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Abstract: In the field of aerospace tracking, telemetry, and command (TT&C) communications, the capability for precise telem-
etry, telecommand, and data transmission is a critical technology ensuring reliable spacecraft operations. As the complexity of space
missions continues to escalate and the TT&C communication environment becomes increasingly demanding, higher requirements
are imposed on the reliability of communication links in TT&C systems. Polar codes, as a short-frame burst coding scheme with
high reliability, low complexity, and superior coding gain, yet exhibit high sensitivity to carrier frequency offset errors. Addressing
the dual high demands for reliability and synchronization accuracy in TT&C systems, this paper proposes a Polar code-aided fre-
quency offset estimation (PCAFOE) algorithm. Compared with the traditional carrier synchronization algorithm, PCAFOE algorithm
is demonstrated with higher estimation accuracy, which is able to effectively improve the carrier synchronization performance of
TT&C communication systems, and provides effective technical support for next-generation aerospace TT&C systems.
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