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Abstract

Retrieval-augmented generation (RAG) often relies on a fixed re-
trieval budget even though the amount and structure of evidence
required to answer a question vary substantially across queries. As a
result, the retrieved evidence can remain redundant, incomplete, or
only weakly supportive of the final answer, even when top-ranked
passages appear relevant. We present STAR, a structure-aware adap-
tive retrieval framework for RAG that treats this mismatch as a
problem of diagnosing evidence sufficiency. Rather than collapsing
the retrieved set into a single global confidence value, STAR rep-
resents the current evidence state with four interpretable signals:
retrieval relevance, redundancy, coverage, and supportiveness. A
transparent controller aggregates these signals into a sufficiency
score and makes a one-step STOP/EXPAND decision. Our central
claim is that adaptive retrieval benefits from a control signal that
preserves structurally distinct insufficiency patterns rather than
collapsing them into a single scalar confidence estimate. In our
target regime, this yields a competitive quality-cost operating point
relative to confidence-based adaptive retrieval and approaches the
answer quality of fixed larger-k retrieval while using fewer docu-
ments.
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1 Introduction

Retrieval-augmented generation (RAG) improves the factual ground-
ing of large language models by retrieving external evidence before
generation [7-9, 12, 15]. This general pipeline has proved effective
across knowledge-intensive language tasks, open-domain question
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Figure 1: Motivating comparison between single-confidence
retrieval control and multi-faceted evidence sufficiency di-
agnosis. The figure illustrates why single-confidence signals
fail to distinguish structurally different failure modes such
as missing coverage, redundancy, and weak support.

answering, and retrieval-heavy few-shot settings [4, 14]. Yet retriev-
ing relevant documents does not necessarily mean that the current
evidence set is sufficient to answer the question. In many cases, the
retrieved documents are individually relevant but collectively in-
complete, redundant, or only weakly supportive of the final answer,
which can lead to unreliable or only partially grounded responses
[2, 23-25]. This problem is especially visible under limited retrieval
budgets. Retrieving more documents may improve recall, but it
also increases latency, cost, and exposure to distracting context
[8, 20]. Stopping too early creates the opposite failure mode: the
evidence may look relevant while still lacking the support needed
for a grounded answer. The issue is especially acute in open-domain
and multi-hop QA, where success often depends on assembling com-
plementary rather than merely top-ranked evidence [4, 22, 23, 25].
Recent adaptive retrieval approaches rely on different decision sig-
nals. Some choose retrieval strategies from query complexity before
examining retrieved evidence [10], whereas others adapt after re-
trieval using a global notion of quality, confidence, or self-reflection
[2, 20, 24]. These approaches provide limited visibility into why
the current evidence is insufficient. In practice, failure often has
a structural form: retrieved documents may repeat the same fact,
cover only one aspect of the question, or remain weakly supportive
despite high retriever scores [12, 23].

We study adaptive retrieval as a control problem over the cur-
rent evidence set. To address this mismatch, we propose STAR, a
structure-aware adaptive retrieval framework for RAG. STAR rep-
resents the controller state with decomposed evidence signals that
expose insufficiency patterns such as redundancy, missing cover-
age, and weak support. It uses four interpretable signals to decide
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whether the system should answer immediately or perform one
additional retrieval step. Rather than redesigning the retriever or
generator, STAR adds a diagnostic layer that can sit on top of a
standard RAG stack [8, 15, 24].

We restrict the setting to a one-step decision between STOP and
EXPAND. This isolates an under-speci ed problem in adaptive
RAG: deciding when additional retrieval is justi ed by the structure
of the evidence already in hand. Our main claim is that expansion

Jeon etal.

support [4, 17. Reader-guided reranking, query reranking, and few-
shot reranking methods further highlight the importance of passage
interaction and evidence selection after initial retrievd, [L3 17].

In HotpotQA and related open-domain QA settings, answering of-
ten requires complementary supporting facts across documents,
which motivates multi-hop and hierarchical retrieval approaches
[1, 6,16 21 23 25. Natural Questions provides a complementary
open-domain QA setting built from real user queriet4. These ob-

should be conditioned on a decomposed evidence state, not on query servations motivate our decision to evaluate evidence sets through

complexity alone or on a single global con dence sco& 22 24.

multiple structural signals rather than collapsing retrieval quality

We therefore cast expansion control as evidence-state diagnosis and into a single scalar score.

instantiate it with a su ciency estimator over interpretable signals
that captures structurally distinct failure modes. Our contributions
are as follows:
We propose STAR, which formulates adaptive RAG as an
evidence-set control problem and explicitly decomposes ev-
idence su ciency into structurally distinct failure modes
rather than treating it as a single con dence estimate.
We instantiate this formulation with a structure-aware con-
troller that uses four interpretable evidence signals to score
su ciency and make a one-step STOP/EXPAND decision.
We evaluate STAR against xed-budgetand con dence-based
baselines using answer-quality and retrieval-e ciency met-
rics.

2 Related Work

3 Methodology

We study STAR in an adaptive retrieval-augmented generation
(RAG) setting in which a retriever returns an initial top-document
set =f3 +”""+3gfor a question@ Our goal is not to redesign
the retriever or generator, but to control when retrieval should stop.
We de ne evidence su ciency as whether the current document
set provides enough useful support for grounded answer genera-
tion, and we represent that control state with four interpretable
signals: retrieval relevance, redundancy, coverage, and supportive-
ness. The controller therefore reasons over a decomposed evidence
state rather than over a single undi erentiated con dence score.
The framework has ve stages: Initial Retrieval, Structural Diag-
nosis, Su ciency Estimation, Policy Decision, and Optional Follow-up
Retrieval. Unlike approaches that adapt retrieval from query com-

Research on retrieval-augmented generation has established strong Plexity or a single global con dence score, STAR evaluates the

retriever-generator baselines for knowledge-intensive natural lan-
guage processing tasks. Early and in uential work showed that
combining dense retrieval with generative models can substantially
improve factual access and downstream performangelp, 15.

retrieved set itself and ties expansion to the insu ciency pattern
exposed by the evidence already in hand.

3.1 Problem Setup and Initial Retrieval

Subsequent systems strengthened the generator side through fusion Given a questior@ a base retriever returns the top-documents

over multiple passages, large-scale retrieval-augmented pretraining,

in-context retrieval augmentation, and retrieval from very large
external corpora 8, 8,9, 18 19. This line of work demonstrates
the value of retrieval, but it often assumes a xed retrieval bud-
get or emphasizes retrieval capacity more than the question of
whether the current evidence is already su cient for grounded
answer generation.

Adaptive retrieval in RAG has been studied from both query-

=3 1#"""«3y, where: = jj denotes the size of the current
retrieved evidence set. In experiments, this corresponds to a xed
initial retrieval budget: i,i. This initial retrieval stage is applied
uniformly to all queries and serves as the basis for later diagnosis.
Our objective is not to redesign the retriever itself, but to determine
whether the current evidence set is already su cient for grounded
answer generation. When expansion is selected, the retriever per-
forms one additional pass to produce a larger evidence setvith

based and retrieval-aware perspectives. Query-based methods suchbudget: exp i : init. In the current implementation, retrieval is in-

as Adaptive-RAG select a retrieval strategy from estimated question
complexity before inspecting the retrieved evidence]]. Retrieval-

stantiated with dense search over a task-speci c corpus slice, and
both retrieval budgets are selected on the calibration slice and then

aware methods such as CRAG, Self-RAG, DSP, REPLUG, and Activexed for evaluation.

Retrieval Augmented Generation instead react to the retrieved
evidence itself?, 11, 20, 22 24. Our work is closest to the latter
direction, but di ers in scope. Instead of learning a query policy or

3.2 Structural Diagnosis of Evidence Su ciency
Instead of compressing the retrieved set into a single con dence

introducing another single-score con dence heuristic, we focus on  yalue, we decompose its state into four set-level signals: retrieval

the narrower control problem of representing the retrieved set as

relevance, redundancy, coverage, and supportiveness. A con dence-

a decomposed evidence state and using that representation for a hased controller asks whether the current retrieval result looks

one-step expansion decision.

Our work is also related to research on retrieval quality, rerank-
ing, hierarchical retrieval, and open-domain QA benchmarks. Dense
retrieval has improved rst-stage retrieval quality, but high retrieval
relevance does not guarantee low redundancy or strong answer

globally reliable; our formulation asks which insu ciency pattern
remains visible in the evidence already in hand. The four signals are
designed to capture complementary weaknesses of the retrieved set,
such as repeated evidence, missing information aspects, or weak
answer support, while preserving overall retrieval strength through
relevance.
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