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ABSTRACT

In this paper, we consider practical two-way communica-
tion schemes with blind channel estimation in TDD (Time-
Division Duplex) MISO (Multi-Input Single-Output) and
MIMO (Multi-Input Multi-Output) systems. In MISO sys-
tem, we show that the blind channel estimation only needs
to be done at the transceiver equipped with multiple anten-
nas and this estimated channel can be efficiently utilized for
both uplink and downlink communication. In MIMO sys-
tem, we propose a two-stage communication scheme which
begins with uplink transmission using differential space-
time block codes and follows with two-way beamforming
with blind channel estimation. We demonstrate that the
novel schemes possess very good performance through sim-
ulations and compare it with training-based schemes.

1. INTRODUCTION

A key factor characterizing the performance of MIMO sys-
tems is the amount of channel state information (CSI) that
transmitters have. In traditional space-time coding, the trans-
mitter is assumed to have no CSI. On the other hand, if the
transmitter has full CSI it can use beamforming which out-
performs most space-time codes [1]. If the channel is time-
varying, the transmitter needs a scheme to obtain CSI, one
way being channel feedback, and a number of recent pa-
pers have investigated the effect of channel feedback [2][3].
However, in time-division duplex (TDD) the uplink and don-
wlink channels are in general symmetric if the channel does
not vary too rapidly. A channel estimate for the uplink chan-
nel can therefore be used by the basestation for beamform-
ing in the dowlink channel, and vice versa. The channel
estimates can either be obtained by transmitting training se-
quences in uplink and downlink, or by using blind channel
estimation. In this paper we will study TDD beamforming
with blind channel estimation. In a MISO system the uplink
channel estimation can be used directly for beamforming in
the donwlink. In a MIMO system, we propose a two stage

0-7803-8484-9/04/$20.00 ©2004 IEEE

IT-33

system: firstly the transmitters use differential space-time
coding. It then uses the received signal in the first stage to
estimate the channels, and uses this for beamforming in the
second stage.

We assume that the channels are discrete-time frequency
flat block-Rayleigh-fading with each block holding constant
for M7 symbol intervals. In this paper, we model the chan-
nel coefficient between each transmit and receiver pair as
i.i.d complex Gaussian random variables with zero mean
and variance 0.5 per real dimension. The transmit power at
transceiver / and transceiver 2 are P; and P, respectively.
Of, OT and ()* denote the operations of conjugate trans-
pose, transpose and conjugate respectively.

2. COMMUNICATION SCHEME IN A MISO
SYSTEM

Consider a single user TDD MISO system with /V antennas
at transceiver / and 1 antenna at transceiver 2. Let M, and
M be the number of symbol intervals used for uplink (2 —
1) and downlink (/ — 2) transmission respectively with
Mr = M, + M,. The received signals sampled in symbol
m at transceiver / and transceiver 2 are

r1(m) = hxa(m) + ni(m), 1)
ro(m) = k@1 (m) + ny(m), )

respectively, where h is a N x 1 channel vector, n1(m)
and ny(m) are zero mean circular complex Gaussian noise
with variance o2 and o2 respectively. Since only one an-
tenna is employed at transceiver 2, the uplink transmission
is zo(m) = so(m). Instead at transceiver /, beamforming
can be applied for the downlink transmission as follows:
h*
@y (m) = mSl(m), ©)

where s1(m) and s2(m) are differentially coded source data.
Due to the transmit power constraint ||so(m)||? = P, the
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auto-correlation matrix of received signals at transceiver /
is Ry = hh' P, + 0?1, which can be estimated by

where U, JAX?U I is the eigenvalue decomposition of R;.
Since only the normalize channel vector is needed for beam-
foming scheme, and it can be estimated as the first column
vector in U up to some phase ambiguity, the estimated nor-

malized channel vector can be denoted as ﬁej  where
I\Z\I is the estimated normalized channel vector with preci-

sion loss due to limited number of observations and 6 is the
phase ambiguity introduced by blind estimation. Therefore
the received signal at transceiver 2 can be written as

R
) = IIHHheﬁSl(man(m). )

2.1. Detection for Downlink Transmission

In order to do the coherent detection, we still need to es-

f .
timate the unknown complex scalar ¥ 2 %Hhefe. For
BPSK modulation, an unbiased blind estimator of ¥ (up to

a sign ambiguity) is

. 1 M
v o= MdplzT%(m)’ )

m=1

where P; can be omitted since it doesn’t affect the detec-
tion for BPSK modulation. To correct the sign ambiguity,
the differential BPSK coding is needed at the transmitter.
Therefore the coherent detector is

S$1(m) = sgn{?}% (\i/*rg(m))} 6)

2.2. Detection for Uplink Transmission

We can do the maximum ratio combining for the received
signal from uplink transmission since the blindly estimated
normalized channel vector is already known at transceiver /

~t ~t
Fi(m) = ——elr(m) = ——helsy(m) + 7y (m), (7)
[[R] [R]
where we define
-t
h' .
i (m) 2 meﬂ’nl(m). (8)

Obviously, 711 (m) is still zero-mean circular complex gaus-
sian noise. Noticing the similarity of equations (4) and (7),
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we can apply the same detection scheme on uplink transmis-
sion as in the downlink transmission, and the performance
at both sides are same if at same received SNR.

3. COMMUNICATION SCHEME IN A MIMO
SYSTEM

In a TDD MIMO system which applies /N antennas and M
antennas at transceiver / and transceiver 2 respectively, the
received signals at transceiver / and transceiver 2 respec-
tively are

ri(m) = H z3(m) + ni(m), 9)
ro(m) = Hxy(m) + na(m), (10)

where H is an M x N channel matrix. Initially, none of the
transceivers know the channel. We therefore propose the
following two-stage communication scheme: firstly one of
the transceivers transmit the differential space-time block
codes. The other transceiver uses the received signal to
blindly estimate the channel, and then, in the second stage,
uses this for beamforming. After that, the two-way beam-
forming with blind channel estimation can be implemented.
The details are as follows:

3.1. First Stage

Assume the communication begins with uplink transmis-
sion, where transceiver 2 transmits differential space-time
block codes as proposed in [4], that is, &2 (m + k) is the k-
th column of a differential space-time block codeword C,,.
For example, as the number of transmitter antennas N = 2,
the codeword send in block [ can be denoted as

c(2m+1)

c(2m +2) an

c, — [ —c(2m +2)" } ’

c(2m+1)"
with

|G o[

where 6(m) and ¢(m) are mapped from source data sending
in block m under a certain mapping pattern. The conjugated
auto-correlation matrix of received signals at transceiver /
is

o= E{rim)ri(m)t}’
& {HT(Cmcjn)*H} + o2
= H'HP,+ oI (12)



Denote the Singular Value Decomposition (SVD) of chan-
nel matrix H as H = UAVT, where A is a diagonal ma-
trix as diag {\1, A2, -+, AN, }, therefore the decomposi-
tion of R, is R}; = V(P,A” + 02I)V''. The detection
scheme of the first stage is non-coherent detection as in [4].

3.2. Second Stage

Beamforming can be applied for both uplink and down-
link transmissions after the first stage. The transmit sig-
nal at transceiver 7 is x1(m) = vy1s1(m), where v; is the
top singular eigenvector of V. The received signal at the
transceiver 2 is

Hwvis1(m) + na(m)

= uiAs1(m) + na(m),

r2(m)
(13)

where wu; is the top singular eigenvector of U. The auto-
correlation matrix of received signals at the transceiver 2 is

Ry, = wul\lP + 02l (14)

Therefore u can be blindly estimated from the auto-correlation

matrix also, and the transmit signal at transceiver 2 is &2 (m) =
usa(m). The received signal at the transceiver I is

ri(m) = HTulsy(m)+mni(m)
= ’l)T)qSQ(m) +n1(m) (15)
Consequently, the conjugated auto-correlation matrix of re-
ceived signals at transceiver / can be expressed as
o= v P+ ot (16)
Denote RI Iz Rgs, R;, ¥1,71 as the blind estimates of
T 7> Ras, R7,, v1,u; respectively, due to the phase ambi-
guity introduced by SVD, the received signal at transceiver
1 and transceiver 2 can be transformed as

Fo(m) = 4l Ho167% s1(m) + a(m)  (17)

Fi(m) = 0T H @} e’% s9(m) 4+ g (m), (18)

where 6; and 0, denote the phase ambiguities of the down-
link and uplink respectively. Similarly, by using differential
BPSK coding on s1(m) and s2(m), we can apply the same
coherent detection scheme as in MISO system.

4. COMPARISON WITH TRAINING-BASED
SCHEME

Training-based channel estimation are widely applied in the
practical communication system. To benchmark the perfor-
mance of the proposed blind scheme, we compare it with

a Maximum Likelihood (ML) training-based scheme. Sup-
pose that L symbols are used for the training and the com-
munication begins from uplink transmission, we can stack
the signals in (9) as

()17, (19)
z(L) |7, @0)

Y1 = [ 7‘1(1) 7"1(2)
X2 = [ :132(1) .’BQ(Q)

where X5 is the training sequence and Y'; is the received
signals in the training period. Then the ML estimation of
the channel matrix H is
N -1
A= (XQXZ) X1y, Q1)

The left top singular eigenvector can be obtained at transceiver
1 by decomposing H and then be used for the downlink
beamforming. To coherently detect the signal for the down-
link transmission, we need to estimate the right top singular
eigenvector of H at transceiver 2. It can be estimated by
ML-training or by blind estimation as in the second stage
of our proposed scheme. The scheme which uses the ML-
training in both uplink and downlink will be called “full
training”. The scheme which uses ML-training only in the
uplink can be regarded as an expansion of our blind scheme
with a training initiation, and will be called “half training”.

In the MIMO case, the training based schemes and our
blind scheme may seem similar, as all schemes are com-
posed of two stages. But is should be emphasized that in our
blind scheme useful information is communicated between
the two transceivers during the first stage, as opposed to a
pure training stage. To make a fair comparison, both BER
and rate should be considered. Since part of the time is used
for the pure training, higher constellation (or lower coding
rate) is need for the transmission of information bits in or-
der to keep the same overall rate. Although blind channel
estimation is weaker than training based channel estimation
when an equal number of symbols are used, it is difficult
to tell which is better if blind channel estimation uses more
symbols than the training based channel estimation. There-
fore we compare the proposed scheme with “full training”
and “half training” schemes through simulations.

5. SIMULATIONS EXAMPLES

In our simulations, differentially BPSK modulation is ap-
plied for the proposed blind schemes. In the MIMO case,
we transmit the differential Alamouti’s code [4] for the up-
link transmission in the first stage. The BER performance
of the proposed blind schemes for TDD MISO and TDD
MIMO system are shown in Fig. 1 and Fig. 2 respectively.
We can see that, when 100 symbols are used to do blind es-
timation, the proposed blind scheme only has less than 2dB
loss compared to ideal beamforming with complete CSI at
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the transmitter. We can also see that the proposed blind
scheme is clearly superior to non-coherent space-time codes
[4], even when only 10 symbols are used for blind channel
estimation.

For the ML-training based schemes, we use space-time
block codes with orthogonal design [5] in the first stage. In
order to make a simple, fair comparison, we assume that
half of the symbols are used as training for the ML-training
based schemes, and that subsequently QPSK modulation (as
opposed to BPSK for the proposed blind scheme) is ap-
plied for the transmission of information bits in order to
keep the same overall rate as the proposed blind scheme.
We compare the proposed blind scheme with ML-training
based schemes in 2 x 2 MIMO system. The result is shown
in Fig. 3. It is readily seen that our blind scheme over-
whelmingly outperforms the “full training” scheme in both
stages. The performance of the “half training” scheme is
only slightly worse than our propose blind scheme in the
second stage since both of them use the same blind estima-
tion in the second stage. However, the non-coherent scheme
still has about 2dB gain than the “half training” scheme in
the first stage even for the long block (Mwu = 100).

N x 1 MISO System, Transmit Power at Tx2 is 10dB
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Fig. 1. BER of MISO system equipped N transceivers at
Tx1. The variance of the noise is 07 = 03 = 1.
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Fig. 2. BER of MIMO system equipped N transceivers at
Tx1. The variance of the noise is 07 = 03 = 1.
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