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Determination of MS Location through Building Using AoA
Method of Frequency 47 GHz

Andrita Ceriana Eska'

Abstract—This research discusses the determination of
mobile station (MS) location of the uoplink communication
system. The location delermination mobile station is based on the
angle-of-arrival (AoA) method. The communication propagation
is influenced hy building environment. The building environment
was modeled with diffraction method. Several diffraction
methods were used such as single knife edge, and multiple knife
edge method. The commumnication frequency used was 47 GHz
The analysis nsed percentage value at coverage area and
comparison of error percent values between two method to
determine mobile station location. The percentage of the
communication coverage area obtained was 71.4% or of 255
From 300 nodes. The comparison methods used for mobile station
location determination were the selection of the best SNR and
loealization technigue. The error percentage value hased on the
selection of the best SNR method is 0.95%. The error percentage
value based on localization technique method is 0.78%.

Keywords—single knife edge,

: multiple knife
bergedung. angle-of-arrival.

edge,

[. INTRODUCTION

Currently there are many millimeter wave utilizations for
communication systems. This is evidenced by a variety of
studies that have evolved 1o use high frequency. such as
research on measuring 60 GHz millimeter wave [reguency
propagation using broadband voice channel [1], and also
research for cellular propagation using frequencies of 38 GHz
and 60 GHz [2]. The wilization of these frequencies causes
armospheric artenuation due 1o the influence of water vapor
and oxyeen, as regulated by atmospheric atienuation standards
based on [TU-R in atmosphere [3].

In mobile communication systems, the existence of a
building height between Base Transceiver Station (BTS) and
Mobile Station (MS) can affect commumcation. The existence
of such buildings cian have a vanety of sizes, including the
height. A study utilized the existence of a building or building
in its testing [2]. Other swdies performed broadband
millimeter wave propagation measurements for urban cellular
communications [4], estimates using Angle-of-Amival (AoA)
on the 60 GHz frequency communication path [5], Angle-of-
Depuarture (AoD) and AoA estimites using mmWave FD
MIMO system [6]. and accuracy of TDoA and AoA methods
of localization using two stations [7].

This paper presents the use of BTS to determine the
location of MS based on AoA. Communication system is
formed in uplink condition between MS with BTS using
communication frequency 47 GHz. Given the high frequency
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utilization for the growing communication and the need for
increased data rates, the utilization of the millimeter wave
frequency is still worh investieating. Communication
propagation is formed in a state of unobstructed buildings or
buildings with varying heights. The MS trajectory is on 4 300-
meter mad model. The existence of these trajectories adjucent
to the existence of buildings or buildings, Methods o
caleulate the influence of multiple buildings or multi-building
15 the method of diffraction single knife edge and multuple
knife edge. The [requency used in the communication is 47
GHz. This high frequency can be affected by atmospheric
attenuation. In this paper. two BTSs are used to determine the
presence of MS. The analysis in this study involves the
utilization of macrodiversity from two base stations for the
determinaton of MS locations, Comparison of methods for
determining the location of this MS is the first 0 use the hest
SNR selection between the two base stations. The second uses
localization technigues. Several results are indicated by the
percentage ratio of the coverage area of the communication
between the two methods and the comparison of the
percentage error vilues between the two methods.

II. METHODOLOGY

Communication system modeling used is the relationship
between the BTS and the MS. The determination of the MS
location is determined using the Ao A method. The mechanism
of communication propagation is modeled by the environment
of the building, Single knife edge and multiple knife edge
methods are used to determine the propagation of such
communications. The communication [requency used is 47
GHz. The unlization of 47 GHz frequency which is a
millimeter wave for communication system continues o grow,
This high frequency can bhe affected by atmospheric
attenuation. Some of the atmospheric atienuation is the
influence of water vapor density and oxygen, Fig. | shows
almospherc attenuation [3], with air pressure characteristics
of 1.O13 hPa. temperature 15°C, and water vapor density of
7.5 g m-3. Equation (1) consists of. ¥, , the atmospheric
attenuation specification (dB / km), d, is the Line-Of-Sight
(LOS) distance (km). Equation (2} shows the value of y,.
which consists of ¥, and ¥, with y, is water vapor
dttenuation, whereas ¥, 1S oxyvgen attenuanon.

A= vyd (1)

Ya= Yo+ V- (2)

The condition of the communication environment is
modeled by the existence of buildings, BTS. and MS.
Macrocell BTS s made for the widest range of
communication propagation. Communication system used is
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in uplink conditions, with MS transmit power used for 1 watt.
Equation (3) is the noise value (N), which is formed [rom the
Boltzman (K) constant, bandwidith (B), standard noise
lemperature (To), and noise figure (F) [8]. The noise figure
used 1s 7 dB and the bandwidih used s 200 MHz.

Fig. | Charactoristics of atmosphernic altenuation.

‘ Building

(EIT]

Fig. 2 MS trujectory propagation model with BTA.

N=kT,BF. (3)

The calculation of pathloss value refers to (4). The eguation
is the Friis equation, which consists of several values, such as
the gain of the transmitting and receiving aniennas [8]. L
represents loss, GT is the gain transmitter (dB ), GR is the gain
receiver (dB), d represents the cormmurnication distance, and &
15 the wavelength (m). At (5) the signal-to-noise-ratios (SNR)
is shown in dB and & is the signal, also in dB.
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Fig. 2 shows the modeling of a woven environment. The
building variations used for environmental modeling can be
shown in Fig. 3. The width of the road 15 modeled as far as 24
meters. The width of the road consists of the Tollowing two
streets with the presence of sidewalks on both sides. The
height of the BTS is modeled as high as 30 meters. The MS
height is modeled at a height of 1.5 melers, while the distance
between the BTS is modeled as far as 400 meters.

The propagation mechamsm of muli-purpose or multi-
building communication can be modeled using the single
knife edee and multiple knife edee diffraction methods, as in
Fig. 4 [8]. Equation (6) shows the calculation of the effect of
the knife edge diffraction. Furthermore, the results are taken
into account with Frespel zones. Parameter v 18 a Fresnel-
Kirchhoff diffraction paranieter, & 15 the wavelength (m), his
the height of the diffraction point (m), also d; and d, is the
distance between the transmitter or receiver o the diffraction
point (m) [9].
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The AoA mechanism is shown in Fig. 5. In the picture
indicated angle parameter of downlink and uplink condition
between BTS with MS, with €. is an angle between LOS BS
or BTS and MS. MS broadside 8,404 is n (1 ... N) path for
LOS AoA 8,me and v is velocity vector [10]. Research
conducted focuses on uplink conditions with propagation
burrers in the form of varations of buildings that have
varying heighis.

I Jaiay+ dy)
1J Adada

(f)

[Tl. RESULTS

This section discusses the resulis of the study. The research
undertaken focuses on determining the MS locations based on
the angle of the AoA, SNR values are obtained from the
propazation results of uplink communication conditions with
multi-building blocks and atmospheric attenuation. The multi-
building obstacles in this study were analyzed vsing the Knife
edpes and multiple knife edges.

The results are shown in Fig, 6. The ligure shows an AoA
angle formed from each MS movement on the MS path. The
MS trajectory is 300 meters or 300 points. Each point is a
communication point between BTS and MS. AoA values form
the basis for MS location determination. The SNR value 18

ISSN 2550-0554 {Onling)
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shown in Fig. 7, SNR value of BTS | is shown in blue, while
SNR of BTS 2 is shown in red. SNR values seem o be
complementary when SNR decreases between BTS | and BTS
2. Technigues macrodiversity using BTS more than one can
help overcome the decrease in SNR value on other BTS. The
analysis presented in this research is to determine the location
of the MS using two methods, The {irst method is the location
of the MS: based on the best SNR bhetween the two base
stations, and the second method is the localization technigue.

In Fig. 8, it is indicated the location of the MS using the
first method and the second method. The MS positioning
results for the first method are shown in blue, while the
second method is shown in red. In the picture, it can be seen
severul dots of blue and red color overlap each other, Some of
the data show the MS travel is 10 meters, the location of the
M5 using the first method is 307.78 meters and using the
second method is 307.78 meters, When the MS travels 80
meters, the location of the MS using the first method as far as
304.26 meters and second method as far as 304.26 meters.
From the data, there is a similarity in the MS location
determination. Several points do not connect each other,
between the blue dots with red dots, it indicates the distance or
location of the MS wsing the first method. The second method
has a value difference that is guite high, Some of the data are
when the MS reaches 180 meters. The location of the MS
using the first method is 303.6 meters. The second method 1s
303.69 meters. When MS travels as far as 290 melers, the
location of the MS using the first method is 304.11 meters,
The second method is 303,73 meters,

More detail determining MS location is shown in Fig. 9. Tt
appears that some of the data have distances that are relatively
close such as when the MS travels 10 meters, indicating the
location of the MS using the [irst method of excess distance of
5.7% meters and the second method of the excess distance of
5.79 meters, When the MS travels 80 meters, the location of
the MS using the first method of excess distance is 4.4 meters.
The second method of excess distance of 4.4 meters. Some
data show relative [urther distance between the first method
and the second method, when the MS wavels 180 meters, the
location of the MS uses the first method of the excess distance
of 2.19 meters. The second method of the excess distance is
1.7 meters. When the MS travels 290 meters. the location of
the MS using the first method of excess distance i 3.82
meters. Furthermore, the second method of the excess distance
is 2.1 meters.

Fig. 10 shows the percent error value of the excess distance
from the actual MS location, using the [irst method and the
second method. For more details, see Fig. 1. The figure
shows some data when the distance from BTS | and BTS 2 is
relatively close. for example when the MS travel is 10 meters,
using the first method, it is obtained the percentage error of
1.92% while with the second method, it is obtined the
percentage error of 1.92%. When the MS wavel 80 meters,
with the first method it is obtained the percentage error of
1.45%, while with the second method it is obtained the
percentage error of 1.45%. The other data shows that the
distance of BTS | and BTS 2 is relatively far. When the MS

Andrita Ceriana Exka: Determination of MS Location through ...
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journey 180 meters, with the first method it is obtained ertor
of (.73%. while the second method of error percentage of
0.57%. When the MS tavel s 290 meters, the first method
generates an error of 1.27%, while the second method gives an
error of 0.69%,
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Fig. 9 The distunce over the MS location should be.

V. DISCUSSION

This section discusses the test resulis from the MS location
determination. The communication frequency used is 47 GHz.
The utilization of such frequencies can be affected by
atmospheric attenuation. Communication process used is in
uplink condition, The environment of communication
propagation is faced with the existence of buildings, MS
moves on track of 300 meters or to 300 points. As a result, the
BTS | shows the number of points of 225 points or 75%, and
on BTS 2 with 233 points or 77.67%.

The fully building conditions were analyzed using single
knife edge and multiple knife edge diffraction methods. The
location of the MS is based on the angle of AoA. Two BTSs
were used for MS location determination. The macrodiversity
of both BTSs has an effect on the improvement of the SNR.
The determination of the location of the MS was done by
comparing two methods, namely the first method of selecting
the best SNR value between the two base stations, and the
second method wsing the localization technigue, Resulis of the

Andrita Ceriana Eska: Determination of MS Location through ...
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area covered from both base stations genemite 255 points from
300 points or 71.4%. Dilferences from both methods can be
considered from the percentage of error, The avermge error
vilue of the first method is 0.95%, while the average error
vilue of the second method is 0.78%, thus it is shown thar the
method using localization technique in determining the MS
location is betier,
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Fig. 11 The permentuge value of excess distance cmor when distance from
bise sttions | and base 2 is relatively close together.

V. CONCLUSION

The determination of the MS location is based on AoA. The
MS moves on track of 300 meters, The communication
environmen! is modeled in the presence of buildings. The
modeling of the buildings is formed with different heights and
altitudes. The diffraction mechanisms uwsed for the
enviromment are single knife edges and muliiple knife edges,
The communication frequency used i1s 47 GHz. In
communication systems, the use of such frequencies can be
affected by the atmospheric attenuvation. For location
determinatnon MS used two BTS. The role of macrodiversity
of both base stations 1§ used o maintain communication. For
the determination of the location of MS, it is used the
comparison of two methods, namely the method of selecting
the best SNR and methods of localization technigues. In the
hest SNR selection method, from the two base stations, the
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average erfor mie is 0.95%, while the localization technique
method gives an average error rate of (.78%. Thus, methods
thar utilize localization techniques result in the determination
of the MS locations with better error values.
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Determination of MS Location through Building Using AoA
Method of Frequency 47 GHz

Andrita Ceriana Eska'

Abstract—This research discusses the determination of
mobile station (MS) location of the uoplink communication
system. The location delermination mobile station is based on the
angle-of-arrival (AoA) method. The communication propagation
is influenced hy building environment. The building environment
was modeled with diffraction method. Several diffraction
methods were used such as single knife edge, and multiple knife
edge method. The commumnication frequency used was 47 GHz
The analysis nsed percentage value at coverage area and
comparison of error percent values between two method to
determine mobile station location. The percentage of the
communication coverage area obtained was 71.4% or of 255
From 300 nodes. The comparison methods used for mobile station
location determination were the selection of the best SNR and
loealization technigue. The error percentage value hased on the
selection of the best SNR method is 0.95%. The error percentage
value based on localization technique method is 0.78%.

Keywords—single knife edge,

: multiple knife
bergedung. angle-of-arrival.

edge,

[. INTRODUCTION

Currently there are many millimeter wave utilizations for
communication systems. This is evidenced by a variety of
studies that have evolved 1o use high frequency. such as
research on measuring 60 GHz millimeter wave [reguency
propagation using broadband voice channel [1], and also
research for cellular propagation using frequencies of 38 GHz
and 60 GHz [2]. The wilization of these frequencies causes
armospheric artenuation due 1o the influence of water vapor
and oxyeen, as regulated by atmospheric atienuation standards
based on [TU-R in atmosphere [3].

In mobile communication systems, the existence of a
building height between Base Transceiver Station (BTS) and
Mobile Station (MS) can affect commumcation. The existence
of such buildings cian have a vanety of sizes, including the
height. A study utilized the existence of a building or building
in its testing [2]. Other swdies performed broadband
millimeter wave propagation measurements for urban cellular
communications [4], estimates using Angle-of-Amival (AoA)
on the 60 GHz frequency communication path [5], Angle-of-
Depuarture (AoD) and AoA estimites using mmWave FD
MIMO system [6]. and accuracy of TDoA and AoA methods
of localization using two stations [7].

This paper presents the use of BTS to determine the
location of MS based on AoA. Communication system is
formed in uplink condition between MS with BTS using
communication frequency 47 GHz. Given the high frequency
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utilization for the growing communication and the need for
increased data rates, the utilization of the millimeter wave
frequency is still worh investieating. Communication
propagation is formed in a state of unobstructed buildings or
buildings with varying heights. The MS trajectory is on 4 300-
meter mad model. The existence of these trajectories adjucent
to the existence of buildings or buildings, Methods o
caleulate the influence of multiple buildings or multi-building
15 the method of diffraction single knife edge and multuple
knife edge. The [requency used in the communication is 47
GHz. This high frequency can be affected by atmospheric
attenuation. In this paper. two BTSs are used to determine the
presence of MS. The analysis in this study involves the
utilization of macrodiversity from two base stations for the
determinaton of MS locations, Comparison of methods for
determining the location of this MS is the first 0 use the hest
SNR selection between the two base stations. The second uses
localization technigues. Several results are indicated by the
percentage ratio of the coverage area of the communication
between the two methods and the comparison of the
percentage error vilues between the two methods.

II. METHODOLOGY

Communication system modeling used is the relationship
between the BTS and the MS. The determination of the MS
location is determined using the Ao A method. The mechanism
of communication propagation is modeled by the environment
of the building, Single knife edge and multiple knife edge
methods are used to determine the propagation of such
communications. The communication [requency used is 47
GHz. The unlization of 47 GHz frequency which is a
millimeter wave for communication system continues o grow,
This high frequency can bhe affected by atmospheric
attenuation. Some of the atmospheric atienuation is the
influence of water vapor density and oxygen, Fig. | shows
almospherc attenuation [3], with air pressure characteristics
of 1.O13 hPa. temperature 15°C, and water vapor density of
7.5 g m-3. Equation (1) consists of. ¥, , the atmospheric
attenuation specification (dB / km), d, is the Line-Of-Sight
(LOS) distance (km). Equation (2} shows the value of y,.
which consists of ¥, and ¥, with y, is water vapor
dttenuation, whereas ¥, 1S oxyvgen attenuanon.

A= vyd (1)

Ya= Yo+ V- (2)

The condition of the communication environment is
modeled by the existence of buildings, BTS. and MS.
Macrocell BTS s made for the widest range of
communication propagation. Communication system used is

Andrita Ceriana Exka: Determination of MS Location through ...


http://repository.unej.ac.id/
http://repository.unej.ac.id/

PD FMEW&S[S Xo F{%ecp e%rhseiro‘-_ﬂl 7

in uplink conditions, with MS transmit power used for 1 watt.
Equation (3) is the noise value (N), which is formed [rom the
Boltzman (K) constant, bandwidith (B), standard noise
lemperature (To), and noise figure (F) [8]. The noise figure
used 1s 7 dB and the bandwidih used s 200 MHz.

Fig. | Charactoristics of atmosphernic altenuation.

‘ Building

(EIT]

Fig. 2 MS trujectory propagation model with BTA.

N=kT,BF. (3)

The calculation of pathloss value refers to (4). The eguation
is the Friis equation, which consists of several values, such as
the gain of the transmitting and receiving aniennas [8]. L
represents loss, GT is the gain transmitter (dB ), GR is the gain
receiver (dB), d represents the cormmurnication distance, and &
15 the wavelength (m). At (5) the signal-to-noise-ratios (SNR)
is shown in dB and & is the signal, also in dB.
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Fig. 2 shows the modeling of a woven environment. The
building variations used for environmental modeling can be
shown in Fig. 3. The width of the road 15 modeled as far as 24
meters. The width of the road consists of the Tollowing two
streets with the presence of sidewalks on both sides. The
height of the BTS is modeled as high as 30 meters. The MS
height is modeled at a height of 1.5 melers, while the distance
between the BTS is modeled as far as 400 meters.

The propagation mechamsm of muli-purpose or multi-
building communication can be modeled using the single
knife edee and multiple knife edee diffraction methods, as in
Fig. 4 [8]. Equation (6) shows the calculation of the effect of
the knife edge diffraction. Furthermore, the results are taken
into account with Frespel zones. Parameter v 18 a Fresnel-
Kirchhoff diffraction paranieter, & 15 the wavelength (m), his
the height of the diffraction point (m), also d; and d, is the
distance between the transmitter or receiver o the diffraction
point (m) [9].
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Fig. 7 SNR upimk condition passes o multi-purpose building block frequency
of 47 GHz.

2dyidy
44 .
A {dyt dg)

The AoA mechanism is shown in Fig. 5. In the picture
indicated angle parameter of downlink and uplink condition
between BTS with MS, with €. is an angle between LOS BS
or BTS and MS. MS broadside 8,404 is n (1 ... N) path for
LOS AoA 8,me and v is velocity vector [10]. Research
conducted focuses on uplink conditions with propagation
burrers in the form of varations of buildings that have
varying heighis.

I Jaiay+ dy)
1J Adada

(f)

[Tl. RESULTS

This section discusses the resulis of the study. The research
undertaken focuses on determining the MS locations based on
the angle of the AoA, SNR values are obtained from the
propazation results of uplink communication conditions with
multi-building blocks and atmospheric attenuation. The multi-
building obstacles in this study were analyzed vsing the Knife
edpes and multiple knife edges.

The results are shown in Fig, 6. The ligure shows an AoA
angle formed from each MS movement on the MS path. The
MS trajectory is 300 meters or 300 points. Each point is a
communication point between BTS and MS. AoA values form
the basis for MS location determination. The SNR value 18
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shown in Fig. 7, SNR value of BTS | is shown in blue, while
SNR of BTS 2 is shown in red. SNR values seem o be
complementary when SNR decreases between BTS | and BTS
2. Technigues macrodiversity using BTS more than one can
help overcome the decrease in SNR value on other BTS. The
analysis presented in this research is to determine the location
of the MS using two methods, The {irst method is the location
of the MS: based on the best SNR bhetween the two base
stations, and the second method is the localization technigue.

In Fig. 8, it is indicated the location of the MS using the
first method and the second method. The MS positioning
results for the first method are shown in blue, while the
second method is shown in red. In the picture, it can be seen
severul dots of blue and red color overlap each other, Some of
the data show the MS travel is 10 meters, the location of the
M5 using the first method is 307.78 meters and using the
second method is 307.78 meters, When the MS travels 80
meters, the location of the MS using the first method as far as
304.26 meters and second method as far as 304.26 meters.
From the data, there is a similarity in the MS location
determination. Several points do not connect each other,
between the blue dots with red dots, it indicates the distance or
location of the MS wsing the first method. The second method
has a value difference that is guite high, Some of the data are
when the MS reaches 180 meters. The location of the MS
using the first method is 303.6 meters. The second method 1s
303.69 meters. When MS travels as far as 290 melers, the
location of the MS using the first method is 304.11 meters,
The second method is 303,73 meters,

More detail determining MS location is shown in Fig. 9. Tt
appears that some of the data have distances that are relatively
close such as when the MS travels 10 meters, indicating the
location of the MS using the [irst method of excess distance of
5.7% meters and the second method of the excess distance of
5.79 meters, When the MS travels 80 meters, the location of
the MS using the first method of excess distance is 4.4 meters.
The second method of excess distance of 4.4 meters. Some
data show relative [urther distance between the first method
and the second method, when the MS wavels 180 meters, the
location of the MS uses the first method of the excess distance
of 2.19 meters. The second method of the excess distance is
1.7 meters. When the MS travels 290 meters. the location of
the MS using the first method of excess distance i 3.82
meters. Furthermore, the second method of the excess distance
is 2.1 meters.

Fig. 10 shows the percent error value of the excess distance
from the actual MS location, using the [irst method and the
second method. For more details, see Fig. 1. The figure
shows some data when the distance from BTS | and BTS 2 is
relatively close. for example when the MS travel is 10 meters,
using the first method, it is obtained the percentage error of
1.92% while with the second method, it is obtined the
percentage error of 1.92%. When the MS wavel 80 meters,
with the first method it is obtained the percentage error of
1.45%, while with the second method it is obtained the
percentage error of 1.45%. The other data shows that the
distance of BTS | and BTS 2 is relatively far. When the MS
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journey 180 meters, with the first method it is obtained ertor
of (.73%. while the second method of error percentage of
0.57%. When the MS tavel s 290 meters, the first method
generates an error of 1.27%, while the second method gives an
error of 0.69%,
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8 Results of the determinution of MS location nsing method | and 2.
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Fig. 9 The distunce over the MS location should be.

V. DISCUSSION

This section discusses the test resulis from the MS location
determination. The communication frequency used is 47 GHz.
The utilization of such frequencies can be affected by
atmospheric attenuation. Communication process used is in
uplink condition, The environment of communication
propagation is faced with the existence of buildings, MS
moves on track of 300 meters or to 300 points. As a result, the
BTS | shows the number of points of 225 points or 75%, and
on BTS 2 with 233 points or 77.67%.

The fully building conditions were analyzed using single
knife edge and multiple knife edge diffraction methods. The
location of the MS is based on the angle of AoA. Two BTSs
were used for MS location determination. The macrodiversity
of both BTSs has an effect on the improvement of the SNR.
The determination of the location of the MS was done by
comparing two methods, namely the first method of selecting
the best SNR value between the two base stations, and the
second method wsing the localization technigue, Resulis of the
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area covered from both base stations genemite 255 points from
300 points or 71.4%. Dilferences from both methods can be
considered from the percentage of error, The avermge error
vilue of the first method is 0.95%, while the average error
vilue of the second method is 0.78%, thus it is shown thar the
method using localization technique in determining the MS
location is betier,
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Fig. 10 The percentage emor value of excess distance from the MS location

should be.
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Fig. 11 The permentuge value of excess distance cmor when distance from
bise sttions | and base 2 is relatively close together.

V. CONCLUSION

The determination of the MS location is based on AoA. The
MS moves on track of 300 meters, The communication
environmen! is modeled in the presence of buildings. The
modeling of the buildings is formed with different heights and
altitudes. The diffraction mechanisms uwsed for the
enviromment are single knife edges and muliiple knife edges,
The communication frequency used i1s 47 GHz. In
communication systems, the use of such frequencies can be
affected by the atmospheric attenuvation. For location
determinatnon MS used two BTS. The role of macrodiversity
of both base stations 1§ used o maintain communication. For
the determination of the location of MS, it is used the
comparison of two methods, namely the method of selecting
the best SNR and methods of localization technigues. In the
hest SNR selection method, from the two base stations, the
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average erfor mie is 0.95%, while the localization technique
method gives an average error rate of (.78%. Thus, methods
thar utilize localization techniques result in the determination
of the MS locations with better error values.
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