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Abstract
This paper considers a general parallel interference cancellation

schcmc  that significantly reduces the degradation effect of user
intcrfcrcnce  but with a lesser imphmcntation  complexity than the
Il]axil~ll]lll-likelil~@  tcchniquc.  The scbcmc operates on the fact that
parallel processing simultaneously removes from eriIch  user the total
intcrfcrcncc. produced by the remaining most relicrbly  reccivcd users
accessing the channel. The parallel proccssingcan be done in multiple
stages. The proposed schcmc uses tentative decision clcviccs with
different optimum thresholds at the multiple stages to produce the
most reliably rcceivcd data for generation and cancellation of user
intcrfcrcncc.  The l-stage intcrfcrcnce  cancellation was analyzed for
three types of tentative decision dcviccs, namely hard, null zone, and
soft decision. Simulation results are given for 1- and 2-stage interfcr-
cncc cancellation for equal as well as unequal power users.

Introduction
Mu]tiuscr communications systems that employ code division

multiple access (CDMA)  exhibit a uscrcapacity  limit in the sense that
there exists a maximum number of users that can simultaneously
communicate over the channel for a specified level of performance
per user. This limitation is brought about by the ultimate domination
of the othcruser  intcrfcrcncc  over the additive thermal noise. Overthc
years rcscmchcrs  have sought ways to extend the user capacity of
CDMA systems either by employing optimum (nlaximunl-likc]i-
hood) detection [1] or intcrfcrcnce  cancellation methods [2-7]. In this
paper, wc discuss a general parallel interference cancellation schcmc
that significantly rcduccs the degradation effect of user intcrfcrcnce
but with a lesser implementation complexity than the maximum-
Iikclihood  tcchniquc. The proposed schcmc operates on the fact that
parallel processing simultaneously removes from cacb user the total
intcrfcrcnce  produced by the remaining reliable received users ac-
cessing the channel. In this way, each user in the systcm rcccivcs
equal treatment in so far as the attempt is made to complctc]y cancel
his or hcr multiple user intcrfcrencc.

When compared with classical CDMA having no intcrfcrcncc
cancellation and also with the successive (serial) intcrfercncc cancel-
lation tccbnique previously proposed by Vitcrbi [3] in which user
intcrfcrcncc is sequentially removed onc user at a time (the first user
sccs ail of the in(c]fcrcncc and last user sccs none) , the parallel
cancellation schcmc  discussed here achicvcs  a significant improve-
ment in performance. Asiclc from increasing the user capacity, tbc
pwallcl  cancellation schcmc has a further advantage over the serial
cancellation schcmc  with regard to the required delay ncccssary  to
fully accomplish the intcrfcrcncc cancellation for all users in tbc
system. Since in the Iattcr, the intcrfcrcncc  cancellation proceeds
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serially, a delay on the order of M bit times (M denotes the number of
simultaneous users in the CDMA system) is required whereas in the
former, since the intcrfcrcncc  cancellation is performed in parallel for
all users, the delay required is only one bit time for single stage
cancellation.

1.0 Single Stage lntcrfcrcnce  Cancellation

1.1 Tentative IId Decisions- I<qnd Power, Synchronous Users
We consider first the pcrfonnancc of the single stage parallel

intcrfcrcnce  cancellation scheme illustrated in Fig. 1 where the
tentative decision ctcviccs associated with each user are onc bit
quantizcrs  (hard decisions). This particular case corresponds to the
scbcmc  proposed in [2] and [4]. Wc assume that all users have the
same powcL thus, it is sufficient to charactcriy,c only the performance
of any one user, say the first, hc or she being typical of all the others.
I;urthermorc,  wc assume that all users have synchronous data streams

‘ While the assumption of synchronousand purely random PN codes .
users is perhaps unrealistic from a practical standpoint, it can be
shown [ 11 ] that the synchronous user case results in worst case
performance and thus serves as a lower bound on the user capacity
achievable with this schcmc. Alternately statccl, any dcgrcc of data
asynchronism  among the users will yield a better performance, e.g.,
more users capable of being supported for a given amount of SNR
degradation, than fllat arrived at in ~lis section.

In general, the received signal in Fig. 1 is the sum of M direct
scqucncc BPSK signals each with power .Si, bit time 7b, and PN chip
time 7:., and additive white Gaussian noise with single-sided power
spectral density (PSI>) Now/Hz which at baseband can bc written in
the complex fonnz

r(t)  = ${Si~?li(t)PNj(f)Cj$i  +-n(t) (1)
i= I .

where for tbc ith user PNi(I) is the PN COdC, nlj (t)= z ~J~;/~(1 – kTh )

is the modulation with MI bit aki taking on cquiprobab~i’;aluc  si:l and
unit power rectangular pulse shape p(O of duration 7j, and @i is dlc

carrier phase. For our case of interest here, Si=$ i=] ,2,...J4.  After
dcsprcading  and dcmodulating3  r(l) with user 1‘s PN code and carrier

rcfcrcncc signal (both of these operations arc assumed to bc ideal), the

normalized output of the MD circuit is given by
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Forvcry  long Iincar  fccdbirck shift  mgistcrs, PN c(rdcs  can be assumed tn be purely
ramkm
For convmicncc,  wc shall use complex no(alinn to rcpmscnt  the various signals
in the rcccivcr.
Since wc are working with a bascbmd model, the term ““rcrl)oci~)lalion””  nr
““dcll)od(llation””  refers to complex nnsltiplica(imr by [hc ptmicular user’s  carrier
phrm or its complex conjugate, rcspcctidy.
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i=. 2

where Eb= Srb denotes the bit energy, Uoi is the polarity of user i’s bit
in the interval O S t S 7j, ,,, .7~f~’~~fr)~~l(rkil  is a zero mean
complex Gaussian random vanab c with v,arianc: E{ln]  I* } = NO

J
reprcscrtting  the thcr-mal  noise, and rr~i = ~~ JO PN I (f)PNi (/)dr
~{~;~yli; i = 2.,3,...J4 arc the interfcrcncc  noises contributed by the
other M-1 users which arc modeled as independent zero rmxrn
Gaussian random variables each with variance S7;.4 Also, the first
subscript on x denotes the stage at which we arc observing the l&I)
output while the second subscript denotes the particular user. This
notation will be useful later on in our discussion of rnultiplc stage
cancellation schcmcs. The foregoing modeling of user interference as
additive CTaussirm  noise follows from the assumptions made in similar
analyses of CDMA systems [8,9], namely, a large spreading ratio h =
T~7>, and purely random PN codes.

Tentative hard decisions are made on the signals Xo; i = 1,2,...,h!
and are used in an attempt to cancel the other user interference. If a
correct tentative decision is made on a particular other user’s bit, then
the intcrfcrcncc  from that user can bc completely cancellcd.  On the
oLhcr hand, if an incorrect tentative decision is made, then the
interference from that user will be enhanced rather than cancelled, A
quantitative description of this will bc given when wc model the
signal upon which final  decisions arc made. As wc shall see, the
performance analysis associated with this model isconlplicatcd by the,
fact the tem{ativc  decisions arc not independent of one  anotlm. More
about this shortly.

After rcsprcadinghcmodulation,  interference cancellation, and
dcsprcading/demodulation, the normalimd  output of [he I&D con-c-
spomiing to thcjnu{  decisions is given by

1,
-——.—. -—._—. .._.

(4)
is a three-valued (O, i2) indicator random variable whose magnitude
rcprcscnts  whether or not a concct tentative decision is made on the
ith user’s bit. It is tempting to model the fli’s as inclcpcndcnt  random
variables. Unfortunately, this leads to optimistic results (when
compared with the true performance results obtained from simula-
tion). In addition to the fact that the @i’s  arc not thcmsclvcs  indcpcn-
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The normalized interference noises yli; i # 2,3 ,.,.,JW  have varimcc equal to the
rccipr~)cai of lhc sprcmling  ration, i.e., q-] - 7j/Th.

1’0 simplify thc_n{!Iatinn  here @ in what follnws, it is undcrstmd  that  the
st:l[is[ic~l  ]Ilc;ln [Iiyli Cms{rji  -$1 ) is compatcd umfcr  the hyIx)thcsis Ool --1.

dent, they are. also dependent on the PN crosscorrclations,  i.e., the
yli’s.  Fortunately, however, the fli’s arc not strongly dependent, i.e.,
the only terms that preclude cotni~lcre independence of say ~i and ~
arc aoiy~in P, and aojyj, = Uoiyti  in 6J Hcncc,  for sufficiently ]NgC d

it is reasonable to assume a Gaussian model for the total residual (after
cancellation) interfcrcncc  tcnn 1, in (3). The accuracy of this model
will improve as M increases (ZICtLld]y  as the number of nonzcro terms
in 1, incrcascs which implies a high tentative decision error rate). We
shall be more detailed about this issue later on when comparing the
performance results derived from this analytical model with those
obtained from a true compatcr simulation of the rcceivcr.

Assuming then a Gaussian model for 1, (note that/1 is not zero
mean), then the average probability of error  associated with the final
decisions is given by

{{
pb(E)=~Pr  Re xl,  >0 l.)l=-,})+”+pr{Re{~lJ  ‘Ol@l=J}

{{=:Pr Rc xl] >Oco, =_l
}1

(5)

{

———
= Pr N, > f~~ - @~ ~BjY]j  Cos($i  - $1)

i=.2 ‘“--’1

whcrcs

N, = Re{nlc-j’$! +1, – ~~}

———
=  

‘ 1  +  {ii 5PiYli  Cos(+i  -0 1  )-{E~ S@iYli Cos(Oi  ‘$1 )
iz2 i= *

is the cffcctivc noise seen by user 1 after cancellation which in view
of the above is modeled as a real zero mean Gaussian noise random
variable whose thermal noise component N I has variance
Ofil = No /2. It is straightforward to compute the variance of N, as

~-~;-–i~ - fi~(h’f  -1 )2 (mLqR))2(Jfi = Eb(M– l)~iyli
1

— .  — —  _ _ _———— ---

+ E})(h’f- I)(h’f - 2)~iY[iDj71jc0s(Oi  -41 )cos(Oj  - @l)

(7)
where i can take on any vahrc from the set 2, 3,,.., M. Hellce, from (5),
the average probability can be obtained as

([-””-”” )2 E~ ~
P~(E) = Q –NY

where

(6)

is an SNR degradation factor (relative to the performance of a single
BPSK user transmitting alone) and Q(x)  is the Gaussian probability
integral dctincd by

()Q@+=~,:cxp -d dy
2

(lo)

2
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,’ Thus, the evaluation of Pb(h]  reduces to the evaluation of the

various stiitistical  averages (moments) of ~, i required in (9). These
stat istical averages, which must bc pm-formed over the C7aussian  noise
and interfcrcncc  random variables as well as the uniformly distributed
carrier phases, are not trivial to compute. Ncvcrthcless,  they can bc
obtained in the form of definite integrals of tabulated functions with
tbc following results (aol E -1):

(1 lb)

{[ 11
(lIC)

1 B, + B2
Xcxp –— — — — – –  d+ I dl$z

2 1 +02 COS2(+,  --$*)(B1  -t B2 )

Bj=—
~’2

;  i=l,2
1 + a’202 COS2 @i

with

(12)

where (/$’6 / No) denotes the required bit energy-to-noise spectral
density ratio for%f users communicating simultaneously, each of
which operates at an average bit error rate Pb(E).

It is common in analyses of CDMA systems [8] to define a
degmda~ion  factor  (loss), D as the ratio (in d13) of the (Eb / No )
required to achicvc a given bit cnor  rate in the prcscncc of M users,
namely, (L’b / No )R to that which would be required to achieve the
same level of performance if only a single user was communicating,
namely, (L’b /No )1. Ily the definition of (f$’b /No )1, wc have

____
~b(~)= Q(/’’(~b / Nor) (13)

To obtain the dcgradati ~ factor for a giv;  value of Pb(E), wc

[2 -1
substitute ~(~b /No )1 = D –[Q-l (pb(~))]  for (fib /No )R in

(12) which in turnissubstitucdm(11). Then u ing the given value

of /’b(L) onc can solve forD.  Unformnatcly,  a closed form expression
for D cannot bc obtained so the results will bc obtained numerically.
13eforcprcscnting the.se numerical results, however, we briefly review
the analogous results for conventional CI)MA and the successive
(serial) intcrfcrcncc  canccl]ation schcmc  proposed by Vitcrbi [s]
(later patented by Dent [ 10]) since wc shall usc these as a basis of
comparison to demonstrate the increased effectiveness of parallel
cancellation.

1.1.1 Conzporison  with Conventional Cl~MA oncl Successiw
lntcrfcrcnre  Cancelhtion

In a convcntiomd CDMA system, there is no attempt maclc to
cancel the other User interference. ~-lcncc,  (~;b / No), is given by

[)Lj Et, - _ [<b t No.—--i-
N o ,  -  NO+(M–1)S7’,. l-t (M- l)q-lq,/No

( Eb I No )R
(14)

-.—
=  ]+(M-])q-l(fib  /N&

Thus, the degradation factor, D, is [8]

For the successive cancellation  scheme  [3], Vitcrbi showed that
to guarantee that each user in the systcm sees the saInc amount of
intcrfcrcncc from tbc other users, the user powers should bc assigned
as

“=S’(’+%YF ‘= ’’’19292  ‘] 6 )

where S1 is the power of the user to processed last (the weakest one)
and SMisthc power of the uscrtobc  processed first (the strongest one).
Distributing the powers as in ( 16) ideally guarantees that all users see
the same ratio of signal power to effective noise spectral density and
thus the user to be processed first (the one that sees all the user
interference) is not any SNR disadvantage relative to the user to bc
proccsscd  last (the one for which all interference has been removed).
In view of the above, the degradation factor for the kth user is given
by

where (];b / No) denotes the rcquiIcd bit energy-to-noise spectral
fdensity ratio for t ~& kth user. The average  degradation factor, D for

the M user system is obtained by averaging (17) over k which yields

~=~fl,k=~:l:~Eb/NO),~-]—- —.. -_—
Mk=l MJ1-](~b/No)l

(18)

It should bc cmphasimd  that the result in (1 8) ignores the effect
of decision errors made at the various successive interference cancel-
ktiiOJJ S(a&S, that k, the intcrfcrencc  Cancc]lation is assumed to t,akc
perfectly. As a result, numerical results derived from (18) will be
optimistic when comfmcd to the :Ictual performance of the schcmc.

1.1.2 Nwncricol  Rc.wits

3
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.’ 10 illtktrtttc the significant performance advantage of the
paraIlcl interference cancellation schcmc in Fig. 1, we considcra  plot
of D (loss) versus M for an average bit emor probabil it y6
Pb(F.) -10-2 and a spreading ratio q = 100. Figure 2 shows the
analytical performance of tbc three schcmcs  (conventional, succes-
sive intcrfcrencc  cancellation, parallel interference cancellation) as
WC1l  as cornputcr simulation results for the Iattcr. We see that for the
conventional and parallel interference cancellation schemes there
exists a user capacity limit in that regardless of how much onc is
wi]]ing to hCrCN%  (~b /No )D (for a given (Eb /NO),,  or eClUiVa-

lcntly,  a given P,,(E)),  the rcq;rcd bit error rate cannot tic achicvcd  if
more than Mn)aX-uscrs simultaneously access the system. For conven-
tional CDMA

‘f’’’ax+~++;[Q;zm-’/zm  ‘]’)
whereas for the parallel intcrfcrcncc  cancellation schcmc the solution
is dctcrmincd from

(20)
together with the morncnts in (1 1 ) where now

-...——  . .. —-. ..— .- .—-———.. — ——

/

2

i

2~ k. —— ,  ~’ & — _ _ (21)
~-’ (~rnax  -2 ) ~-’  (“n]ax  - 3,

It is emphasi~.cd that the user capacity limit for the parallel
intcrfcrcnce  canccllat ion schcmc comes about entirely bccausc of the
finite probability of error associated with the tentative decisions.
From Fig. 2 it appears that the successive intcrfcrcncc  cancellation
does not have a user capacity limit, This is bccausc  in [3], it was
assurncd  for this schcmc that the intcrfcrcnce cancellation is perfect,
i.e., the effects of decision errors at the various intcrfcrcnce  cancella-
tion stages were not accounted for.

Comparing the analytical and simulation results for the parallel
interference cancellation schcmc,  we observe that the analytical
results arc somewhat optimistic. The discrepancy between the two
stems from the assumption of m analytical Gaussian model for the
total residual user interference in(3) whereas the computer simulation
makes no such assumption and thus predicts the exact performance.

1.2 Tentative Ilmd Decisions - Unequal Power, Synchronous
Users
The results of the previous section can be gcncralizcd  to the

case where the users have unequal powers, i.e., Si = 1,2,,..Jt4. Let
au= S/Sj denote the ratio of the power of the ith user to that of thc~h
usc.r who is arbitrarily considered to be the desired user, After
intcrfcrcmcc cancellation, the nonnalizdfi output of the l&cD corre-
sponding to the$nal dccisio~

r
T

oi uscrj%  bj ana y with (3)- -
Xlj  =  Qoj E}; + nj~ ‘J4j + ~~~bf~i~ji(?

J(’$’i  ‘1$ j

i= {
i#j 11 (22)

‘b n(f) PNj(t)d/$  ~ = 1,2,...,  M is a zero meanwhere  ?lj  = *J,,

complex Gau. sl,m random variable wi$ variancc No rcprcscnting  the
thermal noise of thc~h  user, y ji ~~ ~ PNj (r)PNi  (r)d/: i # j arc the
normalized intcrfcrcncc  noises of the &hcrM - 1 users as seen by user
~ (YJ has variance q-t — S C C  fOOtllOtC ] ) and ~~bi ~ Si7> iS thC bit
energy of the ith user. Also, analogous to (4), ~i is now defined by

(23)
Following steps analogous to (5) - (“l) we arrive at the desired result
for the bit error probability of the desired (the )h) user. namely,

/-.——— .

(24)

where (aoj = -1 )

M
2

M —.—
I -  

~~.~~ji

i= ]

i?j————z ————.—————————_-—-.———— -.

[1

2

?aij$;- ,~{au Cji  +  ,~,,,$~ij[’mj  <jitjm
.-. — ——

i=l ‘ -- 1’

Eji 4PiYji  Cos(@i  -  @j)
(25)

As an example, consiilcr a group of M users with powers
exponentially distributed (Iincarly  distribute(i on a dB scale) over a
range of 10 dB bctwccn the minimum and the maximum. This model
might correspond to a distribution of users that are exponentially
distant from the base station within a cell. Assume that wc fix the error
probability y of the 1OWCS( power I/ser (assumed to be user 1 for
convenience of notation) equal to 1 (F2 (all others would then obvi-
ously have a lower error probability). Then, Fig. 3 illustrates the
degradation factor, D,, of user 1 versusM. For comparison, the results
corresponding to convcntiona] CDMA with the same user power
distribution arc also shown in this figure. By comparison with Fig. 2,
wc observe that in tbc uncquai power case, parallel intcrfcrcncc
cancc]lation offers more of an advantage over conventional CDMA.
The reason behind this observation is that the largcrpower of the other
users (which arc producing the user intcrfcrcncc to user 1 ) produces
tentative decisions with a smaller cnor  probability w}lich in turn
results in a better dcgrcc of cancc.lla[ion  with regard to the final
decisions.

2.0 I’arallcl Interference Cancellation IJsing Null Zone
Tentative Decisions

Much like the idea of including erasures in conventional data
detection to clirninatc the need for making decisions when thc SNR
. . . . ..— — . . .— .— -—----
6 ll)e value of Pb(F:) - 10-2 is ch[mn  t{) allow for obtaining computer simulation

results in a reasonable anmunt  of time.
i* j
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is 10W,  orrc can employ a null zone hard decision dcvicc (see ea. 27)
for the tentative dcc;sions  to further improve the fidelity o; th;
intcrfcrcnce  cancellation process. The idea here is t}lat when a given
user’s signal to intcrfcrcnce  ratio is low, it is better not to attempt to
cancel the interference from that user than to erroneously detect his
data bit and thus enhance his intcrfcrcnce.  Following the dcvclopmcnt
in Section 1,1 for a single stage schcmc with equal powcrsynchronous
users, then the normalized output of the I&I> corresponding to the
final dccisiononuscr  1 ‘s bituol isstillgivcnby(3)  with ~inowdcfincd
by

[I ‘-[~ ~ ‘($m-i)l+nie-’l

Pi= aoi’ nw ~e Jkb aoi +  Eao,,,y,,,,c

(26)
where “nsgn” denotes the null zone signum  function clct%tcd by

[

1 ,  x>~

nsgn.r= O ,  -<5x5( ( 2 7 )

- 1 ,  x<-~

Here fli takes on possible values (O, i], *2) and its magnitude is an
indicator of whether a correct decision is made (ith user’s intcrfcrcnce
is perfectly canccllcd),  no decision is made (ith user’s interfcrcncc is
unaltered), or an incorrect decision is made (ith user’s intcrfcrcncc is
cnhanccd).  Once again making a Gaussian assumption on the total
residual intcfcrcnce,  then since the final decisions are still made as
hard decisions, the average bit cnor  probability is still given by (8)
together with (9) with the statistical moments of ~1 i now given by

.  .——-

whcrc ~ = < / ~~b- is the norn~aliT.cd  decision threshold which
should bc chosen to minimize l) for a given f’b(h~ and (I?b /No )1
dctcrmincd from (13). Superimposed on the performance results for
the hard ]imitcr previously given in Fig. 2 arc the results for the null
7.onc Iimitcr.  For the specifrccl processing gain and average bit error
probability, wc see that using a null zone limiter allows the maximum
number of users that can bc supported to bc increased by about 1070.
For convcnicncc, the normalized threshold has been iixcd at <’ = 0.2,
}Icrc again, wc scc a modest improvement in performance. For an
unequal (exponentially distributed) power distribution among the
users, the corresponding results using null zone tentative decisions arc
superimposed on those previously discussed in Fig. 3. For convc-
nicncc, the normalized [hrcshokl  has bccn fixed at ~’=0.4.  Here again
we scc a modest improvement in pcrfonnancc.

3.0 Multiple Stage Interference Cancellation

l’hc single  stage schcmc  of Fig. 1 can be improved upon by
cascading muhiplc stages of p,arallcl intcrfcrcncc cancellation.’ The
idea here is to repeatedly improve the fidelity of the M tentative
decisions since each successive stage sccs less and lCSS intcrfcrencc.
Note that in principle this idea is similar to what Vitcrbi accomplishes
in the serial intcrfcrcncc cancellation schcmc except that here at each
stage wc simultaneously act on the interference from the most reliable
users rather than onc user at a time. An analysis of the pcrfonnancc
of such a multistage schcmc is difficult if not impossible to obtain duc
to the fact that the tentative decisions at the ith intcrfcrcncc cancella-
tion stage depend on the tentative decisions at the (i–1 )st stage.

7 Fur the case whm the tentative decisions associated with each user are nnc bit
qumtizers  (hard decisions) the scheme again reduces to that proposed in [4-6].

(28a)

Bi =  ‘ - - - - c - — - — ;  i = 1,2
I+a%zcosz($i

(28C)

s-
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Bccausc  of this difficultly, numerical results for the pcrfonnancc of the
multi-stage parallel intcrfcrcncc  schcmc  will bc obtained from con~-
putcr simulation. Illustrated in Fig. 2 ‘arc pcrfonnancc results for a 2
stage pttrallcl intcrfcrcnce cancellcr  with hard an[i nuii zonc8 tentative
ticcisions,  rcspcctivcly. Wc observe that there is significant gain to be
achicvcd by going to more than onc stage. Numcricd  results for a two
stage parallci  cancellation schcmc with an uncquai  powcrdistribution
arc superimposed on those previously discussed in Fig. 3. Here the
nonnaliz,cci  thrcshoki  for the first stage is tixcd at <’= 0.4 and for the
seconci stage it is fixcci at zero.

4.0 Paral]el  Interference Cancellation [Jsing Infinitely Sotl
Quanti7.cd  lentativc Decisions

Onc (iisadvantagc of the parallel cancellation schcmc with hard
or null z,onc Iimitcr  tentative decisions is that, in order to pcrfonn the
respreading and rcnmdulating  operations, the rcccivcr  nmst ideally
have cornplctc knowledge of each user’s power, carrier phase an~i
frequency, and PN code ci~ip timing cpocb. Since in practice fl)c

rcccivcr  does not have knowledge of these parameters, it must
estimate them. Onc simple way of circumventing some of these
problcrns is to usc linear  (infinitciy soft quantization)  tentative
decisions. Since the signal component of the output of the tentative
decision dcviccs is now linearly proportional to the user powers, it is
no Iongcr ncccssary for the rcccivcr to estimate these powers prior to
the cancellation operation and thus (hc {Si gains following these
dcviccs  in Fig. 1 may bc clirninatccl. Anot~cr  simplification-that is
now possible is that the final decisions can be pcrforrncd with a
ciiffcrcntial  (rat}lcr than cohcrcnt)  detector thus eliminating the ncc(i
for carrier synchronization at all stages.

The pr-imary disadvantage to using iincar tentative ciccisions  is
that additive thcrrnal noise from each user is now introduced into the
intcrfcrcncc  cancellation process. This will result in a performance
that is inferior to the hard and nulI zone tentative dccision”schcrncs  but
still better than conventional CDMA which employs no intcrfcrcnce
cancellation at all. Furfhcrmorc,  in principle, onc can now arraiyli-
cally compute the pcrforrnancc of a multiple stage paraiicl intcrfcr-
cncc schcmc (using linear tentative decisions) ahh(rllgh  the analysis
bCCOJl)CS quickly comp]cx as the nurnbcr of stages in&cascs bcyonci
two or three [11].

It is shown in [11] that for a single stage parallel cancellation
schcmc using linear tcntat ivc decision dcviccs (soft decision) and with
equal power, synchronous users the degradation factor is given by

M–1] +.––. _
(E,, I No)R _

D= (f;b / No),
.—— ___—“-=f..vi!.~.(;),(,f(;-!))  ‘2’)

rcsu]ting  in a n~aximurn numb$r of~!cr!.~ivenky.  . _

M
-’~-(%), +1[(::),1+”~(]-’~)(%),  ,30)

r,,~x = 1 i –—- -—- —

[m
2 ~~b -1

No ,
—._— .-
8 Ink null zone rcsuks  uf Fig. 2, the nc~rl~lalizcdthcrsh{~id  in the first stage has been

fixed at <’ -0.3 and in (he sccund stage it hirs ken scr equal to zero, i.e.,  hard-
Iimilcd Icmativc  decisi(ms.

Table 1 tabulates the values of Mn,ax as given by (30) and for
comparison the values of Mn,ax for conventional CDMA as given by
(19) for several values of F’b. Wc observe that while an irnprovcmcnt
relative to conventional CDMA exists, the infinitely soft tentative
decision cancellation method is still quite inferior to the hard tentative
decision case. Also the amount of improvcrncnt relative to CDMA
incrcascs  as Pb dccrcascs.

Conclusion

In this paper a parallel inter-fc.rcncc cancellation schcmc was
proposc(i  that uscs tentative decision dcviccs  with different optimum
thrcshokis  at the mutt iplc stages to produce the most reliably rcccivcd
data for generation and cancellation of user intcrfcrencc.  Ilc 1 -stage
intcrfcrcncc  cancellation was analyzed for three types of tentative
decision dcviccs, namely hard, null zone, anti soft decision. Sinmla-
tion results arc given for 1- and 2-stage intcrfcrcncc cancellation for
equal as WCI1 as unequal power users. The pcrfonnancc results
indicate that by using malt iplc stages with optimum thrcsho]ds at each
stage pcrfonnancc  can significantly improve rciativc to the convcn-
tional-CDMA.

7ABLE 1.

B i t  E r r o r  Mm8x C o n v e n t i o n a l  Mmax l - s t a g e  Soft  Dmision
Rate CDMA Interference Cancellation

. . .
10-2 37 38
10-3 21 32
10-5 11 25

—
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Figure 1. A single stage interference cancellation schcrnc with parallel processing for CDMA (cwnplcx  baseband model)

8,0

7,5-

7 . 0 -

6.5-

6,0

5.s

5,0

4 5 V$terbl’s  Cancetlotlon

4 0

2-St8g0, Tl=OO, T2=00
(Slrmlotlan)

2-Stage, Tl.03,  T2=o,o
(Slmulotlon)

I .0
(T : Tnreshold)

0.5

0,0
0 S 1 0 1 5 2 0 2 S  3 0 3 5 4 0 4 5  S 0 S 5 6 0 6 5 7 0 7 5 0 0 8 5 9 0  9 5 1

N o  of U$ors
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