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A.FjS n'[tu\(i'n'
A tnajor chau,bae:h of Multipie-Input Multiple-Outpr"rt Orthogonal Ft'equency l.)ivision tr4ultiPlexing

(l\4ltvlQ"Ol;llM) systeprs i.s its trigh Feali-to-Ar.erage Powc'r: Ratio (PAPR). Selectecl Mapping

algoritl1m (SI.M) aLrcl Parl"ial l'r'ansmi1.s Seqnence (PT'S) is l,ropo"qci to overcome this Probiem.
Si.,M is ole of most n popular scheme for peak powel' rerJuctio n in Olthogullsl !;'lcclnency llivision

N,lultip1exilpr (OilDI4) rynt*ms by generating iei'eral OI'DlVt symbols (caudidates) carrvinp, the

saine jlforination a1d ssieci the one having tire lou,est PAP.hl {br transrnission. ln this pailer vve

<ler.ivc tiieor.eiical ainplit6de l,robabiiity Ilelsit5' Function (PI)F) of the selectecl OFDM s.yntbol

i-rsirig or:dei: statisrics. T'his amplitucle I,l)F enables r-ls to rlerive tlte Signal-to-Noisc Itatio (SNR.) as a

functiorr o1: thc number af cauiriidates aucJ error perfbl'lnanoe of N'iIN4O-O1?DM fkrr PAPR in wi reiess

Sys;'Lems. hitunericiil Ilesr-r1ts show that this techrrique recluces tire FAPR of tlie transmitted sigrierls

corrsicierabl,v,

KitVW$ft.-f,)f1: Ortirergonnl }rrer{memgy L-}ivision J\tnrntipneximg (OF'Eri\{), I}eak -to-Avereige Powcr'

ftntio flnA]rX{) $Jecf.ive xraarpping (SI-,h4), Fartial n'r nmsmlt seque}rc:o (P'FS)'

Profoabili(v Llistu'i,fuution ll,'una'(,[on (FDF),Siigmat[ c]ts tox'tion ra{c (' }u Bit Ernor

Ra{.es ( Il}t}R ), Si gmatr-t:o-lq{oise [t atio (SN{q).

i {NT[TC,DDTIC'il{ON
MlM11-OI,1)ki js eur attractive rr:chnique fbr high clata rate rvir':less c,ot1}mttnicatiou sy.stems" brrt it

r:xhitrit a largle ireak-to-everage tr)ower ratio (PAPIT
compoirents; (tlie car:riers) lil. fire high PAPI{.
notLliuear region of lligh Pcirver ,z\mpllfier (I-IPA)
qf Bit lirroi: Ii"erte (iilllt). In OF'1}M systcins, seve
ic., sc,lrc t1i.s probiem l,) lil Orre of inost u,idely useci metltt.rds is Serlective N4a.i4ring (SL.M) and
parrial 'lransurit 

sequencc' (pl.'S) using probabiiistiLr mothods. 
'Ihe pr"iLiciple of probabilistre:

nrethocis cleireiicl or-i reclucing 1hc: probauititi of high'IrAPIl iry generaiing sevr:r'ai CIFDM symirols

(i1r-rltiple calcliclates) carryiirg tlre same infbrmation anr.l by selecting the o're having the lorvest

PA.PR. Thc plobabi1istic rnethc,ol can also be classified into tr,r'o stral,eElies: sul:r biogk partitioning

strategy ancl l:ntirc bioe k s;trate5l5'. 
'trhe sub [rloc

sequeircc (tlTS) l0 I j. clivicles fret,'us11st clonain I
thc erttirer bloclt s'irategy, sitcli as seler-:te'd nlapp

!-Icllcrzitiltg rnr-L1tip1c cauclidates. [iirst. tht: entjrr

192



PEIIFOI].MANC]H ANALYSlS ()F PF,AI(-'IO _AVERACE '"Yii1,'i;,il" REDU("T ION TECHNI(?UES IN MIMO-OFDM WIITELESS

gencrate rrLtltiple eandiclates is considerecl and ti"re prrrobability Distributicn Funct.iott (PIIF) for the

multiple cancljelate systern is analyzecl. When the cairc\idate lraving the lolvest PAPR is selected, the

PDF;f the amplitud,e of a selcctecl OFIIM symbol becs:mes a funetion of the numiret" of candidates'

We applythe analyzed PDF (as ai'unction of n) to oblaining the Signal-to-NoiseRatio (SNI{) as a

luncLiol of 1. Then, the SNit (as a- funetiorr of n) can be usecl for analytical error perfornianee'

Ftro$,ever, we silggest using our PDF (nrultiple ciindidates) to obtai.n the tirec retical elrol'

perfnrmance aricl alsc the statistieal channel capaeity for the mLrltiple canC,idate system.

2. #F nlhd svsTKn/f lvfls[']E[, 
I

We colsiclef the \4I1MO-OF'DM systerns wirh ,\r, transmit antennas that use N subcan';iers' W.ith

OFIIM rnodulation" a bkick ol n clata symbols (one OlirilM symbol), {3',*, rl = 0, 1,.',, n-l } wili be

transmittecl in para-llel such thert each modulatcs a clifllerent sttbcarrier fiorn a set {.'f'r', N : 0, 1,"',

N-i). 
'Ihe 

N subcarriers are o;thogonal, i.e. .f.. "'N,tr,f' u4rere "l\ 7d '=' 1/nf' and T is the symbcll

period. The resr,rlting baseband OFIlld signal ir-l*.r of a blcick can be exp''resserl as

: 5 l l , - t . 1 , . s 3 j 1 : s i r r  
0 < t < n ' f  ( l )

. L . r : a i l ,  ==  
f f i da r i ; ; f  

Lu i - '

Wheres,, is the transrnitted []I.'DM signal at the N:" subcarrier <if tl;,e ,\'otltrartsmit ank:nna'

T'heoretieaily, large peak-s in o'FDfuI system can be exi;ressecl as Pcak-tcl -Average Power tr{atir I ibr

one transmit autenua. It is usuallv defined as

Frt.$-lt S 5-K;c;:--ii-uir--f-: '-* I:\-:.pil-r*::5j Q)
i l , , i ' " '  ; . 1 : . 1 , . ' '  ' . ' . ' ' ' r

whcre E f .] rlenotes the expecte,d valuer, Then" the cr:nrplemcntary ouilllllative distribution f'uncLion

(ccDlr), which is the protrabiliry rhal tlie pA.pR of anbrnta syrnbol exeeeds the given thresholci

PAFRO, cau be expressed as
CICDFT *. pr (pAFR > ,DAIIR$ ,.= r\) Assitnlc A -* IlAPitO' (3)

"[']ur:ughoui. tLris paper we asct]rne the rnultiple ce

variables. n eanclielates (frequenc)r domain signal,

this eaiiditiate generator l'epresellts a c/'eir;s of probr

Alter the N-poiiit Inverse lrast rtrourier 
'l"rartsfort

doinain signal).

[ f  ; ; . .  -  1 . r , ,  ] r , ;  , . , ,  . . . .  '  ]  i  r {  i r , ,  , } l i '  ,  l  ' ' :  i t " "  ' l ! J '

Wheu we cletine il, , * i t, , i
' fhcn 

i .1" r  ,  " *  f  1  **  { . f l ; . . ;^  . i l : , :  ,  . . " , f f " r ; r * i , ' f l1 , ;1 '  i l
' \ ' ' ,  

" , , f  ,  , , *  l f  ' , -  f . : , : ,  , . , f ; : . , t * . : , j ' i . 1 , : i  i

{,., , ,.a [:;,) .* L Xr+ ;

' (4)
I r . , ;  - ;  f ;o :  ="  i , f , ,  1  ,  f  , r . , :  , , ,  ' l l r l  . . " f  * l  i  l . ; , , '  i  r -

a*d the peak cleteetor. selects the t$tit oancliclat:e, 
'wherr: 

"1 ::i rtr^!:? ril lttt, i $t*l', ' i;,, ].) Ior

j  € i i ,  .  u]  a 'el  , i  t  {1, . , , , : {} .  
' l ' 'hen, the seleeiecl  ( i*" ' )  OI. l }h4 signal candicj 'ate is ol ipped by a

nrnlinear a.mplifier*, where we consider the so.ft r;lipping Moclel i i 4l, I2l I as follc'w.s:

; ,i:' , ,,
1  , w  r

\ : - * .  x ,  i i , ,  i  . - * "  I  i . .' ; , , ,  . r  \ . 4 ; w - ; r  
1 " . 1 . - . - . . t .
{ ;

IA t jES.  ? .  2 ) .  2L)12
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'Where 
..{ is the maxinruln permissihle amplitucle for the c.lippirrg model (threshold ler,'ei). The

r:lipped jrr" candidate is transmitted to the ree'eiver ra,itli its side information, where the side
infblmation contains the information of rln ai,d it is used for rccovering the original datat. 

'I'he 
side

information proteetion depends an the various protoction strategies, such as no side irdovmation
rt':etlrccf f l5. 161 or coded side information rnethod [17], Flowever, in this paper, for ar,a|1'z:"ng the
pure effect of inc;reasing n f'or the multiple candiclate systeni; we assume that the side irilbrrnation is
s;ent witirout ettors. If we assulne the complex OFIIM i;ignal, which consists of a nuinber of
incLepe:uclent orthogonerl subearriers and thi: OFIIM signal X..- fbr i  [  { i , . , . ,rr} and . i 'E i l , . , , , :{] , ,
is cornptrex (]aussian distr:ibuted rvith mean 0 and variance 1. 1.lre envelcpe :.,., = [.r',., I is R-aylelgh

distrib'Lrted with PIIF ; given by:

, i  r ' - ,  i  *  i  : : ,  e ' - t t  , tp ; "  :  i1 :  f i
' . '*r '*": --" 

te, gr: ' t '  :  ' :" *

r\o<;ording to the largest order statistir,:s |15l. the distrillr.rtion of the
va.iues ( rtl,.i-l;'., .l: 

,3) 
'-= ri_--,,,,... is gi'ren by

i ' j , . .n . r i . :J  * ; - ,q . i " ia , i t , l . . - . .  i : i rJ , r f  r . ;  
' i * i  * ;  , \ , r  11. r :1r .  I  -  ' -  i :  i ' ' ' i * t

ltr/hen we select the er+ncliclate having minimum peak amplitude among n eandidatcs, ar,:oording ter
ihe runallest olcJer statistics (CCDF) 1181. we otrtainthe PDF of the pt,:ak arnplitude of tne selected
candic la te 

r ; r i * r  i , * ; * r ,  { r , ,  } i= ,  [ ; ; ; "
Using {o,,," i.;:1

,"*,". t ,' : ,* rr"r1,,.,r-. t: r l..lr' .ir,-'..*" {..ti j ri.t )t'- x

Frorn liq (6), (7)

J : : ; ; : i :  j -  i . :  r : , \ ' . * i , ' - ; r  r r l  . -  e"" ' ' '  J ' " " " t  .  i - t " , . , , " ( , r : ; io : t , i " ' * t

Where J-' .l*,-,,,r{ r'1 n,.1 =. l ^" ,.i..1 '* r'' ' 't ,l l 't' tt't,i ,'Wl:i"l xr {'! -- 4'*'i: l

{^ r . r , . l= j  *  i  r r  i \ ' : : , . . , { r , , , , . - i ' :1  i , \ f i ; iJ ' ' ; -1 ,q, t r : f . : : } ,1 ' t  )^ i i " t  *  t l . f t ; j1 ' " i " i t " ' * .J  (8)

We non, want ta iclorr the FDF of)'ampliturie of the seler:l.cd candiclat€ xr-* .= ,*:- iu (5), we have
' -,:".*,*- ,.

obrainecl .i:,-;; " 
i *- i fiom i=*.,,,." i.:. i using thc smallest orcler t;tatistics (CCDF)" Fru'thermoreo sinee

,ri , : .r", {: :"*.,  } = ,ru,ort. { "rr ir i : i ' .  i -r, . .  J *,{*;-r;=1.

Vv/ecanalsoexpresr . , i " . , ; . . { - : i  asafunct ionof  i ; i  t ts i l ig t i re largestorderstat is t ics .T 'hen,

F-- i .: j '* i j: i;,.;;, i i' j r; r'ir
']lhe PDF of the amplitude of the selected candidate is giverr bv:

(6)

maximurn o1 lhrl amplilude

(1)

,. ' l. it l * F-.{;:.j '

(e)

j ; -  i n ; ' r r  *  I  i  r " {  i J  F - ' '  ' .  :  . \ ; " i ' * :, i  -r. . : , .r ** r.1,. \ , . .1c F .-1.. i  j  cr. i '  j  
'  n /-, , . , .r, ,  tz]

- .  - : " . *  r  r '  I i *  I

s ; ,  11 ,  j r -  l : : )  r . L  " - "  i l .  " -  1 ;1 ' f  i ; i r j ' '  ) '  
"  

t , \ . f i : j l l  
'  -  

{ . { i  *  t r l f  l s ) J  "  i  ( 10 )

W<: expect ali p carriers to be aotive. N4oreover, we eonsidcr i,. transmit antsnnits' over wh'ioh

indepen<lent clata streams shoulel irc con.rrtunicated. Spaoe-tirne coding as, e.g'" irr [1!]1, [20] is not

consiclerecl here. 13 eaeh 6f the * .: parelllt:l OIrIlh4 transnritter s a block of n clistinct eottrplex-valued

oar.riers (OI;DM lramc, eornbined intr; l.he veetor is transf't'rmecl into time-clornain (equivalent

t94 . IAUL:S.7 .22 .2412
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compiex-rraluecl baseband signals) using the IFFT. rJombi:rirrg the ti'me" rJomain samples into th'r
vector the eorresponclence is vrritten in short as uslral in wireless aplrlieations, l/nfcrrtunately,
because of the statistical independeriee of the carriers, the time-domain sa.mples are approximately
complex Gaussian distribr-rtecl. 'I'his 

results in a high pealc-to avcrage pou'er ralio

f l r i r :  * ' i i t " $  i : i  i 1 * " i , i  * "  ( ; \ $ [ : i i r r r * - :  . , ( , i i r { r } l ' : ' - :  . { i s  * . { J . f  { r J : r x " } r * i 1 " ' : i ;  ( i 1 )

V/e appiy (1i) to obtairiing the Signai-to-NoiseJplus-distoltion l{atio (Sl\R) as a firnction of n
(t'i\H 'r' ' ll-ll. Used the ltayleigh FDF f* , to obtain the SI"IR of a niultiple candidate sysLem.

.[-Iowever, the: PL.!F of arnpiitucle of the seleciecl ehnclidates not Rayleigh PDF anyrnoi:e, beiug the
fturction of n. Tlherer"crre, we use the PtlF' of (11), ,c; tn obtain the Sl'trR of rnultiple candidaie

systefil" and liere alter we will use SSIA'* as a tunctir)n of tt, insteacl of SI,TR. lior that, the PAFI{.

thr'eshold for clipping liarne error (F{) is define as

Li ',. i -qi" It ip.',i

\ty'irere the input por /er tril,' *"{i "fl t t. : *',1" and

p,j , '  =. F { i .r , , , , i t  }  *.  J* ' '  t*"}t l ;  Le} ds
F'rorn eq, (11) the total outpr.it power for the multiple carndidatc solution is obt,,iitteil els

(12)

(1  3 )

(14)arrd the signal clistortion rate^ rT

Vr'hei'e the total attenuation factot k * -'ii-,*
i t ; , : .

'lhe 
iiNR for the mrlltiple i:anelidate technieluc:

$\ { f { : r t  =

withorit errorrs,

( 1 5 )

the llEIt rnoduiatedFiirnliy we assume that the side information is
Signal ovel the AWGN charuel is given by

,P, * f*) i 'r,;',$ |ti R'.ttl )

Firrlhennore [iymlroi etror tates (SI)R);

F s  ; ; t  { [ ' - ] 1 ' ) ' r '
i;or the fi.equency-nonseiective siou,li, (constant attenriation cluring orie OIiD M syrnbol) itayleigli-

{'adine eheulnel

Ihe IIEI{ is given bv Ji s:: i- f {
j  [ " ' ' ' r s
I

r ' !  .  1 - t

srt'ltdigen$

.  i *3 i ]  a lL

**.'l.d* i 
'- 

.+l r",.'t n"f *
/  . J ^ d  q ; ' " J r a r + '

(  l 6 )

\ ;'il ir

Wlr.ere e is the ehalnei attenuatioir wLrieh is Rayleigh distribtrtcdrvith S { lt"ri}'" t.

.1 , \L r i :S .7 .2? .201) .
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- * ' - * - - - l

" \  
t  l $ r , 1  n '  " '  * " ' ( . l q l

; 'n .  i l l$ HtiJl  ( i t t ;r ts.,  . I ,- i ;  ]

I ir'* Fl
t i*t-.: i :tnt

i l l ; i 5 i + r
i  i in;t  1,, '
t:o:'.

'  F 5idrl itt lrultr*blt ln

Fig" !' a) SiLiVI ffiloch f,liagrant

3" IWJMtr.[AnCA\f. RS]S ["Jn.,T S
A S;M algorithin is nog-clistortion techuiqu:es fol reducing I'APR in OFDIVI system' Itr order to

have error-fi.c;e demo<lulation in the r*eeiving enel, side information tnust be seut to the reoeiver,

correctly, I-{ence, in practical a-pplieation often requires the ltsc of some eoding Ineasures t-o protect

irrfurmation trom beilg rlisrurblcl; this paper fb r:uses .xly on stiidying PAPR. redr'ction performauce

in h4IMO-OFDM system.

f igure l. an; ^1. shora, SLM proposal can sigrrificantly improve the PAPR rlistributions of tlF-DM

systern, that is, significantly reduce the plJsenting protrability of large ,peak pcrv/er signal' 
'fhe

increasing of tho numbor of oFDM signai fi"a.mers n-will raise the complexity clramerfically, but with

benefit of smail inproveurent of parn teduc'tion pelfbrmaue e that means jt can be used for

clifierent gFDM systerns iryith ciif.furent nrunber i:f oairiers. if is particulartry suitablt: ficrr the CI"DM

system rvith a large nurnber of suir-oart'iers (more than 12E)'

i,iigrrr.* 4, shr:w tlie IILIF o1 agrpliturle qf the selecte ri czrndidates as the function of n vrhere n=\,2,21,

it. $/e use i;he FIJFi gf eq (10), to otriain the SNII of muitiple canclidate systern, ancl here atter we

wiiJ i-rse $NR "' as a function n,

lrip,rrr.e S" shor,vs the error perfrrrmance eompa'risoll over AWGN chanuel ru'rcl frequency-

noiiseleet.ive fadirig charrriel, wheie the analyticai siyrnbol llrror R.ate is weli matehe'J with an error

f ramewh ichappe? , rsa t l a rgeSNI {beE :aus r :o f thec l i pp ingno isca tF l  "0d l l and t t=1 ,2 ,4 'B '  Wecan

see that the error ean decrease. try iuereasing n'

,r^r.lES. 7. ?.2 2012.
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itjc r:
=' *' lal Oriun4l tle?55
f{ "ffi" tr) 5trs1 1t<?58
* *- {i.l SL M .t {€ t?r'l

*. .".*.-" td)SL[,1 il€S,l

hi 1tf'
0
il
0:
n.{
L
c

8l to'

t0n

Fig.2" Comparison of PAPIR t'eductiolt
Fenfonrnnlrces w;fh diffeq"ent vrl lues of n.

F'ig..}. C'ompanison of 'P.AFR ned

Ferformances with different. va lues of N

l ( )  ,

l 0  l

lil 
' '

3fl ,rQ

lrr,, 'Nt ddltt

F'ig. 5. .Analytical Symrhol Xirror tr{nte agninst fran ie El'ror
'tr 'his tpgiears at lr in'ge SFIR because of the cli 'nping

fNoise at  F *  0 df iB and n = t r ,2 ,4,  E

t{ i  :

Al:pl i tut le, r i

Fig. 4. .+nalytical F$[l fov s-i1,: t
Clorresponcllilg t{r N = I2E"

4,. C0NC{,US{0I{S
i1 this paperl lhe perforr.nance {)f SLI\zi cperating jointly ou blocks of OITIiM frarnes, either in

$patia.l ol i*rr,pornl direetion has been assessed. airaiytic expressiotls f.or the CCLIF of'P/ tFR have

been derirrerJ. In contra.st to other 1\,4lN4O IIAPI{ recluction schelrles, u$ing SL,M the CCDF of PA}IR

exhibits a steeper cler:a;,, ilereasecJ try a faetor: (a.1rnost) equal to the nurnber of transrnit antennaii'

We strxly pro'tlability ,lensity fun,;tion (PllF') analysis iencl the signal-to-noise ratio (Sl tlR) r:f a

ffiultipig *undirtut* system fbi rechi,,:ing thc PAPR in OITDTM nlodlllatioll systeln. Since the seleeted

OFI-]M s),mbol leanilidate; iras amprlitude PDF whic.h is function of the nutntrnr of eandidatrls n, tho

clbrivecl gl+Rtu. is also the function of n, ancl it earr be used for estimation of theoretic,al error

performanoe. In this paper, the side infbrtration is assumeil rlot to be elroneous for analyzing the

pgle efi'eet of Llultipie Lanclidates. r,i,e conclucle that 1.he rn,u't: the eaiiclidates" not only the better
papf. rcduction p*r'hrrrr,on"e, but also ther better error perftu'll1alloe uucier the assumption Of side

iulbrnration transmission r;,iithout error, and at the expense of cortputational cornpiexit5'for rt IFF'|

eirc,uits.

. lA t iuS.7  22 , .2 ( ) t? .

+ r l .+, .- , , -" . -J i
8 :  I  1 [  1 l

irAPKl lrl8l
P&FRD iNB:
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