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Abstract—This paper presents a quantitative analysis of three
traffic management schemes for a converged optical-wireless
6G network based on a user-centric Cell-Free (CF) paradigm.
A shared control plane, comprising interconnected Software-
Defined Networking (SDN) controllers, is employed to orches-
trate both mobile and fixed users. The baseline, overflow, and
offloading schemes are evaluated with respect to the resulting
Blocking Probability. Numerical results demonstrate that inter-
controller cooperation significantly improves service provisioning,
with the offloading scheme offering a flexible balance between
user segments. These findings provide key insights into resource
optimization for future converged 6G architectures.

Index Terms—Converged optical wireless networks, 6G net-
works, traffic management.

I. INTRODUCTION

The evolution toward sixth-generation (6G) networks envi-
sions the convergence of wireless and optical infrastructures
to meet the growing demands for ultra-high data rates, ultra-
reliable low-latency communications, and massive device con-
nectivity [1]. Integrating diverse access technologies under a
unified architecture is critical for achieving seamless service
delivery and efficient resource utilization. In this context,
Fixed-Mobile Convergence (FMC) emerges as a key enabler,
allowing fixed and mobile users to share a common networking
infrastructure.

Following this perspective, this paper investigates a con-
verged 6G network architecture, where User Equipments
(UEs) at the radio edge, and fixed users such as Fiber-To-The-
Home (FTTH) subscribers, are jointly served through a Passive
Optical Network (PON)-based transport system supporting
High-Speed (HS)-PON and Very High Speed (VHS)-PON
technologies. The wireless access follows the user-centric Cell-
Free (CF) Massive MIMO paradigm, where Radio Units (RUs)
are dynamically clustered and coordinated via Distributed
Units (DUs) to meet user-specific requirements. The net-
work control functions are implemented through a Software-
Defined Networking (SDN) framework. The mobile segment
is managed by Near-Real-Time Radio Intelligent Controllers
(Near-RT RICs), while the fixed segment is orchestrated

by Software-Defined Transport Network (SDTN) controllers,
interconnected via an SDNi interface. This architecture enables
dynamic resource sharing and joint orchestration, aligned with
the principles of the Open RAN (O-RAN) initiative.

To improve system performance and service continuity,
this work considers three traffic management schemes: (i) a
baseline scheme, where each SDN controller independently
serves its respective domain; (ii) an overflow scheme, where
traffic from a saturated Near-RT RIC can be redirected to
the SDTN controller; and (iii) an offloading scheme, where
traffic is proactively distributed between controllers based on
a resource utilization threshold. The Blocking Probability (BP)
is adopted as the key performance metric to evaluate the
effectiveness of each scheme. Through analytical modeling
and numerical analysis, this study demonstrates that inter-
controller cooperation substantially enhances service provi-
sioning without requiring infrastructure upgrades. The findings
provide valuable insights into the design of efficient load-
balancing and traffic management strategies for converged
optical-wireless 6G networks.

II. SYSTEM UNDER STUDY

The 6G configuration under study constitutes a converged
optical-wireless network, where the UEs of the radio edge and
the users of the fixed segment (e.g., FTTH users) are served
by a common networking infrastructure [2]. The orchestration
of the radio edge is conducted according to the user-centric
CF paradigm, where the RUs are organized into user-centric
clusters with a view to addressing the specific requirements
of each UE [3]. To guarantee reliable support, each RU is
interconnected with a single DU that is responsible for their
coordination [2].

The CF-based radio edge constitutes a dense environment
that is challenged to support UEs with intense requirements. To
address this issue, the radio edge of the underlying networking
topology communicates with the regional edge via an optical
configuration aiming to assuring high data-rates in low latency.
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In specific, a PON-based optical transport network is em-
ployed that incorporates technologies such as HS-PON and
VHS-PON targeting to provide data rates up to 50 Gb/s and
200Gb/s, respectively [1]. This configuration is conceptualized
under the FMC approach, allowing the system’s resources to
be shared by fixed and mobile applications.

The execution of the networking functions of this complex
configuration is delegated to the SDN controllers deployed at
the regional edge. In particular, the SDN controller of each
segment is responsible for performing actions related to the
intelligent traffic management and the efficient orchestration
of the resources within its domain. In full alignment with
the O-RAN initiative, the control plane of the radio edge is
coordinated by the Near-RT RIC while the fixed segment is
orchestrated by an edge-deployed SDTN controller [3]. The
SDN controllers of the regional segment are interconnected
via an SDNi interface, facilitating traffic exchange and joint
resource orchestration. This converged SDN control plane
promotes the dynamic allocation and sharing of the network
resources by users among different domains.

With the intention of leveraging this converged infrastruc-
ture towards improving the service provided to the users,
in this work three different traffic management schemes are
employed: a) the baseline scheme, where each controller
accommodates requests for service only of the segment of
its responsibility, b) the overflow scheme, where the Near-
RT RIC takes advantage of the interconnection between the
SDN controllers in order to overflow its traffic to the SDTN
controller when the former is totally occupied and c) the
offloading scheme, where a part of the requests of the mobile
users can also demand service from the SDTN controller when
the occupied resources of the Near-RT RIC reach a predefined
threshold s. To evaluate the network performance in these
schemes, we utilize as the performance metric the request BP
caused by resource unavailability.

III. MATHEMATICAL FRAMEWORK

The system under study comprises two SDN controllers:
the Near-RT RIC that is responsible for managing the tasks
of the radio segment and the SDTN controller, which handles
the requests of the fixed infrastructure. The Near-RT RIC has
a capacity of C1 computational resources (c.r.) and serves
requests generated by K1 applications (or service-classes)
at the radio edge. In the same fashion, the computational
capacity of the SDTN controller is equal to C2 c.r. and it
accommodates requests of K2 service-classes hosted by users
of the fixed segment. The request arrival distribution is Poisson
with arrival-rate equal to λkn (kn = 1, . . . ,Kn), where the
assignment n = 1 denotes the Near-RT RIC while the SDTN
controller is represented by the indicator n = 2. The service-
classes being served by the system have different resource
requirements; thus, each incoming request necessitates the
allocation of ckn c.r. to execute the necessary networking
functions. If the needed resources do exist, the request is
accepted for service, and it remains in the system for an

exponentially distributed service-time with mean service-rate
µkn ; otherwise, the request is blocked due to lack of resources.

A. Baseline Scheme

In the baseline scheme, each SDN controller operates inde-
pendently, without leveraging their interconnection for traffic
exchange; thus, the Near-RT RIC accommodates only requests
of the K1 service-classes and the SDTN controller of the K2

service-classes. Therefore, the request BP of a service-class
kn at the nth controller is calculated by [4]:

Pbkn =

Cn∑
j=Cn−ckn+1

q(j)

G
(1)

where the values of q(j) are the unnormalized resource oc-
cupancy distribution probabilities and G is the corresponding
normalization constant. For the calculation of the q(j) values,
the classical recursive Kaufman-Roberts formula [5]- [6] is
utilized, which is determined via (15) in [5].

B. The overflow scheme

The overflow scheme capitalizes on the interconnection
between the two SDN controllers so as the Near-RT RIC to
overflow its traffic to the SDTN controller when the former
is fully occupied and cannot serve any additional requests. It
is significant to note that the opposite does not apply. This
necessity stems from the inherent complexity of the radio
edge, which is challenged to support users with intensive
requirements [3]. However, the overflow traffic of a service-
class k1 from the Near-RT RIC to the SDTN controller ceases
to be random (i.e., Poisson) and it is defined by the following
parameters: i) the mean value Mk1 and ii) the variance, σ2

k1,
calculated by (6) and (7) in [7], respectively. The overflow
parameters indicate the kind of the distribution of the overflow
traffic via the peakedness factor Zk1, which is given by ( [7]):

Zk1 =
σ2
k1

Mk1
(2)

Regarding the traffic distribution, when Zk1 = 1 the
overflow traffic is considered random, denoting that traffic
arrivals are according to the Poisson process. If Zk1 > 1 the
overflow traffic is characterized as bursty, meaning that the
traffic arrives at the SDTN controller in bursts. In contrast,
when Zk1 < 1 the overflow traffic is classified as smooth,
indicating a more consistent traffic flow ( [8]). Therefore,
the BP of a service-class kn at the SDTN controller can be
determined by the following formula that incorporates all three
types of traffic distribution ( [8]):

Pbkn =
Pb∗kn

1 + (Zkn − 1) · (1− Pb∗kn)
(3)

where Pb∗kn is calculated via (13) in [8]. It is essential to
highlight that the SDTN controller also serves requests of the
K2 service-classes; thus, the total number of service-classes
being served when the overflow procedure begins equals K =
K1 +K2. Since the requests of the K2 service-classes do not



participate in the overflow procedure, their arrival is performed
according to the Poisson process, so it stands Zk2 = 1.

C. The offloading scheme

Similar to the overflow case, in the offloading scheme the
two SDN controllers leverage their communication capability
via the SDNi interface in order the Near-RT RIC to offload
part of its traffic to the SDTN controller. However, these
two schemes present three fundamental differences: a) the of-
floading mechanism is activated when the occupied resources
of the Near-RT RIC reach a predefined threshold s and not
when the controller is at full occupancy. b) In the offloading
scheme, the portion of traffic that is directed to Near-RT
RIC and to the SDTN controller is predefined and equals to
ak11 = vk1 · ak1 and ak12 = (1 − vk1) · ak1, respectively.
By denoting ak1 = λk1/µk1 the total traffic of the service-
class k1, ak1n defines the portion of traffic requesting service
from the nth SDN controller, determined as ak1n = λk1n/µk1.
c) When the offloading procedure begins, the requests of the
K1 service-classes demand resources directly from the SDTN
controller (i.e., they are not overflown). Consequently, the
arrival of these requests to the system follows the Poisson
process. To evaluate the system’s service provisioning to the
Kn service-classes, we employ the mathematical framework
proposed in [9]. In more detail, the requests of the radio
segment require service from both the SDN controllers due to
the offloading mechanism; thus, the request BP of a service-
class k1 is given by ( [9]):

Pbk1 = vk1 · Pbk1,NRT RIC + (1− vk1) · Pbk1,SDTN (4)

where Pbk1,NRTRIC is the request BP caused by resource
unavailability at the Near-RT RIC while the Pbk1,SDTN

denotes the BP of the requests requiring resources from the
SDTN controller. The calculation of the Pbk1,NRTRIC and
Pbk1,SDTN is conducted via (10) and (9) in [9], respectively.
The requests of the K2 service-classes require resources only
from the SDTN controller, thus the BP is determined as:

Pbkn =

C2∑
j=C2−ckn+1

q2(j)

G
(5)

where the q2(j)’s are the unnormalized resource occupancy
distribution values of the SDTN controller determined via (8)
in [9] and G is the corresponding normalization constant.

IV. NUMERICAL RESULTS

The numerical analysis presented in this section aims to
evaluate the system’s performance under the three above-
mentioned schemes: a) the baseline scheme, b) the overflow
scheme and c) the offloading scheme. In more detail, it is
assumed that the Near-RT RIC has a resource pool of C1 =
70 c.r. and it serves requests of K1 = 2 service-classes. The
arrival-rate of these service-classes is λ11 = 6 and λ21 = 7
requests/s, respectively, while the service-rate equals to µ11 =
µ21 = 1 requests/s. The requests of the 1st service-class have a
resource demand of c11 = 4 c.r. while those of the 2nd service-
class require c21 = 6 c.r. to execute their necessary networking

functions. The SDTN controller has a capacity of C2 = 70 c.r.
and it accommodates requests of K2 = 1 service-classes. The
requests of this service-class (denoted as 3rd service-class)
arrive at the system with arrival-rate of λ3 = 1 requests/s, the
service-rate is equal to µ3 = 1 requests/s and each request
demands c3 = 3 c.r. to be served. To assess the system’s
capability to provide services to the users of both the radio and
fixed segments, a quantitative analysis is depicted in Tables I-
III, which presents the BP values of the three service-classes
under the proposed traffic management schemes. In particular,
the BP values in the baseline scheme are calculated via (1)
while (3) is exploited for the BP determination in the overflow
scheme. Apropos of the offloading scheme, the request BP of
the K1 service-classes is performed via (4) while the request
BP of the service-class of the fixed segment (i.e. the 3rd

service-class) is calculated via (5). With a view to conducting
a solid analysis, the system’s performance in the offloading
scheme is also evaluated for different s and v values.

With respect to the service provided to the K1 service-
classes of the radio segment, Tables I-II demonstrate that the
baseline scheme provides a mediocre performance, indicated
by the highest BP values, while the overflow scheme outper-
forms the other two schemes. However, the overflow scheme
presents the significant drawback that the Near-RT RIC should
reach its full occupancy before the activation of the overflow
mechanism, resulting in a negative impact on its long-term
sustainability. In the offloading scheme, it is shown that the
service provided to the users is highly affected by the values
of the parameters s and v. In particular, higher BP values
are observed under two conditions: i) when v = 0.25 and the
threshold s is low and, ii) when v = 0.75 and the threshold
value is high. This outcome is attributable to the fact that in
the former case most of the traffic of the K1 service-classes
is handled by the SDTN controller, while in the latter case, it
is served primarily by the Near-RT RIC. However, when the
traffic-load of the K1 service-classes is more evenly distributed
between the two SDN controllers, e.g., for v = 0.5 or in the
case of v = 0.25 and s = 80, lower BP values are observed. This
improvement is justified by the ability of the incoming requests
to jointly utilize the resources of both the SDN controllers,
resulting in fewer rejected requests.

Table III depicts the BP values of the 3rd service-class,
whose requests are only served by the SDTN controller. In
contrast with the K1 service-classes, the highest Quality of
Service (QoS) is offered to the K2 service-classes in the
baseline scheme. This is due to the fact that in the baseline
scheme, the SDTN controller resources are exclusively as-
signed to handle requests from the fixed segment. In contrast,
in both the overflow and the offloading schemes, a subset
of requests of the K1 service-classes also demands resources
from the SDTN controller, which causes a QoS degradation
experienced by the 3rd service-class users. This observation
is further substantiated by the fact that the highest BP values
are shown in the offloading scheme when v = 0.25, indicating
that 75% of the K1 service-class traffic requires resources from
the SDTN controller. Joint resource exploitation of both SDN



TABLE I
BP OF THE 1ST SERVICE-CLASS IN THE THREE DIFFERENCE SCHEMES

s Offloading scheme Overflow scheme Baseline schemev = 0.25 v = 0.5 v = 0.75
20 4.73·10−2 7.03·10−3 3.61·10−2 5.39·10−4 1.32·10−1

30 4.66·10−2 7.03·10−3 3.62·10−2 5.39·10−4 1.32·10−1

40 4.45·10−2 7.12·10−3 3.67·10−2 5.39·10−4 1.32·10−1

50 3.70·10−2 6.74·10−3 3.77·10−2 5.39·10−4 1.32·10−1

60 2.65·10−2 7.22·10−3 4.08·10−2 5.39·10−4 1.32·10−1

70 9.57·10−3 8.23·10−3 4.50·10−2 5.39·10−4 1.32·10−1

80 3.04·10−3 1.45·10−2 5.45·10−2 5.39·10−4 1.32·10−1

TABLE II
BP OF THE 2ND SERVICE-CLASS IN THE THREE DIFFERENCE SCHEMES

s Offloading scheme Overflow scheme Baseline schemev = 0.25 v = 0.5 v = 0.75
20 7.52·10−2 1.22·10−2 5.81·10−2 1.59·10−3 2.00·10−1

30 7.41·10−2 1.22·10−2 5.82·10−2 1.59·10−3 2.00·10−1

40 7.10·10−2 1.24·10−2 5.91·10−2 1.59·10−3 2.00·10−1

50 5.96·10−2 1.18·10−2 6.07·10−2 1.59·10−3 2.00·10−1

60 4.34·10−2 1.27·10−2 6.55·10−2 1.59·10−3 2.00·10−1

70 1.65·10−2 1.45·10−2 7.23·10−2 1.59·10−3 2.00·10−1

80 6.02·10−3 2.63·10−2 8.88·10−2 1.59·10−3 2.00·10−1

TABLE III
BP OF THE 3RD SERVICE-CLASS IN THE THREE DIFFERENCE SCHEMES

s Offloading scheme Overflow scheme Baseline schemev = 0.25 v = 0.5 v = 0.75
20 4.74·10−2 6.36·10−3 3.66·10−5 1.84·10−4 1.42·10−23

30 4.66·10−2 6.21·10−3 3.53·10−5 1.84·10−4 1.42·10−23

40 4.45·10−2 5.77·10−3 3.19·10−5 1.84·10−4 1.42·10−23

50 3.68·10−2 4.32·10−3 2.13·10−5 1.84·10−4 1.42·10−23

60 2.60·10−2 2.58·10−3 1.07·10−5 1.84·10−4 1.42·10−23

70 8.89·10−3 5.90·10−4 1.67·10−6 1.84·10−4 1.42·10−23

80 1.52·10−3 6.55·10−5 1.30·10−7 1.84·10−4 1.42·10−23

controllers significantly improves the service provided to the
mobile segment users; however, this exploitation should be
carried out without degrading the QoS provided to the fixed
segment users. Specifically, users in the mobile segment are
highly embraced by the overflow scheme, as it highly improves
the service provided to the K1 service classes. However, the
overflow scheme has an adverse impact on the long-term
sustainability of the controller’s operation. The use of the
baseline scheme favors fixed users but severely affects the
QoS experience of mobile users. Thus, a promising solution
for all users constitutes the load-balancing option, which is
achieved by adjusting the s, v parameters in the offloading
scheme. In this case, the converged control plane is efficiently
exploited by increasing the number of mobile users that are
served without the need to install additional resources.

V. CONCLUSION

With the purpose of improving the service provided to the
users of a converged optical-wireless CF-based 6G network,
this work implements and evaluates three load management
schemes: i) a baseline scheme, ii) an overflow scheme and
iii) an offloading scheme. Our analysis showcased that the ex-
ploitation of the interconnection between the SDN controllers
to establish a shared control plane conduced to a significant
improvement in the service provided to the users, without
necessitating the upgrade of the existing networking resources.
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