64 J. ICT Res. Appl., Vol. 8, No. 1,2014, 64-83

CINR Performance of Downlink Mobile WIMAX |EEE
802.16e Deployed Using Coexistence Cellular Terrestrial
and HAPS

Iskandar & Andi Wahyudi

Telecommunication Scientific Group, School of Eteal Engineering and Informatics
Institut Teknologi Bandung Jalan Ganesha No. 1@dBag 40132, Indonesia
Email: iskandar@stei.itb.ac.id

Abstract. Deploying WiMAX through High Altitude Platform Sian (HAPS)
system is a new means of wireless delivery metmabtlus attracting much the
attention in a telecommunication society. Howewvelivering WiMAX through
the terrestrial network has already been startézlvayears ago. Therefore, we
need to look at the scenario of coexistence systaetin of HAPS and terrestrial
in delivering WIMAX services. This paper evaluatéise performance of
coexistence system between cellular HAPS and teakdor the downlink
scenario when they are transmitting WiMAX mobile286e services. Our
evaluation is based on the performance simulationoexistence model using
two methods. First method is a footprint exchangevben the two systems. The
second method is a combination of footprint excleamgd HAPS footprint
enhancement. The proposed methods are then evdilmateomputer simulation
in terms of carrier to interference plus noise aatCINR) performance. In
general, both methods resulting performance enmmasce in CINR quality
compared with coexistence deployment with normatnaco of the cell
configuration used by HAPS and terrestrial. Thehudtof combining footprint
exchange and HAPS footprint enhancement is abimpoove CINR more than
10 dB compared with the normal footprint configioatfor all users location
inside the coverage.
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1 Introduction

Providing worldwide interoperability for microwaveccess (WiMAX) in the
3.5 GHz frequency band via HAPS is an effectivep dt@ provide wireless
broadband communications [1]-[4]. In these literaf) coexistence
performances of deploying WIMAX via HAPS and tetried have been
evaluated in terms of capacity and channel perfooma HAPS has been
recommended by the International Telecommunicdtloion (ITU) as a novel
wireless infrastructure to provide communicationttie mm-wave broadband
wireless access (BWA) communication frequency band third-generation
(3G) [5]-[7]. Investigations on HAPS have been feedi on the mm-wave band
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and code division multiple access (CDMA) scheme.PiSAsystem has many
characteristics, i.e. high receiver elevation andiee of sight (LOS)
transmission, wide coverage area, and very larggilalition of mobile users.
These potential characteristics are making HAPS1ecvery competitive to
the conventional satellite and terrestrial systé&inthe same time this novel
wireless system is able to provide overall bettegstesn performance, better
capacity, and more cost-effective than conventisa#llite or terrestrial system
[8]-[13].

Mobile WIMAX (IEEE 802.16e) has now been develofrednany countries in
the world as a broadband wireless access technal@iyuses OFDMA as a
multiple access technique [14]-[15]. Deploying meblViMAX through HAPS
will become a phenomenal breakthrough for the wofléelecommunications.
With hundreds of WIMAX base stations carried by FARhis will make it
much more cost-effective infrastructure. MeanwhileMAX mobile users will
enjoy a good quality of the channels provided byR$A But the problem will
arise when mobile WIMAX is provided by HAPS systeéhat coexist with
mobile WIMAX provided by terrestrial system and shaéhe same frequency
band. We called it as a coexistence system [16)alhtbe our major evaluation
in this paper.

2 MobileWiIMAX System Profile

Mobile WiIMAX technology requires a standard thamh ¢ developed and used
widely. For example modulation schemes that aresidened in mobile
WIMAX are BPSK, QPSK, 16-QAM and 64-QAM and the i@ard error
correction (FEC) is chosen to be convolutional ngdvith the coding rates, i.e.
1/2, 2/3, 3/4 and 1 (no-coding). Each combinatibthe modulation and coding
modes gives one AMC mode. For adaptive modulatimhading, the transmit
power from the RSs and the BSs should be kept aohdtlany parameters can
be used to evaluate the performance of mobile nm&twwwever we use co-
channel interference parameter in this contributionevaluate coexistence
scenario between cellular HAPS and terrestrial.

As for comparison of mobile WiMAX parameter used dellular network,
Table 1 shows required CINR and spectral efficietigt can be achieved in
practice. From that table we conclude that the drighe modulation level the
better the spectral efficiency but the bigger #guired CINR. It means to get a
very good performance we need higher transmit povegr high level
modulation such as in 64-QAM modulation. In parécusituation, such
conclusion sometimes is incorrect due to a veryh Higvel of co-channel
interference and also multipath fading. In thisdgtua case of downlink
transmission of mobile WiMAX served from HAPS aradréstrial network is
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simulated under AWGN channel. The mobile WiIMAX syst profile defined
by WIMAX Forum is used as a reference. The systanarmpeters are listed in

Table 2.

Tablel Modulation and Coding Schemes (MCS).

. . Required Spectral
No. Modulation Coding CINR (dB) Efficiency
MCS1 BPSK 1 6.4 1
MCS2 QPSK 1/2 9.4 1
MCS3 QPSK 3/4 11.2 15
MCS4 16-QAM 1/2 16.4 2
MCS5 16-QAM 3/4 18.2 3
MCS6 64-QAM 2/3 22.7 4
MCS7 64-QAM 3/4 24.4 4.5
Table2 Mobile WIMAX System Profile.
Parameter Value
Cell layout 7 hexagon cells
Cell radius 1400 m
Number of RS (per cell) 6
Duplex mode TDD
Carrier frequency 3.5GHz
Channel bandwidth 10 MHz
Sub-channel bandwidth 262.5 kHz
Frame duration 5ms
FFT size 1024

Antenna height
Antenna gain
Antenna type
Antenna number
Inter-site distance
HHO threshold
MDHO threshold
Active Set size
Lognormal shadowing
Noise figure

Fast fading

BS:32m, RS: 15 m, MS: 15 m
BS: 14 dB, RS: 12 dB, MS: 0 dB
Omni-directional
1x1
BS-BS: 2.8 km
6 dB
3dB
2
8.2dB
BS/RS: 4 dB, MS: 7 dB
Jakes spectrum
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3 Coexistence Model

The cellular concept is a breakthrough in solvifhg toroblem of limited
spectrum and user's capacity. It offers high cdpaiti a limited spectrum
allocation without making major changes in techggloThe concept is a
mobile concept at the system level with the idegefdace the transmitter with a
high power (the wide cell) with a much lower tranitsen power (a small cell).
Each of which provides coverage to only a smalltiporof the service area.
Like in terrestrial mobile concept, the entire fueqcies or channels are
assigned to each base station in a service aremeTthannels are then used
again in another base station and this conceptsrdte as frequency reuse
technique. With this well-known technique the cagyaof cellular system is
dramatically increase compared with the system thsés conventional
technique. However, this scheme is vulnerable & db-channel interference
which if we do not carefully design the system aiyawould be dropped far
away behind the conventional system capacity. 8yafie way to provide space
between the base station and the channel is thrinegmarket group. Available
channels are distributed via geographic area andbeaused again as needed
during the interference among co-channel statisasuader the level that can
be received.

This basic principle is the foundation for all madewireless cellular
communication systems, because it allows a fixadber of channels to serve a
large number of subscribers and change the repmatd) channels through the
coverage area. Furthermore, the concept of moljlépement is designed to
allow each subscriber in a country or continensuke right-channel so that the
same mobile equipment can be used anywhere angivéhene in a region. In
order to simplify the model and hence evaluatiorcuéar cell model is used to
represent HAPS footprint which in the normal coricee used hexagonal
shape. We also use N cells for one cluster so wsider the frequency reuse
with the cluster size of N cells and they are ushmgysame frequency. From the
basic of cellular concept, N is formulated using thllowing equation.

N=f +F +(IxJ), 1J=0123... (1)

Hence, we evaluate 3, 4, and 7 as possible valoesNf (cluster size).
Accordingly, the minimum distance (D) between thecbannel cells is a
function of N and R (cell radius) and given as [17]

D=R+3N 2

Figure 1 shows an example of frequency reuse pattever HAPS cellular
system using cluster size N = 7. Co-channel cebisdepicted with the same
color. Frequency reuse allows the use of same éremyualready employed in
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other cells nearby, thus allowing frequencies to umed for multiple
simultaneous communications.

HAP parameters:

- Antenna gain 14 dBi
- Transmitter power 10 dBm
- Roll off rate 3.3

Terrestrial tower parameters:
- Antenna gain 14 dBi
- Transmitter power 10 dBm

Frequency 3.5 GHz
Bandwidth 10 MHz
Thermal noise power -98 d
User antenna sidelobe |

|-30 dB

Figure2 Coexistence Scenario.

Although HAPS propagation model has been studiegaiticular research for
frequency in 3,5 GHz such as intended for thedfis®iMAX system, it is not
so much result in propagation study. An extremédh tposition of HAPS lead
to the free space model for propagation rather gwaopagation model for
terrestrial in which it includes many reflectiondamultipath propagation.
Geometry of HAPS communication brings many users ate located near the
cell center to have a line of sight path to looktatHAPS. Even some
reflections and diffractions contribute to the pagption but for the high
elevation angle user (user that located near natig)propagation model can be
approached by free space loss model. Free spagamiodel is a well-known
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propagation model which includes frequency andadist between HAPS and
user using the following formula.

Lpy = 3245+20log fyy, +20logd, 3

In Figure 2, the main issue must be considerefli;jmmodeling. The use of the
same frequency band between HAPS and terrestiséérsycalled coexistences
will be tested in this paper. Parameters of thdesyssimulation model are
specifications for Mobile WiMAX 802.16e and WiMAXAPS [18]-[19].

Cell configuration used in modeling cellular HARSdiescribed in Figure 3. It is
considered that there is only a single HAPS empmldyg multibeam antenna
floating at an altitude of 17 km serving multiplells. The radius of HAPS
coverage area depends on the elevation anglex&ong@e if elevation angle is
5°, coverage radius will be near 100 km. Howeverunmodel we assume that
HAPS coverage is about 30 km which refers to tlevatlon angle of 50
HAPS cell radius is assumed to be of 8 km. We asstirat the simulated
number of cells in our simulation is 19 and theg hexagonally arranged and
clustered in different frequency reuse patternsoteer the whole HAPS service
area.

Table3 Cell Coordinate.

C1=(0,0) C6 = (-2a, 0) Cl1 = (4a,0) C16 = (-325r)
C2=(a, 1.5r) C7 =(-a, 1.5r) C12 =(3a, -1.5r) 7Gi(-4a, 0)
C3=(2a,0) C8=(0,3r) C13 =(2a, -3r) C18 =a(-B.5r)

C4=(a, -1.5r) C9=(2a,3r) C14 = (0, -3r) C1023, 3r)
C5=(-a, -1.5r) C10=(3a,1.5r) C15=(-2a,-3r)

The numbering of the cells is intended not onhaasuse frequency allocation
scheme but also to make easy in simulation andipeisig. The cell coordinate
of each cell is determined first and the resutefesented in Table 3. It is used
as terrestrial footprint coordinate or HAPS foatprcoordinate both in cells
footprint exchange method and in enlargement aid é@otprint exchange
method. System that coexistence between the HABS station (H-BS) with
the terrestrial base station (T-BS), such as inuf€ig4, provides mutual
interference in each user if the system uses thee deequency or called co-
channel interference. Position of this co-chane#ldepends on the cluster size
used by the system. The larger the clusters siedatfther the distance among
co-channel cells. Therefore the interference Iélvat occurs at the testing cell
will be smaller. In addition, enlargement of theister size will decrease the
number of co-channel cells so that the number b teat interfere the other
cells will be on the wane. An antenna radiatiortgratis an important thing and
critical design factor in determining the perforroarof radio communication
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systems. Ideally in cellular system, the antennisepawould radiate uniform
power across its serving cell and no power shaalldfitside. In practice, there
is unavoidably power spilling outside the coveragea, which can cause
interference to other cells.

40

30 b st
20
10

Y distance from the nadir of HAP
(km)
o

40 -30 20 10 0 10 20 30 40
X distance from the nadir of HAP
(km)

Figure3 Cell Number.

<«——— Desired signal - HAP/terrestrial system cell
< — — — Interfering signal -
— — — — Boresight of HAP antenna

HAP co-channel cell

4)’ 9 Angle away from boresight z Terrestrial base station

Figure4 Cell Number.
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In this paper, we employ a directive antenna patitef1], [2], [20]-[22], which
can ensure more power radiated in the desiredtinscand decrease the power
radiated towards undesired directions, on botrtHAPS and ground user [23]-
[26]. Antenna models are presented in (1) andré&pectively. The gaidy (¢)

of the HAPS antennas at an anglevith respect to its boresight, and that of the
ground receiver antennd;(6) at an angled away from its boresight are
approximated by a cosine function raised to a powéoff factor n and a
notional flat sidelobe leved;. Gy and G, represent the boresight gain of the
HAPS antennas and user antenna, respectively [24]:

A1) = Gy (madcos™ (g).s,]) (4

Ay 6) =Gy (max{cos"“ ), s ]) (5)

Figure 5 shows the curve resulted from this equatiy using proposed
parameters. Following equations describe the oglahiip between terrestrial
and HAPS system in terms of the downlink perforneanc

1. Downlink coexistence performance of the T-BS to tiser (performance
experienced by terrestrial users):

[PTATAY(6)]/PLTy
CIR = 5
roH Z?l:q[PHiAHi(lp)AUi(G)]/PLHiU + Z?’:To [PriATiAyi(0)]/PLriv (6)
CINRTU,H = [PTATAU(G)]/PLTU

N N
Ng + 3, 2 [Phidni(@) Ayi(0)]/PLyiy + 3,5 [PriATiAui(6)]/PLriy

Gain antenna HAP every 500 m Gain antenna User every 500 m

138
136 : K
i34 : == 0

& 132 o f
ol 13 T °
£ 128 £ 20
0 126 o ‘_25
124 -

| ib¥) ESs , 30
N S ss
< = 11.8 T i 0

Distance from nadir (Y km) ~ Distance from nadir (X km) ~ Distance from nadir (Y km) Distance from nadir (X km)

(@HAPS Antenna. b) User Antenna.

Figure5 User's and HAPS'’s antenna gain.

2. Downlink coexistence performance of the H-BS to tiser (performance
experienced by HAPS user):
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CIRyyr = [PHAH(9)Ay(0)]/PLuy
' Z?’:If,[PHiAHi(<P)AUi(9)]/PLHiU + Z?’:T;[PTL'ATL'AUL'(G)]/PLTL'U
CINRHU,T -
[PuAH(9)Ay(6)]/PLyy
o 7 )
Np+ 3,20 [PaiARi(@)Ayi(0)]/PLyiy + X, [PTiATiAyi(0)]/PLTiy
where
CIRywu T . Carrier to Interference Ratio from HAPS tormaed coexisting
with the terrestrial system.
CINRqyr : Carrier to Interference plus Noise Ratio from HABSIser and
coexisting with the terrestrial system.
CIRwuH . Carrier to Interference Ratio from Terrigdt to user and
coexisting with the HAPS system.
CINRyy @ Carrier to Interference plus Noise Ratio frderrestrial to user
and coexisting with the HAPS system.
Py . Power transmit by the HAPS antenna
P . Power transmit by the Terrestrial antenna
Ar : Antenna Gain of T-BS
NH . Number of HAPS co-channel cell using the s&mguency
Nr : Number of Terrestrial co-channel cell using #ame frequency
Ne . Noise Power.

4  Proposed Method

In order to reduce interference perceived by taisésand HAPS users due to
signal coming from H-BS or T-BS we employ the fallog two methods. First
method is a cell exchange between HAPS cell amdsteial cell as described in
Figure 6(a). We employ the cluster size of 7 in simulation which means
there are 7 different cells operating at differdrequency. To minimize
interference between T-BS and H-BS we exchangedheof HAPS to move
away from cell terrestrial. This technique allowacle H-BS moves away to
different position that is far enough from co-chaneell of T-BS to avoid co-
location. Finally, HAPS cells configuration is clgaad from initial arrangement
to reduce interference. Cells footprint exchangéhoe have the principle that
the more remote from the source of co-channelfertence then the influence
of interference will decrease. This method doesedtice or enlarge the size of
the cell so that it does not affect the amountedjfiency reuse in the system.

Enlarge and exchange cells footprint method haveseguences that HAPS
cells footprint are bigger. As is known, more reenfsom the center of the cells,
because of larger cells, performance experiencethbyusers will decrease.
Now let we simulate terrestrial footprint and HAR®tprint using 1/7 reuse
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factor. This method is performed by placing thdscel the HAPS and terestrial
position clear of each other between the same ffimd$p This result reduces the
influence of co-channel interference that comemfFHAPS and terestrial.

" Terrestrialcells © | " HAPScels =~ | | = Terfestrialcells © |7 T HAPS.cells

T

A(a.).AAAAAA (b)
Figure6 Proposed method to improve CINR using 7 cell repatern: (a)

Cells footprint exchange, (b) Enlargement and foatprint exchange.

The second method of improving user's performance ai coexistence
deployment of WIMAX HAPS and terrestrial is perfadhby combination of
cell exchange and HAPS cell enlargement. Figu(t®) 8hows the application of
this method. While we are doing cell exchange likéhe first method, we also
enlarge the size or radius of HAPS cell. In thipeximent we perform cell
enlargement by/3 times the radius of theerrestrial footprint cells and place
them in a position farthest from the same color.tiWihis method the
probability of a user suffers from signal interigce is reduced by their
possibility location to the larger area then in@t enlarged. By calculating all
possibility locations inside the enlarged cell, ®INf a user can be obtained by
computer simulation. In our simulation, some techhiparameters for
terrestrial and HAPS are set to be the same anck swiver is specific as
presented in Table 4.

In the simulation we assume that there are 19 petiected from HAPS base
station and also 19 cells produced by terrestiaaklstation using 7 cells reuse
pattern. It means that we consider up to two laypdrsells contribute as co-
channel cells. There are 4 possibilities of ussitgation during which they
received co-channel interference from co-channks.cé&/e create cell identity
to indicate that cell belongs to terrestrial bas¢éian or HAPS base station. For
example cell with initial identity number TC meatisat cell belongs to
terrestrial base station and HC belongs to HAP® Iséation. Therefore there
are 19 TC from TC-1 up to TC-19 and also therel&d{C from HC-1 up to
HC-19. We assume that there are three scenariofoangossibilities of co-
channel interference produced to reference cell.
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Table4 Evaluation Parameters.

Parameter H-BS T-BS
Coverage Radius 30km (Ry) 7 km (R
Transmitter Height 17 km (H) 32m (H)
Transmitter Power 40 dBm (R) 40 dBm (B)

Antenna Gain 14 dBi (Qy) 14 dBi (&)
Roll-off Rate 3.3 (R) N/A
Antenna Efficiency 80 %

User Roll-off Rate 58 (R)

User Boresight Gain 0dB (@)

User Antenna Height 1.5m (H)
Sidelobe Level - 30 dB (s)
Bandwidth 10 MHz DL/UL (TDD)
Frequency 3.5GHz

Thermal Noise Floor - 98 dBm (N)

5 Simulation Result

Now we focus on the simulation result in which exion considered for three
scenarios. Those are overlapping situation betwdé®S and terrestrial
footprint, cell exchange between terrestrial andP$Afootprint, and the third
scenario is cell exchange combine with cell enlergret of HAPS footprint.
The simulation results are presented using theecaf\CINR spreading on the
area of each cell from the center to the edge rieetidimensional form. Shape
of the CINR curve depends on position of co-chancells that causing
interference. Level of CINR perceived by a usezagsed by the number of co-
channel interference cell. Co-channel interfereseiefor overlapping scenario,
cell exchange scenario, and cell exchange andHedlIS enlargement scenario
are shown in Table 5, Table 6, and Table 7, resptygt

Table5 Overlapping Scenario.

User Co-channd interferer cell
P055|b!l|ty User test: user terrestrial User test: User HAPs
L ocation
1 TC-1, HC-1 HC-1:TC-1
2 TC-3:TC-16, TC-19, HC-3, HC- HC-3: HC-16, HC-19, TC-
16, HC-19 3, TC-16, TC-19
3 TC-10: TC-6, TC-13, HC-6, HC- HC-10: HC-6, HC-13, TC-
10, HC-13 6, TC-10, TC-13
4 TC-11:TC-5, TC-8, HC-5, HC-8, HC-11 : HC-5, HC-8, TC-5,

HC-11 TC-8, TC-11
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Table6 Cell Exchange Scenario.

User Co-channel interferer cell
F:_oosc?;;lilgﬁ]y User test: user terrestrial User test: User HAPs

1 TC-1: HC-2, HC-14, HC-17 HC-1:TC-7, TC-12, TC-15

2 TC-3:TC-16, TC-19, HC-4, HC-2 : HC-14, HC-17, TC-1
HC-9, HC-18

3 TC-7 : TC-12, TC-15, HC-1 HC-3: HC-16, HC-19, TC-2,

TC-14, TC-17

4 TC-10: TC-6, TC-13, HC-7, HC-10 : HC-6, HC-13, TC-5,

HC-12, HC-15 TC-8, TC-11

Table7 Cell Exchange and Cell HAPS Enlargement Scenario.

User Co-channedl interferer cell
Pl_oosii'ig;y User test: user terrestrial User test: User HAPs
1 TC-1: HC-10 HC-1:TC-7, TC-12, TC-15
2 TC-3:TC-16, TC-19, HC-14 HC-10: TC-1
3 TC-7 : TC-12, TC-15, HC-1 HC-12: TC-2, TC-14,-1IC
4 TC-10: TC-6, TC-13, HC-8 -

Now we describe CINR of user terrestrial and usAPH for the scenario of
overlapping using reuse factor of 1/7. There apogsibility of cell co-channel
interferer which resulting 4 possible CINR. Figufeshows terrestrial user
position at the center of the cell has the big@#BIR means that it receives less
interference compare to that at the edge positighé cell. CINR of user HAPS
is depicted in Figure 8. We can see that user HRR&ted at the cell center
also receives less interference such as userttéatebut CINR user HAPS at
cell center has bigger CINR than that of terrelstrser. It is occur because the
better channel condition from HAPS which is linesight path compared with
Rayleigh channel experienced by terrestrial useroter point that can be
drawn from this overlapping scenario is that allerss have significant
degradation in the CINR performance when they mfown center to the cell
edge. This condition would have been anticipateth viootprint exchange
scenario and also in cell enlargement scenario.

From both figure interference level for user podisjplocation 1 has the higher
CINR than that for user possibility location 2, &d 4. This because the
number of co-channel cell for user possibility foma 1 is only 2 co-channel
cell while for user possibility location 2, 3, addare more than two c-channel
cell. At the cell center, users suffer less co-clehinterference compared with
at the edge cell. However the degradation of CIN®Mf center to edge
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experienced by a user terrestrial is faster tha @i experienced by user
HAPS. That means line of sight situation of HAP8egimajor contribution to
an interference level but also in improving signadlity.

Possibility 1 .
Possibility 2

CINR (dB)
CINR (dB)

Y km -10 -10 Xkm

Possibility 3

CINR (dB)
CINR (dB)

Figure7 CINR user HAPS in overlapping scenario using rdastor 1/7.

Possibility 1 Possibility 2

g @ -
S =
c o
3] Z -
O
-35
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-40
g 45 g -
24 o
=z z
5] 50 3] 50

Ykm <10 0 xkm

Figure8 CINR user HAPS in overlapping scenario using rdaseor 1/7.
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User’s terrestrial and user’'s HAPS in cell exchaalg@erithm have experienced
better CINR performance compared with the overlagpalgorithm. This is

easy to analyze because co-channel cell betweerSHa8®print and terrestrial
footprint over which they are exchanged each athdecreasing. It is resulting
not only better CINR for cell terrestrial but al&w cell HAPS from cell center
to cell edge. Figure 9 shows CINR perceived by tiesestrial is decreasing
compared with that in overlapping scenario. Howe®8R of user HAPS as
depicted in Figure 10 is increasing because aféecaunted for co-channel cell,
we also considered that propagation path is bettellAPS channel than that in
terrestrial channel.

This is because cells footprint exchange metholdvia the principle that the
cell located far from the source of the interfeeetiten co-channel interference
effect will decrease. This method does not redu@ntarge the cell size so it is
not affect the number of frequency reuse in thdesys By looking at the
patterns of terrestrial cell footprint, there wile interference signal coming
from H-BS into T-BS due to sidelobe antenna gaamfiH-BS. To this point we
simulate this scenario by taking pattern represiemtavith the same distance in
order to get all possible performance of the térigdsuser. Therefore CINR
maximum is experienced by users located at theecaitthe cell. When they
move to the cell edge, CINR is decreasing but fier users HAPS moving to
the edge causing CINR decreasing more rapidly. Téais is explained as
follows. When users HAPS move to the edge, andhat dame time cell
exchange between co-channel cell terrestrial archeanel cell HAPS is being
conducted, there will be strong signal comes fraatltannel cell terrestrial hit
to the users HAPS at their location. However inggah exchange cell scenario
performs better performance compared with overleppiell scenario. This
improvement proposed as a solution to overlappiegario.

Footprint exchange method shows the improveme@INR perceived by the
user who is located near the edge of the cell fosthser terrestrial and also for
user HAPS. Footprint exchange method comes froma idat the cell number
refers to the specific cell frequency is exchangetiveen terrestrial and HAPS
so that co-channel interference occur in the tesr us less. Also footprint
exchange is able to extent the cell size withoutitemhal co-channel
interference. However we have to consider the nundbecell that can be
exchanged because if all cells in the cluster Aenged then the scenario will
have no different scenario with overlapping scheWiih cell enlargement we
can also improved CINR and also capacity becateseltister size is improved.
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Possibility 1 rossipllity 2

CINR (dB)

CINR (dB)

Ykm 10 -10 Xkm Ykm -0 10 Xkm

Figure1ll CINR perceived by a user HAPS in footprint excharmge cell
HAPS enlargement scenario using reuse factor 1/7.

Possibility 1 Possibility 2
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Figure12 CINR perceived by a user terrestrial in footpesthange and cell
HAPS enlargement scenario using reuse factor 1/7.

In the third scenario we combine between cell gelarent and footprint
exchange method. This is done to improve CINR tyé&idm the cell exchange
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method. Simulation results of the third method @escribed in Figure 11 for
CINR perceived by user terrestrial and in Figurddr2CINR perceived by user
HAPS. Compared with both previous methods, this hogt has totally
improved the CINR perceived by the user terresaiad user HAPS because
they are spreading out within the bigger cell asé3lAPS coverage. To this
result we have to deal with compromise between blaguality represented by
high CINR value and reduction of the system cagdo#cause of larger sell
size. Of course it is not easy to be decided byraipe since they are
considering very good performance in a very higstesy capacity.

6 Conclusion

We have evaluated CINR performance of terrestsatsiand also HAPS users
for the application of WIMAX coexistence model beem HAPS and
terrestrial. It obvious that the method proposedhis paper has a significant
effect on improvement the performance experiencedHAPS and terrestrial
users compared to overlapping scenario. These pedpmethods are provide
an adequate quality of the channel to the coexistegstem between Terrestrial
and High Altitude Platform Station Mobile WIMAX. Bad on the results of
testing and analysis has been done in the preeason, it follows some of
the following conclusions.

Both of the proposed methods provide improved perémce experienced by
users on both systems, terrestrial and HAPS. CluSize (N) a relatively
greater interference would give smaller becauseitialer Reuse Factor (1/N),
the co-channel cells will be less and the distaria®-channel interference will
be more distant. Magnification HAPS cells do nagnsficantly affect the
increase terrestrial CINR experienced user, but dffect on the area of
performance. This is because the isolation of tiopamation of the co-channel
interference is quite good on the existing cellggstem. Both of the proposed
methods provide adequate channel quality for eegsysif coexistence between
Terrestrial Mobile WIMAX and High Altitude PlatformStation Mobile
WIMAX.
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