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Abstract: Generalized Frequency-Division Multiplexing(GFDM) has lower Peak to Average Power
Ratio(PAPR) and out-of-band than OFDM. However, the traditional GFDM receivers have high complexity
due to the intrinsic Inter-Carriers-Interference(ICI). Based on designed pilot subcarriers, a new data-aided
Interference Cancellation(IC) GFDM receiver is proposed for satellite communications in this paper. The
improved algorithm solves the problem of inter-subcarriers interference in Matched Filtering(MF) receiver
and decreases the receiving Symbol Error Rate(SER) obviously. The simulation results and the complexity
analysis prove that the proposed GFDM receiver performed significantly better than traditional GFDM
receiver at reasonable computational cost, which can promote the application of GFDM in hybrid S-T
communication systems.

Keywords: Generalized Frequency-Division Multiplexing; integrated space—ground communication

system; Interference Cancellation; matched filtering

WA W T A S 5 ARG KB4 DT T HPUE S (1G)# 3L T IMT2000 F5E) GSM(2G), R LTE(4G) R 4.
PE RS RI R 25 rh i 4R, IE RS M5y &2 H (OFDM)) 2 T i+l il {5 R 4t . AH L T H20% M, OFDM Bl i &5 %
W, A E/NGATS 1 T3 (Inter-Symbol Interference, I1SI)AIHE fa 8o #4 i 2™ (HEEHE 56 BRI, 44
OFDM 1 A 3 15 H B2 55 H R 22 i b, Qs v A0 A S o I A 10 A JR L 7 B T 8407 S0 114 933 28 R IR T2

15 4; OFDM T A oK K 8 A5 FEAE ZFh i 25, B 28 P 32 1 o R——) U4 2 (GFDM) 42 11 Bl GFDM #%
R 18] FIAB R G U5 43 7 B B, A TS — E R T45 , TEICH 745 198 B 78 A8 W37 5] 2306 i 5 1,
Ktk GFDM 5 5 7§ ¥ A 4% i 1E 22 4% 43 &£ JH (Cyclic Prefix-OFDM , CP-OFDM) F1 B %% )% 43 8 1 £ (Single
Carrier—Frequency Domain Equalizer, SC-FDE)#i3f% . [, GFDM 4 %45 & £ i A £ % i (Multiple-Input
Multiple-Output, MIMO)$: A, f#i LTE [ 5G ¥ P, 54, GFDM w3 J 700 g i 7% LA /NS A oo 7
it I, GFDM 5 OFDM #H[F], "ILAfH FFT 5 IFFT SZ3E

WfsHEA: 2018-04-27; fEEIHEA: 2019-01-01
&R 2 15(1986-), Lo, WP LR, EEAEATHMESE G REAMEEAR | S HBIWEMNL . FEIIE ST P T,
email:liting142@126.com



55140 Z EZ£.ETGFDM WZOKEILMEFHIPH 51

SCHR[6]F1 SCHR[7]48 i, GFDM 7] LASR AR 5 R A 2f7 S8 5T 5 SCHR[8]s 48 i GFDM B A3 B AR Ay 1 (H — - 33)y
R (PAPR) L S AR ST o AR, HEFRAVIED R AN, GFDM R4 PAPR FlIi AMR S th ARl . SCHk[9]195
A PR 0 D5 TR0 0 0l e % T 3R I AT 0k B, AT LABR ) GFDM rfy FUAT AH 4B 1~ 8 ok 1a) 7= A= 4 8 ) 4, i s 20 1
o Z ] e i, JERS i GFDM R G8 XH i LA B 78y TR 09 28 2L 8 . SCHR[1013R B, s e R R, wT LUK
GFDM & 3% vy 1) 108 5 38 P e AR S A 21 5 AR, mT LA W by D5 76 30 e 45 1) 6 2 3 FE ) DR AP TR B A B8 L D 4, Sk [1]
$2%], GFDM thn] IR &f Ho VT i 240 A Z i Hh R4

4% GFDM HI LT OFDM A ¥ Z 034, HAIAE ik 0 A9 3F 15 A8 VR4 1 1 3Rk il i 402, Rk, 620
2 T V0 o A AR UE B A9 1% F 45 2R (Bit Error Rate, BER). #17 GFDM £ 4t 3 B4 4 VT it 38 I (MF) #Z 1 %
3% (Zero Forcing, ZF)4Uk #% i /N4 )7 1% 2% (Minimum Mean Square Error, MMSE)# i £5™M1,

1 GFDM

GFDM 2 —F R I% 19 Z 8 P B ALH , hl2 56 RS BOGIm B e A", GFDM 2 OFDM i), B
TE I S RN A3 s B 235 4 v ok B s AT VR ), BN & 2 TS T T 2R o 2 A s el AT ek A6 FR R A 1)
VEPE PR VAT ORI o IR TR B e AR EG I — AN FR T 28 (CP) LA ik 38 45 % g R 1191

. N mapper | Serial-to-Parallel Cyclic Prefix(CP)
encoded binary data * (e.g. QAM or PSK) (SP) GFDM modulator or SUffix(CS)

A
v

A 4

. wireless channel
binary data stream

T v \4 v

Parallel-to-Serial | P - P channel estimation and
(sP) < demapper GFDM modulator [« equalization < remove CP/CS synchronization

r

Fig.1 Block diagram of the GFDM transceiver
1 R GFDM &4

WA GFDM Wk R ME 1 in. X BIETEfT S, M EER ., d XA NTHEME, NI KE
MEW}:%R KNP, MM FRS8, d#onh KA FEERSY, SO TFREQE MATFRS, d ]
FEFE R RN

dog -+ doua
D=[d, d - de,] =|: : KM =N (1)
dgy - dK—l,M—l
KA dim RARH kA THIEH m DTS
GFDM Vil dy,, AR gy, PEAT A5 Bl o
gkvm[n]=g[(n—mK)m0dN]wk”, n=01---,N-1 (2)
Lk
ot =K

5 08 0 A 2 22 U A3 P R O 22 B P IR U AR N R, g 7R I A IR R AL IR, AR T AR 1
SARBCT AL, x[n] T R I OB S0 45 5

K-1M-1
x[n] zxk[”] Z(;Z;,]dkmgkm (3)
k=0m
K n=0,1,-- MK-1, fEHifES5 EH TSN
K-1M ok,
1 1afkmSn mK)® g[n]e ]J K (4)
k=0 m=0
AP O[] bR g, B REME S SR AR X:[x(O),x ,~-~,x(N—1)]TIﬁ, GFDM il 7] FI4E BT R m M
x=Td ()

ftiﬂ TN NBVAERE, THMERRBGSEPEE, Xz nl DU a8 EEfr . &5 7 x Ea g3
155 x,, CP K E N Nep, 54 OFDM — N5 5B —4~ CP, 1fi GFDM iy 7455 R E—4> CP I JF 44 .
l%emm%ﬁmﬂim?%%ommo



52 AMEBRZE5BEFEREFR 5518 3%

TR AR I A A% 5 ] DL DL R AR R R R .

r=Hx+w, (6)
K r, MIBWES; HOBEBELRERE; w, oA A &R (Additive White Gaussian Noise, AWGN)B: 7=
oo A5 T8 vhiom B R h=[ho.hl,---,th,1]T, BE Nep MG ATERKIE , Nep MK T Noy, BN FEREESTIER
ISI. B 5¢ & WA fIE# bR CP, I ES N

r=Hx+w (7
K. H N N R W~C’./l/(0,o"ilN), J 2 ol Iy N B s . 5 T8 5 0 R DL 2 A s e ok, S5 4%
%t OFDM 425 {pl, ML A S5 4u 34 i 2 7 A

y = IFFT| FET(r)/FFT () (8)
h b £ AR E) . A5 S 2t AR
d,=Ry (9)
Ry =T"

Roe =(THT) ' TH

: B (10)
RMMSE:[O-—”ZVHTHTJ TH

¥

b o2 AR S 22, FETICEIER MM ME S Ry =T, S TR PR IGER LR, &
B FAF S TR, DCECUED IR bR, T EIE R WEIETT LIEBR TS5 A% 1S, SRR T 2057
H LA, W Rye 9 T M 50 R mmr, 3 B E AL T VS E U e . (MRS M Le iy, i Tl g s
BB E SRR T /N T IR 25 BB T IS IR A RO A IR A, T AR, e
B (HPERE R T 3A B AT gt e a8 B34, MMSE i 06 45 1 i £ 1% M 1L (Signal-to—Noise Ratio, SNR).
MF & 5 2 M He 2 20 i AR, BE T oh R i &2 RS o, i RS RS

2 GFDM &%k i118

GFDM 3 45l i 2 T LA x=Td ke, Bty [ gy, [n]]7 . 3 58 (4) T4 SR 1 F 310

M-1
k= S clmopig s, a
m=0
Rofte A, =[dopdyidiyn | BRI D BIFIE R, U m A TR WE Sk K B IDFT MM, 5 00

QM) =l Vo 1 |t MA TR K B L IR, MG T B 45 5 HEAT 1Rkt s DY) hyukdt, Hoxt sk
TEE RN 5 g[n], HATE R 0; C) B IGIR R A A FE 13 8, 5 SR
I, 0 0 O 0 0 0 I

K
0 1 0 O I 0 0 O
c_ Ko . cOW_| 'K
‘ 0 0 . 0 Yo 1, 0 0 (13)
0 0 0 I MK xMK 0 0 . 0 MK xMK

IS, M ATAE AR SRS TR — B0, GEDM A I8 5t AT 3 3 A S B
st ot TR T AR N -
K-1
x =W,y c,“'pi"QiW,,d, (14)

k=0

B KA TS d OB D B doP A M ITER B, TS R AR il i M DFT
HFERESL I . QM =[1y Lyl | TN LA M B AAERE 1, R, L RAEENSH, o T8



55140 Z EZ£.ETGFDM WZOKEILMEFHIPH 53

MR B R B WUR WU E TR S, DY WX M IE R gl WOBIRIE S, B SRAEE T NIL,
TR, B L=2.
e, AR b AR I C ), K AT RN B N IR K. CW XU

T T
Cf(0)= Lz 0 - 0 0 ; Cf(l): 0 lvre =+ 00 (15)
0 0 - 0 T Viwtr 0 - 00

73 50 % R SRR b AR AR, AT Cu 5 Coro IRFE I S5 T R A AL UL, Z Wk K
ﬁ’ Ctx7t5 Ctxif%:_{/—?\‘i‘j:

C

_t =

Lxm log, K + KM*
2 (16)
C

x

f = %KM log, M + KML +%KM log, KM

A %KMlogzMﬂq KR M 5 FFT 8% ; KML HUCE IR E 57 ; %KMlogzKMﬂﬂ KM A~ IFFT i858, BA%,
Ci «/NF Co v, GFDM B3 I i 8 ] 395 18 A F TR A .

5k A XTI, GFDM i ] axk R 7 B BRI R b AT o S o7 S BRSO R D DL R B TS R S T
oo AR B SR DR C 8, PRI A DG i dplz B A B AT A 52 i B ARORT T 3 1 A - ) e 2 1 o DG T 08 8 A 1 A I
RN

P[n]= { y[n]exp(—jZnn%ﬂ ®g[n]

d, . =p[n=mK]
o y[n]=x[n] . e (LT, AR e T T R UL B B A G I 0D B R
o A R h

17)

de, =T"y (18)
B y=x, EaRA)MR), b, =[d,gdssidyya] T, :w;( ,<L))T(D§L>)” (cf<k>)TwNyﬁ%§uo 3 3

5 DET S5 Wy M35 N 45 FFT S8 5, JEMC(E 50O BURET 5 30 (1Y) 20 Y a3, 7MiMl I

AT kA F R, LR R RS B R, TR E U kT A B E S D, AFRLCT R R E SR, 5
il 9 U R PR ], D) L R — S X A B

(o)’ =|:conj(Df(L))T (19)

XATCE R LM A RFE A, R BIE UL 3% g[n]f N A BUSCECHE A0 RFEAS 2 . i TR IR I 2% g[n] e

TR IEE N LM,
A, Wl M SR IFFT LR PE R gy, 28 k DF 80N M AT 5 80ER

3 GFDM &kt

£ GFDM RGiH, R BRI P A% g[n] MR R AL Glnl=Wigln], RIE THA T M PIE . A KU BRS04
52U A Hh TR AR A TR Dy DR i A, O Y A BE U R P HOR TR R e Y =0 W, JEDL AR TE
B RO S — NI Kl 2 a=1 W, PO ST IR B eh i 2 4% ol DL o B e O ks> 1C1 4
AafF SRS o AR T 2 A SRR T B RIBR A L AR, AR TR IR ICH Joik il i B R R B . B L=2,
W) 7 B T8 B Sl 2M, TARRIERIBN M, TEARAR T EBE A M A RS ES

fE D RMEAE ARG, BRI A8 Z BR T B o 4 SR 5 A 2 AU L 1% DG IE i iz 4%, G 00 114 £ W% L A e
K, HICHEFRAR T ST T, A2 MR AT 55 2 (SER) , - DRI 06 20 £ DG 50 308 I 42 WAt v R 3R BR BT 0k
o i e AR A P BE

FEICECIE P Ak, WK Q0) s, ¥ Gy BTHIY, G W RNy, HBo M X M AR I, SR L 0 DE TR O
P T oy



54 AMEBRZE5BEFEREFR 5518 3%

Ye = (Qf(L))T(Df(L))H (Cf(k))TWNy = GlGldIE +Gzeld/;1+Gzezd/£ +Gled1I+1 =
(20)
(GG, +G,G,)df +GG, (df , +df.,)

Ahdl =W, d, , ye W d Zead DT I8 IS A B B UEAE S, DI %S AR TH 4 5% (Root Raised Cosine, RRC)JE I #%
B, GG, +G,G,=1,, MA@ UFEH, d 2l T diey 5 de A K

FEEM ey BE dewy FIE, SE LA T30 (e sl A) T 8 2Bk LR T —MBr TS F R 8 THHE
B, B, 7£ GFDM £ ifFS Ll im— ANl A M S0 F &0, Rl s, MRS a3 (2
BB, T—NF I AE R LR Z TP AAEBRT 5152, SR A9E T DU T3 TR F 2R3 T3 B .
WX AR, TR AT LARE R A HEA A IR . BOR BT B D SRR 2R, (E AT Ok SE LR A RE
it RN FiREMT, ®ABTHE3 SNR, BEEMNE, XMEEAARMOELE ., XMEE
" DL SRR

VBRI BT LA TR ME N do, 8 y % R isEr = .

for k=1to k-1 do

V=Y, -GGW,d, = (Glel +Gsz)d1: +GlGZdI£+1

FEW, Y, e S 5L TR A5 F d,
k=k+1
end for
G, MAfEREE, JETA NS,
VT FC U P W VA B AN Cr e, BRI 2208 LG H e L B ¢, Skt B,

Cr i :%KMlogzM +KML +%KM log, KM (21)

I

A %KMlogzM KR M gFFT i85 KML R UCRLuE ik iz 55 %KMlogzKMﬂ\J KM A S IFFT 38, 4%
FH P4 B R E R, PR E SN Co pros MTRARIR N
C

. pro :%KMI092M+KML +%KM log, KM +%KM log, M + KM +%KMlogzKM (22)
V0 %KM log, M 3 K54 (AL e BTN 003 55, KM Sl TR I ) D 30 9 %KM log, KM J IFFT i2

o MWK(2)F T, RIBWHE LR R BATRY, A B) TR 8.

4 fRESHW 30
20l OFDM Wt w«w;w‘www
K GFDM i 2l 56 3 8 1 4T 75 2L DA T 04 7 W W‘W'i'”“\ |
SMRST, DiEZHCH 128 4 TR, 40 PHMT . ! W" "“ MM
Rk X GFDM, TAFBEON 15, BMRMN 8 o )
0.3. X T OFDM, 55 ¥k 15, W17 304 QPSK. € 0 \ GFDM,RRC
Kl 2y OFDM, J}4%7% (Raised Cosine, RC)JE I #% 2l o
f) GFDM . RRC I Il #% 1) GFDM ) R jif % Jif L 4% .
M T R 2 35k o %8, OFDM,RRC-OFDM,RC- =30 \“L hm‘ 'EFDM,RC*
OFDM 43 5%y T 13 dB,28 dB,40 dB., f1 T4 ik 1) -40 s || . | . . .
%ﬂ‘ifﬁﬁﬁﬂ‘, GFDM Hﬁ OFDM Eiﬁﬁﬁ?ﬂﬁéﬁﬁo 0 0 0 0 sugcarrierzi?]dex 0 ®0 % 100
X RC JEPE A% 5 RRC UE I #4376 [6] 98 il 7 =X Fig.2 PSD of GFDM and OFDM
DL BCAS T 538 T 09 352 % 36 E 4T 05 BLAP T, 43 S0 AE P12 OFDM 5 GFDM HyZh 31 At

AWGN 5 4 % & £ 175 i (Frequency Selective Channel, FSC)F A [a) 38§ 7 s #EA7 05 EL, 5 EL S0k 100 1%
P, 9N TR ZH, RRCIEPLAHRMERECN 0.5, KN QPSK . Wl&l 3~& 6 Frn, MfEMEILE RIS, MF ih
T GFDM [EA 9 1CI PEABES 225 MG M LLERARAT, ZF M FRlCR M S e g 22 . Lhm B 22 AR, MMSE 83k
FEICI 5 WS T 22 [a) M RE 4 A 4 4 . GFDM 1 ICI {f HoE REJC 1L 4 L T4 4 1) OFDM, {H OFDM 75 1 48 5
55 PAPR [0 @ T Jin ™ &, 7€ B A AF T CP-OFDM kLA T .



551 3] ZE EZ.ETGFDM WZEOREILIMEFH & 55

10° 10°

10t |
o 04
& 4
107 === OFDM theory ? R
—o— RC-MF . _—o— RC-ZF N
—o— RC-ZF N —o— RC-MMSE N
—#— RC-MMSE \\ - - -~ OFDM theory AN
4 |[—&— improved-RRC-MF N —sz— improved-RRC-MF N
10 n I n n L L L L L 103 I I I T 1 ' 1 | '
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Rs\/dB Rs\/dB
Fig.3 SER of RC filter in AWGN channel Fig.4 SER of RRC filter in AWGN channel
[5] 3 AWGN {53l RC B A AE AR FHIE TR R LA <l 4 AWGN f5iE T RRC IR LA RIS T IR H AL
10° . 10°,
10
o o
L L
w w
10? {===—= OFDM theory 102 H=——— OFDM theory
—o— RC-MF —0— RC-MF
—x — RC-ZF —o— RC-ZF
—#— RC-MMSE —#+— RC-MMSE
, —A— improved-RRC-MH s —A— improved-RRC-MF|
10' i i i i 1 1 1 1 1 10' I I I I 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
Rsn/dB Rs\/dB
Fig.5 SER of RC filter in FSC channel Fig.6 SER of RRC filter in FSC satellite channel
Pl 5 FSC {71 T RC I a-7EAR I AL T IR R L HE 6 FSC {518 F RRC UE P AE AR 512 T A% A

P EEF R GFDM B, U e R M e T A PERE T L IE M LR, MF SR ke RE R
MMSE %75, H MF B ki mEm ik, MHEH T DEEGR . MiESEE, SEWET, b ® ke
MRS R T 3~4dB 947+, MK 5~ 6 i E45 R E i, 7F FSC fRii F A 1~2 dB MytEREHETF. 1 RC
PEWEARAEATR P 5 5 2 AL RE I NIRRT RRC P Ae . D5 EL45 R UL, ootk i DU BC 8 I 25 3 vk A
AWGN 5 FSC f5ifi T #0A 200 % 1 diom iR i R bhge, Bl T DEEGE RS

5 #it

3L A A AR R T AT S5 S Sl (S R ML S, IS F R34 56 5 LA G R4
MO H AR . GFDM YE R MY 5G BB £ R, HA W AME S /N, Bk R0k m 5 2 0%, (B 20k T4k
S Y 1) S 2538 i AR I Bk sk e . AR SCXT GFDM RS THER , i8R T GFDM U & #8804 %t
FEFE ) ) LB O B, R AT B S 4081, 455K, GFDM Lk OFDM HEAA B 4N I, R RC €
P % vl i — WU NR ISR, MW S T R G ERE, O A R R B EA N

S % 30k

[ 1] T=3E MIMO-OFDM %%ﬁﬁ’fgiﬁ%éﬁﬁgﬁlflﬁifﬂm] Jb R dbE AL T k27, 2015. (YAN Han. Design and implementation
of MIMO-OFDM baseband data transmission system[D]. Beijing:Beijing University of Chemical Technology, 2015.)

[2] X, EHER. FaRBEELE OFDM {78 0 45 T H A R FH[T]. Kk 2% Rl 22 5 H 715 B 223, 2010,8(4):533-538.
(LIU Chao,WANG Yingmin. Application of subspace algorithm to time delay estimation in OFDM channels[J]. Journal of
Terahertz Science and Electronic Information Technology, 2010,8(4):533-538.)

[3] EVANS B G,THOMPSON P T,CORAZZA G E,et al. 1945-2010:65 years of satellite history from early visions to latest
missions[]J]. Proceedings of the IEEE, 2011,99(11):1840-1857.



56 AKFZMESBEFERFEH % 18 %
[4] DAHLMAN E,JADING Y,PARKVALL S,et al. 3G radio access evolution— HSPA and LTE for mobile broadband[J]. IEICE

[5]

[6]

[71]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Transactions on Communications, 2009,92(5):1432-1440.

JIA M,GU X,GUO Q,et al. Broadband hybrid satellite—terrestrial communication systems based on cognitive radio toward
5G[J]. IEEE Wireless Communications, 2016,23(6):96-106.

MATTHE M,MENDES L,GASPAR Iet al. Precoded GFDM transceiver with low complexity time domain processing[J].
EURASIP Journal on Wireless Communications and Networking, 2016(1):138.

TAO Y,LIU L,LIU S,et al. A survey:several technologies of non-orthogonal transmission for 5G[J]. China Communications,
2015,12(10):1-15.

LI F,ZHAO L,ZHENG K,et al. A interference-free transmission scheme for GFDM system[C]// 2016 IEEE Globecom
Workshops(GC Wkshps). Washington,DC:IEEE, 2016:1-6.

WEN Jiangang, HUA Jingyu,LI Sunan,et al. Interference-driven designs of nonlinear-phase FIR filter with application
in FBMC system[]J]. China Communications, 2016,13(12):15-24.

SCHAICH F,WILD T. Waveform contenders for 5G— OFDM vs.FBMC vs.UFMC[C]// 2014 6th International Symposium on
Communications,Control and Signal Processing(ISCCSP). Athens,Greece:IEEE, 2014:457-460.

MICHAILOW N,MATTE M,GASPAR I S,et al. Generalized Frequency Division Multiplexing for 5th generation cellular
networks[J]. IEEE Transactions on Communications, 2014,62(9):3045-3061.

FARHANG A,MARCHETTI N,DOYLE L E. Low-complexity modem design for GFDM[J]. IEEE Transactions on Signal
Processing, 2016,64(6):1507-1518.

GERZAGUET R,BARTZOUDIS N,BALTAR L G,et al. The 5G candidate waveform race: a comparison of complexity and
performance[]]. EURASIP Journal on Wireless Communications and Networking, 2017(1):13.

BANDARI S K,MANI V V,DROSOPOULOS A. Multi-taper implementation of GFDM[C]// IEEE Wireless Communications
and Networking Conference. Doha,Qatar:IEEE, 2016:1-5.

MICHAILOW N,KRONE S,LENTMAIER M,et al. Bit rrror rate performance of Generalized Frequency Division Multiplexing[C]//
IEEE Vehicular Technology Conference(VTC Fall). Quebec City,QC,Canada:IEEE, 2012:1-5.

CHEN K C,LIEN S Y. Machine-to-machine communications:technologies and challenges[J]. Ad Hoc Networks, 2014,18(3):
3-23.

GASPAR LMICHAILOW N,NAVARRO A,et al. Low complexity GFDM receiver based on sparse frequency domain processing|[C]//
IEEE 77th Vehicular Technology Conference(VTC Spring). Dresden,Germany:IEEE, 2013:1-6.

XIA Xianggen. A family of pulse-shaping filters with ISI-free matched and unmatched filter properties|J]. IEEE Transactions
on Communications, 1997,45(10):1157-1158.

DATTA R,MICHAILOW N,LENTMAIER M,et al. GFDM interference cancellation for flexible cognitive radio PHY design[C]//
IEEE Vehicular Technology Conference(VTC Fall). Quebec City,QC,Canada:IEEE, 2012:1-5.



