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Fixed WIMAX— iR FER A B RSB AR , IERA S HRER , Sl K82 EVERKRE
B, G BREBGROHME ; I=REAWFIRENEERE , REEROREEE!]

BE—REBHHENERIABRADSLELEMER AT  EEFHRBEEMERR
ME% , A802. 11K E , RIRW AT AEER4 iR AFixed WIMAX RIZER , LIEFEERM
RRER MBI A, Mobile WIMAXEY iR B FER —MRMEA A F , Mobile WIMAXEZEft 7 48
3G HMAVITEIEARE D , URWIFIETRENBRN D , BRTRESHED. SEWER
BV RSN Bt EBRAMIP MR , BitMobile WIMAX 24 & P& #FHY —
A BH2]
1.2TARE®

BT WIMAX B RARERNEE S 2EEXERENIELER. BEEYRER
FIERBERE, ERRETY, FEGHEERBEREBTIEEFRE  ALEFEER
BBt ERERRLARBEEENFRINE. BNEGRETERAENSRPE
V4 (Repeater) Sk 18 i E ith & (Base Station, BS)BEXERIE, & 1 AFEANFRB AL,
ENE ity & BB A P (Relay Station)% WIMAX #BE% R #ERHHER B ER B
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Hih s Thee TR, RIRERE,
s E T,
R un HieERBEH. RIEMEE,
i IRIE,
s E T,
Auto Configuration

AMBMNIDRBAB[AGHR T EBAR —HRANEER , REFEME NS HRE
E , A& SRR & (Redundant)i&fi. fkMA EIR(Backup Power)sfi & S EHN B &
MR MEENRASEE, 5 —EAERR , EREMEHSER , eESEELENE
HREBEFERE  EHNEERS  TRBEME LSEERE M S 2RERR M5 i [EHIR
BRRRERERTEEFRRRE,

AR ZFEMR802.16/802.11 R E @R 2 B 4&)8182( seamless inter system roaming
/ hand off ) #&l , BEMAREER K FEEQOSHEERERTHEITHEREL , &M
RAEEMIEEE 802.11 X JIHE IEEE 802.16g B A HEIR , RHEEFERASHER
BARESENMTHESHBNRERENTE. StHERGRWIMAXE S |, BUERAE

MARERBERERTHEE , BNREBRLIEENHERR/E,
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REMBRERERNTNESRISREAHEEENNRZE , UERREERE
BOANEBRESHRMREIE T Internet, 3G, GPRS, WIMAX ( 802.16 ). BAKWiFi
(80211 ) HARMLEMNER , MMAREMERE AT —ERET B4R B (seamless
roaming) |5 —R#k , X BT —ENREmE(Quality of Service)i2IFFEEMNR
"o
=. XHEERERH
2.1 EIREFHMEEQosZMACES

KEIWIMAX BRANHRFAFHREHEE , HEAN —ERRRBRERN , MEE
RELRE , UFHERITHWIFI RERERWIFi Mesh LIFREERZEHE,

ERERLNBRERERTF —NR—EEENZE , LAHREB T TEANERSE
3% , f5lan : 802.11 #3E%F1802.16 #BEE ; MS(Mobile Station)#&H802.11 HEFERLZ
802.16MMA , RERAENAERE , REREERBRE KN , ERHEERI802.11
#9535 82802.16485% LAVMAC B2B T REHMRE , EEAE&H%802.11%5 L HEEH BRI
mEER , ARERHEENBREREERSE , RAMs02. 1MERKEIR , RALERR
AR 802. 16/EEMRER |, FT AN EL802. 11 S BN E A802.16M S BE , Hift
WBREH , HFE
ZETARREAENER EREENAATE , o E802. 1MEANERFER
AMES02.16E AN ZE [FR/EE] #Hl.

EE—SRR L MEMEANMAC FE , EMBARSZBLREFREEENTR
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BE A AGTEERMAFEESIEEE 802.11E8IEEE 802.16HIMAC HFHiE/E , LASREL

B E AR P AE B IE ST & AV RAR[S].

NHEREFHEBNEMRSNEET S AMNE : (—)Private WISP, (=Z)Community
WISP. (=)Hotsopt WISP A% (H)Wide area WISP ¥,

(—)Private WISP :

REQRMER, RE., &5, HERFRHBTHEREREREFERN , BHE
EHEREHRBARIER,

(=)Community WISP :

REEEWLANSGRIMEANFETEEBER BEaEE TR ELHMEAP ,
REBERFRIRMEBERHIWLANEREEA.

(=)Hotspot WISP :

RABHETEBEEERRRWLANGE , RIEELHEEWLANRY , LE R
BEEUERE, MLE EES/)ASmAT  HEEUERAT  BUURMENNER
%, EMEENRSE D,

(M9)Wide Area WISP :
EdHotspot T E R L R & HIHotsoptN BB S M EBEEZ , REEBE D A EE %
HELEMY K BEARIRHLENBRBHNEEURBWISPEESIREGEEAT,

HEZBHENEEAZRRAREEMT  RARTRZ M, TREAER LRNE
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WmE  BFtREEEEZEHEEBERNSERS.
2.3 EEOM

B DH (Cluster Analysis ) R EREPHBAEREBMUBREEREER
A, BRRERE S ENERRZEUEERRE—&.

EBIOMIP BT EAEMAER , 8% ( Hierarchical ) & 3k 5 & &
( Non-hierarchical ), FEEMER EHNER DM AIB AWM ECE ( Two Step )

2R EREEEE RN BRI ERER , BRBR LT HE S BRI E
B, BEAURTEGEE,

P BEARNEBIKBEMARIETERE , REEHFR D NER , Hh LK
FEE ( K-Means ) AR R,

EROINMEER - SEFANSYEESENRE MY ( homogeneity ), T B EEFHY
EYEESENEEM ( heterogeneity ) TRENEEA D SR EMIBERENEE,
RES T REREMSHEE (variables ) £ —F ; MEF I MARKEEMEULS
HYBIZ(E (cases ) ER—8. ERIMNAN S ERABBRRELTE , BRERR
ELEMRBRONDE.
=, \WREE

AR B AR SEZWIMAX (802.16)RWiFi (802.11)EEMEE , W LLR MK
EinfREEnERERTETE®.

EEFBERNSOREEBERAETHREEEBMARBERME URBEEERRN
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BEPHEKRERERS, AAEEHEINFAUE—FIR, AEZEXNPREER
VEERERERT 2 ETBME |, EEURMER A LAWIMAX BRWIiFi AT EMNERE

ENABEE o

B —. WIMAX/WiFi B&#85

3.1 EROINRE
SEHINMELHERSIEAT EESER
Step1 : RIFFARN ENBREFSEN T HEE
Step2 : FIEMALIEEE,
Step3 : BEKHH RETEE
Step4 : MMAEEE.
Step5 : H#ERET DT MERE
EFMASRMEMARER  RARELESHEZ(clustering) R¥ BT % L 7] [E]

B EIR .
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Abstract
About Taiwan's complex heterogeneous BS deployment of wireless local area
network links, the reality does all tries method to decide the position by mistake. This
procedure has the high uncertainty and high cost payout. This research based
existing WiFi hypothesis signal demand, by the social stratum group method in the
SPSS analysis, with the weight value way, calculates LOS and NLOS. Our
deployment method reduces the number of BS spots, achieves the entire regional

covering and scope

Keyword : WiMax, heterogeneous wireless network deployment.
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Abstract

In Taiwan, Trial-and-error method is adopted in practice in the Base Station (BS)
deployment of complex heterogeneous wireless local area network, which is subject to high
uncertainty and high cost. Based on existing WiFi hypothesis signal demand, the author
utilizes hierarchical clustering method in the SPSS analysis, and combines with different
weights, to calculate the LOS and NLOS. The outcomes show that the new method can
cover the entire area with less number of BS.

Keywords : WiMax. heterogeneous wireless network deployment

1. Introduction
1.1 Preface

WiIMAX(Worldwide Interoperability for Microwave Access), which is based on the IEEE
802.16 wireless communication technology, is highly recognized in recent years and is also
popularly expected to be a representative technology when the communication technology is
evolving to 4G. There are two main specifications in present WiMAX equipment market:
802.16-2004 Standard and 802.16-2005 Standard. The former one is constituted by IEEE in
2004, and its previous version is 802.16d — also known as Fixed WiMAX. The latter one is
constituted by IEEE in 2005, and its previous version is 802.16e, which is known as Mobile
WiIMAX and has the advantage to support related wireless application that required mobility.
Fixed WIMAX is mainly used in backbone and bridge with license-free frequency, such as
network among buildings. Hence it has the advantage of avoiding the troubles arisen in the
entities network deployment. It also can be used as backhaul line in the WiFi environment, or
used to establish the temporary network, and so on [1].

In the past, wired ADSL or cable network was the common entities used in the city network
establishment. Recently, wireless network, represented by 802.11, was gradually used; and in
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the future, part of this technology will be probably replaced by the Fixed WiMAX to reduce
the cost of establishing cable network. Mobile WiMAX terminal commonly caters to
individual users. It provides mobile communication ability, which is similar to 3G technology.
In addition, it is also environmentally friendly, and has the characteristics of long distance
transmission ability, high transmission frequency bandwidth, and the compatibility with
existing IP-related application. Therefore, Mobile WiMAX is also esteemed as a promising
big cake by all works of life [2].

1.2 Research Objective

The major problems faced present WiMAX network system include limited spectrum
certificated to telecommunication industry, coverage deficit due to building barriers,
inequality of data stream, insufficient wired network entities in emerging areas, and so on.
Hence telecommunication entrepreneur have to find a way to enhance data transmission speed
and to address the network coverage problem. Presently, main solutions are to place the
Repeater or to increase the number of Base Station. Table 1 shows the advantages and
disadvantages of using power amplifier, increasing more Base Stations, or employing Relay
Station to address the problems in the WiMAX network system.

Tablel: Comparison of Different Deployment Schemes

Comparison of Existing WiMAX Network System Deployment Schemes

Advantages Disadvantages
PA Equipment is cheapest. Interfering signals will be amplified
Express deployment. too.

Deployment coverage is incomplete.

Base Station ||Fully functional. Equipment is expensive.
Deployment coverage is complete.

Relay Station |[Equipment is relatively cheap. Increase the complexity of systems.
Express deployment.
Deployment coverage is complete.
Auto Configuration.

As shown in the Table 1, if the number of PA is increased, the interfering signals will be
amplified too; if the number of Base Station is increased, the cost will rise due to expensive
redundant equipments and Backup Power equipments, and costly Backbone network
maintenance expanse. On the other hand, increasing the number of Base Stations will
strengthen the data density at the cost of smaller effective coverage radius. In addition, when
it comes to how to deploy the Base Stations, there will be other problems rising from Base
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Station establishment, environmental restriction due to poor infrastructure construction in
wired broadband network, and so on.

The objective of this paper focuses on the seamless inter-system roaming / hand off
mechanism in 802.16/802.11 heterogeneous network, while the past research paid more
attention to the QOS (Quality of Service) guarantee and Mobility Management. In this paper,
we develop an integrated network by combining IEEE 802.16g with present IEEE 802.11
series, and propose an idea of how to maintain relatively better QOS in this integrated
wireless communication environment. As how to deploy WiMAX Base Stations in the
practice, our principle is to reduce the number of Base Stations so as to reduce the overall
cost under the condition of maintaining certain degree of QOS and Mobility Management.

The integration of heterogeneous wireless network technologies is a rather valuable research
topic recently. Presently, the most promising integrated wireless systems include Internet, 3G,
GPRS, WiMAX(802.16), and WiFi(802.11). Due to the discrepancies among systems, it is an
important research topic of how to develop a system that can enable the user to seamlessly
roam from one system to another, and meanwhile maintain certain degree of QOS.

2. Literature Review
2.1 MAC Integration in Wireless LAN QOS

WIMAX is well-known as a wireless network technology with broad coverage and bandwidth,
and is perhaps easier to be established than present WiFi or WiFi Mesh.

QOS of wireless network is always an important research topic, especially in inter-systems
wireless environment, such as 802.11 network and 802.16 network. When the Mobile Station
(MS) links to 802.16 network through 802.11 network, the quality of service requires from
user’s perspective is the same. But due to the different parameters in MAC layers in the
corresponding 802.11 network and 802.16 network, when user sends certain relevant
requirements of quality of service under 802.11 which transmit into corresponding QOS
parameters, 802.11 network after receiving the requirements has to convert original parameter
format into 802.16 format because it has to link with the back-end 802.16 network. During the
conversion process, the bandwidth discrepancies between different network and the different
ways of resources procurement should be carefully considered. For example, Competition
Mode is used in 802.11 network, while Request/Transmission Policy in 802.16.

Furthermore, due to different MAC used, how to better coordinate poses a significant research
topic. Therefore, this paper proposes a scheme to achieve MAC coordinate operation in the
integrated IEEE 802.11 and IEEE 802.16 network, so as to enhance the efficiency of the
heterogeneous network [3].

2.2 Public Wireless Network
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There are major four types of internet service provider in the public wireless network: (1)
Private WISP, (2) Community WISP, (3) Hotspot WISP, and (4) Wide area WISP.

(1) Private WISP:

Private WISP is a non-open broadband network set up and shared by individuals in schools,
families, enterprises, communities and so on. Its characteristic is that the service is only
confined to and free to internal users for their own private purposes.

(2) Community WISP :

Community WISP is sponsored by non-government organizations that advocate the
application of WLAN transmission technology. These NGOs always deploy AP in several
specific locations to provide WLAN to passengers, and shops nearby.

(3 Hotspot WISP :

Hotspot WISP is established by business runners in their operation sites. They set up the
WLAN equipments and provide WLAN service to their consumers. These sites usually have
small size and are operated indoor, like coffee bars, restaurants, and so on. The operators
enhance their operation competitiveness through value-added service.

(4) Wide Area WISP :

Unlike to Hotspot WISP, Wide Area WISP hotspots span broader, from local area to national
wide. Usually such kind of service providers that has the ability to provide such a huge
project is always largish WISP operators or telecommunication operators. It is characterized
as wholesome network management mechanism with Authentication and Security Mechanism,
S0 as to ensure transmission quality in the wireless network, even to provide inter-countries
roaming service between service providers.

2.3 Cluster Analysis

Cluster Analysis is a method to classify the cases and variables in the data file into each
cluster, in other words to sort the non-clustered individuals into groups according to their
similarities.

There are two types of Cluster Analysis, Hierarchical and Non-hierarchical method. And it is
called Two Step method to integrate both of the methods.

Hierarchical Cluster Analysis is to link individuals according to their similarities or the
distance between their certain measurements when the number of implied groups is unknown.
It always can be presented as a Tree.
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Non-hierarchical Cluster Analysis is to separate the individuals into groups in advance
according to relevant research or objective hypothesis. The typical way is K-Means.

Cluster Analysis ensures the elements in the same group have high homogeneity, while
elements from different groups have high heterogeneity; in other words, the samples are
divided into clusters with no intersection set. Element Analysis is to cluster variables with
high homogeneity, while Cluster Analysis is to cluster observations with high variable
similarity. Most of the applications of the Cluster Analysis are subjected to exploratory
research. The ultimate results are used to produce clusters under research.

3. Research Methodology

The objective of this paper is to integrate the heterogeneous networks between
WiMAX(802.16) and WiFi(802.11) under the pivot of securing end-to-end network quality of
service.

The wireless integrated network systems take the quality of service into consideration when
users move between homogeneous/heterogeneous network systems. The platform expected to
be developed in this paper is shown in Figure 1, including a Backbone network with
guaranteed QOS established by heterogeneous network frame, and an Access network which
is mainly set up by WiMAX and WiFi.

~internet s
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X . N
’ i
]
’ !
r f§
f‘ ‘ J’
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Figure 1. WiMAX/WIiFi Integrated Network

3.1 Cluster Analysis
Cluster Analysis should at least include the following 5 steps:

Stepl: Select appropriate cluster variables according to the research objective.
Step2: Calculate similarity measurement.
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Step3: Cluster variables by selected clustering method.
Step4: Incorporate the weights.
Step5: Analyze and examine the results.

When all the WiIMAX/WiFi nodes are positioned in the network, we use the clustering
method to decide available nodes that are ready to transmit in the same time in the integrated
network.

3.2 Ward’s Method

The Hierarchical clustering method used in this paper is Ward’s Method, which is defined
as D, =n,- ip—in. The fundamental principle to deploy all the WiFi nodes in the
network is to keep relatively low sum of variation of observations in the same cluster, and
relatively high sum of variation in the different cluster. The distance between clusters dpq , 1S
the so called Between Groups Sum of Squares in the ANOVA. The formula
is ¢,.-ss8-3n(%-x) (x-x) , where n; is the number of elements in the i" cluster, and X, is the
center point of the i"" cluster, and ; is the center point of the sample.

-
xp—xH +n,

The most appropriate method to calculate the distance between observations is Squared
Euclidean Distance Method. Minimum Variance Method and Average Linkage Method are
two kinds of cluster methods that are widely used in the social science realm with the
advantage of better clustering performance.

3.3 Research Structure
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Figure 2. Research Structure

In this section, we will detailedly introduce the Base Station deployment mechanism proposed

in this paper.

Our objective is to deploy minimum BS to achieve maximum hot-zone coverage under the
condition of satisfying certain usage. First of all, we decide the hot-zone based on WiFi
density, as shown in Table 2.

Table2. Relationship between Hot-zone Usage and WiFi Deployment Density
Hot-zone Density Usage
Absolute High WiFi deployment density 80%>
Necessary Median WiFi deployment density >80%, 20%>
Unnecessary Low WiFi deployment density >20%

The parameter denotes in the experiment are shown in Table 3.

Table 3. Parameter Denotes
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Parameters Note

X, The number of access point deployed.

AP; Two-dimensional coordinates of access point location.

MS; Two-dimensional coordinates of mobile station location.

D Mobile station j and access point j.

L Binary _variable to indicate the link status; if linked, the value is 1,

! otherwise 0.

5 Weight of each hot-zone.

I} Hot-zone dependant variable.

Ds Distance factor.

Figure 3 shows the WiFi deployment illustration in Taiwan region by random deployment
method. Random deployment method is used because the area with high 802.11 density
always locates in the area with high population density, while WiFi in high density area is
always set up by enterprises or private individuals. Hence it is difficult to identify the WiFi
locations, but only to confirm the usage in the network.

According to IEEE 802.16 protocol, the LOS under ideal situation with unobstructed wave
propagation is 30~50km, and the NLOS is 4~9km. The Maximum Distance Rule is used in
this paper; point 29 and 6 with lineal measure of 96.30km are selected to determine the
vertical axis, and point 18 and 22 with distance of 29.63km are selected to determine the
horizontal axis, as shown in Figure 3.

By Trial-and-error method, according tod:1%m)'(im)ms, we calculate the number of
required BS is 14. In order to reduce the BS amount, we convert the locations in the figure
into two-dimensional coordinates, as shown in Figure 4.

3 ~

Figure 3. WiFi Deployment Illustration
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Figure 4. Corresponding Coordinates
When coordinates are set readily, Hierarchical Cluster Analysis is employed for further

analysis and calculation. The result is shown in Table 4.

Table 4. Agglomerative Clustering Schedule
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Combined Cluster Eatly appeared Hierarchical Cluster
Blage Claster 1 Cluster 2 Coefficient Cluster | Cluster 2 Hext Stage
1 49 47 05 0 0 9
2 41 A2 1 i] i] 7
3 39 40 15 i] i] 9
4 3l 32 2 0 0 ¥
5 2 24 25 i] i] 2
[ 18 19 3 i] i] 28
¥ 7 E] 35 0 0 21
2 2 23 4333 i] i] 24
9 46 A8 5333 i] i] 31
0 43 4 6.333 i] i] 29
1 37 38 7333 0 0 22
2 34 35 3333 i] i] 16
3 29 30 9333 i] i] 25
4 15 20 10333 0 0 a7
5 2 3 11333 i] i] 26
[ 28 34 3 i] 12 i}
7 3l 41 5 4 2 25
3 26 27 7 i] i] 34
9 39 45 19.5 3 1 31
20 9 10 22 0 0 39
21 [ 7 24833 i] 7 32
22 33 37 27833 i] 11 30
23 12 13 31.833 0 0 35
24 21 22 36 i] 2 33
25 29 3l 40,333 13 7 a9
26 1 2 44 667 i] 5 41
27 14 15 50333 0 4 38
28 17 18 58.5 i] [ 36
29 29 43 63 167 25 10 42
30 28 33 4853 16 v 34
3l 39 A6 25667 12 9 40
32 5 [ 0% 023 0 21 39
33 21 25 110,583 24 i] ]
34 26 28 131 12 30 37
35 11 12 153667 i] 3 45
36 16 17 180.75 0 28 43
37 26 36 209111 34 i] 44
38 14 21 239319 27 ] 43
39 5 9 276 403 32 20 45
40 39 A8 314498 3l i] 42
41 1 4 372665 26 i] 46
42 29 39 435 236 29 40 44
43 14 16 556 444 38 36 47
44 26 20 606,125 37 42 47
45 ] 11 915014 a9 35 46
46 1 ] 14777 Ell 4 45
47 14 26 2200.83 3 L] 42
48 1 14 944094 4 47 i]

According to the data analysis, agglomerative coefficients are calculated by SPSS’
hierarchical clustering method; the clustering result is shown in Table 5.
Table 5. Agglomerative Clusters Relationship

Observation Chuster 10 Cluster & Cluster 8 Cluster 7 Cluster 6 Cluster 5 Cluster 4 Chuster 3 Chuster 2
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According to the environmental limitation, we incorporate the weights (i) indicating the

’

dp = SSB = ZZ: nl(rl_i)(z_j)*dl'
i=1
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external factors into the original formula for cluster 2 to cluster 10 based on the
abovementioned result. The formula now changes to . Then the
weights are added into SPSS, and the calculated outcomes through cluster analysis show in
Table 6.

Table 6. Weighted Agglomerative Clusters

Observation Cluster 10 Cluster Cluster 8 Cluster 7 Cluster &

i
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As shown in Table 6, the results impacted by 9ji indicate that the cluster close to LOS status is
Cluster 6 with 42.85% difference, and that close to NLOS is Cluster 10 with 71.43%
difference, which reduce the number of BS deployed from 14 to 10~6. Then according to
hot-zone density dependant variable @, we remove the hotspots with low density, which are
the five points of X4, X12, X17, X37, and Xsg, and replace them with RS. The results show in
Table 7.
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Table 7. Cluster Relationship after Incorporating Hot-zone Density Factor &
Observation Cluster 10 Cluster 9 Cluster 8 Cluster 7 Cluster 6
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The number of BS further reduces from 10~6 to 8~6, and results in 42.85% difference
comparing with LOS, and 57.13% difference with NLOS, as shown in Figure 5.

Percentage &
100 —
TO  —
S()  —
71.43%

25 —

I -

Type

Trial-and-error LOS NLOS

Figure 5. Comparison among Trial-and-error, LOS, and NLOS, after Incorporatingd;i
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In addition, when considering &, we remove unnecessary hotspots, so as to further reduce the
difference between LOS and NLOS, as shown in Figure 6.

Percentage M
100 —
TO e
50—
57.13%
25 =
I Type
Trial-and-error LOS NLOS

Figure 6. Comparison among Trial-and-error, LOS, and NLOS, after Incorporating &

5. Conclusion

In deploying the heterogeneous network, if the construction staff decide the BS location in
the wireless local area network on-site by Trial-and-error method, it is impossible to decide
whether it is efficient or reasonable enough based on this BS deployment layout. Hence, in
this paper we develop a WiFi hotspot random deployment method and convert the points
into coordinates; then based on Hierarchical clustering analysis method, we conduct the
simulated experiment to analyze the deployment schedule. Our research result shows that the
deployment can achieve the maximum hot-zone coverage by minimum Base Stations under
the condition that the whole area is covered. The comparison between our simulation and
experiment indicates that our method is a cost-effective and efficient simulation analysis.

So far our analysis only focuses on two-dimensional plane. Hence the results may not be the
most economy deployment scheme. Our future research will adjust the simulated data and
parameters and perform the Factor Analysis in the first place so as to make three-dimensional
plane analysis available to achieve more accurate results.
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