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Differential unitary space-time modulation (DUSTM) 
has emerged as a promising technique to obtain spatial 
diversity without intractable channel estimation. This 
paper presents a study of the application of DUSTM on 
multiple-input multiple-output orthogonal frequency 
division multiplexing (MIMO-OFDM) systems with 
frequency-selective fading channels. From the view of a 
correlation analysis between subcarriers of OFDM, we 
obtain the maximum achievable diversity of DUSTM on 
MIMO-OFDM systems. Moreover, an efficient 
implementation strategy based on subcarrier 
reconstruction is proposed, which transmits all the signals 
of one signal matrix in one OFDM transmission and 
performs differential processing between two adjacent 
OFDM blocks. The proposed method is capable of 
obtaining both spatial and multipath diversity while 
reducing the effect of time variation of channels to a 
minimum. The performance improvement is confirmed 
by simulation results. 
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I. Introduction 

Recently, multiple-input multiple-output (MIMO) systems 
deployed with multiple antennas at a transmitter and/or 
receiver have received considerable attention as an effective 
approach to combat channel fading. Under the ideal 
assumptions that the propagation channels are Rayleigh flat 
fading channels and that the channel state information (CSI) is 
well known at the receiver, the space-time trellis codes and 
space-time block codes are proposed, respectively, in [1], [2]. 
However, the assumption that the CSI is well known at a 
receiver is questionable in rapidly fading channels, or when 
many transmitter antennas are employed. It is of interest and 
applicability to develop a new modulation technique that does 
not need the CSI at the receiver nor at the transmitter. For the 
case of Rayleigh flat block fading channels, namely when the 
fading coefficients are constant within a block and change 
independently from block to block, a novel modulation 
technique named unitary space-time modulation has been 
presented by Hochwald et al. in [3], [4]. With respect to the 
time-varying slow fading channels, a differential unitary space-
time modulation (DUSTM) approach similar to conventional 
differential phase shift keying has been reported in [5], [6]. 

Actually, frequency-selective fading channels are often 
encountered in broadband wireless communications. It is well 
known that orthogonal frequency division multiplexing 
(OFDM) is one of the most effective techniques to overcome 
the frequency-selectivity problem. The combined system of 
space-time coding and OFDM is suggested in [7]-[9], usually 
named MIMO-OFDM systems. Meanwhile, it is proved in [8], 
[9] that, in addition to spatial diversity, multipath diversity 
(frequency diversity) can also be provided in MIMO-OFDM 
systems. To benefit from the multipath diversity, a great deal of 
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research has been done in the past (refer to [10] and references 
therein). 

To the best of our knowledge, the issues of combining 
DUSTM with OFDM when applied to frequency-selective 
fading channels have not sufficiently been discussed. In [11]-
[13], the space-time-frequency coding proposed in [10] was 
adopted to perform DUSTM for OFDM-based MIMO 
communication systems. However, these approaches in [11]-
[13] require that the fading channels keep approximately 
constant up to 2M OFDM blocks, where M is the number of 
transmit antennas. Thus, they are not well suitable for fast 
fading channels. 

In this paper, in order to obtain both spatial and multipath 
diversity and reduce the effect of time variation of channels, a new 
approach to perform DUSTM on MIMO-OFDM systems is 
proposed. A DUSTM signal matrix is transmitted within one 
OFDM transmission, and the differential processing is carried out 
between two adjacent OFDM blocks. As a result, the proposed 
approach reduces the effect of time variation of channels to a 
minimum, is capable of obtaining spatial-multipath diversity and 
has considerably lower decoding complexity.  

This paper is organized as follows. We first describe the 
system model and review the DUSTM in section II. In section 
III, the correlation property between subcarriers of OFDM is 
analyzed and we demonstrate that spatial-multipath diversity 
can be obtained by subcarrier reconstruction. An efficient 
scheme to perform DUSTM over MIMO-OFDM systems is 
presented in section IV. Simulations are carried out in section V, 
and finally conclusions are given in section VI. 

Notations: The following notations are used throughout the 
paper. Scalars are denoted in lower case letters, vectors are 
column vectors and are denoted in lower case bold, while 
matrices are in upper case bold. Symbol CN(0,1) denotes the 
zero-mean, unit variance, and circularly symmetric complex 
Gaussian distribution. Symbols (·)T, (·)*, and (·)H stand for 
transpose, conjugate, and conjugate transpose, respectively, and 
IT denotes the identity matrix. 

II. Differential Unitary Space-Time Modulation 

Let us consider a communication system with M transmit  
antennas and N receive antennas. We assume that the 
propagation channels are Rayleigh flat fading channels, and 
that the fading coefficients, hi,j, i=1,…,M and j=1,…,N, are 
statistically independent of each other and remain 
approximately constant within T symbol periods. Each hi,j is 
modeled as a complex random variable obeying the distribution 
of CN(0,1). Let i

ts denote the transmit signal by transmit 
antenna i, i=1,…,M, at symbol period t, t=1,…,T, and limit 
the average signal power such that 
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where j
tw is additive complex white Gaussian noise with the 

distribution of CN(0,1), and ρ is the average signal-to-noise 
ratio (SNR) per receive antenna. We can rewrite (2) in the 
matrix form shown in [5], 

  WSHY += ρ .                (3) 

In the case where the fading channel changes slowly and 
continuously, the DUSTM method, similar to the differential 
phase shift keying notion, is proposed by Hochwald et al. in [5]. 
Let T equal M. The modulation signal constellation V with 
cardinality L is then constructed as V={Vl, l=0,1,…, L–1}, 
where Vl is a unitary matrix, TIVV =H

ll . If the transmission 
rate is R bits/channel, then L=2RM. Suppose we send a data 
sequence of integers z1, z2,… with }1,...,0{ −∈ Lzt ; the 
corresponding modulation signal matrix of zt at time block t is 
then Vzt. By differential processing, the actual transmitted 
signal for the information data zt is 

  1−= tzt t
SVS ,                 (4) 

and S0 is IT. At the receiver, the M×N received signal matrix Yt 
at the t-th block is given as 
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where tW~  is an M×N noise matrix with independent entries 
obeying the distribution of CN(0,1). Following the differential 
theory, the differential demodulation of 

tzV can be performed 
by the maximum-likelihood estimation, 

  ,minargz 2
110 −−=

−= tltLlt YVYˆ
,...,

          (6) 

where 2
⋅ denotes the Frobenius norm. At a high SNR, the 

performance of the DUSTM is evaluated in [5], which is 
exhibited by the two quantities: diversity advantage dΛ  and 
diversity productς , 
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The goal of designing the unitary matrix Vl  (l=0,1,…,L–1) is 
to achieve the maximum diversity advantage as well as to 
maximize the diversity product. In order to reduce decoding 
complexity and to simplify the unitary matrix design, in [5], the 
constellation V is constrained to an Abelian group. Thus, the 
unitary matrix lV  has the following diagonal structure; 
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where ui are the optimized parameters which maximize the 
diversity product. Some constellations have been studied in [5]. 
We will directly borrow them in this paper. 

It is obvious that the full rank of the unitary matrix Vl, i.e., 
full diversity M×N, is always ensured due to its diagonal 
structure. From the other view, the diversity advantage is 
dominated by the number of independent propagation channels 
established between the transmit antennas and receive antennas 
as long as the corresponding constellation is designed as (8). 
Based on the above analysis, an efficient way of obtaining 
multipath diversity is to construct as many independent 
subcarriers (subchannels) as possible in MIMO-OFDM 
systems. We will detail this in the next section. 

Due to the diagonal structure, the diversity product in (7) is 
rewritten as in [5], 
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Remember that as the cardinality of the constellation is 
increasing, i.e., L becomes larger, the diversity product is 
reduced. This will be shown in the simulation results. 

III. Frequency-Selective Fading Channel and 
Correlation Property Analysis 

In the time domain, a frequency-selective fading channel can 
be described by the tapped-delay-line model. The impulse 
response between transmit i and receive antenna j can be 
expressed as in [14], 
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where P is the number of non-zero channel taps, qi , j(t,l) is the 
complex coefficient of the l-th tap, and Ts is the sampling 
interval of the OFDM systems. Variables qi , j(t,l) are usually 
modeled as independent Gaussian random variables with zero-
mean and uniform average power E[|qi , j(t,l)|2]=1/P. We 
assume that the fading channels vary so slowly that the fading 
coefficients are approximately constant during an OFDM 
block. The time index of (10) can then be dropped for brevity. 
With the proper cyclic prefix, perfect sampling time, and 
tolerable leakage, the frequency response, i.e., fading 
coefficient, for the k-th subcarrier between the transmit 
antenna i and the receive antenna j is expressed as 
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where K is the number of subcarriers of an OFDM block and 
k = 0 , 1,…,K–1. Let us investigate the statistical characteristic 
of Hi , j(k) by evaluating its mean, variance, and auto-
correlation function. Using the known assumptions: E[hi,j(l)]=0, 
E[|hi ,j(l)|2]=1/P, and ,0)]'()([)',( *

,,' ==≠ lhlhEllR jijillhh  
i=1,…,M, j=1,…,N, l, l'= 0,…,P–1, the results are 
summarized as follows: 
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Observing (12), we find that: 

a) Each fading coefficient Hi , j(k) corresponding to the k-th 
subcarrier is a complex Gaussian random variable with 
zero-mean and the variance of one (1/2 per dimension). 
However, the subcarriers are correlated to each other and 
the auto-correlation function RHH(·) only depends on the 
difference n of the subcarrier index.  

b) For a clear observation of the correlation characteristic 
versus the number of propagation paths, as an example, 
the correlation of the first subcarrier with all the other 
subcarriers is plotted in Fig.1, where K=64 and P=2 to 7. 
It is seen that the correlation function RHH(n) has P–1 
zero-points corresponding to the subcarrier k+n where n 
satisfies that KPn / is a non-zero integer. This implies 
that, for an arbitrary subcarrier k, there are only P–1 
subcarriers (among all the K subcarriers) that are independent 
with the subcarrier k and with each other as well. These P 
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Fig. 1. Subcarrier correlation. 
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subcarriers (P–1 subcarriers and subcarrier k) are  
distributed uniformly with interval K/P. Therefore, we 
can divide all the K subcarriers Hi,j(k) into K/P subcarrier 
groups, and each group consists of P independent 
subcarriers. For the g-th group, g=0,1,…,(K/P)–1, the 
subcarriers can be chosen as Gi , j(g)=[Hi , j(g), 
Hi ,j(g+K/P),…, Hi ,j(g+(P–1)K/P)]. 

c) Since the antennas at the transmitter and at the receiver 
are independent of each other due to enough separation, 
groups Gi,j and Gi’,j are independent of each other 
when 'ii ≠ . We can construct a new subcarrier set 
(different to subcarrier group) that contains M groups, 
each group being an arbitrarily chosen group from 
each transmit antenna. The g-th subcarrier set is 
denoted as Gj(g)=[G1,j(g1),…,Gi,j(gi),…,GM,j(gM)], 

}.1)/(,...,0{ −∈ PKg Thus, the subcarrier set Gj(g) 
contains a total of P×M independent subcarriers, and the 
system is divided into identical K/P subcarrier sets. 

d) The subcarrier and antenna are identical in signal 
transmission. If we apply DUSTM on each subcarrier set, 
which contain P×M independent subcarriers, based on 
the analysis in section II, the achievable diversity 
advantage that can be reached is P×M×N. Therefore, 
full spatial-multipath diversity is achieved. 

Similar results have been obtained in [10]-[12] using a 
complicated performance analyzing method.  

IV. Implementation Strategy of Differential Unitary 
Space-Time Modulation on MIMO-OFDM 
Systems 

Based on the subcarrier reconstruction method discussed in 

section III, we can directly apply the conventional DUSTM [5] 
on the P×M independent subcarriers. The transmitted signal 
matrix St is changed to a (P×M)×(P×M) diagonal matrix. 
This may lead to two problems. One is that the signal 
constellation is expanded from 2M×R  to 2P×M  ×R when the same 
transmission rate is to be preserved, and the decoding 
complexity is then increased. The other problem is that the 
system performance is sensitive to time variation of the 
channels. The reason is that the differential processing is 
performed between two M OFDM blocks. Hence, we wish the 
fading channels to be maintained approximately constant 
during 2M OFDM block intervals. 

Our purpose is to transmit a signal matrix, composed of 
(P×M)×(P×M) elements, within one OFDM transmission 
and perform differential processing between two adjacent 
OFDM blocks so that the effect of the time variation fading 
channel on performance is reduced to a minimum.  

In order to fulfill the above task, we first study the property 
of signal matrix St. Although matrix St has (P×M)×(P×M) 
elements, there are only P×M non-zero signals placed on the 
diagonal. The required number of subcarriers to transmit St are 
simply P×M. Due to the diagonal structure of the signal 
matrix, the DUSTM system is actually a time division 
multiplexing system. At each time instant, only one antenna is 
working to transmit one element of the signal matrix. In 
MIMO-OFDM systems, all the subcarriers are parallel 
transmitted; therefore it requires that the P×M signal 
elements of St must be received at individual subcarriers at 
the receiver. In summary, the following two requirements 
must be ensured: 

a) Provide P×M independent subcarriers from the M 
transmit antennas to transmit the P×M signal elements of 
a signal matrix St. 

b) Each of the P×M independent subcarriers at the 
transmitter corresponds to a different subcarrier at the 
receiver. 

For simplicity, we give an example to demonstrate our 
strategy. We consider the system with two transmit antennas, 
M=2, one receive antenna, N=1, and two multipaths between 
each pair of transmit and receive antennas, P=2, as illustrated 
in Fig. 2. Suppose that at the -tht OFDM transmission, the 
signal matrix g

tS corresponds to one input integer g
tz , and we 

transmit g
tS  by using the -thg subcarrier set. In this case, 

g
tS  is a 4×4(PM×PM) diagonal matrix; indeed it can be 

viewed as a virtual four-transmit antenna system. If we use the 
first subcarrier set to send 1

tS  depicted in Fig.2, the approach 
to construct the first subcarrier set is given as follows. 
Following the subcarrier grouping method discussed in section 
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III, the subcarriers k=0 (H1,1(0)) and k =K/2(H1,1(K/2)) in 
the first antenna are independent of each other. Hence, they 
construct the first subcarrier group on the antenna one, and 
can be used to transmit signals 1

ts  and 2
ts  of 1

tS , 
respectively. Although the subcarriers k=0 (H2,1(0)) and k=K/2 
(H2,1(K/2)) in the second antenna are also independent of 
each other, they are unable to be used to transmit signals 
because they have the same subcarrier index at the receiver 
with the first transmit antenna. Since the next subcarriers, 
k=1(H2,1(1)) and k=(K/2)+1 (H2,1((K/2)+1)), are also 
independent of each other in the second antenna, the two 
subcarriers H2,1(1) and H2,1((K/2)+1) construct one subcarrier 
group on the second antenna and can be used to transmit the 
signals 3

ts  and 4
ts . At the receiver, the transmitted signals 

are received separately by the four individual subchannels 
k=0, 1, K/2, and (K/2)+1. Consequently, the four subcarriers 
H1,1(0), H1,1(K/2), H2,1(1), and H2,1((K/2)+1) distributed in two 
transmit antennas construct the first subcarrier set and take on 
one signal matrix ( 1

tS ) transmission over these four 
independent subcarriers. Note that the subcarrier having a 
certain index in a transmit antenna and being used in other 
antennas with the same index will be inserted by “0”. As a 
result, the number of subcarriers occupied to transmit a signal 
matrix is actually M×P×M. 

Generally, the total M×K subchannels of M transmit antennas 
can be divided into G = M × K / ( M × M × P ) = K / ( M × P )  
subcarrier set. Each set consists of M×P×M subchannels, but 
 

 

Fig. 2. Subcarrier reconstruction and signal allocation. 
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we only use P×M uncorrelated subchannels from the 
M×P×M to transmit the P×M signals of .g

tS The 
remaining(M–1)×P×M subchannels are all inserted by “0” 
signals. The g-th (g=0,1,…,G-1) subcarrier set is constructed 
as 
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Now we evaluate the transmission rate after processing by 
the method proposed in section IV. Assume that the original 
transmission rate is R bits/subcarrier, i.e., K×R bits/OFDM-
transmission. In our implementation strategy, each signal 
matrix St makes use of M×P subcarriers from the total K 
subcarriers (Hi,j(k)) on one transmit antenna. In order to 
preserve the same transmission rate, each signal matrix St must 
contain M×P×R bits of information data. Therefore, as long as 
the signal constellation of Vl is designed according to (8) and 
has the cardinality, L=2MPR, the transmission rate can be 
preserved completely. As pointed out, we have designed the 
signal constellation using the cardinality, L=2MPR; hence, the 
transmission rate remains unchanged. 

V. Simulation Results 

In these simulations, we assume the length of a OFDM 
block to be 48 subcarriers, i.e., K=48, and that all the 
propagation channels between the pairs of transmit and receive 
antennas have the same number of propagation paths and each 
path has uniform average power 1/P. One frame is composed 
of 100 OFDM blocks. The figure of merit is the bit error rate 
(BER). As a reference, the corresponding direct DUSTM 
method that applies DUSTM directly on consecutive correlated 
subcarriers is plotted in Figs.3 thr ough 5. 

In the case of two transmit antennas, one receive antenna, 
and the transmission rate R=1 bit/subcarrier, the simulation 
results for two and three propagation paths are shown in Fig. 3. 
We see that the diversity obtained by using our proposed 
method is considerably improved, as indicated by the slope of 
the performance curves. In particular, at a BER of 10-3, the 
SNR required is improved by about 3 dB for two multipaths 
and around 4 dB for three multipaths in comparison with direct 
DUSTM. The simulation results are in good agreement with 
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Fig. 3. Performance comparison between direct DUSTM and
subcarrier reconstruction for multipath=2 and 3, with two
transmit antennas, one receive antenna, and R=1
bit/subcarrier. 
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Fig. 4. Performance comparison between direct DUSTM and
subcarrier reconstruction for multipath=2 and 3, with two
transmit antennas, two receive antennas, and R=1
bit/subcarrier. 
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our analysis. 

A simulation for two transmit antennas, M=2, and two 
receive antennas, N=2, is performed and depicted in Fig. 4. As 
predicted, owing to the subcarrier reconstruction, the diversity 
is improved significantly. Nevertheless, the diversity saturation 
phenomena are revealed. As pointed out in [1], when the order 
of diversity is more than 4, the diversity will gradually reach 
saturation. Compared with the case of P=2, which has 
diversity 8 (2×2×2), little diversity is otherwise improved for 
the case of P=3, which in theory has diversity 12 (3×2×2). As 
mentioned in section II, the diversity product will be reduced 
when the constellation is expanded at P=3. Hence the  

 

Fig. 5. Performance comparison between direct DUSTM and 
subcarrier reconstruction for multipath=2, with three 
transmit antennas, one receive antenna, R=1 bit/subcarrier.
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Fig. 6. Performance comparison between 2 physical-paths and 3, 
6, and 8 physical-paths. 
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performance of the case when P=3 is slightly worse than when 
P=2. Consider the tradeoff between decoding complexity and 
multipath diversity: reconstructing subcarriers as in P=2 is 
practicable and recommendable. 

In the case of three transmit antennas, the simulation is also 
carried out. The results illustrated in Fig. 5 confirm our scheme 
again. 

In fact, the number of multipaths is usually not known at the 
transmitter. In a broadband communications environment, the 
propagation paths may be very rich. The benefit from all the 
multipath diversity cannot be fully exploited due to the 
diversity saturation [1] and large decoding complexity. In the 
case where the number of paths is large, we also reconstructed 
the subcarriers with a few multipaths. We group the subcarriers 
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as P=2 for the cases where the actual number of physical paths 
is three, six, and eight. The simulation results are shown in Fig. 
6. They have a similar performance despite their different 
physical paths. This can be well explained by the fact that 
when the multipath is larger in number, the correlation 
coefficient with the other subcarriers is evidently decreased as 
shown in Fig. 1. Although the correlation of subcarriers within 
a subcarrier group is not zero, the correlation is so small that 
the correlation can be ignored. 

So far, we have focused our attention on obtaining maximum 
diversity and coding gain. Thus the fading channel in the above 
simulations is assumed as a block fading channel in which the 
fading coefficients are constant within a frame, likewise in 
[11]-[13]. Next, we evaluate the effect of a time-varying 
channel on performance. We assume that there are two 
propagation paths between each pair of transmit and receive 
antennas with uniform average power, 1/2. The time-varying 
process of each propagation path is described by the 
normalized Doppler frequency fd*Ts, and the multiple fading 
channels are generated exactly as the Jakes model [14], [15], 
where fd and Ts denote the Doppler frequency and sampling 
interval, respectively. For a system having two transmit 
antennas, one receive antenna, and a transmission rate of 
1 bit/subcarrier, under the normalized Doppler frequency 
fd*Ts= 0.05, simulations of our proposed scheme and the 
differential space-time-frequency coding [11], [12] are 
performed. Figure 7 depicts the simulation results. As 
predicted, since the differential processing is performed 
between two adjacent OFDM blocks in our proposed scheme,  
 

 

Fig. 7. Performance comparison with proposed scheme and
differential space-time-frequency coding [11], [12],
while two transmit antennas, one receive antenna, rate
R=1 bit/subcarrier, two independent multipaths between
a pair of transmit antenna and receive antenna with
normalized Doppler frequency fd*Ts = 0.05. 
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the performance is improved compared to [11], [12] by up to 
1 dB at BER10-5. 

In section III, we have ideally assumed that each propagation 
path is a complex Gaussian random variable with zero-mean 
and the uniform average power E[|hi , j(l)|2]=1/P, named the 
‘uniform power channel model.’ However, this assumption is 
far from the real practical scenarios. From the experiment 
measurement, the channel model whose power delay profile is 
an exponential function better describes the real scenarios and 
has been adopted in several wireless communication standards, 
e.g., Hiperlan/2, IEEE 802.11a. This channel is named as the 
real channel and is described as 
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where TS and ε are the sampling interval and the average rms 
delay spread, and 0σ  and lσ  denote the average power of 
the first path and the l-th path. By substituting (14) and (15) 
into (12), the correlation between subcarriers k and k+n is 
analyzed as 
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The corresponding numerical results of (12) and (16) in the 
case of P=8, K=48, Ts =50 ns, and ns50=ε (corresponding 
to a typical official environment) are plotted in Fig. 8. It is 
observed that the correlation between subcarriers in the real 
channel model is distinctly higher than in the uniform average 
power channel model. This implies that the subcarriers within a 
subcarrier group constructed by the method in section III are 
not perfectly independent of each other but yet have a certain 
correlation. Consequently, we conclude that the performance of 
DUSTM based on subcarrier grouping will degrade in the real 
channel model. 

Instead of the uniform power channel model, the simulation 
presented in Fig. 3 is performed again over the real channel 
model with P = 8, Ts = 50 ns, and ns50=ε . Figures 9 and 
10 show the simulation results. We see that performance 
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apparently worsens over the real channel model, validating 
the above analysis. In Fig. 9, however, since the subcarriers 
are grouped as P = 2—for example, the first and 25th 
subcarriers make the first subcarrier group and the 
correlation of subcarriers in the same subcarrier group is 
lower than 0.5, as shown in Fig. 8—the effect due to the real 
channel model on performance is weaker. In Fig. 10, since 
the subcarriers are grouped as P = 3, the first group, as an 
example, consists of the three subcarriers of the first, 17th, and 
33rd subcarriers. As observed in Fig. 8, the correlation between 
them is more than 0.5. As shown in Fig. 10, the performance 
degrades significantly in the real channel model, near 1 dB at 
BER 10-4. 

Considering the case where two receive antennas are 
deployed at the receiver, the above simulations for evaluating  
 

 

Fig. 8. Comparison of subcarrier correlation in two different channel
models. 
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Fig. 9. Effect of the real channel model on performance,
grouping subcarriers as two multipaths, while 2
transmit antennas, 1 receive antenna, R=1. 
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the effect of the real channel model have been carried out 
again.The simulation results are shown in Fig. 11 (grouping 
subcarriers as P = 2) and in Fig. 12 (grouping subcarriers as 
P = 3). We see that the performance is similarly degraded under 
the real channel model. Owing to the same reason discussed in 
the previous paragraph, the performance degrades slightly, as 
shown in Fig. 11, when we group the subcarriers as we did 
with two multipaths, but the influence coming from the real 
channel model is obvious when we group the subcarriers as we 
did with three multipaths, which can be seen in Fig. 12. 
Compared with the case of one receive antenna, the 
degradation of diversity (corresponding to the slope of the BER 
curve) in the real channel model is distinct when we use two 
receive antennas. 
 

 

Fig. 10. Effect of the real channel model on performance, 
grouping subcarriers as three multipaths, while 2 
transmit antennas, 1 receive antenna, R=1. 
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Fig. 11. Effect of the real channel model on performance, grouping 
subcarriers as two multipaths, while 2 transmit antennas, 2 
receive antennas, R=1. 
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Fig. 12. Effect of the real channel model on performance, grouping
subcarriers as three multipaths, while 2 transmit antennas,
2 receive antennas, R=1. 
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VI. Concluding Remarks and Discussion 

For the time-varying frequency-selective fading channel, we 
have developed an approach to apply DUSTM to MIMO-
OFDM systems to obtain both antenna diversity and multipath 
diversity. Through subcarrier reconstruction, all the signals of 
one differential modulation signal matrix are transmitted within 
one OFDM transmission, and differential processing is 
performed between the two adjacent OFDM blocks. Spatial 
and multipath diversities are both achieved while the effect of 
time variation of the channels is reduced to a minimum. 

We compared our proposed scheme with [11]-[13], since the 
unitary space-time code designed in [4], [5], which has a 
diagonal structure, is adopted in [11], [12] and in the present 
paper; the signal constellation is expanded from 2M×R to 2P×M×R 
for obtaining the multipath diversity, where P, M, and R are the 
numbers of propagation paths and transmit antennas and the 
transmission rate per subcarrier, respectively. Evidently, this 
scheme can be used for any number of transmit antenna 
systems, but the decoding complexity grows exponentially 
with the number of transmit antennas, date rate per subcarrier, 
and the number of multipaths. In [16], Clarkson et al. presents 
an algorithm based on lattice reduction for the fast decoding of 
diagonal differential modulation across multiple antennas, and 
the decoding complexity is reduced as a polynomial of the 
numbers of transmit antennas and multipaths. In [13], the 
differential MIMO-OFDM problem is circumvented by a 
concatenation of the differential space-time block coding and 
spectral coding. The constellation expanding is only for 
spectral coding. The cardinality of the expanded constellation is 
then 2P×R. The decoding complexity of [13] is significantly 
reduced compared with [11], [12] and this paper. 
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