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Purpose: This paper aims to efficiently find the number and optimal placement of BTSs in the
coverage area such that the implementation cost is minimized, while the user's traffic in the
corresponding area and the channel interference constraints are satisfied.

Design/methodology/approach: An integer linear mathematical model has been proposed to assign
all customer points to transceiver-based stations. The objective function has been assumed to
minimize fixed costs while considering a penalty for reducing interference. An optimization solver
has been applied to solve the model.

Findings: The proposed mathematical model was compared to another existing model in the literature
from three points of view: coverage cost, construction costs, and running time. The results indicated
that the proposed model has the appropriate efficiency to find solutions to real practical problems. In
more detail, the proposed model succeeded to find solutions with less coverage or construction cost in
a shorter time, compared with the model in literature, which has been referred to as the SSH model in
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the paper. However, there have been some samples in which the SSH model overtakes the proposed
model in one or two mentioned aspects for comparison.

Research limitationg/implications: The limitation of this study is that the channel model was
considered based on the simple free space path loss model, while the real channel model based on the
environmental effects can be suggested for future work. Another important issue is that for BTS
localization design, knowing the status of the real environment leads to the proper design in such
networks.

Social/practical implications: BTS localization is the most important issue in mobile networks'
design. In a practical situation, there is not any software available to design a mobile network in the
corresponding coverage area. Therefore, this paper can help communication engineers to implement
the proposed approach in a real environment.

Originality/value: In this paper, the problem of the optimal location of transceiver-based stations
(BTS) in different models in the coverage area has been addressed such that the implementation cost
is minimized, while the user's traffic in the corresponding area and the channel interference
constraints are satisfied. This has not been considered in the literature. Any of the existing models
focus on one aspect to optimize, such as maximizing the coverage, minimizing the interference, and
minimizing coverage or construction costs. The novelties of the proposed model are twofold: i) two
goals were considered in the objective function, i.e., minimizing construction costs and minimizing
interference. Since interference with full coverage is unavoidable, the model added a penalty to the
objective function to reduce the interference as much as possible; and ii) it was assumed that there is
more than one single type BTS, any of which has different power, radius, and capacity. This makes
the model more real and indeed more complicated to solve.
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Thefigure on theleft showsthat when thereisnointerferencein the station, therestriction (11) will be useless, and the figure on the
right shows that the defined threshold hasreduced the overlap to theamount of the determined threshold

i o 5l o vl e Ml 5 LGT iy plad s baolSaal (51081 01 oSl 4 4 55 L
g3 Slatyssioe Sl (s3L3 3la 55 5 dils |y 5 slol OISl &8 5 8 a0 53 1) alacys soe 0155 o0
s SEalS (gl oty S s 2 sl L OY)

S Blol Ba U 4 a2 S Olsen | s Dol (OBla 1 s I alS (6 p 8 sk
ol Sy 3de SOM Of s oS

DNDETESY! (T

i€l \jeJ



A/ 0L e 5 5 lS Sowse P/ o J oo GlaaSD 315 5 S 612 BTS g L0

Lows L;-L;u Sla>Ye 9 JS ‘5-&-&5-\» Y-y

GlwaiaeS s (|3 E5u 53 eldiy m lacussdows cpiamen 5 Gl slaslns 55 b5 s L 0 gS]
RN K m_a‘j;- 58] }g.& @ b J:—l.\; J;.alS Ll L; LAAKS.W.L‘ &.»«A’ :\«J"J-Q

MinZchkxjk+Mz Zzij—l (")

j€J kEK i€l \ jeJ

ZZU' >1,Viel,

JjEJ
Qjjk ZZij+x]'k—1,Vi El,j E],k €K,
ijk ZZij,Vi EI,jE],
keEK
Zx]-k < 1,Vj€],
keEK
ZWiZijSZth]’k,VjEJ, (\O)
i€l keK
1 .\be‘kz'j;)\r‘]a&ﬂﬁ\jf\

bl L

xjk: .
0 QJ}"”Q'i\.)':;J>
1 J;w}ﬂv‘]e@,ﬁlﬂr\léwﬁ‘
Zij= .
0 Q)M;’)‘:\JZ’OJJ

oslewl GAMS Slle = aend 5l i cpl s s S eslinal (gadaze sla iy S OlsS e YU Je > (6l 5
2,8 8w S s e Gl s cpl o sl 1 OIS 5 lE e et ST aS ol o

L 551051088V oyl 5 (658 Gt NP-hard dliees o cas yoses i gy e (IS I s

Lac sl Q_“.l CLQ.’; slss plS Mg PR L Q‘l\ﬁt"f el O )18 gl ] rLJ Sldad 4 o g

(V'V' cd‘)&m‘j‘.\ﬁ:) Jij‘ (_;jﬁﬁj sles )‘ 6‘&»}-))@4:\1«@7&@‘)4

(+()+ (s ()= arr 1o,

(el Mg e 5l S (10) 553 L (VF) (gilwang s 53 (6, Sllas IS slaad a0l o S

Ll 0(2"Mn) &5 e 3l ediadlyl Jde Sioes a5 oS Ol e

OF Jobow 5 gae z ¥
ol laesls sl a5 Ll o3 oy wddipl] Siledbe 5l ol (g3ue el s onl 2

e Oeamen 5 0 il Olaske gl slal slaesls A 65 Ol Szl ol sl Ol s 1y Jobe



VY Ol 3 L Y bt OF o5 i Dlles 5 a5 Sy e 55 tags AY

R cMJé(\\)z\.ja.sb 6[.6}’;4‘)\::‘4;%};]4 C)LO‘)MQ\ Al J}Jo.-)b RGO P W eJJ}T V’A\JjMLS‘fL)iM
el S5 bl i G Oledbl 4 (9505 550 U sdldesls Sledbl

(V) daly b Jas o gla malyly -V g
Table 1- Parametersrelated to therelationship (11)

[-60, —80] p" B, olg
20 m ht oJCJ.u) tw)|
I m h, ok S plis
900 x 10® Hz f oA
m
3 x10° < c o
[500,1200] Ty glad

))_19.“4_: (..:_.Swureju)_u‘}&;u\‘ J}Jo.-jbb Jlae u,jl)b@.)ul:é\.‘:b‘d.lﬂb.jaﬁj» LSLAJ:.A\‘)L" Q}.Sl

Tﬁ_)_..o ‘(Y'Y')QJMJ‘M ULS.A L a.\.f.:Mjb‘ JJ.A )\ a.l.AT WJM@uLcJJﬂ )‘ J.,,al;- @L:_' :L.....lLE.A QKA\
.bl_‘>=! Ls.\_ud.l_ﬁ )J Lﬁa&'ﬁﬁ\ aj.’\ ‘a.l...:)l.l u:o.h‘}_}; )J ‘_}'.’.) ‘w‘ bJu.: JSJ b@mi‘ Cy &i ‘U .joj.,j.» Ql&w‘
‘))w}‘v\_vd B o.,\_..im\j\)\ JJ.A_} Jlie U’i\ B oJ.iré\jb‘ 6L«BJJ~A @L’bj 0)\,51 BE QJ}@M ))Jﬂv“\.: sl 0SS
Ol pslS ay by o Ol ooman .ol ol eslatul SSH Jde) 3 MBNA Jue) o sbe o 5 4y (Y4 Y0)
J_k.i))w.bu:m;J:_mf).)o.)s_f.::.ﬁ\ﬁ‘.}l_’.ilt_ija.\...;‘:w)f:\.:}-b).}@.iwQ)}%‘M%S“)\Jﬁ‘rﬁ&.&s‘b
i SO OLSGl b sl ol s Sl 55158 sl (_;‘Yl{r_?o-m.c\.q-}:b_ﬁw\ ol 4 S
W}ew JLj))\ QLW.(: LSLAeJ\bLzUJ.WAJJ J)i.;du‘laj,aja C)L“«W\BJ.& ‘d'a.)..i.l.ﬁl}w): cﬂv\-jd&\
.g:,_ula.\_;”:uéij_EJJJQl_M&U'.QJM;:_JA):‘(\')L;)_“C;\J:-\3.'.4").&44..bﬁja‘_é.l.acl;j\d.fo'u.
o=l ol Lo Jas 5o i 3 OLSS eS dle 4 (Sl 5 I Ol e Auloes ) shateds 6 Do ay

ZZ dijzij 2

i€l jej
=3 Jj.l_a- BE) .\_..::b J;-UJ Q\J__...A :\...u\:m LS‘}" L;‘"‘JL" )L_.‘M .bb.?@ Je 33 A oS ol sl oalaal

el 0 63l g_)’:“ll“"’ (\Y)—(\O) ICW ‘_sl.éjh\)l.y @ .laj.vf le.hg:,.:.qs

SSH E) MBNA J.\.ﬂ ELLIST sl eslawl 6‘.&):.0‘)‘.; -y J}J’
Table 2- Parameters used in both MBNA and SSH models

100 m Laelas! sl
1000 n Ol S sl
1000 m Ty S plad
25X 103 E w; 2 sl
71.06 w Dic ooy 015
3500 x 3500 m? 2 p L sl




W/ O, Ken 5 (5 wkS (59w s0 CLG'“/V?“‘;" P sl Sl 5 5 g ¢l BTS g L0

o Jde 53 a sl el s dalal oy s 5 [100,200] 5L s aneS oKl a IS L e
Bl J~_é\<= =SS 4 5 RAM : 4.00GB ; Intel(R)Core(TM)i3-2350MCPU@2.30GHz X 5ls ,» L b1,

ol ol 23 5 s > Jol> s 5 |,>1 GAMSDistibution23.7.3

SSH 5 MBNA (sladus gl 2! 5 ($3las K as 03 3| Jol> s R WP Y PR

Table 3- Averageresults from ten random samples and running MBNA and SSH models

(19) Joe ol b g g 30 Sl & p 46 4 J Ol
8.5811 x 10* 1.5819 x 10° 16.8689 MBNA Jute 5 Juols gl
8.6952 x 10* 1.5838 x 103 16.7697 SSH dus 5l Jool> s

Jde cizman s MBNA Joe o 5 a0 6,850 L olasl G 5 012008 w55 6500 ¥ 5T gl UKo o
Kol esls il 0L dslas slaa sad S (sl o SSH

MBNA Jae 5 dolal & 08 K 53 el&eny! SERN
Fig. 3- Distribution of stationsin a random samplein the MBNA model

SSH Jue ;3 Boluas & gas S o Lol&ans! ISTRNC

Fig. 4- Distribution of stationsin arandom samplein the SSH model



\FeY QL:......;U Ang d_il.;l Al :)L«..: MY 69 gQL:La&jJ:j}J Qﬁb)b&h}ﬁ/‘\9

oy aca a5 LBTS Slusl e > gl Olej 51 ool lajlaged Cs SV 58 0 o K5 s
el ol esls Jisles gslal 503 Y 3 SSH s MBNA sladis (g3lwesly 51 30 (V) Slas bl

3Ll Lgei Yo ;3 SSH s MBNA sladse Jo (sl 21 0L 51 feol> (layls pas -0 S
Fig. 5- Graphsresulting from the execution time of solving the MBNA and SSH modelsin 20 random samples

LS Lgai Yo ;3 SSH s MBNA sladde ;3 LBTS Sl &y 5o 51 ol (glayls pai —=F IS
Fig. 6- Graphsresulting from the construction cost of BTSsin MBNA and SSH modelsin 20 random samples

33Las L gai Yr 55 SSH s MBNA (gladue s id g a5l Jeol> slals gad -V S
Fig. 7- Graphs of coverage cost in MBNA and SSH modelsin 20 random samples

a3 Sl 5 eld sl Bslay gls zel,b b Jlis o3 SSH s MBNA L5l s 53 wlis | slatess

Jde 55 dlie gl ids Ko 5 Slisl Lo ol Oles CaS a0l o350 L3 5 55 badle o]
Oy &3 s Sl Ay sa d ol Oley CaeS aw Jlie 5 5 4V B0 gla Ko leds a8 § L 53 sl
@olging Jis gl Olay sl o b S ol 5168 65,500k S o 2158 alal Lgas Ve a5l L)
Sis ol Sl cls s 4SSl Jb el 0350 SSH ke 5 alie [l 5l 2eS bk sas & o> MBNA



W/ OLKer 5§ plS s o/ oo (Jsbo GlaaSd K315 5 by 12 BTS e 2bOK

(sl (g3lguing Jde 5l g Wi ged 5 5 53 SSH Ui i g e 5 Sldl & s (g 31 sl i
BrRB aMwLiawASMu,ﬁ.LwY' Joder s jsba .ol g oslgins Jue s @ﬁ)bﬁwﬁ\:ﬂ Lol
o Sl s ba sl il 5 MBNA (galgiing Jie 58 o sdaline oS 5 5b0kes . das o OLES Jde 53

Aas Al SSH Jue b aglie ja 1y Solusl 5 g

S e O

55 OllS a4 Sledst st aill Sl ke laelKinsl i L0 K80 i aw dlis ol o
U Lol Gl gran 51 20 A0S 515 Ol S (ot 038 o) 2 SO 5 oo (S oael o JIG
Blod 55 Lgl as i s belSansl Sl 51 56 slawy 3o (EalS Olaen Hsbar 5 Sles (s3b5 54~
Sl 83 51 lsas 5 ol gllae Jia )l SIS 6 g das o 0L dlis ) 53 sdd il Jdke dnglio 5 43
Slaal Olejas 58 a5 53 bl oo s e 53 e bl due K05 s il S S s w0
5013 (b 23l 15 5 adlate G35 as i Jald b ool dge oL OIS Ais 3 1ge
ol O &3 Bl Sl el due s Sld| glads 58 ioman

3 OLE a8 ol ot w58 S 3 Jie 53 55 nelSal 6151 (6,8l 51 40 55 el 2 0338
2 Sl s el 5 Bl il Lol o1l Sl eslinal s isup 55 5 5SS a OIGl 53 Jde il 5
Gl sl Sl ;x5 Lo g dal gt ol sdsallyl Jue il andls 5o 1) W, bl oSl &S 550
Llsdas ol 3 055 e cadlin 53 ol Siash dnw s gl bloslo oddesls i wcans | el s>
a5 sl Sladdas pomes 5 adlae Gl Ll 3 5 S s adlane Gl s Ll s e ale bl

JJ;L;OJEJJJOMJMJJ;:&}-LJD‘)&WQ‘MASJ;
References

Afuzagani, D. & Suyanto, S. (2020). Optimizing BTS Placement Using Hybrid Evolutionary Firefly
Algorithm. In Proceedings of the 8th International Conference on Information and Communication
Technology (ICoICT), Yogyakarta, Indonesia, 1-5.
https://doi.org/10.1109/IC0lCT49345.2020.9166273

Alenoghena, C.O., Emagbetere, J.O0. & Aibinu, A.M. (2013). Artificial intelligence based technique for
BTS placement. 5th International Conference on  Mechatronics (ICOM13), 53.
https://doi.org/10.1088/1757-899X/53/1/012056

Aranda, D.A., Fernandez, D.A. & Stantchev, V. (2019). Integration of Internet of Things (loT) and
Blockchain to increase humanitarian aid supply chains performance. In Proceedings of the 2019 5th
International Conference on Transportation Information and Safety (ICTIS), Liverpool, UK, 140-145.
https://doi.org/10.1109/ICT1S.2019.8883757

Assunaco, P., Estevinho, R. & Correja, L.M. (2001). Assessment of cellular planning methods for GSM,
12th IEEE International Symposium on Personal, Indoor and Mobile Radio Communications. PIMRC
2001. Proceedings (Cat. No0.01TH8598), San Diego, CA, USA, 2001, pp. C-C,
https://doi.org/10.1109/PIMRC.2001.965475.

Awasthi, A. & Arora, N. (2014). An approach to BTS localization using optimization techniques.
International ~ Journal of Engineering  Research &  Technology, 3(4), 747-751.
https://doi.org/10.17577/IJERTV31S041043

Chen, K., Pissnou, N. & Makki, K. (2011). Cellular network location estimation via RSS-based data clean
enhanced scheme, IEEE Symposium on Computers and Communications (ISCC), 924-930,
https://doi.org/10.1109/ISCC.2011.5983960



https://doi.org/10.1109/ICoICT49345.2020.9166273

VEOY Olils T Ly ¥ bt OF 6555 «Slhes 5 A5 e 55 a3 /3A

Dai, L. & Zhang, H. (2020). Propagation-Model-Free Base Station Deployment for Mobile Networks:
Integrating Machine Learning and Heuristic Methods. IEEE Access, 8, 83375-83386.
https://doi.org/10.1109/ACCESS.2020.2990631

Garey, M. & Johnson, D. (1997). Computers and Intractability: A Guide to the Theory of NP-
Completeness. Freeman and Company. New York.

Hanif, D.S., Chandra M.P. & Theodore, S.R. (1996). Optimal location of transmitters for micro-cellular
radio communication system design. IEEE journal on selected areas in communications, 14(4), 662-
673. https://doi.org/10.1109/49.490417

Mathar, R. & Niessen, T. (2000). Optimum positioning of base stations for cellular radio networks.
Wireless Networks, 6(6): 421-428.

Mattos, D.l., Bosch, J., Olsson, H.H., Dakkak, A. & Bergh, K. (2019). Automated optimization of software
parameters in a long term evolution radio base station. In Proceedings of the 2019 IEEE International
Systems Conference (SysCon), Orlando, FL, USA, 1-8.
https://doi.org/10.1109/SYSCON.2019.8836830

Rappaport, T.S. (2002). Wireless Communications—Principles and Practice (the book end). Microwave
Journal, 45(12), 128-129.

Seda, P., Seda, M. & Hosek, J. (2020). On mathematical modelling automatic coverage optimization in
wireless 5G and beyond deployment. Applied Sciences, 10(24), 8853.
https://doi.org/10.3390/app10248853

Shen, C., Yun, M., Arora, A. & Choi, H.A. (2020). Efficient Mobile Base Station Placement for First
Responders in Public Safety Networks. In: Arai, K., Bhatia, R. (eds) Advances in Information and
Communication. FICC 2019. Lecture Notes in Networks and Systems, 70, 634-644, Springer, Cham.
https://doi.org/10.1007/978-3-030-12385-7_46

Sui, X., Zhang, H. & Lv, Y. (2017). Coverage performance analysis of grid distribution in heterogeneous
network. In Proceedings of the 2017 IEEE 17th International Conference on Communication
Technology (ICCT), Chengdu, China, 1424-1428. https://doi.org/10.1109/ICCT.2017.8359867

Tayal, S., Garg, P. & Vijay, S. (2020). Sites for Cellular Network Planning: In Applications of Geomatics
in Civil Engineering. Springer, Berlin/Heidelberg, Germany, 637-647.

Teague, K., Abdel-Rahman, M.J. & Mac Kenzie, A.B. (2019). Joint base station selection and adaptive
slicing in virtualized wireless networks: A stochastic optimization framework. In Proceedings of the
2019 International Conference on Computing, Networking and Communications (ICNC), Honolulu, HI,
USA, 859-863.

Yigitel, M.A., Incel, O.D. & Ersoy, C. (2016). Dynamic BS topology management for green next
generation HetNets: An urban case study. IEEE J. Sel. Areas Commun, 34, 3482-3498.
https://doi.org/10.1109/JSAC.2016.2621419

'Base Transceiver Station
% Internet of Things
zAranda etal.
Shen et al.
> Quality of Service
® Hanif et al.
” Atoll Radio Planning Software
¢ Assunanco et al.
® Mathar & Niessen
19 Awasthi & Arora
' Alenoghena et al.
2 Chen et al.
B Yigitel et al.
“Suietal.
1> Mattos et al.
'8 Long Term Evolution
" Teague et al.
'8 Tayal et al.
9 Afuzagani & Suyanto
20 Evolutionary firefly algorithm
*! Dai & Zhang
%2 Machine Learning
# Seda et al.
> Rappaport
% Garey & Johnson


https://doi.org/10.1109/ACCESS.2020.2990631
https://doi.org/10.1109/49.490417
https://link.springer.com/article/10.1023/a:1019263308849
https://link.springer.com/article/10.1023/a:1019263308849
https://doi.org/10.3390/app10248853
https://doi.org/10.1109/JSAC.2016.2621419



