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Abstract: In this paper, an analysis of path loss is made using an esapiriethod that allows obtaining a simplified equation fer th
received power calculation, which depends on fewer vaggmbian the propagation models traditionally-used in 2.HZ.Q he final
part is about the simplified equations obtained for two aoé&géxico city, which can be used to generalize the estiometif losses to
other areas with similar characteristics.
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1 Introduction devices, and which can coexist with HSPA and previous
systems, allowing operators a fast and simple migration to
At the present in the study of the LTE cellular mobile this new technology. LTE uses OFDMA (Orthogonal
communications signal, in tasks such as planning for new '€éduency Division Multiple Access) links to minimize
networks deployment, enlargement or adjustment ofinterference apd increase spectral efficiency using
existing coverage has a great dependence on theoreticGh@nnels of variable size between 1.25 and 20 MHz.
propagation models to estimate the path loss in the signal LTE is a radio technology that allows operators to
propagation. These theoretical propagation models wer@chieve even higher data speeds than with HSPA+.
generally developed in other countries or cities where theSpectrum management is also more flexible, allowing
constructions of buildings are made under differentgreater bandwidth. It is part of the evolutionary path of
regulations and conditions than those of México city [ GSM towards mobile broadband, EDGE, EDGE
[2], also adding different geographic, demographic andEvolution (EDGE +), UMTS, HSPA (HSDPA y HSUPA
environmental conditions. combined) and HSPA Evolution (HSPA +). Although
The propagation models used, such as Xia_Bertoni,HSPA and its evolution (HSPA+) are well pOSitiOHEd to
Walfisch-Bertoni or Winner Il communications channel, Provide mobile data services, LTE provides better latency
require previous calculation of several parameters thaperformance, higher transmission speeds, more flexible
depend on the environment in which they are going to bespectrum usage, and better use of multi-antenna
used P] [3] , which in some cases require a more delicatetechnologies (MIMO). LTE is also a packet-only network
calculation due to the various factors involved. In additio (PS, Packets Switching), thereby eliminating circuit
to the entry of new service providers in the country, led toswitching (CS, Circuit Switching). In LTE, the entire
the approach of the need to have a method to generate %twork architecture is ba.SEd on IP. LTE also allows the
simpler equation that characterizes the path loss of théandling of greater bandwidths.
LTE cellular mobile communications signal in the 2.13 According to #], LTE main capabilities are:
GHz frequency band, is important to be developed in
urban environments of interest, in this case, México city.  —Maximum theoretical transmission rate in the
In Release 8, 3GPP completed LTE system downlink (from the base station to the mobile) up to
specifications. The main objective is to provide 326 Mbps using 20 MHz bandwidth and 4x4 MIMO
high-performance radiofrequency access, which allows or 173 Mbps with 2x2 MIMO; or 86 and 58 Mbps
high transmission and reception speeds on mobile with 1x2 64 QAM respectively.
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—Maximum theoretical transmission rate in the uplink
(from mobile to base station) of 86.4 Mbps with 20
MHz bandwidth.

—Operation in both TDD (Time Duplex Division) and
FDD (Frequency Duplex Division).

—Scalable bandwidth from 1.25 to 20 MHz, including
1.25 MHz, 3 MHz, 5 MHz, 10 MHz, 15 MHz and 20

WhereK is given by @):

41y

K(dB) = —20l0gso [—] 3)

A
R (dBy) is considered to be 20W (dBy,).
Equation p), is valid if d > do
The value of y depends on the propagation

—ggrlzéiderable increase in spectral efficienc (numberofenvironment and together witK, determines the signal
P Y attenuation. To obtain the optimized valueyof we use

bits that can be transmitted per Hz), with an increase : .
regarding HSPA between 100% and 200%. the adjustment method using the mean square error of the

_Latency reduction, up to 10 milliseconds (ms), back measurements made in the field) @nd the calculated

and forth between the user’s equipment and the basé/alues.

station, and less than 100 ms the transition time from

inactive (idle) to active (connected) modes. n 5

F(y) = Z [Pempirical(di) - Pcalculateo(di)] (4)
A propagation model is a set of mathematical i=
expressions, diagrams and algorithms used to represent ]
radio characteristics of a given environment. Generally Where:

prediction models can be classified as empirical or —P.ypirical(di) is the power measured by the spectrum

statistical, theoretical or deterministic or a combinatid analyzer
these two or semi-empirical. —Peaiculateddi) is K — 10ylogio(d), which is based on
While empirical models are based on measurements, (2)

theoretical models are based on the fundamental principles
of radio wave propagation phenomena. The propagation
models predict the path loss that an RF signal can have
between a base station and a mobile or fixed receiver. The

Using @) , and consideringdp =0 f =2130MHz K
alue is obtained ing) :

advantage of modeling radio channels taking into account 4711d,

the characteristics of the path between Transmitter (Tx) K(dB) = —20l0g10 [T}

and Receiver (Rx), is to know the projects feasibility that

are desired to plan in certain sectors. In this way you can — 200910 { 4m(1m) } (5)
make estimation about the need, costs and capacity of the 0.14085m

required equipmentg]. — —39.009B

In this work, an analysis of the behavior of the LTE
signal in the 2.13 GHz frequency is made using a
procedure that allows us to obtain a simplified equation
for received power calculatior6] [7] [8]. The equation n

that defines the received power affected by path losses ag(y) = Zi [PEmpirica|(di) — (~39.009— 10V|0910(d1)ﬂ 2
a function of distance is given byt). i=
(6)

Substituting 2) and 6) in (4), we get 6):

P _RK do1” 1 Considering that‘”;—i,") — 0, y is obtained from @),
=R d (1) resulting in )
Where:
FY _ rical(ch) — (—39.009— 10ylogso(ch))]
—P is the received power expressediiBy, ay *I;[PE”‘P"'C’G"( i) — (~39.009— 10ylogao(dh))]

—R is the transmitted power expressediiBy,

—dp is reference value for the far field of the antenna, for
this work it is proposed to usd = 1m

—d is the distance between the transmitter (eNodeB) An Anritsu Spectrum Analyzer (MS2713E)9][
and the point where the measurement is made with th%onfigured in LTE Band 410 in the downlink and

spectrum analyzer (mts) EUARFCN 2150 channellf] is used to perform eNodeB
—yis the exponent of the path loss. power measurements. The distaicés calculated by the
Haversine equation, with the data of the eNodeB
coordinates and the point where the measurement with
the MS2713E is madé]. For Lindavista zone, a 5.Rn?
area is analyzed in which 24 eNodeB are located and
8000 power measurements are made; for San Rafael zone

=0
(@)

Based on7), received powerdBy,) is defined by 2)

P (dBy) = R(dBy) + K(dB) — 10/logio "
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is 7.5Km? and 17 LTE transmitters are detected and 3000 —Height between 10 and 15 meters. Very few

power measurements are made.
In LTE networks, the Cell-ID is a global identifier that

constructions above 15 meters with mainly residential
use

is assigned to each sector of a cell, the values that can be —Population: 21,601 inhabitants with little population
taken are 0-503, to make the measurements the MS2713E most of the week.

detects the Cell-ID with greater power and with base in
it the measurements are made; Tablghows the data of
the Cell-ID 99 for Lindavista zone, its location, number of

—Main activity in the zone: residential and school zone.
—Existence of open areas: A big sports park, sports,
cultural and governmental zone.

measurements made for that transmitter and the minimum —Vegetation level: medium

and maximum distances at which the measurements are -Roads amplitude: In the area analyzed, 4 primary

made. roads with amplitudes of 5, 6 and 8 lanes are
included. Remaining streets are mainly local traffic
with an average of 4 lanes so it is considered an area

Table 1: Cell identifier for Lindavista zone (Cell-ID 99) of wide roads.

Cell ID | Longitude | Latitude | Measurements
99 19.448511| -99.156231 232

Zone 2, known as San Rafael, is located in México
city center. The area has old buildings (dating from
around 1900-1910) as well as a high development of

The minimum distance between eNodeB and theapartment buildings. Additionally, it is one of the most
measurement is 10 mts, while the maximum distancemportant work and school zones in México city with a
between eNodeB and the measurement is 397 mts. high level of floating population that considerably

Substituting the 232 values df Tablelin (7), results ~ increases the people number who are present daily in the

in (8) area.
y=3.8188 (8)
bstituti . —Constructive features: constructions of middle and
Substituting 8) in (2), we get ) high height that on average go from 3 to 10 floors.
P (dBy) — 43— 39.009— 10(3.8188l0gg(dh)  (9) Oldest buildings are made of thick blocks

—Population: 60,644 inhabitants with high population
most of the week. Being the headquarters of various
companies and businesses, the amount of floating
population is high most of the days

—Main activity in the zone: residential, labor and
commercial zone

—Existence of open spaces: few, some sports courts in
schools.

—Vegetation level: low

—Roads amplitude: In the area analyzed, 2 primary
roads with amplitudes of 6 and 8 lanes are included.
Remaining streets are mainly for local traffic with an
average of 3 lanes so it is considered a zone of roads
of medium amplitude.

Hence, from @) we can generalize the final form of the
simplified equation for losses calculation of the LTE signall
at the 2.13 GHz frequency, which is shown Q).

P (dBm) = 43— 39.009— 10(y)logio(di)  (10)

2 Measurement areas

To perform this work, two of the most common and
interesting areas in México city are identified. For the
election of these zones, the following criteria are taken
into account:

Figurel shows the measurement zones selected

—Constructive features
—Population

—Main activity in the zone
—Existence of open spaces
—Vegetation level
-Wideness of roads

After analyzing different zones to perform the study, a
section of Lindavista colony and a section of San Rafael &
colony are chosen as measurement and analysis zones. %

Zone 1, known as Lindavista, is located in the North of
México city, which is an area of residential use, its main Fig. 1: Measurements areas (Lindavista zone and San Rafael
features are: zone)
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3 Data processing and analysis — e

The empirical values are collected by the spectrum
analyzer, and by the method shown in this work, equation
(10) is found. The measured power values show a random
behavior since electromagnetic propagation is affected by
fading and multipath; that is why for the purpose of
comparing the measured data against calculatetidy &

Power (dbm)

e

. :@?W“M\%

linear regression1[1] is used in order to adjust the : Ot s
measured data to a straight line, TaBlshows the first 5 8 s
values of the 232 measured for Cell-ID 99. et X+ Watssrn -+ St s tnengeson

Fig. 3: Curves of Xia-Bertoni and Walfisch Bertoni models

Table 2: Summary table for Cell-ID 99

Measured power Linear regressior| Calculated powe

# | Latitude Longitude | Distance (dBm) (dBm) (dBm)

1| 19.448503| -99.156326| 10.011 -65.6 -69.1263 -34.2094 Cell ID-453
2 | 19.448576| -99.156311| 11.084 -68.6 -69.2000 -35.8977

3 | 19.448629| -99.156258| 13.437 -68.1 -69.3617 -39.0898

4| 19.44854 | -99.156067| 17.514 -58.5 -69.641 -43.4838

5 | 19.448605| -99.156082| 18.817 -67.6 -69.7315 -44.6737

er (dBm)

With the data calculated irl() and the data in Tabl2 e
Figure2 is constructed, which shows the measured power
values, the linear regression and the values calculated b .
(10).

—Measured Power ~ © Xia_Bertoni  © Simplified Model @ Lineal Regression Walfisch-Bertoni

Fig. 4: Received power curves for Cell-ID 453

Cell-ID 99
b

i WWWF‘M ekl

Fig. 2: Measured power values, linear regression and calculated
values

Cell-ID 370

Power (dBm)

Fig. 5: Received power curves for Cell-ID 370

From Figure2 it is observed that the simplified
equation has a good approximation to what is measured in
field. To compare the power prediction of the simplified
equation, Figure3 shows the curves of Xia-Bertoni and This procedure is repeated for the 24 eNodeB of
Walfisch-Bertoni models which are widely used to model Lindavista and the 17 of San Rafael, TaBlshows the
electromagnetic signals behavior. summary of the values of

From Figure3, it can be seen that both Xia-Bertoni
and Walfisch-Bertoni make a lower estimate compared
with power measured in field. Equation proposedif) (
has a better approximation to what is measured with the

spectrum analyzer. This same analysis is performed for al Table 3: Summary ofy values

eNodeB found in Lindavista and San Rafael Zones.| 20n€ | Calculated Gammgy) | Average Gammay)
Figures4 and 5 show the graphs for Cell-ID 453y(= Zone 1 3-2upto3.9 3.51
3.91951) and Cell-ID 370/(= 3.8306). Zone 2 3.6upto4 3.84
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Substituting the average valueyih (10), the equation  [3] J. Ponce-Rojas, M. Eslava-Gutiérrez, Y. Jiménezhiand
that describes electromagnetic propagation in Zone 2 (San S. Vidal-Beltran, A Comparison between Theoretical and
Rafael) is given by11). Experimental Coverage Analysis in 3G Cellular Networks,

Int. J. Communications, Network and System Sciences, \ol.
5, pp 147-153 (2012).

P (dBm) = 43— 39.009— 10(3.84)l0g10(di) (11)  [4]J. M. Huidobro, Sistemas 4G. LTE en Comunicaciones
Moviles. Sistemas GSM, UMTS y LTE, Alfaomega Grupo
Editor, México City, (2013).

[5] C. JiménezAlvarez, Analisis Experimental de la Propagacion
de Sefales en Sistemas Moviles de Cuarta Generacion

P, (dBm) = 43— 39.009— 10(3.51)l0gso(d!) (12) &Z)Ii)c,oltd(azsgi;)c?egree Thesis, Instituto Politécnico Naeip

[6] A. Goldsmith, Wireless Communications, Cambridge

University Press, (2005).

[7]1A. Goldsmith and L. Greenstein, A measurement-based

. . . o . model for predicting coverage areas of urban microcells,
The result of this work is a simplified mathematical IEEE J. Selected Areas Commun., Vol. SAC-11, No. 7, pp.

expression that calculates the received power of a LTE  1513.1023 (1993).

signal. Equation 10) has two advantages over the (g7, s. Rappaport, Wireless Communications - Principles a
traditionally-used models, the first is its simplicity sénc Practice, Prentice Hall, 2nd Edition (2001).

once the environment is characterized yiait depends (9] Anritsu Co., Spectrum Master MS271xE User Guide,
only on the distance between the eNodeB and the ' Handheld Spectrum Analyzer, Anritsu Company, (2016).
receiver; the second is that based on Fig®eband5, it~ [10] ETSI TS 136 101, Evolved Universal Terrestrial Radio
presents a better fit to the data collected in the field Access (E-UTRA); User Equipment (UE) radio transmission
compared to what is obtained via other models. and reception (3GPP TS 36.101 version 8.25.0 Release 8).

The above represents an advance in electromagnetid1] M. Martinez Ramirez, Analisis de propagacion eeiiores
propagation, because this work provides a en labanda de 2.4 GHz para el disefio de cobertura de la
theoretical-practical procedure which simplifies the red IEEE802.11b/g de la ESIME Zacatenco, Master degree
calculation of the received power of a mobile Thesis, Instituto Politecnico Nacional, México, (2006)
communications signal and that can be easily replicated
in any environment of interest.

In México, the federal government is developing an
LTE network with national coverage in the 700 MHz
frequency band, this method can be applicable to this
frequency band, characterizing the different propagation
environments depending on the geographical region of
the country.

And the equation for Zone 1 (Lindavista) is given by
12

4 Conclusions
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