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Comments on “Partial Parallel Interference Cancellation for CDMA”
R. Michael BuehrerMember, IEEE,and Steven P. Nicolosdjember, IEEE

Abstract—In this letter we comment on partial parallel inter- Results in [1] concentrated on the simple approach using
ference cancellation as discussed in the above papdsy Divsalar  constant factors at each stage. Two symbol estimators were
et al The aforementioned work showed that by multiplying 4nsigered—a simple hard limit of the matched filter outputs,

symbol estimates by a factor less than unity in early stages d a li timate. The i timate simol d th
of cancellation, the performance of parallel cancellation can be @Nd @ lin€ar estmate. 1he finear esimate simply used the

improved relative to full (“brute force”) cancellation. In this letter ~ COrrelator output itself (i.e., soft outputs) as the symbol es-
we analyze the improvement of parallel cancellation when using timate. While perfect channel knowledge was assumed in [1],
partial cancellation, and provide additional insight into the gains.  the second estimate can be viewed as a joint estimate of the
Specmcally, We.show that the decision statistic is biased when channel and symbol assuming perfect carrier/phase recovery.
linear (soft) estimates of the symbol or channel are used for o . .
cancellation. Partial cancellation improves performance in this 1S is @ common method of estimating the channel when no
case by reducing the decision statistic bias. pilot or training sequences are available.
Index Terms—CDMA, multiuser detection, parallel interfer- Rgsults [1, Figs. 6 a_nd 7] show that partial cancella‘qon
ence cancellations, partial cancellation. provides performance improvements over full cancellation.
However, it can be seen that the improvement is dependent
on the type of symbol estimate used. When a linear estimate
R_ECENT work has shown that the performance of paralled yseqd [1, Fig. 6], the “brute force” canceller performed
interference cancellation in a CDMA system employingery poorly and partial cancellation improved performance
BPSK modulation can be improved by performing partigd;amatically. However, when hard decisions were used for

cancellation [1]-[3]. Partial cancellation involves multiplyingsympol estimates [1, Fig. 7], the performance gains were much
the symbol estimate of each user by a factor less than unifyre modest.

before attempting cancellation. In this letter we expand upoMwe ran simulations for the same conditions as in 1]

the results in [1], and show that when Iin_ear e_stimators & nchronous BPSK, spreading gain 100) to show BER
used to create symbol and/or channel gain estimates, & Qi@¥ormance versus loading rather than degradation factor.
is introduced in the decision statistic Qf the next stage. Trﬁgs. 1 and 2 present the simulated BER for BN, of
blgs can domlnate. performance. Partial cancellation reduge§pg a5 the loading increases from 5-95 simultaneous users
this bias and thus improves performance. when using hard and soft symbol estimates, respectively, and

In early cancellation stages, the reliability of symbol decljsqming perfect carrier recovery and channel estimation.

sions is worse than at later stages. Since cancelling Signﬂlscomparison between Figs. 1 and 2 verifies that partial

with incorrect symbol estimates will add interference rath%rancellation is much more crucial to performance when soft
than remove it, an intuitive approach is to cancel a fractiqy ) eimates are used. In fact, a crossover between full
of the estimated interference if a symbol estimate is thougfll | .o|iation and the matched filter exists in Fig. 2, unlike

to be unreliable, thus reducing the effect of symbol CITOTBig 1. Note that this crossover can also be seen in [1, Fig. 6],
This is termed partial cancellation. The simplest approach,jsia it is absent in [1, Fig. 7]

to m“'“P'y al! symbql g;tlmates by a constant factqr less Fortunately, the use of linear estimates allows straightfor-
than unity. Since reliability of data and channel estimat

L ; - fWard analysis of the decision statistic. Upon examination, we
will in general improve at later stages of cancella'tlon, ¥hd that in the case of soft decisions, the decision statistic
e . . 49%hiased toward the decision boundary after one stage of
A more sophisticated approach is to use variable factq Sncellation. This bias is directly related to the system load-
3?‘5‘3" on v?lue .Of. t-he chorrelatgrl outputl.l A m?re thorou g. Additionally, partial cancellation reduces this bias, thus
fc;z%l:jsisrllo[rzll]o optimizing the partial cancellation factor can |qﬁ]proving performance. This can be explained by recognizing

' that when correlator outputs are used as symbol (or channel)
estimates for cancellation, the estimates of the interference are
not uncorrelated with the desired user’s bit value. Cancellation
thus leads to a reduction in expected value of the desired

Paper approved by C. Robertson, the Editor for Spread Spectrum Sysigiiss decision statistic (i.e., a decision statistic which is biased
?évtiggdli%sefgg? :nl'g%té?ns Society. Manuscript received July 22, 19980 cancellation). To show this, we consider the output of the

The authors are with Bell Laboratories—Lucent Technologies, Whippariatched filter using the notation of [1]
NJ 07981 USA (e-mail: mbuehrer@bell-labs.com).
Publisher Item Identifier S 0090-6778(99)03910-0.

2F
1D. Divsalar, M. K. Simon, and D. RaphellEEE Trans. Communyol. Y = by
46, pp. 258-268, Feb. 1998. o

a1 +5L+MN (1)

0090-6778/99$10.001 1999 IEEE



BUEHRER AND NICOLOSO: PARTIAL INTERFERENCE CANCELLATION FOR CDMA 659

107 —x Conv

T T T T T T
o—>0 Part-1 Stage
&——  Part-3 Stage
*—k Full-1 Stage
Full-3 Stage
107 4
8
]
5
k)
2
3
[
e}
<
[N
10°F 1
1 0*4 L 1 1 I t L 1 1 {

0 10 20 30 40 50 60 70 80 90 100
Active Users

Fig. 1. Probability of bit error for full and partial cancellation versus system loading = 0.6, p» = 0.8, p3 = 1) using BPSK in synchronous
channel and hard symbol estimates, (N, = 8 dB, spreading gain= 100).
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Fig. 2. Probability of bit error for full and partial cancellation versus system loading = 0.3, p, = 0.8, p3 = 1) using BPSK in synchronous
channel and soft symbol estimate&;,( N, = 8 dB, spreading gain= 100).

wherel; and N; represent the interference and thermal noidess than./(2F,/N,)a; due to the dependence of eath
seen in the matched filter output of user 1. Note tfiais not on ;. To show this, we take the expected valueYaof— I
independent ofa;.} (the data symbols of the interferers) dugonditioned ona;. First recall the definition of/; using
to the dependence df on {ax}. Thus when the ey}, 2 < 4, = (Yi/\/2E, /N,)?

k < K is used as estimates dfi;} to cancel interference

from Y7, the expected value df; after cancellation will be  2Please see [1] for definitions of all terms.
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Fig. 3. Probability distribution function of decision statistic after one stage of cancellation using soft symbol estimates for differenticarfeeliars
(p1 = 1, p1 = 0.5, p1 = 0.3) (60 users, spreading gaia 100, synchronous AWGN channek, /N, = 8 dB).
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where, for synchronous transmission; 1 = ~7i,» and

- Z Z \/ = a; cos(¢; — Pr) Var(’h ) = (1/N) [5], and we have definedv; = Ny —

2 ik Ek 5 Ni cos(dr — ¢1)7k, i1, %. This reduction in the mean
- cos(px — </)1)’Yk,m,k

K
- Z N; cos(¢r — 1)k, i1, m] the decision statistic after one stage of cancellation when
using soft symbol estimates with partial cancellation factors
2Ebk of p; = 1 (full cancellation),p; = 0.5, andp; = 0.3, and
E|,/ ap — L a; cos(¢; — dr) normalizing by \/(2E;, /N,)a;. This histogram was taken
k 2 z;ék from a simulation of 60 simultaneous, synchronous BPSK

DS-CDMA signals operating in AWGN witF,/N,) = 8

of the decision statistic can be devastating to performance
as seen in Fig. 2. Fig. 3 plots the normalized histogram of

cos(dr — 1)k, i1,k + Ni|as dB and a spreading gain of 100. Full cancellation results in

a large bias in the statisticd; — I; ~ 0.7). If we include a
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Fig. 4. Probability of bit error for full cancellation (using Genie symbol estimates for cancellation) and partial cancellation (soft symbateseatich
p1 = 0.3, p2 = 0.8, p3 = 1) versus system loading using BPSK in synchronous channel and soft symbol estiBgta5 (= 8 dB, spreading gais= 100).

cancellation factop; in the preceding derivation, we find thatcancellation, interference cancellation is limited 2&v + 1
the bias is reduced t¢/(2E;, /N, )a1 (1 — p1 (K — 1)/(2N)). userst For K > 2N + 1, the expected value of the decision
Using a partial cancellation of 0.3 nearly eliminates the biasatistic is actually inverted from the data, thus causing a BER

(Y1 — I, ~ 0.9), but does not significantly reduce the variancef 0.5. _This limit has also been obser\{ed in simulation. _
since little interference is removed. Using a factor of 0.5 both In this letter we have analyzed the improvement of partial
improves the variance and reduces the Ifids— I, ~ 0.85) parallel cancellation over full cancellation in CDMA systems.
providing the best performance in this situation. This improvegPecifically we have shown that when soft correlator outputs
performance is then passed to later stages, as demonstrgf§gused for channel or symbol estimates for cancellation

in the results of Fig. 2. The specific partial cancellation vald@/hich is often unavoidable), a bias is introduced in the
which optimizes performance is dependent on loading gdecision statistic which will dominate performance at moderate

discussed in [1] as well as [4]. to high loading. Partial interference cancellation is beneficial

To further demonstrate the fact that this bias dominates pgp_cause it reduces this bias. For further discussion of this topic,

formance when soft estimates are used, we also ran simulatiBlf@se see [2] and [3].
using a Genie canceller which used perfect bit knowledge
in cancellation (unfortunately, the Genie was unwilling to
pass the information on to the detector). In other wordsjy p. Divsalar, M. K. Simon, and D. Raphelli, “Improved parallel inter-
we removed the effect of symbol errors on cancellation but] Leregce caltnt:;lli;ioré’rr%ns. Con&m;ngolv\;l& pp. 25A8—DZSGF8J-b 4 DS
. . . . . . . Correal, R. M. Buehrer, an . D. Woerner, “ -base -
mamt@ned the S.Oft weighting. This can be viewed as perfg ?" CDMA multiuser receiver based on partial parallel interference can-
bit estimation with correlator outputs used for channel gain cellation,” IEEE J. Select. Areas Communol. 17, pp. 613-630, Apr.
estimation. Fig. 4 plots the simulated BER performance versus  1999. . .
. . . E,} , “Improved CDMA performance through bias reduction for
'SyStem Ioadlng (5_95 simultaneous u;ers) for S.UCh a 'recelv parallel interference cancellation,” Rroc. Global Commun. ConfDec.
in a synchronous AWGN channel with spreading gain 100 1997. ' _ _
andE, /N. = 8 dB. The partial cancellation receiver used thel4l P- G. Renucci and B. D. Woerner, “Analysis of soft cancellation to
b/ - p 3 minimize BER in DS-CDMA interference cancellation,” Rroc. 1998
cancellation factorg; = 0.3, p» = 0.8, andps = 1.° We can Int. Conf. Telecommun1998.
see that even with perfect symbol estimates for cancellatiof§] M. B. Pursley, “Performance evaluation for phase-coded spread-

ing i spectrum multiple-access communication—Part I: System analysis,”
the bias induced by the soft correlator output severely degrades IEEE Trans. Communyol. COM-25. pp. 795799, Aug, 1977,

performance. In fact, very little performance improvement ige] R. K. Morrow, “Acurate CDMA BER calculations with low compu-
seen in Fig. 4 versus Fig. 2. tational complexity,”IEEE Trans. Communvol. 46, pp. 1413-1417,
As a final note, (3) indicates that when using a single NoV- 1998

symbol soft estimate in a synchronous channel without partiakin an asynchronous channel, the limit wouldh¥ + 1 users. This is due
to the fact that the normalized cross-correlation between random spreading
codes in a synchronous system with random phases/1sV, while it is
3Partial cancellation factors were taken from [1] for comparison purposes/3N in an asynchronous system [5], [6].
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