> ﬁﬁl XXXX
W

sHE1E TE T RSMAR A R TiE S sz AL RE

T

WHRR, BiRIK, ZAE, k&, XFZ, BH, KiAE
(HFfEEIRERFETEEZEIREER, H7R 210044)

H OE:. WY RIEEE LA (Cell-Free Radio Access Network, CF-RAN) 87 B B EMEE (Line-of-
Sight, LoS) #E#MER I 2 IS W R I RR1E, 11 S5 e 5 A EREEIREE S (Channel State Information,
CSD &it—ZmElZ P T8 BRI RGEERCR . 5% SEHE1E N Y B CF-RAN [ NATAE M RE 0T 5
fleft, BINERPR/rZhE (Rate-Splitting Multiple Access, RSMA), FH7E % (& 4575 Yt 5 A 56 55 CSI I RTIR
ST AARSEARTEER N AMHARRER R, W8R8 E R R KBS Th a3 5 R
SR, R EESL I, (Successive Convex Approximation, SCA) HEATIEAKME . HELEREM, Frig
T RAEARF R ThER . S SRS 7% & AR T2 24k (Space-Division Multiple Access, SDMA)
BRI AR T R AR AR, TR DR X I AT SEILZ) 2.5biv/s/Hz PR Re I 26, HLE & RAF ISt

KHRIR): IR TN R 2 hk; SRWHEIE; TR ES il

HhESHES: TN929.5

XHEkFRERD: A

doi: 10.11959/j.issn.1000-0801.

Performance Analysis of RSMA-Based Scalable Cell-Free Ra-
dio Access Network over Rician Fading Channels

JIANG Hancheng, YIN Yicheng, YI Boyou, ZHANG Yu, LIU Lilan, CHENG Fang, ZHANG
Zhizhong

School of electronics and information engineering, Nanjing University of information engineering and technology,
Nanjing, 210044, China

Abstract: Scalable Cell-Free Radio Access Network (CF-RAN) typically exhibit high Line-of-Sight (LoS) link prob-
abilities and operate under Rician fading channels. However, pilot contamination and imperfect Channel State Infor-

mation (CSI) exacerbate multi-user interference, thereby limiting spectral efficiency. To address these issues, Rate-

Wi E#: 2025-01-02; fEEHAHA: 2026-04-13

BIEEH: 5k4&, zhangyu@nuist.edu.cn

EEWHE: LA EARILI (BG2024002); EZK AMBFARSE (624012715 TLIFH WS AIEEMBL Y (AR BT
10 75 H (24KIB510019)

Foundation Items: Major Science and Technology Project of Jiangsu Province under Grant BG2024002, The National Natural Science
Foundation of China(62401271), Natural Science Foundation of the Higher Education Institutions of Jiangsu Province under Grant
24KJB510019.



iﬂ%

Splitting Multiple Access (RSMA) is adopted to analyze and optimize the downlink transmission performance of scal-

able CF-RANs over Rician channels. By accounting for the aforementioned pilot contamination and imperfect CSI,

closed-form expressions for the achievable rate lower bounds of both common and private streams are derived. On

this basis, a joint power and rate allocation problem is formulated to maximize the system sum rate, which is then

solved iteratively using Successive Convex Approximation (SCA). Simulation results demonstrate that the proposed

scheme consistently outperforms the Space-Division Multiple Access (SDMA) baseline in terms of sum rate across

various transmit powers, pilot lengths, and Rician factor settings. In addition to achieving a performance gain of ap-

proximately 2.5bit/s/Hz in the high-power regime, the proposed algorithm demonstrates rapid convergence.

Key words: cell-free radio access network, rate-splitting multiple access, Rician channel, power allocation, succes-

sive convex approximation
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