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ABSTRACT: Spatial Modulation (SM) is a recently developed low-complexity Multiple-Input Multiple-Output
scheme. In any given symbol interval, SM selects only one antenna from multiple available antennas for transmission.
In this, a block of information bits is mapped into two information carrying units: first unit selects the antenna index
from a set of transmit antennas and second unit selects a symbol fromthe constellation. This will increase the spectral
efficiency and decrease the complexity at the receiver. Spatial Permutation Modulation (SPM) is a variant of SM which
extends SM in to time co-ordinate. SPM exploits the transmit diversity to enhance error rate performance. This new
transmission technique modulates data bits to a permutation vector and activates the transmit antenna at successive time
instants. In the proposed system, SPM MIMO is integrated with OFDM system which enhance the spectral efficiency
of the system. Similar to SM, SPM MIMO-OFDM also maps a block of information bits in to two information
carrying units: first units selects a unique permutation vector from a permutation set and second unit selects symbol
from the constellation sets. This system model also increases the data rate of transmission with minimum bit error rate.
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I. INTRODUCTION

The need for high data rate and high spectral efficiency are the key requirements for wireless communication
systems. Multiple antennas in wireless systems offer a practical way to extend next-generation communication systems.
This concept leads to the evolution of Multiple-input multiple output (MIMO) technology with improved data rate and
diversity. However, regardless of the use of spatial multiplexing, diversity, or smart antenna system, the main draw-
back of any MIMO system is an increase in complexity and cost. This is primarily due to the following reasons: Inter-
Channel Interference (ICI), which is introduced by superimposing independent information sequences to be transmitted
by multiple transmit antenna, the complexity of the system due to multiple antennas and requirement of multiple Radio
Frequency (RF) chains, which are needed to transmit all the signals simultaneously and are, in general, expensive.
However, because of the benefits of MIMO system it must be a clear research goal to develop new approaches for
multiple antenna transmission in order to mitigate the practical limitations while retaining the key advantages.

Spatial Modulation (SM) has been proposed as a new MIMO transmission scheme, which aims at reducing the
complexity and cost of multiple antenna system without deteriorating the end-to-end system performance and still
guaranteeing good data rates. More specifically, low complexity system design and high spectral efficiency are
simultaneously achieved by adopting spatial modulation.

In SM, one transmit antenna is activated at a time instance for data transmission. This allows SM to entirely avoid
the ICI, to require no synchronization among the transmit antenna. So SM requires only one RF chain for data
transmission resulting in huge saving of circuit complexity and power consumption with respect to conventional
MIMO schemes where the multiple-antenna are used to simultaneously transmit multiple data streams.

The spatial position of each transmit-antenna in the antenna-array is used as a source of information. This is
obtained by establishing a one-to-one mapping between each antenna index and a block of information bits to be
transmitted, which results in a coding mechanism that can be called transmit-antenna index coded modulation. This
allows SM to achieve a spatial multiplexing gain with respect to conventional single-antenna systems since part of the
information is implicitly conveyed by the position of the transmit antenna. Accordingly, even though just one antenna
is active, SM can also achieve high data throughput[1].

There are some limitations for SM. As only one antenna is active at a time, the spectral efficiency of SM is reduced
as the number of transmitting antenna is increased. Data rate can be increased only in logarithmic scale, rather than
linear, in SM-MIMO. This limits SM to attain high spectral efficiency as number of antenna increase beyond a limit.
Accurate knowledge of CSI is required at receiver to retrieve the message transmitted. Design problems of SM-MIMO
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in frequency selective fading channels still exist. Frequency selective fading cannot be avoided in 5G networks due to
the high transmission rate[3].

Spatial permutation modulation was recently proposed to extend the conventional SM into the time coordinate. A
sequence of activated transmit antennas during a codeword interval, called permutation array (PA), is transmitted in the
SPM system. The main difference of SPM from SM is that the SPM transmits a set of antenna indices according to the
PA during several time instants. The SPM utilizes more antennas for several time instants and has more transmit
diversity than the SM system. Therefore, the SPM has superior BER performance to the SM. Moreover, the SPM also
uses single antenna at a time instant and therefore, SPM strikes a good balance among the spectral efficiency, energy
efficiency, computational complexity, and reliability [2].

The data rate and spectral efficiency of SPM MIMO can be enhanced by combining SPM MIMO system with
OFDM as high data rate stream is converted in to a number of small data rate streams and transmitted simultaneously
through different subcarriers. The proposed system also provides better BER performance compared to SM -MIMO and
SPM-MIMO.

. SM-MIMO SYSTEM MODEL

The basic idea of SM is to map a block of information bits into two information carrying units: a symbol that was
chosen from a constellation diagram and a unique transmit antenna number that was chosen from a set of transmit
antennas. Figure 2.1 shows the basic block diagram of SM. Compared to the conventional MIMO system, SM uses
only one active antenna at a time to avoid Inter Channel Interference (ICI). Let N1 be the number of transmit antennas
and Ngr be the number of receive antennas. Let M be the size of Signal Constellations. The length n of information
block will be:

n =log,Nr + logoM eq. (1)
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Figure 2.1: Basic block diagram of SM with 4-QAM modulation for 4 transmitters and 4 receivers [2]

These information bits with length n are divided into log,Nr bits for mapping into set of antenna combinations, and
log2M bits for mapping into signal constellations. As shown in Figure 2.1, a s tream of information data is selected as
blocks containing four bits. These four vectors are considered as two fields. From the stream of information, first
selected the block 0100 in which first two bits 01 maps to antenna through which the data is sent. Since the system
shown is of 4x4 MIMO, the number of bits to map spatial constellation will be log,4 = 2 bits. The remaining bits of
0100 (.e., 00) is mapped into signal constellation. In SM, the block of bit stream is mapped to two constellations, and
we get a three dimensional constellation diagram .

Since only one antenna is active at a time, the transmission matrix, s(k) will have only one non zero element. The
symbols are transmitted through the MIMO channel and is added with Additive White Gaussian Noise (AW GN), n(k).
The received matrix will be:

Y (k) = H(k) *s(k) + n(k) eq. (2)
where H(k) is the channel state information (CSI) and * represents the convolution operation. The received signal
Y(k) contains both antenna constellation point and signal constellation point and are retrieved back by various receiver

algorithms. In ideal case, the estimated g(k) will be same as s(k). Thus the antenna number P of the transmitted antenna
is given by the index of g(k) in matrix whose absolute value is maximum in presence of AWGN as:

P = argmax(|gi(k) |) eq. (3)
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The symbol at that instant is found using Maximum Likelihood Detection. Maximum likelihood detection selects
the symbol in the codebook which have the minimum distance with the received noisy symbol. The three dimensional
constellation of SM is given in Figure. 2.2.

Compared to the conventional MIMO system, SM using only one active antenna at a time to avoid ICL
Complexity of receiver is far reduced in SM-MIMO by using only one active antenna at a time and the complex

receiver design for overcoming the ICI problems is not required. The data rate is increased in SM due to the mapping
of data into spatial domain and thus helps in increase in spectral efficiency.
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Figure. 2.2:Three dimensional constellation of SM [7]

The circuit complexity is reduced at transmitter because only one radio frequency chain is needed for transmission
at an instant. The main power consumption in base station is at the power amplifier section at the transmitter which
increases with number of RF chains. Thus in SM-MIMO systems this power consumption is reduced to a great extent.
SM can help in designing efficient unbalanced MIMO channels where the number of receiver antenna is less than
number of Transmitting antennas used.

There are some limitations for SM. As only one antenna is active at a time, the spectral efficiency of SM is reduced
as the number of transmitting antenna is increased. Data rate can be increased only in logarithmic scale, rather than
linear, in SM-MIMO. This limits SM to attain high spectral efficiency as number of antenna increase beyond a limit.
Accurate knowledge of CSI is required at receiver to retrieve the message transmitted. Design problems of SM-MIMO

in frequency selective fading channels still exist. Frequency selective fading cannot be avoided in 5G networks due to
the high transmission rate.

1. SPM-MIMO YSYTEM MODEL

SPM disperses the spatial symbol in the time coordinate by using the permutation vector that indicates the active
transmit antennas at successive time instants. Take a toy example using two transmit antennas and two time instants. In
addition to the bits conve%/ed by the QAM symbols, the SPM transmitter modulates another bit with a permutation set
[1; 2]T 5 [2; 1]T , where (:)" denotes the transpose operation. For bit ‘0’, the permutation vector [1; 2]T is selected, and
then the first and second transmit antennas are activated at the first and second time instants, respectively. Similarly,
when [2;1]T is selected to represent bit ‘1°, the second and first transmit antennas are successively activated at the first
and second time instants. SPM can be interpreted as a general case of SM, since the active transmit antenna index in
SM is generalized to the permutation vector in SPM.

Define ¢, o, as aset of Nt permutations of T, i.e., different ordered arrangements of a T element subset of an Ny

set. To characterize the permutation set, we define the Hamming distance matrix D whose the (i; jith entry d;;
represents the Hamming distance between the ith and jth permutation vectors.The minimum Hamming distance of a
permutation set is determined by the smallest off-diagonal component in the matrix D, i.e.,

dyin = min 4 eq. 4)

i ji#]

1IJIRCCE©2021 |  AnISO 9001:2008 Certified Journal | 716


http://www.ijircce.com/

International Journal of Innovative Research in Computer and Communication Engineering

IR
1JIRCCE

| e-ISSN: 2320-9801, p-ISSN: 2320-9798| www.ijircce.com | [Impact Factor: 7.488 |
| Volume 9, Issue 3, March 2021 ||

| DOL: 10.15680/IJIRCCE.2021.0903008 |

To modulate the bits by the permutation vectors, we denote C, ,(k,d ) S ¢, , Which selects k permutation
vectors with the minimum Hamming distance ¢ from &, . The SPM spatial symbolis thus generated by choosing a

specific permutation vector in C, (k. d, )according to the data bits.

Figure 3.1 lists different permutation sets. Permutation set selection is based on distance reduced mapping where
there is at least one permutation vector pair whose hamming distance is less than that of the encoded binary data bits
resulting in highest k but smallest d,;, . Similar to the SM spatial symbol conveying log,N; bits, the number of
modulated bits of the SPM spatial symbol is logarithmically proportional to the size of the adopted permutation, i.e.,
log; k . The more permutation vectors are included in Cyr(k.dy,)> the more bits can be modulated at the expense of

decreased Hamming distance.

T K dmin C4.’1'(Kv dmin)

2 4] 2 1,3]7,[2,4]7,[3,1]7.[4,2] "

3 |2 3 [1,2,3]7[2,3.4? 3,4,1]7,[4,1,2] "
; (15258 7o 58,2 s (Ll 2] T3]

w | 7 2, 1,3]?[2,1,4]?[2,3,4]*, [2,4,1]7,
3,1,4]7,[3,2,1]7,[3,2,4]7, [3,4,1]7,
[4,1,2]7,[4,2,3]7,[4,3,1]7, [4,3,2]7

4 4 [[1,2,3,47,[2,3,4,1]7,[3,4,1,2] ", [4,1,2,3] T

4 " 3 (1,2,3,4],[1,3,4,2]7,[1,4,2,3],[2,3,1,4] T,
[2,4;3,1] 7, 12,1548 V50324 1] " . [4,1:8,2] T
[1,2:3,4] T, [1,2,4,8]7, [1,78,2:4] T, [1,.3,4,2] T
6| 2 1,4,2,3]7,(1,4,3,2]7,[2,1,3,4] 7. [2,1,4,3] T,
[2,3,1;4) V5 [2:3:4,1]7; [3;1;2,4) T, [3;1,4,2] 75
1852 1;4] 7. [3:2,4,4] 7, [3:4; 1;2]T,[3,4,2,4]
Figure 3.1: Examples of permutation sets with various K and dmin [1]

Therefore, one can flexibly adjust the parameters k and d,,;, to achieve the desired balance between the error rate
performance and throughput. Note that when the transmitter is equipped with more antennas, the number of usable
permutation vectors increases. The design of permutation set can be formulated as an optimization which selects &

permutation vectors out of all N./(N,-T)! candidates to maximize the minimum Hamming distance, where (:)! is the
factorial operation.

For the SPM transmission, C, ,(k,d,;, )is pre-determined and available at both the transmitter and receiver. SPM

modulates logzk bits to a permutation vector p=[p,,..,p,]1€ C, ,(k,d,, )such that the p, th transmit antenna is

activated at the #-th time instant. The received symbol vector y, is given by :

Y, :hpts+n[ eq. (5)

where hpl is the p; th column of the channel matrix H, S is the symbol transmitted and 7, is the noise. By cascading

y, at different time instants t=1/,...,T into a received matrix Y = [y yr ls the SPM transmission model takes the form
of :

Y=Hp)S +V eq. (6)

where H(p)=[h, ,
setof symbols.

h, ] represents the permuted channel matrix , V=[n,...,n; ] is the noise matrix andS is the
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Figure 3.2: The illustration of SPM transmission with (NN T) =(4;1;4), i.e., the same QAM symbol is repetitively transmitted at four time instants.
The permutation vector p =[1; 3; 2; 4] is used for modulation. [1]

As mentioned previously, the trade-off between the error rate and the throughput of the spatial symbol can be
adjusted by changing the permutation set C, ,(k,d,,) Likewise, we can design the value of M to balance the error

rate and the throughput of the QAM symbol. For the SPM detection, the ML criterion that delivers the optimal solution
(s*, p*) can be implemented by exhaustively searching the space with k" elements:

T
(s*, p*) = argmin Z Iy, h,s ;s € x™ sp€Cy(kdy,) eq. (7)

t=1
which is similar to the SM detection. Consequently, the low-complexity techniques invented for the SM can be
extended for the efficient SPM detection.

The aforementioned discussion shows that SM can be considered as a special case of SPM with T=1 whose

permutation vector reduces to a scalar. Compared with SM, SPM inherits its low-complexity advantages with better
error rate performance, especially in the cases of few receive antennas or spatially -correlated channel.

IV.SPM MIMO-OFDM SYSTEM MODEL

In SM-MIMO and SPM-MIMO as only one antenna is active at a time only a symbol can be transmitted through the
antenna which limits the data rate of the system. As only one antenna is active at a time, the spectral efficiency is
reduced as number of transmitting antenna is increased. In the proposed system, OFDM directly extends to MIMO
channels with IFFT/FFT and cyclic prefix operation being performed at each transmitter and receiver ends. OFDM
transmits data simultaneously on multiple carrier which are orthogonal to each other. Thus a high data rate stream is
converted in to a number of small data rate streams and transmitted simultaneously on different subcarriers. The main
advantage of the proposed system over the current systemis that it can improve the spectral efficiency and data rate as
the SPM-MIMO is integrated with OFDM system. Figure 4.1 shows the transmitter section for the proposed system.

| —» —! >
Input Serial to QAM N-point Adding P/S Transmit
Da? Parallel f Mapping . IFFT . Cyclic . And — Through [
Conversion | 3 2 Prefix i D/A Anterna
—> — F—»| —|
4
Permutation Antenna
Vector > Selection
Selection

Figure 4.1: SPM MIMO-OFDM Transmitter

In the proposed system, a permutation set is considered first, i.e., a set of all different ordered arrangements of a T
element of an N, set. The permutation set consists of k permutation vectors with the minimum hamming distance. The
incoming serial bits are first converted into parallel blocks of 7’ bits. From each block of bits, the first p bits are used
to select the permutation vector, from the permutation set where p = log,k bits and the remaining (n - p) bits are
mapped into symbols where (n - p) = log,M, M is the size of constellation.
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Data bits Permutation Vector
00 [1;3;2;4]
01 [2;3;4;1]
10 [3;4;1;2]
11 [4;1;2;3]

Consider an example with k=4, mapping table for selecting the permutation vector is given in the above table.
Considering the mapping table, if the first unit of the parallel blocks are 00, permutation vector p =[1 3 2 4] is selected.
Then the same QAM symbols are transmitted through the first, third, second, and fourth transmit antennas at
successive four time instants.

In SPM MIMO, if 4-QAM modulation is considered, 2 bits are selected for transmitting through a single antenna
and another 2 bits for permutation vector selection with
dmin = 4. So a total of 4 bits are selected as a block. If this concept is applied to OFDM system which uses 8 point IFFT,
the data rate can be increased. A single transmitter can transmit 16 bits if 4-QAM and 8-point IFFT is used . Thus the
length of the block will be 18. Then cyclic prefix is added which act as a guard band between successive symbols to
overcome Inter Symbol Interference and it helps the system to operate reliably. Figure 4.2 shows the receiver section
for the proposed system.

Since only one antenna is active at a time, the transmission matrix will have only one non-zero value. Here the
system have four transmitters and one receiver, thus the channel matrix will have a dimension 4xl. Let X be the
transmission matrix, H be the channel matrix, then the received matrix is given by:

Y =HX + AWGN noise eq. ()
For retrieving the permutation vector, the received matrix is multiplied with the Hermitian conjugate of the channel
matrix. From the resulting matrix we can find the antenna index. The same procedure is carried out for the remaining
three time instants to obtain the permutation vector. The cyclic prefix are then removed from the symbols. Then FFT
operation is performed to convert the time domain signal into frequency domain. The transmitted symbols are
estimated with the help of Maximum Likelihood Detection technique.

Permutation
A/D& > > > Vector
Demapper
Receive Remove —s N-point " Detector HL Received
Antenna CP& & FFT 2 Bits
S/P A
/ 5 . Constellation
Demapper

Figure 4.2: Receiver of proposed system

V. SIMULATION RESULTS

The performance of conventional SPM MIMO is compared with proposed SPM MIMO-OFDM system. In the case
of SPM MIMO, same symbol is transmitted at successive time instants. For 16-QAM and dmin=2, 8 bit blocks are
considered. In that 4 bits are used for permutation vector selection and next 4 bits are mapped into 16-QAM
constellation.

In the case of proposed system, a stream of symbols are transmitted at successive time instants. Here 8-point IFFT is
used. So for 16-QAM and d.;,=2, 36 bit blocks are considered where 4 bits are used for permutation vector selection
and remaining 32 bits mapped 16-QAM constellation. So there will be 8 symbols generated. Figure 5.1 shows the Bit
Error Ratio vs SNR comparison of SPM MIMO and proposed SPM MIMO-OFDM system.

By analysing figure 5.1, its clear that for a given SNR, the Bit Error Ratio is minimum for the proposed SPM
MIMO-OFDM system compared to SPM MIMO. Also proposed system has more data rate than the conventional
system.

The proposed system is implemented using 4-QAM and 16-QAM for d;,=2 and d;,=4. The BER performance of
proposed system with 4-QAM is better than that of proposed system with 16-QAM, This is shown in figure 5.2. This is
because, in 4-QAM, the constellation points are in four quadrants. But in the case of 16-QAM, each quadrant contains
four constellation points. Thus while performing Maximum Likelihood detection, the error probability will be higher
for 16-QAM.
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Fig 5.1:BERvsSNR comparison of SPM MIMO & SPM MIMO-OFDM Figure 5.1: BER vs SNR comparison of SPM MIMO-OFDM using
4- QAM and 16-QAM

VI. CONCLUSION

The need for compression of data, to be sent through the channel, to its maximum possible means with minimum or
negligible error is one of the main criteria of communication system design so as to get higher data rate and maximum
spectral efficiency. In spatial modulation, a block of information bits is mapped to two information carrying units: a
unique transmit antenna number that was chosen from a set of transmit antennas and a symbol that was chosen froma
constellation diagram. In any given symbol interval, SM selects only one antenna from multiple available antennas for
transmission. This will increase the data rate of the MIMO systems. Since one antenna is active at a time, the
probability of error will be high.

Spatial Permutation Modulation improves the error rate performance of the system compared to SM-MIMO. In
SPM the copy of same symbol is transmitted at successive time instants depending on a permutation vector which
sequentially selects the transmit antennas to transmit data.

The data rate and spectral efficiency of SPM MIMO can be further improved by integrating SPM MIMO with
OFDM system. The OFDM directly extends to MIMO channels with IFFT/FFT and CP operation being performed at
each transmitter and receiver ends. Simulation results shows that the proposed system provides better Bit Error Rate
performance compared to SM-MIMO and SPM-MIMO.
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