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Abstract—In this paper, we present a capacity and feasi-
bility analysis of converged metro-access optical networks for
supporting Radio Access Network (RAN) fronthauling, based
on Bit Error Rate (BER) profiling. Using two commercially
available transceivers—Cassini DCO and Phoenix—we assess the
performance of various modulation formats (DP-QPSK and DP-
16QAM) and symbol rates (32 Gbaud and 64 Gbaud) across
all routes in a metro-access topology. The study evaluates route
feasibility under two BER thresholds (10−3 and 10−2), offering
detailed insights into the trade-offs between capacity, symbol
rate, and transmission robustness. Our results demonstrate that
while higher-order modulations and higher symbol rates enable
greater throughput, they exhibit lower tolerance to transmis-
sion impairments, significantly reducing the number of feasible
routes. Conversely, lower-order modulations and reduced symbol
rates provide more resilient performance over a wider range
of network conditions. These findings support the potential of
utilizing existing metro-access infrastructure to efficiently and
reliably support high-bandwidth, low-latency RAN connectivity
for 5G and 6G networks.

Index Terms—metro-access networks, RAN, Capacity Analysis,
BER Analysis

I. INTRODUCTION

As demand for high-speed, reliable data services esca-
lates in metropolitan areas, the transition towards 5G and
the forthcoming 6G networks becomes increasingly critical.
These advanced networks necessitate robust, high-capacity
connectivity solutions to handle the surge in data traffic and
the complexity of emerging technologies such as the Internet
of Things (IoT) and cloud computing services. To meet these
needs, there is a rapid deployment of numerous Remote Radio
Units (RRUs) in dense urban environments for efficient data
transmission [1, 2].

These RRUs are essential for enhancing network coverage
and capacity but demand an equally capable transport net-
work to manage the data load effectively. Current transport
technologies, such as microwave, millimeter waves, terahertz
(THz), and free-space optics, each offer unique advantages.
However, these technologies typically struggle to provide the

consistent bandwidth and low-latency communication required
for seamless service delivery [3, 4].

In this scenario, optical fiber has emerged as the best
transport technology for fronthauling and backhauling. It not
only provides the high bandwidth necessary but also ensures
reliable and low-latency communication with minimal sig-
nal losses, crucial for supporting the high data rates, ultra-
low latency, and enhanced reliability required by 5G and
6G applications [1]. However, the use of dedicated fibers,
while advantageous, is not always scalable or cost-effective,
especially in urban environments characterized by dynamic
and heterogeneous traffic patterns. A more viable alternative
is to utilize the existing optical infrastructure to support
access networks. Typically, this includes a metropolitan area
network that employs traditional Dense Wavelength Division
Multiplexing (DWDM) channels, alongside an access segment
that operates using a Passive Optical Network (PON), which
collectively form the backbone of the urban fiber infrastruc-
ture.

The integration of Radio Access Networks (RAN) with
these metro-access networks can be significant in this case,
as it plays a crucial role in achieving high bandwidth and
low latency communications essential for modern applications.
This paper explores the potential of converged metro-access
networks, traditionally used for broadband service delivery, as
a scalable and efficient solution for RAN fronthauling [5]. In
this study, we perform a detailed statistical analysis of all the
routes in the network. For this investigation, we do not con-
sider any blocking events, focusing solely on the capacity and
performance characteristics under different scenarios. Despite
their capabilities, these networks often operate below their
maximum capacity, presenting an opportunity to leverage their
available bandwidth for additional functionalities. This study
assesses the capacity of converged metro-access networks for
RAN end-to-end connection on the basis of the statistical
behavior of Bit Error Rate (BER) across all feasible routes in
a converged metro-access network, as shown in fig 1. These



findings aim to guide network operators in making informed
decisions about future deployments and optimizations.

Fig. 1: Converged Metro-Access Network Scenario

II. SIMULATION SCENARIO

To evaluate the characteristics of the physical layer for
all possible routes within a converged metro-access network,
the overall network has been modeled in a Python simulator.
The physical-layer modeling accounts for key impairments
such as fiber attenuation and amplifier noise introduced by
optical line systems. For each route, the cumulative effect
of these impairments is used to compute metrics such as the
received optical power (ROP), generalized signal-to-noise ratio
(GSNR), and end-to-end signal-to-noise ratio (SNR).

Fig. 2: Power loss distribution

For the physical layer abstraction, each network element
is assumed to cause a signal gain (or loss) and introduce
Gaussian noise. In particular, It has been considered the joint
effect of the Amplified Spontaneous Emission (ASE) of optical
amplifiers and the non-linear interference (NLI) from fiber
propagation. The GSNR for ith channel can be defined as:

GSNRi =
PS,i

PASE(fi) + PNLI,i(fi)
(1)

where PS,i is the signal launch power, PASE(fi) is ASE, and
PNLI,i is the fiber NLI.

Considering a random power loss distribution on the access
segment to determine the feasibility of each route within

the converged metro-access network, as shown in Fig. 2 and
calculated in [6]. Considering a transceiver model for both
transceivers (Cassini DCO and Phoenix) as in [7], the bit error
rate (BER) for each route has been computed using eq. 2 while
the SNR contribution is given by eq. 3.

BER = k1 · erfc
(√

k2 · SNR
)

(2)

where k1 and k2 are constants whose values depend upon
the type of modulation format [8] and are given as:

Modulation Format bit/symbol k1 k2
DP-QPSK 4 1/2 1/2

DP-16-QAM 8 3/8 1/10

TABLE I: k1 and k2 values at different modulation formats

SNR−1 = GSNR−1 + SNR−1
TRX (3)

In this investigation, we have considered the metro-access
network topology depicted in Fig. 3 with a limited subset
of available leafs, exchanging antenna-to-antenna traffic. It
consists of 37 optical nodes for a converged metro-access
network for add-drop traffic requests. The M-nodes and A-
nodes represent the metro and access segments, respectively.
Metro nodes are interconnected by 19 edges representing
optical line systems, each consisting of fiber pairs and in-line
amplifiers. The network features an average node degree of
3.42 and an average link length of 37 km, with a maximum
link length of 50 km. Access network segments are connected
to the metro network via five edge links. The access segment
consists of short-reach fiber links ranging from 2 km to 5 km.
This access segment is based on the passive optical network
(PON) configurations, having an average splitting ratio of 1:4.

Based on the computed BER for each route, the feasibility
of the route has been decided by comparing it with BER
threshold. It reflects the bitrate and capacity of the network.

III. RESULTS AND DISCUSSIONS

We analyzed the route feasibility for both Cassini DCO
and Phoenix transceivers based on predefined BER thresholds,
shown in Fig. 4, Fig. 5, and Fig. 6. The purple and green
dashed lines represent the BER thresholds of 10−3 and 10−2,
respectively. Using the cumulative frequency distribution, the
feasible and non-feasible regions were defined. The green and
yellow shaded regions indicate the feasible zones for BER
thresholds of 10−3 and 10−2, respectively, while the pink
region corresponds to non-feasible routes (BER > 10−2). A
detailed discussion of the results is as follows:

A. Cassini Transceiver

Fig. 4 shows the comparison between 200G DP-QPSK and
400G DP-16QAM for the Cassini DCO transceiver. Here,
we have considered a spectrum of 1 THz, 100 GHz channel
spacing, and 64 Gbaud symbol rate.

For the BER threshold of 10−3, DP-QPSK demonstrates ex-
ceptional resilience with 97.64% of routes (3976 out of 4072)
being feasible, while DP-16QAM fails entirely under this



Fig. 3: Converged Metro-Access Network Topology

constraint, resulting in 0% feasible routes. For BER threshold
of 10−2, feasibility improves for both formats: QPSK achieves
99.73% (4061 feasible paths), and 16-QAM rises to 94.40%
(3844 feasible paths). This clearly highlights the impact of
modulation format and BER thresholds on route feasibility, as
higher-order modulations like 16-QAM are inherently more
sensitive to noise, dispersion, and nonlinearities. They require
cleaner, lower-loss transmission conditions to maintain low er-
ror rates, whereas QPSK—with its larger symbol spacing—is
more robust under typical network impairments. There is a
significant design trade-off in optical networks: although DP-
16QAM offers double the capacity per channel (400 Gbps
vs. 200 Gbps for DP-QPSK), it severely restricts the number
of usable routes under stringent quality constraints. In con-
trast, DP-QPSK enables broader path availability and higher
transmission reliability, especially in metro-access or long-
reach segments. Therefore, modulation format selection must
be driven not only by capacity goals but also by BER tolerance
and network topology.

B. Phoenix Transceiver

We evaluated the feasibility of routes for DP-QPSK signals
using the Phoenix transceiver at two symbol rates: 32 Gbaud
and 64 Gbaud. The analysis was performed over 4072 total
routes, with BER thresholds of 10−3 and 10−2. The results
are visualized in Fig. 5, where the cumulative distribution
functions (solid lines) and corresponding BER probability
densities (dashed lines) are shown for both symbol rates.
At 32 Gbaud, the Phoenix transceiver exhibits excellent per-
formance, with 100% of routes remaining feasible under
both BER thresholds. This reflects the robustness of lower

Fig. 4: Comparison between DP-QPSK and DP-16QAM for
Cassini DCO

baudrate transmission, which benefits from greater tolerance
to dispersion and nonlinear impairments. At 64 Gbaud, a
slight degradation is observed under threshold 10−3, where
feasibility drops to 99%. However, under the relaxed 10−2

threshold, all routes remain feasible (100%).
This highlights the trade-off between symbol rate and trans-

mission robustness: increasing the baudrate enhances spectral
efficiency and reduces latency, but at the cost of reduced
tolerance to impairments. Hence, symbol rate selection must
balance throughput demands with physical layer limitations to
ensure high-quality transmission over diverse path conditions.

Fig. 5: Comparison between 32Gbaud and 64Gbaud for
Phoenix DP-QPSK

We further evaluated the impact of symbol rate on DP-
16QAM signal feasibility using the Phoenix transceiver, con-
sidering symbol rates of 32 Gbaud and 64 Gbaud over a total
of 4072 routes as shown in Fig. 6.

At 32 Gbaud, DP-16QAM achieves a reasonable trade-off
between capacity and signal integrity, with 87.48% of routes
remaining feasible under the strict BER (10−3) threshold, and
98.21% under the 10−2 threshold. In contrast, increasing the
symbol rate to 64 Gbaud introduces significant performance
degradation: only 0.54% of routes are feasible under the 10−3

threshold, and 80.77% under 10−2. This significant drop in



Fig. 6: Comparison between 32Gbaud and 64Gbaud for
Phoenix DP-16QAM

feasibility can be attributed to the increased sensitivity of
higher baudrate 16QAM signals to transmission impairments
such as chromatic dispersion and nonlinearities. As the symbol
rate increases, each symbol occupies a shorter time window,
reducing the signal’s tolerance to distortions, especially for
higher-order modulations.

These results highlight a key limitation when combining
high-order modulation with high symbol rates because such
configurations promise high spectral efficiency and throughput,
they impose stringent physical-layer requirements that signif-
icantly reduce the set of usable routes. Therefore, practical
deployments must carefully balance modulation format and
symbol rate based on path quality, potentially leveraging
adaptive modulation schemes to maintain high performance
without compromising transmission reliability.

IV. CONCLUDING REMARKS

This study presented a statistical feasibility analysis of
routes in a converged metro-access optical network, focusing
on their potential to support fronthaul requirements for 5G
and future 6G Radio Access Networks (RAN). We evalu-
ated route performance using BER-based thresholds across
different modulation formats (DP-QPSK and DP-16QAM)
and symbol rates (32 Gbaud and 64 Gbaud) for Cassini and
Phoenix transceivers. The results highlight trade-offs between
data capacity, symbol rate, and transmission robustness. While
DP-16QAM and higher symbol rates offer greater throughput,
their feasibility is significantly constrained under strict BER
requirements. In contrast, lower-order modulations and lower
symbol rates deliver more resilient performance across a
broader range of optical paths.

These findings are particularly relevant for urban network
operators aiming to scale RAN deployments efficiently. Metro-
access networks can be strategically used to provide reli-
able, high bandwidth transport for dense RAN environments.
This study emphasizes the necessity of considering physi-
cal layer constraints to ensure effective end-to-end service
delivery. By understanding the performance limitations of
various transceiver configurations under realistic BER con-

straints, network planners can make informed decisions on
modulation and symbol rate adaptation to optimize end-to-
end connectivity. Ultimately, this work supports the case for
integrating RAN traffic into existing fiber-based metro-access
infrastructures, offering a scalable and cost-effective approach
to meet the evolving demands of next-generation wireless
networks.
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