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Abstract— This paper presents simplified expressions for the mean bit V. BIT ERRORPROBABILITY OF DECORRELATING AND

error probability using random spreading sequences on AWGN and multi- MMSE DETECTORS IN A SINGLE RATE SYSTEM ON
path Rayleigh fading channels using the multiuser MMSE and decorrelat- AWGN CHANNEL

ing detectors. It is assumed the multi processing gain schemes of multirate.
In this work the result given in (2) is extended to the mul-

Keywords—Multiuser, CDMA, multirate, MMSE, decorrelating. tiuser MMSE and decorrelating detectors. As showed in [2, 3,
4], equivalent expressions to (1) were derived as a function of
I. INTRODUCTION the processing gain and the number of users.

The mean bit error probability for the decorrelating detector

HE new third generation mobile system will allow multi- it perfect power control in a synchronous system on AWGN
rate schemes. There will be different modulation SChemEﬁannel can be expressed as [3]:

supporting multiple data rates. This paper focus on the multi

processing gain scheme for multiuser MMSE and decorrelating (K —1)
detectors. b, =Q ( 27 <1 e >> ;
p

3)
Il. PERFORMANCE ONAWGN CHANNELS and for the MMSE detectaP, is given by [4]
Is it possible to devise a good approximation for the exact
performance expression of the BPSK single rate CDMA syn- P =0 9y — lF 9 (K-1) @)
chronous system witi users, processing gaf#, and perfect b= Ty s G, ’
power control. This approximation can be made by assuming
that the multiple access interference is Gaussian with zero mewith
and variance proportional to the number of users. Thus the bit

2
error probability can be written as: F(z,y) = <\/$(1 + \/@)2 11 \/a:(l B \/27)2 N 1) _
; 5)
Po=Q\ /== ): (1)
TG, V. MULTIUSER PERFORMANCE IN A MULTIRATE SYSTEM

ON AWGN CHANNEL
where Q(.) is the complementary Gaussian error function andThe mean bit error probability for the decorrelating detector

7» is the signal-to-noise ratio. in a multirate synchronous CDMA system using random spread-
ing sequences with multi processing gain on AWGN channel is
[1l. M ULTI PROCESSINGGAIN SYSTEMS given by:

Distinct users using different data rates can be allocated in

the same system bandwidth B, if the processing gain is variable. (E?:l ﬁ; K; — 1)

Thus, high data rate implies low processing gain foragivenuser. P =Q | |2y [ 1 - e ,  (6)
It will be assumed a multi processing gain system with P
users and rateR; > R > ... > R,, with no loss of generality.
All users have the same energy per bit to noise ragiand the and for the MMSE detectaP, can be expressed as:
processing gain is defined 5,, = B/R;, whereR; is the bit
rate for thei-th group withK; users. The system is defined in 1 (E?Zl %Ki — 1)
asuchway thap_ , K; = K. Itis also assumed that random P, = Q 2y — ZF 2, G] (7)
spreading sequences are utilized for all users. The performance P
of userk with rate R;, in a synchronous CDMA system using
matched filter detector can be expressed as [1] VI. NUMERICAL RESULTS& COMPARISONS
Simulations were carried out in order to validate the approxi-
n —1/2 . - L
1 1 R; mations. The results of the comparisons are shown in Figures 1-
By =Q [2—% + a ( R_J_Ki - 1)] ( 2. The graphics show comparisons between the analytic expres-
J i=1

sions and simulations results. All the simulations were made
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Fig. 1. Decorrelating on AWGN channel with 5 users with Gp=64 and 5 user:
with Gp=128.

107k

using K = 10 users. The system was subdivided into two sub-
groups, the first with five users and processing gajn = 64
and the other with five users aidgl, = 128. The results show
that this system is equivalent to a system with 15 users and a pr
cessingG, = 128 or with a fictitious 7.5 users and processing
gainG, = 64.

Figure 1 shows the comparison between the simulation an*®
the analytic expression (6) for the decorrelating detector. Figurt
2 shows the comparison between the simulation and the analyt ,+|
expression (7) for the MMSE detector. Note that it is possible
to define the parametequivalent number of users, which al-
lows to represent a multirate system as an equivalent single ra
system. For instance, for the parameters used in this paper tt

it Error Probabillity
=
S
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equivalent number of users is 15. T
SNR (dB)
VII. CONCLUSIONS Fig. 2. MMSE on AWGN channel with 5 users with Gp=64 and 5 users with
Gp=128.

Approximated expressions for the mean bit error probability
with random spreading sequences on AWGN channel using the
multiuser MMSE and decorrelating detectors were presented.
Those analytic expressions have shown to be a very good ap-
proximation when compared to the simulations.
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