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Abstract

In recent years, the use of multi-antenna module in the mobile terminal has gradually become one
of the important directions in the development of communication systems. In order to further de-
velop and prove the relevant algorithms under the condition of terminal multi-antenna and to
evaluate the performance of multi-antenna module effectively, it is necessary to establish a soft-
ware-defined radio (SDR) prototype verification platform based on air port and real-time trans-
mission. In order to improve the working efficiency of the test platform and reduce the hardware
complexity, it is essential to design well performing and hardware-friendly baseband processing
algorithms. In this paper, the general parameters of the system and the time-frequency resource
grid are given according to the Long Term Evolution (LTE) standard. Then, Minimum Mean-
squared Error (MMSE) channel estimation algorithm in the multi-input multi-output (MIMO) pro-
totype verification platform is discussed, and the simulation link is built on this basis. Finally, the
paper gives the corresponding simulation results and analyzes its performance, proving the feasi-
bility of the scheme.

Keywords

Multi-Input Multi-Output, Low-Complexity, Minimum Mean-Squared Error, Channel Estimation

=M MIMOR G P&t AT LM SiE 1T BX

REH, HEE, § AL £, FRm

YRE KRS EIEE E K E SR E, TN A
SR RS BREE TR, VT35 B
Email: mjzhang@seu.edu.cn

Wk HiA: 20174F4H10H; A HEM: 20174F4H25H; &4 H#H: 20174F4A30H

CESIH: KB, AR, B, ER, RN @B MIMO R G T BE AR AT SE I IR TEAG TH SR D] TEAEAE,
2017, 7(2): 70-77. https://doi.org/10.12677/hjwc.2017.72009



http://www.hanspub.org/journal/hjwc
https://doi.org/10.12677/hjwc.2017.72009
https://doi.org/10.12677/hjwc.2017.72009
http://www.hanspub.org

KRB 2%

m =

HER, BREEREBHLEFHEH CEZHBAEERARBTHEE MZ—. NTH—FIF
RABAEAREE U RFE WA E REER TR, FEEIETZEON. ENERNKGTLLSE
(Software-defined Radio, SDR) R R KAFF & . ANREIUAFGHTIERE. BELEGERE, FE
Wit R B A SEEL A BT A B R . AU BRI K B #EH AR (Long Term Evolution, LTE)
P, B RGNERSH D REREIRMAE, BEB RN 2% 2% H(Multi-input Multi-output,
MIMO) R ZIEGUFF & HiE R B 44 8 5 /MY 5% 2 (Minimum Mean-squared Error, MMSE){5iE {4
TEE, HAELER EMBFEER. BE, XESHMMGRSRIFSEMER, BT HRNT
.

KA
SWMAZE, KRERE, BNYTIRE, FEMAT

Copyright © 2017 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5|

B ELEC AT ML AN G2 5 R AR 1) R i, A5 L 55 S AN BN RO EMEI KBS . T
JE AT B v B R i T S M R, KB R (Long Term Evolution, LTE) & JH 4 ik 4
LTE-Advanced 1 LTE-Advanced Pro N3z 42 [1]. LTE B8 AR Z — MIMO $ AR HIFE & 5 i sl 42 i
L B AR R LRI R R RS, QNI N FIAE WIFi Flig 5 R4 . FlinfEE T LTE Release 10 /%
PAERRCA IS8 R G, RSP LLSCREZ0E 8 AN R 1 [2]. LTE MIE JUANRRAS Rt 1 235 2 R4 Rr
Mo PR IR R G E BT 2 RGN - & 2 REBRCE BN — AT &S e
PRFUIN B B A B8 sl 8oty P 22 R AR CAL T2 BF TR V8 A 1) A, [ @ & i 22 R 2R e 2
M SRR T RN T R R AT A

N GEEER R, AT L T TC 4R R (Software-defined Radio, SDR) ) JE AL BGAE &, il ]
PAE— 30 JF R FHAIE B 2835 22 R 4R 0. R ol Yotk 10 2 R ZR B . 76 1E 22 414y & FH (Orthogonal  Fre-
guency Division Multiplexing, OFDM) &%, A [ AEFMHL I AMEEE RIS, 75 2R AT T 83 S0
BESATEE T, P LREEmRN. 7EiEP: OFDM RGNS HARR, 7B 2 i
RUFREVE RSB A TR

ASCE 1T TR 5 SR B 2% 1) B /N5 75 % 2 (Minimum Mean-squared  Error, MMSE){S i
T EE . I A B AIE MMSE 51 52 2% BE AT B IS A B S A 5, (5 B MATLAB L HAH
F& T MMSE S35 7E 15 LR S RN 5 07 T (0 485 51 o B 28 EEIR 20 A RV A 0 B9 7 T 0 AT X {5 1
SRR RO RE O 25 T N R G0 Wit h e B b 7 SRR ALK

2. BEg
ARG AR 2 ORI BRI P T A R R GRS . BLAE R MR 8 R Gt AU G

O,



http://creativecommons.org/licenses/by/4.0/

KA 2%

434 F(Time Division Duplexing, TDD) #1455 & H (Frequency Division Duplexing, FDD)F#H[3], i+ E H
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TE 1 RSBk B, BERBEIRAS iT DU T 7 SNE IS & 1 BRI BTR A 2R L LTE By
S5 BN 10 ms (RIGZMISr B 10 A1, RS FMCEL S PN BRIE 14 A~ OFDM #7450 55—l H
THLu A & ] AT AR AT H A i T R AL e . BRI, 0 5 Fiiih A 1 > OFDM 15
FH K J8CE ¥ 728 F 51 (Primary Synchronization Signal, PSS) 541 At [F] 2B 48, Hi4 13 4> OFDM 755 A%
BAEFIFF 5. 1558 9 5T WeR AR, BABEIE 7 4~ OFDM fF 5K IRIEK: FATSHT51.
TATFATE. TR PSS TR P EE. TATSSUTA. FATHP . FATH .

M L HAT LR, AR ST 4 x 8 MIMO RGEFE5 8 FATHER, BREE 1 ST Wi T2 0L
Gb, FEFWEAH T b FAT A BTSRH LTE S 8d A7 20, R AT R 00 32k v Rk 2 1 450K 4,
RIAE — NIRRT, 55 1. 2. 5 4> OFDM £75 H T K& M7 3, Fl-x OFDM £ H T K& TATH
Bl SRR G O AR O XK 20 fR4E 5 =AEVELKH£:71%1(3rd Generation Partnership Project,
3GPP)#fisE i) LTE-Advanced #xifE, —2H1EAZ SAAEAISAT A HAELE 700, D 174k, H 011
AR AR T BB B AITARRIE N SIS, AOITREREE, KETT& N T ) 5
UG % (Resource Element, RB), NfEifL RGBT SLHL, ARG S, H L% S5 OFDM 55 B B
BB PR B SR TR A RIS R B TR A .

Table 1. Design of general parameters
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Figure 1. System frame structure
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Figure 2. Pilot allocation of four antenna ports
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BTt B RORERS 22 KT 10 ms. N T RERSIA B Ko i (O AL B, fif RG2S 020 ERARAE (R iz S P AR 1,
FLBR R T AFERT . DL LTE Sl 20 MHZ 5], #1EiZbrifE T 3T MMSE (FiE k11, FIH S5 73
TR AR G, 75 22T 1200 200 48 AU RE 5 200 <L A FE R SRE, THE R 2 AEH K. BRI,
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— B HOREAS AT P (e BLIH- 33548 B (Inverse Fast Fourier Transform, IFFT)JFi15 CP. 4% F kS Hial ¥
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Figure 3. Block diagram of the system
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Figure 4. BER performance of different Tx streams with different mod-
ulation schemes

B 4. AEVERIA R TR RS EMMANERREL X R

O,



KA 2%

I sty sty she Py Py Ay sty she ‘-‘x

A E 1R B F FE T BE 1R g
60 F y
ol “ —+#=— Simulation

QPSK — — — Theory

20 1 1 1 1 1 1 1 1 1 1

2 4 6 8 0 12 14 16 18 20 22 24

SNR (dB)

Figure 5. Total throughput of different Tx streams with different modulation
schemes. The theoretical throughput is presented as a baseline for each mod-
ulation scheme
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