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ABSTRACT

We propose a nonredundant linear precoder for MIMO-OFDM
which enables blind channel estimation. Due to the structure
introduced by the precoding matrix, the channel can be esti-
mated based on general SVD. The identifiability of the pro-
posed algorithm is guaranteed even when the channel matri-
ces share common zeros at subcarrier frequencies. Computer
experiments show that the performance of our proposed algo-
rithm compares favorably to the training based LS algorithm.

1. INTRODUCTION

MIMO-OFDM systems, combining the OFDM technique with
MIMO systems, can provide high-performance transmission
of signals over wireless channels [1]. Blind channel estima-
tion for MIMO-OFDM system has been a very active area
of reach in recent years. A subspace channel estimation al-
gorithm by exploiting the cyclostationarity of MIMO-OFDM
channel outputs is presented in [2]. This algorithm aims at
channel estimation for cyclic prefix-OFDM, but can not cope
with the wireless channel for zero padded-OFDM. In [3], an-
other subspace-based technique which exploits spatial diver-
sity is introduced. But this algorithm is based on the assump-
tion that channel transfer functions share no common zeros at
the subcarrier frequencies, which may not be necessarily ful-
filled. A blind subspace algorithm with the assistance of re-
dundant linear precoding is proposed in [4]. In [5, 6], the vir-
tual subcarriers are exploited to estimate the MIMO-OFDM
channel. However, both the precoding redundancy and the
virtual subcarriers impair the bandwidth efficiency.

In this paper, we propose a novel approach for blind MIMO-
OFDM channel estimation. A nonredundant linear precoder
is applied to each source data block before the conventional
OFDM transmission. Due to the structure introduced by the
precoding matrix, the channel can be estimated at the receiver
based on general SVD operations. In many existing algo-
rithms, the assumption that the channel transfer functions share
no common zeros at subcarrier frequencies is necessary. How-
ever, our proposed algorithm can still work even when this
assumption is not fulfilled.

The rest of this paper is organized as follows. In Section
2, we review the MIMO-OFDM system model and formu-
lates the problem. In Section 3, we propose the blind esti-
mation algorithm with the assistance of linear precoder. The
identifiability, precoder designing, and SNR degradation are
discussed in Section 4. Simulations are carried out in Section
5, and conclusions are drawn in the last section.

2. SYSTEM MODEL

Fig. 1. MIMO-OFDM System Block Diagram

Consider the above MIMO-OFDM system equipped with
NT and NR transmit and receive antennas respectively. De-
fine the kth block of data stream transmitted by the ith (i =
1, · · · , NT ) transmit antenna as

di(k) � [di[kM ], di[kM + 1], · · · , di[kM + M − 1]]T (1)

where M is the number of subcarriers. We assume that the
transmitted signals are i.i.d. with zero-mean and unit vari-
ance. A M ×M precoding matrix A is applied to each block,
mapping them as

si(k) = Adi(k) (2)

The coded blocks are then transmitted through conventional
MIMO-OFDM systems as shown in Fig.1. Let hji[l], (i =
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1, · · · , NT , j = 1, · · · , NR, l = 0, · · · , L) denote the time
domain channel impulse response between the ith transmit
antenna and jth receive antenna, where L is the channel or-
der. The frequency domain channel matrix for each transmit-
receive antenna pair can be defined as

Hji � diag ([Hji[0], · · · ,Hji[M − 1]]) (3)

where Hji[m] =
∑L

l=0 hji[l]e−j 2π
M ml, m = 0, · · · , M − 1,

i = 1, · · · , NT , j = 1, · · · , NR. The received signals after
removing CP and FFT demodulation at the jth receive an-
tenna is given by

šj =
NT∑
i=1

Hjisi + vj (4)

where vj is the zero mean white Gaussian noise vector with
variance σ2I. Note that we have removed the symbol index k
in Eqn.(4) to simplify the discussion.

3. BLIND CHANNEL ESTIMATION

Without loss of generality, we focus on the wireless channels
associated with the jth receive antenna. Consider the correla-
tion matrix of the received signal

Ršj � E{šj šH
j }

= E{(
NT∑

i1=1

Hji1si1 + vj)(
NT∑

i2=1

Hji2si2 + vj)H}

=
NT∑
i=1

HjiAAHHH
ji + σ2I (5)

Since Hji is diagonal, it is not difficult to verify that

HjiAAHHH
ji = HjiH

H
ji � AAH (6)

where � means the element-by-element multiplication, and
Hji is the column vector defined by

Hji � [Hji[0], · · · ,Hji[M − 1]]T (7)

Assume A is full rank, while AAH has unit diagonal en-
tries and no zero entries. Hence, we can perform an element-
by-element division of Ršj with AAH

R̆j � Ršj ./(AAH) =
NT∑
i=1

HjiH
H
ji + σ2I (8)

where ./ is a symbol of element-by-element division. Define

Hj � [Hj1, · · · , HjNT
] ∈ C

M×NT (9)

Then Eqn.(8) can be rewritten as

R̆j = HjH
H
j + σ2I (10)

We assume Hj is full column rank, then the singular-value
decomposition (SVD) of R̆j can be used to estimate the chan-
nel matrix. Let the SVD of R̆j given in Eqn.(10) denoted as

R̆j = [UsU0]
([

Σs

0

]
+ σ2I

)
[VsV0]H (11)

Then Hj can be estimated by

Ĥj = UsΣ
1
2
s = HQj (12)

where Qj is the constant unitary ambiguity matrix.
By repeating the above procedures to each receive an-

tenna, all the channels can by estimated up to different uni-
tary matrices, which need to be “synchronized”. Hereby, we
introduce another method to estimate the remaining channels
so that this “synchronizing” can be avoided.

Consider the cross correlation matrix between kth and jth

receive antenna for k = 1, · · · , NR and k �= j

Rškj
=

NT∑
i=1

HkiAAHHH
ji =

NT∑
i=1

HkiH
H
ji � AAH (13)

Similar to Eqn.(8), we perform an element-by-element divi-
sion of Rškj

with AAH , hence

R̆kj � Rškj
./(AAH) = HkH

H
j (14)

Multiply R̆kj with the pseudo-inverse of Ĥ
H
j , where Ĥj is the

estimated channel shown in Eqn.(12). Thus we have

Ĥk = R̆kj(ĤH
j )†

= HkH
H
j (QH

j H
H
j )†

= HkQj (15)

where † denotes the pseudo inverse. By repeating the above
procedure to all the NR − 1 remaining receive antennas, the
channel matrices can be estimated up to the same unitary ma-
trix Qj . Therefore we can summarize our estimation algo-
rithm as follows

1. Select a receive antenna j and calculate the self corre-
lation matrix Ršj .

2. Perform element-by-element divide with AAH .

3. Apply SVD to Hj , and check whether rank(Hj)= NT .
If yes, continue; otherwise, choose another receive an-
tenna, and go to step 1.

4. Estimate Hj (up to an unitary matrix Qj) as Eqn.(12).

5. Calculate the cross correlation matrix Rškj for all k �=
j.

6. Estimate Hk (up to the same unitary matrix Qj) by
multiplying Rškj

with the pseudo inverse of Ĥj .
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4. DISCUSSION

4.1. Identifiability

The proposed algorithm can identify any channel up to a uni-
tary ambiguity matrix as long as AAH has unit diagonal en-
tries and no zero entries, and Hj is full column rank. Note
that we need only one out of NR channel matrices to be full
column rank. Once Hj is estimated, the other Hk (k �= j)
can be estimated regardless of the rank of Hk. Moreover, the
traditional blind channel estimation algorithms for MIMO-
or SIMO-OFDM usually require the channel transfer func-
tions do not share common zeros at the subcarrier frequen-
cies [2]. However, this assumption may not be satisfied nec-
essarily. On the other hand, according to the uniqueness of the
SVD, the identifiability of our proposed algorithm is guaran-
teed even when this assumption is not fulfilled.

4.2. Precoder Design

As discussed in Section 3, the precoding matrix A should
satisfy that AAH has unit diagonal elements and no zero el-
ements. Assume P is an arbitrary M ×M full rank and sym-
metric matrix with unit diagonal elements. Denote the SVD
of P as

P = UΣVH (16)

Since P is full rank, then UΣ
1
2 VH is also full rank. Thus,

the precoding matrix can be designed as

A = UΣ
1
2 VH (17)

Without loss of generality, we can enforce all of the non-
diagonal elements of P being p, (p �= 1). Under this situation,
the precoding matrix A is a circulant matrix. It should be
noted that the precoder proposed in this section is only one
of the possible precoders. The optimization of the precoder
design is yet to be studied.

4.3. SNR Analysis

In this subsection, we focus on the SNR degradation caused
by the precoder. We assume that the channel is perfectly es-
timated, while the signal is detected by the zero forcing crite-
rion. In the conventional MIMO-OFDM system without pre-
coding, the detected signal of the ith user is given by

d̂i(k) = di(k) + H†
iv(k) = di(k) + ei(k) (18)

where e(k) = H†
iv(k) is the detection error, H†

i stands for
the ((i− 1)NT + 1)th to (iNT )th rows of the pseudo inverse
of the channel matrix H, and H is the block matrix with the
(j, i)th block being Hji, which is defined by Eqn.(3). Thus,

the SNR of the ith user according to the mth subcarrier is
given by

SNRu(i,m) =
E{|di,m(k)|2}
E{|ei,m(k)|2} =

β(i,m)
γ(i,m)

(19)

where di,m(k) and ei,m(k) are the mth element of di(k) and
ei(k) respectively. On the other hand, the detected and de-
coded signal in the precoded MIMO-OFDM system is

d̂i(k) = di(k) + A−1ei(k) (20)

Hence, the SNR is modified as

SNRc(i,m) =
E{|di,m(k)|2}∑M−1

n=0

(|a′
m,n|2E{|ei,n(k)|2})

=
β(i,m)∑M−1

n=0

(|a′
m,n|2γ(i, n)

) (21)

where a′
m,n is the (m,n)th element of A−1.

Lemma 1

minm SNRu(i,m)
λm

� SNRc(i,m) � maxm SNRu(i,m)
λm

(22)

where λm is the mth diagonal element of (AHA)−1.

proof: One can verify that
∑M−1

n=0 |a′
m,n|2 = λm, which is

the mth diagonal element of (AHA)−1, thus we have

λmγmin(i,m) �
M−1∑
n=0

(|a′
m,n|2γ(i, n)

)
� λmγmax(i,m) (23)

Substitute Eqn.(23) to Eqn.(21), we have

β(i,m)
λmγmax(i,m)

� SNRc(i, m) � β(i,m)
λmγmin(i,m)

(24)

which is equivalent to Eqn.(22).
If the circulant precoding matrix mentioned in Section 4.2

is in use, we can verify that λm = [1/(1+(M −1)p)+(M −
1)/(1−p)]/M for m = 0, · · · ,M−1. Since λm is a function
of p, then the SNR and hence the BER performance can be
controlled by carefully selecting p.

5. SIMULATION RESULTS

In this section, we provide some simulation results to illus-
trate the performance of the proposed estimator. The sim-
ulated OFDM system is modeled containing 64 subcarriers,
i.e. M = 64. Each OFDM frame consists of 68 symbols
including the CP of length 4, i.e. Mg = 4. The system is
equipped with 2 transmit antennas and 2 receive antennas,
and the channel model used is a 3-tap FIR filter with tap co-
efficients independently chosen from a white Gaussian pro-
cess. As a comparison, we also simulate the training based
LS channel estimation algorithm proposed in [7].
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To evaluate the channel estimation error, we employed the
normalized-root-mean-square-error (NRMSE), which is de-
fined as

NRMSE =

√√√√ 1

NRNT NM

NR∑
j=1

NT∑
i=1

NM∑
t=1

‖ Ĥ(t)
ji −Hji ‖2

‖ Hji ‖2
(25)

where NM is the number of Monte Carlo runs for each chan-
nel realization. Ĥ

(t)
ji is the estimation of channel Hji from the

tth run. We simulate 30 channel realizations, each for 100
Monte Carlo runs.

Fig.2 illustrate the NRMSE as a function of SNR. We can
see that our proposed estimator can achieve a lower NRMSE
than the training-based LS algorithm at moderate or low SNR.
The figure also indicates that NRMSE performance of the
proposed method can be controlled by carefully selecting p.
(This property of the proposed algorithm is not discussed due
to the space limitation.)

Fig. 3 illustrates the BER as a function of SNR. As shown
in the figure, the proposed estimation algorithm can achieve a
BER performance close to the LS estimator if p is small. As
discussed in Section 4.3, when p is small enough, the SNR
degradation caused by the precoding is suppressed. Thus, the
proposed BER performance can improved. However, this will
cause the NRMSE performance degradation. Thus, we need
to balance them.

6. CONCLUSION

We presented a novel blind channel estimation method for
MIMO-OFDM system where the source data is linearly pre-
coded. With the assistance of a nonredundant linear precoder,
the channel can be estimated blindly by exploiting the cor-
relation matrix of the received signal. The proposed algo-
rithm can identify the channel even when the channel transfer
functions share zeros at subcarrier frequencies. Simulations
show that the proposed algorithm compares favorably to the
training based LS algorithm in both NRMSE and BER per-
formance. The performance of the proposed algorithm could
be further improved by optimizing the precoder, which is an
open question.
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