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Low complexity algorithm for PAPR reduction in GFDM system

CAI Jianhui, LI Guangqiu, SHEN Jingjie

School of Communication Engineering, Hangzhou Dianzi University, Hangzhou 310018, China

Abstract: In order to reduce the peak-to-average power ratio (PAPR) and the implementation complexity of generalized
frequency division multiplexing (GFDM) system, the TSLM algorithm based on T-transform and selective mapping
(SLM) was proposed. The design idea of the TSLM algorithm was to use the SLM algorithm to increase the number of
GFDM time-domain alternative signals to reduce the PAPR, and to use the T-transform to realize the joint operation of
the Walsh-Hadamard transform and the inverse discrete Fourier transform to reduce the complexity of the system. To
further reduce the PAPR of the GFDM system, the TCSLM algorithm combining the TSLM algorithm and the conver-
sion vector (CV) was proposed, and the CV vector was used to increase the number of GFDM time-domain alternative
signals. The results show that when the number of subcarriers is 64, the number of sub symbols is 3 and the number of
phase sequences is 2, compared with the SLM algorithm, the implementation complexity of the TSLM and TCSLM al-
gorithm decreases by about 21.9% and 60.9%, respectively. When the complementary cumulative distribution function
(CCDF) is 107, the PAPR of the TSLM and TCSLM algorithm decreases by about 0.6 dB and 1 dB, respectively. The
error performance of the TSLM and the TCSLM algorithm is improved by about 2 dB when the bit error rate is 10°.

Key words: generalized frequency division multiplexing, peak to average power ratio, selective mapping, conversion

vector, bit error rate
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1 3l

] XA 52 (generalized frequency division
multiplexing, GFDM) & Ff 2 % [ 22 203 I il
T, BABUNMIMAMES . BUARKINAE . 4
(RS % LA S TG 20 ™ R I T R D S i, AR
T AR | ik IR AN b S A
U, (HJE, GFDM fEAEIEE I Z L (peak to
average power ratio, PAPR) % i () i, 542
SR I LA P

B GFDM 24t PAPR [1 572 KB 43 WA
5 P AR MME 5 AEM AR P . 55 Tl AR SR L4
BRIEVECL 2 BeARge b i RY, ol B R+
ARE Z I HARP S . SRR 45 T i
SO kB (selected mapping, SLM)
P PR AR RN B B A S
(3l oo A SV A SLML ST 0 5

TG A AR5 G T FERARAT 5 R A A JUIAT Sk
KIEMCR LN PAPRI, 222 SCHR[10-12]5) 7142
IR R AT — 5k B AR i ( Walsh-Hadamard
transform, WHT) . JIAC/ M £l AR 46, BIHL
IARE AR He S5k [ i GFDM &R 411 PAPR. SLM
SR BRI A2 1) 2 AL P 91 b5 225 B e ik
SIS 5 AT M3, Z 54 GFDM i, ik
PRI 145 5 1 PAPR /M) GFDM 5 5 BEAT 4%
BV, 226 SCRRT13 10 5 IR B i B4
TEIER) SIM 5%, Wit AR ERG T2 1
GFDM I 453 {5 5 LB GFDM [1) PAPR. %
R B AR R A, A T AL AT SLM BRI
T GFDM #48, WHUY ATk GFDM (1)
PAPR, byt SR A HRIBCA) WHT IS e B
1078 4 (inverse discrete Fourier transform, IDFT) .
Z 2 k[16] 3 T IEAZ 44 2 Corthogonal
frequency division multiplexing, OFDM) FR %t H1 1]
T AR Hese B BER) WHT R IDFT BARSARIL
PAPR FISEIL S % L, A DK 22 ) NI T GFDM

R4, TR T K GFDM £#%: PAPR IS0
IR TSLM 535

2% CHR[171#E I 4E OFDM &G h 5| AHET
¥4 i (conversion vector, CV) [#] SLM &%,
Jorp e n) i B AN I 1) &2 S LR AL A
%LV AT R K OFDM & 45 ) PAPR FISZELE
FeJE . A CV TSI TSLM Hik, $#2i
7 TCSLM £, Z5EMH CV n5E Y5 GFDM
I3 5 R PR A R L A B 2 [ I A% B £ 5
M % GFDM & 4if) PAPR. R SZEL R
A JBE RO A 2L 45 S W AN J5 T UE B TSLM. 803 Al
TCSLM S 2k

2 GFDM W& {=#1% SLM &%

2.1 GFDM g% 1E#1

GFDM WURAGEHUEZE & 1 FroR. SN ks
ML A E LA H] (quadrature amplitude mod-
ulation, QAM) fHEIHKFER N =KM (1) QAM
HilfE5Kkatd , LPIHBHIERM N THH5. KA
TR L, L, d, FRE m AT
FE5 5 kA 1 8o bA i B A S
k=01, K-1,m=01,-- - M—-1. K54 H
IDFT Fl FRAE . BEUE . TEIAFEAL. SKANRAE ()
Fr UFCS #8254 & (1) GFDM 1 il #5753 51 N x 1
YEIAH S ) B o, B80S VR IR TS Ceyclic prefix,
CP) JRRIEHZ. Hth i x il oo

M-1
x=Y P"D"Q"Fd, (1

m=0

Hrh, d, =(d,,.d,,.d ) TREm AT
T, () FToREE, FREKxK YEN IDFT R,

O M A~ K x K HEI ST R 1 SRR, B
O =[I, - 1.1, ZHRAE ST A T4
SRHAT M AEI FRFER B, DYDY JE N x N 4EIJE
WeAR AR, X AZotm HTHRIX (raised cosine
filter, RC) JEW A g[n] A, HARICHEN 0, gln]
FIHEE 2 g[n] = sinc(n) cos(nan) / (1-4a’n) ,
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WAL
GFDM 155 ] PAPR 52 X715 5 (hisAi 1
 max{|x|} 15 PR LW E{x|} -
PAPR = max {x"}/E{|x['} (2)
T H ] HoAN B K 4L (complementary
cumulative density function, CCDF) 7~ PAPR [1]
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Her, © RRMEARER, AL WE NS ICENH
A, W n—a NICEEAALTE a b1 3], BHRAE
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41 KUERESH
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TCSLM 5L /1% GFDM ZR e AT & 5} it 52 Hofe
B HINER R . 226 30HR[12, 15,
18-191%) GFDM ZR 4t ¥ SEIL AL 2% 5 73 i 1) LA AT 4
P A PERe TR bR, WA K 5 R Ay ST
SRR HT I PERE AR o

AR (1D, B 1) GFDM 6l ZE LT
PR (1) M KK R IFFT 24, —IR K M
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WEHIN: () M ORIER, — IRIER T AT
KM /2 k2% . Kk, GFDM i1 & %ok
J=MKIbK , SZHFUH C N
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RS2 SCHR[16], — IR K Sl T A5 2
AT WS TR 1O A R K gy A
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T T-GFDM PEIFHELU I A (1) M KK
M) T e (20 M IRIER. FIk, T-GFDM
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SLM SERAMHIU ABEHUARAL A 2 U A
IR AT 5, SRIEHEAT U K% GFDM 113 2]
U MRS . Rk, SLM Sk & R Al
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RG] 2 A1 3, TSLM Sk 2E7E SLM A
Senlt A T AR#SCHLERIBCK) WHT ZZHeH IDFT
Apdge, T WHT e il THOTE B 1 A1 M sy
#n WHT-SLM S0ER 2%, #i WHT-SLM 532
(1) RN HOIN AL 53 3 UC FIUT « TSLM $.
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VRIS BN S UMK 3 9]k ULC — M(K —1)] FH
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T B 5 i K BUE R 64~1 024, ALY
FIBU=28; 6T K=64, U=2.8; 7
WK=64, U=2; HRZH 5% M =3,
RC B 45 MR B R 400 0.1, A7 LR H
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(1) BEEMAL PG, AFEER SR
JEREZ 36 5

(2) YAR[FRSEER GFDM RS BEN A A7 e
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MK=64. U=2H, SLM (8 WHT-SLM) %
7 TSLM 59581 TCSLM S35 i 2 BRI B Ik
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Kl 6 AFSIEN GFDM £48 PAPR BRARBCRRT HE

KHAH 1L #{E GFDM #4. PAPR )
CCDF TERE Ml 6 . HhE 6 n%:

(1) BEHLARLLFFE U BOK, SLM. TSLM
Ml TCSLM 5L BEE PAPR [H 2% B ilr, 4
CCDF =10, M/ FF8U=8 1, KH SLM.
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U=2 I$73 H K40 1.6 dB. 1.4 dB. 1.2 dB;
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A, 463 2 WA T BHERIE RFE K PAPR
I AR R
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SSHEFKIE TCSLM. TSLM Al SLM 55,



m HRE5F%

« 88 .

i CCDF =107, M/ F 5% U=2 i}, K F TCSLM
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) kS A %% GFDM 55 1% H . A
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