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ABSTRACT

In this study, we propose a Graph Neural Network (GNN)-based localization approach utilizing beam Reference Signal

Received Power (RSRP) measurements in 5G networks. Existing GNN-based localization approaches have mainly targeted

indoor environments with dense Base Station (BS) deployments and are less effective in outdoor scenarios where the number

of BSs is limited. To overcome this limitation, we construct an expanded graph extracted by features such as RSRP, angle, and
Line of Sight/None-Line of Sight (LoS/NLoS) indicators, assuming that such information is available at the User Equipment
(UE). We validate the proposed approach through ray-tracing simulations in a realistic outdoor 5G environment and evaluate

its localization accuracy compared to the triangulation approach.

Keywords: 5G localization, outdoor localization, beam RSRP, GNN, Al-based localization

FQ0{: 5G &9, A9 =9, beam RSRP, GNN, Al 7|4t 9]

y o 2 pu

1=}

BAs17] sl P42 olo} (Laoudias et al. 2018) 7]4—_1 A]
3}7ol| A= Global Navigation Service System (GNSS) 7]&t
710l AAARI 7le2 AR E o] ghom, A5} HH|
Aol & Rt Y] 718F Au] Ao EJ}@QE HgEo g
ok 22 GNSS 7]Hke] 59f 7]a2 A9 15 dE 2 A
3} o] 944334¢] Line of Sight (LoS)7} BAEA] = &7
oM Adeol PAs] AstE = eHAZE AT o2 T A
£ siidst] flste] FA B4l S S o8] 59 7Isol tiet
o= F2ul7 glon], 58 5G ol 554 7|4l WaiH gl 1
FRo7do] o Bztw 1 Qlth (Mogyorosi et al. 2022). ofef| wh
2} B4 o5 EA] A 235} | 3rd Generation Partnership
Project (3GPP)ol4]&= 5G New Radio (NR) 4] & & st
AL A5 E NEA £4]515] o1, 3GPP Release 160] 4= A58

lo o uX o2
N ot
jz

2

Received Aug 12, 2025 Revised Aug 23, 2025 Accepted Aug 29, 2025

4% 10 m, 422} 3 m o[ fj <]

o 2 HEEE 245)7 3lth (3GPP 2019).

SIAEE, T4 B4 Sel A Aol ofstel 4157k Aek
= A} ¥kAFE] = Non-Line of Sight (NLoS) &3 0 2 ¢13]] Time
of Arrival (ToA), Angle of Arrival (AoA)a} 78 =20 331-351
£ 243t oleiv} 24 Z71et0] 29 450l 27 Ashee
AF o] It} (Kirmaz et al. 2023). o]2|5t 41 B4 A5 21-7515
ap oz Rdysty] s elle dlolE 7]8kY] Artificial
Intelligence (Al) 7]9& A835F A7) &iks] AP glo
v, ¢l A}¥| 2= Convolutional Neural Network (CNN)Q}F
Multi-Layer Perceptron (MLP)-2 7]5FO 2 SF B4 EA] 22] 7]

31420] 80%¢] tz}e] A <] FgdofA]
_:LL—_Q

el ch ARRick 2ol olef A1 ALUSE R4 8

Al B70) B4 F23] odslA) Eole TEAHQ TS A
o} oS Sof, CNNo| A% A7} Wele 72sie vlo]els 92
2= B2kl st Rol Sa}wlo] glof NLos W ths A=
o] dapo £4417] 2k] AL TS AR Juko s 2
7] ofel g ulg2EEA 1k FRelAE HYSIA ok =G

fCorresponding Author E-mail: remero@hanyang.ac.kr

Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the

original work is properly cited.

Copyright © The Institute of Positioning, Navigation, and Timing

http://www.ipnt.orkr Print ISSN:2288-8187 Online ISSN: 2289-0866


https://orcid.org/0009-0001-4964-2157
https://orcid.org/0009-0007-2198-7114
https://orcid.org/0009-0009-8003-8140
https://orcid.org/0000-0002-7055-6587

260 JPNT 14(3), 259-264 (2025)

o1&
2t 71 ALZIES] A T8k, T B4 249
Hlg2e|E g7 BAS Rt 9] Ry Siat tigke.
2 Z]oll+= Graph Neural Network (GNN) 7]9ke] 29] 1317}
STk, e Jlvke] B e dlole o] Weirt £
Zele g7l FEA b, THLE FASH: =EE] o
A BAE AR FHsto] $4417] 2R 7lstelE] TA S} |

£93 E22AE WYMo R M 4 Yok FUS Zer)
(Kipf & Welling 2017, Wu et al. 2020). o]2{gF GNNo] 124 7}

irs] o]F0i7 1 9
t}. o] & S0, Wang et al. (2024)7} Zhang et al. (2025)& Wi-

FASE Fshes 359 A BANAE Re ARed W
Fi 7]8te] & Lo 2 §848 ZH= 92 24 o] 7}53rS
0150}031:]- 0]316 T Al lﬁ 5,]‘_.75101]/\ = ‘Fﬁoﬂfﬂ /\HH 7H—4 Base

Station (BS)& Zafjzo] =2 AATHo 24 & 7} message
passings 7|WFO 2 Sh5she GNNof| A ek a8 /st
o] =2 9% £ A5 BY 4 9t} Liang & Meyer (2021),
Jung et al. (2024, 2025)2] 913t BSQ] 7} AIghe]&= A&kl of
T bR guke LT 2r)sto] BS 9 S vkt 7ke] WS 2
238} =0 0z 24 HEE 2 Kot}

vt Aol 7oAl 3GPP 38.901 (2025)00|4] & <] 3k vt
9} Z+o] Urban Macro cell (UMa)<] A 7F 7+4-8- 500 m, Urban
Micro cell (UM)2] A 7t 7HA4-& 200 mo]] 0|21, $4]0flA] 4=
Hﬂ 702l BS7F YR == AW 2ol Histe] EF 314 2] BS v
S o 16; NI
8740] A 83p10] TR 1)

rlr ”L

E}% ‘%‘“ 7+ %71; ol o Adsol ZA e,
7k 34 AR 34 FelA mefoluiAl s @ Kok 913
o] vrAysl 4~ A11:]- (Sahin et al. 2023, Yu et al. 2023). o|&} Z+&
89 47} ARkel Ale) BN T T

ol-§=t 1A %"—Xé% AL $8] LES 2 |1, o=

?F message
passing 719Fo] GNN &h5 FRof Zslslz] oke Jajz & 2
J3te} (Jung et al. 2025). =3 =& 7k9] 14 4do] &S A
GNN<>1 FaA17] Zhe] B WAL A B4 B0 A

21 97 RS ShskAl Eolo] 291 Aol A Hskd 4 9

olof wet 7 =
i), 4 ﬂmﬂ*H BS Tzﬁ 2AI1E A 4+ aze A
& GNN 7|4t &2] 7|H-& Algksic} Aot 71 o] &
Reference Signal Received Power (RSRP) &&Jgfof| Z3h= 7+
T AR Y NLoS A2 EAL T8Z &9 feature2 &-823F0
2] Jgjz o] RE gAslal, o] 5 F5l Al #7ollA BS
Aok S50z ol itk @3 beam 74| LoS/NLoS HAIE
Futos aefie] XS TAsle] Bk Aue mEs)
11, Graph Attention Network (GAT)E Z-&5lo] 7+ = E9o] EX

nz
rlo
o
a
o
8

https://doi.org/10.11003/JPNT.2025.14.3.259

Fig. 1. The 5G MIMO scenario in an outdoor environment, with a graph
representation.
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Fig. 2. Architecture of the proposed GAT-based localization approach.

Fig. 3. CDF of localization error for proposed vs. triangulation.

Fig. 4. ToA measurement error between the actual ToA and the measured
ToA for each BS in Ray-tracing.

Fig. 5. Comparison of the proposed approach with different numbers of
beam-RSRP.
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