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Adaptive Multi-Tap Equalization for Removing ICI Caused by
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Abstract

This paper studies a method for reducing performance degradation due to losing sub-carrier orthogonality caused
by power transient between physical channels in LTE uplink transmission. The pattern of inter-carrier interference(ICI)
caused by power transient is different from what has been studied for doppler shift, in that its pattern occurs at front
and rear sides of channels in each period of power transient. The reason of ICI's occurrence results from power
difference between channels, power transient duration, multi-path channel delay spread, and numbers of sub-carrier.
New criterion is proposed to find out number of taps of multi-tap equalizer enough to improve the ICI. The scheme
is to determine the number of taps of multi-tap equalizer when a normalized interference or a normalized ICI is greater
than a normalized noise. Simulation results show that the number of taps is flexibly adjusted according to SNR(Signal
to Noise Ratio) of a received signal to improve Bit Error Rate(BER), while the complexity of the proposed scheme
is reduced down to 88 percentage of the classical method.

Key words : LTE, ICI, Equalization, Power Transient

AL 17172438 FHDepartment of Electrical and Electronic Engineering, Yonsei University)
*LGHZHLG Electronics)

= F W 3 20090529-058

- FAEEARE ;20099 79 14

701



 BEBWRPEANGE H0F H85R 2009F 67
I.M E

3GPPoI A= WCDMA 7]%He) 3AIT) UMTS A&
g o|Zo 7]E9 FAM g MH| 2 HFA Ho
w7l 23 7] MuAR FAS o] FAZ T
O|EM 7|E /4] MulET oz} web browsing,
e-mail, video/audio streaming, FTP, VoIP &3 72 2}
4 52 MUAE NEE F A HA AT 7
£ A 2FE FASEA X 71%E AN Ut
T B DA FgE AEA N Y dA7Y
2] el 3G Al2delM AT ¢ de AR
O e £59 52 23S 2 AHAE Y
T AT 71eE dFEtd BT o] gF
At olE e AL ulero 2 3GPPA M= 200413 129
ol 3G Evolved-UTRA/UTRAN(LTE) ¥33} ebgA &
T(Stage NE A12HATh 3GPP-LTEE 200593 H 27
Ao AAY ATE A5t HAd o235t &
3 Lol = LTE Advanced2h= ©] 522 A& g5
3t 2Qjo] Mg Foln B2 V&5 I7HT Tk

3GPP LTE® A8k 21 50 Mbps, 313 &3 100
Mbps7HA] AEE& ATtk HAE2 14,3, 5, 10,
15, 20 MHz7}A] theslA AHE: 7he3ith B3 LTE
EFA A= UE(User Equipment)e] A& &350
E A7) 98 5 MHz ode) dgEdME 7t
B A Alolo] AFE 2HIEE AAH Tt
M A8 F= Hrhpower transient)= E2) A'd Apo)
o Wale Ay 4 AMP/F SH4H 072 2ga)
A 33 slope7t ‘%}*@6}{— g Lok o] R
LTE 4% 83 A4 ¥4 <) SC-FDMA(Single Carrier
Frequenct Division Multiple Access)®] Z+ Fybs A

o8 AuPE & ¥ wdn7k 7S 9oy
T, ole g A% 7‘41% ﬂME}” 0 o2 3

ki AMP®] A¥HLE ¢
Hhg o] Qloh W}‘ﬂ o] AL BT
HOZ FA7E AL UEY AMP 7HH 0] Btth3tA 5
7hete BAFo 9171 1 F2 A F Hte] ohvt
ZFIEY [4)9ME LTE A2 459 key factorZ
Y H 779 BHxla ARG A . 7
e AFHOE WATFOTH FAF 4 Bo] 7R
A< B ICIe ¢f8) §)<&E RB(Resource Block)
78 4 Q7] BEolth £ =EAME LTE 4

i rlr

3F YoM A J& 77 B P 2L F&H
ol whxlo] thEjA HA AFEL ICIE EFHOR

AAZ 4 )= SNR(Signal to Noise Ratio: A1 Eoh

o) AL bF | 58 /HE A &
o] ©Zgd) o) wAEh= ICI AA 71l g A
FE AAT s x 9 Ag 5 7o) g 2
Ak ICIE 230 o3 $A 8= IC19) BE7)
2o v W 55718 oA9A AFHOZ HAE)
ool 3tz ofF A FUTh WA B =1
oA LTE A 33 A2gdM A A 27}
of oa) FAFE ICI thate A3 o] & &
HOZ AAs A3 tF | 53 71¥F 53
o ¥ £ AASE NEL 71EE At
< o3 o] FAEh 28 & LTE
EFo| thal M A 8] Lottt 386 A
g9 A8 wgt A AT F7ho] Iwt
JT F7He) WX E o 2o gof
LolREE 3t} 4o M= A 3
WA E ICIE Al A Y8 oE |
& LolEu} sAL RO A¥ A
g ua e g S AEsa 63l
=

g,

o N0
ol r\li )TJT(E}E
— 1“9‘035[1}{[10[“(
éﬁ—%_yglﬂr«in
léﬁz%‘iw
:d':d
it

2o ofd b1k T orir oX
o & o

mm%’aﬂlfm

cl

240 LTE A3 213 X4 Al @ =)ol 1x

LTE Ak g g= AL 7|Y¥o 2 SC-FDMA 7|
A3}, SC-FDMAE OFDMA S A3 fAH)H
b} PAPR(Peak to Average Power Ratio)o] 2t gc.
FDMA A 22 CP(Cyclic Prefix)S AYsch o34
2 Ho]g 22 <13 ISI(Inter Symbol Interference: A&
ZF HA)E WA %Itk LTE A% #3de
A ZF9 CP ZolE A3l 3tk Normal CP
9} extended CPo]t}. Normal CP+= 770¢] SC- FDMA
AlEo] B 3o £88 FASY extended CPE=
6708 AEo] B e £F& 743t oW CP
Zo) normal®] -9 A WA AEL 521 usE F W
ARE 7THA AE74R = 4.69 usoltH'”. Extended CP
o] A$ole BE 4L 16.67 us CP7F AYE
LTE A% 339 =g 720 thaf Lol E
3t AME Ve s 9 EE LTE A 339 &



LTE 4% 33 AA™-dM £217]9 A

One radio frame T, = 3072007, = 10ms
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T, = 1/(15000 x 2048) = 32.55ns

—— !

One subframe = TTI(Transmission Time Interval) = 1ms

T8 1. LTE FDD A299 4% g4 289 72
Fig. 1. Uplink frame structure of LTE FDD system.
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Table 1. LTE uplink bandwidth and resource confi-
guration.

Channel
bandwidth [MHz)
Numer of
resource blocks 6 | 15 | 25 | 50 75 100
(Nrs)
Numer of
occupied 72 | 180 | 300 | 600 | 900 | 1,200
subcarriers
IFFT(Tx)/FFT(Rx)
size

Sample rate[MHz]| 1.92 | 3.84 | 7.68 [15.36] 23.4 | 30.72
Sample per slot | 960 [1,920(3,840{7,680| 11,520 15,360

14| 3 3410 15 20

128 | 256 | 512 |1,024| 1,536 | 2,048

A AT FLED [10]04 A3 At g,
A71ME 7Hs] L9872 Fhk LTE FDD Al 2H
M g e =y A Aol 10 msolt). 7 &
29 H71E 05 msolth &, 20719 &30 dhite] =
A9 AT 287 2709 £20) ZAM [ ms
AR Afo] o]tk o] AFHE WHE T
(Transmission Time Interval) T subframe©| 2} gt
3% 12 LTE FDD Al2¥e] A 34 29y 72
g BAFY o & €52 o3 7)9) RB(Resource
Block)2 74EH Y €% Wel RBY /e A4 By
Fol| wt g2 # 12 7 gjoE #2 A e
B E vebd Zlojut sk RE(Resource Element):s
& SF Wl /g Futdng Jogy 3 RBS &
% WY 12708 REE B2 Ao g Fgdrt
S22 LTE A% 83 2] A% 34 g
A FotEAL LTE 4% 33 B8 Alde tgst 2
o] e gth. PUSCH(Physical Uplink Shared Channel),
PUCCH(Physical Uplink Control Channel), PRACH
(Physical Random Access Channel)]t}. PUSCHE A}

48 Fx diel g3 B ek 1015 AA] A3 453 dE 8

ol

8 71

g P3¢ 2AEY dHolHE 8 AH-Eh PU-
CCH+= CQI(Channel Quality Information) & B, ACK/
NACK AX 23 SR(Scheduling Request) FH S
93 ok PUCCHE ¥ subframe WollA 72 <& wnjt}
ghte] RBE ARESH AMEAPEEE F3 hopping
S olgsted st 123 PUCCHE PUSCH 7
&30 FAlo] A$EA) =)' t&-0 2 PRACH
UE® 947 2ot g7l tlojHe] $/TL AR
I 9tk PRACHE 1.08 MHz 9 E Yjo) A &}
o Zyel B AEAQ 2YAE AEstt

2oz A g Ba A3 Ul§] Golrx).
A

<o rle o al
afl

ding Reference Signals(SRS)Z Wt} RSE A<
FAGe SEE AEHET SRSE AT FA 2AE
8 A B} link adaptation, power control, SU-MIMO
(Single User MIMO), timing measurement -2 JE 5
B SUTh SRS H 4 4719 RBE ARE3LYL o] 9]
AU A% 49 v N RBE AHS R B
3] SRST subframe®] PEAY Ao A4Ho)h

AB74A LTE 733 H3 SejAZl ] ot
Stth T2 0 2= LTE UEY A28 740l tis) &
OIHLEE 3.

2-2 LTE UE A2&E 74

19 2% LTE UE AI2"9] FAES vehdth
UE A 29 B3t opd 21 3|22 T3]3 RF
AAZ T obgRI S ZRE-I) RF BES
DAC(Digital to Analog Converter), HKDAC(Housekee-
ping Digital to Analog Converter), up converter, VGA
{Variable Gain Amplifier), TX SAW filter, PAM(Power
Amplifier Module) 12|32 duplexer2 FA ¥t} LTE
FDD AlZ®o M E-UTRAZE A 9ehe a3
B s ADsh7) B fPEE RF AAE
of M7 ek &, 9 BE FAE 3GPP TS 36.101
& WS E AAF ok dh AF7A
F Y £ A A" g dorE gt
golME LTE 3% 33 8 AEdA &

703



BEBRASERGE 0L FHo5% 009587

MODEM
Po——n
rRx_1[09] |~ ' -
: RX0 1/ De Citio .
RX_Q[09] /\ a1, g0 | ok 0 e o Noteh Filter
LA -
DOWN
- ._H}: - cavate
TX 1[0:9] TXIQ D S oo
TX_Q0:9] | @ Qimy - ) i DOB :
_'_'—ﬂ//‘ S ™ & ’_“__ |
DAC_CLK 122.88MHz VHas00my it
—SPTEN YIQ DG = 14V T TX SAW Filter
~ RFIC_SPI [ HKDAC T VGA (0.5~2.2Y)
SPI—DAT?‘ CLK, MAX-26MHz - a3
SPI CLK T TV
PA_EN
PA_H/L

J8 2. LTE UE AJ2"9 BE5E
Fig. 2. Block diagram of LTE UE system.
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edge of 39 dB power offset.
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Fig. 7. Outputs of HKDAC and antenna port at rising
edge of 39 dB power offset.
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B 3. 5371 ¥ F(EVA)
Table 3. Number of taps(EVA).

SNR 20 | 22 24 26 28 | 30
Front-rising 1 | 1 1 1 1
Front-falling 1 1 1 1 1 1
End-rising 1 11 27 37 43 | 49
End-falling 1 1 1 1 1 1
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Fig. 13. Normalized PSD of ICI when N=1,024(eq.
(25), (26)).
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