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Abstract In order to satisfy requirements for the subband filter in Filtered-OFDM ( filtered-
orthogonal frequency division multiplexing) systems, the TMRC-Filter ( truncate modified raised-
cosine filter) is proposed based on the window function method. Compared with the traditional SinC-
Filter (windowed sinc function filter) and RC-Filter ( raised-cosine filter) whose linear phase filter
ends with O, the linear phase filter of the proposed TMRC-Filter ends with a non-zero roll-cut-off-
amplitude factor, and the rolled-off bandwidth of the proposed TMRC-Filter can be flexibly adjusted.
Moreover, the performance of the rpoposed TMRC-Filter is totally determined by the rolled-off
bandwidth which is independent of the system parameter and roll-off factor, and it is simple to
implement. The simulation results show that the TMRC-Filter achieves the lower ripple, larger stop-
band attenuation, and better time localization than the SinC-Filter and the narrower transition band
than the RC-Filter.

Keywords digital communication technology; TMRC-Filter; linear phase filter; Filtered OFDM

# [ 5 [ IRBLE 34 (61571303) Wl

+ BAE1ER , E-mail : jing. xu@ mail. sim. ac. cn;jxu@ ce. ecnu. edu. cn



514

A %  TMRC-Filter; —FIE T Filtered OFDM R 4010 T I8 I 28 M7 4 121

AR FAL G ) TR PR AT 28 B 122403 52
(cyclic prefix-orthogonal frequency division multiple-
xing, CP-OFDM) B8R 55 TAF Sid {5 RS (the Sth
generation mobile communication system, 5G) 87
WHRTGEGR B LI Bt B s A5 4R v | I il 4
BN ARG RESERE S, IR
7 %2 M ( filtered-orthogonal frequency division
multiplexing, Filtered-OFDM ) &4 A28 ] $ H 1) —
M 1] 5G HUHTBOEHOR  RAEA R SR TR, 1
ORI 3 R RS A T IR, AN [R] 5 AT LA
AR AH 0L A 4 2% R 1 RO ] P @ ORI R g S
O RBENEIE B SC BT M ELR A uE
BT XT Filtered-OFDM R Gtk f 2, HAK
M, 57 8 A% — R A FRAS B e i o )i
(finite impulse response, FIR) J&J#% , H & i+
FEHE LI S AU 1) F I e B T Uk
JEATRE R, LAREAROAH 48 57 4] 1 4 (inter-subband
interference , 1BI) , 2 £ (B AE A &5, 2) F
MBI AR P IS AT REZE , LAY N7 8] ) PR gty
F& (guard band) , I HE = ARE A K 3) T g
W 0 S el oy 44 2 S AT BN, ABRAIRATS5 -]
T4 (inter-symbol interference, ISI) , 55411y 345K
IFSENY. 5554 ) T IR ds Al e SUS T RE/ DN, LUK
ARRURIE IS I e iR RV R L, 5) Sy TS
RGP DT, TP IEN AN T 2 T8,

FIR P8 A% E2AT 4 R Ir ek d sk gk |
AR AL A gt RO A A
M % 8 5 5y R J7 | % &, H Er, BT
Filtered-OFDM ZR 4 9 77 I8 I ¢ 3220 R 1 % o6
Hok P IS A R A ) ) 2 v
FRRLUEN AT , SR 5 FH B pR 000 I L R w35 ey
PARE] T IR A . BT, X T T A R BOA Y
FIR Tl U R o , WF 5 — O 8 pR B0t AT 1T
AL S A e S B R A E
JIERT A NN A A 7 18 I8 0 £ 2 L e kA7 b
G VT, ZPEAR O D8 I A% 32 B AT PR AR PR 8 & O
L (DA N1 314 P D VAR R 815815 &ir: 27 S DI
T SinC AU 7-H7 I8 I % (SinC-filter ) 112 Firdk
B T4 5% 7 15 JE I % RC-Filter ( raised-cosine
filter) """, SinC-Filter [ £ 14 A A7 I i8¢ #5% Sy #2
REMERE , P HOE A LS 1 G JER) 0, 3L
SinC-Filter {1 o 48 {4 5™ 8, HL 3 4 3 808K
RC-filter FZEAE AR 38 25 9 TR 5% pR KR, i T
THAY TR R B TR [ 32 ) T 1Al 58 FR B 2

£, 534 RC-Filter AYUE I #% 2 80N & A R 3% 5 H
H1 T RC-Filter Y26 1 A0 7 38 I 2l i i 2k i 1
G VE R T o, (EAR IR R A i T8, 33K
RC-Filter A3 7L 58

AL 6 28— L T T A 5% T
&L 28 ( TMRC-Filter, truncate modified raised-cosine
filter) . 5 SinC-Filter 1 RC-Filter #HEt,, TMRC-Filter
IOES T e LRI P i R BT BN n e ik A
WS E A dr Ry, I R A R | i
TR /N, 7 ELEE R B VR i T i 1
K, TMRC-Filter FBHA Sl A T SE 3 A, Bof 4k
CHR /)N, It %) TMRC-Filter (VR F 56 Fl
TRIE Z I T TMRC-Filter ] 52K A BHAY
T B NI S AR B 78 A YA IR/ N
WATECR AL, D EAS Rt — R S Rl
FHDUT %, R AT S B 0. 010 67 B, TMRC-Filter /1Y
WAL GCATE 107 dB g, HEHS O R A LT
SinC-Filter 2435 75% , H 7 HAERRH Y )R T4 T
60 dB FPERETF K T, TMRC-Filter %% RC-Filter £ i#8
i 7% BT SIS FF TMRC-Filter 5—Ffik UL
P B s B A e a - R X L MR RE S SR8 ]
HREIE AR TR REAR Y, (R SCHR 8 ] Fh g i g 25 th 3
A e A P U E TR AS BRI SR B AR AT
TEOL, R TT 23R 17 22 20 A5, T TMRC-Filter
HTFHGLRMEAROLIE B A8 AT R R X AT AR
P ] AT, JoTe ZUGER, SEIRBE N TR

| ETEEERO TR BRI

G SRR i /153 & 10 a Rl - TR
B 2 E AR R AL AR O I8 2 Fy (o) ,
FHAFBILAHR AL £, (n) , 55 2 PR GIE Y
Tl BREL w(n) BT £, (n) 198 FAIRNAS . AT
W B8 AT I T 2R L R B 1) TMRC-Filter, B
JeorHrESE SinC-Filter 1 RC-Filter FYZE A 8
PR AS I SRR H AT 1 R I IR A S8 i
AT SR L R R 7 B I , IR A T Ak
BRI S AT 5 SR 5 43 BT 1 pR B BT 2 B TMRC-
Filter Fd 78 s S5 $2 1 BB AT oB AR E ik
1.1 ZMEHBEMIREFET

L5 0 2R FH 7 PRI B T B8 D AR s T
LRVEAT U8 I 28 5 T — B BE T SinC PR T 4%
5% PREN

a) XFET SinC PRELHIEIE AR SinC-Filter, H:
LR VEAR 8 I 28 I A A N



122 R

1 0<|lw!|<B+0dB
Fw)= , (D)
0 B+idB<lowl=smzw
L,
s 1 -«
Fw)= 0.5(1+51n(f(1—
2a B
0,

A, B RN TP T, 0B 2 T B AT (tone-
offset) , A FRIRRFFH TE ,a FREIFERI, 0 Fn
WA

7 REC S M IS B TS , 237 A 5 A
Hr(Gibbs ) BLAR , BIAE@ A N 7= A IS0, T ke
AT SO T G BB TR B AMEAR AL S
AR, B TR AT 0B XFF A S AT Y
R TR 0B — B E R 2~ 12 S THE,
BB /N ANRESE At o R A A M 2L
MOBUEs SR Al A PN S T NI IS 3 O N R 1
I P 4B L AT 5 A 1) i S B 1% L s DA 1Y)
FLEIRAR R R RN GG AR (1)
Wi gk 1 B E R 0, FBOFHT UE I Y Ik
OHUER R BT SER, R TR AL IR A

- 2 -
(2) ,EREETE A = m(B +0B) , HTIRRKEA T

A 2B 5 o RS, S5 RC-Filter HITEN #8500
EARNG, HICE AR D A m a2k 1 %
PR 0, R A 5 HAZ 1

g5 AN T A BT R BRI R )
AT H R TR AR T 00 A T i G U R S

LR PR LGP AS -

1, 0<lwl <B+dB

x(l wl,a,B),B+dB <l wl <
Fow)= B+dB+A

8, |l wl= B+dB+A

0, B+iB+A<lwl<sm

(3)
F(w) A

Bl 1 TMRC-Filter #9 %k EHE i i K =5 405 Z Aia K2
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Table 1 Definitions of performance parameters

of the filter
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Table 2 System parameter settings
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T BE A 0B 43 A 0.013 5B, 0.006 658,
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Fig.4 Magnitude response vs. A
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A |45  TMRC-Filter: — T Filtered OFDM 24510 T4 JE I 2815+ 1 125

RC-Filter, SinC-Filter #H [, TMRC-Filter AY#/NBH
I DR B AL T 22 (B A /)N TMRC-Filter
()3 VA A 5 BE /DN, L TMRC-Filter (33 V#4545
F& BE /N RC-Filter 91 JE A7 S8

3 A 4(b) "] %1, TMRC-Filter #l RC-
Filter BRI SGAS) 107 89, ] T/ T SinC-
Filter Y38 I 4018

& 3 TMRC-Filter H£&EIEHR
Table 3 Performance of the proposed TMRC-Filter

.. SinC-  TMRC-Filter TMRC-Filter
PR RC-Filter
Filter A=0.006 A=0.0106
G/dB  0.055 1.7x107 3.48x107°  4.45x107°
As/dB -44 -47 -55 -68

H 2 3 FIE 4 W25 S 50l 0, A B A7
ERRACT AT I SRS, A A BET AT E
PR 8 Y A BT R R A A . A T HUE
AWAEER A RS AT RE/NAARAF B A () 3 P47 5

NIRRT BB LASRAR /IS 18 sl S e SRR
(A BE A S0, PR, 35k PN BESR O AH B P I 1, AN
AIREIIAS G AL . A A B R 3% AR 302 A Y
/N B 38 TR R A R BEL Y e s ) A4 T4
2.2 2 w2 A = 0.010 67 |, g,
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W TR,

2.2 TMRC-Filter {3t iE

DITUT T B BCH 1, B o= 0. 015,A=0. 010 67,
NI R B U A, T, 3 i il 4 1
YL U WK 4,

% 4 TMRC-Filter HBETE4R
Table 4 Performance of the proposed TMRC-Filter

Ly RC-Filter TMRC-Filter  SinC-Filter
U (A,=-40 dB) 195 165 113
U (A,=-50dB) 203 173 113
U (A,=-60 dB) 210 195 165
U (A,=-80dB) 240 255 285

HIZE 4 al g, Y B BH A s A, KT 5% T
—60 dB I, 3 A P A i 3 A S O RO
Upe > Upine > Use » LT TMRC-Filter f19 1 3% 45
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AT 58 R N

UR(; - UTMRC
= 14
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AEIZBHECT Y TMRC-Filter BY7H 5 ok kR 40

250N,

%5 TMRC-Filter ¥ 35 #) A B0 %
Table 5 Improvement rate of bandwidth
utilization of TMRC-Filter
SO ERBH A 08 A,/ dB -40 -50 -60
pignei e 15.78 14.78 7. 14

S AL I BEEW R THT
-60 dB i}, TMRC-Filter %t RC-Filter £ #1 7% HY
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Table 6 Performance of the proposed TMRC-Filter

R RC-Filter ~ TMRC-Filter ~ SinC-Filter
G/dB 3.963x107°  1.9x10™*  6.745x107*
A./dB -106 -93 -76
U(A,=-80 dB)/kHz 270 245 224
U(A,=-85dB)/kHz 278 249 A
U(A,=-90 dB)/kHz 281 259 H
U(A,=-94dB)/kHz 284 263 Y
U(A,=-105 dB)/kHz 289 A A
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Filter F1 SinC-Filter 3 Fft & I &% (1) 3 7 5 SUHH 24
TMRC-Filter 1 RC-Filter 145/ BHLAH £ 08 I {2 K
T SinC-Filter,, H. 4 128 fHHY 508 /N T4 F -85 dB
i, SinC-Filter ¢ 2 Hoash 7 3028 1 A0 3 24 10
BARHAF RO T4 T -94 dB I, 3 B a8 1 1
W XEN Uy > Uppe > Us,o, B TMRC-
Filter IS Uyype 38 RC-Filter A 8RB MGH
FIFHARK (14) GHEIAF SRR LR 7, 0T LA
4 B B A = R T 4E T - 94 dB B, TMRC-
Filter # RC-Filter #1d 7% By 58 etk &, 24 10]
EARH AT ) K T 45 - 80 dB A}, TMRC-Filter /iy
S EHE S8 FE MG K T SinC-Filter, M 24 Filtered-
OFDM Z Ge Xt HM g T2 R AN i), SinC-Filter
AP B8 A 05 2 3R G0 %) A e I SR 8 R
TMRC-Filter B figif P RETT K .
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Table 7 Improvement rate of bandwidth
utilization of TMRC-Filter

WRHA R A,/dB -80 -85 -90 -94
W SRR/ % 9.26 10.43  7.83 7.39
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Fig.5 BER performance in Gaussian channel
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