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Abstract In the case of the Pilot Symbol Assisted Modulation (PSAM) method predicting and compensating
amplitude and phases caused on fading channels, there can be severe performance deterioration by Doppler
spread on fast fading channels. In this paper, the fading compensation method suggested so as to improve
occurring problems as well as analyze them. Doppler spread is the major cause of the bit error rate(BER)
performance deterioration. Compared to the existing PSAM method, the more performance deterioration occurs,
the larger Doppler spread appears but performance shows well its less 107 2BER performance than the existing
PSAM method in the suggested method whereas the existing PSAM method has about 10 'BER its considerable
performance deterioration that caused by Doppler spread within a symbol cycle with the level of delay wave
interference.
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[Fig. 11 Multi-pilot frame structure

Oy KA ZEQI] m A ThA3 AES el
o d,, & KA TG m A HE A el 3 =

Eﬂo]_/] 710] No]g}. o]— _Lgﬂ()]_Q] X—]E]_ /K]HJ f"_‘—-_
N—30] it} Bolgl AHE ataj, 0, ataj B AL
e},

3483



S| ot sle R A4 A7E, 2013

2o] U9 231, SURUIAL AWGN
] A

o= 20 BElof| ofsf 4 (3)%}

Hu
A zoh. FANETHMIE AWGN R MRS o)
Q2R= 1dBoJyjolc). 3 A A A7AE efE F¢,
(7 < DHWE A= Al >
S o]gste] yephd 4= Qlrk

a(t—71)=at) =7 [a(t) —alt—1)] @)

% \7|17ke] E7171 olAk¥ oz ukchal 7 Eh,
1 (3) )01] o] A WA Za9le] wtUgl jA|o|A 4=
B AL 4 (503 o] e 4 otk

rz >

y(a1,2):R1(a1.2)' a1,2+Rz(a1.2) (%)
[a1,2_7" (a‘l,Z_al,l)]
=T RQ(al,Q)' Q1
y(am) Rl(a13) a1,3+R2(a’1,3) (6)

: [(IM T (a1.370’172)]
:[31(01,3)+R2(al,3)’ (1=7) a3

= A zaole] Tl Ao SAlE AFE )
o3} 2.

y(az,Q):R1(a2,2)‘ a2,2+R2(a2,2) @)
: [a2,277" (a2,270‘2,1)]
=7 RQ(am)- a

y(a2,3):Rl(a2,3)‘ a2,3+R2(a’2,3) (3

[‘IQ,:; -T (a2.3 - a272)]

= [Rl (a2‘3)+R2(a213)' (1—7)) Qg3

AL (5),6)°1A A (9,100 ¥& 4= Utk
y(al,Q)/al,l =T Rz(al,z) ©
y(a1‘3)/a1,3 = [Rl (04173) + R, (a1‘3)' (1 77')] (10)

AL (D.@AA A (1D,(1D)E E& 4= Utk

y(aw)/am =T RQ(az,Q) (11)

ylayy)/ays =R (ay3) + Ry(ay,)- (1=7)] (12)

whebA, kA Z o] eale w3

e ek gol & ¢ ok

oA o]y &

fcl(ak,2) =T Rz(am) 13)

fgg(ak,g) = [Rl (akg) +R2(ak,3)‘ (1 _7—)} (14)

AR AR dyd, 0 $AE AEs et P,
?J(dm) :Rl(dm)' d171+32(d1,1) (15)
: [d1,1_7" (d1‘1_a1,3)}

=[R,(d ) +R,(dy,)- (1=7)] dy,

+r RQ(dLl)' a3

y(d1,2) :Rl(dm) d12+R2(d12) (16)
[d12 ( d 1)}
[Rl( 2)+RQ( )(1 T)] 12

A AR A dy ol el 7k
7o) wo|te 23

_)':\_.9\)1]:]— oa T o&2
fﬁl(dk,ﬂl) = (1_m—j_\‘;1) fel(k) (17)
() S (k1)
Ferldi) = (1=75) fua (k) (1)
m

A (15),(16)0014 HH A& dyd) & 22 Fshd 4
(19),20)7} At

= lyld,)—7 RZ(dl,l)al,S} (19)
/[Rl(d111)+32(d1,1)' (1_7—)}

d = [y( ) TR ( ) dl,l} (20)
/R (1,2)+R2( o) (1=7)]

3484



a4 wmukd 2H

oflA] fast Hlo|d FES gt 7FA

|QF E7F GPSAM 7|9

4 (190200 Quststel kulAl el muA >
A AR e thg 4 QI Zo] Y 4 gk

dyp=ly(d,,,) —m Ry(dy,)d,, ] @1)
/R, (dy,,)+ Ry(dy,,) (1—7)]

A7IOIA, dy.,— 12 FHE R A d, 0 A A
= oty F4E AR AEe A (13),14)=5E A
WA BEQUAE o83 2R dolgelx F5E A
AR A0S F T PANSAN W o 7 A 3
& o2 o] Foax 4

Asd A dy,,= A @3] 98 Feiot

dk,m: SZgn(dkm) (23)
{7104 sign(- )& Theat 2.
2
a r = ga
1 0<z =< —a
sign(z) = a 24)
1 2
- — 0>z = —
a 3
—a *za >x
3
3. MEZT Y M52
Fig. 2= 7T, =1/250000, Z# ¢ Zo| 16, Ray2%]

1

N

J
N e

0.5, Rayl} Ray29] H8& 27 812 o, SNRE
20dB, 30dB, 40dB, 50dBZFANA f,To] w2 7]&
PSAMWPA T A|QkE AJA19] BER 5408 HojF=al Stk
7]22] PSAMHFA]9] 7S Ray29] 2|%10] 0.5 A= o
S n| wj SNRI} f, 7l BAIRle] 107" Aw=e] BER
EXS ®olth SNR 50dBel A= f,79 Aktglo]
o}F Al Zv5) /d‘:_x{o]_ Hols oF ] o} =, Z]oqg_}'l
0.5 F=9] JFE nAEete ol Azt A

Aohs Hels & = AUtk Al wHAe] AL f, 77}

0.010|4] 107 %0]3}9] BER A5 Ho|i f,77} 0.004
olalo| 4] 1072 o]5ke] BER 45-& ® eIt} E3t SNRO]
50dB2] A9 f,77} 0001 w) 107" o]ale] A5
2l

— — -PSAM 20cE | |
(| —F—PSAM 30B
| T PEAM 0B (]
| —F—PSAM S0B |-
—+—Prmop. 20E 4
—&—FPmop. 0L
{ —E—Fmp. &
: ! | & Pmop. SJEB 1
10 | I i I i 1 1

1] 0001 0.002 0.003 0.004 0005 0006 0007 0,008 DDUQ 0.01

idr

[Fig. 2] BER performance of system based on f;7'
(SNR 20dB, 30dB, 40dB, 50dB)

4. AE

o vlo] BAsjoIA TEHeR 3o
= 7]20] PSAM WA} Aoksl WAL
SNRE 7z} 20dB, 30dB, 40dB, 50dB of| A deoﬂ
w2 AA8lo] BER E4E B35 A3} 7120 PSAM
Ao AL wEe] SHilel ojgk A rreld 107 A
o] 4175 BER 4% A51S Rtk Alokel whale] 7
FiT7 259 8hake] ek go] Wi 00194 1072
0]3}2] BER AJ%2 Ho|il SNRo| 50dB, de7]— 0.001

13
_\:rl_
23

oA 107" o3
ol|4] 50dB, f,77} 0.0060]5} EAolAl L SNRo| 2 S
oflA] AlekE Whale] A% AjAlo] 2 & BhelE 4 9lgl
t}. 712 PSAMHFA] 9] Aol Zalwo]y) Fol|A]
ol mAo] agHoF oo At Fubs Az
fast Hjo|g oA A EL7ro A AzZkst s %
o1& ok 4 9l A|QHE WAL EEa Bhato
de}2 HolAut B8 Sl ool

dee BYE &+ Atk

ol
i

J24.~°|
oy X
b3
Ji
off ox K

rlo o n

uf'ss

3485



S| ot sle R A4 A7E, 2013

References

[1] M. Jafar Taghiyar, Sami Muhaidat, Jie Liang, "On
Pilot-Symbol-Assisted ~ Cooperative ~ Systems  with
Cascaded Rayleigh and Rayleigh Fading Channels with
Imperfect CSL" Multidisciplinary Journals in Science
and Technology, Journal of Selected Areas in
Telecommunications (JSAT), pp.24 -31, November
Edition, 2010.

[2] Z. Tang and G. Leus, "Time-multiplexed training for

timeselective channels,” IEEE Signal Processing Letters,

vol. 14, no. 9, pp. 585 - 588, Sept. 2007.

DOL: http://dx.doi.org/10.1109/LSP.2007.896146

M. Jafar Taghiyar, Sami Muhaidat, Jie Liang, "On the

[3

[t}

Performance of Pilot Symbol Assisted Modulation for
Cooperative ~ Systems  with  Imperfect = Channel
Estimation", in Proc. IEEE WCNC 10, pp. 1-5, Apr.
2010.
DOL: http://dx.doi.org/10.1109/WCNC.2010.5506613

[4] H. Muhaidat, M. Uysal, and R. Adve, "Pilot-symbol-

assisted detection scheme for distributed orthogonal

space-time block coding," IEEE Trans. Wireless
Commun., vol. 8, no. 3, pp. 1057-1061, March 2009.
DOI: http://dx.doi.org/10.1109/TWC.2009.070461

[5] Z. Tang, R. C. Cannizzaro, G. Leus, and P. Banelli,

"Pilot assisted time-varying channel estimation for

OFDM systems,” IEEE Trans.  Signal Processing, vol.
55, no. 5, pp. 2226 - 2238, May 2007.
DOI: http://dx.doi.org/10.1109/TSP.2007.893198

# & +(Jeong-Su Kim) (3] H]

e 19984 24 : HEEH M=)
st JRFAIE S} (FE4Ah
e 20034 2¢ : HEEE M)
st AFEFE (FaHEAD
2002 69 ~ HA] : FAALo]
st HAFEFRFAISG

H o2
Sl

1=
<A Hop>

=
off
=

3486




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


