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ABSTRACT

A variety of multi-carrier schemes called new-waveforms have been studied in order to compensate for the
weakness of CP-OFDM such as poor spectral localization, etc. Due to its spectral efficiency and well-localized
spectrum, a QAM-FBMC is considered as one of the candidates for 5G mobile communications. In this paper,
we describe the criterion for the conventional prototype filters for QAM-FBMC which decide the localization
properties and performance, and we suggest a new design criterion for the prototype filters that can be used in
practical systems. Also, by using the designed filters, we propose an interference mitigating receiver which is
able to cancel the internal interference from filters without a complex signal processing. Lastly, simulation results

show the improvement in the performance of the designed filters compared with the conventional filters of
QAM-FBMC systems.
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Table 1. Proposed filter coefficients in the frequency
domain

Proposed Filter Coefficient @[]

Case A Case B ‘ Case C ‘ Case D
Q[0] | +1.0000  +1.0000  +1.0000  +1.0000
Q1] | -0.9205 -1.0570 -0.9167 -0.9930
Q[2] | +0.5670  +0.6257  +0.6319  +0.6383
Q[3] | -0.1485 -0.1257 -0.3021 -0.1840
Ql4] +0.0228  +0.0110  +0.0091
Q5] +0.1771  +0.3504  +0.1905
Q6] -0.1419 -0.1934 -0.2031
QI7 -0.1119 +0.0005
Ql8] -0.0173 -0.0101
Ql9] -0.0432 -0.0664
Q[10] +0.0922  +0.1107
Ql11] +0.0443
Ql12] +0.0156
Q|13] +0.0042
Q14] -0.0555

‘Q[O] +z§ Re[ O[k]] < &,
P
Ekz-Re[Q[kﬂ <g .
P

E 2. Z2EER] ZE v
Table 2. Comparison of the prototype filters
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Filter coefficients absolute value

(a) References

0.2 T T T
——Case A
——Case B
0.15 Case C| 4
——Case D

Filter coefficients absolute value
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Time

(b) Proposed

a3 3. 71& e @< Ak ZH )] F2 34 g
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Fig. 3. Pulse shaping filter shape of reference filter (a),
and proposed filter (b)
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QAM-FBMC A28l Hx A Le|E AdAlshd
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Al "k AaAdo] A=A overlap-and-sum 7+
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ZHde] HAsa, o] 2 <late] AwAd-E 714l OFDM
7} OQAM-FBMC¢]| H]|3}] BER (bit err rate)’d5<]

[N
s

Filter References [7] Proposed
Case 1 Case 2 Case A Case B Case C Case D
K (taps) 4 15 4 7 11 15
Self-SIR 10.6dB 19.4dB 9.2dB 14.1dB 16.3dB 17.4dB
Fall-off rate o™ o™ w3 ||~ |2 | ~?
o,/(N—1) 0.149 0.197 0.073 0.085 0.091 0.083
Coefficient Complex Complex Real Real Real Real
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T Fo] glo] AL FMI e R At APssich o)
2h] 41 Als y, (k] 29 k+1 A dele] ¥
ol W3k 7As} FS AePste] d, [k+1] 5 94
2 derk v 264, Aok d, [k+1] =¥
kE+ 13 dlole] wWez s A=l kA Al
2o e vzl A7k & A x| k] & A
shol, 571 09] 4l AL y, [k] 238 @ As] A
Asle] A 29 4l Al y, [k] & AAEIE o)
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212|E 1. 4 DF A% WAel 284 71 AlA 714
Algorithm 1. Efflclent interference cancellation procedure
based on modified DF detection method

Stage 0:

1. A A5 y[k] 2%E preceding AJE
X Uk ~x k] = AR w0 As y, (k]

1.

vo[K]= S Tk WP, d[k 1]

2 wlk] =E Ash Amstel & (k] A
&,[k]= PG, [k]W,y, [+]

Stage 1:
34,10 = XUk A
A7 [K]=T{0] [k WP, 4, [4]
4 ylkl =xEl XU AASe] w1 As
yi k] &9

ENCRE TR
50y k] 2HE g A
4 shift 301 y, [k+1] A4
yl[k+1]:’i‘[1]yl[k]
- T[1=[1y 0, ]T[T: shift back-and-slice matrix
6: v [k+1] 258 A9} Axsle] d, [k+1] A4k
& [k+1]=P/G, [k]W,y,[k+1]

& zero padding

Stage 2:
7 4, [k+1) =5 X[k AR
A" [k]=T[]H k1] WP, d [k+1]

8 yolkl =¥E X[kl AAse] wA 2 AE

vy (k] 91
v2[k] =y, [K]-#"[k]
[k S [+ 4]
- rylk] o] ZH AR
9: y,[k] =¥ A5t Alwsle] d,[k] A
&, [K]=P/G,, [K]W,y. [£]

Stage 3:

10: &,[k] =38 X k] AR olF A
39 Aol 2
A [k =T[-H[AIWP,d. [4]
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E oo o

o
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BuE] 4 [ W) AlRe] 2ARZ A7 = AR
Y V1]~ x Pkt L] & A, o
F 44" ﬂ%ow SF Al Al%-S A sker] 2Hagh
o}, Al Fe FAH R Aelsle] daelE |

T e Aok Zeje] A7t A3 5
AL o] g3kt el kWA AlselA] k41 WA
AEL] YRS A2 7P ol A ested,
kE+1 ) dlole] WelE 2} Al=gk 5 A4, 2t
A RS AR o F AHo] AlE AlE e
kA ﬂlc']Ei HE S Azt sl = 42 3l
2 F2 A% Aes 7S 5 ik

4.2 AN SHE

QAM-FBMC®| H|AaL 2 34 dE|e] AR
A7) WA Ak 2 Aae] Efsha, ol 2
HEZ BF)E 3} DF $5417] uklo] Aeksl vl )
o ssER wale] A9 AW A4 2L 53
(equalization)®] 33| A3t 73-¢- AWGNe4<]
/\:AIEEJ _E,L%H:n’_ /nu];qgi /\].Q.%l- _/,: 9,}\.9.E£ A],
A g 8a BAEE 7 5 olek el
o] 7l g5t BelE A|2w] Fukgst & 1)
=7]2 AT Y Do P g, 2
EE& ol ko] whet A g A ThH el o)
Qelel S Sedicla & A5, Al el Fejol
o & & gM® A B AT gMP—3M
o BAle] BashA dek s 72 Avbd dl
ole] thehrlo| wisl DF 13w mz, gk 418 o gk il

st o] E i)
Ae¥=El 44 DF 7|H< /q] Heol Al wiAl 3}x] o
2 9l3 3N u],] B s Hxﬂo] _wlo-c;]_-y 3+ )\15!_
o A W] A}l A3} Al e AE QYA FHA o]
2 asle}. 239 A} A AL FEdeR N
¥lE FFTe} sh1e] Nx A/ &2 A4l ghie
NX N 34 ditez #4884 9lv, DFTE ¥
& A 2N+ NM AN Bas A
AN*+ NM 7|9 B4 sidler A€} o) %

BAJ}EE r°1‘

E 3. 71E 7 Al 71 3 Ak HAke v
Table 3. Computing complexity comparison between
previous and proposed algorithm

Previous DF Proposed DF
algorithm algorithm
Complex 9 2 9 » )
multiplication (g+2r*4+ DA% | (6L2+30) M2+ LM
Complex 9 0 9 2
addition (g+2L%+ 1) M>—3M| (6L2+3L) M2+ LM

V. AIEd0lM 2at

o] Aelld Sl 7 Heje] AWGN 2 EPA
(extended pedestrian A) g Z7Fol|42] H|E F
£ (bit error rate, BER) A5-2 v]|w3laic) 13 4=

—S—0FDM
1073 F |- QAM-FBMC (Case 1) [7)
—L— QAM-FBMC (Case 2) [7]
—57— QAM-FBMC (Case A)
104 b |~ QAM-FBMC (Case B)
—3— QAM-FBMC (Case C)
—£— QAM-FBMC (Case D)

Probability of bit error (BER)

—O—oFDM
10-3 F |—F— QAM-FBMC (Case 1) [7]
—8— QAM-FBMC (Case 2) [7]
—57— QAM-FBMC (Case A)
1074 | |74 QAM-FBMC (Case B)
—¥— QAM-FBMC (Case C)
—&— QAM-FBMC (Case D)

Probability of bit error (BER)

o 2 4 6 8 10 12 14 16 18 20
SNR (dB)
2! 4. AWGN ©l#9] OFDM % QAM-FBMC®| BER
3% (8l: QPSK, °lf: 16QAM)
Fig. 4. AWGN uncoded BER performance of OFDM and
QAM-FBMC with QPSK (top) and 16QAM (bottom)
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OFDM3¥} QAM-FBMC®] AWGN©®}|4]¢] BER A%
< veRdch ZE] dA 2719 Self-SIR 5] =5
$2 9 Dee] A} 7H] Aol EolEe] BER
/%52 OFDM ©f| 43}e] viehtAl ok gk 2

e 58t e ¥ Folli] 23 o] g Self-SIR
= 7P RE, AWGNelxe] BER A5-& T v

o} v 2™ 59} 7o) EPA AdellAe] BER A5
< vehd A9, Ak e} 7)1E Delo) Hls) F

°
(s}

s Ast ZA wAgkc) wbaA, A|ksl € Case
D & A7t & A|¥s} 5A4¢] A= oF AR
olaf Qg AlEe] ZHdo] WAlElE 714 ellu=|7} Al
ghE]o], CP7} ¢4l QAM-FBMCOAE A5l tigh
| #A3}=]e] Self-SIR] T] & Case 2 Wt}

o £2 A5S Halth
o202 Aokl DF A& 4SS 8319
] AWGN #'dollx]e] BER A5S 13 63} 74

_]
o]
Bl 5o] A’k 7 AlA e
A7=e] BER Adgo] 7oz fdds seldd

—7—QAM-FBMC (Case 1) [7]
—A— QAM-FBMC (Case 2) [7]
—7—QAM-FBMC (Case A)
104 b | QAM-FEMC (Case B}
—%—QAM-FBMC (Case C)
—£— QAM-FBMC (Case D)

Probability of bit error {BER)

o 5 10 15 20 25 30 35 40
SNR (dB)

—7— QAM-FBMC (Case 1) [7]
—L QAM-FBMC (Case 2) [7]
—7— QAM-FBNC (Case A)
104 b | —%—QAM-FBMC (Gase B)
—3—QAM-FBMC (Case C)
—£5— QAM-FBNC (Case D)

Probability of bit error (BER)

0 5 10 15 20 25 30 35 40
SNR (dB)
Ozl 5. EPA Adelx¢] OFDM % QAM-FBMC® BER
A% (%) QPSK, =l 16QAM)
Fig. 5. EPA uncoded BER performance of OFDM and
QAM-FBMC with QPSK (top) and 16QAM (bottom)
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10°

—5—orDm
(Case 1}[7]
(Case 2}[7]

Probability of bit error (BER)

—¥- (Case C) ws algo.
—/\ (Case D) wi algo,

S orom
(Case 1)[7)
(Case 2)[7]

Probability of bit error (BER)

{
—X—
—H—
—L
=57 (Case 1}(7) W ago.
— (Case 2)[7] W algo.
—7 (Case A)w/ algo.
—X— (Case B)w algo.
—¥- (Case C) ws algo.
—/\ (Case D) wi algo,
o 2 4 6 8 10 12 14 16 18 20
SNR (dB)

T2 6. Ak DF dx2l5d 483 AWGN  ofx9|
OFDM ¥ QAM-FBMC®| BER A% ($]: QPSK, oleh:
16QAM)

Fig. 6. AWGN uncoded BER performance of OFDM and
QAM-FBMC applying proposed DF algorithm with QPSK
(top) and 16QAM (bottom)

{Case 1) [7) wf aigo.
{Case 2) [7] wi aigo.
4| |57 (Case Apwiaigo.
10 —X— {Case Byl aigo.

{Case C) wl sigo.
{Case D) wi igo.

Probability of bit error (BER)

o 5 10 15 20 25 30 35 40
SNR (dB)

{Case 1) [7) wf aigo.
{Case 2) [7] wi aigo.
4| |57 (Case Apwiaigo.
10 —X— {Case Byl aigo.

Probability of bit error (BER)

{Case C) w sigo.
{Case D) w aigo.

o 5 10 15 20 25 30 35 40
SNR (dB)

a3 7. Ak DF daElES A8’ EPA AdelM9
OFDM % QAM-FBMC® BER A% (%: QPSK, °}=:
16QAM)

Fig. 7. EPA uncoded BER performance of OFDM and
QAM-FBMC applying proposed DF algorithm with QPSK
(top) and 16QAM (bottom)

% glek w71 WElE AR Aesh S40] £

www.dbpia.co.kr



=/ QAM-FBMC Al 2gle] AgA 2z wels] dE 24 ZH] Alo] $417] A7

3o} AlRE 7)ol APl 28:517] ehorl, 53] Case

29] 7% IE] WA} a2A RxEo] glo] At
dar]Fel 27t As JHAle] A HeolA] e& &
ol %L 2= o]r/]_

-12] 8-& OFDM¥} QAM-FBMC2] 3}9] ~#lE]
WX (PSD) Hlaolck FUg JE] 8] 5 7HAaL 9l
+ Case 29} Case D FE|S A2 w3} Case
2= 425 AgE 7R ZEEH, fall-off &=
lwl™* & 7R3 glom, Case D = A4 AlS
71 FEIZ fall off $% w2 7 ek
Hollx] Hol%o] Ei 2 fall-off £E2 71X 1 9}
Case D ZEP7} o] 958 a7 2|93} EAS
o sqlat 4 9}

a9 9% 7]E A7E ~¥9E] R E ]88 DF
4171918 Ajk=l =4 DF 7]"-& A8l 7143 Al
73191 wl, AWGN H'del|4]¢] QAM-FBMC BER
A vlaEs Jeldch sd3 g 8 5 R
Case 29} Case Dol t3l] v]Za}ich Case 2 ZE]9]
73 71& DF 417171 7S & Alojsle] 71 =
> Aes Hol= i, A7 & A 93t 5Ado] v
AE 712 AR A=A o= AS E1F 4 9l
t}. Case D ZE9] 7% H 2 Self-SIR 742 714
DF 17|12 243} A58 Case 29l B3l Hoi=]
gy B4 €83 1110} DF 7Il& A8% 7%
Case 2 ZE]2] DF 41715 243 A5l vi$- 24
At 71HE F&l 2
gt Al zEl AR w9 22 Ak ERIER T)E 7|

ok fARE 2 AA S RS % S gk

o 1 Jm

a2

X

il

T

)

-30

-40

-50

Power Spectral Density (dBr)

-60

—O—OFDM
70t N | —A— QAM-FBMC (Case 2) |
—E— QAM-FBMC (Gase G)

_80 L L L L L ! L
-0.7 -0.65 -0.6 -0.55 -0.5 -0.45 -0.4 -0.35

Normalized Frequency

2| 8. CP-OFDM¥ QAM-FBMC 3}$] »~#lEd W% n|
YA

Fig. 8. Power spectral density envelope of the CP-OFDM
and QAM-FBMC systems.
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Fig. 9. AWGN uncoded BER performance comparison of

QPSK QAM-FBMC between reference algorithm[8] and
proposed algorithm.
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