
01 October 2026

POLITECNICO DI TORINO
Repository ISTITUZIONALE

Stability-Aware Subcarrier Allocation in Filterless P2MP Metro-Access Networks / Zeb, S., Masood, M.U., Ali, A., Dipto,
I.C., Schips, R., Pedro, J., Napoli, A., Curri, V.. - (2026). (2026 International Conference on Photonics in Switching and
Computing (PSC) Valencia (Spa) 15-17 September 2026).

Original

Stability-Aware Subcarrier Allocation in Filterless P2MP Metro-Access Networks

IEEE postprint/Author's Accepted Manuscript

Publisher:

Published
DOI:

Terms of use:

Publisher copyright

©2026 IEEE. Personal use of this material is permitted. Permission from IEEE must be obtained for all other uses, in any
current or future media, including reprinting/republishing this material for advertising or promotional purposes, creating
new collecting works, for resale or lists, or reuse of any copyrighted component of this work in other works.

(Article begins on next page)

This article is made available under terms and conditions as specified in the  corresponding bibliographic description in
the repository

Availability:
This version is available at: 11583/3015546 since: 2026-09-15T21:35:55Z

IEEE



PSC 2026

Stability-Aware Subcarrier Allocation in
Filterless P2MP Metro-Access Networks

Sanwal Zeb1, Muhammad Umar Masood1, Ahtisham Ali1,2, Imran Chowdhury Dipto1,
Riccardo Schips1, João Pedro3, Antonio Napoli4, Vittorio Curri1

1Department of Electronics and Telecommunications, Politecnico di Torino, Torino, Italy
2Consorzio TOP-IX, Torino, Italy 3Nokia, Optical Networks, Carnaxide, Portugal 4Nokia, Optical Networks, Munich, Germany

Author e-mail address: sanwal.zeb@polito.it

Abstract:
We propose stability-aware subcarrier allocation for DSCM-based P2MP coherent metro-access networks. Three

policies are evaluated under RAN, enterprise, and PON traffic with differentiated SLAs. The proposed SAA matches
minimum blocking while reducing reconfigurations by 25–50×.
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I. INTRODUCTION

Optical access networks are evolving from single-service residential broadband toward converged multi-service architectures.
This is driven by factors such as B5G/6G small cell densification, enterprise cloud connectivity, and increasing residential
bandwidth demands [1–3]. Access nodes are now required to simultaneously aggregate radio access network (RAN)
fronthaul, enterprise (ENT.), and passive optical network (PON) traffic [4], each with distinct service level agreement
(SLA) requirements [5, 6]. While widely deployed, legacy TDM-PON systems exhibit limitations in converged scenarios,
as their uniform scheduling provides limited flexibility across service types, and dynamic bandwidth assignment may
introduce delays that can affect latency-sensitive traffic such as RAN fronthaul [7–9].

Coherent point-to-multipoint (P2MP) pluggable transceivers based on digital subcarrier multiplexing (DSCM) address
these limitations by serving multiple leaf nodes from a single hub using independently addressable subcarriers (SCs),
each supporting 25 G with 16-QAM modulation [2]. Similar to PONs they leverage a filterless architecture with passive
splitter/combiners rather than ROADMs. These transceivers are managed through software-defined networking (SDN) [10–
12], where the controller performs network monitoring, resource management, and configuration [13, 14].

Prior work on DSCM-based P2MP has addressed filterless network design [15], dynamic SC activation for energy
efficiency [3], and centralized ILP-based SC allocation for single-class traffic [16]. More recent contributions include
QoS-aware MILP formulations for multi-class scheduling [17] and distributed multi-agent approaches for per-interval
throughput optimization [18], both focusing on instantaneous demand adaptation. However, these approaches treat each
time interval independently, without considering the cost of reassigning SCs across consecutive intervals. Achieving low
blocking under bursty traffic requires frequent SC reassignments, increasing control-plane reconfiguration overhead [14]
due to repeated southbound configuration updates at both hub and leaf transceivers, which introduces controller-induced
latency. This exposes a trade-off between blocking performance and SC reconfigurations, which remains largely unexplored.

In this article, we address this trade-off by proposing three SC allocation policies: (i) Priority-based Class Allocation
(PCA) as an SLA-aware baseline, (ii) Minimum-Blocking Allocation (MBA) as a blocking-optimal reference, and (iii)
Stability-Aware Allocation (SAA), which penalizes unnecessary SC reassignments across consecutive intervals. Under
bursty RAN, ENT., and PON traffic across four access/leaf nodes, SAA achieves blocking performance comparable to
MBA (∼9% at 95 G offered load) while reducing SC reconfigurations.

II. METHODOLOGY

Fig. 1 shows the considered DSCM-based P2MP metro-access architecture, organized in three planes. At the data plane,
a 1×400 G P2MP hub transceiver at the aggregation node serves N = 4 access/leaf nodes, each equipped with a 100 G
leaf transceiver, interconnected through a passive splitter/combiner in a filterless configuration [3, 15]. The hub supports
K = 16 SCs with 16-QAM modulation, each with B = 25 G capacity per SC, with Ks = 4 number of SCs per leaf [19]. A
centralized network controller manages per-SC configuration of hub and leaf transceivers, while the proposed allocation
policies (PCA, MBA, and SAA) run as controller applications that determine SC assignment.

At each time interval t, traffic demands are collected via the northbound interface, and SC-to-class assignments
are computed and enforced via southbound configuration. Reassigning SCs between consecutive intervals triggers
reconfiguration at both hub and leaf transceivers, incurring control-plane latency [14]. Each access node aggregates
traffic from three classes c ∈ C = {RAN,ENT.,PON}. The total offered load per leaf at interval t is given by Ttot(s, t) =
TRAN(s, t)+TENT.(s, t)+TPON(s, t), where Tc(s, t) denotes the offered traffic of class c at leaf node s and interval t. Traffic
shares are set to 40% (RAN), 35% (ENT.), and 25% (PON), representing a fronthaul-dominant scenario. SLA weights are
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Fig. 1. Filterless P2MP converged metro-access network

defined as wENT. = 1.3, wRAN = 1.1, and wPON = 0.7, reflecting stricter requirements for RAN and enterprise traffic than
for best-effort PON traffic.

Traffic varies over time due to the bursty nature of access traffic. At each interval, Tc(s, t) follows a uniform distribution
around a base load T base

c (s) with class-dependent burst amplitudes aENT. = 5%, aRAN = 10%, and aPON = 20%. These
values show that enterprise traffic is stable, while PON traffic is highly variable, with RAN in between. An additional
global variation of ±10% is applied to the total traffic Ttot. The per-leaf base load ranges from 50 G to 100 G. Physical-
layer feasibility, including OSNR margins and SC power equalization, are validated according to [15]. SC allocation is
implemented at the controller using the following policies for multi-service traffic classes (e.g., RAN, PON, and ENT.).

Priority-based Class Allocation (PCA) is an SLA-aware baseline that assigns SCs in a fixed priority order (ENT. >
RAN > PON). At each interval t, SCs are sequentially allocated by fully serving higher-priority classes before considering
lower-priority ones, subject to the per-leaf SC budget. PCA is memoryless, i.e., assignments at t are independent of t−1,
and may starve low-priority traffic under high traffic load. Minimum-Blocking Allocation (MBA) minimizes blocking by
assigning each SC to the class with the highest weighted residual demand. Let ds,c(t) denote the unmet demand of class c
at leaf node s. For each SC k, MBA selects:

c⋆ = argmax
c∈C

(wc ·ds,c(t),) (1)

MBA adapts to instantaneous demand but is memoryless, allowing frequent SC reassignments when demand ranking
changes across intervals.

Stability-Aware Allocation (SAA) extends MBA by incorporating reconfiguration awareness to jointly minimize
blocking and SC reassignments. For each SC k, SAA selects:

c⋆ = argmax
c∈C

(
wc ·ds,c(t)−β [c ̸= cprev(s,k)]

)
(2)

where cprev(s,k) denotes the class assigned at t−1, and [c ̸= cprev(s,k)] equals 1 for SC reassignment and 0 otherwise. The
penalty β acts as a threshold: reassignment occurs only if the gain in weighted demand exceeds β . When β = 0, SAA
reduces to MBA, while large β suppresses reassignment, approaching PCA-like behavior. SAA follows MBA, but avoids
changing an SC unless the gain exceeds the penalty β .
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Fig. 2. SC allocation results at 70 G offered load: row (a): avg. blocking (%) per class per (A1 −A4); row (b): tot. per-SC reconfig.; row (c): per interval
SC allocation across (A1 −A4) where color indicates traffic class, shading reflects per-SC capacity util. (%).

This introduces temporal consistency at the SC level by considering the previous assignment. As a result, small traffic
variations do not trigger reassignment, since the gain in weighted demand remains below β . In contrast, when traffic
changes are large enough, they exceed β and trigger SC reassignment to avoid blocking. In this work, β is set to 0.15B,
where B is the SC capacity i.e. 25 G, achieving MBA-like blocking while significantly reducing reconfiguration frequency.
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III. RESULTS AND DISCUSSION

Figs. 2 and 3 show results at 70 G and 95 G offered load per leaf (A1–A4), comparing PCA, MBA, and SAA in terms of (a)
per-class blocking, (b) per-SC reconfigurations, and (c) per-SC allocation across 10 intervals, where color denotes traffic
class, shading indicates SC utilization (%), and markers represent reconfiguration events. At moderate-to-high load (70 G,
Fig. 2), PCA blocks (20–50)% of PON traffic across leaf nodes by prioritizing ENT. and RAN, resulting in (5–12)% total
blocking. MBA and SAA both keep total blocking below 0.4%, but MBA triggers 2–5 reconfigurations per leaf across 10
intervals as traffic variations alter class priorities, whereas SAA triggers at most one reconfiguration at a single leaf node.
This is confirmed by the heatmaps in row (c), where MBA exhibits frequent reconfiguration events in contrast to stable
SAA allocation.
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Fig. 3. SC allocation results at 95 G offered load: row (a): avg. blocking (%) per class per (A1 −A4); row (b): tot. per-SC reconfig.; row (c): per interval
SC allocation across (A1 −A4) where color indicates traffic class, shading reflects per-SC capacity util. (%).
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At high offered load (95 G, Fig. 3), PCA blocks 100% of PON traffic across all leaf nodes, resulting in (∼25%) total
blocking, as prioritized ENT. and RAN demand nearly exhaust the available SC capacity. In contrast, MBA and SAA
reduce total blocking to (∼9%), distributing it across ENT. (∼24%) and PON (∼1–4)% while maintaining 0% RAN
blocking. However, MBA triggers 1–5 reconfigurations per SC across 10 intervals due to small variations in instantaneous
demand. In contrast, SAA achieves zero reconfigurations across all leaf nodes (A1–A4). Under high load, the relative
demand across traffic classes remains largely unchanged across intervals. As a result, the SC allocation stays consistent.

Fig. 4 shows (a) hub capacity utilization (%) and (b) total SC reconfigurations over 50–100 G offered load across all
time intervals. MBA and SAA increase utilization (%) from ∼50% to ∼90%, whereas PCA plateaus at ∼70% beyond
75 G due to PON starvation. Reconfiguration trends exhibit three load regimes: (i) low load (50–55 G), (ii) moderate load
(60–75 G), and (iii) high load (>75 G). (i) At low load (50–55 G), all policies produce few reconfigurations as demand
remains within capacity. (ii) At moderate load (60–75 G), PCA peaks at (∼40) near 70 G as demand variations push SCs
across class boundaries, while MBA dips around (60–65 G) where capacity margins absorb bursts, before rising as the SC
budget tightens. Overall, SAA achieves (25–50)× fewer SC reconfigurations than MBA while maintaining comparable
blocking and utilization. These results demonstrate that SAA achieves near-MBA blocking performance while ensuring
stable SC allocation across offered load regimes.

IV. CONCLUSION

We proposed three controller-driven SC allocation policies for filterless P2MP metro-access networks serving converged
RAN, ENT., and PON traffic. The proposed SAA matches MBA blocking (∼9% at 95 G) and hub utilization (∼90%) while
reducing SC reconfigurations by (25–50)× and lowering PON blocking from 100% under PCA to (1–4)%. These results
show that penalizing SC reassignments effectively balances blocking and SC reconfiguration for multi-traffic allocation.
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