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Abstract

The design and maintenance of the radio access network (RAN) in mobile telecommunications requires
meticulous monitoring of network performance to ensure optimal quality and coverage. Drive testing is
a prevalent methodology for collecting data on network status across delineated geographical areas.
This process involves systematically traversing various routes, including streets and pathways, to assess
network performance metrics such as Reference Signal Received Power (RSRP). Although drive testing
provides essential insights for identifying regions with inadequate signal quality, it is inherently
resource-intensive, involving considerable time and financial expenditures. This paper proposes an
innovative optimization methodology aimed at enhancing the efficiency of data collection during drive
tests. The proposed approach is organized into four fundamental steps: (1) partitioning the map into
smaller sections, (2) selecting critical points within each section, (3) employing map-matching techniques
to accurately align these points with actual streets and pathways, and (4) determining the optimal route
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for traversing the critical points. A rectangular area of interest is selected and divided into K smaller
sub-regions, within which M critical points are identified according to a predefined criterion. These
points, which may not initially correspond with the existing street network, are corrected through map-
matching techniques to ensure feasible traversal paths. Lastly, an optimization algorithm is utilized to
compute the shortest route that encompasses all identified critical points. The efficacy of the proposed
method is assessed through experimental studies that manipulate key parameters K (denoting the
number of sub-regions) and M (indicating the maximum critical points per zone). The evaluation
emphasizes two critical metrics: the total distance traveled and the success rate in detecting areas with
RSRP values below -100 dBm. Results indicate that the proposed approach significantly decreases the
distance required for drive testing while achieving substantial coverage of areas with weak signals. For
example, in an experiment where the optimized route covered only 18.54 kilometers—equivalent to 34%
of the distance of an entire drive test—it successfully identified 70% of regions with poor RSRP.
Furthermore, this paper introduces a criterion for assessing the effectiveness of drive test routes,
highlighting the balance between route length and coverage of low-signal areas. The findings
substantiate that adequate data for network performance analysis can be secured with considerable
savings in both cost and time compared to conventional exhaustive drive testing. While this study
concentrates on RSRP measurements within 4G networks, the proposed methodology is adaptable for
other metrics, including Reference Signal Received Quality (RSRQ). Future research may also examine
the integration of alternative data sources, such as satellite imagery, to further refine map partitioning
and critical point selection, thereby enhancing the overall efficacy of the proposed method.

Keywords: Mobile Networks, Drive Test, Route Optimization, Reference Signal Received Power (RSRP).
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(Figure-1): A view of a sample drive test of Hamrah
Aval in the Marzdaran area of Tehran
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(Figure-3): Display the i-th region located at the center of the
rectangular section of the map. The proposed algorithm to find
optimal points for the drive test and base stations, as well as
previously found points that fall within a circle centered at the
central point of this region with a radius of 0.7, is shown in black.
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(Algorithm-1): Approximate Solution for the TSP problem

Input: N Critical points, K partitions,
Output: Approximate TSP solution.

1: Initialize cur Part < bottom-left partition

2: Initialize cur Point + a random point in curPart
3: Mark cur Point as visited

4: repeat

while unvisited points in curPart do

5
6 Find nearest point nezxtPoint to cur Point
7: Mark nextPoint as visited
8 curPoint + nextPoint
9:  end while
10:  if unvisited partitions remain then

11: Move to next partition (spiral/row-by-row)
12: curPart < next partition

13; Find nearest point in cur Part to cur Point
14: curPoint + this nearest point

15: Mark cur Point as visited

16:  endif

17: until all points visited
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(Figure-4): The path of selecting critical points from different
regions, starting from the bottom-left corner area and

continuing in a spiral row by row.
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(Figure-5): Projecting a point C onto a line in space.

oolain] pwaia iy, SOl gl jo solerin


http://jsdp.rcisp.ac.ir/article-1-1428-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-06-26 ]

Q")"f ul.?h.:‘ 61)9 Cawloads ool u.....vl.o.v wslasls

gl e Gy ) Do @ F b (Sl

‘SQWM)Q o.\.&sb Cdluo o yo (\Q)

JolS G gl 50 4y G

F =

Voo

A E[.lLl ’.
" .
S .
3‘. E(10) E-(7) -
] o b
: ’ Fe . ¥
3
o E(9} Soe
i ) ’
g o
=
4
i

Y A

\g ¥ # A \ER}

o Ll 2 Cupd (3lithiy pren 13 008 o Siilis 203
b bl gy g oo sh ons cedlano cyms Al 1(F— JSC)
cowbiol JUSmw CandenS

(Figure-6): The relationship between the traversed distance
and the coverage of points with poor signal quality

Ogise il i Glalel S gl aie nl az o
RVURT W u;l!boéb “_g/;;.of Sl u..._sLo...' 6‘}‘ FUPLY vy
.C«w‘o&ci Cawddy 6«5[.@%' W o quo-aJ )‘ S i

i bojT g s (Y- Jgur)
(Table-2): Experiments

M K ol o2 . Sl
bl (yoglsS)

Y- \ Y-l V- AR \
Y- Y 12Y YA.-Q Y
VO Y Y. Y#AY Y
\e. s #e. \tZ4s ¥
Y \d bF. YV.¥F b
b A 7. ¥y.aa 14
¥ Q PN YY.-# \4
o ) INWA Y- .0A A
Y 'Y VA AAR a
Y VY Y- VALY \e
¥ VY yau. Yoo Al
Y \F OAY. YAXN \Y
Y \F V&), Yy.y- \Y
Y Y. Y. Ay \F
Y Y. YAD fFYo 'O

g Sl Jlme 90 2 Cudbse e imled Iy

CUSD) 5l GKass LS o Y S bl 8l as e
as a8 0 UL....; alags J@)\Q}QJ Q{‘ PR u)f 0y

v= (vx,vy) ay)

lat, + lat
v, = (long; — lony) cos (%) an
v, = lat; — laty. an

vgu)lo)g 99 U"‘ 61?‘& s.:).‘o 3.».~JL7D° (5‘)’ L)?"S‘
Pghise Jos p) Ojge 4

U-V=1U VU + Uy, QhD)

109 o0 dmlne p5 Sjgo U o Job g

[ul® = ui + uj. M)

Syge a1y (8) (08 pgad ol Gl ce Saleyo
:0)3] Cowdds )J)
u-v

t_W \%)

azkad cpl 5l alads o 3 SGo3 ¢ el L Jlade Ll

105 oo Lasrine C) 4l 1o Lo Ja5 550 dlal &y

A, if t<0
X = B, if t>1 Aayv)
A + tu, if O<t<1

B dasi LA dhs Cow o L8l a5 000 dadad slacl
abii (pl pgal A5 Jipe )0 uized 10,5 oo I3
B S s Gl jeb 4 wiblee asbkd 05 o)
(ewloads ools LIS X L oS alais ] Slaitw 0,5 oo
&S 0,5 0 8 oldler Slaike 0 5 Ojse @

ol dalad 3¢5 5l glakads

QL))
(latg,, lony), if t<0
X(laty,, lony) = (latg,, long), if t>1
(lat, + tuy,, long + tu,), if 0<t<l

s (o) - F-Y
i My S5 Lbivs glaasl sl K
e b el sl o s sasbesl sy bl slas
et sy Sly sl slagialesl oyl )l ol
Gbisle] s (Y- Jsaz) o a5 sasplol solgrin
Gl 50 e300l o el oanline Ll wilizes
P Sl Glies rizmen 5 Ghales] e plxil sl p3Y
-100 dBm ;| ;a5 RSRP oS a5 Ll o8l s plas

Y 2l ) 5Ll VFeF JLle


http://jsdp.rcisp.ac.ir/article-1-1428-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-06-26 ]

.-?3
%
‘g.
3
1

[21 T. R. A. Network, “Study on
minimization of drive-tests in next generation
networks;(release 9),” 3GPP TR 36.805.
[3] L. M. Silalahi, S. Budiyanto, F. A.
Silaban, 1. U. V. Simanjuntak, and A. D.
Rochendi, “Improvement of Quality and Signal
Coverage LTE in Bali Province Using Drive
Test Method,” in 2021 International Seminar
on Intelligent Technology and Its Applications
(ISITIA), 2021, pp. 376-380.
[4] M. Skocaj et al., “Cellular network
capacity and coverage enhancement with MDT
data and deep reinforcement learning,” Comput
Commun, vol. 195, pp. 403-415, 2022.
[5] J. Thrane, M. Artuso, D. Zibar, and H.
L. Christiansen, “Drive test minimization using
deep learning with Bayesian approximation,”
in 2018 IEEE 88th Vehicular Technology
Conference (VTC-Fall), 2018, pp. 1-5.
[6] C. Sun, K. Xu, M. K. Marina, and H. Benn,
“Gendt: mobile network drive testing made
efficient with  generative modeling,” in
Proceedings of the 18th International Conference
on emerging Networking EXperiments and
Technologies, 2022, pp. 43-58.
[7] M. F. A. Fauzi, R. Nordin, N. F.
Abdullah, H. A. H. Alobaidy, and M. Behjati,
“Machine Learning-Based Online Coverage
Estimator (MLOE): Advancing Mobile
Network Planning and Optimization,” |IEEE
Access, vol. 11, pp. 3096-3109, 2023.
[8] P. Chao, Y. Xu, W. Hua, and X. Zhou,
“A survey on map-matching algorithms,” in
Databases Theory and Applications: 31st
Australasian Database Conference, ADC 2020,
Melbourne, VIC, Australia, February 3-7,
2020, Proceedings 31, 2020, pp. 121-133.
[9] W. Li, Y. Chen, S. Wang, H. Li, and Q.
Fan, “A Novel Map Matching Method Based
on Improved Hidden Markov and Conditional
Random Fields Model,” Int J Digit Earth, vol.
17, no. 1, p. 2328366, 2024.
[10] S. Gupta, A. Rana, and V. Kansal,
“Comparison of Heuristic techniques: A case of
TSP,” in 2020 10th International Conference on
Cloud Computing, Data Science & Engineering
(Confluence), 2020, pp. 172-177.
[11] N. Christofides, “The vehicle routing
problem,” Revue frangaise d’automatique,
informatique, recherche opérationnelle.
Recherche opérationnelle, vol. 10, no. V1, pp.
55-70, 1976.
Sy dgnmme daza SH3l> <yt 090 otlpl VY]
Jo s e GBS Gerstanr sl dll LS ez
SVFee lmosls g wodle 35ley adis Jolog (o s Al
YY-YF: (F) VA
[12] S. Ebrahimi Mood, M. M. Javidi, and
M. R. Khosravi, “Proposing a Constrained-
GSA for the Vehicle Routing Problem,” Signal
and Data Processing, vol. 18, no. 4, pp. 23-36,
Mar. 2022, doi: 10.52547/jsdp.18.4.23.
[13] E. B. Tirkolaee, A. Goli, S. Gltmen, G.-
W. Weber, and K. Szwedzka, “A novel model
for sustainable waste collection arc routing
problem: Pareto-based algorithms,” Ann Oper
Res, vol. 324, no. 1, pp. 189-214, 2023.
[14] M. E. Johnson, L. M. Moore, and D.
Ylvisaker, “Minimax and maximin distance

Y 2l ) 5 bl VFeY JLle

<

Codge (e 4z e 3l G0ey0 ax Slen il &
Cewdds cwll RSRP - (gljls bla o Slay o
aS el cpl oS o (UK cpl 40 X Hgme Cwlonul
(oS gl 4 Cans e 4> 4 Gulesl
==l RSRP a5 bl 5l sy aiz lesl e
Cawlazsly 1) aslacsls
2 a5 el Sygo pl 4 CUSE) L F s bLS |
Wil iy aais 16 loges lawe 5 das o i
obis 1) (6 iy Caidge ialesl g ol 1555 JLxe ol
Sy bl Gidgy aoyo V) Ghalel &5 g 5o

Cawlails

& S 4o =0

So S gl olen al glaaSil o a5 0l Gl
o s oo 5 ot o &y Dy s i
P8 Gpen (Sildinge sly gy Wl ol o lana
P Dz Ghey cnl D (e wsBise odgeny Cedalyd
(slpw bla obadl (ganasl 5l el Ole a5 s)ls
Solkme (izeed sk s (38 5 AlE p Al S
sddodgen Colue 3 JSiie golerin e b)) ln
Ol o 5l casliol blas gy g Cundglys ploxil (6l
Sl @l ad (Syme s (pl 0 JiSw (Lo
Cundgl o b dunlie o (golpaiuy (g, aS o)l ol 5l CulS>
Aoy3 0dgen Sl S e Caul 0B e 4 (S
JESs g5 Sl 3l censlial Comdg b blas 5| Jo3 L6
L olg oo a5 o oo ol baaidly cpl oS logy 1y (8L o
2 smlie (sloodls (g yslaaz 4 eS Aie g oy Bro
o)l 5lg caloy o 5l dilaie G 4o o o yal5 glaaSils
5y 2 Alie Gl 33 505 0,5 ookl aSel (giludinge sl
RSRP sn Jlozr Jud sloaSids jo JiSws (280 )0 (g8
sl S Koo sleyully Gl canl o az S g
«wé S s 5 |, (RSRQ) il Ji&w cuis
adle a4y deosls Ko 5l eolatul ISl sy pizren
4 o jaliiadn caual gy glojlsale glauSe
ot o sl sl LB gy Sl sl
Qb ean] degl

8-References &= yo—A

[1] A. Taufique, M. Jaber, A. Imran, Z.
Dawy, and E. Yacoub, “Planning wireless
cellular  networks of future: Outlook,
challenges and opportunities,” IEEE Access,
vol. 5, pp. 4821-4845, 2017.


http://jsdp.rcisp.ac.ir/article-1-1428-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-06-26 ]

P goyar my bis g ookl WSl SIS o)
el Oyle Hlasl &L, Slas
adiyanat@iust.ac.ir

designs,” J Stat Plan Inference, vol. 26, no. 2,
pp. 131-148, 1990.

[15] Neshan, “Map Matching API,” 2023.
[16] Neshan, ‘“Neshan Direction API
Documentation.”

v ls )5 gl (e
e ol VP b
Lly 10 s (eSS ) S el
g il (bh 4 JenslS wasge
ahie Joass Jl> 55 AP L
OS5 FeelS (pwaige AL, o adlenli)lS
ol u‘)-i‘ Sl g pl.c olKisls 59 (_g).:wlf (_gLDAS.H.J W
SLeS b o ey peasge Glsrea plial Grizresn
losg )4 Jorie o 5 aby
SR RCRN WA A - WER PR T
ali4nazari4@gmail.com

bla.li,o VFeY Jle o c)l.é ‘59.‘9.«0.0

o PR P v W E5. L g

sloasil iS5 FgnalS cwaige

Ceo 9 pl.: ol )b dfwls

8,5 5T ol

SR RCR TN W WEH T
mostafa_fallah@comp.iust.ac.ir

) 95 (wlid)lS 6 y2lb Slgranze
Cais g ple oBails 3IVEY Lo o
A el gwaige &L; o oyl
Jrazs (Jlo plea yo 5 wils; (L
&by jo 1) 095 )l culils IS alads
2 SFglS el IS g penelS cwaigs
8,5 5Ll olKsls oles
ol &l oliy) RbLI, Sl
taheri_mo96@comp.iust.ac.ir

RN R VR GOV % | PRCR - 7-1 9]

5 ple Rl Faels (owaige

s 5 il el oyl oo

S 3n e &3, 0 ) 95

/ 2ol s VYA Jlo o ol oSl
2 WA Jlo o 1) adl el S (1 5l e oS
G dasls gl ey Slpbre - Gp (owdiee &3,
b, o 1) 093 IS g uyd Jxie oKl
oBliils Ggmals 9 3 8uSails 5l IBle S (cwaige
iy slatias il bl & VA0 Lo s ol
ol o Gl (Gl (pm o Dl pbre slaasid lal

Y 2l ) 5Ll VFeF JLle

&


http://jsdp.rcisp.ac.ir/article-1-1428-fa.html
http://www.tcpdf.org

