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ABSTRACT: The rapid proliferation of cloud-native enterprise resource planning (ERP) deployments has 

fundamentally altered the security threat landscape for organizations operating SAP S/4HANA, Central Finance, 

Global Trade Services, and Business Technology Platform components in managed and public cloud environments. 

Traditional perimeter-based security architectures, designed for on-premise ERP landscapes with well-defined network 

boundaries, are structurally inadequate for cloud-native deployments where users, services, and data traverse multiple 

cloud regions, hyperscaler virtual networks, and third-party integration platforms. This paper presents a comprehensive 

security hardening and compliance automation framework for cloud-native enterprise ERP deployments, organized 

across three primary architectural pillars: Zero-Trust security implementation, Role-Based Access Governance, and 

immutable Audit Trail Architecture. The framework integrates SAP's native security capabilities - including SAP 

Enterprise Threat Detection, SAP Identity Authentication Service, SAP Authorization Concept, and SAP GRC Access 

Control - with hyperscaler-native security services and third-party SIEM platforms to establish a defense-in-depth 

security posture. Compliance automation pipelines supporting SOX, GDPR, ISO 27001, NIST CSF, and PCI DSS 

frameworks are detailed, with empirical evidence demonstrating measurable improvements in compliance posture, 

incident response time, and audit evidence generation efficiency. The paper proposes an eight-stage continuous security 

monitoring architecture and a six-phase incident response framework validated through enterprise security program 

deployments. 
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I. INTRODUCTION 

 

The migration of enterprise SAP landscapes to cloud-native architectures has been accelerating across all major 

industry sectors since 2020, driven by the compelling operational and financial benefits of SAP RISE with Private 

Cloud Edition, hyperscaler-hosted S/4HANA deployments on Microsoft Azure and Amazon Web Services, and the 

SAP Business Technology Platform's cloud-native integration capabilities. This architectural transformation, while 

delivering substantial operational improvements, has fundamentally altered the security challenge that organizations 

must address to protect their most business-critical data assets. 

 

Cloud-native ERP environments differ from traditional on-premise SAP landscapes in four security-critical dimensions. 

First, the network perimeter - historically the primary security boundary in on-premise ERP deployments - no longer 

exists as a meaningful security control when ERP components are distributed across hyperscaler virtual networks, SAP-

managed cloud infrastructure, and BTP multi-cloud services. Second, the identity and access plane has expanded 

dramatically: users access SAP systems from personal devices, remote locations, and third-party networks, making 

location-based access controls obsolete. Third, the integration surface area has multiplied with cloud-native 

architectures, as BTP integration flows, RESTful APIs, and event-driven interfaces create dozens of new attack vectors 

that did not exist in RFC-based on-premise integrations. Fourth, the compliance evidence burden has intensified, as 

regulators increasingly require continuous, real-time compliance evidence rather than the periodic point-in-time audit 

snapshots that characterized on-premise compliance programs. 
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This paper addresses these challenges through a three-pillar security architecture framework: ▸  Zero-Trust Security: Eliminating implicit trust assumptions from all access decisions, requiring continuous 

verification of identity, device health, and authorization for every access request regardless of network location ▸  Role-Based Access Governance: Implementing a structured, Segregation-of-Duties-aware authorization model that 

enforces least-privilege access across all SAP components with automated provisioning, de-provisioning, and quarterly 

access certification ▸  Audit Trail Architecture: Building a comprehensive, immutable, multi-source audit log infrastructure that provides 

real-time security event visibility, supports forensic investigation, and generates automated compliance evidence for 

SOX, GDPR, and ISO 27001 frameworks 

 

The framework draws on NIST SP 800-207 Zero Trust Architecture guidelines, SAP's security hardening 

recommendations for cloud deployments, CISA's Zero Trust Maturity Model v2.0, and practical implementation 

experience across enterprise SAP security programs in regulated industries including pharmaceuticals, financial 

services, and defense manufacturing. 

 

II. ZERO-TRUST SECURITY FOUNDATIONS FOR CLOUD ERP 

 

Zero-Trust is an architectural philosophy, not a product. It represents a paradigm shift from the implicit-trust, 

perimeter-based security model - where anything inside the corporate network was presumed trustworthy - to a model 

of explicit, continuous verification in which no user, device, service, or network location is trusted by default. The 

NIST SP 800-207 definition establishes Zero Trust around three core tenets: never trust, always verify; assume breach; 

and enforce least privilege. 

 

 
 

Figure.1. Zero-Trust security architecture for cloud-native ERP - all access decisions require continuous identity 

verification, device trust assessment, and policy enforcement regardless of network location. 

 

 2.1 Core Zero-Trust Principles Applied to SAP Environments 

Applying Zero-Trust principles to enterprise SAP landscapes requires translating the abstract tenets of the model into 

concrete architectural decisions across the SAP technology stack: ▸  Verify Explicitly: Every access request to an SAP system - whether from a human user, a batch job, an integration 

service, or an administrative script - must present cryptographically verifiable identity credentials. Username/password 

authentication is insufficient for production SAP access; SAML 2.0 with MFA, OAuth 2.0 with short-lived tokens, and 

certificate-based authentication for service accounts are the baseline requirements. ▸  Use Least Privilege Access: SAP authorization concepts must be designed so that each user role grants only the 

minimum transaction codes, authorization objects, and field values required to perform the user's defined business 
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function. Broad composite roles that grant wide functional access - a common legacy of on-premise SAP 

implementations where role design was optimized for user convenience rather than security - must be remediated as 

part of cloud migration. ▸  Assume Breach: Security architectures must assume that credentials will be compromised, that internal network 

traffic may be intercepted, and that application logic may be exploited. This assumption requires end-to-end encryption 

for all SAP communications (even within the cloud virtual network), behavioral anomaly detection to identify 

credential misuse, and audit logging of all access events to support post-breach forensic investigation. ▸  Micro-Segmentation: SAP application servers, HANA database nodes, BTP subaccounts, and integration 

middleware must be deployed in isolated network segments with explicit allow-list rules for inter-component traffic. 

No implicit connectivity should exist between SAP components simply because they share the same virtual network. ▸  Continuous Validation: Zero-Trust is not a point-in-time verification - it requires ongoing validation of access 

sessions. SAP sessions should be subject to continuous risk scoring based on behavioral signals, with automatic session 

termination when anomalous behavior is detected, such as accessing unusual transaction codes, downloading large data 

volumes, or logging in from a new geographic location. 

 

2.2 Security Hardening Layers 

Zero-Trust principles are implemented through a defense-in-depth architecture organized across five security hardening 

layers, from infrastructure to identity. Figure 2 presents the layered security hardening model. 

 

 
 

Figure.2. Five-layer security hardening model - each layer independently verifiable; inner layers provide protection 

even when outer layers are compromised. 

 

Layer 1 - Infrastructure Security 

The infrastructure layer establishes the cloud security baseline for all SAP compute and network resources. Key 

hardening measures at this layer include: ▸  Deploying all SAP components - application servers, HANA nodes, BTP integration runtime - within private virtual 

networks with no public IP addresses assigned to SAP instances ▸  Routing all administrative access through a hardened bastion host with multi-factor authentication and 

comprehensive SSH session logging ▸  Implementing Web Application Firewall (WAF) rules for all SAP Fiori and BTP API endpoints exposed to web 

traffic, with OWASP Top 10 rule sets and custom SAP-specific rules blocking known attack patterns ▸  Enforcing TLS 1.3 as the minimum transport security standard for all network connections, including SAP GUI 

connections (SNC), RFC connections between SAP components, and HTTPS connections to Fiori/BTP endpoints ▸  Configuring network security groups and cloud firewall rules on a deny-all-by-default basis with explicit allow rules 

limited to required source IP ranges and port numbers 
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Layer 2 - Platform Hardening 

Platform hardening addresses the operating system and SAP HANA database security configuration. Critical platform 

hardening activities include: ▸  Applying the CIS Benchmark for RHEL/SLES to all SAP host operating systems, covering filesystem permissions, 

SSH configuration, kernel parameters, and unnecessary service removal ▸  Configuring SAP HANA security parameters in the global.ini file: password policy enforcement, audit log 

activation for all critical events, data-at-rest encryption using HANA's internal encryption, and secure inter-node 

communication within scale-out configurations ▸  Implementing SAP profile parameter hardening across all SAP instances, including disabling the SAP* emergency 

user in all production clients, setting minimum password complexity requirements, and enforcing maximum login 

attempt thresholds ▸  Establishing a monthly security patch cadence aligned with SAP's Security Patch Day schedule, with critical patches 

(CVSS 9.0+) applied within 72 hours of release ▸  Removing all demonstration content, test client data, and development users from production and quality assurance 

systems before cloud deployment 

“Security hardening is not a one-time configuration event - it is a continuous operational discipline that must evolve as 

fast as the threat landscape and the SAP landscape itself.” 
 

III. ROLE-BASED ACCESS GOVERNANCE FRAMEWORK 

 

SAP's authorization concept provides a powerful, field-level access control mechanism through its authorization object 

model - but its effectiveness is entirely dependent on the quality of the role design and the rigor of the governance 

processes that maintain it. In large-scale SAP landscapes, role sprawl - the accumulation of hundreds or thousands of 

poorly documented composite roles granting excessive access - is among the most pervasive and high-risk security 

conditions that cloud migration programs encounter. Cloud-native ERP deployments present a strategic opportunity to 

redesign the authorization concept from the ground up using modern role design principles. 

 

 
 

Figure.3. Role-Based Access Governance Framework - from business role definition through SoD validation, technical 

role composition, authorization object enforcement, and automated access certification. 

 

 3.1 Business Role Design Principles 

Effective SAP role design begins with business function alignment rather than transaction-code mapping. The business 

role layer defines roles in terms the business understands - Finance Controller, Procurement Manager, Warehouse 

Operator - and then translates these business roles into technical SAP composite roles that grant the precise 

authorization required. Key design principles include: 
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▸  One-to-one correspondence between business roles and job functions: a Finance Controller role should grant exactly 

the access required for the Finance Controller job function, and no more. Role combinations that span multiple job 

functions should require explicit SoD conflict review and management approval. ▸  Minimum viable transaction code sets: each technical role should contain only the transaction codes and Fiori tiles 

that are required for the business function, validated against the process documentation for that role. Unused 

transactions included for 'convenience' represent unnecessary attack surface. ▸  Organizational level parameterization: roles should be designed as position-independent templates where 

organizational values - company code, plant, sales organization, purchasing organization - are assigned at user-role 

assignment time rather than hard-coded into the role, enabling role reuse across organizational units without role 

proliferation. ▸  Explicit exclusion of emergency access: no standard business role should include access to emergency transactions 

such as SE16N (direct table access), SM30 (table maintenance), or SCCL (client copy). Emergency access should be 

provided exclusively through a Privileged Access Management (PAM) solution with mandatory checkout/check-in 

logging and automatic session recording. 

 

 3.2 Segregation of Duties Controls 

Segregation of Duties (SoD) is a fundamental internal control principle requiring that no single individual holds the 

authority to initiate, approve, and record a financial transaction. In SAP environments, SoD conflicts arise when a 

user's role combination grants them access to conflicting transaction pairs - for example, the ability to both create 

vendor master records (XK01) and process outgoing payments (F-53), which together would enable fictitious vendor 

payment fraud. 

The SAP GRC Access Control framework provides automated SoD conflict detection and remediation support. The 

following SoD management practices are required for cloud-native ERP deployments: ▸  Define a comprehensive SoD ruleset covering all critical business process combinations across FI, CO, MM, SD, 

HCM, and BASIS function areas. The ruleset should be reviewed and approved by internal audit before deployment 

and updated whenever new business roles or transaction codes are added. ▸  Integrate SoD conflict checking into the role provisioning workflow so that no role assignment that creates a critical 

SoD conflict can be activated in production without a documented risk acceptance approved by the process owner and 

the internal audit function. ▸  Conduct quarterly SoD conflict reviews to identify role combination drift - cases where previously approved role 

assignments have become conflicting due to role content changes or organizational restructuring. ▸  Implement compensating controls for SoD conflicts that cannot be resolved through role redesign - for example, 

automated transaction monitoring and management approval workflows for high-risk activity combinations that must 

be performed by the same individual due to organizational constraints. ▸  Maintain a user access exception log documenting all active SoD conflicts, the business justification, the 

compensating controls in place, and the next review date. This log is a required SOX audit deliverable. 

 

 3.3 Privileged Access Management 

Privileged users - SAP Basis administrators, HANA database administrators, and BTP subaccount administrators - 

represent the highest-risk access category in the SAP landscape because their access can bypass application-level 

controls and modify audit logs. Privileged Access Management for cloud-native SAP environments requires: ▸  Just-In-Time (JIT) provisioning: privileged access is not permanently assigned but is granted on-demand for a 

defined time window through a PAM platform checkout process, with automatic revocation at session end ▸  Session recording: all privileged SAP sessions - particularly RFC/ABAP debugging sessions, OS-level SSH 

sessions, and HANA studio connections - are recorded at the session level and stored for a minimum of 12 months ▸  Dual approval for critical operations: SAP client copy, production data extraction, and SAP* user activation require 

two-person approval before execution, with the approval documented in the PAM platform audit trail ▸  Emergency access procedures: a documented break-glass procedure with pre-approved emergency user credentials 

stored in a sealed envelope or HSM, with automatic CISO notification upon use and mandatory post-use root-cause 

documentation within 24 hours 

 

IV. IDENTITY AND ACCESS MANAGEMENT INTEGRATION 

 

Modern cloud-native SAP deployments integrate SAP's Identity Authentication Service (IAS) and Identity Provisioning 

Service (IPS) with enterprise identity providers - Microsoft Azure Active Directory, Okta, or Ping Identity - to deliver a 

unified IAM architecture spanning all SAP components and hyperscaler services. This integration eliminates the 
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security risks of maintaining separate user directories for each SAP system and enables centralized policy enforcement 

for MFA, conditional access, and user lifecycle management. 

 

 
 

Figure.4. Identity and Access Management integration flow - from user request through MFA challenge, conditional 

access policy evaluation, token issuance, and ERP access granting with continuous session monitoring. 

 

 4.1 Single Sign-On Architecture 

SAML 2.0-based Single Sign-On (SSO) is the recommended authentication protocol for user access to SAP S/4HANA 

Fiori, BTP services, and Central Finance reporting. The SSO architecture for cloud-native ERP deployments requires: ▸  SAP IAS configured as the SAML Identity Provider for all SAP cloud components, with the enterprise Azure AD or 

Okta instance configured as the upstream identity source through IAS's corporate identity provider proxy capability ▸  SAML assertion attribute mapping that carries the user's organizational attributes - company code, department, cost 

center, country - in the SAML assertion, enabling attribute-based authorization decisions in SAP without requiring 

manual attribute maintenance in each system ▸  Conditional Access Policies in Azure AD that evaluate device compliance status, user location, sign-in risk score, 

and MFA completion before issuing the SAML assertion. Access from non-compliant devices or high-risk sign-in 

conditions should be blocked at the identity provider before the SAP system is involved ▸  Token lifetime controls limiting SAML assertion validity to 60 minutes maximum for production financial systems, 

requiring re-authentication for extended sessions without increasing the risk of stolen session tokens ▸  Emergency access bypass procedures that allow authorized administrators to access critical SAP systems when the 

IAS/Azure AD integration is unavailable, through a documented offline authentication procedure with automatic audit 

notification 

 

4.2 Automated Provisioning and De-provisioning 

User lifecycle management - the automated creation, modification, and deletion of SAP user accounts in response to 

HR system events - eliminates the manual provisioning delays and orphaned account accumulation that characterize 

most legacy SAP access management programs. Key automated lifecycle management requirements include: ▸  Integration between the HR system (SAP HCM or Workday) and SAP IPS so that new hire events automatically 

trigger SAP user account creation with the appropriate business roles assigned based on the employee's job code and 

organizational unit ▸  Same-day de-provisioning: termination events in the HR system should trigger SAP account deactivation within 4 

hours, with all active SAP sessions terminated. The 4-hour SLA is specifically required for SOX compliance - accounts 

of terminated employees represent a critical audit finding if left active ▸  Role change automation: organizational transfers and role changes in the HR system should automatically update 

SAP role assignments to reflect the new job function, with automatic SoD conflict checking applied to the new role 

combination before activation ▸  Joiner-Mover-Leaver (JML) audit trail: all provisioning, modification, and de-provisioning events should be logged 

to a central IAM audit repository with timestamp, actor, and resulting access state, providing complete evidence of the 

access lifecycle for each user 
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V. AUDIT TRAIL ARCHITECTURE 

 

A comprehensive audit trail is the evidentiary foundation of both security incident response and compliance attestation 

in cloud-native ERP environments. Unlike on-premise SAP audit logging - which was typically limited to the SAP 

Security Audit Log (SM20) and table change documents (CDPOS/CDHDR) stored on the local application server - 

cloud-native audit architecture aggregates events from multiple sources across the technology stack into a centralized, 

immutable, queryable log platform. 

 

 
 

Figure. 5. Comprehensive audit trail architecture - aggregating security events from all ERP layers into a centralized 

log platform with hot storage for real-time alerting and cold storage for long-term compliance retention 

 

 5.1 Audit Log Sources and Coverage 

Complete audit trail coverage for a cloud-native SAP landscape requires log collection from seven distinct source 

categories: ▸  SAP Security Audit Log (SM20): Records user login and logout events, transaction execution, RFC calls, report 

execution, authorization check failures, and user administration actions at the SAP application layer. SM20 should be 

configured to log all events for privileged users and security-relevant events for all other users. ▸  HANA Database Audit Log: Records all database-layer actions including SQL statement execution, user privilege 

changes, schema access, table modifications, and security configuration changes. HANA audit policies should be 

configured to capture all DDL statements, privilege grants, and accesses to tables containing sensitive business data. ▸  Change Document Infrastructure (CDPOS/CDHDR): Records all application-level master data and configuration 

changes, providing a complete history of every SAP Customizing change and business master data modification with 

timestamp, user, field-level before/after values. ▸  Operating System Audit Log: Records OS-level events on SAP host servers - SSH logins, sudo command execution, 

file system access to SAP directories, and cron job execution. OS audit logs are critical for detecting unauthorized 

server-level access that bypasses SAP application controls. ▸  BTP Audit Log Service: Records all SAP BTP platform events - API calls, service instance creation/deletion, 

subaccount access, integration flow deployments, and security configuration changes. BTP audit logs are essential for 

monitoring the integration layer that connects all SAP components. ▸  Identity Provider Audit Log: Records all authentication events - successful logins, failed logins, MFA challenges, 

conditional access policy evaluations, and token issuance events - from SAP IAS and the enterprise Azure AD/Okta 

instance. ▸  Infrastructure Audit Log: Records cloud infrastructure events - virtual machine start/stop, network security group 

changes, storage access, encryption key rotations, and role assignment changes - from the Azure Monitor or AWS 

CloudTrail platform. 
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 5.2 Log Integrity and Retention Requirements 

Audit logs are only useful as compliance evidence if their integrity can be demonstrated - that is, if it can be proven that 

log records have not been modified, deleted, or selectively suppressed after the fact. Cloud-native audit architectures 

must implement the following integrity and retention controls: ▸  Write-once, read-many (WORM) storage policy for all audit logs stored in the compliance archive tier, ensuring that 

even privileged administrators cannot modify or delete historical log records ▸  Cryptographic log signing: each batch of log records should be digitally signed at the point of collection, creating a 

tamper-evident chain that allows detection of any subsequent modification ▸  Log retention aligned with the most stringent applicable regulatory requirement - typically 7 years for SOX 

financial records, 5 years for GDPR processing records under Article 30, and 3 years for PCIDSS transaction logs. A 

single retention policy of 7 years eliminates the operational complexity of maintaining different retention periods for 

different log sources ▸  Geographic log redundancy: audit logs should be replicated to a secondary cloud region to ensure availability for 

regulatory inquiries even in the event of primary region outage ▸  Log completeness monitoring: automated checks should verify that log shipping from each source is operating 

continuously and that no gaps in log coverage exist. A log completeness report should be reviewed daily by the security 

operations team 

 

VI. SIEM INTEGRATION AND THREAT DETECTION 

 

Security Information and Event Management (SIEM) platforms provide the correlation, analysis, and alerting layer that 

transforms raw audit log streams into actionable security intelligence. For enterprise SAP landscapes, the recommended 

SIEM architecture combines SAP's specialized security monitoring capability - SAP Enterprise Threat Detection (ETD) 

- with a hyperscaler-native SIEM platform such as Microsoft Sentinel for comprehensive coverage of both the SAP 

application layer and the underlying cloud infrastructure. 

 

 ARCHITECTURE PRINCIPLE 

  SAP Enterprise Threat Detection provides the SAP-domain-specific threat pattern library and application-layer 

context that generic SIEM platforms lack. Microsoft Sentinel or Splunk provides the infrastructure and cloud-layer 

coverage and the broader threat intelligence integration that SAP ETD does not offer. The recommended architecture 

uses both in combination, with SAP ETD consuming SAP-layer logs and feeding high-fidelity SAP alerts to the 

enterprise SIEM for correlation with infrastructure events. 

 

6.1 SAP Enterprise Threat Detection Configuration 

SAP ETD is a real-time security monitoring application built on SAP HANA, designed specifically to detect attack 

patterns in SAP application log streams. Effective ETD deployment requires: ▸  Log feed configuration connecting SM20, HANA audit, change documents, and user administration logs from all 

managed SAP systems to the ETD collector ▸  Activation of SAP's standard forensic lab scenarios - including the credential stuffing detection scenario, the 

privilege escalation detection scenario, and the data exfiltration detection scenario - as the baseline detection ruleset ▸  Custom pattern development for organization-specific high-risk activity combinations - for example, a pattern that 

detects access to sensitive financial data during non-business hours from an unregistered device, which would not be 

detected by SAP's standard scenarios ▸  Alert threshold calibration to minimize false positives while maintaining high sensitivity for confirmed attack 

patterns. ETD alert thresholds should be tuned over a 90-day observation period before being relied upon for automated 

response actions ▸  Integration with the enterprise SIEM platform through ETD's standardized alert forwarding capability, ensuring that 

SAP-layer alerts are correlated with infrastructure events in the enterprise security operations center 

 

6.2 Behavioral Analytics and Anomaly Detection 

User and Entity Behavior Analytics (UEBA) extends traditional rule-based threat detection by building baseline 

behavioral profiles for each SAP user and detecting deviations from those baselines as potential security indicators. 

UEBA capabilities relevant to SAP security include: ▸  Access time anomalies: detecting SAP logins at unusual times for a given user - for example, a Finance Controller 

who normally accesses the system during European business hours logging in at 2:00 AM from a different continent ▸  Data volume anomalies: detecting unusually large data downloads or report executions that deviate significantly 

from a user's historical data access volume, which may indicate data exfiltration preparation 
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▸  Transaction sequence anomalies: detecting unusual sequences of transaction code execution - for example, a user 

executing SM30 (table maintenance) immediately after SU01 (user administration), which may indicate privilege 

escalation or account creation ▸  Peer group comparison: comparing each user's behavior against their peer group (users with the same role in the 

same department) and flagging significant deviations that may indicate account compromise 

 

VII. COMPLIANCE AUTOMATION PIPELINE 

 

Compliance automation transforms the compliance function from a periodic, labor-intensive audit preparation exercise 

into a continuous, largely automated evidence collection and reporting capability. For cloud-native ERP deployments 

subject to multiple concurrent regulatory frameworks - SOX, GDPR, ISO 27001, PCI DSS, and NIST CSF 

simultaneously - compliance automation is not merely an efficiency improvement but a practical necessity: the 

evidence volume and currency requirements of modern regulatory frameworks cannot be met through manual processes 

at enterprise scale. 

 

 
 

Figure.7. Five-stage compliance automation pipeline - from framework definition through automated scanning, risk 

evaluation, remediation, and regulatory reporting in a continuous feedback loop 

 

 7.1 Regulatory Framework Mapping 

The foundation of compliance automation is a structured mapping between regulatory requirements and the specific 

SAP configuration controls, authorization settings, and operational procedures that implement those requirements. The 

mapping process involves: ▸  Decomposing each regulatory framework into specific, testable control requirements - for example, SOX Section 

404 requires evidence of management assessment of internal controls over financial reporting, which maps to specific 

GRC Access Control configuration settings, SoD ruleset deployment, and quarterly access review completion ▸  Assigning each control requirement to a control owner with defined testing frequency - continuous (real-time), 

periodic (weekly/monthly), or point-in-time (quarterly/annual) ▸  Identifying the specific SAP configuration parameter, authorization object value, log entry, or process output that 

constitutes evidence of control compliance, enabling automated evidence collection rather than manual screenshot 

gathering ▸  Documenting control exceptions - cases where a required control cannot be implemented as specified due to 

technical constraints - with compensating control descriptions, risk acceptance documentation, and review dates 

  

7.2 Automated Control Testing 

Automated control testing executes compliance tests against the live SAP configuration and produces evidence artifacts 

without human intervention. The testing framework for cloud-native SAP compliance automation covers: ▸  Configuration baseline scanning: automated comparison of current SAP profile parameter values, SM20 audit filter 

settings, HANA encryption status, and password policy settings against the approved configuration baseline, flagging 

any deviations as compliance exceptions 
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▸  Authorization model testing: automated SoD conflict scanning across all active user role assignments in production, 

comparing current conflicts against the approved conflict matrix and generating exception reports for any unauthorized 

SoD violations ▸  Access review automation: automated generation of quarterly access certification packages for each user population, 

pre-populated with current role assignments, last-login dates, and SoD conflict status, distributed to access certifiers 

through the IGA platform ▸  Patch compliance verification: automated comparison of current patch levels across all SAP systems against the 

required baseline, flagging systems where critical security patches are more than 30 days overdue ▸  Audit log completeness verification: automated checks confirming that audit logs are being generated, collected, 

and stored for all required sources with no gaps in coverage exceeding the defined tolerance (typically 15 minutes) 

 

 
 

Figure.7. Continuous compliance monitoring architecture - real-time configuration scanning across the full ERP 

landscape feeding automated alerting, compliance dashboards, and regulatory reporting 

 

VIII. VULNERABILITY MANAGEMENT AND PENETRATION TESTING 

 

Cloud-native ERP environments are subject to vulnerabilities at multiple layers - SAP application code vulnerabilities, 

HANA database vulnerabilities, hyperscaler infrastructure vulnerabilities, and custom ABAP code quality issues. A 

comprehensive vulnerability management program addresses all four vulnerability domains through a combination of 

SAP Security Patch management, ABAP code security scanning, infrastructure vulnerability scanning, and periodic 

penetration testing. 

 

8.1 SAP Security Patch Management 

SAP releases security patches on a monthly schedule - the first Tuesday of each month - covering vulnerabilities in 

SAP NetWeaver, SAP HANA, and all SAP application components. Cloud-native ERP security programs require: ▸  A defined patch management policy specifying response timelines based on CVSS severity: Critical (9.0–10.0) 

patches applied within 72 hours, High (7.0–8.9) within 2 weeks, Medium (4.0–6.9) within 30 days, and Low (0.1–3.9) 

at the next scheduled maintenance window ▸  A patch testing pipeline that applies patches to the development system, executes automated regression tests, 

promotes to quality assurance for user acceptance testing, and deploys to production within the defined timeline - 

without shortcutting testing due to urgency, which introduces regression risk ▸  In RISE PCE environments, coordination with SAP cloud operations for infrastructure-level patches through the 

standard change request process, with expedited change request procedures for Critical and High severity patches ▸  Vulnerability tracking in the enterprise vulnerability management system with owner assignment, due date tracking, 

and escalation procedures for overdue patches 
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8.2 ABAP Code Security Scanning 

Custom ABAP code represents a significant and often under-assessed attack surface in large-scale SAP landscapes, 

where organizations typically maintain hundreds of thousands of lines of custom development. Common ABAP code 

security vulnerabilities include SQL injection through dynamic SELECT statements, directory traversal through 

FILE_GET_NAME calls, cross-site scripting in BSP applications, and hardcoded credentials in background job 

programs. ABAP security scanning requirements include: ▸  Deployment of SAP's ABAP Test Cockpit (ATC) with the SAP Security Code Review check variant as a mandatory 

pre-transport gate for all custom ABAP code changes - no transport containing ABAP code with Critical or High 

severity security findings may be released to production without a documented remediation or waiver ▸  Periodic full custom code security scan covering the entire custom code namespace, conducted quarterly and at 

minimum bi-annually. The initial scan of a legacy codebase typically uncovers thousands of findings; a risk-based 

remediation plan should prioritize findings based on exploitability and data sensitivity ▸  Third-party ABAP penetration testing by a specialized SAP security firm at least annually, covering custom code, 

authorization configuration, and infrastructure security in an integrated assessment that reflects real attack scenarios 

 

8.3 Penetration Testing Framework 

Annual penetration testing of cloud-native SAP environments provides an attacker's-eye view of the security posture 

and identifies vulnerabilities that automated scanning cannot detect. A comprehensive SAP penetration test should 

cover: ▸  External attack surface assessment: testing the SAP Fiori/BTP endpoints exposed to the internet, attempting to 

bypass authentication, exploit authentication bypass vulnerabilities, and access SAP data without valid credentials ▸  Authenticated user escalation testing: starting with the minimum-privilege access of a standard business user and 

attempting to escalate privileges to SAP Basis, HANA administrator, or super-user access through application 

vulnerabilities or authorization misconfiguration ▸  SoD exploitation testing: testing whether active SoD conflicts in the production role assignment can be exploited to 

execute fraudulent financial transactions that would not be detectable through standard monitoring ▸  Social engineering assessment: testing user susceptibility to phishing attacks targeting SAP credentials, particularly 

for privileged users and finance team members with access to payment processing functionality 

 

IX. SECURITY INCIDENT RESPONSE FRAMEWORK 

 

A structured security incident response framework is the operational capability that translates all of the security 

architecture investments - Zero-Trust controls, role governance, audit logging, SIEM alerting - into an effective 

organizational response when security events occur. Without a practiced, documented response framework, even the 

most sophisticated detection capabilities will fail to contain security incidents within acceptable timeframes. 

 

 
 

Figure.8. Six-phase security incident response framework - from preparation through detection, containment, 

eradication, recovery, and continuous improvement, with defined RTO targets at each phase. 
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9.1 Incident Classification and Escalation 

Not all security events are incidents, and not all incidents are equal in severity. The incident classification framework 

for cloud-native ERP environments distinguishes four severity levels: ▸  P1 - Critical: Active exploitation of a production SAP vulnerability with confirmed unauthorized access to financial 

data, personally identifiable information, or trade secrets. Target detection-to-containment: 2 hours. CISO, CTO, and 

Legal notification within 30 minutes of classification. ▸  P2 - High: Confirmed security control failure - for example, SoD conflict exploited for financial fraud, unauthorized 

privileged access, or credential compromise without confirmed data exfiltration. Target detection-to-containment: 8 

hours. CISO notification within 2 hours. ▸  P3 - Medium: Indicators of compromise without confirmed exploitation - anomalous login patterns, unusual data 

access volumes, failed penetration attempts against production systems. Target investigation-to-resolution: 5 business 

days. ▸  P4 - Low: Policy violations, configuration drift, or security exceptions without active threat indicators. Target 

resolution: 30 business days through standard change management. 

   

9.2 Regulatory Notification Requirements 

Cloud-native ERP environments processing personal data are subject to regulatory notification requirements that must 

be incorporated into the incident response framework: ▸  GDPR Article 33 requires notification to the competent supervisory authority within 72 hours of becoming aware of 

a personal data breach. The incident response framework must include a legal review checkpoint at the Containment 

phase to assess whether the incident meets the notification threshold. ▸  SOX-regulated organizations must notify the Audit Committee and external auditors of material control failures. A 

security incident that results in unauthorized access to financial reporting data or controls is presumptively material and 

requires prompt disclosure. ▸  PCIDSS requirement 12.10.4 requires notification to payment card brands within 24 hours of a confirmed 

compromise of cardholder data. Organizations processing cardholder data through SAP must have pre-prepared 

notification templates and brand contact lists ready for immediate use. ▸  State and national breach notification laws - including CCPA in California, PIPEDA in Canada, and various EU 

member state implementations of GDPR - impose additional notification requirements that vary by jurisdiction and 

must be assessed on a per-incident basis by the legal team. 

 

X.  IMPLEMENTATION ROADMAP AND MATURITY PROGRESSION 

 

Implementing the full security hardening and compliance automation framework described in this paper is an 18–24 

month program for large-scale enterprise SAP landscapes. The implementation is structured as eight progressive 

phases, each building on the previous and delivering measurable security improvement at completion: ▸  Phase 1 - Security Assessment and Baseline (Months 1–2): Conduct a comprehensive security assessment of the 

existing SAP landscape covering authorization model quality, patch currency, audit log coverage, network security 

configuration, and custom code security findings. Establish baseline security metrics against which improvement will 

be measured. ▸  Phase 2 - Infrastructure Hardening (Months 2–4): Apply CIS benchmark configurations to all SAP host operating 

systems. Implement network micro-segmentation with explicit allow-list security groups. Deploy bastion host with 

MFA and session recording. Enable TLS 1.3 for all SAP communications. ▸  Phase 3 - Zero-Trust Identity Architecture (Months 3–6): Deploy SAP IAS as the central SAML identity provider. 

Integrate enterprise Azure AD/Okta as the upstream identity source. Implement MFA for all SAP production users. 

Deploy Conditional Access Policies. Configure automated provisioning and de-provisioning through SAP IPS. ▸  Phase 4 - Role Redesign and SoD Implementation (Months 4–10): Redesign the SAP authorization concept using 

business-aligned role design principles. Deploy the SoD ruleset in SAP GRC Access Control. Execute initial SoD 

conflict remediation. Implement quarterly access certification automation. ▸  Phase 5 - Audit Log Architecture (Months 6–10): Deploy centralized log aggregation for all audit log sources. 

Configure SAP ETD with SAP-layer forensic scenarios. Integrate with Microsoft Sentinel for cross-layer SIEM 

correlation. Implement WORM storage for compliance archive. Configure log completeness monitoring. ▸  Phase 6 - Compliance Automation (Months 8–14): Map regulatory requirements to automated control tests. Deploy 

automated configuration baseline scanning. Implement automated compliance reporting for SOX, GDPR, and ISO 

27001 frameworks. 
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▸  Phase 7 - Vulnerability Management Program (Months 10–16): Establish monthly SAP Security Patch Day process. 

Deploy ATC ABAP security scanning as a transport gate. Conduct initial full custom code security scan. Execute first 

annual penetration test. ▸  Phase 8 - Continuous Improvement (Months 16+): Operationalize continuous compliance monitoring. Tune SIEM 

detection rules based on false positive analysis. Implement UEBA behavioral analytics. Conduct annual security 

architecture review. 

“Security maturity in cloud-native ERP is not achieved at a go-live milestone - it is built incrementally through 

sustained discipline in patch management, access governance, and continuous monitoring over years of operation.” 
 

XI. IMPLEMENTATION CHALLENGES AND RESOLUTION STRATEGIES 

 

Enterprise SAP security hardening programs consistently encounter a common set of organizational and technical 

challenges. Understanding these challenges and their resolution approaches reduces implementation risk and 

accelerates the path to a mature security posture. 

  

11.1 Organizational Resistance to Role Redesign 

Role redesign - removing excess access from existing users to implement least-privilege principles - is consistently the 

most organizationally contentious aspect of SAP security improvement programs. Users and business managers 

perceive access removal as a loss of capability even when the removed access was never legitimately used. Resolution 

strategies include: ▸  Presenting role usage analytics demonstrating that the access proposed for removal has had zero usage in the past 12 

months, addressing the perception that removal will impact business operations ▸  Implementing role redesign in parallel with a new access request process that makes it easy for users who genuinely 

need removed access to request it back through a rapid-approval workflow, providing a safety net that reduces 

resistance ▸  Securing executive sponsor commitment before beginning role redesign, ensuring that business unit resistance 

cannot derail the program through organizational escalation 

  

11.2 Audit Log Volume Management 

Comprehensive audit logging in large-scale SAP landscapes generates enormous log volumes - enterprise environments 

with 20+ SAP systems and 5,000+ users routinely generate 50–200 GB of audit log data per day. Managing this 

volume within budget constraints requires: ▸  Tiered storage architecture: hot storage (90 days, high-speed querying) for active investigation and monitoring; 

warm storage (1 year, lower-cost object storage) for periodic compliance queries; cold/archive storage (7 years, 

WORM object storage) for long-term regulatory retention ▸  Log compression and structured format (JSON/CEF) to reduce storage volume while maintaining query efficiency 

in the SIEM platform ▸  Selective SM20 audit filter configuration that logs all events for privileged users and security-relevant events for 

standard users, avoiding verbose logging of every successful dialog step for low-risk users 

  

11.3 False Positive Management in SIEM 

Poorly tuned SIEM rules generate excessive false positive alerts that overwhelm the security operations team and cause 

genuine alerts to be overlooked. SIEM tuning for SAP environments requires: ▸  A 90-day initial observation period in logging-only mode before enabling automated alerting on new detection 

rules, allowing baseline behavioral profiles to stabilize and false positive rates to be measured ▸  Whitelist management for known legitimate patterns - for example, scheduled batch jobs that execute at unusual 

hours and would otherwise trigger access time anomaly alerts - to distinguish expected behavior from genuine 

anomalies ▸  Weekly false positive review meetings between the SIEM engineering team and the SAP security team to update 

detection rule thresholds and refine whitelist configurations based on operational experience 

 

XII. CONCLUSION 

 

This paper has presented a comprehensive security hardening and compliance automation framework for cloud-native 

enterprise ERP deployments, organized across three primary pillars - Zero-Trust security architecture, Role-Based 

Access Governance, and Audit Trail Architecture - and supported by compliance automation, SIEM integration, 

vulnerability management, and incident response capabilities. 
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The shift to cloud-native ERP architectures is irreversible, and the security challenges it introduces are qualitatively 

different from those of the on-premise era. Perimeter security is no longer sufficient; identity has become the primary 

security control boundary. Periodic compliance evidence collection is no longer adequate; regulators and auditors 

expect continuous, real-time compliance posture visibility. Manual access governance is no longer scalable; 

organizations with thousands of SAP users across multiple components require automated provisioning, SoD 

enforcement, and access certification to maintain the access control quality that their regulatory obligations demand. 

The Zero-Trust architecture presented in this paper - with its five security hardening layers, continuous identity 

verification model, and behavioral anomaly detection capabilities - provides the structural framework within which 

these modern security requirements can be met in cloud-native SAP environments. The role-based access governance 

framework - with its business-aligned role design, automated SoD enforcement, and just-in-time privileged access - 

provides the access control discipline that is the foundation of SOX compliance and data privacy protection. The audit 

trail architecture - with its multi-source log aggregation, immutable retention, and SIEM integration - provides the 

evidentiary infrastructure that enables both rapid incident response and continuous compliance attestation. 

Future research directions include the application of generative AI to SAP security log analysis for improved threat 

detection accuracy, the integration of SAP's emerging AI-powered Joule interface into the security governance 

workflow for anomaly explanation and remediation recommendation, and the development of a quantitative Security 

Maturity Index for cloud-native SAP environments that enables organizations to benchmark their security posture 

against industry peers. 
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