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Abstract:In order to address the problem that the linear interpolation algorithm of TD-LTE - A uplink
channel estimation uses only two channels responding in pilot positions to interpolate the channel response
and failes to fit the channel response well, an interpolation algorithm based on weighted is proposed. The
algorithm is based on the linear interpolation algorithm. Firstly,the algorithm uses three consecutive chan-
nel responses of pilot positions and the linear interpolation algorithm to obtain two intermediate values and
then introduces the weights. Finally,the channel response of data positions is obtained by weighting the in-
termediate values. In EPA environment,the MATLAB simulation result show that compared with the linear
interpolation , this novel algorithm can reduce the bit error rate(BER) of the system without excessively in-
creasing the computation complexity.

Key words: LTE-A ;uplink channel;channel estimation ;interpolation algorithm

1 8 = put Multiple Output OFDM ) R4 1) A H AR 2 — | %)
{H1B Ak 11 /& OFDM ( Orthogonal Frequency Divi- f€ OFDM 45 MIMO Sy ¥R R SR Y TD-LTE
SiOl’l Multlplexmg) /z%é‘hﬂ] MIMO _OFDM ( Multlple IH- —A ﬁ{g%gjﬁ Eg ‘@ ﬁgﬁ‘ﬁ E”3 T%L’E:g E/‘J %2 uﬁ o fﬁ‘iﬁ’fﬁ

*  WFREHHEE:2013-12-02; &6 H#5:2014-02-21 Received date;2013-12-02 ;Revised date:2014-02-21
HEWH B ZA3F X %5 (20127X03001-009-004 ; 20117X03001-003-01)
Foundation Item:The National Science and Technology Major Project(2012ZX03001-009-004 ; 20117ZX03001-003-01)
w%  JBWAEE : shangapequpt@ sina. com Corresponding author : zhangapcqupt@ sina. com

- 626 -



5 54

TR IRAER TR TD-LTE-A _EATEIE AL 1 B TR s (5 vk

THAIF5E — BB A 238 (5 R G A wE a5 5 34
SR R B I S A SR A %
1 PR B PR B R AR AR MR AT H T, AT
YHEEAGH R R e 2, SCER[ 2 J#F58 T LTE
-A PATRMZ %55, STk [ 3 ] 7F LS Bk ny &4l
R T R AR A SR R R A BR oo B A5
T8 22 [B] 9 AH DG P AT 75 rh B ICHE A DG ) A3 £ BUH
FAREM T LS S (A s i, o B AT
{EIEHAE A 15 M LE |, 45 531 & 48 MU —=MIMO ( Multiple
User MIMO ) ¥1355 T A [R] (9 7 550408 A 41 T[] 18 Bis) 45
EIR b & vk SH P Z 88, B AT MIMO -
OFDM RGMFHEMITIERER 22, SCHR[4 481 T ok
R EE AT T 5w IRaX e ) B (H 2% 07 7%
AP REAR R AR BE b B TR AT 5 Al T i e 1
LTE-A FA75| A MIMO J5 i FAEA K F KL K
SARES AR R A7 B L kX S A8 A I A T
fhTHPE s T R R BRI, SCER (5 ) BIFSE T 7E
ARG EENE MU-MIMO R85 B4, 21 T
— R TR IR R AT L (RN T
FRIEPERE, AL T —FoBr i T 4 JR 19 305 42 5% 25 1
AR LAARAS TR i (5 B Ak

Db SOk, 5 202 H TR A 6 A T
FEHREE T AE AT B RN A7 A T A TSR Y
ST, XHEE S A ST AR X 85 /0 | L an SCiik[ 2,5 ]
ST AR5 A5 0] LA B A A F 45 A5 2
[ {4 I A M A R R R AT B Ak T, Sk [ 3 -5 ] 02
FAAS R 5302 AR v S 00067 1 T8 Ak T i e 1
1M TD-LTE-A R FH 5& T 5450 A1 A 4 1447 18 Al 1155
2 AR KRR YvE TR BT S,
PR A SCORHAE A 05004 T T WFFE 4 1 T 56 A
AR s, ARSCHY BB TR e E A%
GE LR P A (B vk B JE Al 3R T —FE T
LTE-A Z54- MR AL e 33 52 01 45 TF & 36 +m
BURARAESA L X M RE AT T MATLAB {5 BLI%
UE, 5B A % otk 0 SR AT AL Ge i 2k
PRI (A T ARSI 38 A 1T v FR IR R B¢
iR HLARRR

2 LTE-A &% PUSCH {558

TN MBS ARSI R 2500 T4
REHIEAN ISR, TEAFEM SR T %k
WCRZAE AT SC-FDMA ( Single —carrier Frequency —
Division Multiple Access) 5 & IG5 54

55 1
D RIFRERS AT T 00 B TE SRR
Y= %XnH"
By
¥(0) | x,(0)
¥(1) :i 5,(1)
ey ) O
1,(0)
o (0

hf(Ml’LSCH _ 1)

n s

o, Ny R RLRG XL X, o X, X, =
diag{x,(0) (1) 2, (MLSU=1) ) R 0 A
KRR XS A5 07 B I A% B 09 %) B
Y R— MR S R A5 A B B 1 £
B v=[y(0) y(1) o y(M™-1)]";H, s
n N IRGTR R BIZ AR IR A% AT 5 BB R
B, H, = [K(0) H(1) (M -1) ]
B (m) TR n A KT RELBNZIW KL m A
RE ( Resource Element) 35K i, Hirpne {1,
2, Nyt yme {1,2, o MY

3 LTE-A Z% ™ PUSCH W5 Bt E %

5 LTE AT REAEHAN , LTE-A R BA7
R F; 4 REEEEM 4 REF, TR K4
REL b (AT W 2 A [R] A9 7 8 b AN AU 35
MBI A T TS 2R . X TN
(R L 1, 8 AN R PR ER RS A o, (AN [R) R4
) f# 8 2 % {5 5 ( Demodulation Reference Signal
DMRS ) il b Bl it 3 52 FH 4 5 08 e — ik

%t F PUSCH % 3% 3t , normal CP it i il 2 % {5
5 WS B 2 B VR AN AR (4 7 A 1 R
Xt F W, /)2 1) DMRS (5 F 1Y RB ( Resource
Block ) i it AUt 73 32 A4 77 sNHEAT & . A 4%
W LTE P F A4 LS 538 Al 1080k g A7 45 sl 22 167
W25 I A 55— REWAR RSO & T, T
PR AR WEI ) S 2 R B R BAE B &, T
BEARGHTR LA DMRS T I 38R A3 kA 1 5 7 —
&, i DL HBER A [ R &R A A o B9AS
[, 5 A B AR N . A T A R A
EES R VBRSO, AR SCER[ 5 17T

- 627 -



www. teleonline. cn

HLIREAR

2014 4F

ﬁﬁﬁﬁ%i%%%%iﬁﬁ&%iﬂ¢mﬁ
B RAERL

X N‘,“’c subcarriers

MI%subcarriers

Nip

=0 I=61=0 =6

1 DMRS B¢ PRI el
Fig. 1 DMRS resource map

HWIEAF KL F =k DMRS BTG H A MH «,
B R, % 8 00 AT B9 SC-FDMA £57-5 /) {55 18
IR AT S (1) B
1
Nr (e

Y=x% : H,

n=1

ej( MEUSCH_1) (o, ~ay)

(2)
A5 DMRS BB 1 g4 i, 4 255 (2) ik
IR LS — A B S R R A S 0 A R A 2
Pl EAE R R N 28X
1

N el (o)

Y=xlvy=> . H,
. ol MEUSCH_1) (a,~a)

(3)

Hor, v =[y(0) »(1) y(MISM-1) ], AR

P& DMRS 4 7= 4 5y Xl LLAENE B AE 4

DMRS §OBFRES (1 19 22 522 SRR B o, o =

Ny
ki]j’/ﬁ\:,;'jke{o 1 Np=1} | X R pR AL y =
T

I 2 T RLAE S (3) HOM AR P YT R
ANE AR n BURTEL, X5 A REL R ) oo SR Al LA A
- 628 -

VAN, 0 SRR . it B

1 &l Cop—ay) el Cay,~a;)

F=1 : : (4)

1 ej(er) Cap—aq) ej(/\“'—,»l) (WVT’O‘I)

H=[H, H, Hy 1" (5)
4 P=FH , "] L35 4
P=
y©0) 0 0 0 y(N) 0
0 (1) 0 0 0o
0 0o - 0 0 0
0 0 0 y(N-1) 0 g
(6)

SRIG AR P ARAT TR (AR S0 HTH0 P AR
HFHR MR F — 5 T W M, L, 76452 P = FH
(PRSI T B LA 31 4 % B 5 2 511 %
B T S B A 5 0

p=[f, B, n",

4 LTE-A & MERERE

N LTE-A RGBS F WU BT msiz /)
FAE A8 A AR TR ], A7 AR — > F T fa] P, £ 8
N AT LA BG5BT PUSCH #4745 58 I
WL T S S, T LA R T8 B AT A Sl 3 (ks T
DA T A B T3k bR s Ry, et b —
W ITIE S BT — AT N B B — S B AR
I NSRRI N OR =B L VAN AN A A
DUR AR (A SR T R R 2 B e O e it
AL EFEL T VAN

SR PR BR3P {3 1 A0 i) 1 S AR A 5 2
PEAR AR AS shIA 8T, Ll LTE-A MR SR o 5L
BV A& (T FHER SR, O J2 R FH I I A4 <08 F 9 4 3 A
T3 A5 0 e 7 SR M M B AL TR AT =2 al Y
B 7205 _E A R

FEASEATBRIR G ST, LTE-A RS+ PUSCH
A BN 1 s, TEX TR A0E N [, T2
WAL E A kA 15 T R A
ll;_‘lllxmk,z,)+llz__lllle(k,zz) (7)
Horp 1 L o FIVEAGRAE 9 S 454 5 76— A B Bl o
WINLE H(Ck, L) A H (K, L) 4350 2w AR AE ) 9
AGIRAME TR, H( k1) AT A B0 07 B 1)

H(k,l)=




5 54 %

TR IRAER TR TD-LTE-A _EATEIE AL 1 B TR s (5 vk

(SELEIE

FESEAT AR G LT, — A7 it (4 A Bsf it
FHIA 25 B RB L #0504 55, B0 8 19 5 18
M 07 RAS A T B A 1158 A ] ZE PRI B
[ %5 1 RB I, — NP BR Y RB BRI T PUSCH
B Wi 55 A — A, X Fi% RB st A AR U i
AL K S5 7 B b 5915 T8 0 97 1 kg 4 A
Bt PN AT -5 A 475 T e 1 2R A T AR

5 ARRREHFRNHBBEERE
ETmpEERE

I T LTE-A th PUSCH 145 By £ PEAG (A 2
2%, AR — A P 96 4 B B R G S A 5
{18 {5 T IO SR 2 Pk b AR B AT L 2 AT R A5
(18 {55 TEC MR 0, AN BEAR S 4005 15 T8 0 ., T 73 By 2230
TP B AR BB NS T 4 M 0L {5 T e 1, (H 338 5 2%
JEHBEE BB TN . BT AFE MR A 5k
5 FH I HAS sh PR 85 4 AE — PP e R 3 i 38 153
S22 BE (IR LT, B8 v 000 A o7 15 T ) 1 A
B AR (A

TEEZEPIAS AT+ WUER ] T 1% % PUSCH 15 &
i, R TS G R A S B A R DL R AT
HbAPLA (5 T ;T LA FH AT JS A AR 04 9 A 1 ot 1)
S5 50 E IA TE A WRAS ST iU EodE £
B (5 I WA R

1, L, A 1 3R FAAESGR (8 0 045 5 AE— A i vh
MIDLE  H(k, L) H(E L) B H (kL) 53590 378 X6
F 1, LA L AR ATt b AR (A Y 3 AN S:
SR BT R BRSO B 1T LR L, =2 0]
TEAR AT B | 1 5% 1, A 1, 22 18] (0 B 4o 8 it
PR, SR SO0 N [ F 3B b AL
(14 {5 T 1) 17 A

H(k,L,)-H(k,L,)

H =H(k,l)+ x(l-1,)=
l2_ll
L=l -1
2 xH(k,1,)+—xH(k,L,) (8)
lz_ll lz_ll

PR H(E, 1) A H (kL) XF 1R 1 22 18] B 8 A

BT EAF BT SO E N L T RIENLE N k

Ak B4 A T 7 Ay

H(k,l,)-H(k,l,)
13 _ll

i{ZxH(hh)+£jﬁdﬂkJQ (9)

HeJe % R A B M HEA T IR R 15 30455

H,=H(k,l,)+ x(l-1,)=

55
BLE N L T B E R kAR B TE N
H=(l-a)H, +aH,,
R
-l -,
H(E, )= (1-a) |:12—ZIXH<k’l] )+l2_lle(k,l2)}+

1,-1 -1
a| S—xH(k,l,)+—xH(k,L) (10)
l3 _ll l3 _l]

Horp H (k1) AT A RO 07 B A AR B R 5 o
B, T 1M 1, 22 (B 2 A A5 3 64 fF S v, BT
P o BUEAE[0,0. 5] N, EFEAT BB S BT, A
FHAHAI PS5t oS 505 5 B4 {5 T e 17 64 7 2 P A
(ESRAS B (37 &1 £ 18 R

RO AR A A X T AR LTE RGLE
A A o AR G R 2 AR (B3 32 75 ) LA A A
— TR AR A AR A5 1 e A
TFPROMERR L, XA IRE A A 2 RBkIE & L REH
TR S P R A (53 1 B0 5 T 2R 1 LA A B
B, AARAE LU IR I IREE | 2242 075 [ i s ] i 4%
PEREVE OB AN TS Pk

6 FEMEESHT

R TR UE DL R B AT s B D Bk Y
Rk LTE-A RS2 PUSCH M5 B 6.
Kl 2 & PUSCH JEa17 5 25 40 1

K2 PUSCH JEili tiE Bk 14l
Fig. 2 PUSCH baseband link structure diagram

- 629 -



www. teleonline. cn

HLIREAR

2014 4F

it MATLAB #5146 A% SCHf A 0945 38 Al 153
BT B AE, W2 R BE SNR 281k 15 0L
BT LTE-A &% X 4%1.4 MHz, 3 MHz .5 MHz,
10 MHz .15 MHz 20 MHz f 7] 2847 55, 32 :F QPSK |
16QAM F1 64QAM i 75 zUH1 3 4F normal CP Hl ex-
tend CP,7ESEPR R GE b, MO I8 B2 45 B AR TR] L 3x 3
NSRTRE BB, AR T ES L
VEFES MHz A& 471 58 B 300 4~ F 2%, 16QAM il
7738, normal CP, T 0E A 15 8 441 b BT
MERS BT LASR A EPA FiE 287 A (EIE ) 1S
B,

K1 LTE-AEEFESH

Table 1 LTE-A channel simulation parameters

i HSH SHOUE iS5 ZHIA
IFFT K/ 2048 CP 2l normal
R 2 16QAM {2 EPA
TR 300 T# Uk IR/ kHz 15
ﬁéjﬁ'i"% 30.72 SC-FDMA fF 550 14x2
{EIEME Rayleigh FEv% g 7 AWGN

HY T 7 AR 7] 115 18 45 1 SR SRR LT, o B
AR E A 7T Re 6l 05 T8 A8 0 ek e A28 1k, R
THRBIERE AT 1Y o, B SEAEAR R PSS T, A
F MATLAB Xt o fELA9A[A] 51 A2 R e iR 55 R 1 A8 1k
AT E, FESEPEMR L2 dB, HAh S ER
1 FrsAE .,

K3 R AR R o AR fLIh 2R, R FixE Tk
H RSP AT T, X TR — A i s —
ANIFBR B RS 3 1 SC-FDMA #5516 a=0 I H]
FHEE — AT 55— B B 04 30000 14 {5 3 i o7 2
117 R E , 4% 98 i Sk A 18 05 BRI A%+
1N QS TR VA WO =BTz I W (= 1 5 =
TR R R AIG

0.018

_ . [EEEE

o017 L
0015
S :
B 0014 | b e

0013

0012 [y

0.011

0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
a

B3 BRIAFREE o RS TR 2R
Fig.3 BER vs. «

- 630 -

MNIEN 3 T LA i, 7EAH [R5 T8 2% 10 A e L1
LT o ANFIA RGE R IR IS SAT — 2 5, (H2
PR R R A (B B AR X TR e i R M (L
EAIR R R, BT a=0. 1 BFR LRRRR A,
PN R a=0. 1,

P 4 FE S AR Ry 1R 22 B A5 e L As 1k
Mgk, M4 FIE 5 Af LIS 2 L H, Rayleigh 36
BAFER AT R B RS TE A R
R FURR RIS J7 1% 22 AR AR M LE p 1 oL, (H
SRR R LG T, A et B i i (S50 R e
% PRSI Jr iR 2 B LU A AL SR 2R PR (B 530k
RGN RMI TR Z TR, L6 UL LMW, 7
LTE-A £85I AR S g e i I & v, Rl
P BICHE R A (B 58k LU AR S0 i M4 (53005 T LA
ARAT SR (4 5 TE R I, DA I FEAR R G 09158 LR

P4 BRADAREAE I AE 2k
Fig.4 BER vs. SNR

B
S

10—

S 10
10 i ; i ; ; i i 5
0 2 4 6 8 10 12 14 16
SNR/dB
5 ¥riRZERE s AR 2
Fig.5 MSE vs. SNR
7 ERIE

B AL GBI L AR (B 1 A REAR A P& {1
Wi SO (4 TPt , A SCHR T 8 T IR (L k. 1%



5 54

TR IRAER TR TD-LTE-A _EATEIE AL 1 B TR s (5 vk

55

SRR T MR E LI I 1 46 (EL P fek T 14 000
Bl 51T BUA I 2258 1 B A AU 5 {5 T R
Lo ARG EEE R 7R, 3 A oS0 2R A4 (5 vk A
X T LA ERE A R 5 2 2 B A i 2
 RESEVERS M AT (5 B AL T, FEAR R LA OR LA
I BT LIRSS AR B o MAEIE T2
AR

DL EZ5IR R AR R —> UE BETEIELE A B
ZA EAT T W B BE B9 1 BT A ) (AR SERR
F G EATEh A P AR B O, RV B
IR DL AL AR ME S BB AR X 5, (HIEAE LTE-A £3
BRSO SR s A T Rl R, R
B —A> UE SIS 808 2 2en) By
Wiz, Hean, Fe b 36. 141 SIS AT ERAE 7
LR RS HAE — T R 2 AR IE R4 —
A UE, AR EATAS TE P REHEAT 20 # , X T 90 A< AR X
XoF 5 B Tl L, AT mT DA 3 e A A T 2 AT
P LA R EGE I F LTE-A £ 4R AR
WH LB I R, AR BEERG T,
i RGEIR LR RN o MERANTI, BT L o« (Y
{ELA T S 2 — 1 PR B 4% ) TRt A SO Wt
FERYIRIRE, X P26 s ol LIRSS UE _EHRAY CSI,
SE o W HUEL, (ER AT 2 | LA KR B RE A 7 12
LR EAR D O AR,

SE Lk

(1] MBS, SIARER. vl % 3l 5 2 G M B Ah T B
FEBNIHIIM . B - B TR R H R, 2012.
LIN Cheng-yu, HU Lin—na. Research and Application of
Wideband Mobile Communication System Channel Estima-
tion Technology[ M ]. Chengdu ; University of Electronic Sci-
ence and Technology of China Press,2012. (in Chinese)

[2] Hou Xiao-lin,Zhang Zhan,,Kayama H. DMRS design and
channel estimation for LTE - Advanced MIMO uplink
[ C]//Proceedings of 2009 IEEE 70th Vehicular Technol-
ogy Conference Fall. Anchorage ,AK:IEEE,2009.1-5.

(3] TR, &3, JUH IR, 4. i MIMO-OFDM R 48
FIEAG T EENITE 1], L2441, 2005,33(7) 11254 -
1257.
WANG Dong-ming, GAO Xi-qi, YOU Xiao-hu, et al.
Channel estimation algorithms for broadband MIMO -
OFDM systems [ J ]. Acta Electronica Sinica, 2005, 33
(7): 1254-1257. (in Chinese)

[4] Hwang SS,Yun S S,Kim S C. Decision directed recur-

sive least square adaptive channel estimation for OFDMA

uplink system[ C]// Proceedings of 2011 Wireless Tele-
communications Symposium ( WTS). New York City,NY ;
IEEE,2011.1-4.

[5] Zhou Mei-li, Jiang Bin,Zhong Wen et al. Efficient chan-
nel estimation for LTE uplink[ C]// Proceedings of 2009
International Conference on Wireless Communications &
Signal Processing. Nanjing: IEEE 2009 :1-5.

[6] 3GPP. TS 36. 211, Evolved Universal Terrestrial Radio
Access( E—UTRA ) Physical channels and Modulation
(Releasell) [ S].

[7] Abbs G,Ahmed E,Aziz W, et al. Performance evaluation
of linear channel estimation algorithms for MIMO-OFDM
in LTE-Advanced[ J ]. International Journal of Electrical
& Computer Sciences,2011,11(3) :64-69.

[8] Rajeswari K, Sangeetha T, Natchammai A P, et al. Per-
formance analysis of pilot aided channel estimation meth-
ods for LTE system in time - selective channels [ C ]//
Proceedings of 2010 International Conference on Industri-
al and Information Systems ( ICIIS). Mangalore ; IEEE,
2010:113-118.

fEE AT

SKEF(1989—), 5, W) &N IR
IS P RS A AF 5 A, EEEFSE T 1) S LTE/
LTE-A RGWHZHE DSP HAFITR ;
ZHANG Ai-ping was born in Guang'an, Si-
chuan Province,in 1989. He is now a graduate
student. His research concerns the algorithms of
physical layer for LTE/LTE-A system,devolopment of DSP soft-
ware.

Email ; zhangapcqupt@ sina. com

KIBER (1955—) , 55, AR A, 1988 4E T L BUHEHL
REFAR TR A2 A, Bk o PRI o R 2 4%, 55 3% [ 55 B
BURFRPER N | 225 5 Ab PR 508 5 AR 5807 AT 5

ZHANG De - min was born in Meizhou, Guangdong Prov-
ince,in 1955. He received the M. S. degree from Beijing Uni-
versity of Posts and Telecommunications in 1988. He is now a
professor and also the winner of the State Council special allow-
ance. His research concerns signal processing and communica-
tion system.

B E(1988—) , 55, W1 R IR, DR L R S 011
g, WG 0] 9 LTE Z G049 312 57 7% | DSP 4]
Tk,

ZHOU Yang was born in Xiangtan, Hunan Province, in
1988. He is now a graduate student. His research concerns the
algorithms of physical layer for LTE system,devolopment of DSP

software.

- 631 -





