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Abstract
Wireless networks have quickly become part of everyday life. 
However, wireless devices are range and data rate limited. To 
overcome these limitations one method is to use Multiple-Input 
Multiple Output (MIMO) links. The multiple antenna allow 
MIMO systems to perform precoding (multi-layer beamforming) 
,diversity coding(space-time coding),and spatial multiplexing. In 
the novel  Space-Time Shift Keying (STSK) modulation scheme for 
MIMO communication systems, the concept of spatial modulation 
is extended to include both the space and time dimensions, in order 
to provide a general shift-keying framework .More specifically, in 
the proposed STSK scheme one out of Q dispersion matrices is 
activated during each transmitted block, which enables us to strike 
a flexible diversity and multiplexing tradeoff. This is achieved by 
optimizing both the space-time block duration as well as the number 
of the dispersion matrices in addition to the number of transmit and 
receive antennas. The concept of Generalized Space Time Shift 
Keying acts as united MIMO framework. The Spatial Multiplexing 
(SM)/Space Shift Keying (SSK) concept is extended into two 
dimension, mainly space as well as time. In this paper, power 
management solution for MIMO STSK system called antenna 
management is introduced. The key idea is to adaptively disable 
a subset of antennas and their RF chains to reduce circuit power 
consumption, when the capacity improvement of using a large 
number of antennas is small. Antenna management judiciously 
determines the number of active antennas to minimize energy per 
bit while satisfying the data rate requirement. Simulation results 
are provided to validate our analysis.

Keywords
STSK, MIMO, SSK, SM, Antenna Mangemant, Wireless 
Networks

I. Introduction
Wireless network widely used today include: cellular networks 
Wireless Mesh Networks(WMNs), Wireless Local Area Networks 
(WLANs), Personal Area Networks(PANs), and Wireless Sensor 
Network (WSNs). The increasing demand for these networks 
has turned spectrum into a precious resource. For this reason, 
there is always a need for methods to pack more bits per Hz. A 
particular solution that has caught researcher’s attention is the 
use of multiple antennas at both Transmitter (TX) and Receiver 
(RX). Such a system is called a Multiple-Input Multiple-Output. 
Advantages of MIMO system include:

A. Beamforming
A transmitter receiver pair can perform beamforming and direct 
their main beams at each other, thereby increasing th receiver’s 
received power and consequently the SNR.

B. Spatial Diversity
A signal can be coded  through the transmit antennas ,creating 
redundancy ,which reduces the outage probability.

C. Spatial Multiplexing
A set of streams can be transmitted in parallel ,each using a 
different transmit antenna element. The receiver can then perform 

the appropriate signal processing to separate the signals.
It is important to note that each antenna element on a MIMO 
system operates on the same frequency and therefore does not 
require extra bandwidth. Also, for fair comparison, the total power 
through all antenna elements is less than or equal to that of a single 
antenna system  ie.,

 
where, N is the total number of antenna elements, is the power 
allocated through the  antenna element, and P is the power 
allocated if the system had a single antenna element. Effectively, 
the MIMO system consumes no extra power due to its multiple 
antenna elements. 

II. Prior Work
Multiple antennas in wireless system offer a practical way to 
extend next generation communication capabilities. Their unprec-
edented improvements over single antenna system have spawned 
a wealth in MIMO communications, which fall under four general 
themes.
The first is the spatial multiplexing , exploiting multiple antennas 
to transmit more information. One example is the Vertical Bell 
Laboratories Layered Space-Time (V-BLAST) architecture [1], 
where an array of symbols are layered in space, and transmitted 
simultaneously over all antennas. Spatial multiplexing requires 
synchronizing all antenna to transmit at the same time, and 
introduces interferences from all antennas during reception, 
making for complex detection schemes. Practical integration of 
V-BLAST for example, requires sub-optimal, low complexity 
receiver [2]. For adequate performance, in most cases, these 
receiver require the number of transmit antennas, which is not 
practical for downlink transmission to small mobile devices.
The next type of MIMO system is diversity transmission. In this 
case, antennas are used to increase the reliability of the message 
.Similar to channel coding, diversity systems exploit the spatial 
domain as a coding mechanism to increase reliability (i.e., 
diversity).These types of systems also requires synchronizing 
all antennas to transmit at the same time. The first form of spatial 
diversity (applicable for two transmit antennas)  in the Alamouti 
scheme[3], which achieves transmit diversity. However, this 
diversity is attained at the expanse of transmission rate, which 
remains unchanged from a single-input multiple-output (SIMO) 
system. As opposed to spatial multiplexing,  diversity schemes 
provide simpler detection due to certain transmission properties. 
For example, orthogonal space-time block codes (OSTBCs) ,such 
as the Alamouti scheme, circumvent the interference caused by 
transmitting on multiple antennas due to the orthogonality if the 
codebook. However, higher transmit diversity is only achieved 
at the expense of transmission rate, since full rate OSTBCs only 
exist for two transmit antennas (complex constellations) and eight 
or less transmit antennas(real constellations) [4].
The third category is hybrid transmission: both Spatial Multiplexing 
(SM) and diversity concepts are integrated. The first application of 
hybrid transmission is multilayered space-time coding, introduces 
by Tarokh et al. in [5], which exploits transmit antennas to increase 
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both diversity and transmission rate. However, these benefits are 
achieved at the expense of increased detection complexity.
The fourth was the Space Shift Keying (SSK) modulation technique 
[6], in which the spatial domain is solely to convey information. 
All of the aforementioned advantages comprising SM are present, 
while providing reductions in transmitter overhead and detection 
complexity. In SSK, antenna indices are used as the only mans 
to relay information, which makes it somewhat a special case of 
SM .Because phase and Amplitude of the pulse do not convey 
information ,transceiver requirements are less stringent than for 
Amplitude/Phase Modulation (APM).The simplicity of SSK’s 
framework provides ease of integration within communication 
systems. For example, one envisioned application is Ultra Wide 
Band (UWB) where it is pulses that are used rather than APM 
signals.     
Space –Time Shift Keying was introduced by  S.Sugiura et al.,[7]
which combined all the above mentioned way or the other to 
improve techniques in a way or the other to improve the MIMO 
system. Existing work on MIMO mainly focus on improving the 
channel quality such as data rate under the transmit power budget; 
little published work has considered the dual problem of reducing 
power consumption especially the circuit power under a data rate 
constraint. To address the power challenge, we propose a novel 
power management solution called antenna management to the 
existing Space- Time Shift Keying system. Antenna management 
dynamically determines the number of active antennas and transmit 
power for each active antenna, in order to minimize the energy 
consumption for delivering each data bit, or achieve minimum 
MIMO energy per bit, while guaranteeing a required data rate.

III. System Model
MIMO systems are composed of three main elements, namely 
the Transmitter (TX), the Channel (H), and the Receiver (RX). 
In this paper,   denotes  a the number of antenna elements at the 
transmitter, and  denotes the number of elements at the receiver. 
Figure 1 depicts such MIMO system block diagram. It is worth 
noting that system is described in terms of the channel. For 
example, the Multiple-Inputs are located at the output of the TX 
(the input to the channel), and similarly, the Multiple-Outputs are 
located at the input of the RX (the output of the channel).

Fig. 1: Multiple-Input Multiple-Output System Block Diagram

The channel with Nr outputs and Nt inputs is denoted as a Nr xNt 
matrix:

where, each entry hi,j denotes the attenuation and phase shift 

(transfer function) between the jth transmitter and the ith receiver. It 
is assumed throughout this paper that the MIMO channel behaves 
in a “quasi-static” fashion, i.e. the channel varies randomly between 
burst to burst, but fixed within a transmission. This is a reasonable 
and commonly used assumption as it represents an indoor channel 
where the time of change is constant and negligible compared to 
the time of a burst of data.
The MIMO signal model is described as

     (1)
In the proposed system the Space Time Block Codes(STBC) is 
QPSK modulated and transmitted. Antenna selection is done at 
transmitter and receiver to minimize the energy per bit while 
maintaining the bit rate.

A. Capacity of MIMO Channel
In the following, we assume that the channel is perfectly known to 
the receiver (channel knowledge at the receiver can be maintained 
via training and tracking). Although is random, we shall first study 
the capacity of a sample realization of the channel, i.e., we consider 
to be deterministic. It is well known that capacity is achieved 
with Gaussian code books, i.e., is a circularly symmetric complex 
Gaussian vector [8]. 
The capacity of MIMO system using all antenna elements is given 
by

 (2)
where,  is the Nr×Nr identity matrix,  is the mean SNR per 
receiver branch, and superscript denotes the Hermitian transpose. 
The receiver now selects those antennas that allow a maximization 
of the capacity, so that

 (3)
where,  is created by deleting Nr-Lr rows from H, and  
denotes the set of all possible , whose cardinality is 

A. Encoding
In this contribution we consider an (Nt×Nr)-element MIMO  system, 
where  Antenna Elements (AE) are employed at the transmitter and  
receiver is equipped with Nr AEs, while assuming a frequency flat 
Rayleigh fading environment. In general the block-based system 
model can be described as
R(i)=H(i)S(i)+N (i)    (3)
where, R (i) represents the received signals and S(i) denotes 
the space-time signals, while i indicates the STSK block index. 
Furthermore, H(i) and N (i) denote the channel and noise 
components.

Fig. 2: Depicts the Transmitter

Fig. 2, depicts the transmitter structure the STSK scheme, where 
Q dispersion matrices   are pre-assigned 
in advance of any transmission. A total of ( ) source 
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bits are mapped to each space-time block   the STSK 
scheme of fig. 2, yielding
S(i) = s(i)A(i)     (4)
where, s(i) is the complex-valued symbol of the conventional 
modulation scheme employed, which is QPSK .The specific matrix 
A(i) is selected from the Q dispersion matrices  
according to   number of input bits. In this way, an 
additional means of transmitting further information bits was 
created. Moreover, the normalized throughput per time-slot 
(or per symbol) R of our STSK scheme may be expressed as 

bits/symbol

B. Decoding

1. System Overview
Fig. 3, shows the schematic of the proposed three-stage channel- 
and Unity Rate-Coded (URC) STSK scheme using iterative 
detection. Here, the input source bits are channel encoded by a 
half-rate Recursive Systematic Convolutional (RSC) code and are 
interleaved by a random bit interleaver Then, the interleaved 
bits are further encoded by a recursive URC encoder, and then 
the coded bits are interleaved by the second random interleaver 

 of fig. 3. Finally, the interleaved bits are input to the STSK 
block followed by the transmission of the space-time block . As 
illustrated in fig. 3, a three-stage iterative decoding algorithm is 
employed at the receiver. The STSK demapper block of fig. 3, 
receives its input signals from the MIMO channels, which are 
combined with the extrinsic information  provided by the URC 
decoder. Simultaneously, the URC decoder block of fig. 3, receives 
extrinsic information both from the channel decoder as well as 
from the STSK demapper and generates extrinsic information 
for both of  its surrounding blocks seen in fig. 3. The channel 
decoder of fig. 3 exchanges extrinsic information with the URC 
decoder and outputs the estimated bits after the Iout iterations. Here, 
the iterations between the STSK and URC decoder blocks are 
referred to as the inner iterations, while those between the URC and 
channel decoders as outer iterations. The corresponding number 
of iterations are denoted by Iin and Iout, respectively. To be more 
specific, inner iterations are implemented per each outer iteration, 
indicating that the total number of iterations becomes Iout.Iin.

Fig. 3: Schematic of Three –Staged STSK

IV. Antenna Selection in Mimo Systems

A. Transmit/Receive Selection
The next step is to apply antenna selection simultaneously to both 
the transmitter and receiver (fig. 4). In this scenario, there are Nt  
transmit and Nr receive antennas. The transmit and receive side 
have Lt and Lr RF chains, respectively. Therefore, it is possible 

to transmit Lt parallel data streams, so a space-time shift code 
must be used to provide diversity. Denote the overall Nr X Nt X  
channel matrix by H, and the  Lr X Lt channel matrix representing 
the selected antennas by . Let us now consider the example 
of orthogonal block space-time codes. These codes have a very 
simple decoder and lead to an equivalent Single-Input Single-
Output (SISO) channel with the equivalent channel gain

    (5)
where, hij are the elements of  . The SNR of the equivalent 
channel is proportional to the Frobenius norm of the selected 
channel matrix . Therefore, joint transmit/
receive selection strategies must choose a subset of the rows and 
columns of H to maximize the sum of the squared magnitudes 
of transmit-receive channel gains. This is not an easy task; for 
example, successively choosing the best receivers and then the best 
transmitters will not necessarily result in an overall optimal choice. 
In fact, except exhaustive search, no systematic solution to joint 
transmit/receive antenna selection is currently known. Efficient 
(optimal or suboptimal) joint selection of transmit and receive 
antennas  is done by using antenna selection algorithms [9].
For receiver and transmit selection, a feedback path must exist to 
inform the transmitter which antennas to select. This feedback, in 
effect, gives the transmitter some information about the state of 
the channel. The capacity of a wireless channel with transmit-side 
Channel State Information (CSI) is generally higher than without 
it. In other words, there is some excess capacity generated by the 
transmitter knowledge of the channel. When the transmitter is fully 
aware of the channel coefficients, the maximum capacity available 
in the channel will be attained (through a water-filling strategy).
The feedback required by antenna selection is, of course, only a 
small fraction of the full channel state information.

B. Fast Antenna Selection Algorithms 
The optimum selection of the antennas requires computation 
of determinants and is thus computationally intensive .It seems 
thus worthwhile to investigate suboptimum algorithms with lower 
computational complexity. In this section, we present a family of 
such algorithms that result in a small SNR penalty while drastically 
reducing computation time. The determinant in (3) can be written 
as

  (6)

Fig 4: Antenna Selection of STSK System

where, r is the rank of the channel matrix and  is the singular 
value of H. The rank and the singular values should be maximized 
for the maximum capacity. Suppose there are two rows of H which 
are identical. Clearly, only one of these rows should be selected 
in H. Since these two rows carry the same information about the 
signal components, any one of these two rows may be deleted. In 
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addition, if they have different powers (i.e., square of the norm of 
the row), we select the row with the higher power. When there are 
no identical rows, we choose two rows for the possible deletion 
whose correlation is the highest and delete the one with the lower 
power. In this manner, we can have the channel matrix H whose 
rows are minimally correlated and have maximum powers. The 
above argument leads to the following algorithm.
1. The channel vector hk is defined as the k th row of H,
with k being an element of the set .
2. For all k and l, k > l, in X, compute the correlation 

,  repres-
ent an inner product between vector a and b.
3. Loop
(i). Choose the k and l  that give the                         
largest . If e≥ eliminate ,otherwise,       
eliminate.
(ii). Delete l (or k) from X.
(iii). Go to Loop until Nr-Lr rows are eliminated.
The method defined above shall be called the Correlation Based 
Method (CBM) [10]. It does not require the SNR value and it 
is based on the correlation of the rows of the channel matrix

which can be approximated by the correlation of the noisy 
estimates.

V. Simulation
For simulation of the proposed scheme, Matlab is used. Matlab, 
which stands for Matrix Laboratory, is a software package 
developed by Math Works, Inc. to facilitate numerical computations 
as well as some symbolic manipulation. Communications System 
Toolbox implements a variety of tasks for communications system 
design and simulation. Many of the functions, System objects, 
and blocks in the system toolbox perform computations associated 
with a particular component of a communication system, such as 
a demodulator.

VI. Conclusion
The simulation results of the STSK system with antenna 
management and the STSK without antenna selection shows that 
the antenna management helps in reduction of the energy per bit 
of the transmission while maintaining the data bit rate. For the 
plot of bit error rate against SNR of the transmission its seen that 
transmission with antenna selection achieve lowering of energy 
per bit without affecting the quality of the transmission.

Fig. 5: BER Vs SNR of STSK System With Antenna Selection 
and Without Antenna Selection
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