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Abstract— In this paper, we propose a low complexity VBLAST
OFDM detection algorithm. In this method, we partition the
subcarriers into a number of groups. The group size is deter-
mined by the frequency correlation between different subcarriers.
Within each group, we use conventional VBLAST detection on
the centre subcarrier and record the detection order. For the rest
of the subcarriers in the group, we use QR decomposition tech-
nique according to the recorded detection order. We show that
this algorithm significantly reduces the complexity of VBLAST
OFDM detection. The performance degradation of the proposed
algorithm is small compared to conventional detection.

I. INTRODUCTION

It was shown in [1] that large capacity can be exploited
in rich scattering wireless channels by employing multiple
antennas at both the transmitter and the receiver. The BLAST
(Bell LAb’s Layered Space Time)[1] structure was proposed to
realize such systems. However, the complexity of the diagonal
BLAST structure makes it difficult to implement. A simpler
version, the vertical BLAST (VBLAST) [2] [3] was proposed
and achieved spectral efficiency of 20 to 40 bps/Hz at average
SNR’s between 24 to 34dB.

The conventional VBLAST detection employs an ordered
serial nulling plus cancellation technique [3]. The optimal
detection order is determined to maximize the minimum post-
detection SNR of all data streams. This algorithm is computa-
tion intensive as a number of pseudo inverse operations need
to be performed.

VBLAST can be combined with OFDM to achieve high data
rate transmission in frequency selective fading channels [4].
As OFDM effectively divides the frequency selective channel
into a number of flat fading subchannels, the VBLAST OFDM
system comprises a number of narrow band VBLAST systems
on different subcarriers. Therefore, the detection of an M ×N
VBLAST OFDM system requires taking N pseudo-inverses
on each subcarrier, which is even more complex. To reduce
the complexity of VBLAST detection, in [6], the authors
porposed Gram Schmidt Orthogonalization (GSO) algorithm
with a sub-optimal detection ordering. This scheme reduces
the complexity of VBLAST detection with small degradation
to the performance. However, it still involves taking one
pseudo-inverse at each subcarrier to determine the sub-optimal
detection order. In [7], a simplified detection scheme for
VBLAST OFDM system was presented. In this method, it is
assumed that the nulling vectors change only slightly within a
small number of subcarriers. Hence, the same nulling vector
can be used for all these subcarriers. However, the degradation
in BER performance of this method is rather high. In addition,

the authors did not provide specific rule in determining the
group size.

In this paper, we propose a new low complexity detection
algorithm for VBLAST OFDM system. In this algorithm, the
subcarriers are partitioned into a number of groups such that
the correlation among subcarriers within each group is above
a threshold value referred as threshold correlation (TC). For
each group, conventional VBLAST detection is first performed
on the center subcarrier and the detection order is recorded.
Following the recorded order, the other subcarriers in the
same group are detected using QR decomposition technique
as in [6]. We show that this algorithm reduces the complexity
of VBLAST OFDM detection significantly. Moreover, the
performance degradation of the proposed algorithm is small.

In this paper, we use the following notations: vectors and
matrices are denoted as bold lower and upper case letters
respectively. All vectors are column vectors. We use the super-
scripts H and ∗ to denote matrix Hermitian and conjugation.
The elements of vectors/matrices are denoted by letters with
subscripted indices.

II. VBLAST OFDM DETECTION BY QR DECOMPOSITION

A VBLAST OFDM system with N transmit and M receive
antennas effectively consists of one narrow band VBLAST
system on each subcarrier. Therefore, the received signal
vector on a particular subcarrier can be written as

r = Hx + n, (1)

where H is a M×N matrix with Hi,j representing the channel
response between transmit antenna j and receive antenna i on
that subcarrier. Vector x is the transmitted signal and n, the
AWGN noise vector. As same detection algorithm is used on
each subcarrier, we omit the subcarrier index in the above
formulation.

Assume the optimal detection order for the narrow band
VBLAST system is p = [p1, p2, · · · , pN ], which is a permu-
tation of [1, 2, · · · , N ], we can rewrite (1) as

r = Hpxp + np, (2)

where the subscript p denotes permutation with

Hp = [hpN
,hpN−1 , · · · ,hp2 ,hp1 ],

and

xp = [xpN
, xpN−1 , · · · , xp2 , xp1 ]

T.
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TABLE I

COMPUTATION COMPLEXITY FOR CALCULATION OF QR DECOMPOSITION

AND PSEUDO-INVERSE OF AN M × N MATRIX.

operations QR decomposition Pseudo Inverse
add MN2− N2

2 3MN2+2M2N+ 8
3 N3

− N
2 +5N2−4MN− 8

3 N−7

mul MN2 5MN2+2M2N+ 14
3 N3+23N2

+4MN− 44
3 N−4M−21

div MN MN+4N2+3N−7

sqrt N 8N2−4N−4

Perform QR decomposition on Hp, we have Hp = Q × R,
where Q is an unitary matrix and R is an upper triangular
matrix. Pre-multiply r by QH, we get

d = QHr = QHHpxp + QHnp

= Rxp + n′. (5)

As Q is a unitary matrix, n′ is still AWGN. The detection
of individual elements of x can be performed using standard
procedures. It is noted that once the detection order p is
determined, we only need to perform QR decomposition once
on each subcarrier rather than taking pseudo-inverse N times
in conventional detection. Moreover, using the same detection
order, the BER using QR decomposition technique is the same
as conventional VBLAST detection.

Table I shows the number of operations required to calculate
the QR decomposition of an M×N matrix in comparison with
operation counts for pseudo-inverse calculation. We use Mod-
ified Gram-Schmidt method [5], which is numerically more
stable than classical GSO, to compute QR decomposition. To
compute the pseudo inverse of H, we first perform singular
value decomposition on H using Golub-Reinsch algorithm
[5] [10], such that H=UΛVH. The pseudo inverse of H is
then calculated as H+ =VΛ+UH, where Λ+ is formed by
inverting all the nonzero values in Λ.

It is clearly shown in Table I that QR decomposition incurs
much less complexity compared to pseudo-inverse. Moreover,
as we only need to calculate QR decomposition once rather
than taking pseudo-inverse N times, this results in another
large saving in complexity [6].

III. LOW COMPLEXITY VBLAST OFDM DETECTION

ALGORITHM

We have shown in Section II that once the detection order is
given, the QR decomposition technique reduces the complexity
of VBLAST OFDM detection significantly. However, deter-
mining the optimal detection order requires taking pseudo-
inverse N times. In this section, we present a method to
determine a sub-optimal detection order, making use of the
correlation among different subcarriers.

For VBLAST OFDM system, the channels between dif-
ferent transmit and receive antennas are statistically the
same. Therefore, we only need to study one channel and
the same properties apply to all the other channels. The
impulse response of multipath channel can be written as

h = [h1, h2, · · · , hL+1]T , where L is the channel order. The
frequency response of the channel for a K subcarrier OFDM
system is given by

hF = Fh, (6)

where F is a K × (L + 1) matrix 1 with Fi,j =
1√
K

exp
(
−j2π (i−1)(j−1)

K

)
.

The correlation coefficient of the frequency response at
subcarrier m and n can be worked out as

ρm,n =
fH
m E(hhH)fn√

fH
m E(hhH)fmfH

n E(hhH)fn
, (7)

where fH
m denotes the mth row of F and E(x) denotes

statistical expectation. For uncorrelated scattering channel,
different paths are uncorrelated, (7) can be further simplified
to

ρm,n =
K

∑L+1
i=1 σ2

i Fm,iF
∗
n,i∑L+1

i=1 σ2
i

, (8)

where σ2
i = E (hih

∗
i ). Due to the symmetrical properties of

the DFT matrix, it can be shown that the correlation coefficient
ρm,n depends only on the absolute values of m − n.
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Fig. 1. Correlation coefficient between neighboring subcarriers.

Figure 1 shows the correlation coefficients among neigh-
bouring subcarriers for non line of sight (NLOS) HiperLAN/2
channel models A, B, C and E given in [8]. The power
delay profiles of the channels are exponential, with root mean
square (RMS) delay spread ranging from 50ns (channel A)
to 250ns (channel E). The maximum delay spread for all
the channels is 800ns, which corresponds to 16 channel taps
for a 20MHz bandwidth sample spaced channel. Here, We
use a 64-subcarrier OFDM system with 16-tap cyclic prefix.
From Figure 1, we can see that the correlation is high among
neighbouring subcarriers for all the channels. This implies
that the channel changes only slightly within a number of
subcarriers. Hence, it is reasonable to assume the optimal
detection order does not change within a group of subcarriers,
among which the correlation is above TC. Once TC is set,

1F is actually the first L + 1 columns of the Discrete Fourier Transform
(DFT) matrix of size K.
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from Figure 1, we can determine the size of the group, in
which the same detection order is used. Denoting the group
size as k, we propose the following low complexity detection
algorithms for VBLAST OFDM system:

1) Pre-determine the value of TC, and
hence the group size k for the channel
of interest, based on the statistical
knowledge of the channel correlation;

2) Partition the subcarriers into groups of
size k;

3) Perform conventional VBLAST detection on
the center subcarrier within a group and
record the optimal detection order p;

4) Perform detection on subcarriers in
the same group using QR decomposition
technique according to detection order p;

5) Repeat steps 3-4 until all the groups are
detected.

Since QR decomposition technique requires much less com-
plexity compared to conventional VBLAST detection, large
reduction in complexity can be achieved using the proposed
algorithm.

It is possible that the optimal detection order changes within
the group. This leads to degradation in the performance of
the proposed algorithm compared to conventional VBLAST
OFDM detection. Therefore, there is a tradeoff on the choice
of TC. The larger TC is, the less probable that the optimal
detection order changes within the group. The degradation
in performance is thus, smaller. On the other hand, larger
TC results in smaller group size k, hence, less reduction in
complexity.

IV. COMPUTATION COMPLEXITY COMPARISON

In this section, we compare the amount of arithmetic oper-
ations needed to determine the nulling vectors and detection
order for the conventional detection and the proposed low
complexity algorithm for an M×N VBLAST OFDM system.
We listed the complexity reduction in different complex arith-
metic operations. The reduction in total amount of floating
point operations (flops) is also given. As we are dealing
with complex numbers here, addition is counted as 2 flops,
multiplication and division are counted as 6 flops each and
square root is counted as 10 flops. We will also show some
numerical results on the reduction in complexity for two
specific VBLAST OFDM systems with 4×4 and 6×4 antenna
configurations.

We denote the total operation counts for conventional
VBLAST detection on one subcarrier as N . We also define
the operation counts by using QR decomposition technique on
one subcarrier as Q. The total number of operations required
for conventional VBLAST OFDM detection for a group of k
subcarriers is equal to k × N . By using the low complexity
algorithm we proposed, the total number of operation counts
is equal to N + (k − 1) × Q. Based on this calculation, we
listed in Table II the complexity reduction to detect a group
of k subcarriers using the proposed method compared with
conventional VBLAST OFDM detection. We use channel A

as the channel model. Setting TC = 0.9 results in group size
of k = 6 and TC = 0.8 results in k = 9.

From Table II, we can see that the complexity can be
reduced by about 80% for all the cases for channel A. The
reduction is less for less correlated channels. However, ac-
cording to our calculation, even for the least correlated channel
E with TC=0.9, we can still achieve complexity reduction of
47.10% for 4 × 4 systems and 46.59% for 6 × 4 systems.

Recently, a number of MIMO channel models were pro-
posed in 802.11n documents [12]. The frequency correlation
for the proposed MIMO channels is higher compared to the
channel A to E we studied above, due to smaller RMS delay
spread. Therefore, for those channel, the proposed detection
scheme is able to achieve larger reduction in complexity.

V. SIMULATION RESULTS

Simulations are carried out to study the BER of the proposed
algorithm. The transmit power is evenly distributed on each
transmit antenna with total power equal to 1. We assume
the channels between different antennas are uncorrelated. To
estimate the channel, we send N orthogonal preambles from
N transmit antennas before the transmission of real data. The
preamble is designed according to [9] and least square method
is used for channel estimation. We compare the performance of
the conventional VBLAST OFDM detection with the proposed
low complexity algorithm for TC = 0.9 and TC = 0.8
respectively. From the simulations using different channel
models, we observed the performance degradation depends
only on the value of TC, not on the channel models used.
Therefore, we use channel A in all the simulations in this
paper.
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Fig. 2. Symbol error rate comparison of conventional VBLAST OFDM
detection with low complexity algorithm. (QPSK modulation)

For the uncoded case, we performed simulations for 4 × 4
and 6 × 4 VBLAST OFDM systems with QPSK modulation.
Figure 2 shows the performance comparison in SER for the
conventional VBLAST OFDM detection and the proposed low
complexity algorithm. For a 4 × 4 system, the degradation
using the low complexity method is only 0.5dB for TC = 0.9.
The degradation for TC = 0.8 is 1dB. For a 6 × 4 system,
the degradation for TC of 0.9 is 0.5 dB at SER = 10−4.
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TABLE II

COMPLEXITY REDUCTION USING THE PROPOSED ALGORITHM COMPARED TO CONVENTIONAL VBLAST OFDM DETECTION

Reduction (k = 6) Reduction (k = 9)N Q 4 × 4 6 × 4 4 × 4 6 × 4

5MN3+2M2N2+ 14
3 N4+23N3

mul
+4MN2− 44

3 N2−4MN−21N
MN3 78.41 % 77.73 % 83.64 % 82.91 %

3MN3+2M2N2+ 8
3 N4+5N3

add −4MN2− 8
3 N2−7N

MN3− 1
2 N3− 1

2 N2 74.13 % 73.28 % 79.07 % 78.17 %

div MN2+4N3+3N2−7N MN 79.41 % 77.96 % 84.71 % 83.15 %
sqrt 8N3−4N2−4N N 82.56% 82.56 % 88.07 % 88.07 %

36MN3+16M2N3+ 100
3 N4+252N3 6MN3+2MN3−N3

total
+22MN2− 346

3 N2−24MN−222N −N2+6MN+10N
78.50 % 77.64 % 83.73 % 82.82 %

The degradation for TC of 0.8 is only 0.8 dB. Therefore, we
can claim that for both cases, the degradation of the proposed
algorithm is very small.

We performed simulations for coded VBLAST OFDM
systems as well. According to [2], the error control coding
is applied to each MIMO transmit branch independently and
the decoding is also performed in an independent manner.
The error control coding used in the simulation is a half-rate
convolutional code with constraint length of 7 and generator
polynomials g0 = 1338 and g1 = 1718. Interleaver design
follows IEEE802.11a standard [11]. We use hard decision
Viterbi algorithm to decode the received data.
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Fig. 3. BER comparison of conventional VBLAST OFDM detection with
low complexity algorithm. (QPSK modulation, 1/2 convolutional code)

Figure 3 shows the BER comparison for the conventional
VBLAST OFDM detection and the proposed low complexity
algorithm for a 4 × 4 and a 6 × 4 system respectively. We
can see that with the help of error control coding, we can
further reduce the performance degradation. For both systems,
the degradation in BER using the proposed method is only
marginal compared to the conventional method.

In practise, it is not necessary to obtain the explicit values
of the correlation at the receiver. We can always use a
pessimistic estimate of the group size, i.e. smaller group size,
for the chosen TC. Although smaller group size results in less
reduction in complexity, it guarantees good performance of
the system.

VI. CONCLUSION

We present a low complexity VBLAST OFDM detection
algorithm, which determines a common detection order for
a group of subcarriers by employing conventional VBLAST
detection on the center subcarrier in the group. The detection
on the other subcarriers is carried out using QR decomposition
technique. This algorithm significantly reduces the complexity
of the VBLAST OFDM detection with only marginal degra-
dation to the system performance.
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