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1 In t roduct ion

A prcviom  rcpc}rt, [1], was wJittcII to study the hcha~ior of 1 ‘Ch4/l ‘hfl rcccivcrs in nml-
idcal  cl IaIIIIcls.  ‘J’l)is palm verifies, by silnulatliwl  and lllcaslllcl]lclltf,  t))lc tlmrct,ical  rcsu]ts
~mxcntcd in [1].

‘J’hc lmscncc  of an imlxn-fcct( d a t a  stlrcaln l) Ioduccs undcsirab]c  slwctral  componcmt,s
which degrade tfl IC pcrfm nancx  of the syston. ‘J’hc ol)jcctivc  of this lmlmr is to study the
sc~mrat)c  cfi’ccis  of uIIMaIIccd  data :ind lntd+ymld  lnt)crfcrcncc  (1S1) caused by lmlldlimitcd
chaIIIIcl 011 tlIc l)crfmmxmcc of 1 ‘CM/l  ‘h4/INl{7, rcccivcrs.

‘J’lIc Si~,llal  1 ‘roccssin:;  l?~orksystcln  (S1 ‘\l~) wa,s used for dcvclopin:;,  tcstinp;  aIId sili~ulat,-
ing tl]c systcm. ‘1’hc Syml)o] l’hmr ]iatc (S1+;1{) was I ncasurcd for ]mfcctl mld im])crfcctl  dfit,a

strcalns, aIId t,hc results obtlaincd WCIC coI nlmd to tllc thcoly  l)rmcntcd  in [1].
‘J’hc organization of tlllis  l)apcr  is as follows: ScctJion 2 dcscribcs l)crfcct, unb~lanccd

aIId I.mndlilnitd  data strcalns  for 1 ‘C M/l)h4/INl{7,,  Scct,io~~  3 gives a l-)ricf dcscril)tion  of t]]c
1 ‘(;h4/l  ‘h4 rcccivcr l~]ocks  which were USC(1  to l)uild tllc systcln in S1 ‘W, scctio]l  4 shows aIId
discusses tlIc simlilatiol)  results alId coIIllxircs tlIc I n to tlIcoIy, aIId fina]l  y, scct$iol]  5 l)rcsc]]ts

tlhc collclmioll of this lml)cl.

2 l“)cscription of 1 ‘CM”/l ‘M 1 )ata Stjrcams

‘1’I)C dcc]) s]mcc rcccivd  tjclonctry  sip;nal, in tllc al.Jscl  Icc of a suljmlricr, is p,ivcl)  hy:

s,.(f) z <21; {COS(7W) cos(k~Ct  -1 UC) -. d(f) si]i(7n~)  SiII(bJCi.  -1 UC)} -1 7~(f) ( 1 )

where l) is t)llc tramll~itltcd  ]mvcr,  7/uJ,  is t)llc tclu nctry  lnodulatjiol)  index in lad, WC = 2n ~,
is tll)c aIIgular camicr Ccnt)cr  frequency i II rad/see, UC is tlIc carrier l)hasc, 7/(/.) is :il I additive
white Gaussian  noise (AW(;N),  al]d d(t)  is tl]c data stIc:iIII (ATli.Z) wit]] transit,iml density,
II, less or c(lllal to 0.5 and is d(!fillccl  l)y

w h e r e  d~ : 3 1 aIICl p(t) is the }.mwbm~d 1 )UISC. ‘1’lIc filstl  aIId sccol Id tcrlns  of l’kl. (1) arc
tlIc lcsidwi] cmricr  :il Id data colnlmncllk,  rcs]xwtivcly.

2 . 1  Pcmfoct D a t a  Strcmm

111 a p(!rfcct da ta  stJ”C!al”il, the l)robability  of tjl:il)sl]litltfillg;  a -11 pu]sc, p, is cqud to t h e
~nwbabi]ity  of tla~)slllitlt)il]p;  a - 1, q, wit]l tral)sition  density, l;, equal to 0.5 :ind given by



Whcl’(!  q ~ 1 –- j’).
WhcII t]w da ta  i s  l . danced  (p : 0 .5 ) ,  t]lc ca r r i e r  tcrIn of l’;q. (1) gcncratcs a s])ikc at, ~C

wjtll  ])owcI, l& g i v en  by

1;. = 1’ cm? (?T1’f) (4)

combining;  tlh(! carrier and data tcrnls,  tlIc lm]vcr sl)cctruln  of a 1 ‘CM/l  ‘h4/NIM  lmrfcct  data
st,rcam is show]  ill h’ig 1 ,a. and is p;ivcll  by:

,9(J) ~ s])(f) -1 J$’c(f) (6)

‘J ‘h! i l“llbal all cc lx!tlwcc!ll -1 1‘s and - 1‘s in tl)c data strcalll  caIIscs aII  additiol)a]  c o r r u p t i o n
to the rcccivcd signal ill (1) gcncratfil)~;  ulldcsiral-)]c slwctral  colnl)ol]cnts which degrade tlhc
lmforlnallcc of tJIc t,clclnctry systc)n. \VIIcII p is lIot qua] to 0.5 (and tllcrcforc,  1~ < 0,5),
tll(!  data  cmnlmnmlt in (j ) wil] 1.w aflcct,cd  aIId tl)c dai,a sIxx:tIuIII  call be wIit,  tell as

whcm ,~,lr(j) is tlic dc (or IIarlnonic) coII~l)oIIclIt caused by tllc ilnlmfcct  data st,rcaln  that
falls m tlIc 1{1”  carrier , and Sc,,,,?t (j) is tjllc continuom  data sl)cctrum.

]<’01’ ]’~h~/]  ‘iM/NliX  Ull])alallC(!(i  data Str(:al]l, tlIc dc aIId continuo~ls  lmwcr s])cctrd dcn-

sitly  mm] )OIlCNJS arc found to lbc [1]

‘%(f) ~ (1 2p)2/i(f) (8)

(9)

‘J’hcrcforc,  in addition to t,hc tol Ic gcncratlcd  at jC hy tllc calricr  tom] .mnmt in (1) with power

givml I)y (3), tllc sl)cctruln  of tl)c III IIMlaIIccd  Nll Z data strcaln  will have anot,hcr tcnlc at jC
gclmatcd  l.)y the il nlxil  anew 1 Wtlwum -1 1‘s and -- 1‘s with ]mw giwm by

1~1[, : (1 -. 2p)21’sil)2(?nq) (lo)

and tll)c ccmtilluous  data spcctmln  will IIavc power given by

Wll(x!
1’])  : I{/c-l l;o,l~ (12)

‘1’lIc spectrum of an unbalancd  NllZ data strca]n  is SIIOWII in P’ig. l.b forp: 0.4.
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l’or an i(ld filter

f/N}/~ (/, + kq ‘) :

Wh(!rc

(18)

Fig. 2 snows a l>lotl of (lIL:  OIIII)L1l rtxlx)l)s(: of (1)(! i(lc<~l  (il[(:r to NI{Z pulse (g~J~z(t/7’) vs.
1/7’ ) for vario~ls  val(les of tilll(:-lj~illfl\\i(lt 1] l)toflll(l  IYI’. lNot(!  t,llat, t,llt! Sha]x! of t!hc output

i s  dc]mndc!l)t (MI )JY’. II’(JI /l’f  ’ >> 1, LIIt:  (ilt~!lill}~  is Ilollmistjcllt  im(l Lhc olltput signal  is the
same ,ZS tllc illpllt. As fl~’ gc!ts c1(xN:] to 1, []~c rise tm(l fall tilll~!s  of tll[! output  arc significant
whm colnpaml  to tll]c illl)llll  N](1 (1)(! 011( 1)11( sigllid is l)lor~!  sl)read ill t i m e .



3 Dmcription of l’CIVI/I’M  Ikcciver B locks

l“ig, 3 shows the block  dia:,ra]n of a 1 ‘CM/l ‘Iv! rcccivcr. ‘J’llis rcccivm consists of tlhc ‘J’SG
(’1’cst SigIlal  Gcncratm),  tl]e A1{X (Adva])ccd  ]kwcivcr),  and the l;rror Counter.  ‘J’lIC  ‘J’SG,
Show]l i l l  Fig. 4, gcncratcs  tllc dcc]hs]mcc  slmcccraft  sip;nal  at an intmndiatc  f r e q u e n c y
(11’), ‘J’llc ‘J’S(;’s l{a]ldmn 1 lata l)lock contro]s tllc ~mra]nctcr p ( p r o b a b i l i t y  c)f -1 1), ‘1’he
‘1’SG  ]Hu’alnctcrs arc:

salnl)ling  rate ~s: 500X” 103 IIz
cmicr frequency  jC: IOox  103 IIz
il)itjial  carrier l)hasc UC: () (l(!g
Syld)ol l’atjc 1<$: 10 x I(F 11X
lnodulatiol)  indm ?nl: 71,619725 dcp; (collc:sl)oll(lill~;”  to 1.25 rad)

aIId t] IC ] m)vcr-t,()-l  loisc ratio 1 ‘/A~(l is c.alclllat, cd llsi)  ]p,

1’:s
1 ‘/Al. z 1 0  log,l[,(sillz ?l~~,) .1 lologl(~ 1/s 1() lo~;1(J(4p(l  - y))

‘Al(j
(19)

W1l CIC l~S/A~()  i s  tlJc Sy]I]hol  Sh’1{ ill (111. ‘1’l]c last  t, L:rIII ill IIkl. (19)  is  a fad or gcncratd

by tllc ulllmlanccd d a t a  stIcalII and i s  e q u a l  to O (11] WIICH ]) ~ (),5. ‘1 ‘his factor  SI]OWS  a
rcdllct)ion  ill tJIc tral Ismitltinp; I mwcr WIICII  t)l]c  d:itla strcaI II is u] Ibalallcd.

‘J’IIc A1{,X l)]ock,  SIIOIVI)  ill l~ig. 5, c.ol)sist,s  of t,l]<: (;:irlicr  1‘1 ,1, (1’llasc ],ocli l,oop) l)lock  jvllich
(!stilnatcs  tllc carrier IJlasc, the 1 )igital I) ’l’’J’]J (1 )ata ‘1’rallsitioll  ‘J>ackillg IJcmp) Mock wllicll
gcncratcs  tl)c sy]nld  timing rcfcrmcc,  the Sul n 1 )u]nl) 1101(1 Sylnljol  block  which outl)ut,s  tlhc
soft S,y]nblsj  and a 1 ~llttlcri~ortll  1 Jow})ass IJiltcr. l“illal]y, tl)c l’;]Ior Coulltrcr  block coln]mrcs
t,hc soft sy]nlds  of tl]c Al {X to tl]c tla))sll)itt~:cl s-y] nlm]s and outI)uts  tl)c nmnlbcr of errors
N.

4 Iliscussion and simulation results

lJsing S1 ‘W, si] m]]atimls  WCIC ]xrformd at 7, 8, 9 a]]d 1() d] 1 Symbol SNli,  l~S/A~o,  and
t)hc co]lcsl)c)l)(lillg; l)/lVO was calculatlcd. ‘J’l]c result of cad) si]nulatim was tjllc ]!ulnbcr of
mom Al (])roduccd l~y the I’JIWI (k)u IItcI  as a result  o f  co]nlmillg tllc soft sylnlmls  to t h e

tmnsmittcd  ones) .  ‘J’l Ic avcrat,c  mm l)lol.mljilitly  l; W[L< thcll  ca l cu la t ed  using

AT

(20)
‘: ‘ NUIIIIXX  of ltcI[itiC)lls/(jS/J~S)

wllcrc jS i s  tJIc sa]n])]ing frcquc]lcy  ill 1 IZ) t IIc fmctim {{” iS t]l(:  llUIIl~_)C)’  Of SINI1])]CS ])CI’
8

syIIIbol, and

10(I j,
(21)Nu] nlm of 1 tclatio]ls  T

:91’:1{ 1{s



wllcrc S’1;1/ is tllc Syl nbo] l’;rror 1 late as gi vcll 1 ly tl]c tl)cmj~. U’illally,  )~ \\~as ])k)ttcd vs .
Symbol SNli and the rcsu]ts ]vcrc cwnlmrcd to (IIC theory ~Jrcsc]Itcd  in [1].

4 . 1 .  lJnbalanccxi  Data

‘1’0 verify tl)c lmforlilallcc  of tfllc mccivel i)) tllc J)M:SC1]CC of al] unl~alallcd  data strcalil,
simulations were IJcrformcd for p : 0.5, ().45 and ().4.

l’m l’CM/l’h4/Nl{Z,  tllcsilI-l~llat,iol~  Icsults a r c  SIIOWI in ‘J1al)lc 1 alldl;i~,.  6. Wllmlpis

equa l  to 0.5 (Lalanccd  data stream), the silnulfitim  rcsu]ts arc worse than, l~ut$ close to the

tlmrctical  results ( less  tllall  0.12L d]] diffcmlcc). IVllcn p deviates from 0.5 (ul]balanccd
data case), t]lc si]ml]ation  rcsll]ts were difhcnt  t]lall  the thcorctica]  rcsu]ts,  and the difkn-
cncc rangd I) CLMWII  ().13 d]] and 1 d]], cxcq)t  for 1) ().4 and sylnlm] SIN]{ > 9 d?] where
tllc silnulatim  rcsultls arc lmttcr  tll]all  tllc tl)corctical.

‘1’l]c(lisclcl)allcy  l.wtwcm tl)ctllcory  al](lsil]llll:it,iol)  Inay l)ccx)jlaincd  by :

● It, was assuIJIcd  in t,llc tlIcoIy t,llat  (IIC l)hasc of tl]c tol)c causal by tjhc uilldallccd da ta

● It, was assumed ill [1] that) tjl IC l)df of t,l)c callicr  tlackillg  1)1 Iasc CIIOI
(Iistllil.)lltlic)ll  with modified varia]lcc. ‘1’llis  asslllnl)tioll Inay l)rcakdow]l  fm

of illtjclfcrcllcc-to-sig  ilal ]~ower rat ios ,  loc)]~ l)all(l\vidtll  alI(l 100])  SNT1{.

IIas ‘J’ikhmlov
w tail} values

4 . 2  I]andlimitd C h a n n e l

11] order to test the cflcd of tll]c lml)(llil  I Iitcd c1 )al]IJcl  011 tl]c overall lmforlnancc  of the
systjcm, silnulations  were l)crfomcd for difli:rcnt  values of tilllc-l.):ill(l~{’i(ltlll  product  (IH ‘): 1,
2 a]]d 3. As cxl)mtcd,  tllc llip,ll(!r  tllc value of tl)c j)roduct  K/’,  t,l)c lxitcr the l)crformanm
of tllc Syst!c] 13. ‘1’hc simulatio]l  results arc sl]mwl ill ‘1’able 2 and 1{’ig. 7,

‘J’lIc  t,l)co~ct,ic:il  slid sillllllat,io]l  ]cs~llt,s  a]c i] 1 p;ood  ag]m:]nc] lt. 1 lo]iwvcr,  tllc silnulat,ion

Icsults a]’c a ]it,t]c  }vorsc tl~all tllc tllcorct,ical lcs~llt,s. ‘J ‘I)is is bccausc  t,llc t,llcorct,iml  rcsult,s
were ol.)taind  for tl)c case R’hcn tl)c 1 S1 is caused l.)y t~jro a(l,jaccntl  ]) UISCS, that,  is, two ]) UISCS
Lcforc and two ])lllscs aftm tllc cllllcl]t$  1 )111s[: arc [:01 lsi(lcl  cd ill t,llc ,91;}{ calculation.

5 Conclusion

‘J’his wpmt studied, by simulations, the SC] )arat,c  cffcct,s  of unl.)alanccd  data a~ld  bandlimitccl

channel of the ])crfomancc  of a 1 ‘Chl/l ‘h4 /NIW rcccivcr. ‘J’hc silnulation  results were in
agrcclncnt  wit)]] the tl)corctlical  rcsultls fol t,llc l.)alanccd  data stream and bandlilnitlcd  channc]



mmcs. 1 IOwcvcr, th(!]”c arc S[)mc discr(!])allci(!s  b(!t!\V(!(!ll t 11(! t!ll(!oly and SiIIILllatic)ll  for tjllc

Ullbalallccd  da ta  St!mal”n Cxs(!. It is Icc(JlIII13cII(l(:cl  t h a t  tllc 100]) SNIL al]d Symld SNli arc
vmificd  with illc tlllcorct,icd  values for that case,

Silni]ar t,csting  as tlhc onc dcscrild  ill this report is currently king lmfcmnu]  for
l’(;M/l’h4/lli-@  rcccivcrs. ‘1’hc hi+ data stmmm is gcncratc!d Iy multil)lyin~;  the NIU data
with  a squarcwavc  sulmmicr  with tflic subcalrier frequency lwinp,  idcnticd  to tl]c NTIW sym-
]mlratc.  lllacltliti()ll,  b()tlll'  Ch4/1'h  4/NliX:i  llcll)( ;h4/l'h 4/lli-@~Ic  cci\~(:Is'~)cr  fc)llil:i]~ccs\  vill
l)ctcstcclll  l)(lcltll  ccflcctj()f  (latlaasy llllllctlj~\\'l)  i(:ll is[lllc  t()lisillg;al  l(lfallillg\~  c)lt(af;ctfrall-
sitlions, IL is I-ccmnlnu]dcd  that the test ing bc contil]ucd to verify al] thcal.mvc! lncntionc(l

cas(!s for flltllrc work .



A(Jl<NOIVl,l(:l  )(:h4}I;Nrl’S

‘J’IIc work dcwibccl  i]] this papu was  ca r r i ed  out, at the Jd 1 ‘m])ulsicm 1,aboratmy,  Cal-
ifonlia lnst,it,ut,c  of ‘Jkhno]ogy,  uIIdcr contract,  \vitl] tlw A’ational  A e r o n a u t i c s  and S]mcc
A(]]]li]]ist,l’a(ic)]].

1. ‘J’. A4 . N~;uycII, ‘(llchavior  of l’CIVl/l’h4 licccivcrs ill Non-ldca] Channels. 1 ‘art 1: Scpa-
raoc l’;flcct,s  of lln~)crfcct 1 )at)a StJmalJl  S and 1 lal)dlilniting  Challllc]s  on 1 ‘clfc)llllaliccs,”
~d l’ropdsion  J,dmwi.orp, 1 ‘madcna,  CA.
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PCWPMZYRZ

Unbalanced Data

[mzl .z5 rad, RslO!lXl  Hz, %500000  Hz, Bb5  Hz. 2. BL’Rs=O.001)

Prob. of Mark EblSo Pm-o # of Iterations Sbar Pe I?e theor~

~,~ 7 4~.Ajj 6,600,000 :19.333333 9.CWIE-04 7.727E-G4

~.~ 8 d$j.4’i~ 28,200,0!30 127 2.252E-04 I .909E-04

0.5 9 49.455 Imm,ooo 1??.66666? 4.456E-05 3.363E-05

50.455 1..?00,000.!)00 5.!N7E-06 3.872595

9.45 7 47.498 6.600.000 292 2.212E-03

43.49s 25,200.00Q 8.4725-04 3.1 OW-O4

5.45 45!.L!18 S!).no,ooo 2.743s04 6.60QE-05

0.45 (335 6.04s305

().4 404 s.o&-J&(y 1.500E-03

.

TABLE 1

Simulation Data and Resdk for PC.WP.WXRZ  Unbalanced Data



PC.WP~-RZ

Band-Limited ChanneI

(rn=l .25 rad,  Probability  of Mark=O.5, Rs=IOOQO  Hz, ~s=500000  Hz, 13L=5  Hz, 2.?31JRs=0.001)

I 3 7 47.455 fj,fj~~,ooo 146.333333 1. 109E-O3 S.60n~-W.- . I

I 3 8 f4$L~~ 22.600,003 131 2. S98E-0~ 23J(jE-04 I
I 3 9 49.455 I ~4,000,0~Q 138 6.052E-05 4.400E-05 I
I I
13 10 50.455 SO0,090,000 106 6.525!3-06 5+6~(J306 I

.

TABLE 3

Simuiatim  Data and Resuits  for I? Cvii’EWT>”RZ  Band-Limited Channel
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FIGURE  3 .

BIock Diagram of PCWPM/YRZ  Receiver
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Advanced Receiver (ARX) Block  Diagram



PC.WIWLNRZ

L“nbalanced  Data

(m=l .25 fad, Rs=l 0000 Hz. :s=500000 Hz, 3>51-12, 2. BL/Rs=O.001)

0.5 127 2.2525-04 : .9!191HM

0.4 7 47.6?2 5.400s-03

0.4 25,090,000 404 S.osm-w

TABLE 1

Simulation Data  and Resuiis for FCVZEM’XRZ  Unbaimced  Data
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Theory aI~d Simulation SER vs. Symbol SNR for PCM/1’iVVNRZ Unbalanced Data



PCWP.~”RZ

Bancl-Limited Channel

(m=l .25 rad, ?rcbabi!ity  of .Yark=O.5, Rs=I!X?OO  Hz, fs=5MK?C? Hz. !32=5 Hz, 2.13 Tfls=0.001)

BT Ebflo PtA’o #of  Iterations Mar Pe Pe theory
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