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[Abstract] The 5G network is a new generation of mobile communication technology characterized by high speed,
low latency, large bandwidth, and extensive connectivity, providing an infrastructure for numerous innovative and
intelligent applications. However, its high frequency results in limited coverage. Existing base site selection
methods fall into local optima, and it is difficult to achieve high coverage at low cost. In this study, an approach for
determining 5G base station locations is proposed based on network coverage and user demand, utilizing historical
user terminal communication data. First, ‘based on historical user terminal communication data, the concept of
mutual exclusion probability between base stations is proposed by considering both the overlap of base station
coverage and level of user demand satisfaction. Thus, the likelihood that specific base stations cannot coexist in a
given area while meeting user ‘demands is described. Accordingly, a method is presented for calculating mutual
exclusion probabilities based on a Graph Convolutional Network (GCN) for nonadjacent stations. Furthermore, the
concept of base station separation degree is proposed to describe the likelihood of effectively selecting multiple base
stations. For the optimization problem of the 5G base station location, the target function is constructed and proven
based on the separation degree while satisfying the submodularity property, and a greedy algorithm is provided for
the optimal base station location. Experimental results on various scaled datasets show that the proposed method
for 5G base station location outperforms other methods in terms of coverage and average user demand satisfaction
by 1%-20% and 1%—-6%, respectively.

[Key words)] 5G base station site selection; mutual exclusion probability; Graph Convolutional Network (GCN);
submodularity; greedy algorithm
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4.1.1 FHRsE
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PAIAN ) 5 2 0 F R o 5 B 8 A6 A £
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Gowalla $4fa 4 (62 & JH 7 2 S 78 — 2 I 18] B Y 119
SR B R IEBG A5  REAS S 2 A8 2 T I 2%
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KN X IR A BELEE R T 6 Aphar Zedli 4 . 400l
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A POHE 8 rh L s AR BRAE R e e BE b A AR

x2 BEEFKITER

Table 2 Dataset statistics information

Bl AR AP HU/A i L /1>
Brightkite (2X2) 5993 400
Brightkite (3X3) 12 938 900
Brightkite (5X5) 20 984 2 500

Gowalla (2X2) 1277 400
Gowalla (3X3) 4 546 900
Gowalla (5X5) 16 570 2 500
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L. 13, 1 HE 40 52 9 (&) pf 28 I 2 5 A0, S0 IR 5RO
Windows 10 #:/E &%, 32 GB N1F, Intel® Core™
19-10980 XE CPU@® 3. 00 GHz, NVIDIA GeForce
RTX 3090,
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F3 £ 2 kmX2 km HEIEE BRI RN TSR
Table 3 Comparison of effectiveness of site location methods on 2 kmX2 km datasets

Sl ok R TR LR
k=14 k=16 k=18 k=14 k=16 k=18
SNAU 0. 948 0. 948 0. 948 1. 000 1. 000 1. 000
GA 0. 940 0. 945 0.932 0. 970 0. 967 0.970
PSO 0.929 0. 931 0.975 0. 982 0. 988 0. 989
Brightkdte (2X2) IPTB 0. 793 0. 832 0. 869 0. 966 0. 968 0. 971
SSN 0.422 0. 540 0,746 0. 957 0. 981 0. 965
IMIT 0. 834 0. 856 0.856 0. 952 0. 958 0. 962
SNAU 0.932 0.933 0.933 0. 966 0. 967 0. 967
GA 0. 759 0. 759 0. 883 0. 880 0. 880 0. 941
Gowalla (2% 2) PSO 0. 801 0. 805 0.912 0. 901 0903 0. 956
IPTB 0. 654 0. 455 0. 683 0. 827 0. 728 0. 842
SSN 0.421 0.507 0. 688 0. 711 0. 734 0. 844
IMIT 0.413 0.510 0. 594 0. 707 0. 755 0. 797
% 4 73 kmX3 km §J Brightkite ${#E & _Fif it 77 X RIS LB
Table 4 Comparison.of effectiveness of site location methods on 3 kmX3 km Brightkite dataset
ok B SR R R
k=14 k=16 k=18 k=14 k=16 k=18
SNAU 0.877 0. 877 0. 877 0. 986 0. 992 0. 994
GA 0.713 0.715 0.716 0. 981 0. 989 0. 992
PSO 0. 721 0.722 0. 821 0. 961 0. 965 0. 966
IPTB 0. 834 0. 843 0.913 0. 947 0. 924 0.928
SSN 0. 676 0. 714 0. 700 0. 885 0. 892 0. 859
IMIT 0. 607 0. 695 0.701 0. 807 0. 827 0.978
%5 73 kmX3 km [ Gowalla ${#E % ikt 77k BB R LB
Table 5 Comparison of effectiveness of site location methods on 3 kmX3 km Gowalla dataset
ook B TR R AR
k=238 k=40 k=42 k=38 k=40 k=42
SNAU 0.910 0.910 0. 910 1. 000 1. 000 1. 000
GA 0. 881 0. 892 0. 896 0.973 0.975 0.976
PSO 0.773 0. 888 0. 898 0.973 0. 975 0.976
IPTB 0. 825 0. 882 0.913 0. 947 0. 950 0.952
SSN 0.574 0.576 0. 727 0.973 0. 925 0. 952
IMIT 0. 477 0. 565 0. 757 0. 947 0. 950 1. 000
% 6 7£5 kmX5 km §J Brightkite #{#E & _FiE 1 77 X G IEEL %
Table 6 Comparison of effectiveness of site location methods on 5 kmX5 km Brightkite dataset
k=14 k=16 k=18 k=14 k=16 k=18
SNAU 0. 828 0. 829 0. 830 0.977 0.978 0. 980
GA 0. 695 0. 674 0. 688 0. 547 0. 569 0. 566
PSO 0. 751 0. 694 0. 736 0. 728 0. 741 0. 730
IPTB 0. 466 0.514 0. 480 0.927 0.931 0.934
SSN 0. 470 0. 420 0.423 0.786 0. 796 0. 806

IMIT 0. 333 0.333 0. 334 0. 955 0. 907 0.912
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%7 75 kmX5 km [ Gowalla 3B % ik 77k BB R LB
Table 7 Comparison of effectiveness of site location methods on 5 kmX5 km Gowalla dataset
ok S AT R R
k=238 k=40 k=42 k=38 k=40 k=42
SNAU 0. 842 0. 843 0. 843 0.979 0. 981 0. 984
GA 0. 601 0.595 0.619 0.573 0. 600 0.571
PSO 0. 664 0. 671 0.637 0.736 0. 750 0.738
IPTB 0. 449 0. 450 0. 460 0. 947 0. 950 0. 952
SSN 0. 339 0.335 0. 405 0.752 0. 825 0. 833
IMIT 0. 269 0. 269 0.292 0. 856 0. 863 0. 870
E 2 kmX 2 km KIUREAEEE b, 2 k=14 Al © SNAU B,

k=16 i}, SNAU [ 7 55 F& F1F-3 75 K 6 2 7 i 4R
P FHABXT k. 78 3 kmX 3 km X 38 14 B de 4
2% k=38 Fil k=40 B}, SNAU [958 55 2 H1F- 1
e oK 2 R B AR OL T AT L 5. #E S km X
5 km XIS EE [, SNAU 5 ve 88 &0 o5
TN P 5 SR R R A Bk - P 4 fin B
i HH 55 R T HA T H oy i P 3 T SR AR
HESS 1 a8 2, Ao T 5G JLuh sk 7 BAT —
(R 5

2 k=18 i, 7 Brightkite (2 X 2) , Brightkite
(3X3)F Gowalla (3 3) Bfle4E I % (A o5 F 4%
AT Fe A » 100 P 75 SR RE B B 3k 2 fe A, [ FE 96 E T
AL 5G Feuf ke dik ik A R . X BT AR L
D715 R 25 18 P 7 SR ORD 32 3k 7 55 R A5 b 15 F)
e KA BRI PSO 8%, Ak Bk R e K
HaR, HHELPRH P HREREEZMNKT
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PR R . N i AR SCHE— P Bk B 2 5G
Ll PE TR A A R
4. 2.2 AEARSRIL ) 5 R A R

SRy S e AR AT ikt 18] B e AT RO L AS AR
FHAREESS 09 B BRI N 0, U 90 eI BE AL
VeI A br s R0 45 e RILE — A 0. 15 2] 103
HEZEFAEA BP. 1 6 DR AE LRI S AR SOk
PRI HESE R BEAT HUBR, SEIR S R AN SR 8~ 3% 10
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Table 8 Effectiveness results of mutual exclusion for non-adjacent base stations on 2 kmX2 km datasets

N R ST R R
EVEITES Hedik 2
k=14 k=16 k=18 k=14 k=16 k=18
SNAU 0. 948 0. 948 0. 948 1. 000 1. 000 1. 000
Brightkite(2X2)
BP 0. 841 0. 822 0. 884 0. 881 0. 897 0.914
SNAU 0.932 0.933 0.933 0. 966 0. 967 0. 967
Gowalla(2X2)
BP 0. 785 0. 819 0. 843 0. 893 0.910 0/922
&9 7£3 kmX3 km HiF&E LR EEBEBEEFREREIKEER
Table 9 Effectiveness results of mutual exclusion for non-adjacent base stations on 3 kmX3 km datasets
N R ST R R
EVEITES Hedik 2
k=38 k=140 k=42 k=238 k=40 k=42
SNAU 0. 877 0. 877 0. 877 0. 986 0.992 0. 994
Brightkite(3X3)
BP 0. 816 0. 816 0. 842 0. 890 0. 896 0. 901
SNAU 0.910 0. 910 0. 910 1. 000 1. 000 1. 000
Gowalla(3X3)
BP 0. 817 0. 832 0. 851 0. 849 0. 847 0. 855




$£52% £ 8HI/2026 £ 8 A/HENTE

281

F10 7ES5 kmX5 km HiE6E F AR E RA MM RBER
Table 10 Effectiveness results of mutual exclusion for non-adjacent base stations on 5 kmX5 km datasets
B TR B
R HEA 4 - ~ -
k=38 k=40 k=42 k=38 k=40 k=42
SNAU 0. 828 0. 829 0. 830 0. 977 0. 978 0. 980
Brightkite(5X5)
BP 0. 645 0. 647 0. 648 0. 959 0. 961 0.963
SNAU 0. 842 0. 843 0. 843 0. 979 0. 981 0. 984
Gowalla(5X5)
BP 0. 549 0. 552 0. 629 0. 980 0. 981 0. 983
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Fig.2 User distribution heat map and base station location results of a university
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