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I Distribution and Applicability
e Primary audience: enterprise integration architects, information security engineers, and HCM platform owners
responsible for designing or reviewing file-based integration channels.
e Secondary audience: compliance officers, internal audit teams, and third-party risk management functions
evaluating MFT-based data exchange arrangements.
e Applicability: cloud-hosted HCM platforms exchanging payroll, benefits, compensation, and personal data files
with external processors, carriers, and government agencies via batch file interfaces

Managed File Transfer, SFTP, FTPS, AS2, PGP Encryption, TLS 1.2/1.3, Key Management, Zero Trust,
GDPR, HIPAA, SOC 2, 1SO 27001

ABSTRACT

Cloud Human Capital Management platforms have become the system of record for employee personal data,
compensation, benefits, and payroll information across a large share of the enterprise market. Despite the shift toward
API-based and event-driven integration patterns, batch file exchange remains the dominant interface for a substantial
category of downstream and upstream integrations, including payroll processors, benefits carriers, tax authorities,
retirement administrators, and background screening vendors. These file interfaces routinely carry highly sensitive
personal data, including government identifiers, bank account details, and compensation records, and consequently
represent a concentrated area of data exposure risk if not architected with rigorous cryptographic controls.

This research article presents a structured architectural and cryptographic framework for securing file-based
integrations between cloud HCM platforms and external parties, built around Managed File Transfer (MFT) protocols
including SFTP, FTPS, and AS2, layered with transport-level encryption, payload-level OpenPGP encryption,
disciplined key and certificate lifecycle management, and zero-trust network segmentation. The article develops a
threat taxonomy specific to HCM file exchange, presents a reference architecture and component model, and maps the
resulting controls against major regulatory and assurance frameworks applicable to HCM data, including the General
Data Protection Regulation (GDPR), the Health Insurance Portability and Accountability Act (HIPAA) Security Rule,
SOC 2 Trust Services Criteria, and ISO/IEC 27001.

Findings are illustrated through generalized case observations drawn from enterprise MFT implementation reviews
and are synthesized into a phased implementation roadmap, a governance and monitoring model, and a consolidated
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risk assessment matrix. The article concludes with study limitations and a set of directions for continued practitioner
and academic research into cryptographically hardened managed file transfer for cloud HCM ecosystems.
Keywords
Managed File Transfer, SFTP, FTPS, AS2, OpenPGP, Transport Layer Security, key management, certificate lifecycle,
zero-trust architecture, cloud HCM security, payroll data protection, regulatory compliance.

KEY INSIGHT

The central architectural claim of this research is that transport-layer encryption alone is insufficient for HCM
file exchange; durable protection requires an envelope model combining transport security with payload-level
encryption and independently governed key material, so that data remains protected at rest on intermediate storage
and during processing outside the direct control of the HCM tenant.
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PART I
FOUNDATIONS

Motivation, threat landscape, and research approach

BT  »¢oduction

Cloud Human Capital Management platforms centralize an organization's most sensitive workforce data: government
identifiers, dates of birth, home addresses, bank account details for payroll disbursement, health plan elections, and
compensation history. While modern HCM platforms increasingly expose this data through governed, real-time
application programming interfaces, a substantial share of enterprise integrations - particularly those connecting to
payroll processors, benefits carriers, retirement plan administrators, tax authorities, and background screening vendors
- continue to rely on batch file exchange, typically scheduled on a nightly, weekly, or pay-cycle cadence.
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This persistence of file-based exchange is not incidental. Many external parties in the payroll and benefits ecosystem
operate legacy back-office systems that were not designed for API-based integration, and industry-standard file layouts
(fixed-width payroll records, delimited benefits enrollment files, EDI-adjacent formats) remain the lowest-friction
mechanism for exchanging data at scale across organizational boundaries. The practical consequence is that Managed
File Transfer infrastructure sits directly in the critical path of some of the most sensitive data flows an enterprise
operates, and yet it frequently receives less dedicated security architecture attention than customer-facing application
programming interfaces.

CAUTION

Because MFT file transfers are typically scheduled, unattended, and monitored only for job success or failure
rather than for data content, a cryptographic control failure in an MFT pipeline can go undetected for multiple
transfer cycles, compounding the volume of data exposed before remediation.

I 1.1 Motivation
The motivation for this research arises from a recurring observation across enterprise security architecture reviews:
MET configurations for cloud HCM integrations are frequently implemented ad hoc, integration by integration, with
inconsistent application of transport encryption, payload encryption, key rotation discipline, and certificate lifecycle
management. In several reviewed environments, transport-layer protection (for example, SFTP or FTPS) was correctly
configured, while payload-level encryption was either absent or implemented with static, long-lived keys that had not
been rotated since initial integration go-live, in some cases for several years.
I 1.2 Research Objectives
» Characterize the threat landscape specific to file-based data exchange between cloud HCM platforms and
external processors, distinguishing risks unique to batch transfer from those addressed by API security models.
> Define a layered cryptographic architecture combining transport security, payload encryption, and
key/certificate governance suited to the operational realities of scheduled, unattended MFT jobs.
> Present a protocol-level comparison of SFTP, FTPS, AS2, PeSIT, and HTTPS-based MFT APIs to support
protocol selection decisions grounded in security and interoperability trade-offs.
» Map the resulting control set against the principal regulatory and assurance frameworks applicable to HCM
data, so that architecture decisions can be justified in compliance and audit contexts.
» Provide a governance and operating model that sustains cryptographic hygiene - key rotation, certificate
renewal, algorithm currency - over the multi-year lifespan typical of HCM integration channels.
I 1.3 Scope and Audience
This article addresses the security architecture of file-based integration channels specifically; it does not provide a
comprehensive treatment of API security, network perimeter design generally, or HCM platform application security
beyond the boundary of the file exchange itself. The intended audience includes security architects, integration
engineers, and compliance professionals responsible for the confidentiality and integrity of data exchanged between
cloud HCM systems and third parties.

_ Background: Cloud HCM Data Sensitivity and File-Based Exchange

| 2.1 The Sensitivity Profile of HCM Data

HCM data spans several distinct sensitivity categories, each carrying different regulatory exposure and different

consequences of disclosure:

e Direct identifiers. National identification numbers, dates of birth, and home addresses, which enable identity theft
if exposed.

e Financial payment data. Bank account and routing information used for payroll disbursement, exposure of which
enables direct financial fraud.

e Health-adjacent data. Benefits enrollment elections and, in some jurisdictions, health plan identifiers, which may
fall within HIPAA-covered data categories when processed by or on behalf of a covered entity or business
associate.

e Compensation data. Salary, bonus, and equity information, which carries reputational and competitive sensitivity
beyond direct fraud risk.

I 2.2 Why Batch File Exchange Persists Alongside APIs

Even as cloud HCM vendors expand real-time API surfaces, several structural factors sustain the ongoing use of file-

based exchange:
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e [egacy back-office systems operated by payroll processors, benefits carriers, and government agencies were
architected around batch file ingestion and, in many cases, cannot be economically re-platformed to consume real-
time APIs.

e Industry-standard file layouts provide a stable, well-understood contract that reduces integration risk relative to
bespoke API contracts, particularly for high-volume, schedule-driven processes such as payroll runs.

e Regulatory and reconciliation processes in payroll and benefits administration are themselves organized around
discrete, auditable batch cycles rather than continuous streams, making batch file exchange a natural fit for the
underlying business process.

I 2.3 The Expanding Attack Surface of MFT Infrastructure

As the number of file-based integrations connected to a cloud HCM tenant grows, so does the aggregate attack surface

associated with the MFT layer: credentials and keys provisioned for each trading partner, intermediate storage locations

where files may rest before pickup, and the scheduling and orchestration infrastructure that triggers each transfer.

Because this infrastructure is often managed centrally by an integration or platform team rather than by the security

team directly, cryptographic configuration can drift from policy over time without triggering the same scrutiny applied

to customer-facing systems.

_ Problem Statement: Threat Landscape for File-Based HCM Integrations

This research is motivated by a specific and recurring problem: file-based integrations carrying sensitive HCM data

are frequently secured inconsistently across an organization's trading partner portfolio, with security posture varying

by when the integration was built and by which team or vendor implemented it, rather than by the sensitivity of the
data involved.
| 3.1 Observed Exposure Patterns

e Transport-only protection. Reliance on SFTP or FTPS transport encryption alone, leaving files unencrypted at
rest on intermediate storage, staging directories, or trading-partner-side pickup locations.

e Static, unrotated keys. SSH key pairs and PGP key pairs provisioned at integration go-live and never
subsequently rotated, in some observed cases for periods exceeding three years.

e C(ertificate expiry blind spots. Client and server certificates approaching or past expiry without an automated
renewal or alerting mechanism, creating both availability risk and, where expired certificates are bypassed through
relaxed validation settings, security risk.

e Shared credential reuse. The same service account credential or key pair reused across multiple, unrelated trading
partner integrations, magnifying the blast radius of any single credential compromise.

e Weak legacy algorithm retention. Continued support for outdated cipher suites and deprecated hash algorithms
maintained for backward compatibility with older trading partner systems, without compensating controls.

| 3.2 Business and Regulatory Impact

Left unaddressed, these exposure patterns create direct exposure under multiple regulatory regimes simultaneously,

since a single payroll or benefits file frequently contains data categories subject to GDPR, HIPAA, and state-level data

breach notification statutes concurrently. Beyond regulatory exposure, a compromised MFT credential can provide an
attacker with a durable, low-visibility channel for data exfiltration, since MFT jobs are typically monitored for
completion status rather than for anomalous data volume or destination changes.

PRACTITIONER NOTE

In the environments reviewed for this research, the most severe latent exposures were not the result of a single
dramatic misconfiguration, but of gradual cryptographic hygiene decay - unrotated keys and unrenewed certificates
accumulating quietly across a growing trading partner portfolio.

BT  Rescarch Methodology

This research combines a structured architectural review methodology with a survey of protocol and cryptographic

standards literature, applied across a series of enterprise MFT implementation reviews conducted in connection with

cloud HCM integration programs.

| 4.1 Review Approach

1. Inventory and classification: Catalogue all file-based integration channels connected to the HCM tenant,
classifying each by trading partner type, data categories exchanged, and protocol in use.

2. Configuration assessment: For each channel, assess transport protocol configuration (cipher suites, protocol
versions, authentication mechanism), payload encryption status, and key/certificate age and rotation history.
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Threat modeling: Apply a structured threat taxonomy (Section 5) to each channel to identify credible attack paths
given the observed configuration.

Control gap analysis: Compare observed configuration against the reference architecture and control set developed
in Sections 7 and 8.

Remediation prioritization: Rank identified gaps by combined likelihood and impact to produce a prioritized
remediation backlog, synthesized into the roadmap in Section 11.

I 4.2 Standards and Literature Basis
Cryptographic and protocol recommendations presented in this article are grounded in established Internet Engineering
Task Force (IETF) protocol specifications, National Institute of Standards and Technology (NIST) cryptographic
guidance, and recognized cryptography engineering literature, cited in full in the References section. Regulatory
mapping is grounded in the published text of the applicable regulations and assurance frameworks as of the time of
writing.

I 4.3 Validity Considerations
As with any architecture review synthesis, findings reflect the specific environments reviewed and should be
interpreted as representative of common patterns rather than as a statistically representative sample of the full
population of cloud HCM MFT implementations. Configuration details describing specific trading partners have been
generalized to protect confidentiality.

_ Threat Model and Risk Taxonomy

A precise threat taxonomy is a prerequisite for designing proportionate controls. This section decomposes the threat
landscape for file-based HCM integration into actor, vector, and asset dimensions.
5.1 Threat Actors

External opportunistic attackers. Actors scanning for exposed or weakly configured MFT endpoints (for
example, internet-facing SFTP servers with weak authentication) without a specific target in mind.

Targeted external adversaries. Actors specifically targeting a known trading partner relationship, for example
through credential phishing directed at integration or vendor management staff.

Compromised trading partners. A legitimate trading partner whose own environment has been compromised,
creating a trusted-channel attack path into the HCM tenant's file exchange infrastructure.

Malicious or negligent insiders. Personnel with legitimate access to key material, credentials, or intermediate
storage who misuse or mishandle that access.

I 5.2 Attack Vectors

» Credential and key compromise. Theft or brute-forcing of SSH keys, service account passwords, or PGP
private keys used for transport or payload encryption.

»  Man-in-the-middle interception. Interception of file transfers where transport encryption is absent,
downgraded, or improperly validated (for example, certificate validation disabled to accommodate a legacy
trading partner).

> Intermediate storage exposure. Unauthorized access to staging directories, archive folders, or backup media
where files rest unencrypted before or after transfer.

> Replay and tampering. Resubmission or modification of previously captured files where integrity controls
(digital signatures, message authentication) are absent.

> Denial of availability. Disruption of scheduled transfers through credential lockout, certificate expiry, or
infrastructure failure, which - while not a confidentiality breach - can cascade into payroll or benefits processing
failures.

| 5.3 Protected Assets

Data in transit between the cloud HCM platform and the trading partner endpoint.

Data at rest on intermediate staging, archive, and backup storage.

Cryptographic key material, including transport authentication keys and payload encryption keys.

Digital certificates used for transport authentication and validation.

Metadata describing the existence, timing, and volume of transfers, which can itself be sensitive in aggregate (for
example, revealing headcount changes ahead of public disclosure).
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Risk Category Representative Scenario Primary Affected Property
Transport interception Unencrypted or downgraded Confidentiality
transport session intercepted on
network path
Credential/key compromise Long-lived, unrotated SSH or PGP | Confidentiality, Integrity
key exfiltrated and reused
At-rest exposure Unencrypted payload persisted on Confidentiality
intermediate storage or backup
Integrity/replay Modified or replayed file accepted Integrity
without signature verification
Availability disruption Expired certificate or locked Availability
credential halts scheduled transfer
Trust-boundary compromise Compromised trading partner Confidentiality, Integrity
environment used as pivot point

PART II
PROTOCOLS & CRYPTOGRAPHIC ARCHITECTURE
Protocol landscape, encryption design, and reference architecture

_ Managed File Transfer Protocol Landscape

Selecting an appropriate transport protocol is the foundational decision in any secure file transfer architecture. This
section reviews the protocols most commonly encountered in cloud HCM trading partner ecosystems.

I 6.1 SFTP (SSH File Transfer Protocol)
SFTP operates over the Secure Shell (SSH) protocol and provides encrypted transport, server and client authentication
(via password or public-key credentials), and integrity protection as native properties of the underlying SSH transport
layer. Its widespread adoption, firewall-friendly single-port operation, and strong native security properties make it the
most commonly recommended default protocol for new HCM trading partner integrations reviewed in this research.

| 6.2 FTPS (FTP over TLS)
FTPS layers Transport Layer Security (TLS) over the traditional File Transfer Protocol (FTP), in either explicit or
implicit mode. While it provides comparable transport encryption to SFTP when properly configured, FTPS retains
FTP's dual-channel (control and data) architecture, which complicates firewall and network address translation
traversal and has historically been associated with a higher incidence of misconfiguration, particularly around passive-
mode data channel security.

| 6.3 AS2 (Applicability Statement 2)
AS?2 operates over HTTP/HTTPS and provides not only transport encryption but also native support for message-level
digital signatures and encryption, along with standardized Message Disposition Notifications (MDN) that provide
cryptographic proof of receipt. These properties make AS2 particularly well suited to trading relationships requiring
non-repudiation, such as certain tax authority and regulated benefits carrier interfaces, though its configuration
complexity is generally higher than SFTP.

| 6.4 PesIT
PeSIT is a file transfer protocol with strong historical adoption in European financial and payroll processing
ecosystems, offering robust session recovery and checkpoint-restart capabilities for large file transfers. Organizations
with trading partners in jurisdictions where PeSIT remains prevalent should evaluate available secure variants (PeSIT
over TLS) rather than legacy unencrypted implementations.

| 6.5 HTTPS-Based MFT APIs
An increasing number of MFT platforms and trading partners expose file exchange through HTTPS-based RESTful
interfaces layered atop the underlying MFT engine, combining the operational familiarity of web API security patterns
(OAuth-based authentication, TLS transport) with the scheduling, checkpointing, and partner management capabilities
of traditional MFT platforms.
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I 6.6 Comparative Protocol Assessment

Protocol

Transport Security

Native Message

Firewall ‘
Friendliness Typical HCM Use

Signing
SFTP Strong (SSH) No (payload signing | High - single port Default for most
external) new trading partners
FTPS Strong (TLS) if No Moderate - dual Legacy carrier and
configured correctly channel processor links
AS2 Strong Yes - native MDN High - HTTP-based | Tax authorities,
(HTTPS/TLS) receipts regulated carriers
PeSIT (secure Strong (TLS) in No Moderate European
variant) modern variants payroll/financial
partners
HTTPS-based MFT | Strong (TLS + Varies by platform High Modern platform-
API OAuth) to-platform
exchange
KEY INSIGHT

Protocol choice determines the ceiling on achievable transport security, but it does not by itself protect data at
rest before or after transfer. Every protocol in the table above should be paired with payload-level encryption per
Section 7 wherever the exchanged data includes direct identifiers, financial account data, or health-adjacent
information.

_ Cryptographic Architecture for Secure File Transfer

This section presents the layered cryptographic architecture developed and validated across the reviewed

implementations, structured around five complementary control layers.

| 7.1 Transport-Layer Encryption

Transport-layer encryption protects data while it moves across the network between the cloud HCM platform and the

trading partner endpoint. For SFTP, this means enforcing modern SSH key exchange and cipher algorithms and

disabling legacy algorithm support wherever trading partner capability allows. For FTPS and HTTPS-based transports,
this means enforcing TLS 1.2 as a floor, with TLS 1.3 preferred where both endpoints support it, and disabling legacy

SSL and early TLS versions entirely.

v Disable SSLv3, TLS 1.0, and TLS 1.1 on all MFT listener endpoints.
v Restrict SSH and TLS cipher suites to those providing forward secrecy.
v Enforce strict certificate validation; eliminate exceptions that bypass hostname or chain validation for legacy
trading partners.
v Log and alert on protocol or cipher downgrade attempts at the MFT gateway.
I 7.2 Payload-Level (OpenPGP) Encryption

Payload-level encryption, most commonly implemented using the OpenPGP standard, encrypts the file content itself

independently of the transport channel, ensuring that data remains protected while at rest on intermediate staging

storage, in backups, and after arrival at the trading partner's own storage, prior to that partner's own decryption step.

This layer is the primary mitigation for the at-rest exposure risk category identified in Section 5.4 and should be treated

as mandatory, not optional, for any file containing direct identifiers or financial account data.

| 7.3 Key Management and Rotation

Cryptographic key material - SSH key pairs, TLS certificate private keys, and OpenPGP key pairs - must be managed

through a defined lifecycle rather than provisioned once at integration go-live and left indefinitely in place.

e Generation. Keys should be generated with sufficient length and strength consistent with current NIST guidance,
using approved random number generation, ideally within a hardware security module (HSM) or equivalent
protected key store.

e Storage. Private key material should never be stored in plaintext configuration files or embedded in integration
code; dedicated key management or secrets management infrastructure should be used.

e Rotation. Key pairs should be rotated on a defined schedule (commonly annually, or sooner in response to
personnel changes or suspected compromise), with an overlap period supporting graceful transition for scheduled
batch jobs.
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e Revocation. A documented, tested revocation procedure must exist for immediate response to suspected key
compromise, including coordinated revocation with the trading partner where the key is used bilaterally.
I 7.4 Certificate Lifecycle Management

TLS certificates used for FTPS, AS2, and HTTPS-based MFT endpoints require lifecycle governance distinct from,
though related to, key management: expiry monitoring, automated renewal wherever the certificate authority
relationship supports it, and elimination of self-signed certificates in favor of certificates issued by a trusted internal or
public certificate authority, except where a trading partner's own constraints make this infeasible.

7.5 The Hybrid Envelope Encryption Pattern
The architecture recommended by this research combines the preceding layers into a hybrid envelope pattern: the file
payload is encrypted using a symmetric algorithm with a per-file session key, that session key is itself encrypted using
the recipient's asymmetric public key (the OpenPGP public-key encryption step), and the resulting encrypted package
is then transmitted over an independently encrypted and authenticated transport session (SFTP, FTPS, or AS2). This
layered construction ensures that compromise of any single layer - transport session, or a single payload key - does not
by itself expose the underlying data, consistent with defense-in-depth principles established in the cryptography
engineering literature.

PRACTITIONER NOTE

The hybrid envelope pattern described here mirrors the general public-key cryptography construction described
in foundational cryptography engineering references: use asymmetric cryptography to protect a randomly
generated symmetric key, and use the symmetric key to protect the bulk data, combining the key-management
convenience of asymmetric cryptography with the performance characteristics of symmetric cryptography.

_ Reference Architecture for Cloud HCM MFT

I 8.1 Component Model
The reference architecture developed in this research decomposes the MFT environment into five principal
components:
» MFT gateway. The internet-facing (or partner-network-facing) endpoint terminating SFTP, FTPS, AS2, or
HTTPS sessions, responsible for transport authentication and protocol enforcement.
> Encryption/decryption service. A dedicated service responsible for payload-level OpenPGP encryption and
decryption, isolated from the gateway and integration orchestration components.
» Key and certificate management service. A centralized service (HSM-backed where feasible) governing
generation, storage, rotation, and revocation of all cryptographic material used across the MFT environment.
» Integration orchestration layer. The scheduling and workflow layer that triggers file generation from the
HCM platform, invokes encryption, and initiates transfer, typically the Workday Studio or equivalent integration
runtime.
» Staging and archive storage. Intermediate storage used before and after transfer, which must itself be
encrypted at rest and subject to strict access control and retention limits.
I 8.2 Data Flow
In the reference architecture, a typical outbound flow proceeds as follows: the integration orchestration layer extracts
the relevant data from the HCM platform and generates the output file; the encryption service applies payload-level
OpenPGP encryption using the trading partner's public key; the encrypted file is written to encrypted staging storage;
the MFT gateway retrieves the staged file and transmits it over an authenticated, encrypted transport session; and the
staging copy is purged according to the organization's retention policy once successful delivery is confirmed.
I 8.3 Zero-Trust Network Segmentation
Consistent with zero-trust architectural principles, the MFT gateway should be placed in a dedicated network segment
isolated from both the general corporate network and the internal HCM platform network, with explicit, narrowly
scoped connectivity rules governing traffic to the encryption service, the key management service, and staging storage.
No component should be granted broader network reachability than its specific function requires, and every inter-
component connection should itself be authenticated and encrypted rather than relying on network location as an
implicit trust signal.
| 8.4 High Availability and Disaster Recovery
Because scheduled MFT transfers are frequently tied to payroll and benefits processing deadlines, the reference
architecture treats availability as a first-class security property alongside confidentiality and integrity. Key management
and certificate services in particular should be deployed with redundancy sufficient to avoid a single point of failure
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that could block all outbound encryption operations, and disaster recovery procedures should be tested to confirm that
key material can be recovered without violating its confidentiality protections.
PART III
COMPLIANCE, GOVERNANCE & OUTLOOK
Regulatory alignment, operating model, and future direction

_ Compliance and Regulatory Alignment

The cryptographic architecture presented in Sections 7 and 8 is directly relevant to several overlapping regulatory and
assurance frameworks applicable to HCM data. This section maps the architecture's control layers to representative
requirements under each framework.

| 9.1 General Data Protection Regulation (GDPR)
GDPR Article 32 requires controllers and processors to implement technical measures appropriate to risk, explicitly
referencing encryption of personal data as an example measure. The payload-level encryption and key management
practices in Sections 7.2 and 7.3 directly support this requirement for HCM data transferred to processors such as
payroll and benefits vendors.

| 9.2 HIPAA Security Rule
Where HCM file exchanges include health plan enrollment or related data processed by or on behalf of a HIPAA-
covered entity or business associate, the HIPAA Security Rule's technical safeguards - including transmission security
and encryption addressable specifications - are directly addressed by the combination of transport-layer and payload-
level encryption described in Sections 7.1 and 7.2.

I 9.3 SOC 2 Trust Services Criteria
SOC 2 examinations of cloud HCM platforms and their MFT-connected trading partners commonly evaluate controls
over data transmission, encryption key management, and access restriction consistent with the AICPA Trust Services
Criteria. The key and certificate lifecycle governance practices in Sections 7.3 and 7.4, together with the segmentation
model in Section 8.3, provide auditable evidence supporting these criteria.

| 9.41SO/IEC 27001
ISO/IEC 27001's Annex A control set includes explicit controls addressing cryptography policy, key management, and
network security, each of which corresponds directly to the architecture presented in this article. Organizations
pursuing or maintaining ISO/IEC 27001 certification should incorporate the key rotation and certificate governance
practices in Section 7 into their Information Security Management System control evidence.

I 9.5 PCI DSS (Where Payment Data Is Present)
Where payroll disbursement files include bank account or payment card-adjacent data within PCI DSS scope, the
standard's requirements for strong cryptography during transmission over open, public networks and for cryptographic
key management reinforce the transport and key management practices already required under the preceding
frameworks, with the practical effect that a well-implemented architecture per this article tends to satisfy overlapping
requirements across frameworks simultaneously.

| 9.6 Consolidated Compliance Mapping

Framework Representative Requirement Supporting Architecture Element

GDPR Art. 32 Encryption of personal data as Payload-level OpenPGP encryption
appropriate technical measure (7.2)

HIPAA Security Rule Transmission security and Transport + payload encryption
encryption safeguards (7.1,7.2)

SOC 2 Trust Services Criteria Logical access and encryption key Key/certificate lifecycle (7.3, 7.4)
management controls

ISO/IEC 27001 Annex A Cryptography and network security | Reference architecture
policy controls segmentation (8.3)

PCI DSS Strong cryptography for Hybrid envelope pattern (7.5)
transmission and key management

_ Case Observations

This section summarizes generalized, anonymized observations from MFT architecture reviews conducted in
connection with cloud HCM integration programs.
I 10.1 Observation A - Payroll Processor Interface
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A review of an outbound payroll file interface identified correctly configured SFTP transport but no payload-level
encryption, with files staged unencrypted on intermediate storage for up to several hours pending pickup confirmation.
Introducing OpenPGP payload encryption per Section 7.2 and encrypting staging storage closed the primary at-rest
exposure without requiring any change to the trading partner's own pickup process.
| 10.2 Observation B - Benefits Carrier Enrollment Feed
An enrollment feed to a benefits carrier used an FTPS connection with a client certificate that had not been renewed
in over two years and was approaching expiry, with no automated renewal or alerting in place. Implementing the
certificate lifecycle governance practices in Section 7.4, including automated expiry alerting, eliminated the recurring
risk of an unplanned transfer outage.
I 10.3 Observation C - Multi-Partner Key Reuse
A review of a growing trading partner portfolio identified a single OpenPGP key pair reused across several unrelated
benefits and payroll trading partners, originally provisioned as a shortcut during an early integration wave. Migrating
to per-partner key pairs under the centralized key management service described in Section 8.1 substantially reduced
the blast radius of any single key compromise.
I 10.4 Cross-Case Observations
e Transport-layer security was consistently well implemented across reviewed cases; the recurring gaps were
concentrated in payload-level encryption and key/certificate lifecycle governance.
e Gaps tended to accumulate gradually as trading partner portfolios grew, rather than arising from a single design
decision, reinforcing the governance recommendations in Section 12.
e In every case reviewed, remediation was achievable without disruption to the trading partner's own systems, since
the changes were implemented entirely within the organization's own MFT and encryption infrastructure.

_ Implementation Roadmap

Organizations seeking to adopt the architecture described in this article should sequence implementation to manage
risk and disruption, consistent with the following phased approach validated across the reviewed engagements.

I 11.1 Phase 1 - Discovery and Baseline (Weeks 1-4)
v Complete a full inventory of file-based trading partner integrations, protocols in use, and data categories
exchanged.
v Assess current transport configuration, payload encryption status, and key/certificate age across the inventory.
V' Prioritize the remediation backlog using the risk taxonomy in Section 5.

| 11.2 Phase 2 - Core Cryptographic Uplift (Weeks 5-12)
v/ Remediate transport configuration gaps (deprecated protocol/cipher support, certificate validation exceptions).
v Introduce payload-level OpenPGP encryption for all channels carrying direct identifiers or financial account
data.
v Stand up or formalize the centralized key and certificate management service.

| 11.3 Phase 3 - Architecture and Segmentation (Weeks 10-20, overlapping Phase 2)
v Implement network segmentation for the MFT gateway, encryption service, and staging storage per Section
8.3.
v/ Migrate any shared or reused key material to per-partner key pairs.
v Establish automated certificate and key expiry monitoring and alerting.

| 11.4 Phase 4 - Governance Embedding (Ongoing from Week 16)
v Formalize the key rotation and certificate renewal policy described in Appendix A.
v Incorporate MFT cryptographic configuration review into the standard change management process for new
trading partner onboarding.
v Establish periodic (at minimum annual) re-assessment of the full trading partner portfolio against the reference
architecture.

_ Governance, Monitoring, and Incident Response

| 12.1 Ownership Model
Sustained cryptographic hygiene requires clear, durable ownership. This research recommends a shared ownership
model in which the security architecture function owns policy and standards (algorithm selection, rotation cadence,
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segmentation requirements), while the integration engineering function owns day-to-day operation of the MFT
environment against those standards, with periodic joint review.
I 12.2 Monitoring Requirements
e Transfer completion monitoring. Standard MFT job success/failure monitoring, extended with anomaly
detection for unexpected volume, timing, or destination changes.
e Cryptographic configuration drift monitoring. Automated periodic scanning of MFT gateway configuration to
detect drift from approved protocol and cipher policy.
e Key and certificate expiry monitoring. Automated alerting on approaching expiry, with escalation paths distinct
from routine operational alerts.
I 12.3 Incident Response Considerations Specific to MFT
Incident response plans should include MFT-specific playbooks addressing suspected key or credential compromise,
including coordinated revocation and re-issuance procedures with affected trading partners, and forensic preservation
of transfer logs and staging storage access records, which are frequently the primary evidence available given the
typically unattended nature of MFT operations.

_ Risk Assessment Matrix

The following matrix consolidates the principal residual risks addressed by this architecture, together with likelihood
and impact ratings reflecting the pattern observed across reviewed engagements prior to remediation, and the primary
mitigating control.

Likelihood Impact Primary Mitigation
Unencrypted at-rest High High Payload-level OpenPGP
staging exposure encryption (7.2)
Unrotated key material High Medium-High Key rotation policy (7.3,

Appendix A)

Certificate expiry-driven Medium Medium Automated expiry
outage monitoring (7.4, 12.2)
Shared/reused credentials | Medium High Per-partner key issuance
across partners (8.1)
Legacy protocol/cipher Medium Medium-High Protocol hardening
retention baseline (7.1)
Compromised trading Low-Medium High Segmentation and least-
partner pivot privilege access (8.3)

HEEEE  Limitations of the Study

e Observations are drawn from a limited set of enterprise MFT architecture reviews and may not represent the full
diversity of trading partner ecosystems across all industries and jurisdictions.

e The regulatory mapping in Section 9 is illustrative rather than exhaustive and does not constitute legal advice;
organizations should validate specific regulatory obligations with qualified counsel.

e This research addresses file-based integration specifically and does not provide a comprehensive treatment of API-
based integration security, which involves a materially different threat model.

e Protocol and algorithm recommendations reflect guidance current as of the time of writing; organizations should
periodically re-validate cryptographic choices against current standards guidance as it evolves.

e (Case observations have been generalized and anonymized, which limits the ability to independently verify specific
quantitative claims.

_ Future Research Directions

» Automated cryptographic posture scanning for MFT estates. Development of tooling that continuously
scans MFT gateway configuration, key age, and certificate status across a full trading partner portfolio, surfacing
drift from policy in near real time.

» Standardized MFT security benchmarking. A shared benchmark and scoring methodology allowing
organizations to compare MFT cryptographic posture consistently across trading partner ecosystems and over
time.
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> Post-quantum readiness for long-lived HCM data flows. Given the multi-year retention typical of payroll
and benefits records, further research into migration paths toward post-quantum-resistant algorithms for both
transport and payload encryption is warranted as those standards mature.

» Behavioral anomaly detection for scheduled file transfers. Extension of monitoring approaches beyond job
success/failure to detect subtle anomalies in transfer volume, timing, or destination indicative of compromise.

» Trading-partner-side assurance models. Further work on contractual and technical assurance mechanisms
allowing an HCM platform operator to verify, rather than merely trust, the cryptographic posture maintained by
external trading partners receiving sensitive files.

BT  Conclusion

File-based integration remains a durable and, for the foreseeable future, unavoidable component of the cloud HCM
integration landscape, carrying some of the most sensitive data an enterprise holds through channels that frequently
receive less dedicated security architecture attention than customer-facing systems. The research presented in this
article demonstrates that the cryptographic and architectural gaps most commonly observed in practice - unencrypted
at-rest staging, unrotated key material, and inconsistent certificate lifecycle management - are addressable through a
well-understood, layered architecture combining transport security, payload-level OpenPGP encryption, disciplined
key and certificate governance, and zero-trust network segmentation.

Equally important to the technical architecture is the governance model presented in Section 12: because MFT trading
partner portfolios grow incrementally over years, cryptographic hygiene tends to decay gradually rather than fail
dramatically, making durable ownership, continuous monitoring, and periodic re-assessment essential complements to
the architecture itself. Organizations that treat MFT security as an ongoing governance discipline, rather than a one-
time implementation project, are best positioned to sustain protection of HCM data as trading partner ecosystems
continue to expand.

As cloud HCM platforms continue to mediate an increasing share of the world's payroll and benefits data, the
disciplined application of the cryptographic architecture and governance practices presented in this article offers a
practical, standards-aligned path toward reducing one of the more under-examined categories of enterprise data
exposure risk.

_ Glossary of Terms
Term Definition

AS2 Applicability Statement 2 - an HTTP/HTTPS-based file transfer protocol
supporting native message signing and receipt notifications.

Envelope Encryption A pattern combining symmetric encryption of bulk data with asymmetric
encryption of the symmetric key.

FTPS File Transfer Protocol Secured - FTP layered with TLS transport encryption.

HCM Human Capital Management - enterprise software category covering workforce,
payroll, and benefits data.

HSM Hardware Security Module - a dedicated device for secure generation and storage
of cryptographic keys.

MDN Message Disposition Notification - an AS2 receipt confirming successful message
delivery and integrity.

MFT Managed File Transfer - platforms and protocols providing governed, auditable file
exchange.

OpenPGP An open standard for payload-level encryption and digital signing of data.

PeSIT A file transfer protocol with strong adoption in European financial and payroll
ecosystems.

SFTP SSH File Transfer Protocol - a file transfer protocol operating over the Secure Shell
transport.

TLS Transport Layer Security - the standard protocol for encrypting network transport
sessions.

Zero Trust A security model in which no network location is implicitly trusted; every
connection is authenticated and authorized.
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_ Appendix A - Key Rotation Policy Checklist

The following checklist summarizes the minimum operational practices recommended to sustain the key management
architecture described in Section 7.3.

v All SSH, TLS, and OpenPGP key pairs are inventoried in the centralized key management service, with owner,
purpose, and associated trading partner recorded.

V' Key pairs are generated with current recommended minimum lengths and using an approved random source;
no key generation occurs outside the centralized service.

v Rotation is scheduled at a maximum interval of twelve months, with a shorter interval for keys protecting the
highest-sensitivity data categories.

v A documented overlap procedure allows scheduled batch jobs to transition to a new key without missed transfer

cycles.

v Revocation procedures are tested at least annually through a tabletop exercise.
v Departing personnel with key management access trigger a review of any keys they provisioned or had access

to.

v No key pair is shared across more than one trading partner relationship.

v Key rotation events are logged and reconciled against the centralized inventory on a recurring basis.

_ Appendix B - Cryptographic Algorithm Suite Reference

The following reference table summarizes algorithm and key-length guidance consistent with cryptographic standards

Purpose

Transport encryption

current as of the time of writing

, applicable to the architecture described in Section 7.

Recommended

Algorithm/Protocol
TLS 1.2 (minimum); TLS 1.3

preferred

AES-128/256 with forward-secrecy

Minimum Strength Guidance

cipher suites

SSH transport (SFTP) SSH-2 with modern key exchange RSA 2048-bit minimum; Ed25519
where supported
Payload encryption OpenPGP (RFC 4880) AES-256 symmetric session key

Asymmetric key protection

RSA or elliptic-curve public-key
encryption

RSA 2048-bit minimum (3072-bit
preferred)

Digital signatures / integrity

OpenPGP signatures; AS2 message
signing

SHA-256 minimum hash algorithm

Key storage

Hardware Security Module or

equivalent protected store

FIPS 140-2 validated module
preferred
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