A, XIGER, BER, SKBER, BN
(BmHE R FOTHFER, #Ad KV 410073)

W E: NTHEZSHUERTREETR, 5GRH T LIERMMEH (orthogonal frequency division mul-
tiplexing, OFDM) Hi AR NZERMINE G SHER R . Z ARG BA A RT3 8 R A AT 41K 2 ¥ OFDM #+F
SESHGET EH, RN RS A RS TR R ESHUEE R P Lt (peak-to-average power ratio, PAPR)
o I EAAEAE, HAARSHAESSMAERIREE 51X —& I 551 {#15% % OFDM ] PAPR it J77
EAELAE IR . BT I TR RRE Y TIRE S HE R G s /ML PAPR IAUAGIERY . R R I S0 ikt 1)
BT, WRITREE S RIEEA B RN EAFESEE T A AR, )52 INE SR & B8 k47
VEEHETH . TR BIEA T BEALIEAR R AT PO B 1 454 (inverse fast Fourier transform, IFFT) /Puigifs i
HHAZ 4 (fast Fourier transform, FFT) ##{F, BABMCKITRERE. TESREY, ZEEABEK TRE
75 ) PAPR.

KR WAESHE; Wt WEAZ kR TR TR

FESHES: TNII9

XHEFRERE: A

doi: 10.11959/].issn.1000—0801.2023194

A peak-to-average power ratio reduction method for
mixed-numerology multi-carrier systems

SHI Nan, LIU Xiaoran, XIONG Jun, ZHANG Xiaoying, WEI Jibo
College of Electronic Science and Technology, National University of Defense Technology, Changsha 410073, China

Abstract: In order to support diverse service demands of communication scenarios, 5G adopts the mixed-numerology
system based on orthogonal frequency division multiplexing (OFDM). The mixed-numerology systems still have the
problem of high peak-to-average power ratio (PAPR). Furthermore, its design structure makes it difficult to apply tra-
ditional PAPR suppression methods straight forwardly, in which mixed signals are generated by superimposing mul-
tiple sub-signals with different parameters. An optimization model for minimizing PAPR in mixed-numerology sys-
tems was established based on tone reservation method. Utilizing the characteristic of single-peak of time-domain
kernel, the multiple copies were generated in different numerologies based on the peak position of the mixed signal.

The mixed time-domain kernel was then superimposed to reduce the peaks of the mixed signal. Since the proposed
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algorithm didn’t require inverse fast Fourier transform (IFFT)/ fast Fourier transform (FFT) operations during itera-

tion, it had relatively low computational complexity. Simulation results show that the proposed algorithm effectively

reduces the PAPR of mixed signals.

Key words: mixed-numerology, peak-to-average power ratio, time-domain kernel, tone reservation
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$B 2 X 34 M (35) HHIRES
B9 X RIRIERE S (E S f .

BB 3 IR P EAEER S R B R
& B HRIER 27 Xt pl) BT IEIRFEAL

S 4 WX 28) ~x (33) B2 HH
R IS B VA (B PR A SR B, FEARAE A (36)
R W

SBS O FNIERSRESS R AN E
S =[S, 8,8 T

£ 6 Hk 41 AR (42) HEHNIERE
Tl AAHIIEEE S X .

S 7 HERRE =, SFEN, b
X /I, Ai=i+l, PR,

mixed *
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HEE 4N OLNOIb(LN) + LN?Ib(LN®)) . $
ok, R (34) FIRX (35) HERIEE RS
{55 LA PRIERE 7515 5, GG M ANIEARE S5 1 B 5
Feid, Hopoi EnE AU ERER @D
VHEL IS 5 g IS W RIS x MY R B
M x1 A IR . T SO ik AT BA T S
BSLRFE A, AT B BRI AL AN WA HETH i T
AR, FIk, MTK SikiER— ki 5 E
BEL)g OUOM') o FALLZ R, SCHR[16]H ok rs
HJE ICF (noise shaped ICF, NS-ICF) HiE[Kit
HE & EIEFE T OUN Ib(LND)+2LN®?
Ib(LN?)) . tb4h, EN—A QCQP i, k4t
OFDM #4iH 3T TR HURF) PAPR fiz/Mb.1A]
HIREEN ON, LN?) BB IR ESHE R ZH S5
SRR RGN, ZAAL R R T AR 2 A
—B . LEA LA R T, ATRAE H MTK Sk
T 1 IEARIE AR () IFFT/FFT #8408, 58 44
FERAR

3 MESZRSHH

HXNRGZSHERS, W0 7 riE |
MTK HVETE PAPR. iRf% (bit error rate, BER)
Ay At 5 <5 05 T B PERE 5 SCER[16] i
HI AN T5 5 70 0 HEAT PAPR i B S5 1E
1TV A R X115 5 70 3 #EAT PAPR 111l
kR T4 TR Bk, EEFESHL
B 1
3.1 IEIILLHNHIMERE AR

i A PAPR R H A 2R AR 2 A pR 2L
(complementary cumulative distribution function,
CCDF) ik 1HAli VL) PAPR #1122k , CCDF
78 PAPR KTl PAPR {H z IIHEA .

CCDF(z) = P{PAPR>z}

Hrr, P{Y MRS

AN[A] PAPR i) HLIEAR 1 RIS 1Y) PAPR 4111
HCR AT L& 8 s, R IR G5 5
CCDF fE4 PAPR #lil AR PE RS HE. o,
PAPR Il FE A T FRAE ¥ 6 dB, MTK H%A1
NS-ICF HiE RIAT—k. ME S TLLEH, 5
JRfES M, MTK H4ad 1 RiERETE
CCDF=10"Iif PAPR [%{%%) 3.3 dB, NS-ICF 5.3
fE#H] CCDF F PAPR [#{%%) 3 dB. H4k, XfT
155 73 AIHEAT PAPR #IHI) ¥ A AE % (5 5 PAPR
B2 s AP RIESL R, JRA1E 51 PAPR 1Y
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WHCN 6 K. MWK 9 ATLLEH, MTK SikA
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SR, SRR (X (24)) BHEERAERTT
WA RERE. R 2 W T MATLAB Hig1T
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THEERE. MAh, &0k PAPR HIHIFIRGE S
I SSPA Ja HAT R AT M URAY A REANELAK (1) 717
SR KT B BT A SO R 7V A T 07 SR B
B, T—2% 4R LabVIEW (laboratory virtual
instrument engineering workbench) Ei# 476
2§ FL b 3¢ Cuniversal software radio peripheral,

USRP) L#HATIGAE, #E— D36 A AT HE S
H R

SECRK:

[1] #A4.5G MARTKR %5 5 45[EB]. 2017.

HUAWEI. 5G unlocks a world of opportunities: top ten 5G use
cases[EB]. 2017.

[2] 3GPP. New radio (NR): base station transmission and reception
(Release 15) [R]. 2017.

[3] LIU X R, ZHANG L, XIONG J, et al. Peak-to-average power
ratio analysis for OFDM-based mixed-numerology transmis-
sions[J]. IEEE Transactions on Vehicular Technology, 2020,
69(2): 1802-1812.

[4] Z=W, KR, TEA. —F OFDM L& & L 5k,
PG 22 8 R 25253, 2018, 23(2): 78-84.

LI B, ZHENG C, WANG Y B. A joint peak-to-average power
ratio reduction algorithm in OFDM system([J]. Journal of Xi’an
University of Posts and Telecommunications, 2018, 23(2): 78-84.

[5] Z5id, SHEAWR, K%, 5. OFDM R4 T 14 b il
1. THEHLE, 2019, 36(2): 125-131.

LI B, HU L N, SONG T, et al. Tone reservation ratio optimiza-
tion for OFDM systems[J]. Computer Simulation, 2019, 36(2):
125-131.

[6] RAHMATALLAH Y, MOHAN 8. Peak-to-average power ratio
reduction in OFDM systems: a survey and taxonomy[J]. IEEE
Communications Surveys & Tutorials, 2013, 15(4): 1567-1592.

[7] TELLADO J. Peak to average power reduction for multicarrier
modulation[D]. Stanford: Stanford University, 2000.

[8] YUPY,JIN S B. A low complexity tone reservation scheme
based on time-domain kernel matrix for PAPR reduction in
OFDM systems[J]. IEEE Transactions on Broadcasting, 2015,
61(4): 710-716.

[9] HASSAN M E, CRUSSIERE M, HELARD J F, et al. EVM
closed-form expression for OFDM signals with tone reserva-
tion-based PAPR reduction[J]. IEEE Transactions on Wireless
Communications, 2020, 19(4): 2352-2366.

[10] LIU Z X, LIU W, HU L N, et al. A low complexity improved

tone reservation method based on ADMM for OFDM systems’
PAPR reduction[C]//Proceedings of 2021 13th International
Conference on Wireless Communications and Signal Processing
(WCSP). Piscataway: IEEE Press, 2021: 1-5.

GATHERER A, POLLEY M. Controlling clipping probability

in DMT transmission[C]//Proceedings of Conference Record of

[

—

the Thirty-First Asilomar Conference on Signals, Systems and
Computers (Cat. No.97CB36136). Piscataway: IEEE Press,
2002: 578-584.

[12] LT H B, JIANG T, ZHOU Y. An improved tone reservation
scheme with fast convergence for PAPR reduction in OFDM
systems[J]. IEEE Transactions on Broadcasting, 2011, 57(4):
902-906.

[13] XIN6HE. 2P ARG HES MBI BRI A [D]. L i

AR, 2020.

LIU X H. Research on peak-to-average power ratio reduction in

muti-carrier systems[D]. Shanghai: Shanghai Jiao Tong Univer-

sity, 2020.

TELLADO J, ALVAREZ J. Multicarrier modulation with low

PAR: applications to DSL and wireless[M]. New York: Kluwer

Academic, 2000.

[15] WANG B W, SI Q, JIN M L. A novel tone reservation scheme
based on deep learning for PAPR reduction in OFDM sys-
tems[J]. IEEE Communications Letters, 2020, 24(6):
1271-1274.

[16] LIU X R, ZHANG X Y, ZHANG L, et al. PAPR reduction using
iterative clipping/filtering and ADMM approaches for

[14

[}

OFDM-based mixed-numerology systems[J]. IEEE Transac-
tions on Wireless Communications, 2020, 19(4): 2586-2600.
[17] GOKCELI S, LEVANEN T, YLI-KAAKINEN J, et al. PAPR
reduction with mixed-numerology OFDM[J]. IEEE Wireless
Communications Letters, 2020, 9(1): 21-25.
MEMISOGLU E, DURANAY A E, ARSLAN H. Numerology
scheduling for PAPR reduction in mixed numerologies[J]. IEEE
Wireless Communications Letters, 2021, 10(6): 1197-1201.
[19] ZAIDI A, BALDEMAIR R, TULLBERG H, et al. Waveform
and numerology to support 5G services and requirements[J].
IEEE Communications Magazine, 2016, 54(11): 90-98.
GUAN P, WU D, TIAN T J, et al. 5G field trials: OFDM-based
waveforms and mixed numerologies[J]. IEEE Journal on Se-
lected Areas in Communications, 2017, 35(6): 1234-1243.
[21] 3GPP. Technical specification group radio access network; NR;

[18

[}

[20

=

physical layer; general description (Release 15): TS 38.201[S].
2017.

[22] XIGEAR. IRE S H4E OFDM T TR g il 28 St R R
WD), K¥b: ERiRHE K2, 2020.
LIU X R. Research of OFDM waveform design and intelligent
adaptation in mixed-numerology systems[D]. Changsha: Na-
tional University of Defense Technology, 2020.

[23] ZHANG L, IJAZ A, XIAO P, et al. Multi-service system: an



‘ﬁ MREF. ©14 -

BEfR (1987- ) , 5, it EPTREAS
G e Az L] N U T i S [P o8 -3
BT T7 T RIEAE | W3 2 22 4 A 24 Bt
IR

enabler of flexible 5G air interface[J]. IEEE Communications
Magazine, 2017, 55(10): 152-159.

[24] ZHANG L, IJAZ A, XIAO P, et al. Subband filtered mul-
ti-carrier systems for multi-service wireless communications[J].
IEEE Transactions on Wireless Communications, 2017, 16(3):
1893-1907.

(E&E &N

A (1995— ) , B, EFiRHE k2 TR KRR (1980— ), 4, L, EBIEHEK
B BRIt 41 &y A b S o S =2 TR R, EEATAOT IR T
. HEELRIEE 5. SRR, TR

MK (1967- O, B, it EERHKR
TR R AR WA, R
FEI7 I N TC BB AT PR 4 B TS 5 5 A3
P FEME . AT M4 4%

XFSR (1992- O , B, i+, EEREK
SR TR AE BTN, AT O E
WEGES A, ZEBBIG TR REE
HAR.




	01-2023194-ó`

