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ABSTRACT

In order to satisfy S5th generation mobile system’s requirements, recently many works have been done in
various layers. Especially in physical layer, new waveforms like Filter bank Multi-Carrier(FBMC), Universal
Filtered Multi-Carrier(UFMC), Generalized Frequency Division Multiplexing(GFDM) have been proposed and their
performance have been evaluated. But most previous researches have provided limited information by comparing
couple new waveforms each other with different assumptions and simulation parameters. In this paper, we
investigate the key technique of each 5G new waveform, and compare them in various aspects and the same

simulation environment, and finally provide what waveform is appropriate in different application scenarios.
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Table 1. Parameters of time-frequency efficiency
calculation
L, N, SLA F.FT
/ RO size
OFDM | NL.p 600 . 1024

FBMC | (K—=)M| 664—(N,—1)| 60dB | 1024

UFMC | N(Z-1) 654 60dB | 1024

GFDM NLp | N,—(N,—1)| 02 | 1024

g
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Ng=15, FFT 27(=1024
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Fig. 7. Comparison of time-frequency efficiency for each
waveform

EHelA FFT =71l o&Al 3k& Au7] witell
2 Azlel A 55 gl & = 9k o7]
4] A A1ZF Truncated FBMCY FBMC2] A|7F S 2]
redundancy & AEhA] Ak A2 Azledde] &
& Z7HI71RIRE FBMCO| 41 Al39] o8& &
7WM7le w-e] ZA3tl OFDME] CpZo|¢}
UFMCZ2] Filter Zo|7} 2ds}r] ol A|7kededo
o] 52 FAdslck vk, A 9] whal=r]e] A
o| & <lsle] AT lagt HaksT) 429] Alo)7} [XE 1]
of| A9} o] HAElaL o] 2 gt Il S| A&
= UFMC~”} OFDMd| H3le] o 55 <l & &+
3ith. GFDM?®] 73-9- &5 e 2 dlo]e] & A$3)w
OFDMell ®]&l| CPE AA A3l wiel A7t <
Aol o] A7k &fo] vl o) =3k FBMCS} 2|
R R S a1 “H‘F"ﬂ e 9 H“V }
Jo} FBMC#} 53t ksl 5 AM- & &

tl. GFDM®] 7%, 3hte] A% %%"ﬂ 3o CP%
Slgo)al ka7t vjA A wjiel F2 AZRF
g 58S 2t

4.2 Synchronization

sporadic packets WA 7= AAE2 U
2 AlA A=lolet. gt oT® e = = W
So] W] AN AE A EFcPE, 7)E LTER]
g 5715 AR SlsliAde we ool e
WA 71T}, e closed-loop timing advances ¢|3}
A2 A w82 A gFehs AlA AR EelAl w9 A
o]tk  wehA, [18]°l4= ATA(Autonomous
Timing Advance)2= open loop synchronization-S-

A A3k ik e]21&F open loop synchronizationell

Kl
N

F
1 12 02’1_4 12

\:lE‘i rlo
rlLllN 2 o

—

www.dbpia.co.kr



=i /56 2L 3 A4 e 9 A vlal B

A= timing misalignment7} A7) wsgel,
OFDM3} 7ro] el @z Alef =IZkgE 332 5G
LFE7E ISP Pk v R Al AR5
= 3 A ARste R )7] 7 ek E7h
9] b ThsAde] Erh webd £ Aol 7 )
o we} F7)e] WAHEE Wladhl,
2 dolM= F 4o A8} 7 A5 2 AlEE
25l AFsFe) 3 Absbol|A] Elo]n] A3} Ful
JM&H g3l sl A3kt

W] Symbol Timing Offset(STO)E F <] AH—L
27F Z4zke] AlE-S sk Agste] 7ASe =
uf, A7E el AlE Atelel] F7] HA o 4}‘

< ofmght} wo|w) e A2 7} gleie] AlEe] vk

0

oﬂ, md'

Aol &5 A7 ASE 12 7Pska, o)A
Q] sbals] AAAl ASE 12 s, B
= elo|w] 9 ZAlol] u}Z Mean Square Error(MSE)
= A43I} Mean Square Error(MSE)+& th-g-3} 7+
SE

MSE= Elly—yf'] - 25)

= 2xAlo] gl u) Bxg 7 AREAke] Als,

Y= 23Alo] gle w) Bx3) 7)FE ARl *11014

Carrier Frequency Offset(CFO)+= $AIH 44
ko] Sl @ ZAS (-rymo|WellA] HPYAIA TFFT,
FFTE 33roes wAshe MSEE 54313t

S 919k e AR lsted, AA akEs) 5
= 256, 7 AREAF ARSShE RS TE 3601 R
o] AREA L AMGShE kG Alo]ell= & 9]
7he kEs) gl s 7HdEksich (& 2=
efo]r] e xAln} Falg exAle] JFgE AT R
A7+ Aol iﬁ%ﬂ ﬁJrEPj B 3 A2’k Aok
GFDM?®] 7% Hol] 5 78 A

STO Msmqw [2¥ 8]:4— Zt}l. FBMC/OQAM
= A FakEae] FAe] SIS MAkelA <
wolaick wEbA, AWGN AHdefx] elo]n] ¢4l
o o7k ke A2 QA aksale] o3t
Z28e}. SR RE OQAMS Al<ee} 3|2 o2

olx] Huleulzlke] K WAL 82]3517] w]io| STOC|
ol ZFelgS 2l & 4= dvk URMCE e A%
°] OFDM¥} 5 3}#|"t A= Jé P‘i gk
A W=z 7S FA
of] ugle] efo]r] 2z Al ?1
th GFDM®] 735, 2~ AJefel] oJgh Fukeairt Hl

E 2. STO, CFO¢| 33 A3 sjeju]e]
Table 2. Simulation parameters of STO, CFO effect

OFDM ‘ FBMC ‘ UFMC ‘ GFDM
FFT size 256
Number of
subcarriers 36
| UE
Number of )
UEs
Filter - PHYDYAS Dolph RRC
Filter overlapping SLA :40dB | Roll off :
property factor:4 length :25 0.2
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Comparison of BER in Ped B Channel
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E 3. OFDM, FBMC, UFMC, GFDM Ai%5
Table 3. Performance of OFDM, FBMC, UFMC, GFDM
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OOB . . .
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