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Abstract — We consider a Direct Sequence Code
Divigion Multiple Access (DS-CDMA) channel in col-
ored additive Gaussian noise and focus on the sum
capacity of this channel. Sum Capacity is the maxi-
mum sum of rates at which users can jointly reliably
tranemit, in an information theoretic sense. We com-
pletely characterize optimum sum capacity, which is
ohtained by choosing the signature sequences of the
users appropriately, Our characterization is congtruc-
tive in that we provide a combinatorial algorithm to
generate the optimum gignature sequences as a fune-
tion of the covariance of the additive background noise
and power constraints of the users. The characteri-
zation also allows us to identify a saddle property of
the optimum sum eapacity: convexity in the covari-
ance matrix of the additive noise and concavity in the
vector of uger power constraints.

1. INTRODUCTION AND PROBLEM STATEMENT

A discrete time baseband no fading DS-CDMA channel (with
ghort signature sequences) is the following:

K

yin) =Y mi(n)si(n) + w(n) .

{=1
Here K denotes the number of users and n the channel use
The user symbols are denoted by z; and y(a) is
dimensional vector, N being
of chips per symbol) at the
n) is an additive Ganssian

instant.
the signal (thought of as a N
the processing gain or number
receiver at time instant n. Here wi

noige with covariance matrix E. Each user i is subject to &
We denote D to be the

time averaged power constraint of pi.
diagonal matrix of the user power constraints.

Our focus will be on sum capacity: sum of rates at which
reliably communicate. These rates are time av-
eraged with the power constraint on the users also averaged
of the results in [2] to the colored
noise case allows us to write the following expression for sum
capacity of the DS-CDMA channel with signature sequences

users jointly

in time, A generalization

def

5= [81...8k])

Crum(S, D, E) = 3 log det (I +Z7'5DS') .

Our main focus in this paper is to characterize the maximum

gum capaciby:
del
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where § 18 t

function defined on a compact
in above is justified.
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he set of all N x K real matrices with all columna

having k norm equal to 1. Observe that €, um is a continuous
get & and thus the use of max
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11. Main RESULTS

Our main result is a complete character
function of I and Z. This characterization
ihe sense that we develop a combinatorialal
ate the optimum signature sequences (the
mum sum capacity). The details of this
(3], In this summary, we briefly describe
erty of the optimum sum capacity thal
characterization. Our first result is a saddle
optimum sum capacity:

Theorem 1 For every fired Z, Cope (B IT}
tion in [ and a conves function in T for

We can strengthen this result using the pa
majorization on vectors in BY. We say
jorizes another vector b if their camponents has
and the components of a are “more spread o
b. For example, every vector in & with
the vector with all components unity. An
for results on this partial order is [1]. We she
mwm sum capacity is a Sehur-saddle function
sense. Below we have denoted the vector ﬂf
by (u’]‘,....ﬂ;].
Theorem 2 1. For every fized Bigh
Copt (B,E) for every L # £ such &
majorizes (..., )

8. For every fized T and for every

that gh.-..p;c} majorizes [fir...
Cﬂ?l{ .E) }C’.,,t(D,E‘j.
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