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Abstract

As large language model (LLM) inference systems move from monolithic serving architectures to prefill-
decode disaggregation, cross-node key-value (KV) cache transfer becomes a critical factor affecting system
reliability. Long-context requests generate large state transfers, making successful inference dependent not
only on GPU compute capacity and memory availability, but also on the availability of data-center network
paths. Existing schedulers usually rely on local queue length, active connections, or memory availability for
per-request routing. While such local policies are effective for component-level compute perturbations, they
may be misleading under structural network degradation. When core-link bandwidth is reduced, requests can
stall during KV-cache transfer and eventually time out, without being promptly reflected in the target node’s
local queue indicators. This can lead to timeout-driven cascading failures.

This paper proposes OTF-R, a dual-loop reliability-aware scheduling method for disaggregated LLM inference
systems. The slow loop aggregates global topology and resource states and converts network degradation and
resource congestion into a pod-level risk price. The fast loop then combines local queue information, memory
state, and the global risk price to perform fault-aware request routing. Using a SimPy-based discrete-event
simulator, we evaluate OTF-R on a 64-node Fat-Tree inference cluster with injected compute degradation and
core-link network degradation. Reliability is assessed using failure rate, degraded availability, resilience index,
timeout failures, and failure composition. The results show that local queue-aware scheduling is sufficient for
component-level compute degradation, whereas structural network degradation requires global risk pricing
to suppress timeout cascades. Under the most severe network degradation scenario, OTF-R reduces the mean
failure rate from 20.1% to 5.9% and improves degraded availability from 0.32 to 0.99, significantly enhancing
system reliability and resilience under degraded operation.
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