplexing and switching address these inefficiencies. Multi-layer 
switching is enabled by adding OTN switching (Layer 1) technology into ROADM networks. 
OTN switching can be used to groom and switch data at ODU0 and ODUflex granularity so that 
service wavelengths can be packed efficiently. Multiple studies 1, 2 have validated the benefits 
of OTN switching in improving network efficiency, resulting in improved network economics. 
It is also becoming evident that unified network designs using an optimal combination of a 
muxponder and an OTN switching-based solution provide added benefits and improvements to 
network efficiency. In these unified network architectures, traffic services that do not require Layer 
1 switching can be offloaded to muxponder solutions, thereby optimizing the overall switching 
capacity required in the network.

The Benefits of Sliceable Photonics and Multi-terabit Super-channels

The value of an optical engine that can deliver up to 2.4 terabits per second (2.4T) of super-
channel capacity is that service providers can scale bandwidth faster with fewer modules and 
fibers, resulting in lower operational costs. They can also pre-deploy all 2.4T of capacity but only 
activate into service a portion of that capacity, leaving the remaining service-ready bandwidth 
available as on-demand capacity. Also present is sliceability, which allows each wavelength 
to: 1) be tuned to any C-band frequency, 2) the modulation profile to be set as needed and 3) 
the wavelength to be routed to any destination. Combined with OTN, packet switching and 
SDN control, operators now have an automated and programmable system for on-demand 
services with optimal network efficiency. Optical innovations such as sliceable photonics with 
100G granularity and the Infinera Instant Bandwidth solution provide fine-grained control of the 
massive pool of bandwidth, delivering flexibility and improving network economics. Figure 1 
shows an illustration of a mesh network architecture utilizing the benefits of sliceable photonics. 
Multi-terabit optical engines create a pool of pre-deployed capacity, in this case up to 2.4T. 
Based on network demand, up to 1.5T of bandwidth is brought into service via simple software-
defined activation and Instant Bandwidth. This activated bandwidth can be optically sliced in 
granularities of 100G or Nx100G, with each slice individually routed to various destinations. 
These slices can be modulated using any format, including binary phase-shift keying (BPSK), 
matrix-enhanced phase-shift keying (ME-PSK), QPSK, 3QAM, 8QAM and 16QAM, to meet the 
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specific capacity and reach requirements of subsea, data center interconnect, metro or long-haul 
network applications. When presented with an unforecasted or temporary network demand, 
either due to natural disasters or large media events, additional bandwidth slices can be brought 
into service via simple software activation. An example of Time-based Instant Bandwidth is 
illustrated in Figure 1. A media event at Node B creates a temporary demand of additional 
bandwidth. Two 100G slices are instantly activated from the available pool of bandwidth at Node 
F. Once the event has concluded, the leased 200G of bandwidth is automatically returned back 
to the bandwidth pool. 

Sliceable photonics and Instant Bandwidth provide unmatched flexibility in routing and delivering 
on-demand bandwidth, and combined with OTN and packet switching under software control, 
offer a new way of deploying transport network architectures. This solution also reduces the 
number of traffic modules and fiber connections in the network. Thus, the solution lowers the 
total cost of ownership of networks as is outlined in the results section.

Network Topology and Traffic Demand

In this white paper, a standard United States-based collector network topology [Figure 2] has 
been used for modeling. This is a representative Tier 1 national long-distance network with 
87 nodes and 114 links. The fiber spans cover a total of 42,793 kilometers, with 426 optical 
amplifier locations. The 87 nodes include nine data center sites (seven of which are dual point-
of-presence), 19 Tier 1 cities, 10 Tier 2 cities, 35 Tier 3 cities and three junction sites. There are 
five cable landing sites, with one of them co-located with a Tier 3 city. The model assumes that 
all nodes have ROADMs so that they can optically switch at individual wavelength granularity. 

Figure 1: Photonic Slicing Architecture
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The nodes within the network can have a combination of muxponder and OTN switching 
platforms depending on the design requirement. The unified network architecture assumes that 
a wavelength originating on a muxponder location can be terminated on an OTN switch, or vice 
versa. 

Table 1 provides the details of the traffic demand profile, which consists of 10G and 100G 
services. The demand is generated based on market forecast, which scales across three time 
periods (Year 1, 3, 5). The traffic profile includes data center traffic, international traffic entering 
cable landing sites and inter-city traffic based on a gravity model1. In the initial period the traffic is 
10G-heavy, increasing to a majority of 100G traffic by the third time period, which is captured in 
the 10G bandwidth ratio column. The other traffic profile parameters include link utilization and 
protection across the three time periods. Based on the traffic profile and the optical path reach 
requirement, the model selects QPSK or 16QAM modulation formats with individual carriers of 
100G and 200G respectively. 

Both PIC-based super-channel and conventional network solutions are simulated using a unified 
network architecture with an optimal mix of muxponder and OTN switches. Future studies 
would model the impact of adding packet switching to the network architecture. The PIC-based 

Table 1: Network Traffic Services

Figure 2: Representative Long-haul Network Topology

10G BW Ratio Link Utilization Protected Services

Year 1 45% 10% 19%

Year 3 25% 23% 23%

Year 5 16% 37% 24%
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super-channel solution uses multi-terabit super-channels and photonic slicing. The multi-terabit 
super-channel can be optically sliced at 100G granularity and routed in any direction, thereby 
enhancing the advantage of the colorless, contentionless and directionless capabilities of the 
flexible grid ROADMs. 

The network simulation is optimized as an integer linear program solved using CPLEX4, which 
then determines the light paths to be established, the modulation format to be used and the 
type of chassis to be deployed. This is implemented with the objective of the least overall 
network cost. The cost factor is based on assumptions and typical market estimates. For 
faster convergence in the simulation, the model defines the one- and two-degree nodes to 
be muxponder based add/drop or regeneration locations. Nodes that have greater than two 
degrees could have both a muxponder and an OTN switch.

Modeling Results

The results from the modeling are used to compare the cost of ownership of the PIC-based 
super-channel approach and conventional solutions, which today don’t use PIC-based super-
channels. The results show that the PIC-based approach delivers significant savings to network 
operators in terms of space, power, number of traffic modules, and total cost of ownership (TCO).

Figure 3 compares the number of modules deployed across the simulation time period. The 
figure shows that the competitive solution requires 340% more or 4.4 times the number of traffic 
modules to be deployed than the number required by the PIC-based solution. This reduction in 
the module requirement with the PIC-based solution can be directly attributed to the scalability 
of multi-terabit super-channels and the flexibility offered by the photonic slicing architecture. 
Reduced hardware has a cascade effect, also reducing the power and space requirements of the 
next-generation solution. 

Figure 3: Total Module Count
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Figure 4 compares the space and power consumption across the time period of network growth 
for both solutions. The conventional solution requires 37% more space and consumes 56% more 
power than the PIC-based solution. These reductions contribute toward capital expenditure 
(CapEx) savings by minimizing the amount of space network operators have to lease at colocation 
sites and also toward reducing the carbon footprint through savings in power consumption and 
cooling.

All these savings through reduced hardware, space and power result in a lowered TCO of the 
PIC-based super-channel solution. Figure 5 compares the TCO of the PIC-based solution, which 
provides up to 53% TCO savings over the conventional solution. 
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Figure 4: Total Space and Power Consumption
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Conclusion

The next-generation PIC-based super-channel with sliceable photonic technologies and  
next-generation coherent DSPs provide the unique ability to deliver multiple terabits of capacity 
efficiently in transport networks. This solution provides fine-grained and flexible control of optical 
wavelengths at 100G. The solution can tune and route a 100G wavelength or Nx100G super-
channels in multiple separate directions with the appropriate flexible grid coherent modulation, 
which in turn can be combined with OTN and packet switching. This solution was compared 
with the conventional approach, which does not utilize PIC-based super-channels, on a long-haul 
collector network model. The results show that module requirements can be reduced by up to 
77 percent over conventional solutions. Furthermore, the conventional solution uses 37 percent 
more space and 56 percent more power than the PIC-based approach. Ultimately, this results 
in reduced reduction in TCO of up to 53 percent in the multi-terabit sliceable super-channel 
architecture as compared to conventional approaches when designing next-generation  
transport networks. 
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