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ABSTRACT

A new positioning technique for positioning of LTE base stations is proposed. The positioning information of the base
station is absolutely necessary for model-based wireless positioning, and is required in some of the various merhodologies
for estimating signals in an uncorrected area when construnting a database for fingerprinting-based positioning. Using the
acquired location-based Reference Signal Received Power (RSRP) information to estimate the location of the base station, it
is impossible with the existing trilateration methods. Therefore, in this paper, a method using reference particles is proposed.
Particles are randomly generated in the application area, and signal propagation modeling is performed assuming that a
base station is located in each particle. Based on this, the errors of measurements are calculated. The particle group with the
minimum measurement errors is selected, the position of the base station is estimated through weighted summation, and
the signal propagation model of the corresponding base station is built at the same time. The performance of the proposed
technology is verified using data acquired in Seocho-dong, Seoul.
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Fig. 1. Limitation of RSRP measurements-based ranging. (a) RSRP
measurement, (b) converted ranging information.
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2. REFERENCE PARTICLES—BASED BASE
STATION POSITIONING

Srefuoll A $58 AS+ 374 Hak(Propagation)shH
A 2 A717F AR A = o] P4 -y B, Close-
in2dl =0 2 sj|A= 4= 9lt} (Diakhate 2019). 13U EAIA] Y

oflA] *Ji—l At AESC Qg FR L 42 528
Q13 AgsiA BAPG 5] ook EFE S8F 11l wet o
BB ol 24 /AT 2 Uaok 2ol ol
Aok 5jui, oluf AZEol otk 27} 704 WAFS BAYY 4 9
. ufebd] of =gl Bq, ()3 2 3 SEEERESEEE
2 AbgE= AnprdS 123k} (Han et al. 2016, Cho 2020).

P(r) = P(ry) —10a -log,, (r / 1) + w(o) (1)

o714 P& AR FozRE A oA H5E A5 A71F
Holm, @ 71 EAYZ 1 mE A 4 AUk ok NS A
SolH, wio)e F&OE EEHAT o2l 7H9AIRE BER H

sk,

Eq. OS1A wioys ARE Q% 27174 54 wdatcha
gk AstEde st B 0 AR BashE

https://doi.org/10.11003/JPNT.2021.10.3.207

Eq. ()2} o] hehd 4 et

= 1 0PORPOIE@)I0a _ O(ﬁ(rx)—P(r))/lo& o (2)

R R ¥
A7NA P(r) @ ¢ & SHANE Sl 249 etulgol, wi
Zh&oll oJgt A 222 Maclaurin §4+ A74E F3l Eq. Q)=
2ol UeFd 4 9lom, 150 g2 BbAS 032 483

AL 4 e

e my
mlo

w = 101«(0‘)/10(1 =1

(0 (o)

10 (3)

= n!

Fig. 1& Ao 58 RSRP 577 9 0|2 Eq. )2
ol Atk AR RS UrE} AoE AZEE A vt 3
7]9] A28 7t o & YR §) 0™ Fig. 2at= A 2% PCI-174
{4 RSRP 3770l o] HLE AZFUE Wae: Ao] Fig, 2b
oltt. 2 AZA7] FE2 Eq. QoA & o= IR0l A=
e S Al A= ZgshA HE g A2of wheh A
A o AX = ARt o2 2| H= A& Fig. 1bg F3i =
3 4 ojct wlehA] LTE 415 7|9to & 3|S5 2322 AR
2 PR TR APIE9IE B3 Z1A 3 91X S FHsH AL
E7Fs Sths 318 & 4+ 9tk o] FAIYL TEste] B = F

|

A= 7|E TE|EES AMHES] 7[R9 YA]E AT
E2A2E52 SE YA HE GPS 7|Hto g sl En] o] A
£ 7|¥re 2 $-8-¥7K(Lon,,, Lon,,, Lat,,, Lat,,) S ATt of
714 Lat@} Lon 717} Y= 2} 75‘5_3 Ulo}‘ﬁ minI} maxe &
X YRFE FollA] Akt 2|oighS oJn|gict o] & 7|¥te

] L=}
2 2837 YollA Eq. (D)2} o] TE| 24 A4S

Pos? = Lat*? _ | Latc +randn-(Laty, —Lat;)/2 @)
| Lon?V e Lon, +randn-(Lony,, —Lon.)/2

o714 Latcok Loncs $887H ) S ShmAate] F4lolni,
randn N©, 1)8] REREE ZHs o]t} 12)3 N& )
Zo] 4olct.
7} el 22 71 A% SIA 2 TPela datede e S
o}, o1 $ls} Eq. (1 Eq. (5)9} o] 3kate} (Cho 2020)

| Pey | [ mio)
()
{P (_FR)} e N G

()
P(ry)| |wy, (0

1 -10- logw(rl”(’)/rR)
1 -10- logw(r”(’)/r)
= HYOxPD—g7_w

o714 Ny & 27 39] Solnd, AP} P 4 Tl
wlgich, Z0 A5 23] Aol #.2 Eq (63} 20] A

7P = \/((Lat””) ~Lat)R,, )2 +((Zon*" = Lon)R  cos Lar*" )2 (6)

o}71A4] R, Rz 1% Lat gollA] Sl=mieht Ferefo 2
AFgl 2] 7 ko]t (Farrell & Barth 1999). [Lat, Lon]™= i &

o



& F5T X Boln S| &5 Hulof oA GiE GPS
A7 7]‘2‘_}0 Z0]Zlt}. olu] GPS Hlo]E|L: Satellite-Based

AaAiey o8 Avkwd A48 2450 Eq. (7)3h Lk,

X0 = F " (_r R)} = ((H P PO )*1 H'M'zZ  (7)

4Py

I ohe ZralE|E HE 23 %] QXS Eq. (8)z} o] Akt

N N2
5PV = Z(,;_p(z) _ ;’,’;_P(j)) (8)
i1

o714 7 & Eq. (6)0.2 Aken, 7% wte) 23t 245 ¢
5 91%] Alole] A2l 245 Aud A4S A3l Eq. (9)

o} o] Attt Aot
;p(j) - 10(13"(’)(rx)—f’(r;’(’)))/loéﬂj) (9)
i — 'R’
oA7IA =& SR LS TSk 3lSE ofnRith
ol YL A HE|FY #ubF WHEIH. O o

o glo

k-Nearest Neighbor (k-NN) 7|4ko 2 7]z2]Zo] Y& £34
7] 93l 2| & FAX] Q2FE = Kl 9] TtE| &S AT A
A& ZH= shte] ThelF Mo kNN AFg3o M S
Q225 AZIBIEE St} 28|31 Eq. (10)3 o] 7|12 =2] YX&
k7l 2] mke] E9] $1%] 7HEF (Weighted Sum)& g3l 73t

k
Posyg = Z WP posr® (10)
=

03714 Pos™ & 22 H7] &0 2 Sorting®el 3] 22} )
Foh= e E2] Yo, 715R]= Eq. (1)t 7o) A4t

k
WP — (5519(1'))*1 / Z (5:p(1’) )71 (11)
j=1

3. EXPERIMENTAL ANALYSIS
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Table 2. Estimated parameters of the signal propagation model.
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