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Abstract: The digital divide is commonly framed as a problem of last-mile access and affordability, yet at
population scale the deciding factor is increasingly the backend telecommunications platform that orchestrates
enrollment, eligibility, provisioning, billing, and lifecycle management. The International Telecommunication
Union (ITU) reports that 2.6 billion people remained offline in 2024, a gap that subsidized programs and public-
private partnerships have only partially closed. This paper examines the platform-layer engineering trade-offs that
determine whether such programs scale reliably. It presents a reference architecture for cloud-native, fault-tolerant
connectivity platforms, characterizes integration patterns across Customer Relationship Management (CRM),
billing, device management, and eligibility services, and compares three deployment models on cost, latency, and
throughput at the one-million-subscriber level. Empirical and industry-reported figures show that multi-region
cloud-native designs reduce per-subscriber operating cost by 27 percent relative to virtual-machine-hosted
monoliths while improving 99th-percentile provisioning latency from 4.8 to 0.6 seconds. Coupling these
architectural gains with broadband-affordability and digital-skills measures correlates with measurable
improvements in Gross Domestic Product (GDP) per capita and educational participation. The findings position
telecom platform engineering as a tractable lever for reducing structural inequality in connectivity.
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1. Introduction provisioning, network attach, and billing
reconciliation. When any of these systems is brittle
or poorly integrated, enrollment failure rates rise,
support costs balloon, and programs fail to reach the

populations they were designed to serve. The

Connectivity has shifted from a convenience to a
precondition for participation in education,
healthcare, civic life, and the labor market. The ITU
estimates that one-third of humanity is still offline,

with the gap concentrated in low-income countries,
rural districts, and demographic cohorts that include
older adults and women in low- and middle-income
economies. Programs such as the United States
Affordable Connectivity Program (ACP), the
Federal Communications Commission (FCC)
Universal Service Fund, the European Union (EU)
Connecting Europe Facility, and BharatNet in India
have invested tens of billions of dollars to close this
gap, yet measurable progress lags the policy
ambition.

Closing the divide is not only a question of laying
fiber or activating cell sites. Whenever a subsidized
subscriber is enrolled, an interlocking set of backend
systems must work in concert: eligibility
verification against government datasets, identity
and fraud checks, device assignment and
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engineering bottleneck has shifted from the radio
access network to the platform layer that
orchestrates these workflows.

Existing literature on the digital divide is rich on
demand-side determinants and policy interventions
but comparatively thin on the platform-level
engineering choices that decide whether inclusion
programs scale. Cloud-native, service-oriented
telecom platforms have matured rapidly over the
past five years, but their applicability to inclusion-
focused workloads has not been systematically
evaluated against cost, latency, and equity
outcomes. This gap matters because the operating
cost of a connectivity platform is often the binding
constraint on how many subscribers a subsidy
budget can serve.

This paper addresses that gap. It contributes (i) a
reference architecture for scalable inclusion-focused
telecom platforms, (ii)) a characterization of
integration patterns mapped to provisioning
workflows, (iii) a quantitative comparison of three
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deployment models across cost and performance,
and (iv) a discussion of the societal and economic
impact of platform engineering choices. Section 2
reviews related work. Section 3 introduces the
architecture. Section 4 covers integration. Section 5
reports the performance and cost analysis. Section 6
examines societal impact. Section 7 discusses future
directions. Section 8 concludes.

2. Background and Related Work

The Operations Support System (OSS) and Business
Support System (BSS) stacks that underpin telecom
operators have evolved from siloed mainframe
environments to distributed, service-oriented
architectures over the past two decades. The TM
Forum Open Digital Architecture (ODA) reference,
widely adopted across tier-one operators,
decomposes the carrier estate into autonomous
components communicating through standardized
Application Programming Interfaces (APIs). This
decomposition is the technical precondition for
serving heterogeneous subscriber bases, including
those enrolled through subsidy programs with non-
standard eligibility logic.

Scholarship on the digital divide has historically
emphasized affordability, digital literacy, and last-
mile coverage. Hilbert and others have quantified
the bandwidth gap between developed and
developing economies, while the OECD has tracked
broadband adoption by income quintile. More recent
work, including IEEE Communications Magazine
and Telecommunications Policy contributions, has
begun to examine the role of platform automation
and shared infrastructure in subsidized service
delivery. However, few studies link architectural
choices directly to measurable enrollment
throughput, fault-rate, or per-subscriber economics
at the population scale that inclusion programs
require.

This paper integrates three perspectives that
researchers usually treat separately: cloud-native
platform engineering, telecom service orchestration,
and digital-inclusion impact measurement. The

bjective is not to advocate a particular cloud vendor
or open-source stack but to characterize the trade-
offs that any inclusion-focused platform must
navigate.

3. Architecture of Scalable Connectivity
Platforms

A scalable connectivity platform is, at the core, a
horizontally elastic orchestration layer that mediates
between subscriber-facing channels, government
and partner data sources, and the network and device
estate. Cloud-native principles, containerization,
microservice decomposition, declarative
infrastructure, and continuous delivery are well
suited to this role because they decouple the cadence
at which each subsystem evolves from the
operational stability of the platform as a whole.
Empirical evidence from large operators indicates
that containerized deployments achieve 65-85
percent steady-state utilization compared with
roughly 30 percent for virtual-machine-hosted
monoliths.

Resilience is the other defining design constraint.
Inclusion programs disproportionately serve regions
where backhaul, power, and customer-premises
equipment are unreliable. Platforms therefore lean
on multi-region replication, idempotent workflow
design, and graceful degradation strategies that
allow lower-priority = subsystems (analytics,
marketing) to fail without compromising critical
paths (eligibility, activation). Distributed storage
with quorum semantics, circuit-breaker patterns at
integration boundaries, and chaos-engineering
practices have moved from large-operator
experimentation to mainstream tooling.

Figure 1 depicts a reference architecture: subscriber
channels (mobile app, retail point-of-sale, and
partner portals) feed an API gateway, which routes
requests through an orchestration layer to domain
microservices (eligibility, identity, device, and
billing) and out to network functions and partner
systems. Observability and policy controls span the
stack.
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Reference architecture — inclusion-focused telecom platform

Channels
Mobile app - Retail POS - Partner portals - IVR

API Gateway
OAuth / mTLS - rate-limit - schema validation

Orchestration
Workflow engine - Saga - Event broker

Domain Services

Eligibility - Identity - Device - Billing - Notification

Network & Partners
HSS - PCF - Gov data - Fraud - Device inventory

Cross-cutting
Observability - Policy - Audit - Secrets

Figure 1. Reference architecture for an inclusion-focused telecom platform.

Table 1 compares monolithic and cloud-native designs across six engineering dimensions that drive cost, agility,

and reliability at population scale.

Table 1. Monolithic versus cloud-native telecom platform characteristics.

Dimension Monolithic Platform

Cloud-Native Platform

Deployment unit

Single application server

Containerized microservice
(e.g., 40-200 services)

Scaling model Vertical (larger server)

Horizontal (replica
autoscaling)

Average downtime per | 2—6 hours
release

<5 minutes (rolling
deployment)

Cost elasticity

Fixed capacity, ~30% utilization

Elastic, 65—85% utilization

Fault domain

System-wide outage risk

Service-isolated, partial
degradation

Time to provision new | Weeks (manual)
region

Hours  (infrastructure-as-
code)

. System Integration and Service Orchestration

Integration is where inclusion-platform engineering
most often fails. A single subscriber activation
typically touches eight to twelve subsystems:
identity  verification, government eligibility
services, fraud screening, device inventory, SIM
personalization, network provisioning across Home

Subscriber Server (HSS) and Policy Control
Function (PCF), billing setup, and notification. Each
subsystem has its own latency profile, failure mode,
and ownership boundary. Treating these interactions
as a single, large synchronous transaction is the most
common architectural mistake because it amplifies
the failure rate of every component into a system-
wide enrollment failure.
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The integration patterns mapped in Table 2 are not
interchangeable. Synchronous Representational
State Transfer (REST) is appropriate for short-
running queries such as eligibility lookups; gRPC
suits high-throughput device provisioning paths;
event streaming via Apache Kafka or equivalent
enables decoupled activation workflows that tolerate
downstream slowdowns; and batch Extract,

Transform, Load (ETL) remains the right fit for
periodic eligibility refreshes that operate on millions
of records. Selecting the wrong pattern for a given
workflow is a frequent root cause of both
performance and correctness incidents.

Table 2. Integration patterns mapped to inclusion-platform workflows.

Integration Pattern Typical Workflow Fit Median Throughput
Latency Ceiling
Synchronous REST Eligibility check, account lookup 120-300 ms ~5k  req/s  per
service
gRPC over HTTP/2 Real-time device provisioning 40-90 ms ~25k  req/s per
service
Event streaming | Activation events, usage metering 50-250 ms ~100k msgs/s per
(Kafka) partition
Batch ETL Eligibility list refresh, reconciliation Minutes to | GB/hr scale
hours

Figure 2 illustrates an end-to-end enrollment-to-activation workflow showing where synchronous calls,
asynchronous events, and human-in-the-loop steps fit. Operators that have re-architected toward event-driven
orchestration have reported enrollment-failure reductions of 40—60 percent relative to legacy linear pipelines.

Enrollment-to-activation workflow

PP, . Activation Device
Eligibility Identity event assign
Gov data AP/ Fraud screen Kafka emit Inventory

Network Billing .
Notify
person. prov. setup
Vendor AP! HSS / PCF Tax / region SMSs / email

Figure 2. Enrollment-to-activation workflow.

5. Performance, Cost, and Scalability
Optimization

Demand on inclusion platforms is bursty.
Enrollment windows tied to policy announcements
or device giveaway events can drive 50—100 times
the median request rate over a four-hour period.
Elastic autoscaling, with both horizontal pod and
cluster-level autoscaling, is therefore not a luxury

but a baseline requirement. Predictive autoscaling
using lightweight time-series forecasts has been
shown to reduce 99th-percentile latency by an
additional 20-35 percent compared to reactive
thresholds during such surges.

Operating cost is governed less by the unit price of
compute and more by utilization, data egress, and
inter-region traffic. Reserved capacity blended with
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spot or preemptible instances reduces compute
spend by 40-55 percent for tolerant batch
workloads, while regional traffic routing and edge
caching of eligibility responses cut inter-region
egress materially. For platforms that integrate with
government data sources subject to data-residency
rules, regional routing also addresses compliance
constraints without separate platform deployments.

Graph 1 and Graph 2 below show throughput versus
concurrent users and cost per provisioned subscriber
across the three deployment models examined here.
The numbers in Table 3 are derived from publicly
reported operator benchmarks and matched
anonymized industry datasets. Multi-region cloud-
native architectures dominate on latency and
throughput, while containerized single-region
designs offer the lowest absolute cost at a small
scale.

Throughput vs concurrent users

70000 A
—®— Monolithic VM

60000 { —™— Containerized single-region
—#— Multi-region cloud-native

50000 -

40000 -

30000 +

20000 -

Sustained throughput (req/s)

Concurrent users (log scale)

Graph 1: Throughput vs. concurrent users across three deployment models.

Monthly platform cost per 1M subscribers

100
$92k

USD thousands / month / 1M subs

Monolithic
VM-hosted

Containerized
single-region

Multi-region
cloud-native

Graph 2. Monthly platform cost per 1M subscribers by architecture.
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Table 3. Performance and cost benchmark across three reference deployment models.

Reference Architecture Monthly Cost / 1M Subscribers P99 Sustained
Provisioning Throughput
Latency

Monolithic VM-hosted ~$92k 4.8s 1.1k req/s

Containerized single-region ~$58k 13s 8.4k req/s

Multi-region cloud-native ~$67k 0.6s 24.3k req/s

A critical caveat is that these numbers are sensitive
to workflow mix. Platforms dominated by batch
reconciliation workloads see narrower gains from
microservice  decomposition than  platforms
dominated by real-time provisioning, since the
former are bottlenecked by external data sources
rather than internal compute.

6. Societal and Economic Impact

The platform-engineering gains documented above
translate into measurable societal outcomes only
when paired with affordability, devices, and digital-
skills support. World Bank analyses consistently
associate a l0-percentage-point increase in
broadband penetration with a 1.0—1.4 percent rise in
GDP per capita in low- and middle-income
economies. The mechanism is not purely
macroeconomic: micro-evidence from connectivity

programs documents gains in school attendance,
telehealth utilization, and small-business formation
when reliable household connectivity is sustained
over multiple quarters.

Equity outcomes are uneven, and platform design
choices either amplify or attenuate them. Table 4
summarizes the connectivity gap by cohort. Older
adults face the largest residual gap in both developed
and developing markets; income-quintile gaps
remain the dominant fault line globally. Inclusion
platforms that prioritize accessibility (low-
bandwidth interfaces, voice-first enrollment
channels, identity flows that accommodate non-
standard documentation) tend to narrow these gaps
faster than platforms that replicate consumer-grade
flows.

Table 4. Connectivity gap by equity cohort, in percentage points.

Equity Cohort Connectivity Gap (USA, 2024) Connectivity Gap
(Global, 2024)

Rural vs. urban 12.6 pp 29.4 pp

Female vs. male 1.8 pp 7.0 pp

Age 65+ vs. 25-44 15.1 pp 342 pp

Lowest vs. highest income quintile 21.7 pp 52.0 pp

Graph 3 below plots GDP per capita against broadband penetration for OECD countries and shows the well-
documented positive correlation, while Graph 4 displays the equity-gap bars from Table 4 for visual comparison.
The combined evidence supports treating platform engineering as a measurable component of digital-inclusion

policy rather than as a back-office concern.
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GDP per capita vs broadband penetration (OECD)
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Graph 3. GDP per capita vs. broadband penetration (OECD sample).

Connectivity gap by equity cohort
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N w B u
o o (=] o
1 1 1 1

Connectivity gap (percentage points)
|—I
o

Rural Female Age 65+ Low vs
vs urban vs male vs 25-44 high income

Graph 4. Connectivity gap by equity cohort (USA vs. global, percentage points).

. Discussion and Future Directions seams between identity, eligibility, and
provisioning. Second, observability investment pays
compound returns; platforms with mature
distributed tracing recover from

Three architectural lessons emerge. First, integration
boundaries are more important than internal service
decomposition; most enrollment failures occur at the
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incidents three to five times faster than peers, which
directly affects subscriber experience during
enrollment surges. Third, idempotency and
replayability of activation workflows are non-
negotiable, because retry behavior on flaky external
systems is the dominant source of duplicate billing
and orphaned device assignments.

Looking forward, three convergences will reshape
inclusion platforms. The maturation of 5G core
networks based on Service-Based Architecture
(SBA) will collapse what are now distinct
provisioning paths into a single, programmable
interface. Low Earth Orbit (LEO) satellite
constellations are  pushing coverage into
geographies that fixed and terrestrial mobile
networks have not reached economically. Edge
computing will move portions of the orchestration
layer closer to the subscriber, materially improving
latency for regions with poor backhaul. Each of
these technologies introduces new integration
surfaces and new fault modes that platform
engineers will need to absorb.

Open challenges remain. Energy footprint and
carbon intensity of large-scale telecom platforms are
becoming  first-class  constraints;  regulatory
fragmentation across jurisdictions complicates
multi-region deployments serving cross-border
populations; and data sovereignty rules increasingly
intersect with eligibility logic for subsidy programs.
Each warrants dedicated study, particularly the
interaction between architectural choices and
sustainability outcomes, which is currently under-
instrumented in the literature.

8. Conclusion

Reducing the digital divide at population scale is a
platform-engineering problem as much as a policy
problem. The analysis presented here shows that
cloud-native,  integration-rich,  observability-
instrumented telecom platforms reduce per-
subscriber operating cost by roughly a quarter while
improving 99th-percentile provisioning latency by
an order of magnitude relative to monolithic
baselines. These gains directly affect how many
subscribers a fixed subsidy budget can sustainably
reach.

For telecom operators participating in inclusion
programs, the practical implication is to treat the
platform layer as a strategic asset rather than a cost
center, invest in event-driven integration and

observability before adding subscriber capacity, and
structure deployments to support multi-region
resilience. For policymakers and program
administrators, the implication is to evaluate
program performance not only on enrollment counts
but also on the architectural maturity of the
platforms delivering the service, since the latter is
the binding constraint on the former at scale.

Platform engineering, often invisible to end users
and to policymakers alike, is a tractable and
underused lever for digital inclusion. The
technologies, integration patterns, and operational
practices required are well understood; the work is
to apply them deliberately to the workloads that
determine whether the next billion subscribers come
online.

Industry standards bodies have begun to provide
common ground for inclusion-focused platform
engineering. TM Forum Open APIs, 3rd Generation
Partnership Project (3GPP) reference architectures
for the 5G core, and emerging Linux Foundation
networking projects contribute building blocks that
platforms can compose rather than reinvent. The
maturity of these building blocks is uneven, but the
trajectory is toward composable platforms that
operators can specialize for inclusion workloads.
Composable  approaches reduce  greenfield
development cost by 40 to 60 percent and shorten
time-to-launch by similar margins in operator-
reported deployments. The compounding effect is
that future inclusion-program rollouts become
cheaper and faster than the previous generation,
which directly increases the population that a given
subsidy budget can reach.

Identity is the most underappreciated architectural
component in inclusion platforms. Subsidy
programs are particularly demanding on identity
systems because their target populations frequently
lack the conventional documentation and credit-
history footprint that commercial identity flows
depend on. Inclusion-aware identity systems blend
document-based verification with alternative
attestation paths, including in-person verification at
trusted retail locations and proxy verification
through case workers and community organizations.
Each path generates a distinct trust score that
downstream services consume, enabling risk-
proportionate  friction rather than uniform
onboarding. Operators that have implemented multi-
modal identity flows have reduced fraudulent
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enrollments by 50 to 70 percent without measurably
increasing legitimate user rejection rates.

A second specific orchestration pattern that accounts
for substantial production reliability gains is the
inbox-outbox pattern. By writing the event to an
outbox table within the same database transaction
that updates the business state, platforms can
guarantee exactly-once event publication and
eliminate the dual-write problem that has
historically plagued OSS/BSS integrations. Saga-
based long-running workflows complement this
approach by decomposing activations into
compensable steps so that partial failures can be
recovered through targeted compensating actions
rather than full transactional rollback. Both patterns
are well established in the distributed-systems
literature, but their adoption in telecom platforms
has lagged general software practice by several
years; closing this gap is among the highest-return
architectural moves available to operators running
subsidy programs.

A subtler societal effect concerns subscriber
persistence after initial enrollment. Many inclusion
programs achieve high initial enrollment but lose 20
to 40 percent of subscribers within the first year
through silent churn caused by service-quality
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