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Abstract

From the point of view of implementation, channel estimation of LTE uplink is studied in the pa-
per. Firstly, LS, MMSE and other commonly used channel estimation algorithm are analyzed and
simulated by MATLAB. Secondly, channel estimator circuit structure adopting digital MMSE algo-
rithm is described in detail. Then, in accordance with the 3GPP physical layer standards, based on
FPGA, digital channel estimation algorithm of TD-LTE uplink system is implemented. The simula-
tion results illustrate that the digital MMSE algorithm model system is optimal in both the com-
plexity of the system and channel estimation effect.
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1. 518

LTE J& 3GPP 4141y WCDMA. TD-SCDMA 5% F 3G % &l {5 br v & iR IRt B EH &
SRR P 2 L B i B A i 2 AN AR R 8 A S e B [1]

LTE br#EP3 )2 KM 7 OFDM Fl MIMO £ A KR B RG A R FH 2, X e O R [
PEREAR AR BEARH TS T8 TR B B . H T K 2 B0 RS2 L7 2R Al DSP[2], AN 3C 3 2 M LK S
B ANE, SHEBMTI LTI, g AT FPGA IRFA 3GPP brifk 4 Ak E il - 5092,
XU TAEHA R 2 SER i .

AICE ST OFDM &4t i FH (1) e NV 5 il tE B (LS) M i /N33 7 i 22 Ak 1 592 (MMSE)
[3][4], 4AHEETESE R, FEHE MMSE ST 8O AL Bt 5407 B8 AE T4 .

2. RINFHREMIH(L)EE

/N R EM TSR A EGEEE AW R, HERESdREe . B TRSR
TESUIFRAT A TH,  HE SRR A i S AN RE AR 2 AT AE 5
Y=X-H+W (1)
LS Sk 2 mg e = s, 153 T 2
YALs =X 'HALS 2

Horp F R T SRR A T B A T, Y, SRR LA T SR AR B B S S A B R S B
{22 (B fRZE N
Es =Y Y5 3)
LS SR TR T oo /b, B

‘S{SgLS:<Y_X'HALS)T(Y_X'HALS) 4)
0(elses )[R =0 ©)

JUF
Y =X 'HALS (6)



5T FPGA /) LTE KRG EE MR T 5 it

HALS = X7 )
RIS LS AT E TR R AR S AN Tk BB G S S R I E S 3 T AR, 15 RIS
iR XPIPETHE R, W, WK S TR, AT ARG T R T e TR RS s, PR
SRR ETE G AR OLT, IXPE T T R B ER E AEF AR T .
3. JMIFREMIT(MMSE)
BT LS BESZ M S s LR, DRIRAE LS BEARAl b, P2 A B T i /NS U7 2 22 (MMSE) Ak 11 5
o
Humse = Run (RHH +O—§ (XX " )71 )_1 HALS 8

Hor R, NS TE PR B E I SSHERE, Ry, = E{HH"}. MMSE SHyERIZ L LS HikisfiE L KR %,
KA RE 2 KR A5 5 R AE AR R, B E B8 O TR, U (xx H )’ﬁuﬁﬁﬁﬂﬁﬁﬂféﬁ*é,

CIEES
af(xx“)’l:E{af(xx”)’l}zil ©)
SNR
R B A
HMMSE = RHH (RHH +SN_RIJ HLS (10)

Jorh p=E{|x[ | E{Y|x [} FLILLER BT H AL, 5T QPSK, =1, X 16QAM, B=17/9.
Fowse 79 MMSE B0 A4 1145 .
3.1. BFH &S REMTH(Digital-MMSE)E3%

N T AE FPGA H1s2Bl MMSE 535, ASCRAZSNERET T HUr et . 2B 2R A ST 55k
FTHEIERRE, IFTH SRR A D RAERR . SIS 5 R A S S R S R 2R 1 1 B P AU S 5
HLRE

BT O e S SR AT AT RS 7 2 IS TE R R, $REEAE SRR, 255 . th T AR AR (5 Pl
(), PRI ] UM S5 E I 207 B #4715 TE Al 5]
FF(10) AT %1, MMSE HEEiE A TH I RE A
Hmmse = RHH (RHH +SNLRIJ Hls (11)

Hep Ry, (Ryy +(B/SNR)I )’l N/t SNR AL IAERE, H o~ LS SkmfEE Mgt B BT LR
i, MMSE S5 SEPr _FAEXT LS BE M THas Rt AT T — IR IE B A0, HBR 17302 7 sz, (R oA ot
RORBLLL LS Bk .

TE3T FPGA MHLER & IT E, A MMSE BUEHMTEE A5 THEE — 0 23T LS ffhvh, Horikmt &4
W SFHES S A AERK MG SHILTEMEE, RN EH 6. B_2PR2H 5
Rot (Re +(B/SNRY ) " AT, HRRALEIE — 4 BHON Ry, (Roy +(B/SNR) 1) T AS R %L FIR YU 8.
HH T I8 48 RE0E SNR [pR %, PRI 20 SNR, THE LT :
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Figure 1. Structure of channel estimation
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Figure 2. The circuit structure
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Figure 3. Timing of the channel estimation configuration
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Figure 4. Timing of the channel estimation input
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Figure 5. Timing of the channel estimation output
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3.23. HRERTER

Digital-MMSE SiA i/ & M F B 13B FIR MBI x 2, BNdd x 2, SHeRER, Wik
% x 2, 1024 x 20 bits FIFO.

SHAE R EAS A . BRILEE x4, 1024 x 9 bits ROM x 2, 32 x 10 bits ROM, 32 x 29 bits ROM

FPGA BEURAL 1 I«

4391 combinational ALUTSs

4724 dedicated logic registers

42,360 block memory bits

76 DSP block 18-bit elements
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Figure 6. Simulation results of mean square error
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Figure 7. Simulation results of error rate
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AICXT LS BEA MMSE BERIMEE S TH R BT T A4, R T FPGA X7 4bJ5 1) MMSE 532
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