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Abstract: With the continuous deepening of research on 5G non-terrestrial networks (NTN) and the proposal of the
6G integrated space-air-ground-sea vision, the direct-to-satellite technology for legacy smartphones, featuring advan-
tages such as low cost, easy deployment, and rapid implementation, was regarded as one of the important technical ap-
proaches to achieve global seamless coverage. Firstly, the core challenges faced by the 5G legacy smartphone direct-
to-satellite scenario were analyzed, including time and frequency synchronization failure, random access window
overrun and insufficient link budget. Secondly, to address the above issues, a time synchronization scheme based on
dynamic reference points, a frequency synchronization scheme based on static reference points, and a random access

enhancement scheme for legacy smartphone direct-to-satellite communication were proposed. Finally, through simula-

WimEER: 2026-07-16; fEEIHHA: 2026-08-05

BIE1E&: BPH, zhaoyangyj@chinamobile.com

HEEWB: [WHFREARTEHIABIA (%<: D030101)

Foundation Items: Civil Space Technology Pre Research Project(No. D030101)



m XXXX

tions and laboratory measurements, the feasibility of the proposed technical schemes was fully verified, and it was

also demonstrated that the proposed time-frequency synchronization schemes can provide key technical support for

terminal access and synchronization in global navigation satellite system (GNSS)-free scenarios of 6G NTN.

Key words: satellite-direct-to-cell, legacy smartphone, Non-Terrestrial Network, time synchronization, frequency

synchronization
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