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Abstract. In this paper, the improved QR-decomposition with M algorithm (QRD-M) for eﬃcient signal detection is proposed. In order to
improve eﬃciency in terms of complexity and detection performance, the
proposed detection scheme adjusts the number of candidates according
to the layer. Simulation results show that the proposed scheme has an
improved detection performance compared to the conventional scheme
with similar complexity.
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1

Introduction

The current communication systems demand high channel capacity in a bandlimited environment. The orthogonal frequency division multiplexing (OFDM)
[1] system and the multiple input multiple output (MIMO) system meet high
channel capacity in a band-limited environment. Two systems are combined and
the combined system is called as the MIMO-OFDM system.
The MIMO-OFDM system is mainly implemented by using the vertical Bell
laboratories layered space time (V-BLAST) [2], [3] architecture. Many detection
schemes based on the V-BLAST architecture have been proposed. The QRDM [4] detection scheme is one of the schemes based on V-BLAST architecture.
Although the QRD-M detection scheme has the good performance, it is diﬃcult
to apply to an actual system due to the high complexity.

2

MIMO-OFDM System Model

The antenna conﬁguration with NT transmitting antennas and NR receiving
antennas is expressed by NT ×NR . Signals are transmitted by each sub-carrier.
The OFDM symbol of the i-th transmitting antenna is expressed as
[
]
X(0) i X(1) i · · · X(k) i · · · X(K−1) i ,
(1)
⋆
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where X(k) i is the signal at the k-th sub-carrier. OFDM symbols are simultaneously transmitted in parallel using the multiple transmitting antenna. In the
MIMO-OFDM system, the transmitted symbol is expressed as
Y(k) = H(k)X(k) + N(k) =

NT ∑
NR
∑

Hi,j (k)Xi (k) + Nj (k),

(2)

i=1 j=1

where Hi,j (k) is a Rayleigh fading channel gain with multi-path from the i-th
transmitting antenna to the j-th receiving antenna, Nj (k) is an additive white
Gaussian distribution noise vector of the j-th receiving antenna.

3

Proposed Detection Scheme

The proposed detection scheme uses the diﬀerent number of candidates according
to the layer. The method that uses the diﬀerent number of candidates according
to the layer is related to detection process of the QRD-M.
The QRD-M removes the interference signals of lower layer using detected
signals of upper layers. Considering structure of QRD-M, (Xl−1 , Xl−2 , · · · , X1 )
are interference signals for the signal of the l-th layer Xl . The number of interference signal of the l-th layer is (l − 1). Interference signals must be removed
for signal detection.
If the channel state is not good in the upper layer, the signal detection at
upper layer isn’t correct. Because of the interference cancellation process, the
error at the upper layer inﬂuences negative eﬀects to all lower layers. Therefore,
the detection at upper layer needs a lot of candidates. However, since diﬀerent
interference signals undergo each independent channel, if interfering signals are
correctly removed, the detected signal has a higher diversity compared to signals
of upper layers. For that reason, the detection at lower layer can correctly detect
with small candidates compared to upper layer. However, if the channel condition
is very poor, the detection can be inaccurate in case of small candidates. Based
on the explained contents so far, the diﬀerent number of candidates according
to the layer should follow the three rules.
First, in order to guarantee detection performance, a lot of candidates must
be used for the detection at upper layer. Next, the detection of lower layer should
use a relatively small candidates in order to reduce the complexity. Finally, the
minimum number of candidates is required.

4

Simulation Results and Conclusion

The computational complexity for the proposed detection scheme and the conventional QRD-M is only considered as multiplication since most of the complexity is multiplication. Table 1 shows the equations for complexity.
In the Table 1, M is the number of candidates for the conventional QRD-M,
P is the number of candidates for proposed scheme and L is the modulation
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Table 1. The formula for the complexity of the conventional QRD-M and the proposed
scheme.

order. How to assign the value of P complies with the described rules in the
section 3.
Table 2 shows the complexity for two case of assigned P in the proposed
scheme with 8 × 8 antenna and the conventional scheme with similar complexity.
Table 2. The assignment of the number of candidates for the proposed and the conventional scheme in the 8 × 8 MIMO-system

To estimate the BER performance, MIMO-OFDM systems of 8 × 8 antenna
with 256 sub-carriers are considered. The Rayleigh fading channel with multipath 7 is considered for simulation. Fig.1 shows the simulation results.
In the 8 × 8 antenna system and case 1, considering the BER of 10−4 , the
BER performance of the proposed scheme is 2.8dB better than the conventional
scheme with similar complexity and 4.5dB better than the conventional scheme
with similar complexity in the case 2. Simulation results show that the proposed scheme is eﬃcient detection scheme in terms of complexity and detection
performance compared to the conventional scheme.
The conventional QRD-M scheme is diﬃcult to apply to an actual system
due to high complexity. For this problem, the proposed scheme uses the diﬀerent
266
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Fig. 1. BER performance of the conventional and the proposed detection schemes in
the 8 × 8 antenna system.

number of candidates according to the layer. The assignment of the number
of candidates according to the importance of each layer. From the simulation
results, the proposed scheme is eﬃcient in terms of complexity and detection
performance compared to the conventional scheme.
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