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OFDM (orthogonal frequency division multiplexing)®] %> PAPR (peak to average power ratio)= 3Z23}7]
%]l DFT (discrete Fourier transform) spreading OFDM ~|8io] Wo| ARt Z=u) Ad 312 ¢ d
Hel7} comb typeo® QTE|WA] PAPRo| thA] E7181] wliel] B =ielxe F7F ® PAPRS d3Ho
S37] 218l] comb type FUBl-& A8-31= DFT spreading OFDM A]Z~Elol] SLM (selective mapping) 7]
Agsidet a8]a A 3ol SLMe| fpbH el 7P H(SL side information)S 43517 $13F HPHS-
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S WSl AeS WAAZ)ZAF DFT A o]Fof| A=A KR E nleko R adaptive sub-carrier allocation HFH-S
ALgste] Aol ke Folual sk AlEHelAAE BslA Aeg EHl s9ew, MTI (multi tone
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ABSTRACT

DFT (discrete Fourier transform) spread OFDM is used a lot to solve high PAPR problem of OFDM
(orthogonal frequency division multiplexing) system. However, PAPR is increased again in DFT spreading
OFDM system when comb type pilot is inserted because comb type allocation of pilot is needed to estimate
channel characteristics. So, in this paper, we apply a SLM (selective mapping) method to DFT spreading
OFDM system to reduce increased high PAPR characteristics. And we suggest an effective method to transmit
side information without additional bandwidth. Also, we propose an adaptive carrier arrangement method to
supplement system which is weak to intentional interference or jamming and to improve system performance
against interference or jamming. We would like to analyze proposed SLM based DFT spreading OFDM
system using adaptive carrier arrangement method. And we compare and analyze system performance through

simulation under MTJ (multi-tone jamming) and PBJ (partial band jamming) environments.
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Fig. 1. A proposed SLM based DFT-spreading OFDM
system.
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(Low -> High) (Low - High) info.

4 5 9 4 5 9 0
01 | 1401 | 1501 | 1901 |2401|2501 2901|3001
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1:;_]‘- I B
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www.dbpia.co.kr



=55 A A5S 918 SLM 7|4ke] DFT spreading OFDM Al2~®|e] A A 2 34

Bolgjedo] QA =) A _/_:\_B’]—/\O]}_:E] _ _ T
T}-‘;H_l'] } ]E‘:} wEhA] % | Q/_[X('E/]_[Yko'lgja }Zl.]]j/’“.’);(/l/kl)'f(;ﬂikl)] . @)
o|E12] bit 7} E1EIL spectral lossE ©F7]A12 4=
gJem, frequency selective channelollA] H-714 . 2]
28] A AdEe] F] edrpd A5E A 4l B, =[R"P" - Py )] ®
o2 Qs FAle] oS Herk 2Elste] ot
AHE BEI] 913 v 7] Aol FashA . it
s, olelR WA FHehad & =it 5 Pufl S ST AR WS W=e el
gl A5 E o]L3le] WA RE S5AlERs 18 2 P[0 rlolk 93714 1 <v <M, 1 <u < U°]x,
oF 72 WS ARgEch M2 318 AlE A@xe] Zolo]y, UL SLM2

A AHE H}E‘t—i tlo]El S #xe} S/p 52 branch S|t}

13 Al ARy kst A, el v el S S0 Dyl 2 3

T
y:[yO’yl”"ﬂyM—(NoAjam)—l] . M
A% y= DFT spreading S22 v 42| ]3|
Y 2 #iskEich

1 M—(No. jam)—-1
—j2amLIM

Y =—Fre—e—ou—owo« e ,
t M —(No. jam) Z n

(L=0,1,..,

m=0

@
M —(No.jam)—1) .

Adaptive sub-carrier allocation WPH o2 2w Al
37} &2 314 o= HMkEslol] DFT spread = Eﬂol
HE gdsla 1 9ol 05 wWiFE Y] AlF
A7t
T
Y =1¥05 Y1100+ Ons a1y -+ Yoo jamy 1 - 3)

u}2bx] 2] (3)2] DFT spreading EL% o AE
Yo A1 B Urke) b 5 A
U7i] DuE #Agck Dyt 914
o3t 2k

) ) Comb Type
Side Information Pilot (L)

Allocation (M)

Eal
o ¢
1>
z3
=3
5
Select the sequence
um PAPR

; » output
-
x(1)

a2l 2. By ARE gapdow A4slr] 93k SLM vl
Fig. 2. A SLM method for effective transmission of slde
information.

‘Adaptive Sub-carrier

3} o] WS EFIT Sl e AEE

dghe @ kA sk dRbEQl SLM 7]&434
throughput, bandwidth efficiency% A Al = g
o e Al Dy, B B s
DU_pllot
=[D) DY---(B-S,) DY D ---(P-S) D D -
B, DU Dy, D) Dl D
(6)
01714 he}ie AR AA sl Fef oA

5ol £& ofvlgith

5 32 gk A2 dlofe|e} ThdEe] 74, L
23 VA RL] Aol A3t a7 vEpdc) o E
So] sjalel S 47 AREskar SLM YAk Al ~e] A
T7F 47081 785l sdEl Alga= Elo]E DyAtele]
wjx)Elal el Alse] dH-E FAll FIAHER
o]-8-gkct.

T EE 29 2] Sy, Sy, Ss, SsE o] Fe] A
=l S17F 8,2 2% wlld F=3hol| ]3] PAPR°] s
SLM] $4F A2t Fallzl dleld] Al-bE vet
L= A A= N Sz = 5 e ﬂEJ} MPEM
AR 28 A= tiulsled S, S, = exclusive

Side Comb type Pilot
Information L
P*S;  P2*S; P3*S; Py ...Ppy
v N Vs oy v
[

INYZ2e

Data Dy =Yk - Py

T3 3. Aok shdslsh R Al wbge] ellA)
Fig. 3. Example of proposed insertion method of side
information and pilot.

933

www.dbpia.co.kr



gH=-5-A18k3] =] °10-10 Vol.35 No.10

H 2. F7HE <lEA
Table 2. Side information index.

SLM Side information
branch | g3 S2  |s3-s1Ds2| S4
1 1 1 -1 1+1i
2 1 -1 1 1-1i
3 1 1 1 -1+1i
4 -1 1 -1 -1-1i

OR 3k ;& o]g3lo] ol 4oz SLMe]
s Re] Ao 41 g e aehd s,
Sz, 83 TollA FAlol 270 olde] AmIAlwe] dFE
Rhzci dlolE)e] G441 oleiAle). el s,
& HAaTE FHE 23T S AdseeEs
_r7],;<45]_ v‘—/‘]i ols} /Hl—‘oi};}_« Z9] &= olr,], _;5]
S8l 9170 ANAERRE uleko 2 AR 9]
215 el AP A==l & 1elxiet 2] 9]
2ol gk AR} Ao AHKue) 34 RO
2 Agsich Wk Sy, Sy, Sz FellA] 27 o] -
AR ARAEEZ Q3] N .5 o] gle]
&3k SLM®] branchs 2+ 4= 3l
stedslo] AglEl §2] 41& D
s vheat Rk

S —_
U,pil()ti 71—}:—1 ] “—}“i

Dy _pitor = [ Dy _pitod[1]s Dy _ (2], 5 Dy _pia [IN11 - (7)

DU pllot‘—- IFFT 5]'7ﬂ ﬂﬂz] 1‘/]———‘»}‘ 7Lo /K]% E
o ‘—1;]_

X, = IFFT(DUipHm) . ®)
olE FAlHor wasPd oL} 2l

N-1
x,(t) = Wi DDy ulk]l-€** ', (0<t<NT). (9)
k=0

oJ7]ellA] N ka} polar, Tos A8F7], n
WA kgl F9l-= fi=k [ NTo|th 283 t=nT
o]7] ufitel] Awle 4l AT vhey) o] B3
7Fsslcl.

Zizk

1 & n
XU(n):T; Uprlut . (10)

934

U/le] IFFTO]59] AlE Xy el 7P e
PAPRS ZE= Al X(0& Ad=jste] dlo|elE A53t
© 24 DFT spreading OFDM7|®Hol|A] -4—‘34_%?%
comb type 22 Atiglel mEid Z71El PAPRS A
2 4 ol

A= xFol|4] Al (113 7o) 71 2R PAPRS-
7;}7‘3 /\li X(t)—o— A{Eug],o:] %] 4= th:].

x(t)=arg Oglglgl_][PAPR(xu )] (11)
o] wje] FA4l AT s()+= vhet 2ol wHHch

s(t)=x(t)-e*" " . (12)

o}-}

Al A% s(H)= AWGN AdS Ax thee A5
)2} o] mHch

r(t)={s()+n(t)+ j(t)}-e >
= x(£) +n(t)-e 7 4 (1) e PR (13)
=x(1) +N()+J(?)

o714 n(o= o] 04l 7FeAlel ST T
ol, AL orolth fu FuKEY Fulgelr).
a2 jie LS F3shd Haixl= AR Alse]
o} a8y AeAlE e AAlsel o A3} 3
HAE 2 Alee oJHs] AT s Al o]
A=k N(t)ﬂ} JHE Eﬁﬂ‘}ﬂi gk

ARl A= %-4 S o2 FFTE| #2344
2 0 ol 15 RE B 5 9 o
sl AR A S
PAPRS ZHA| W= $AF A|RAE 2ol :1742
ohA] dlofelell FallEoZM 5% SLM branch s
2 Hek 1 o) Follz AAITA EATHE Pl
gke] §1x]el HlolelE Aol Bl 933 0o= v
sio17] el 7 9120] Al dlolelE Alslat o}
W] 31%}] HlolEl IDFT ge2i 453 o
ole]e] Bx7} 7153} wlebA Adaptive sub-carrier
allocation WS Eallx] £5A180= Hlo|e]= 1=
Alze] ks vk b= e BAdS e AlE]

£ AA 7Vssik

[o

rlo

www.dbpia.co.kr



e
M
o|r
Of

ot

A AeE& 13 SLM 7]Hbe] DFT spreading OFDM A|~® 9] A 2 34

3.1 oY &3 My

Y A A T B4 el A A
Walsrt EAsks Aotk A HGF A7) A
walse] ofgks o Ad|ed (Full-Band) % Al
wolg} slar, Yrte] A == A5 i vy
Aole} ghet. ¥ o A ofF oY AR
A Y FollA A - elRt A Alsr) <
S T AL oridie) webA An Alge] AA)
HH-L A= 9lermg AW Asr| HAskE of
o] Yol AR A A1F2] AY A7) a3tk
9 A A 739 Al ot 22k

JSR=N,/E,, (14)
W./
p=—=<1, (15)
WSS
. N P W P
Ny=—,=—L.— %=1 (16)
P Wy J J

3714 Ny= A =2F chel] thgh 2o Aol
gk v] oo}t 2E]x P AWe] A, N oY
ANl 2] PSD(power spectral density), W= #{7<] d]
o, We= A =0 ti9ds Jepdich p= JFR
(jamming fractional ratio)o]ch

-
1 subcarrier Freq.

Total Subcarrier

T8 6. -t i A e,
Fig. 6. The type of partial band jamming.

3.2 £ xjal

B4 o] Addvs Sl SollA shie] &
o vepdeh weba] sh e ofE] o] Eoen
o]Folzl Az rlehe AHS & Aulolz} gtk &
o] Ahg7E 3 A A A = AR Al ] A
o Zelar B N AR wolds Al df
& E A Alze] AHe doprlel ARt 24zt
= A Alsse] AdHe] 2 o] At & A A
7499 AY FU3t o] E A A1se] A

N

c
o F

rit

A e Edslehe A SJelgich ALE % v
= I~

ofclell L 412 15 2 vl e )
o] olel@t vF £ Anle] AL ohga o] ve}
9 4 gl

jo= S sz . ar)

=

o714 Pz Alefe] A Mol L Nes £ A5

o fi= A Fiole

-
1 subcarrier Freq.

Total Subcarrier

33 7. v & Ae el
Fig. 7. The type of multi-tone Jamming.

H A
[ |

V. AlZ80ld 2t &
B m=ellrs A F7elA] Ae] A Hel| upet
4] Adaptive sub-carrier allocation WIS AR8-sl=
SLM 7]4}] DFT spreading OFDM A|~El3} 7]&2]
SLM 7|4ke] DFT spreading OFDM A|2=®l9] A5-3
sk AlEHelA Ad WH#EHe ‘adaptive’ =
Adaptive sub-carrier allocation e A gel=
SLM 7|4ke] DFT spreading OFDM A| 28-S o]w|gt
ol AlEdeld 27 vhet #rh
T3] 82 ofe] A]x®le] PAPR A5 vlwEk 1
golok 1lellA] g]l & 4 gl%e] Uukxsl OFDM
Al2~Hl> PAPRS] #d5¢| CCDF (complementary
cumulative distribution function)®] 10* l4] 11.2dB
AEsl A & & slvk wEb PAPR A77|Hal
DFT spreading OFDM A|~Elof| 4= 4l OFDM A]

. AlEEelAd sleiE

3
Table 3. Simulation parameters.

Parameters Value

Sub-carrier number 64

Guard Interval (CP) 16

Number of SLM branches 4

The number of pilots 4

HPA type SSPA

Channel Jamming (MTJ, PBJ)
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