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UFMC-MIMO % R & i 75 R it
RAE MEX" BEK B B ARE

(1. KRG B RE S TR AR, 8 a0, 21009652, 4/ R2f 2 K% [ R #5908 %, 9 5, 210096)

B E:ATERARALKBRAATHRE SHM S F K EFKAFHHEGET L, A AT
MREBRABZIRALERBIZRAG X BEH K —, i@ M€ % # Ik (Universal-filtered multicarrier,
UFMOQ) & —#F 7 2 AR 6 5GAERR R . K@ I A 6 UFMCH R R #F & UFMC-SISO # 4 % ,UFMC-
MIMO #) ¥T 47 1 Fo bk B8 25 A7 4 2R 2 ke, f0 MIMO 28 R R Y 26 R 2 5G @845 A W) E& % %, B b a
UFMC-MIMO # 7t fe St R B A T Z ML, AXLRE T —AHAUFMC-MIMO 24 T4 7 £, LR
%H% BEMCHUFe o R R TS Lk B A S I TR 9L o R AR R A MR R A Sk R ST i 4y A IR E
A, AR AW, R MGk B (Additive white Gaussian noise, AWGN) /28 & £ & %
#AEE T, UFMC-MIMO #t £ A 1t OFDM-MIMO #4846 48, L AR -S4 % LRI B R K
A #E IS IE T UFMC-MIMO #45 £ L& & A 5G @150 48 1 .
KEIF . BRI E R IE I B Rk ;2 — BRI E B £ ;UFMC-MIMO ; % & & W
RESES: TP391 XERAR RS A

Beamforming Transmission Scheme Design for UFMC-MIMO

Wei Mingjun!, He Shiwen'?, Xue Chunlin', Lu Juan!, Yang Liixi!

(1. School of Information Science and Engineering, Southeast University, Nanjing , 210096, China;2. The State Key Laboratory of
Millimeter Waves, Southeast University, Nanjing ,210096, China)

Abstract: In order to adapt to demands in future wireless communication system including equipment
diversity, high data rate, low latency and low power consumption, new waveform has become one of the
keytechnologies studied in 5G wireless communication system. Universal filtered multicarrier (UFMC) is a
widely researched 5G candidate waveform. However, the existing research only involves with
UFMC-SISO scenario, and feasibility and performance of UFMC-MIMO remain vacant. Considering
MIMO is a necessary scenario in 5G, it has great significance to study UFMC-MIMO. A feasible
UFMC-MIMO system scheme including the transmitter, the receiver and the precoding realizing algorithm
is proposed. It is proved that this UFMC-MIMO scheme can recover transmitted data correctly by
mathematical derivation and its performance is verified by simulation. Simulation results show that
UFMC-MIMO outperforms OFDM-MIMO no matter in AWGN channel or multipath channel, and it has

great advantage over robustness to relative carrier frequency offset, which validates that UFMC-MIMO

BEEWMB:HEARPEI4 (61471120, 61372101) W B3 B 5 H K & £ AR 058 & 3R (NS =711 %)) (2015AA01A703)
eI .
5 HH#E:2017-02-18; 1817 H#1:2018-10-19
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transmission scheme has the capacity to be utilized in 5G wireless communication system.
Key words: new waveform; universal filtered multicarrier (UFMC); relative carrier frequency offset
(rCFO); UFMC-MIMO; beamforming
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K1 UFMC-MIMO RS54
Fig.1 Architecture of UFMC-MIMO system
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T 0 I, . SCRE AT 2 308 00006 6 Ay
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Fig.3 UFMC symbol passing multipath channel



A E F . UFMC-MIMO 3k k w4 4 #r 5 % 3%t 267

N,

2, ()= >3 [we(n)(hy(n)*y,,,(n))+ cireshift(we, (n) (A, (2)*y,, 1 (n)), —=(N+L—1))]+

=1

n(n) n=0,1,2,-- N+L—2 (8)
Kz cireshift(a, b)) FnEAE S alEIRZER 600 sn(n) R EH BT 5w, () A5 T8 #BT5T R R R X
AT 55 T 4 A BT 5w, (n) AR B B & Uk KR B — DS54 B AE S/ AT 5 & .
PIA™ 7 bR AR AT IR

) 1 0<a< N+L—2 “
AT N L—1<=a<N+L+p—2 )
(n)= 0 0O<n< N+L—2 10)
CelTN N L—1<a<N+L+p—2
F (A K(8), AT 15 3]
2, (n) = Dw (n)(h, (n)* D), (n)*f (n))+
t=1 i=1
N B (11)
Zcircshift(wch(n)(h,,(n)*Exj,,y,,l(n)*f,(n)), —(N+L—1))+nln)
n=0,1,2,- N+L—2
4 UFMC #Z U
L B 7 PEICBE B L 19 UFMC 3B ro )
71 LASS A B2 OB B 1 UFMC 2 I 53 {913 4 — IR
ﬁgﬁ/ﬂ\:é%mc ﬁn@ﬁlﬁi_\‘,zr%*/ﬁ&&ﬁjﬂ]\]"_[l—l Z , _—.>Z(4)
I S5 5, A BEXS AT N FFT 2b 3, R : 2NFFT Z
JHBUA SCik AR 2 i UFMC By i, B3t 2, 12 — :
HANE T 2N R AT 2N M FFT 35 Z, 805 % Z, 1 0—
185 0T 4008 R 4L Z, A 0 3% UFMC 4 e e i —— —e 2o
Al . B4 UFMC BB 4
M X 2 AT 2N A FFT £ 2 Z,s X (1) Fig.4  Architecture of UFMC receiver module
LA F i EAT 2N 85 FET, il 15
Z, (k)= 3,00 K (0) Fra () + 3 (T () — L)+ N (£)=
. =1 =1 (12)

~ ~I(k) ~ ol ~
SHAX (D Fwh) + DL+ N (k) £=0,1,2,-+ 2N—1
t=1

=
SR R, 2N S FFT X, R 2O 2N S FFT Ty e f 10 B9 2N 8 FFT; N & n ) 2N 5 FFT
T(R) 2T 2 L FTAEW T4 75 s L, (R)J2 I —> UFMC £5 5 9 4 B 47 45 S 104 5 M 437 5 i) T4
Lt (R) 2 51T UFMC £ 5 46 F2 9 15 T i DR~ 280 08 B) 0% ™ A6 1 28 P A R 08 280 08 Tl 1 A A 5 g o i
&K BARTRIR N

2N—1 B
e ()= &0 N ST W (k= D HL() YR (DF, (1) 13)
N =0 i=1
1 vl B
L ()= ok 3) W=D H,(1) 3R () F, (1) )



268 R E B L Journal of Data Acquisition and Processing Vol. 34, No. 2, 2019

Kb W R FIE R w,, WZNSFFFX,Ex/MZVﬁFFTIWEfWZVﬁFFT
EM%@%%%&%MMOMNO%%%%%fﬁ%%ﬁ%iQﬁﬁmﬁ%%ﬁ%%%%%
vﬂﬁéiﬁﬁc ORI 3 — 35N ACAE 1 AR A S BT BT TH AR, 8 A 1T K 3 e R O UK PEAG LR . 1

ﬁ%}ﬁ )RG5 RERE AT HL AR /D, — 22 30 dB LA, K 2 H0H 0L F 7T LA Z0S

I(k)

X0, R () R (R) M N IR T B 0 2 1 X (), X, (), e, Xy (£)
N AT 5 AR SCHR(14], B3 19 6 5 8

x5) T
~ (k)
. (k)= sm( (Zm*/e)) ) , (15)
EX/M) (m) 2 ) eJ?(szmufﬁ) by 58
"es: Vsm(ZN(ZM*/e))
0 kS,
X/ (k)= t=1,2,---,N, (16)
X, (k) kesS,

5 UFMCTﬁ%ﬂ‘ﬁﬁ%ﬁZEM%%MEQ%NEVE%J%& NSRBI Z.(0),Z,(2), -, Z, (2N — 2) 4%
(15, 16)f8 A (12), 7]

~ Mo ko~ i ~
Z, (k)= E H,,,(/e)X,(E)FM)(/e)+ E I,(k)+ N, (k) k=0,2,---,2N—2 (17)
=1

MFSE X Z, = [Z,(0),Z,(2),+.Z,(2N — 2) | & Z, ki i gk, )

me:Eﬁh@mxxmfm@m+§yﬁ%wﬁﬁwm k=0,1,-+,N—1 (18)

5 MIMO KRBT
ﬁ?%ﬁ&%&%i%mwu&%ﬁ&%ﬁ%ﬁ

N
j{]f{h (2k)X, (F) Fyp(2k) +—j{]1h (2k)+ N, (2k)
N

k)= Z’ﬁz,@k)x, (k) Frp(2k) + D)1, (2k)+ N,(2¢k)

N,

N,
k)= > Hy,(2k)X, (k) Fpy(2) j{] v (28)+ Ny (2k)
=1

b=0,1,-,N—1
IR T A UFMC 42 OB S iy i A9 B0 10 B0 W Z (k) = [ Z,(k), Zo(k), - Zy (R) 1" T A R
Bl [ 25 1k T A A i A A SRR 1A R E o X (k) =[ X (£), X, (k),- RN i R iy 24

T Tk ZMJkEﬁa% Eujk %ﬁ%%%%i%%ﬁﬁ%ﬁﬁ



A E F . UFMC-MIMO 3k k w4 4 #r 5 % 3%t 269

N (k)=[N,(2k),N,(2k), - Ny (2k)]", JH H (k)RR A kL1 MIMO {5 8 AR MR, 52— Ny X
N BSERE  H () (i) T E R H,(2k), 5019 KL
Z(k)y=TF,(2k)H ()X (R)+T(F)+N(k) £=0,1,-- N—1 (20)
OFDM-MIMO i 5B IBE 52 32 B, I A I (1 B 9 2 65 55 bR P BRAS 38 H (&) S 808U AT
Yo 115 18, T S B0 4 46 1 25 kAT R 25 o R 0 SRk T 4 5 O 58 0 3 A kS it T T G B R B
V(e ), 2 W i 90 % 0 44 5% 4L W U (e ) S92 B35 0 260 o A, AT 552 30 LA DA 7 30808 I 1 1% B o
M2 (20) 1 B LA H UFMC-MIMO F1 OFDM-MIMO #i 58 35 35 228 L B A W S AR - (1D
UFMC R G AE7E T4 6, UFMC-MIMO S5 7 22 — A8 I 2% REUE, ) (2k), 3R 100 F 1) (28) J& —F5
B AN FE R G A B BEFE , UFMC-MIMO & B 5 it 191 4 A% 6 [ R 2 35 o 51 2 ) 66 I %) i D01 A
], AR R B FL V (R) R U (R) A3 H (k)55 RSILAN AT F5 8, E W FEHE H (k) MR ST,
UFMC-MIMO #] D) B % i fit OFDM-MIMO — ¥ (1 i 3R 53k |, 40 45 57 {8 43 fi# (Singular value de-
composition, SVD) ., # %} ffi ft (Block diagonalization, BD) . {5 it M H (Signal to leakage noise ratio, SL-
NR) #1115 /N AL 34 5 % 22 (Minimum mean squared error, MMSE) %5 ; (2) B T 15 5 500 F M2 55 300 2L Ab
UFMC-MIMO [t OFDM-MIMO £ T —AME 1 242 TP, O T 31X — & A8 5 10 388 28 $50(E 0y 7R ik B
2T AT M — W25 30 dBZ2 47, X R MR R AR/ . UL FE FIER] T R4 UFMC-MI-
MO H A FH7 38 Dl R AT, 2 U SR FH 2N 5 FET Ab B 3 oI nl A8, O BLZE W PR A 38 | (k) H R
O, UFMC-MIMO AT D) B #222R F Al OFDM-MIMO — B (149 9% 38 5012 .
Z\Zy, o 2,y Zy IEAT N AN T 40 A5 R B, o 2 (20010 A 2 (4), % T 40 B 5 19 B0 1T L3R
A
QA =U(R)Z(k)= Fyp(2k)U (FYH (E)X (k) + U (R)I(k) + U (k)N (k)
k=0,1,-,N—1
7 P8 Rk v T S K 2 (DIRA S (21), T AR
Q(k)=TF (20 U (k)H (k)V (E)S(k) + U (k)I(k) + U (k)N (k)=
H.i(k)S(k)+U(E)I(F)+U(k)N (k) (22)
k=0,1,-,N—1
R H o (B)=F (20 U (k)H (B)V (k)25 4 BRAS T8 T 45 05 5 1 R UFMC 45 08 i 28 B A 46
A TE 3R S — A AT 0T A B DA TR A B SRR JLAS IR AT I 15 1 S 2 A
A1 2 (22) 0] LA, 76 1 I SRR Bk 0 SR L, 2 ic s T LA S BN T X A, R R R 1 BOHE
W Y15 5 W BR 0 R S, (k) ZF #5465 K 20 (22)F8 A (6) AT 1%
S (k)= (H g (k) H g (k) "H () Q%)=
S(k)+(H Gy (k) H i (°)) " H g (R)U (k)T (k) (23)
(H (g (k) H g (k) "H G0 (R)U (R)N (k) k=0,1,-+,N—1
A LI Y B 25 MR R 1 242 TR A2 0, URMC-MIMO Z 4¢ nT DL i 5000 5 249 465 1F 5 K 52 %
B | TR R 248 A — RS S RE R A 22 LT dB R DA X — AU AE T — T g B RIE,
ik UFMC-MIMO H 4 S BRI H F 5G @ {5 g 1 .

6 MEERSSN

A5 K 3 5 5Ok 5 F UFMC-MIMO & 48 /9 A &0k, i o X b5 B 5 B3 UFMC-MIMO [
OFDM-MIMO T 4f 8 (4 R , L HJEAE CFO & e thvERE rm o O B 5 £ 15w o O B P 3

(21)



270 R E B L Journal of Data Acquisition and Processing Vol. 34, No. 2, 2019

JH A — 1k 2% 3 45 2R fli 2= (Relative carrier frequency offset, rCFO) ffiikt , & X W¥ CFO X TlfE R A T
¥ B) B U — 1k, B

e= joAife‘ (24)
K e KRR — A0 BB 2 5 f e 78 5 B A 22 (LA Hz N B 6L) 5 AF R+ 800 8 s (DL Hz Ry
AT )

WA — Ak 1) 288 A0 € T LA A kg T S+ BB IR A 2 (Integer carrier frequency offset, IFO )e;
/N3 % 0 R A 22 (Fractional carrier frequency offset, FFO)e;, Bl e =&, + ero  ZEEHB 43 108 W 41 K i 7%
SR 2 R] B O R SR AR SO X TE B ) - 2 B A RS T o A, SR T E PR RE AR R /D
B 43 U WU O A% 1 5 80 ] B AN T 2 B RO 00 06 R | LG IR 280 ) TE A2 PE B I, U )
77 A R U B IC T, AR S BRIE A R Ge D, 3 Al Y A 0 Ak R S SRR e A A T LAV BR
B A 1) /N BSOS A0 Al s X 28 8 1 B i R R, R — et LR 0 << e << 1.

x1 FESHIEH

Tab.1 Explanation of simulation parameters

1 S5 SR BUE i HSH SR BUE
FFT &% 128 KAk KRR 8
i A 6 B R LB 8
BT 0T 2 AL 12 TG0 T A 4
OFDM B CP K J¥ Le, 16 8 WL WIA=REN SVD
UFMC B A K E L 17 {5 BT %k 10 000
Dolph-Chebyshev g i £ , 55
UFMC JE ) #i 2 7 Lp‘ i chysheviicr. 7 %M OFDM/UFMC 55 % 14
MU 120 dB
IEEEYi AWGN{Fili/SCM {5 it

B 5% OFDM Fl UFMC B9 55 ¢ BE X Eb A M 1] F A SC 7R UFMC R G4 2 47 Sk 79 55 LA

L OFDM £ ¢ H AR o BE 9 ¢ I e iy 434 o T L 1]

A H UFMC #1 OFDM A e 2% AR AR, WA it il L » —OFDM
BOCRFEIET AT 4L OFDM R ER O Ty T
WU R RICBORG, RE RS | ”” [ \| ‘“ |

AN CFO 8 STO B VR T 3 T8 (1 7% K TF 58 3k 2 4 %‘“’0 V

o T B 28U T S bk A R U R L T @‘150

5G 3 15 th CFO M STO 458 T 8 G LG 19 2 200 |

f#i 15 UFMC X 5T CFO F1 STO Ay & pER 38, Lt =250 "

OFDM Eifi T 5Gl 5 5. ~300

K 6 J& 7% T UFMC-MIMO # OFDM-MIMO B0 T T e s o0 o0 140

52 75 5 2 (Symbol error rate, SER) MEREXS H , «
R SNR, y il %78 SER, [ IR & — 18K
B R R 8 R £R AL 25 4 BRI 1 MIMO R 4,

TRBTF S
K5 UFMC FOFDM 35t fiE
Fig.5 Sidelobe behavior of UFMC and OFDM



A E F . UFMC-MIMO 3k k w4 4 #r 5 % 3%t 271

ARG R SVD fimfs . nf LA TR AWGN il if JE £ 12 SCM 51 T , UFMC-MIMO ¥k fE#f
T OFDM-MIMO. # ## 8l # #F 5% , UFMC-SISO 7 % % W 4 rCFO #l STO W 1 g 6 T
OFDM-SISO, fEAFA 1/ % K PEfE#S A 22 T OFDM-SISO. 1 45 B ik — L E W] T Bt 2 £ AWGN ik
RLZEEE T, AT R I 7 %0l LU B UFMC 1 3, UFMC-MIMO £ % 1% 68 3 8% i F
OFDM-MIMO.

& 72" T UFMC-MIMO 1 OFDM-MIMO Xf T rCFO (& 1k . 2 %R rCFO, y il %/~ SER,
{E18 2 SCM {5l . %% T 76 3 M A [\ 19 {5 M e (Signal noise rate, SNR) F ¥ HT rCFO 1 & He Efig , o
B340 F 4598 . (1) £ 7 SNR F , UFMC-MIMO # fig i 77 OFDM-MIMO; (2) 4 rCFO # fii ,
OFDM-MIMO £ f8 2 T % , i UFMC-MIMO 1 B JL-F- A i &5 rCFO M2 |, 36 80 AR 4 10 & 1 1
(3) UFMC-MIMO 7£ rCFO F7 75 i1 B0 T XF 2R 48 P e 09 el 3 4 ) 2 ie K FEM e 2—F A
B R GEERE T . WNIE 7R A LA 124 rCFO R T 0.015 2 )5 , SNR=20 dB i UFMC-MIMO
PEBEDE F SNR=30 dB A OFDM-MIMO, & 3t UFMC-MIMO A9 # KA 8

10°1
107r ~4&- OFDM-MIMO AWGN;
-A- UFMC-MIMO (AWGN J—
= ~o- OFDM-MIMO scw; "
10°F —~ UFMC-MIMO (SCW
. 10°
107r o %= OFDM-MIMO(SNR=10 dB)
= --=-UFMC-MIMO(SNR=10 dB)
~10° ——-OFDM-MIMO(SNR=20 dB
g ---k--‘UFMC-MIMOESNR=20 dB
10° ——OFDM-MIMO(SNR=30 dB
10°F e UFMC-MIMO(SNR=30 dB)
L A eeeenaghret TR b CENRSVORRES
_; *; Lt
wor - X N ¥ . et R e et e, prarnareb™
L -'»"‘
B 1 1 1 1 1 1 1 1 1 ] 1075 ! ! L L L L L L L !
10180 12 14 16 18 20 22 24 26 28 30 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.11
SNR/dB rCFO
B 6 ALk 4 BRERT S X 8 MIMO @5 £ 41 SER 7 UFMC-MIMO #l OFDM-MIMO % % i rCFO &
PEfE(rCFO=0.06) P e M aE b A
Fig.6 SER of 8 X 8 MIMO system transmitting 4 da- Fig.7 Robustness against TCFO of UFMC-MIMO and
ta streams (rCFO=0.06) OFDM-MIMO system

&l 8 g7 1 UFMC F1 OF DM (1% I 3 8 > 056 B P & FEXS St 2 AR R 1By i ee o i &p ,FFT
HECR 128, OFDM B CP K 16, UFMC By 38 % % K B2 2 17, iX H UFMC it OFDM A AH [ i I+ 44
KAICHAFE 2 . Lh—F 2B 0 B S e Ry ] o B Ak 3 2 B U 5 m, AR AR 2 58 m B 2 (9 45 45
x, WS . X OFDM R i, CP 504 J2 36 1) 5 &, (4515 5 0455 0 o 1o 522 [0 i) 45 B, PRI otk L {5
BHUNT CP K, OFDM 1] LLTE ¥4 rh 58 2 W bR 5 18 2 42 R 19 T4 . UFMC A CP, (H 2 7E 5l
P I 0 1S 0 4 00 A i D 4 RS R R L A S X BT A BB 2 AR ISTAR AR AR 40, R it UFMC Al DL 422 32 Fn i
WA K I E AR, X — e S hd 2R fFE AN 12 I , UFMC-MIMO 7 #8473
KL T OFDM-MIMO, )R 1WA fF B C SR 0n TS KE T , 225 1HE T4 UFMC-MI-
MO 7 3R 145 R AR/

P 9 3 i (e 7 LR 20 B 2 AR 4R 1 - i X (20) Z‘]In(/e) (7 B0 5 o flE T 24 05 1% 22 (Mean
square error, MSE) 4 A7 3 i 1t 75 N [7) 42 8009 SCM {538 T (9 T3 K /AN, 76 0 2L b B s i i 2 0



272 R E B L Journal of Data Acquisition and Processing Vol. 34, No. 2, 2019

—

g T

K8 UFMC Ml OFDM i 38 % &
Fig.8 Time domain signal of UFMC and OFDM

FRARE I B S 2R X RS 2 M MSE e 2 R EE LR e T, EHET,
FFT &% 128, OFDM i CP K J& H 16, UFMC ¥ 3§

BB K 17, 3B URMC AL OFDM AT B0 FF By USURROOTSLE e
KMy FEZR . oM RRFERL L, X UFMC 3 -40
ERKENE o MEMSE, AEO TR, S| —_—

XF T OFDM-MIMO 3 35, 4 7 8 2 %0/ T CP K B
b (53 2R R0 TR T L AW . T
UFMC-MIMO 3£ 8, i F CP i s, 45 M A5 140 ~+-OFDM-MIMO
B MSE 281 ELR £330 2 4 e 1 FAE A S et 1O0f ~URMEMIMO
AHELAR/NOT L g . e B s S Re A 1.

0 1 2 3 4 5 6 7

B AT g, Y A5 GE AR BORD 8 O A KO A AR, T GRS B R

J&—20 dB, FfE T Re ft AH L LT T DL Z2 W o 7E — B9 AR f5 k0 T4

AN FREE RGP, e AR K E N i L EiE R Fig. 9 Channel-assisted interference for multipath
Bk, B LA AT AR 4% 75 5 9 MSE SR e DB B B K . 1 channel

an, R T A F) — 40 dB () MSE $8 #5 , 1 AT 0, 1
PR IEDAS K E R Lo /4004

7 HRIE

5G A5 1B T KX 2 S JE R S LR R 1 T T ZEsK o % I8 3 5G @ 15 Pl A 7E K 1
BLAS A5, LIS A SR ORI 110 A3 i #2202, 7 4% 118 480 0k 1 i LA 3B o T 4% 48 1) CP-OF DM ¢ T 5%
TR (55 L TEAFAEAR /NIl 14155 0 1 B 7 AR AR e i B 8] T4 o PRtk 5G 25 1B 06 250 SR JTT X6 43 fis 45 1
PESR R BUAG i 7 58 o UFMC &) 32 AT /Y 5G ik A5 5 Jr 8 2 — o BUA B 5 2 W 46 L0 R P A A
i B5f , UFMC [ CP-OFDM P G 0B , 3% 30 L0 ) 430 40 11 6 4 1 ZEARfT 1 50 T UFMC HMERE R DA 22 T
CP-OFDM 6 , 2 & 3& 1Y 5G g B o SR M Wi UFMC 5 MIMO $ AR AR S, & W H |2 AR FLF
LR BN A, IR R MIMO 3R i £ R & 56 H’Jaé%ﬁﬂtz~ AR T —4 UFMC-MIMO %
G477 2 AL K S AL B WO RN I SR SE B e o A B A IR % O 5 R O B R 52 Kk 4
B 8 a7 B UE HMERE . (F R, UFMC-MIMO RS 8 T UFMC B PEREAL 3, RiE7E AW -
GNFE R RIELRIEE T, UFMC-MIMO # b OFDM-MIMO 4 GE 1 # , It HAE B & e v T
HAR R A A B L HE T IE T UFMC-MIMO 5% 77 %8 EL45 W 5G @ {5 B fig 1 .



A E F . UFMC-MIMO 3k k w4 4 #r 5 % 3%t 273

SE Sk

[1]  Wunder G, Jung P, Kasparick M, et al. 5GNOW: Non-orthogonal, asynchronous waveforms for future mobile applications[J].
IEEE Communications Magazine, 2014, 52(2): 97-105.

[2]  Wunder G, Kasparick M, Brink S T, et al. 5SGNOW: Challenging the LTE design paradigms of orthogonality and synchronicity
[C]// 2013 TIEEE 77th, Vehicular Technology Conference (VTC Spring). Dresden, Germany: IEEE, 2013: 1-5.

(3] Wild T, Schaich F, Chen Y. 5G air interface design based on universal filtered (UF-) OFDM[C]//2014 19th International
Conference on Digital Signal Processing. Hong Kong, China: IEEE, 2014: 699-704.

[4] Schaich F, Wild T. Waveform contenders for 5G-OFDM vs. FBMC vs. UFMC[C]//International Symposium on
Communications, Control and Signal Processing. Athens, Greece: International Symposium on Communications, 2014:
457-460.

[5] Schaich F, Wild T, Chen Y. Waveform contenders for 5G-suitability for short packet and low latency transmissions[C]//2014
IEEE 79th Vehicular Technology Conference (VTC Spring). Seoul, South Korea: IEEE, 2014: 1-5.

[6] Farhang-Boroujeny B. OFDM versus filter bank multicarrier[J]. IEEE Signal Processing Magazine, 2011, 28(3): 92-112.

[7]  Chen D, Xia X G, Jiang T, et al. Properties and power spectral densities of CP based OQAM-OFDM systems[J]. IEEE
Transactions on Signal Processing, 2015, 63(14): 3561-3575.

[8] Fettweis G, Krondorf M, Bittner S. GFDM-generalized frequency division multiplexing[C]//2009 IEEE 69th Vehicular
Technology Conference. Barcelona, Spain: IEEE, 2009: 1-4.

[9] Michailow N, Matthe M, Gaspar I S, et al .Generalized frequency division multiplexing for 5th generation cellular networks[J].
IEEE Transaction Communications, 2014, 62: 3045-3061.

[10] Vakilian V, Wild T, Schaich F, et al. Universal-filtered multi-carrier technique for wireless systems beyond LTE[C]//2013
IEEE Globecom Workshops. Atlanta, GA, USA: IEEE, 2013: 223-228.

[11] Schaich F, Wild T. Relaxed synchronization support of universal filtered multi-carrier including autonomous timing advance
[C]//2014 11th International Symposium on Wireless Communications Systems (ISWCS). Barcelona, Spain: IEEE, 2014:
203-208.

[12] Wang X, Wild T, Schaich F. Filter optimization for carrier-frequency-and timing-offset in universal filtered multi-carrier
systems[C]//2015 IEEE 81st Vehicular Technology Conference. Glasgow, Scotland: IEEE, 2015: 1-6.

[13] Wang X, Schaich F, Brink S T. Channel estimation and equalization for 5G wireless communication systems[D]. Stuttgart,
Germany: University of Stuttgart, 2014.

[14] Wang X, Wild T, Schaich F, et al. Universal filtered multi-carrier with leakage-based filter optimization[C]//European
Wireless 2014 VDE. Barcelona, Spain: [s.n.], 2014: 1-5.

[15] Kim J S, Moon S H, Lee I. Linear beamforming for multiuser MIMO downlink systems with channel orthogonalization[C]//
2009 IEEE Global Telecommunications Conference. Honolulu, Hawaii, USA: IEEE, 2009: 2600-2605.

fEE T

BAAE (1992- ), &, i+
WRgE L WEFEDT i) 5G Y

32 (1978-), 55, i 1=,
WEFE J5 1) - KB & K 2

BE & Wk (1992- ), £, fill +
W58 A, BF 507 1) « i 090 BE

W e KR 2 h A% i Oy WAE PR AR e el EREEERERI RSV AL i
FWFIE, E-mail: 220140 - 2 R A TG 2k e B DIE 0

PR 3 {55 e A AR AL FR A <
WRIZ(1964- ), 9, #5%,
T ST s B
B 5 T MIMO 75 i {5
R U NG R R (R
CEE U -RERCP (]
WE 05 5 Ab B

696@seu.edu.cn,

B% 88 (1995- ), &, h -
RS ) ROk [
Y 2 B0k 1 B R B

oy
2y
Flo

(B#.T4#)



