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A study of Vertical Handover between LTE and Wireless LAN Systems

using Adaptive Fuzzy Logic Control and Policy based Multiple Criteria
Decision Making Method

T

In Hwan, Lee" - Tae Sub, Kim™ - Sung Ho, Cho

ABSTRACT

For the next generation mobile communication system, diverse wireless network techniques such as beyond 3G LTE, WiMAX/WiBro,
and next generation WLAN etc. are proceeding to the form integrated into the All-IP core network. According to this development,
Beyond 3G integrated into heterogeneous wireless access technologies must support the vertical handover and network to be used of
several radio networks. However, unified management of each network is demanded since it is individually serviced. Therefore, in order to
solve this problem this study is introducing the theory of Common Radio Resource Management (CRRM) based on Generic Link Layer
(GLL). This study designs the structure and functions to support the vertical handover and propose the vertical handover algorithm of
which policy-based and MCDM are composed between LTE and WLAN systems using GLL. Finally, simulation results are presented to
show the improved performance over the data throughput, handover success rate, the system service cost and handover attempt number.

Keywords : Vertical Handover, Fuzzy Logic Control, LTE(Long-Term Evolution), WLAN(Wireless Local Area Network)
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loss level in = loss level in
(A2 (dB) dBm YA | (A (dB) dBm
1 40.000 -9.000 1 15.302 33.698
Hl)
125 78392 | -47.392 1 iﬂf 50 79183 | -30.183
VAT
25 88.928 | -57.928 100 90.502 | -41.502
375 95.091 -64.091 150 97123 | -48.123
i
50 99.464 | -68.464 ij;? 200 101.821 | -52.821
62.5 | 102.856 | -71.856 250 | 105.465 | -56.465
I 105627 | -74.627 300 108442 | -59.442
Hl)
875 107970 | -76.970 3 iﬂ o 350 110959 | -61.959
7}&215
100 | 110.000 | -79.000 400 | 113.139 | -64.139
1125 | 111.790 | -80.790 450 115.063 | -66.063
)
125 113392 | -82.392 4 iﬂ:E 500 116.783 | -67.783
7hE A4
1375 | 114.841 | -83.841 550 | 118.340 | -69.340
150 116.163 | -85.163 600 119.760 | -70.760
Hl)
1625 | 117.380 | -86.380 o iﬂ iy 650 121.068 | -72.068
7}E213
175 | 118506 | -87.506 700 | 122.278 | -73.278
1875 | 119555 | -88555 750 123404 | -74.404
i
200 120536 | -89.536 ;j;? 800 124458 | -75.458
2125 | 121.458 | -90.458 850 | 125.448 | -76.448
225 122.326 | -91.326 900 126382 | -77.382
Hl)
2375 | 123148 | -92.148 ! iﬂ i 950 127264 | 78264
A1
250 | 123.928 | -92.928 1000 | 128.102 | -79.102
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Web Voice

Service type

LTE available ?

YES

LTE available ?
NO

MCDM Algorithm
(RSSI,Bandwidth ,cost) MCDM Algorithm
(RSSI,Bandwidth ,cost)

otal Score WLAN NO

LTE available ?
YES

Vertical Handover
Execution

»  Vertical Handover fail )

I
(32! 2) WLANOIAM LTEZ O|ZA| VHO 20| Soige de ¢1e|s

Fol WLANOA # ¢ Be AuAE BEE s YES 2 FEd F o
3 BT AR S-S 18 ¢ Scoringe 3 F3ATh FAA Ao ewAl HEYSAE Agge] glojx wie

71E QAHAAHMCDM) A Age Agez <l &z} AMujx ElQlo] wE A A AA o] Badt it A
slo] e AEQ9S a8¥or dFs] 3 e oy 7kA 84F 7wro R 3 MADM WS Algste] 1w
FaAe tots oA B 2488 Bigor iyt t HAo YEYaS Mast 4 o7, 8l.
o shpel digkely Mamrt 2 2 e dioke HEsie & Eo] dAl VHOE 93 F1 Ao Al, A2 A3,
A Wel g&A o AFE A (Multiple-Attribute  Decision A47F Q3 A AAH = A2 AleZ LTES AFEs)
Making: MADM) A9} Foizl A <fal s whEals F-3h) I9la, UHAl A2 A3, AdE WLAN 1~3 999 FRrA
o] dioks FolA 1HFY HHAES /M wEskE doks olg} 7hgsld 7+ @4 S+ Cost, Bandwidth, RSSIZ wj
e Aoz HAH ot AAse HE Il g5y o Fdd. dgdE Aayas Aqrakey] 9 wRoem
AFE A (Multiple-Objective Decision Making: MODM) &4l SAW WS Algste] 84 F 1 o] AR wa} v)E
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LTE
VHO Request

Velocity

Fast

ij = Nl A i=1,...,4 j=1,..,3 (2 3-1)

Policy Handover
Web < Success > min
=X /xij

Service type

ij i=1,..,4 j=1,..,3 (A 3-2)
sl 2 oty > (2% HE o8 249 YEND Tl 4E R5S B
SR D)Z ekl Ao, SAWE o]gste] gitstel 9
YES YES ) o =
MCDM Algorithm g = (DHE RAFET 9Yu)

(RSSI,Bandwidth ,cost) L‘”E—ﬂﬂ% }dg}'—é—]_7] [e) —B—H}\.1_5_ _?49]_ %:].{2__ Zéﬁ‘ﬁ}%] jﬂ_%
(e ™ ) gEs ok ¥ AFA gl Badd o 4k AFA

e Veriga Fendover AHP "84S Fa) dofulz] A v7IE eibdd 7l
Aol AHP Y-S oA 24 BA7L el B EoR o
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X1 X2 X3 X1 X2 X3
cost bandwidth RSSI cost  bandwidth RSSI
Al 10 30 80 Al 01 0.37 1
D= A2 7 40 80 |:> D'= A2 | 014 0.5 1
A3 1 80 20 A3 1 1 0.25
A4 2 40 40 A4 0.5 0.5 05
(32 4) i 248 HEQIER THE mCHE(D) 2 MaslE THSIE((D)
X1 X2 X3 x1 X2 X3 X1 X2 X3
cost bandwidth RSSI cost bandwidth RSSI cost bandwidth RSSI _ weight
X1 1 /4 17 X1 | 0083 0083 0083 X1 | 0083 0083 0083 | 0.083
B= X2 4 1 47 |:> B= X2 |0333 0333 0333 |:> B= X2 | 0333 0333 0333 0333
X3 7 7/4 1 X3 | 0583 0583 0583 X3 | 0583 0583 0583 | 0.583
sum 12 3 1714 1 1 1
(2! 5) Voiceoll CHEH AN SREo| A HEH(B)2 S5t ZAMALHES] of
T 8AEY A BuE I AUH FoLE TE JIEA 3lo] trigger line} threshold lineS el B.(Cost, Available
S Fete] HIS AFel Jde dicke $AEHE T Bandwidth, RSSI)<] kol wie} =0 A Hs AAE F
), At
of| & Eof Voiceol tlgt 22 (Cost, Bandwidth, RSSI) HA Aol P 24F 4 (membership function)
i sexE 4T, 4, T sidva g EThd, SAH pell oJal o] J&e &% A %(membership degree)E et
Aol ok dAE HAS AX JPgEA A dus o) o & S0 pAx)E HA H3 Aol digh ¥4 x9
AR YEB)S wE=1, FE @ FAE kA "ok HAE Yedo &% d5s Jdibd oz 03 14109 #
T WA FFoR do] FARZ o] 7 dae ¥ A < Hay, oS (29 ) ~(2¥ 1A= & AFqA
7b 10] HA gt} wixte R AR Felo] Hd gGS T ARG E R g B, AMEE HAIER RdY
SHA Hl=dl o] Hirkse] X 49 HE s " Fuzzification Moduledl A+ Ty} EHT FelARE 9
A HAE Bl (2F 49 (27 5ol o] Af o] &2&3¥4E F3Hel membership value® ®EshA €}
sty A Ee] g a4 ¥ ThEA ge ol &3ty WE 025 #HA 73 (Fuzzy Rule Base)2Z ZF 27719
Az Hde SAEHE Z2AT & A f9 AAA el AEHRoH, 3L T 2t
Voiceel tigt JAMDY)e} FEBYY 7t5AE o] &sto] 7 & 5o 713 27914 WLANO4 LTEZ d=°oH =
vEeg a9 4595 A4HAL-0.717, A2-0.762, A3-0.563,
A4-0500)38] R A2 HAl2 vl WLANIE AeshA H) Fuzy Logic Controller
A P Fuzzy output vector A
33 M2 ey AIY 2 tAUE l uzfieation |, * >
B =R (29 6)olMet 2ol triggerst threshold Crisp output(Action) '
. - . . - Fuzzy Inference
lineg o] trigger lined] ©@ido] Eots Z$o dW=Q (Sem,,gcf,:‘;'ﬂ',',‘:,"d{,’v';cgfu,,dary) Engine
2 24a Y1, vEYa dugFen Ay dEYA ‘ 1 S —
£ o] & o] threshold lined| A E&4<Q A= TR Module Fuzzfied input vector/,":
2 A8 & 5 9 Sk B3 HsH d=on AEe ’
AAst7] SE) (28 DA 2 32 232 Ao)7]E o] & (T2 7) Hotst MM =2 HX| Ho{7| 22

WLAN_IN_threshold
WLAN_IN_trigger

Moving...

WLAN_OUT _trigger
WLAN_OUT_threshold

(2! 6) WLANS| triggert threshold line 7HE =
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_____________ "‘\ I/"\ 'l""'""
\ ) NS
XX
/! N F s
,'I \\," *
0 70 80 90 100
(32 9) Bandwidth(L>W) AtSE0] CHEH A58t
Low Middle High
X
0 30 60 90 100
(32! 10) Bandwidth(W->L) AFRE0| CHEH At

U

70 80 100

(2 11) RSSIOf| CHet A&t

el Au)x o] H|§(Cost), WLANS] o] § 7}&d
19 %(Available Bandwidth), WLAN®] A3A|7]7} R
Highol™ WLAN_IN_threshold lines Positive High®t& &
HFELEE ot

HAEo] 93] U< VHO Decision Range?] Aloj&g 2
Aol ate=d oA (™ 129 2 HA FE A
(Fuzzy Inference Engine)®] A
AX

CE 2) 21709 HA| #2(Fuzzy Rules)

e[ [ a0 [ [ T T e

Num- Cost Bandwi RSSI VHO Decision VHO Decision
ber dth Range(W-L) Range(L>W)
R1| Low | Low Low Negative High Positive Very Low
R 2 |Middle| Low Low Negative High Positive Very Low
R 3 | High | Low Low Negative High Positive Very Low
R4 | Low | Low | Middle Negative Low Negative Low
R 5 |Middle| Low | Middle Negative Low Negative Low
R 6 | High | Low | Middle Negative Low Negative Low
R7 | Low | Low High | Positive Very Low Negative High
R 8 |Middle| Low High | Positive Very Low Negative High
R 9 | High | Low | High | Positive Very Low Negative High
R 10| Low | Middle | Low Negative Middle Positive Middle
R 11 | Middle | Middle | Low Negative Middle Positive Middle
R 12| High | Middle | Low Negative Middle Positive Middle
R 13| Low | Middle | Middle Zero Zero

R 14 | Middle | Middle | Middle Zero Zero

R 15| High | Middle | Middle Zero Zero

R 16| Low | Middle | High Positive Middle Negative Middle
R 17 | Middle | Middle | High Positive Middle Negative Middle
R 18 | High | Middle | High Positive Middle Negative Middle
R 19| Low | High Low | Negative Very Low Positive High

R 20 | Middle | High Low | Negative Very Low Positive High

R 21| High | High Low |Negative Very Low Positive High

R 22| Low | High | Middle Positive Low Positive Low

R 23 | Middle | High | Middle Positive Low Positive Low

R 24| High | High | Middle Positive Low Positive Low

R 25| Low | High | High Positive High Negative Very Low
R 26 | Middle | High High Positive High Negative Very Low
R 27| High | High High Positive High Negative Very Low

“10 = h ui)‘ (xp) = min[ug1 (x1), ..., ui)n ()]

i=1

A A0} Bl Eol ola) HgA

219] HelE RO 8% =olt),
npxjeto g % F2 dZ(inference engine)ol 2l& A

o A FE AojFe thA Faa
on wgtele] AA Aol A5d Fom wE

PN
A4

ZH(crisp value)
oF 3sl=t

olg13t A= W] ¥ A 3H(defuzzification)BFaL g+l B Af
oAM= HHA g oz oS e FA F4H(centroid
method)S AF&-gH},

(2 3-4)
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NH NM NL NVL z PVL PL PM PH
\ A A A A A A A ;
\ ! \“ : \“ : \“ : \“ : \“ : \“ : \“ ! Negative High(NH)
\ ',’ ' ',’ ' ',’ ' ',' ' ',' ' ',' ' ',' ' ':' Negative Middle(NM)
R O A A R Negative Low(NL)
v 1 1 v/ v/ v/ v/ v/ Negative Very Low(NVL)
v ¥ ¥ ¥ ¥ \ \/ v Zero (2)
A I I A I A A A Positive Very Low(PVL)
A FA FA A A A A A Positive Low(PL)
I A A Y Y Y Y Y Positive Middle(PM)
O N O U A U A S A S Positive High(PH)
"' ‘\ "' ‘\ "' ‘\ ," ‘\ ," ‘\ ," ‘\ ," ‘\ l" ‘\
_8R/100 -6R/100 -4R/100 -2R/100 O  +2R/100 +4R/100 +6R/100 +8R/100
(J8 12) MEX MERH AIME I8t Range(R) FUOl| st %84
4. Mtst VHO #4le] 5 Hlu ThsA LS, wde &£eE we|ste] A% (Gkmv/h) %
AEE0km/h)Ql @e] Exjste] EAEeE skt
41 Alg8lo|d = gl majo|g Ao WLAN> LTES 7HA & dA $1xske] RSSIS 4%
WA Alzag Rdls AW R o]Fyd RddE Gauss S FEE A7ste] dd- o2 MCDM gag|Eo] 243}
Markov model[14]& AH&3stHom, Eefg Rdld= Voice A FEFe F 5 =S 9o weF wdoe]l 1000m A<l
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