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Abstract:  Metaheuristic optimization of hybrid fiber-IAB networks demonstrates that
integrating user dynamics into topology design enables more adaptive and cost-efficient
backhaul architectures, contributing to the development of scalable and flexible 6G network
infrastructures.

1. Introduction

6G networks necessitate the design of dynamic and resilient access topologies that integrate multiple confluent
backhaul technologies to provide ubiquitous coverage with high data rates and ultra-reliable connectivity [1].
To meet these demanding requirements, mobile networks will increasingly rely on the densification of wireless
Base Stations (BSs) achieved by deploying multiple low-power Small Base Stations (SBSs) closer to end users,
leveraging millimeter-wave and sub-terahertz transmission spectra to increase frequency reuse. However, such
densification poses significant challenges for the x-haul transport network, since providing fiber-optic connectivity
to every SBS remains both economically and logistically prohibitive.

From the mobile network perspective, existing solutions to mitigate these constraints are mainly based on the
concept of Integrated Access and Backhaul (IAB). Using in-band IAB, an SBS connects to a Macro Base Station
(MBS) (i.e., IAB donor) using the same frequency resources that are normally assigned to serve end users. The
donor provides wireless backhaul connectivity to one or more IAB child nodes, enabling multi-hop connections
through the access spectrum. While this approach requires no additional infrastructure, increased reliance on IAB
reduces the spectrum available for access, degrading user coverage and quality of service. Previous studies have
shown that the performance of IAB-based networks can be significantly improved by selectively adding fiber
connections between certain base stations and their donors. Even without connecting all base stations via fiber,
properly choosing a subset of SBSs for fiber backhaul can already enhance user coverage [2], i.e., the percentage
of users whose achievable data rate exceeds a predefined threshold. However, such design decisions are typically
made assuming static user distributions, whereas in practical mobile scenarios, user movement over time affects
where backhaul capacity is most beneficial.

Motivated by this observation, a relevant question arises on what will be the best hybrid design combining
IAB and fiber to maximize user coverage under a fixed number of fiber-connected SBSs, while considering the
dynamics introduced by user mobility. Related optimization problems have been explored Genetic Algorithm
(GA) [3], Deep Reinforcement Learning (DRL) [4], and joint resource placement methods [5], but most assume
static user distributions yielding topologies that degrade under realistic user mobility, an aspect that must be
explicitly addressed in hybrid fiber-IAB design.

This work addresses this gap by introducing user-mobility-aware metaheuristic optimization strategy for the
design of hybrid fiber-IAB topologies. The proposed method explicitly integrates user mobility into the optimiza-
tion process, identifying which SBSs should be fiber-connected under a fixed deployment budget to maximize
end-user coverage over time. Performance evaluation in a 3GPP urban-macro scenario with random waypoint
mobility shows that the proposed mobility-aware metaheuristic achieves 22.8% higher user coverage compared to
greedy baselines and a 5.1% improvement over mobility-unaware metaheuristic designs, confirming that explicitly
accounting for user movement yields more efficient hybrid fiber-IAB configurations. Importantly, these benefits
are achieved without increasing infrastructure cost, underscoring the cost-efficiency and practical relevance of
mobility-aware optimization for future 6G backhaul design.

2. Problem Description and Proposed Solutions

We consider an urban macro environment with a fixed coverage area where MBSs and SBSs are deployed as
hybrid IAB systems to serve a set of User Equipments (UEs) [2]. Fig. 1 shows an example of such a system.
MBSs are interconnected by fiber links that form a ring topology and serve as IAB donors communicating with
associated IAB child nodes (part of SBSs). Fiber-backhauled SBSs are connected to the ring topology using a
topology design algorithm similar to the one presented in [2]. UEs follow a random waypoint mobility pattern
with shuttle destinations across four quarters of the coverage area, representing a realistic urban movement. We



Parameter Value A MBS (IAB donor)
; O  SBS (fiber-backhauled)
Area Size 1km x lkm v SBS(IAB child)
MBS count 5 e Fiber connecting MBSs
SBS count (N) 80 E’ —— Fiber connecting SBSs
Fiber SBS count (k) 40 8
Users per drop 100 g
Number of drops 10 S
Time steps 600 >
Carrier frequency 28 GHz
Bandwidth 1 GHz
Beamwidth 60° o]
Coverage threshold () 100 Mbps 0 250 500 750 1000
Backhaul split () 0.5 X Position (m)
Table 1: Simulation parameters. Fig. 1: Example of hybrid fiber-IAB topology.

consider millimeter-wave communications at 28 GHz with 1 GHz bandwidth characterized by the 5GCM Urban
Macro (UMa) channel model [6]. Blockages are determined by the Line-of-Sight (LoS) probability model detailed
in 3GPP TR 38.901 [7]. UEs are associated with a serving BS based on the received power, calculated as the
product of the transmit power, small-scale fading modeled as a Rayleigh random variable, antenna gain, and path
loss. In case a SBS relies on IAB, both access and backhaul links share the same, in-band, frequency bandwidth
W. This bandwidth is partitioned between the access link W, = (1 — B)W, and the backhaul link W, = W,
according to the ratio parameter 3 € [0, 1].

Let D, C, S, and U denote the sets of IAB donors, IAB child nodes, fiber-backhauled SBSs, and UEs, respec-
tively. For any given UE u € U, we denote its serving BS as w,,, its received signal-to-interference-plus-noise
ratio (SINR) as SINR,,, and the SINR of its serving IAB child node (if applicable) as SINR,. The downlink rate
R, for the UE u depends on its serving BS type, as shown in (1). The available bandwidth is equally shared among
users connected to the same BS. Specifically, N, 4 is the number of UEs directly served by the associated donor
d in D, and N, . is the number of UEs served by the associated IAB child ¢ € C, N, 4 is the total number of UEs
served by all IAB child nodes connected to the same donor as child ¢, N, s is the number of UEs served by the
associated fiber-backhauled SBS s € S. This network model is similar to the one in [2].

We define a binary decision variable x; € {0,1},i=1,...,N for each of the N SBSs, where x;=1 indicates that
SBS i is fiber-backhauled, while x;=0 indicates IAB connectivity. In the considered problem, we assume a fixed
budget represented by the fiber penetration of k fiber-backhauled SBSs. Let 1(-) denote an indicator function. The
objective function in (2) maximizes the coverage probability, defined as the fraction of users whose achievable
downlink data rate R, exceeds a predefined threshold 1. Constraint (3) ensures fixed deployment budget (fiber

penetration), allowing for exactly & fiber-connected SBSs, and (4) defines x; as a binary decision variable.
1
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To solve this problem, we propose 2 algorithms, namely, Greedy (GR), and Genetic Algorithm (GA). The
algorithms are configured as follows. GR algorithm incrementally selects kK SBSs based on maximizing the number
of uncovered users within a 100 m distance. At each step, it selects a SBS that covers the most users not yet covered
by any previously selected SBS. GA algorithm randomly creates initial solution and iteratively optimizes for the
objective function. It uses evolutionary mechanisms with a population of 20 individuals, with tournament selection
of size 3, two-point crossover (rate 0.8) and swap mutation (rate 0.2), maintaining elitism by preserving the top 2
individuals across generations.

3. Results

Table | summarizes the key simulation parameters used. The network consists of 5 MBSs and 80 SBSs. We con-
sider the case where fiber penetration is set at 50%, i.e., k=40 SBSs are connected through fiber. This configuration
was selected based on the results presented in [2], which showed that a 50% fiber penetration offers a favorable
trade-off between deployment cost and user coverage improvement. MBSs and SBSs operate with 40 dBm and 24
dBm transmit power, respectively. The antenna gain follows a simplified sector antenna pattern with half-power
beamwidth of 60°, 24 dBm main-lobe, and -2 dBm side-lobe gains. The data-rate threshold is n=100 Mbps.

We evaluate the performance of the algorithms using GPU-accelerated custom simulation software written in
TensorFlow. We consider 10 randomly-generated user drops, where each drop contains 100 users with coordinates
selected with a uniform distribution, enough to generate results with a confidence interval of up to 2.5% with a 95%
confidence level. The area is divided into four equally-sized quarters, and each user is assigned a corresponding



home quarter. Half of the users move within their home quarters and the other half shuttle between their home and
another selected quarter. The exact destination within the selected quarter is chosen uniformly with a moving speed
between 1-5 m/s. After reaching the destination, each user waits between 1-3 seconds and starts moving to the
next randomly selected destination. The cost, measured in cost units (CU), is calculated as the sum of trenching,
optical fiber, and transceivers, where the total is normalized by the cost of a 10G transceiver [2]. Each algorithm
runs for 1500 iterations. During the optimization process, user coverage is estimated over a short simulation of 20
seconds, with user positions updated every second. This short-term evaluation helps the algorithm quickly assess
and improve candidate topologies. Once the optimization converges, the resulting topology is validated through a
longer simulation of 600 seconds of network operation to obtain the final performance results.
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Fig. 2: Hybrid fiber-IAB network design: a) User coverage versus iteration count, b) Average user coverage over
time under user mobility, c) Normalized cost of the fiber infrastructure.

Fig. 2(a) presents the user coverage evolution as a function of algorithm iterations. For benchmarking the fol-
lowing strategies are considered: All-Fiber, where all 80 SBSs are fiber-backhauled, and All-IAB, where all 80
SBSs operate as IAB child nodes. The Genetic Algorithm (GA) is executed with and without user-mobility aware-
ness, denoted as GA-mobility and GA-static, respectively. The GA-static configuration achieves a user coverage
of 90.0%, while GA-mobility achieves 88.3%. The slightly higher performance of GA-static results from being
optimized and evaluated in a purely static scenario. Nevertheless, GA-mobility achieves 22.8% higher coverage
compared to the Greedy algorithm. Fig. 2(b) shows the average user coverage over time as users move across the
network. Here, the mobility-aware GA maintains a 5.1% higher coverage than its mobility-unaware counterpart,
confirming that explicitly incorporating user dynamics during the design stage enhances the network’s ability to
sustain performance under user mobility. Although moderate, a 5% increase in user coverage can correspond to a
significant number of additional users meeting their service requirements, which for operators may translate into
higher resource efficiency and potential revenue gains. Moreover, mobility-aware GA achieves a user coverage
that is only 8.8% lower than that achieved by the All-fiber case, while limiting the fiber penetration to only 50%.
Finally, Fig. 2(c) presents the cost of the optical infrastructure, expressed in CU. The cost difference between de-
signs with and without user-mobility consideration is marginal, highlighting that the improved adaptivity offered
by the proposed approach is achieved without increasing deployment cost.

4. Final remarks

This work proposed user-mobility-aware metaheuristic optimization strategy for designing hybrid fiber-IAB
topologies. The method determines which SBSs should be fiber-connected to maximize end-user coverage while
maintaining a fixed fiber deployment budget. Results show up to a 5.1% coverage gain over mobility-unaware
metaheuristic designs, and up to 22.8% improvement compared to mobility-aware greedy baselines, while main-
taining identical infrastructure cost. Future work will extend the framework to include multi-objective optimiza-
tion considering topology cost and investigate how tighter fiber deployment budgets amplify the importance of
mobility awareness.
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