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Forschungszentrum Telekommunikation Wien (ftw.)
Vienna Telecommunications Research Center

June 22, 2004 ICC 2004, Paris



2

Overview

1. System Setup

2. Detection & Decoding

3. Channel Estimators

4. Numerical Results

5. Conclusions

Wehinger et al. - On Channel Estimators for Iterative CDMA Multiuser Receivers c© ftw. 2004



I - System Setup 3
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• Synch. CDMA system with short random spreading

• Convolutional encoder C(5, 7)8

• QPSK Gray mapping

• J pilots are placed in a preamble
J pilots M − J code symbols

• Single Rayleigh fading tap - constant over M symbols
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I - System Setup 4
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• Detector - parallel interference canceller (PIC), LMMSE filter

• Channel estimator - use soft feedback values

• Decoder - symbol by symbol MAP decoder (BCJR)
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I - System Setup 5

Signal Model for a Single Block
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M block length, N spreading seq. length, K # users
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II - Detection & Decoding 6

Multiuser Detector

1 - Parallel Interference Cancellation

ỹ
(i)
k (m) = y(m)− S̃(i)

b̃
(i)

(m) + s̃
(i)
k b̃

(i)
k (m)

with S̃
(i)

= S diag
(
ĥ
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2 - LMMSE Filtering
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The filter is the solution to
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II - Detection & Decoding 7

Decoder

The code symbol a-posteriori probability is defined as

APPk(m
′)
4
= Pr {ck(m′) = +1|zk}

and can be computed via the BCJR algorithm.

For a Gaussian channel the extrinsic probability and the a-posteriori

probability satisfy the following relation

APPk(m
′) ∼ EXTk(m

′)
1√

2πν2
k

exp

(|zk(m′)− µk|2
2ν2

k

)
.

Soft Symbol QPSK Mapping

b̃k,code(m) =
1√
2
{2APPk(2m

′)− 1 + j[2APPk(2m
′ + 1)− 1]}

and similarly for extrinsic information.
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III - Channel Estimators 8

Approximated Concepts

Linear signal model

y = SBh + v

with h ∼ CN (0, IK) and v ∼ CN (0, σ2
vIN).

Approximation Soft feedback data is treated as deterministic

B̃ =
[
BPilots; B̃Feedback

]

1 - Approx. Least-Squares Estimator (ALS)

ĥALS =
(
B̃HSHSB̃

)−1

B̃HSHy

2 - Approx. linear MMSE Estimator (ALMMSE)

ĥALMMSE =
(
B̃HSHSB̃ + σ2

vIK

)−1

B̃HSHy
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III - Channel Estimators 9

Linear MMSE (LMMSE) Concept

3 - Improved Estimator Considering Symbol Reliability

ĥLMMSE = ChyC
−1
yy y

Cyh = E
B,h,v

{
yhH

}
= SB̃T

Cyy = E
B,h,v

{
yyH

}
= S E

B

{BTBH
}SH + σ2

vIKM .

Statistical independence among code symbols leads to

E
{
bp(m)b∗q(n)

}
=




b̃p(m)b̃∗q(n) for p 6= q,m 6= n

1 for p = q,m = n.

T is the correlation matrix of the channel taps

T = diag
(
σ2

h,1, σ
2
h,2, . . . , σ

2
h,K

)
.
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IV - Numerical Results 10

Simulation Parameters

• Spreading sequence length N = 8

• Number of users K = 12, overloaded system α = 1.5

• Block length M = 100

• Number of pilots J = 10

• Energy per information bit to noise level ratio

Eb/N0
4
= 1

σ2
v

M
M−J

• Single-User Bound (SUBound)

Performance of one user with perfect channel knowledge.
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IV - Numerical Results 11

APP vs. EXT in the Feedback
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Extrinsic FB

better than

APP FB for

channel

estimation.
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IV - Numerical Results 12

BER after 3rd Iteration
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IV - Numerical Results 13

BER after 7th Iteration
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IV - Numerical Results 14

Averaged Normalized Squared Error
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Conclusions

• Soft symbols in feedback substantially improve channel estima-

tion and overall receiver performance.

• Extrinsic info shows better performance than

APP info in feedback.

• Improved LMMSE estimator “weights” reliability best.

• ANSE decreases monotonically.
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