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(57) ABSTRACT 

The multi-configuration adaptive layered steered space-time 
coded (LSSTC) wireless transmission system utilizes Lay
ered Steered Space-Time Codes (LSSTC), a recently pro
posed multiple-input multiple-output (MIMO) system that 
combines the benefits of the vertical Bell Labs space-time 
(V-BLAST) scheme, space-time block codes (STBC) and 
beamforming. A multi-configuration transmission scheme 
based on LSSTC and V-BLAST systems uses threshold
based decision making to change the modulation type and the 
MIMO transmission scheme in order to optimize error per
formance. 

3 Claims, 3 Drawing Sheets 
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MULTI-CONFIGURATION ADAPTIVE 
LAYERED STEERED SPACE-TIME CODED 

SYSTEM AND METHOD 

2 
Codes (LSSTC), a recently proposed multiple-input mul
tiple-output (MIMO) system that combines the benefits of 
vertical Bell Labs space-time (V-BLAST) scheme, space
time block codes (STBC) and beamforming for wireless 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates data transmission methods in 

a multiple-input, multiple-output (MIMO) wireless transmis
sion system, and particularly to a multi-configuration adap
tive layered steered space-time coded (LSSTC) wireless 
transmission system and method that use threshold-based 
decision making to change the modulation type and the 
MIMO transmission scheme in order to optimize error per
formance. 

5 transmission. The multi-configuration transmission scheme 
based on LSSTC and V-BLAST systems uses threshold
based decision making to change the modulation type and the 
MIMO transmission scheme in order to optimize the error 
performance. Numerical results are presented showing that 

10 the combination of beam forming, STBC, and V-BLAST has 
better performance than V-BLAST at high signal-to-noise 
ratio (SNR) range. 

These and other features of the present invention will 
become readily apparent upon further review of the following 

15 specification and drawings. 
2. Description of the Related Art 
Various techniques have been proposed to counter the 

problem of signal propagation conditions, and to achieve data 
rates that are very close to the channel capacity. One of these 
techniques employs MIMO systems, which use antenna 20 

arrays at both the transmitter and the receiver. Wolniansky et 
a!. have proposed the well-known MIMO scheme known as 
V-BLAST (see "V-BLAST: An Architecture for Realizing 
Very High Data Rates Over the Rich-Scattering Wireless 
Channel", Proc. ISSSE-98, URSI International Symposium 25 

(1998), pp. 295-300). In V-BLAST, parallel data streams are 
sent via the transmit antennas at the same carrier frequency. 
V-BLAST can achieve high spectral efficiencies without 
increasing the system's bandwidth or transmitted power. 
While MIMO systems, such as V-BLAST, can improve the 30 

system capacity greatly, it is difficult to implement antenna 
arrays on handheld terminals due to size, cost and hardware 
limitation. Moreover, V-BLAST has poor energy perfor
mance and doesn't fully exploit the available diversity. In 
order to overcome these problems, Space-time block code 35 

(STBC) was developed. STBC has two transmit antennas and 
one receive antenna that provide the same diversity order as 
maximal-ratio receiver combining (MRRC) with one trans
mit and two receive antennas. This scheme can be generalized 
to two transmit antennas and M receive antennas to provide a 40 

diversity order of 2M. 
With the tempting advantages of V-BLAST and STBC, 

many researchers have attempted to combine these two 
schemes to result in a multilayered architecture called 
MLSTBC in which each layer is composed of antennas that 45 

corresponds to a specific STBC. This combined scheme 
arises as a solution to jointly achieve spatial multiplexing and 
diversity gains simultaneously. With the MLSTBC scheme, it 
is possible to increase the data rate while keeping a satisfac
tory link quality in terms of symbol error rate (SER). Beam- 50 

forming has been combined with MLSTBC to produce a 
hybrid transmission scheme called the layered steered space
time codes (LSSTC). The addition of beamforming to 
MLSTBC further improves the performance of the system by 
focusing the energy towards one direction, where the antenna 55 

gain is increased in the direction of the desired user, while 
reducing the gain towards the interfering users. Nevertheless, 
it is still desirable to improve error performance in an LSSTC 
system. 

Thus, a multi-configuration adaptive layered steered 60 

space-time coded (LSSTC) wireless transmission system and 
method solving the aforementioned problems is desired. 

SUMMARY OF THE INVENTION 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of an LSSTC wireless transmis
sion system for a multi-configuration adaptive layered steered 
space-time coded system according to the present invention. 

FIG. 2 is an exemplary symbol error rate (SER) plot show
ing a comparison ofSERs for LSSTC and V-BLAST systems 
using different types of modulation. 

FIG. 3 is an exemplary outage or throughput capacity plot 
showing a comparison of LSSTC and V-BLAST systems at 
various combinations of layers (K) and number of antenna 
elements (L) per antenna array. 

Similar reference characters denote corresponding fea
tures consistently throughout the attached drawings. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The multi-configuration adaptive layered steered space
time coded system 10 utilizes Layered Steered Space-Time 
Codes (LSSTC), a multiple-input multiple-output (MIMO) 
system that combines the benefits of vertical Bell Labs space
time (V-BLAST) scheme, space-time block codes (STBC) 
and beamforming. The multi-configuration transmission 
scheme based on LSSTC and V-BLAST systems uses thresh-
old-based decision making to change the modulation type and 
the MIMO transmission scheme in order to optimize error 
performance. As will be described in detail below, the system 
10, combining beamforming, STBC, and V-BLAST, has bet
ter performance than V-BLAST alone at high signal-to-noise 
ratio (SNR) range. 

FIG. 1 shows a block diagram ofLSSTC system 10, which 
has NT total transmitting antennas 22 and N R receiving anten
nas 24 and is denoted by an N p<N R system. The antenna 
architecture shown has M transmit adaptive antenna arrays 
(AA 1-AAM ) spaced sufficiently far apart in order to experi
ence independent fading, and hence achieve transmit diver
sity. Each of theAAs consists ofL elements that are spaced at 
a distance of d=fJ2 to ensure that beamforming can be 
achieved. A block of B input information bits is sent to the 
LSSTC vector encoder 15 and is then serial-to-parallel con
verted at 19 to produce K streams (layers) of length B1, 
B2 , ... ,Bk, where B1 +B2 + ... +Bk=B. Each group ofBk bits, 
kE [1, ... ,K], is then encoded by a component space-time 
encoder 20 STCk associated with mk transmit AAs, where 
m1 +m2 + ... +mK=M. The output of the kth STC encoder is a 
mKxl codeword, ci , that is sent over I time intervals. The 
space-time coded symbols from all layers can be written as 

65 C=[C1,C2 , ... ,cKl T
, where C is an Mxl matrix. 

The multi-configuration adaptive layered steered space
time coded system utilizes Layered Steered Space-Time 

The coded symbols from C are then processed by corre
sponding beamformers, which, as shown in FIG. 1, are 
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formed from the adaptive antenna arrays (AAI -AAM ), and are 
then transmitted simultaneously over the wireless channels, 
which are assumed to be incorporated in a rich scattering 
environment. The transmitted symbols have an average 
power of P r= 1, where the average is taken across all code- 5 

words over both spatial and temporal components. For proper 
operation, NR should be at least equal to K. The BS prompts 
the user to feedback the CSI per layer via the feedback chan
nel along with the direction of arrival (DOA) data. 

The multi-configuration adaptive layered steered space- 10 

time coded system and method are on V-BLAS T and LSS TC. 
The scheme uses the LSSTC system, and switches between 
the LSSTC configuration and the V-BLAST configuration (at 
21), in which the number of antenna arrays per layer is set to 15 

one. A specific structure identifying the SNR threshold levels 
at which the scheme changes is identified. The goal of this 
adaptation is to minimize the SER for each SNR range. 

This scheme selects the configuration and the modulation 
scheme in order to improve the performance. Table 1 lists the 20 

transmitter configurations and modulation schemes depend
ing on the SNR level in the system. 

TABLE 1 

4 
the LSSTC outperforms V-BLAST because it has a higher 
diversity order resulting from using STBC, which drives the 
SER to decay sharply. 

As shown in FIG. 3, plot 300 compares the outage capacity 
of LSSTC to that of V-BLAST for an 8x4 MIMO at 10% 
Outage probability and 15 dB average SNR. Several configu
rations are considered, and the capacity is plotted versus 
signal-to-noise ration (E/No). It can be seen that the capacity 
is approximately linearly increasing with increasing E/No' It 
is clear to see that V-BLAST outperforms LSSTC, which is 
actually expected, since V-BLAST is a pure spatial multiplex-
ing scheme, unlike LSSTC where some antennas are assigned 
for diversity. 

For the 4-layer case (K=4), it is seen that LSSTC 
approaches V-BLAST. One possible reason for that is that the 
STBC processing will tend to average the channel, and as a 
result, LSSTCwill beless probable to fall in an outage. On the 
other hand, V-BLAST doesn't have such a capability. FIG. 3 
shows that a multi-configuration system can be designed to 
maximize the capacity for all values of SNR. In the afore
mentioned configuration the single-layer V-BLAST system is 
chosen for the first range (-15 dB up to 1 dB), and for the 
second range (1 dB up to 20 dB) the dual-layer V-BLAST 
system gives the highest capacity. If the SNR lies in the last 

SNRlevel Transmitter 
(dB) configuration 

<6.6 V-BLAST 

Modulation 
scheme 

QPSK 

25 range (>20 dB), then using either LSSTC or V-BLAST with 4 
layers will have approximately the same capacity. However, 
as shown in plot 200 of FIG. 2 the LSSTC has a lower SER in 
the last range. Therefore, LSSTC is better in that range. 

6.6-9.2 V-BLAST 16-QAM 
>9.2 LSSTC 16-QAM 

For example, if the SNR in a wireless system ranges from 
6.6 dB-9.2 dB, then the performance will be better if 
V-BLAST configuration with 16-QAM (quadrature ampli
tude modulation) modulation is used, while for values greater 
than (9.2 dB) it is better to use LSSTC configuration with 
16-QAM modulation. We have designed an adaptive system 
that chooses between V-BLAST and LSSTC. This can be 
done using an antenna array with the capability of electroni
cally activating specific antenna elements and deactivating 
the remaining ones. This is done to meet the antenna separa
tion conditions of each configuration in the multi-configura
tion system. 

InLSSTC, there are two conditions for the antenna element 
separation: theAAs should be sufficiently far apart in order to 
experience independent fading; and beamforming elements 
within each antenna array should be spaced at small distance 
that is less than Al2 for the sake of achieving beamforming. 
On the other hand, V-BLAST requires that all the antennas be 
spaced sufficiently far from each other. 

It will be understood that the diagram in FIG. 1 depicting 
30 the LSSTC wireless transmission system is exemplary only, 

and that the system may be embodied in a dedicated elec
tronic device having a microprocessor, microcontroller, digi
tal signal processor, application specific integrated circuit, 
field programmable gate array, any combination of the afore-

35 mentioned devices, or any other device that combines the 
functionality of the LSSTC wireless transmission system 
method onto a single chip or multiple chips programmed to 
carry out the method steps described herein, or may be 
embodied in a general purpose computer having the appro-

40 priate peripherals attached thereto and a software product 
stored on a computer readable media, (e.g., magnetic storage, 
or electromagnetic storage, or solid state, non-optical or opti
cal storage media), that can be loaded into main memory and 
executed by a processing unit to carry out the functionality of 

45 the apparatus and steps of the method described herein. 
This multi-configuration adaptive layered steered space

time coded system can be added to the existing and evolving 
wireless communication systems that employ MIMO, such as 
the long-term evolution (LTE) or WiMAX, seamlessly and 

50 with quite low cost. This can be used to optimize performance 
by selecting between the V-BLAST configuration and the 
LSSTC configuration with changing the modulation scheme. 
As seen from the numerical results, this system and method 
can result in a huge drop in the SER at a much higher band-

A fair comparison between LSSTC and V-BLAST was 
conducted. This fairness was achieved by structure and spec
tral efficiency fairness, that is, that the total number of anten
nas at the transmitter NT and the number of symbols sent 
every time slot are the same for both systems. The plot 200 of 
FIG. 2 shows a comparison between LSSTC and V-BLAST in 
terms of the symbol error rate. The two systems use a total 
number of transmit antennas, N r=8, and the receiver is 
equipped with 4 antennas employing non-ordered serial 60 

group interference cancellation (SGIC). In this comparison, 

55 width efficiency. The proposed adaptive system can result in 
a SER as small as 10-8 at an SNR of 16 dB. This means that 
the system will be highly efficient and reliable. 

It is to be understood that the present invention is not 
limited to the embodiment described above, but encompasses 
any and all embodiments within the scope of the following 
claims. 

we have also compared many transmitter configurations, and 
in each configuration a different modulation scheme is used 
so that the spectral efficiency would be the same for all of 
them, which is set to 4 bps/Hz. As shown in FIG. 2, it can be 65 

clearly seen that V-BLAST outperforms LSSTC in the low 
range of SNR, whereas for values of SNR that exceed 9 dB, 

We claim: 
1. A multi-configuration adaptive method applied by a 

transceiver in a layered steered space-time coded (LSSTC) 
wireless transmission system, the method comprising the 
steps of: 
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receiving channel state infonnation (CSI) and direction of 
arrival data (DOA) as a feedback signal at the trans
ceiver; and 

6 
switching the configuration to V-BLAST and the modula

tion mode to 16-QAM (16-state quadrature amplitude 
modulation) if the SNR is inclusively between the first, 
lowest threshold level and a second, higher threshold 
level; and 

switching the configuration to LSSTC and the modulation 
mode to 16-QAM if the SNR is greater than the second 
threshold level. 

automatically switching between a vertical Bell Labs 
space-time (V-BLAST) antenna array configuration and 5 

an LSSTC antenna array configuration and switching 
modulation mode based on signal-to-noise ratio (SNR) 
thresholds compared with the feedback signal in the 
wireless transmission system. 

2. The multi-configuration adaptive method according to 
claim 1, wherein said switching step further comprises the 
steps of: 

10 3. The multi-configuration adaptive method according to 
claim 2, wherein the first, lowest threshold level is set to 6.6 
dB and said second, highest threshold level is set to 9.2 dB. 

switching the configuration V-BLAST and the modulation 
mode to QPSK (quadrature phase shift keying) if the 
SNR is below a first, lowest threshold level; * * * * * 


