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Abstract: To address the multiple access issue in satellite communication systems under spectrum scarcity, a semi-grant-
free (SGF) transmission strategy based on non-orthogonal multiple access (NOMA) was proposed. In this strategy, mobile
terminals termed as grant-free (GF) users were equipped with a planar array, while the earth station termed as grant-based
(GB) user was equipped with a high gain directional antenna, and they access the satellite network simultaneously. Firstly,
to ensure the quality of service for GB users, the maximum tolerable interference threshold was calculated by the GB user

under the condition of only known statistical channel state information (SCSI), and was broadcasted by the satellite to all
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GF users. GF users who satisfy the threshold condition shared the same spectrum resource with the GB user by utilizing

NOMA technology. Then, corresponding low complexity beamforming methods were proposed for GF users employing

both continuous and discrete phase beamforming. Furthermore, under the assumption that the satellite channel follows a

Shadowed-Rician distribution and accounts for imperfect successive interference cancellation (SIC) at the receiver, a

closed-form expression for the system throughput under the proposed SGF transmission strategy was derived. Finally,

computer simulations were conducted to validate the correctness of the theoretical analysis and the superiority of the pro-

posed transmission strategy, while quantitative analyses were performed to evaluate the impact of typical parameters such

as imperfect SIC, discrete bit count, and number of antennas on system performance. The results showed that when the

phase discrete bit number was 3 bits, the system performance approached the level achieved with continuous phase BF.

Key words: satellite communication, non-orthogonal multiple access, semi-grant-free transmission, beam forming, imper-

fect successive interference cancellation
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