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Inference with Edge Heterogeneous LLMs

WANG Tengsheng® YU Tao? LI Jihong®

ZHENG Guhan®  ZHANG Shunging®
®(Sch00l of Communication and Information Engineering, Shanghai University, Shanghai 200444, China)

®(Department of Electrical and Electronic Engineering, The University of Hong Kong, Hong Kong, China)

Abstract:

Objective Reliable inference at the network edge is indispensable for 6G-enabled ubiquitous AI, yet the
deployment of large language models (LLMs) in such environments remains a cornerstone challenge. In
resource-constrained edge settings, single-LLM inference often proves unreliable due to knowledge limitations
and inherent biases, severely hampering real-world deployment. Collaborative inference leveraging multiple
heterogeneous LLMs emerges as a promising remedy to boost robustness, but it introduces nontrivial hurdles
under stringent latency and energy budgets, especially when wireless channel conditions and query content vary
unpredictably. These challenges include the need for dynamic sequential decision-making for LLM selection and
resource allocation, the fundamental paradigm mismatch between bit-level reliability protocols and semantic-
level error correction, and the lack of adaptive mechanisms to align and fuse disparate LLM outputs effectively.
To fill these critical gaps, this paper presents a novel framework that fundamentally reinterprets collaborative
inference as a semantic-driven, closed-loop process, thereby transitioning from conventional bit-retransmission
to semantic-retransmission and offering a practical path toward reliable 6G edge intelligence.

Methods In response to these critical challenges, we propose the Gating Adaptive Repeat Query (G-ARQ)
framework. Its core innovation is the Semantic-Space Alignment and Error-Guided Retransmission (SEMAR)
mechanism. SEMAR first aligns the token-level probability distributions from heterogeneous LLMs into a
unified semantic space using relative representation, enabling comparable outputs. It then models the
collaborative process probabilistically, explicitly capturing error dependencies among models, and uses an
Expectation-Maximization (EM) algorithm to infer a latent error direction, which guides the selection of the
next LLM for query retransmission, steering it towards outputs orthogonal to previous errors. To jointly
optimize the LLM gating and uplink power allocation under communication constraints without requiring
explicit system dynamics—often unavailable in practice—we design a black-box trajectory optimizer. This
optimizer formulates the sequential decision problem as sampling from a target distribution that encodes
dynamic feasibility, optimality, and constraints. It employs a diffusion-based sampling process with a model-
guided prior and Monte Carlo estimation to generate near-optimal policy trajectories that satisfy hard latency
and energy limits.

Results and Discussions To evaluate the practical viability of G-ARQ under realistic edge conditions,
simulations are conducted in a scenario with five base stations hosting five heterogeneous 7B-parameter LLMs
(Mistral-7B, Vicuna-7B, Nous-Capybala-7B, Gemma-7B, and Llama-2-7B). The user equipment (UE) performs
a question-answering task evaluated on a mixed SQuAD and TriviaQA dataset. Component-level evaluations,
each designed to isolate the contribution of a single innovation, validate the effectiveness of every key element.
The error-guided gating of SEMAR, compared to a Top-k gating baseline, improves accuracy by 0.23 % on
average, and its dynamic weight ensemble contributes an additional 0.7 % gain (Fig. 3). The black-box
trajectory optimizer, which operates without any explicit channel model, achieves accuracy close to that of the
unconstrained model-greedy strategy while ensuring strict latency constraints (Fig. 4). The convergence of the
optimizer is verified by tracking the evolution of J(S) and selection probability over diffusion steps (Fig. 5).
System-level performance under varying latency and energy constraints demonstrates that G-ARQ consistently
surpasses two baselines: one combining model-greedy selection with Proximal Policy Optimization (PPO) for
power optimization, and another combining model-greedy selection with Simulated Annealing for power

optimization, both using average output weights. The accuracy improvement is most significant under the most

Gating Adaptive Repeat Query Framework for Reliable Collaborative
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stringent resource limits, reaching up to 2.2 % for Kuax =1 and 1.9 % for Ku. =2 (Fig. 6, Fig. 7). The
framework successfully establishes a Pareto boundary that characterizes the inherent trade-off between
inference accuracy and communication latency, providing a valuable design guideline for resource-constrained
edge systems and offering actionable insights for real-world deployment. The GARQ-S variant is noted to
outperform GARQ-E by avoiding the integration of outputs from previously erroneous models.

Conclusions This paper proposed G-ARQ framework, an innovative closed-loop framework that transforms
collaborative edge inference into a semantics-guided retransmission process. By introducing SEMAR for error-
based alignment and selection of heterogeneous LLMs, and employing a black-box trajectory optimizer for joint
model selection and power allocation, the framework achieves up to a 2.2% accuracy improvement under strict
resource constraints. The results validate G-ARQ as an effective and practical approach toward reliable and
efficient 6G edge intelligence.

Key words: 6G edge intelligence; Large language models; Collaborative inference; Gating adaptive repeat query.
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