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Abstract — The impact of channel estimation errors
on the performance of the LMMSE multistage detec-
tor for large multiuser systems with random spreading
sequences is analyzed. The receiver consists of a mul-
tistage filter for channel estimation and an LMMSE
multistage detector that takes into account the im-
perfect knowledge of the channels. The asymptotic
performance of the whole receiver is provided.

I. ANALYSIS AND RESULTS

Let us consider a synchronous CDMA system with spread-
ing factor N and K users. We assume multipath fading chan-
nel with known channel length L and additive noise. The
equivalent baseband signal at the chip matched filter output
is given by

y(m) =S(m)A(m
or equivalently by
y(m) = S(m)B(m)a + n(m). 2

y(m) is the N-dimensional received signal vector. b(m) is the
K-dimensional vector of transmitted symbols in a finite al-
phabet in C such that E{b(m)} = 0 and E{b(s)b"(t)} =
Ixdse. B(m) is the KL x KL diagonal matrix obtained
by B(m) = diag(b(m)®1Iz). A is the KL x K block di-
agonal matrix of fading channel amplitudes with the k-th
block, ak, of size L x 1. a = (aip,...,aﬂ)T is the KL-
dimensional vector of the fading channel amplitudes. The
entries in a are realizations of independent circular symmet-
ric complex zero mean Gaussian variables. The spreading
matrix S is an N x KL block random matrix in C with K
blocks S, = (S(k—l)L+1a---7SkL) of size N x L. The ele-
ments in S(;_1)z+1 are independent and Gaussian distributed
with zero mean and variance % They are also independent
from block to block. Within a block the vector s(x_1)r4, is a
cyclically shifted version of s(;_1)r4+1 by s — 1 positions, since
we assume that the intersymbol interference can be neglected
following [1, 2]. n(m) is the complex Gaussian noise vector
with E{n(m)} = 0 and E{n(\)n(m)} = 0’Indim. B = £ is
the system load. The training data and the channel covari-
ance matrix Cp = E{aa”} are known by the channel estima-
tor. To estimate the channel coefficients over an estimation
window of 7 symbols we refer to the model Y = 72Sa + N
where Y = (yT(1),...,yT ()T, N=(n"(1),...,n" (7))
and S =72 ((S(1)B(1)7, ..., (S()B(r))")". H = SA and
R = H"H. The individual LMMSE channel estimator of rank
Mpc is the linear estimator L = Z%C:jo LW, C2R "’
with W,,, = diag(wim, ..., WkrL,m) such that E{||LY —a|*}
is minimized. W are obtained by

wi =¥, &, (3)

)b(m) +n(m) (1)

where wi = (wko,...,Ws Mc_l)T and wg,, is the element
(k,k) of the matrix W,,. Wj is an M¢c X Mc matrix
and & is an Mc-dimensional vector. Their elements are
(Tr),, =7 (R Y+ 0 RTT ) and (&),

(R )kk respectively. As shown in [1], (R )gx converges
to a deterministic limit Ryg.co as N, K — oo with 8 con-
stant. Then, the asymptotic weights of the individual LMMSE
channel estimator are deterministic and satisfy the equation

wi® = (P°) ¢ with the elements of ¥§° and £° given
by (5 )im =7 +mRkk + g2pitm= 1RHm ' and EX)m =
Rkk’oo respectively. Rkkm can be determined using the fol-
lowing algorithm:

First step:  Let E;lckyoo = U%,k and m1 = mép

I-th step - a: Given Ekk’oo = 0723’,C le tﬁzk oomlTs_1 with
mlf =L ﬂm—, develop it as a polynomial in
07, k> P(U P, k)-

I-th step - b: Obtain ml from P(c% 1) bubbtitutmg the s-th
power of 0%, by m&,, = 77 E{trace (C%)}.

The error covariance matrix in asymptotic conditions Cg° is

o] 2 oo H oo\ —1 o0
(€)= b (1= (O %) 0. ()

For the data detection we assume that the channel estima-
tor provides the data detector with channel estimates a along
with the mean squared error in these estimates C. [2]. With
D = AA” + C. and T = SDS”, the individual LMMSE
detector of rank Mp conditioned on the channel estima-
tion is the linear operator G = Y- M2' 7, ZATSHT™ with
Z,, = diag(zim, - .., 2xm) satisfying the MSE criterion. The
weights are given by
Z, = "I;Elek (5)
where (zx); = (Z)ex = 2w with M™ = APSHT"SA |
(®1)rs = (MO D) 4+ 02(MOTD) 0 and (@), =
(M(S))kk. As N,K — oo with L, 7 and 3 constant, the
k-th diagonal element of the matrix M) converges to a
deterministic quantity (M) pr.00 depending on ala, and
HCmay,. Defined the Mp x Mp matrix <I>k with elements

(@m)rs M,i;t; 2M<T,+; Y and the Mp-dimensional
vector ¢i° with elements (ci°), = M,iz),oo, the asymptotic

performance of the whole receiver can be determined using
the results in [1]:
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