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ABSTRACT

A moving network is the usage model that provides the mobile stations to the communication service via the
mobile relay deployed in the high-speed vehicle. The mobile relay periodically performs the signal strength
measurement of the neighbor base stations to select the target base station during the handover procedure. The
mobile stations experience the service disruption during the measurement of the mobile relay. In this paper, we
propose the estimation based scanning method to overcome the service disruption of the mobile stations
connected via the mobile relay. In the proposed method, mobile stations subordinated in the mobile relay
periodically measure the signal strength of neighbor base stations in order to perform handover. The measured
signal strength is used to estimate the signal strength between the mobile relay and the neighbor base station.
We performed simulations in order to evaluate the performance of the proposed method in terms of the
estimation accuracy and the overhead due to the exchange of channel information. By the simulation result, The
estimation error is less than 4dBm when more than 6 mobile stations are used for the estimation. The overhead
caused by the proposed method is less than that caused by the direct measurement of the mobile relay when the

data rate is more than 8Mbps.
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Table 1. Required function according to the relay structure
(T: Transparent, N: Non-transparent)

Simple RS | Mobile RS | Mobile BS
RS naming Yes Yes Yes
Secondary CID No No Yes
Frame structure T T/N T/N
"
connection No No Yes
management
it
securlly No No Yes
management
QoS control No Limited Yes
R
esouree No Yes Yes
management
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3. Estimate the signal quality of MRS using the

measurement result of subordinated MSs
N 4. Handover decision based on the

estimated signal quality
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Fig. 2. Procedure of estimation-based scanning
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Table 2. Simulation parameters

Simulation Environment
Number of BS 19 (2-tier)
Coverage 1km
Mobility MRS Fixed direction(200km/h)
model Exponential Correlated Random
MS .
Mobility model
Type-D(macro-cell, suburban
Pathloss |00 MR model, ART-to-ART)
model BS-MS Type-J(indoor-to-outdoor)
MRS-MS Type-G(indoor office)
. Distribution Log-normal
Shadowing Mean g 0dB
model o
Standard deviation 5dB
Thermal Noise Density -174dBm/Hz
Multi-path tone 4
Height of BS 32m
Height of MRS 4m
Height of MS 2m
System Parameters
Bandwidth 10MHz
Frame size Smsec
RF switching time Smsec
Maximum BS transmission power 53dBm
BS transmit antenna gain 14dBi
MS receive antenna gain 12dBi
MRS receive antenna gain 14dBi
Scanning duration 10msec
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Fig. 3. BS deployment and the movement pattern of MRS
(Unit: m)

5!
0, T T ’ T T T,

e “Movement of MS, il /r/‘ ™ , v‘ /1
- LTK
5151 |——Movement of MRS //F )’VK/(' \}/

“h /\ik&'\*r vr ﬂ ’MWT

510

5051

5001

4951

QaUA) &
490 s (R Y ~§< ”/}
LT AR
e \'“l// r)’ k. ij’ ’t"’ﬂ g/i‘\ﬂi %h/’r}/
o Wl\y\{i// \)/ 7 * R \ \\f‘)t\ \/*\f ”/ “
\ s
‘ p

4 L | 1 | A ¥
450 460 470 480 490 500 510 20 530 BN 550

1%l 4. Movement patterns for MRN and subordinated MSs
(Unit: m)

Az E A10)3 o] =)
P= P, + Gp— A—=107log,, | |+, (10)

olul, P, 3 Gpe A AR FAAls
712} ‘21237111 2 olgdo]e] <lEly o]5e]
oo e wE AAEe) A% Alsdls
Qb oS Eelste] ol Euelolet ARaA} W
o] gk} o]5wt tlErly AR} 4= o5
Hole] ARLEA Az E Zlo|t)h P PG, 17
o AHA slel A seele 2
I FdE W olsHdelelx] A%k
= log-distance & r¥jE|e] kHAl 84

10810 H TAk ” 2
otk s, o]ELde]e] aldlo]y 24w Hiro]
(.olaL HAake

n ~ 2
1 Z [( 97+10’Yl logyy [ 7 | 27@47}

n—1Ll;=1
(11)

—_




Signal Strength from BS1 Signal Strength from BSz

-60,

70|
-80)

-90|

Signal Strength(dBm)
Signal Strength(dBm)

0 20 40 60 80 100 120 -]0('0 20 40 60 80 100 120

Time(sec) Time(sec)
Signal Strength from BS3 Signal Strength from BS4

-60,

%0 M
-100

0 20 40 60 8 100 120 0 20 40 60 80 100 120
Time(sec) Time(sec)

-90)

Signal Strength(dBm)
8

Signal Strength(dBm)
5

Fig. b. Measured signal quality by MRS (light color) and
estimated signal quality by proposed method (dark color)

H o)}

imation Error(dBm)
N

Number of MSs

Fig. 6. Estimation error according as the increase of the
number of participated MSs

o 7h$AIRE Bl SlolR AlSE Flole). ol
Eelolsl AT S ALE A71E 54
& AU AEen S Adeta B4
A W) e

V. MsEM

ARkl 29 719 e A3 St
3 29} 72 3elA AlEHelAdS elEioich 1
32 7A=Y viAE Hepa glom ©Hele m
Itk 7)A 2 2-tier® FAEO] glom E 197e]
th. ol gddlel= 7]Akell A=A 7AEkel e
o oAt WEko g vAE Hug $2lqlch AR

= 28 49} zo] olFHdele] 40m wHA
o4 #=lo]n] Exponential Correlated Random
Mobility model"”& A-g3lsic) Al Eeo)Ade] A}
45 slEblE= [111S 3xspsdck 7123 o)F
deflo]7ke] HEEAH 2EE type-DE 7HYEIGIS

o

N
2L
A
=
¢

N

500

Scanning interval(msec) Data rate(Mbps)

Fig. 7. Scanning overhead according to the scanning interval
and data rate

Overhead(bps)

e
30
20

——F
0.2 T
10

-
Scanning Interval(sec) 01 Number of User

Fig. 8. Scanning overhead according to the scanning interval
and the number of MS

v 7253 ARSAL ehdrke] A ZEAL type-DE
At F type-Jo] AUl-Ae]l BAox Sl oz
Hhgshs 7 28418 Rkl

a3 5% ol sdHel7} olEslHA ol 5Heelr}
2AH ZAF A= W A AlE Al7)e} Algksle
27 el wkE olFHeele] ¥l 7IAF
W Al Als AZTE R 9lck ol Aol
ARl AREA} b 107)0] . BS1-> A1 71A]=;
o] %Al A5 Al7]el™ BS2, BS3, BS4: 7M7) o)
FdHe]e] o]l og A WA, F WA, Al HA
E7 A T2] G241 A1E All7]elc) AlEeld At
A olFeole] £l AT A9l FAE o]
delo]e] 4l Als A7I7F Aol fARE dES 7}
Aa Hilshs A 4§ 9len AlA A A
A7l Bla] 4% $Al AT Al7|ellA ="l 9
doll &gt &I} A epes e #Elg &

olo]
AR AR T

o5 Deole] 41 A5 Al7] ol Algu
ALgAh he] i 34 gtue] g F 5
olek. webq = =Reldn el AHE ARR)

895



FEAEFS) = 5] *12-10 Vol.37A No.10

che] o] whE 349 AI=s —é‘%ia}u}, a
% 68 Al whe] Zolel] upe g 44l 4]
R P S TR o= zalom glg— RS
A3} olgddele] 4l Als AVE A ¢
slo] AREl AREAF whe] ST 67) o]
o, 34 2A7} 4dBmoR $Hshs 7S Feldt
stk wEkA ol Fddele] ailEAE
A7) glsle] 67 olake] AbgAl whS ARgd

A% 34 oAE HasA 5 9l

4dBme] 4 AT AEew Al e
% % ok e e FelA B 7]
A5e Ads] g5l AgEE ALE A7) ol

hl ]-
T Bk AL s s VS ARRth =
g o3t FeAe oy A oleHelrt
ST AlE A7|e] st ofsl] opr|E= Zlolrh
upebr] Als A71e] Heje)a 7] A4 Als Al
o M3kE Al F 45 Als A7l wadd
73S TR US AT ZleR = g

ok

Selol7} 24
P PR I N R
G 5 glek Ak 37N 2o ek g

AetA] et ey AR W A4 A
AL A depele RS AR =l A
dflolsly] wjiel] wlAlA] Aol odk enfsl=r}
AR} weby E4 Aske was) sjske] A}
8 wE Aol AR Fol Algkshs 2o W
e A7) G W FW eEslER 2 4 9
o,

o8] 73 a3 8L ~Adiyd Qo] w3l AL
Sieo] Ws), ARAp whke] wislel] mE zbzte
A ekl mhe  F emslg mAska 9)
o} ol ZXF o]EYee] 7| AE SE
ol FRolsh ALgAh whzke] AFLE
aL 7P sisich

MRS scanning> ¢]sH#Heo]e] AA S
T3s= Zolv] MS scanning> AlStsh= 2704

1>

to
o
&
E r1r

856

eks ofmlghel. ¥ 7oA ARSAF whEE 1070
A5 5E7}F 30Mbpse|tk 19 7
& Eale] T owy w5 2ol Al
dages W S ewWd =) ek e &
@ Sk oBgHell A e s
S EAG AEL S Sl
A fge] el AEEmr) il del
ol Ul AR S e delElel o] bR
ole}. % olgQelolrl AW 2Ade FAE 7
slde Faak gha delHE Ashe A
A AESEr 271 S5l ge)
. v AlgkEe Ad0Y Hlel
Ph AR ohde S s
ahel] AEEEsl Frlelln enslss) Qe

M
I
o

N

o, &

>

0 olN

ol,
o
o,

f

M
)
o

—_

%Xé AE Xd%‘v FIg Aoy wAH|e] e
7kl ol tz} S e ee] ke otk
7 A% 7KL 7 Alstket

ko] =t Z‘su% enjs|l = ol FdH 7 A4
Sk o] W S o= 293 o]

ofN

(Ol

oh Zeh} el Helshe AR} W] £F A
e A4S @ 2 owesg ARAY 4 AL
Jele). Alekelts 2old Higke] W . ems)=
2 Al R ek B e AT
& Zoleh
V.2 =

B Rl olFAeole] Lol 27 Abg-
A o] EAlR BAE FRa] Slle] Alg
A el 2old Ang D44 ojEddele]

A Wb AlKSISlck A% B4 A3k Alkehe
g Wk 3ol Belske A @) 67
| A% 4aBm olste] 39 2% wsiel
g o 2 onjslee] A sMbps o)l S
ol olgdsolt ad e 2 Felete
kol mlslA AksRE 2 weke] B ZH 9
A=rh WA AT AL g S slslh

[ed

4>
;0



= ol EREele] FA7ME 20 Wkl

[1]

(2]

(3]

[4]

[5]

(6]

[7]

[8]

(9]

[10]

References

B. A. Bakaimis, “Power control/allocation

solutions for mobile relays for future
cellular System,” in Proc. of 3G 2005, pp.
441-444, London, UK, 7-9 Nov. 2005.

W. Li, C. Zhang, X. Duan, S. Jia, Y. Liu,
and L. Zhang, “Performance evaluation and
analysis on group mobility of mobile relay
for LTE advanced system,”
VTC2012-Fall, Quebec,
2012

IEEE Std 802.16j-2009, IEEE Standard for
Local and Metropolitan Area Networks -
Part 16: Air Interface for Fixed Broadband
Wireless Access Systems - Amendment 1I:
Multiple Relay Specification, 12 Jun. 2009.
I. F. Akyildiz, D. M. Gutierrez-Estevez, and
E. Chavarria-Reyes, “The evolution to 4G
LTE-advanced,”
Communications (Elsevier) Journal, vol. 3,
no. 4, pp. 217-244, Dec. 2010.

H. Zhang, et. al, “"MMR protocol stack and
Definition of RS types,” IEEE
C802.16j-07/096r7, 3 May. 2005.

K. Zhang, G. Shen, J. Liu, and, S. Jin,
"Handover of mobile relay station,” IEEE
C802.16j-07/147, 8 Jan. 2007.

Y. Saifullah, et. al, “Relay handover,” IEEE
C802.16j-06/190, 30 Oct. 2006.

H. J. Lee, S. H. Kang and J. H. Kim, "A

cooperative

in Proc. of

Canada, 3-6 Sep.

cellular systems: Physical

scanning mechanism for the

mobile relay in the moving network
environment,” in Proc. of CCNC 2010, Las
Vegas, NV, USA, 10-13 Jan. 2010, pp.
1004-1008.

Y. Zhang, J. Zhang, D. Dong, X. Nie, G.
Liu, and P. Zhang,

autocorrelation model of shadow fading in

“A novel spatial

urban macro environments”, in Proc. of
GLOBECOM2008, pp. 4175-4179, New
Orleans, LA, USA, 30 Nov. - 4 Dec. 2008.
X. Hong, M. Gerla, G. Pei, and C.C.
Chiang, "A group mobility model for ad
hoc wireless networks,” In Proc. on ACM

MSWiM 1999, pp. 53-60, Seattle, WA, 20

Aug. 1999.
[11] G. Senarath, et. al, "IEEE 802.16j-06/01313,
multi-hop relay system evaluation

methodology(channel model and performance
metric),” I[EEE 802.16j-06/013r3, 19 Feb.

2007.

0] & Zl (Hyun-Jin Lee)

2004 8% olFtistal Ax}
2 &kt

2004 94 ~&A] ofFrstu
I e R R N 1

7
<Ailpok 41U Qos, T

< A3 L2/03 P=on

Z M & (Jae-Hyun Kim)

1991 29 skefdigtaw Az}
Airetat skt

19931 29 skefdigw Az}
Aikstt AAt

199611 84 ghefeiistar %Iz}
Aiksta} Bhat

19961 1€9~1996'd 24 Visiting

Communication Research Laboratory,

Scholar,
Tokyo, Japan
19971 49€~1998d 6% Post-Doctoral Fellow,

Dept. of Electrical Engineering, University of

California, Los Angeles
1998 114~2003d 2%
Technical Staff, Bell
Technologies, Holmdel, NJ
2003 3 ~dA| olFrhstal HrFAIN Ay

EANEE
<tAlEel tHAlF QoS A3l MAC ZREZF,
L2/L33 = 2

Member of the

Laboratories, Lucent

857




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


