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Abstract: This paper studies the precoding optimization problem for extremely large-scale multiple-input-
multiple-output (XL-MIMO) downlink systems under a near-field channel model based on spectral
efficiency fairness. The near-field channel model considers the coexistence of line-of-sight (LOS) and non
LOS (NLOS) non-stationary mixed channels within the cell, where 1.OS channels are modeled using
spherical wave models, while NLOS channels are modeled using Rayleigh models. The geometric mean of
spectral efficiency is used as the optimization target to ensure fairness among users and optimize the overall
spectral efficiency of the system. To handle the complex optimization objective function, a first-order

Taylor expansion approximation is applied to create a simplified objective function. Subsequently,
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Lagrangian dual transformation and quadratic transformations are used to transform the original
optimization problem into an equivalent one that is easier to solve. Finally, to reduce computational
complexity, the projection fast iterative shrinkage threshold algorithm (PFISTA), which combines fast
iterative shrinkage thresholding algorithms with projected gradient descent, is employed to solve the
equivalent optimization problem. Simulation results show that using the geometric mean as the objective
function can reduce differences in spectral efficiencies among users, leading to a balanced improvement in
user spectral efficiencies. Moreover, PFISTA achieves comparable performance to existing methods while
maintaining lower computational complexity.

Key words: non stationary; spherical wave; fast iterative shrinkage threshold algorithm; projected gradient

descent; Lagrangian dual transformation
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Table 1 Simulation parameters
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S r/m 30
LOSHEZR o 0,0.25,0.5,0.75,1
KEMEHIKJE L/m 4.1510,7.3795
75 )5 22 6%/dBm 0
LOS ) VR 1ty b8 U(0,L)
LOS iy VR K Jig 710 LN(0.1L,0.1)
NLOS i VR gy 108 U(0,L)
NLOS [y VR i /o8 LN(0.05L,0.3)
LOS B A2 i FE R 5 0V° 0.214
LOS B2 P FEFE B 0" ° 2.20
NLOS fgi2 it #e &2 5 Q™8 0.220
NLOS B4% i FEH8 # o™ ° 3.80
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SNR) N 20 dB FIU SOKE B =10 *IF T PFISTA 253 (1) 534 M 654 (2~4) i3 B 22 1% 1t
A HA T R AN AR B L, R R AR B
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Table 2 Comparison of computational complexity of different algorithms

GR7S HWEEREO() HP Bk P % AR R R M 2R
PFISTA O(I,(3K*M + KM?)) I, =20 7.208 96E + 6

PGD O(I,(3K*M + KM?)) I, =40 1.441 792E + 7

DA O(IL(K*M+ 2KM*+ M*+ I,M?)) 1,=10,I,=21 4.669 44E + 8
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