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Abstract : End-to-end (E2E) learning-based autonomous driving has emerged as a promising paradigm that directly maps
sensor inputs to vehicle control commands using data-driven models. Compared to conventional modular architectures, E2E
approaches offer advantages in terms of architectural simplification and holistic learning of complex driving contexts from
large-scale data. However, since E2E systems rely on probabilistic decision-making, exhibit limited explainability, and
remain vulnerable to distribution shifts, edge cases, and long-tail scenarios, those benefits actually introduce fundamental
challenges in safety assurance. This paper reviews recent technological developments in E2E autonomous driving and
systematically analyzes key Al safety issues from a system-level perspective. Core challenges —including rare operational
scenarios, uncertainty under out-of-distribution conditions, and limitations in traceability and accountability —are examined
in relation to existing automotive safety frameworks. In particular, the paper investigates how ISO 21448 (Safety of the
Intended Functionality, SOTIF) and UL 4600 can be reinterpreted and applied to learning-based autonomous driving systems
to complement traditional failure-based functional safety standards. To address the structural mismatch between E2E
architectures and existing safety standards, this paper discusses rule-based safety shields and scenario-based validation as
practical and standard-compatible mechanisms for mitigating non-failure-based risks and constructing evidence-driven safety
arguments. The analysis demonstrates that instead of E2E autonomous driving invalidating existing safety frameworks, it
actually necessitates their complementary and systematic integration to achieve robust safety assurance in learning-based
autonomous driving systems.

Key words : End-to-end autonomous driving(End-to-end A-&-23), Al safety(Q-2-A]5 QHAA]), Safety of the Intended
Functionality (SOTIF)( Q== 7]% QEA(SOTIF)), Safety shield(QFd HS A&, Scenario-based validation(A|U2] 2 714t
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Fig. 1 Conventional modular autonomous driving architecture
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5.Refine & lterate 1Identify Safety Gaps & Risk

« Refine ODD constraints Hypotheses

« Define the ODD & assumptions

« Analyze E2E limits (edge cases,
shift, uncertainty)

« Identify hazards and triggers

- Output: Safety risk hypotheses

« Update E2E + safety mechanisms

« Update safety case baseline

- Output: Output an updatad safety
assurance baseline

E2E 2.Plan Safety Strategy &
Autonomous Mitigation
« Map risks to safety
standards(ISO 26262, SOTIF, UL

4.5afety Assessment &
Evidence Review
+ Check results us. safety

Driving Safety
Assurance Cycle

4600)

« Design safety architecture
(safety shield, Uncertainty
geting, MRM)

« Define boundary-focused
validation scenario

-5 Qutput: Safety design &
verification plan

goals

+ Assess residual risks +
coverage

+ Review evidence quality

-> Output: Safety case gaps

3.Implement & Validate

+ Train & integrate the E2E driving policy

+ Implement independent safety
mechanisms

+ Validate with scenario-based tests
(Simulation, track, limited ODD trials)

+ Collect safety evidznce

- Output: Safety evidence

Fig. 2 E2E autonomous driving safety assurance cycle
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