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ABSTRACT Multiple MIMO with joint block Antenna Number Modulation (M-MIMO-ANM) is
proposed in this paper as a novel transmission method that exploits the features of both Massive Multiple
Input Multiple Output (M-MIMO) and Antenna Number Modulation (ANM) concepts. In this scheme,
the main purpose is to increase the number of additionally transmitted data bits, which are sent without
any consumption in the bandwidth. To achieve this, the antenna elements of a large array are divided into
blocks, whose numbers are utilized to convey additional data bits along with those bits sent by the number of
antenna elements within each block as well as those sent by conventional modulation schemes (e.g., BPSK).
The implementation of M-MIMO-ANM scheme relies on the idea of dividing the whole antenna array into
blocks, where each block corresponds to a group of bits depending on the total number of available blocks,
thus ANM concept is applied not only to the antennas within each block but also to the blocks forming the
entire antenna array. This creates an opportunity to convey even more additional data bits, compared with the
conventional ANM scheme, while there is a noticeable improvement in the reliability of data transmission.
With all these dynamics, M-MIMO-ANM concept is a candidate to create a new perspective to the Internet
of Things (IoT) applications, with its energy efficient, spectrum efficient, robust, and both data and channel
dependent data transmission nature that comes from the properties of Massive MIMO and ANM. The
introduced system is investigated, and its validity is proven, where analytical and simulation results in terms
of the bit error rate (BER) and throughput of the system are given. The numerical computer simulations
furthermore compare the performances of M-MIMO-ANM with MIMO-ANM to show its superiority, and
the advantages of the concept are discussed. M-MIMO-ANM is promising a highly reliable and resilient
system thanks to its cascaded simultaneous bit transmission by the different number of antenna blocks and
antenna elements within each block.

INDEX TERMS MIMO, M-MIMO-ANM, block number modulation, antenna number modulation,
adaptive antenna selection, spatial modulation, Rayleigh Channel, BER, Wireless Communication, 6G.

. INTRODUCTION

HE increasing demand for high speed, high spectral ef-

ficiency, high reliability, and low power consumption in
online Internet devices, which have emerged due to the recent
developments and unprecedented advances in communica-
tion and computation technologies, is pushing researchers to
develop advanced and more effective transmission methods
and techniques such as Massive MIMO that includes all the
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benefits of conventional MIMO, but doing this by using a
large number of antennas at the base stations (BSs) to harvest
more performance advantages [[1]]—[4].

As a promising technique in the applications of 5G, Mas-
sive MIMO obtains a solid place with its simultaneous multi-
user servicing nature, in wireless standards like 5G, and LTE
(5], [6]. In addition to multi-user service, Massive MIMO
also exhibits superior performance in spectral efficiency over
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the standards established on a small number of antennas
[7], [8]]. Aside from spectral efficiency, Massive MIMO is
also capable of providing better channel reliability due to its
diversity gain along with having low propagation loss [9].
In spite of all these advantages [[10], which promote Massive
MIMO to be an adopted technology in 5G wireless systems in
a centralized or decentralized setup [[11]], [[12], there are still
some certain issues that Massive MIMO suffers from, such
as the hardware and signal processing costs that increase as
the number of antenna elements in BSs increases [13]].

The second issue is the RF chain complexity that in-
evitably comes with the dedication of RF chains for each
antenna element [|14]], especially for Massive MIMO systems
that contain roughly 50-400 antennas in each BS to serve
multiple antenna users at the same time [15]]. Another issue
is the inter-channel interference (ICI) that occurs because of
the overlapping of the signals that are emitted from the vast
number of antennas [|16]).

To overcome these issues, an effective antenna selection
algorithm could be a wise solution to reduce the number of
RF chains by choosing the antennas that offer the highest
signal rate [[17]], [[18]], which enables the system to convey
the data bits with much less channel effect, and consequently
much less cost, complexity, and ICI, while the system per-
formance is not sacrificed. In this regard, several antenna
selection methods have been offered throughout the years.
One of these methods mentioned in [18] relies on the idea
that suggests choosing the antennas that have the maximum
channel capacity under a perfect channel state information
(CSI) assumption as a selection criteria. One other worthy to
mention idea is based on solving the maximum volume offer-
ing submatrix in the whole antenna matrix instead of solving
it directly as an antenna selection method, which is deeply
investigated in [[19]-[21]]. In addition to these aforementioned
antenna selection techniques, several variations of MIMO
schemes have been adapted to Massive MIMO literature,
such as [3[, [22]], to offer a remedy for the cost, channel
complexity and ICI issues of Massive MIMO. However, all
these offered antenna selection methods created for the usage
of Massive MIMO systems within the adaptations of MIMO
schemes that are inherited from spatial modulation (SM),
both have the same sufferings, that is the inability to make
the antenna selections both channel and data dependent at
the same time [23]—[25]].

On the other hand, a recent study called Antenna Number
Modulation (ANM) [26]], which is applied to MIMO systems
opens the door to create a possibility to make the antenna
selection to be both data and channel dependent at the same
time thanks to its nature that allows the additional data bits to
be sent by the number (not indices) of active antennas in the
system. Within this scheme, a portion of the incoming data
stream is separated to determine the active antenna numbers
in the system to convey the rest of the data stream by using
conventional PSK/QAM modulation.

In an effort to further improve the data rate and reliability
performance of the recently proposed MIMO-ANM scheme,
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in this paper, a novel method called Multiple Multiple Input
Multiple Output with joint block Antenna Number Mod-
ulation (M-MIMO-ANM) is proposed for combining the
benefits of both of the above mentioned schemes Massive
MIMO and ANM. In this method, the antenna elements
of a relatively large scale antenna array are grouped at the
Base Station (BS) into blocks, whose number is used as
an additional feature that can convey extra information bits.
This is done by assigning a portion of the data stream for
the number of antenna blocks and assigning another portion
of data stream for the transmit antennas within each active
block, whereas the remaining part of the data stream is sent
by using conventional PSK/QAM modulation. The aim of the
second part of this research is to improve the performance
of the aforementioned scheme by proposing and designing
a novel transmission M-MIMO-ANM scheme that can make
the selection of the antenna blocks and transmit antennas in
each antenna block to be both channel and data dependent
simultaneously in a large scale of antenna system. To sum up,
the proposed Multiple MIMO-ANM scheme is a promising
technique, in terms of spectral efficiency, enhanced reliabil-
ity, low complexity, and secrecy that comes from the inherits
of Massive MIMO and ANM.

The following parts of this paper are organized as follows.
In section II, system model of the Multiple MIMO-ANM is
explained, details of the concept are analyzed with math-
ematical equations, and comprehensive illustrations; and a
sample scenario is exemplified. In section III, the adaptive
antenna selection ability of Multiple MIMO-ANM system is
interrogated, the applicability of the system is analyzed by
mathematical equations, and the understanding of the process
is strengthened by an example. In section IV, performance
analysis of the scheme is discussed. In section V, simulation
results of regarding scheme and its comparisons with other
schemes are shown. Lastly, section VI concludes the paper.

Il. SYSTEM MODEL

In this paper, a single user MIMO scheme under Rayleigh
channel is considered. The number of blocks and number
of transmit antennas are notated as B and T respectively
while the number of receive antennas is notated as R. For
simplicity, number of receiver antennas is kept singular, 7.e.
R=1

This introduced novel transmission method, called M-
MIMO-ANM, manipulates both the number of antenna
blocks and the number of antennas that are situated in
these blocks to send even more data bits per antenna than
conventional MIMO-ANM scheme [26]]. This creates a new
dimension, called number of blocks in addition to dimensions
that come from PSK/QAM and the number of antennas in
space domain.

This results in a 4D modulated scheme that exploits the
number of antenna array blocks, in addition to in-phase,
quadrature components of the signal constellation diagram,
and number of antennas that is already proposed in conven-
tional MIMO-ANM.
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A. THE TRANSMISSION STRUCTURE OF M-MIMO-ANM

The general structure of the proposed M-MIMO-ANM trans-
mitter is shown in Fig. [T}

In the given data stream, symbols are separated into three
sub-streams. The first sub-stream is named as the "Main
Bits", and the symbols in this sub-stream are the actual
symbols intended to be sent. The second sub-stream is named
as the "BNM Bits", and the symbols in this sub-stream define
how many antenna blocks will be used in the antenna system.
The third sub-stream is named as the "ANM Bits", and the
symbols in this data stream define how many antennas in
each block will be deployed. By doing this separation, each
individual element of the Main Bits sub-stream can be sent
according to the BNM Bits and the ANM Bits sub-streams.

After this stage that is achieved by separating the total
number of bits N = N; + Ny + N3 into the "Main
Bits" (IN1), which is determined by the signal constellation
modulation order (BPSK, QPSK, QAM, etc.) M calculated
by the formula of N7 = log, (M), "BNM Bits" (N2), which
is determined by the number of active antenna blocks at
the transmission side B calculated by the formula of Ny =
log,(B), and the "ANM Bits" (/N3), which is determined
by the number of available transmit antennas in each active
block T calculated by the formula of N3 = log,(T), the
Main Bits are modulated by one of those conventional BPSK,
QPSK, or different variations of QAM, while the BNM Bits
are utilized to modulate the number of blocks by creating a
look-up table that maps BNM Bits’ groups into a specific
number of active blocks to make the decision to define how
many antenna blocks will be activated. In a similar way, the
ANM Bits are utilized to modulate the number of antennas
by creating a look-up table that maps ANM Bits’ groups into
a specific number of active antennas to make the decision
to define how many antenna elements in each block will be
activated.

As a predefined case, where the total number of antenna
blocks in the system is four and the total number of antenna
elements in each block is four (i.e., B = 4,T = 4), the
mapping tables are shown for BNM Bits and ANM Bits in
Table I and Table II, respectively.

TABLE 1: BNM mapper with N»=2 bits & B=4

BNM bits (N2) | Active Antenna Blocks Pattern ({)
[00] [1; 05 0; 0]
[01] [1; 150, 0]
[10] [1; 15 1; 0]
[11] [1; 15 15 1]

TABLE 2: ANM mapper with N3=2 bits & T=4

ANM bits (N3) | Active Antennas Pattern (v)
[00] [1;0;0; 0]
[01] [1; 150, 0]
[10] [1;1; 1, 0]
[11] [1;1;1; 1]

VOLUME 1, 2020

To have a more clear aspect in Table I, if the BNM Bits
group or couple is 700" this means the number of active
blocks is one, if it is 01 this means the number of active
blocks is two, if it is 10 this means the number of active
blocks is three, and if it is 11 this means the number of
active blocks is four. The mapping numbers of each block
is defined by the number of antenna blocks in the system.
A similar explanation to clarify the process in Table II can
also be expressed for ANM Bits as follows. If the ANM
Bits group or couple is 00" this means the number of active
antennas in a block is one, if it is 01"’ this means the number
of active antennas in a block is two, if it is 10 this means
the number of active antennas in a block is three, and if it is
”11” this means the number of active antennas in a block
is four. The mapping numbers of each antenna is defined
by the number of antennas in the system. If B = 272 is
assumed as the number of the transmit antenna blocks and
T = 23 is assumed as the number of the transmit antennas
in each block in the system, where N, represents the number
of data bits for each BNM Bits group and N3 represents
the number of data bits for each ANM Bits group. For
example, for four antenna blocks and eight antenna elements
in each block B = 2™ = 4, N, = log,(B) = 2 and
T = 2Ms = 8 N3 = logy(T) = 3, then the BNM
Bits grouping possibilities are in two bits as 00,01, 10, 11,
whereas the total possibilities for ANM Bits are grouped in
three bits from 000 till 111. To acquire the most optimized
results in this scheme and simplify its demonstration, the case
is established on four transmit antenna blocks (B = 4), four
transmit antenna elements in each block (T' = 4), and one
receive antenna (R = 1).

As the next step of modulating "Main Bits" with respect
to different varieties of signal modulation constellation types
(i.e., BPSK, QPSK, 16QAM, 64QAM), "BNM Bits", and
"ANM Bits", each individual formed data symbol (z) is
conveyed from the active antennas, which are specifically ac-
tivated according to their positions in certain antenna block.
This specific antenna activation is operated according to
Table I and Table II. After that, the transmitted data symbol is
multiplied by the flat fading coefficients of the blocks, which
are obtained by the average value of each four antennas that
are adjacent to each other, and also multiplied by the active
antennas in each active antenna group. The acquired result
is then summed by the noise (w) with zero mean and Ny
variance at the receive antenna to acquire the signal that
reaches the receiver. As a result, the formula of 1 x 16 MISO
system model for each symbol in this scheme is given as

/| P
Y= vaxgxg“xhxvexx+w, (1)

where P is the power required for the transmission of
each data symbol z, Z = |[C[la = S22, ¢? is the total
number of active blocks in the entire antenna array, and
V=|v|= ZiT:1 v? is the total number of active antennas
in each active block. v, = [v;v;v;v] € BIX! is the
activation vector of all the antenna array elements of the
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FIGURE 1: Transmitter structure of M-MIMO-ANM.

Block Block Number
Number Bits Selector
N o BPSK
-
Incoming Bits Main Bits Modulator
Antenna Antenna Number
Number Bits Selector
system, in which v = [v1;v9;v3;v4] € B**! is the acti-

vation pattern vector corresponding to a single block, whose
elements are Boolean (B), i.e., zero or one. In addition to that,
h = [h11, hi2, has, hia, has, hag, har, has, hig, haio, hait,

h1i12, h113, 114, h115, hllﬁ} € C*16 i the flat fading chan-
nel vector, in which hpp represents a Gaussian channel
coefficient with zero mean and unity variance that corre-
sponds to the connection between the T”th transmit antenna,
which is situated in B’th antenna block, and R’th receive
antenna. g = [g1,92,93,94] € CY*% is the artiﬁciallyﬂ
introduced flat fading channel vector for the antenna blocks
in the system, which is acquired by the average values of

each four h values that are adjacent to each other as shown
. hiythiothist+h histhigthiz+h
below: g1 = 11+hiothiz+ 14 gy = 15+hiet+hiz+ 18 gy =

4 4
higthiio+hiii+hiie — haisthiiathiist+hiie c BAx1
4 > g4 = 4 s (

is the activation pattern vector that is created to determine
the inactive antenna blocks by zeros and the active antenna
blocks by ones according to N, bits and mapping process
indicated in Table I, whereas v € R**! is the activation pat-
tern vector that is created to determine the inactive antennas

't is intentionally introduced to the system to help the receiver in the
detection process of the number of active blocks.

4

in each active antenna block by zeros and active antennas in
each active antenna block by ones according to N3 bits and
mapping process indicated in Table II.E|

In addition to the antenna number feature of the MIMO
system, the capability of M-MIMO-ANM is offering even
more spectral and power efficiency with its block number fea-
ture. Moreover, by conserving the nature of MIMO-ANM’s
independent mapping process of the indices or position of
the antennas, the simultaneous channel and data dependency
sustains the advantage that the spatial index modulation
cannot offer [27]], [28]], as shown in the following example.

Example: To clarify the process and improve the under-
standing of the concept a comprehensive example is submit-
ted as follows. Assume a small sample of data bit sequence
that is given as "101101101011011", and this data stream
is desired to be sent by a B X T' x R = 4 x 4 x 1 M-

2The g values for this case are set as the average values of the channel
coefficients to create a pattern in the activation of the antenna blocks from
the highest quality offering to lowest, without disrupting the credibility of the
system while the antenna selection algorithm is applied. The various number
of throughput acquired from the simulation results prove that the most robust
method to deploy the antenna blocks in M-MIMO-ANM is setting the g
values as not any arbitrary number but an h dependent variable.

VOLUME 1, 2020



Kirik et al.: M-MIMO with ANM and AAS

RS Open Journal on Innovative Communication Technologies ‘C{)"

MIMO-ANM system using BPSK modulation, which also
can be considered as Troq; X B = 16 x 1. Since there
are four antenna blocks in the given system, determination
of the number of different BNM group is operated by the
previously given formula 2V2 = B = 4. With this formula,
the number of bits in each BNM group can be found as
Ny = logy B = 2. To find N3, the number of bits in each
ANM subgroup, a similar formula oNs — T = 4, which is
also previously given leads that N3 = log, T' = 2. These
results, No = 2, N3 = 2, imply that for the transmission of
each element of the Main Bits group that is modulated by
BPSK, there are two bits in the BNM Bits group that activate
the antenna blocks, and there are two bits in the ANM Bits
group that are assigned to activate the transmit antennas in
each block according to their bit numbers. This separation of
the incoming data bits as Main Bits (modulated by BPSK),
BNM Bits (modulated by the number of antenna blocks),
ANM bits (modulated by the number of antennas in each
block) for this example is shown in Fig[2}

EYTN AR T FYEN TA ERTARS FRTARREN

1 1

] ] ]
I I \r
ol Frfo e fefoefofarfo]: |1
FIGURE 2: Main Bits, BNM Bits and ANM Bits Separation
from Incoming Data Stream for 4 Antenna Blocks, 4 Trans-
mit Antennas and 1 Receiver Antenna when BPSK is used.

After the bit separation, M-MIMO-ANM process proceeds
as follows. To send the first element of the Main Bits group,
first two bits of the BNM Bits group and first two bits of
the ANM Bits group are taken under consideration. As it
is seen in Fig[2] these correlated bits are indicated by blue
color. According to these bits, it can be inferred that the
transmission of 1 is operated by three blocks, since the 10
in the BNM Bits group corresponds to three blocks, and
two transmit antennas that are situated in these three blocks
activated, since the 01 refers to two antennas in each active
block. The transmission of the second bit of the Main Bits
group is executed by the second pairs of both BNM Bits
and ANM Bits group, which are colored by red in Fig. 2]
Within these bits, it can be stated that 0 is conveyed by three
antennas that are located in each of the four antenna block
in the system, since the 11 in the BNM Bits group means
the activation of four antenna blocks, and 10 in the ANM
Bits group means the activation of three antennas in each
activated block. Lastly, the third element of the main bits
group is conveyed by the third pairs of the BNM Bits group
and ANM Bits group, which are specified by green color.
According to these pairs, the transmission of 1 is achieved
by two blocks, since the 01 in the BNM Bits block regards to
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two antenna blocks, and each of these two antenna blocks
contains four active transmit antennas, since the 11 in the
ANM Bits group means activation of two antennas in each
active antenna block. The visualized scheme of this process
is displayed in Fig. 3]

Since there are different possibilities to convey the main
signals from different blocks and antennas, the corresponding
received main signal may vary according to those blocks and
antennas in usage. These variations for received main signal
expressions are listed in the following equations.

When active blocks’ number is one and active antennas’
number in each active block is one, the received signal is
given as

P

=\ 11" (g1) x (h11) X @ + w. (2)

When active blocks’ number is one and active antennas’
number in each active block is two, the received signal is
given as

P
Yo = \/; X (gl) X (h11 + h12) X i+ w. 3)

When active blocks’ number is one and active antennas’
number in each active block is three, the received signal is
given as

P
Y3 =1\ 173~ (91) X (h11 + h1a + hig)x; +w. @)

When active blocks’ number is one and active antennas’
number in each active block is four, the received signal is
given as

P
Ya=A\1a (91) x (h11 +h12+hig+hia)z; +w. (5)

When active blocks’ number is two and active antennas’
number in each active block is one, the received signal is
given as

P
2x1

Ys = % [(g1) x (h11) + (g2) X (h1s)]zi +w. (6)

When active blocks’ number is two and active antennas’
number in each active block is two, the received signal is
given as

X[(g1) % (h11+h12)+(g2) % (h1s+hie)|zi+w.
(7N

When active blocks’ number is two and active antennas’
number in each active block is three, the received signal is
given as

P
Y7 =133 * [(g1) x (h11 + h12 + hig)+

(g92) x (h1s + hig + ha7)lz; +w.  (8)

Yo =\ 32
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((a)) Transmission of 1 via three blocks
two antennas in each block.

((b)) Transmission of 0 via four blocks
three antennas in each block.

(A

y

((¢)) Transmission of 1 via two blocks four
antennas in each block.

FIGURE 3: Simple visualization of the antenna activation process and mapping in M-MIMO-ANM scheme.

When active blocks’ number is two and active antennas’
number in each active block is four, the received signal is
given as

P
Ys=1\551 % [(g1) % (h11 + hig + hig + h1a)+

(g2) x (h1s + hie + hir + hig)lzs +w. (9)

When active blocks’ number is three and active antennas’
number in each active block is one, the received signal is
given as

9o = 1 5y ¥l01) % (o) +(g2) X () +(93) % (o i
(10)
When active blocks’ number is three and active antennas’
number in each active block is two, the received signal is
given as

P
Yo =14/335 * [(g1) x (h11 + h12)+

(g2) x (his + hig) + (93) X (h19 + hi10)]zs +w  (11)

When active blocks’ number is three and active antennas’
number in each active block is three, the received signal is
given as

Y11 = x [(g1) x (h11 + hi2 + h13)+

3 x3

(92) X (h1s+hie+hi7)+(93) x (hig+hio+hi)]zi+w
(12)

When active blocks’ number is three and active antennas’
number in each active block is four, the received signal is
given as

P
3 x4
(g2) x (h1s + hie + ha7 + hig)+
(g3) % (h1g + h110 + +hi11 + hii2)]zs +w  (13)

Y12 = X [(g1) x (h11 + hi2 + hi3 + h1a)+

When active blocks’ number is four and active antennas’
number in each active block is one, the received signal is
given as

T (a0 % () + (92) x (hss)+

(g3) x (h1g) + (g4) X (h113)]x; +w  (14)

Y13 =

When active blocks’ number is four and active antennas’
number in each active block is two, the received signal is
given as

P
12~ [(g1) X (h11+h12)+(g2) X (h15+hi6)+

(93) % (h1g + h110) + (g4) X (h113 + hi1a)]z; +w  (15)

Y14 =

When active blocks’ number is four and active antennas’
number in each active block is three, the received signal is
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given as

P
4x3
(92) X (h1s + hie + ha7) 4 (93) X (h1g 4 h110 + hi11)+

(94) % (h113 + h114 + +h11s)]x; +w  (16)

Y15 = x [(g1) % (h11 + h12 + h13)+

When active blocks’ number is four and active antennas’
number in each active block is four, the received signal is
given as

Y16 = % [(g1) x (h11 + hi2 + hiz + h1g)+

4 x 4

(92) % (his+hie+hi7+hig)+(g93) X (hig+hi10+hi11+hii2)+

(94) % (h113 + hi1a + +hi1s + hae)|zs +w - (17)

B. THE RECEPTION STRUCTURE OF M-MIMO-ANM

The corresponding reception side structure of M-MIMO-
ANM is given in Fig. 4]

Antenna Number Bits
Demodulation
— in Bi L
l MIMO Receiver ——> paniels — ! Received Bits
e Demodulation —>
Block Number Bits
Demodulation

FIGURE 4: Receiver Structure of M-MIMO-ANM.

To detect the data bits that come from both conventional
M-ary signal constellation symbols, the number of antenna
blocks and the number of antennas in each block at the
receiver side, different approaches of detection methods can
be used. One of these approaches is joint detection of Main
Bits, BNM Bits, ANM Bits, whereas the other approach is
individual detections independently separate from each other
in a successive manner. Further explanation about these two
methods is provided below.

Demodulation of the data bits can be operated under a
common detection process for both Main Bits, which is
modulated by either one of those BPSK, QPSK, 16QAM, or
64QAM, BNM Bits, and ANM Bits, or a sequential detection
can be applied individually by demodulating the BNM Bits
first, then demodulating ANM Bits, then demodulating Main
Bits with respect to demodulations of BNM Bits and ANM
Bits. It should be stated that by applying a common detection
procedure at the reception side, the complexity of the system
is dramatically increased. The reason behind that is, by
applying a joint detection, the number of operations becomes
B x T x M, while in the separated detection this number is
B+T+ M.

In the joint demodulation of Main Bits, BNM Bits, and
ANM Bits, a Maximum Likelihood (ML) detector can be
used to detect the active blocks, active antennas in these
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active blocks, and signal constellation points at once. The
regarded formula for this detector can be derived as

¢
Jewe =min | ly— [ > g

v
(Z hu) FP ), a8
E56,0 i=1 i=1

where ( € 1,2,3,4 is the possible number of active
antenna blocks, v € 1,2,...,16 is the possible number of
active antennas in the system, y; € y1,¥2,...,y16 1S the
received signals that is defined by certain combinations of
active antenna blocks and antennas in these active blocks, and
x; is the estimated constellation symbols.

On the other hand, the individual detection of the Main
Bits, BNM Bits, and ANM Bits, that provides less com-
plexity might be a wiser alternative in some certain cases
that requires low delay, less processing, and less power con-
sumption, like IoT devices. In such a case, the ML detector
formulas for each individual group of bits as BNM Bits,
ANM Bits, Main Bits are given as

¢
Je=min { Jly - > g | =l |, (19)

=1

J, = min <|y —~ (Z hu> x||2> : (20)
=1

J, = min <||y - (Z hh-) ;z||2> : 1)
i=1

As it can be seen from (21), the g values which were
set as the average values of the channel coefficients in each
corresponding block do not have an effect at the reception
side of M-MIMO-ANM. The reason why behind that is, the g
is used only for creating an activation pattern for the antenna
blocks. Since the deployment of the g values in (21) would
create an artificial performance increment and obstruct to
reflect the true performance of the system, it is not considered
as a parameter of the detection of Main Bits.

During the simulation process of this scheme, detection of
the bits are achieved individually due to its aforementioned
advantages.

lll. MULTIPLE MIMO WITH JOINT BLOCK ANTENNA
NUMBER MODULATION AND ADAPTIVE ANTENNA
SELECTION (M-MIMO-ANM-AAS)

In this section, the main advantage of the MIMO-ANM
system over MIMO-SM, which is the ability to make antenna
selection channel dependent as well as data dependent is
offered as an improved version of Multiple Input Multiple
Output System with Antenna Number Modulation and Adap-
tive Antenna Selection (MIMO-ANM-AAS). The source of
this improvement relies on making the antenna selection
not only based on channel coefficients of each individual
antenna, but considering each antenna in each block as a
member of a team and acquiring the total channel coefficients

7
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for each antenna block. This application leads the system to
select the antenna blocks and antennas in each block, not
only by the BNM Bits and ANM Bits, but also the channel
amplitude responses of each block and antenna that blocks
contain. Multiple Multiple Input Multiple Output System
with Antenna Number Modulation and Adaptive Antenna
Selection (M-MIMO-ANM-AAS) is designed to select the
best antennas among the best antenna blocks.

The application procedure of M-MIMO-ANM-AAS is ex-
plained as follows:

1y

2)

3)

4)

5)

6)

7

By sending an experimental signal from the receiver in
a Time Division Duplex (TDD) system, the transmitter
estimates the channel amplitude responses of each
transmit antenna.

As the next step, the average values of each adjacent T'
antennas in one block are calculated to assign a channel
amplitude value to each antenna block.

Within this step, the transmitter can achieve the de-
tection of the channel amplitude values of antenna
blocks with respect to the receiver. For a singu-
lar receive antenna at the reception end and B an-
tenna blocks at the transmission end, the channel
amplitude vector of antenna blocks becomes |g| =
lg11l, 912l [913]; ---s lg1]] € TP,

The channel response values of vector |g| is then sorted
by the transmitter from its highest value to lowest
value.

After the ranking of the blocks is done, the chan-
nel amplitude values of transmit antennas, which are
previously obtained for the detection of the channel
amplitude values of antenna blocks, are specified for
each block that contains 7' transmit antennas. For
a singular receive antenna at the reception and T'
transmit antennas in each of B blocks the channel
amplitude vector of transmit antennas becomes |h| =
Rl [zl [Rasl, oo (P17, ] € CHTTotr,

For the next step, the transmitter maximizes the SNR of
the receiver, which leads to an increase in the reliability
performance of the receiver since it reduces the BER
of the system. Even though, there are many strategief]
to select antennas according to their channel gains, in
this study transmitter deploys the strategy that suggests
using the antennas that provides the largest channel
gain, thanks to block and antenna number selective
nature of number modulation scheme rather than their
indices or positions in the system.

The selection process in M-MIMO-ANM-AAS, which
comes after the decision that how many antenna blocks
and transmit antennas in each block are activated by

31t should be stated that there are many strategies in the literature to
achieve the antenna selection in MIMO systems, such as Euclidean distance-
based or capacity-based transmit antenna selection schemes, which is used
in literature [29]—[33]] for MIMO-SM. However, by doing the selection of
antenna blocks and transmit antennas in each block according to the largest
channel gains, leads to the system to be much simpler, more cost effective
and less complex in M-MIMO-ANM case.

8

BNM Bits and ANM Bits respectively, relies on ac-
tivating specific antenna blocks and specific transmit
antennas in those certain amounts of antenna blocks
and transmit antennas that are specified by BNM Bits
and ANM Bits, according to their channel coefficient
qualities.

By the given equation below, the optimal antenna block
selection positions of the antenna blocks can be calcu-
lated according to their SNR values

{Ci’pt7 e gpt} = arg max

SNRic. . e,
{¢1, Cz}EAZ (¢, Cz]

(22)

where Az is the possible combinations of antenna
block activation patterns, SN Ry¢, ... ¢, is the summa-
tion of the SNR values that is acquired from Z number
of activated antenna blocks in the system.
A similar equation is given below to calculate the
optimal antenna selection positions of the transmit
antennas in each active block according to their SNR
values

t ¢
{o?, - o) = arg max

SNR,, ... vols
{v1, vy }EAy [, ov]

(23)

where Ay is the possible combinations of transmit
antenna activation patterns in each activated antenna
block, SNR,, ... v, is the summation of the SNR
values of that is acquired from V' number of activated
transmit antennas in each antenna block.
In order to take these equations one step further, an-
tenna block selection and transmit antenna selection in
each block can be achieved by the channel coefficients,
since a uniform power allocation is used in the system.
The corresponding equations for antenna block selec-
tion and transmit antenna selection in each block are
given below

opt opty __
g = ar, max Z
{Q 67} g{Cl,m,Cz}GAz g1 |[41, Sz
(24)
opt opt
vy e, U =ar max h ,
{ ! v } g{vl,“',vv}eAv‘ IV‘[vl) ov]

(25)
Example: Another example that deeply explains the M-
MIMO-ANM scheme is given as follows. However, in
this example, the Adaptive Antenna Selection feature
of the system is emphasized. Assume the same sample
of data sequence that is used in the first example as
given in Fig. [2| and this data sequence is desired to
be sent by the same amount of antenna blocks, same
amount of transmit antennas, and the same amount of
receive antennas as the first example (ie., BxT X R =
4x4x1orTroiq X R =16x1)in an M-MIMO-ANM-
AAS system. Let the coefficients of the transmission
part of the system is notified as in Fig.[3]
In this figure, the first column demonstrates the illus-
trations of the antenna blocks, transmit antennas, and
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Base
Station

Blocks

Antennas

Antenna
Coefficients
(h)

Absolute

Values of

Antenna
Coefficients

(1h1)

Block
Coefficients

(9)

Absolute
Values of
Block
Coefficients

(lgl)

x4

hy,=0.7782-0.13861

[hi/1]=0.7905

12=1.0919+1.00361

|Nijo|=1.4831

;5=0.0608+0.20621

|hy/s|=0.2149

1a=-1.0547+0.13991

[hi4]=1.0639

G171= (Nqy9+Ny 2t N atNea) /4
=0.8762+1.21111

[g1,4]1=1.4948

;5=-0.5249+1.12271

|hys|=1.2398

;5=-0.7507-0.56881

|ny6|=0.9418

;7=1.6620+0. 49261

|hy7|=1.7335

;2=-0.4353+0.59051

[hy/s]=0.7336

g172=(Nq ;5N g+Ny 7404 ,5) /4
=-0.0489+1.63701

|g1_.-2|:-| 6377

1e=0.5290-0.17231

|y e|=0.5563

110=-0.1361+0.15251

|h1qo|=0.2044

111=0.6283-0.82441

|h1H1|=1.0365

112=-0.5408-0.81171

[Niq2]=0.9754

@1/5= (N1y9tN1 10401 11+ 0 02) 14
=0.4804-1.65591

|g1."3| =1.7242

Ny 1=-0.9916+0.07421

|y 15| =0.9943

Ny;14=-1.0058+0.51071

[N114]=1.1280

hi;15=0.3452+1.82821

|h1ﬁ5|=1.8605

I < | <

N4;16=-0.1254-0.47161

[Ni15]=0.4880

Q174= (N1t N1 14N 15N 116) /4
=-1.7776+1.94151

FIGURE 5: Variable Table of the Given Example.

|g:,4|=2.6324

their notations as By, By, B3, B4 for transmit antenna
blocks, and from 77 through T3¢ for transmit antennas.
The second, "Antenna Coefficients", column that is
notated as h is the flat fading channel coefficients for
each individual antenna element. In the third, "Ab-
solute Values of Antenna Coefficients", column the
absolute values of each complex number are calculated
to be able to make a proper sorting among antennas
in each block under the notation of |h|. The variable
notated as ¢ in the forth, "Block Coefficients", column
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is the average values of each four adjacent antennas,
which defines the flat fading channel coefficients for
each block. To take the quality ranking in the block
level, each value that are calculated in Block Coeffi-
cients column are considered as their absolute values in
fifth, "Absolute Values of Block Coefficients", column
which is notated as |g|.

According to this table by examining the Absolute
Values of Block Coefficients column, it can be obvi-
ously detected that the quality ranking of each transmit

9
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TABLE 3: The calculated statistics of the effective Rayleigh fading channel amplitude of MISO-ANM with B=4, T'=4

BNM Bits () | ANM Bits (v) Active Antennas Pattern |he 7 f| Scale (8) | Mean Square (?)
[00] [00] [1000000000000000] |g1 X hi| 0.681 1
[00] [01] [1100000000000000] lg1 % (h1 + ha)]| 1371 2
[00] [10] [1110000000000000] lg1 X (h1 + h2 + h3)| 2.013 3
[00] [11] [(1111000000000000] | |g1 x (hy +ho +hs +ha)| | 2726 4
[01] [00] [1000100000000000] lg1 % (R1) + g2 x (hs)] 1371 2
[01] [01] [1100110000000000] lg1 X (h1 + h2) + 2.726 4

g2 X (hs + he)|
[01] [10] [1110111000000000] lg1 X (h1 + h2 + h3) + 4.027 6
g2 ><(h5+h6+h7)‘
[01] [11] [1111111100000000] lg1 X (h1 +ho 4+ h3+ha) + 5.467 8
g2><(h5+h6+h7+hg)|
[10] [00] [1000100010000000] lg1 X (h1) + g2 x (hs) + 2.013 3
g3 X (ho)
[10] [01] [1100110011000000] | |g1 x (hy+ho)+gax (hs+ | 4.027 6
he) + g3 x (ho + h1o)|
[10] [10] [1110111011100000] | |g1 x (h1 + ha + hs) + 6.155 9
g2 X (hs + he + h7) +
g3 X (ho + h1o + h11)]
[10] [11] [L111111111110000] | |gy x (h1 +ho+hs+ha)+ | 8275 12
g2 X (hs + he + h7 + hg) +
93 X (hg +hi0+h11+hi12)]
[11] [00] [1000100010001000] | |g1 x (k1) + g2 x (hs) + 2726 4
g3 X (hg) + ga x (h13)|
[11] [01] [1100110011001100] lg1 % (h1 + ha) + 5.467 8
g2 X (hs + he) +
93 X (hg + h1o) +
g4 X (h13 + h14)|
[11] [10] [1110111011101110] lg1 X (h1 + h2 + h3) + 8.275 12
g2 X (hs + he + h7) +
93 X (hg + h1o + h11) +
ga X (h13 + hia + his)|
[11] [11] [T11r1111111111111] lg1 X (h1 +ho 4+ h3+ha) + 10.910 16
g2 X (hs + he + h7 + hg) +
g3 X (hg+hio+hi1+hi2)+
ga X (h13+hia+his+hie)|

antenna block is ordered as |g1 /4]) > |g1/3] > |g1/2| >
|91/1], which means that the first priority of the block
selection belongs to By, then Bs, then Bs, then Bj.
By analysing the antenna qualities in each block, it
can be seen that the quantities of the |h| values are
ordered as |h1/2| > |hyja| > |hi/1] > |hy/s| in the
Bj, which means 75 offers the best channel quality, 7}
offers the second and 77 offers the third best channel
qualities, whereas T35 offers the worst channel quality
in Bj. Similarly, the channel quality orders, which
also defines the antenna activation priority patterns of
each transmit antenna in each antenna block can be

specified from highest to lowest as 1%, T5, T4, Ty for
BQ, T11, T12, Tg, T10 for Bg, and T15, T12, 1_'137 T16 for
By.

Within this knowledge, the given data stream
101101101011011 is separated as Main Bits, BNM
Bits, and ANM Bits to start the M-MIMO-ANM pro-
cess. Transmission of the first bit in the Main Bits
group, 1, three blocks that provide the best channel
qualities are deployed, since the corresponding block
number is 10. In these best quality offering blocks, two
highest channel quality offering antennas are activated,
since the first two bits in the ANM Bits group is 01.
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((a)) Transmission of 1 via three blocks
two antennas in each block.

((b)) Transmission of 0 via four blocks
three antennas in each block.

XX
XX

S Y

((¢)) Transmission of 1 via two blocks four
antennas in each block.

FIGURE 6: Simple visualization of the antenna activation process and mapping in M-MIMO-ANM-AAS scheme.

Thus, the transmission of the first element of the Main
Bits group, 1, is operated by 715,714 as the member
of B4, which is the highest channel quality offering
antenna block, 771,712 as the member of Bs, which
is the second highest channel quality offering antenna
block, and 77, T5 as the member of B,, which is the
third highest channel quality offering antenna block.
The second bit in the Main Bits group 0, is sent by
four blocks, since the second couple of bits in BNM
Bits group is 11, which means the channel qualities of
antenna blocks, in this case, do not matter since the
all blocks are activated. However, the antenna qualities
in each active block still must be taken into consider-
ation. The second couple, 01, in ANM Bits group is
assigned, in order to decide which transmit antennas
are opened in each antenna block, which indicates the
activation of two transmit antennas for B, By, B3, By
separately. According to Fig. |5 the highest channel
quality offering antennas are 775, 114, 113 for By as the
first prioritized antenna block, 771,712, Ty for B3 as
the second prioritized antenna block, 17,75, Tg for By
as the third prioritized antenna block, and 15, Ty, T}
for By as the forth prioritized antenna block. Since
the last couples of BNM Bits and ANM Bits groups
are 01, and 11 respectfully, the last bit in the Main
Bits group, 0, is meant to be sent via two antenna
blocks that provide the most qualified conditions with
their all containing antennas. As previously stressed,
the two most channel ranked blocks are B,, and Bj3
in descending order. Thus, the transmission of 0 is
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operated by all the containing antennas of these two
blocks. All these processes are illustrated in Fig.

IV. PERFORMANCE ANALYSIS OF M-MIMO-ANM

A. STATISTICS OF THE EFFECTIVE INSTANTANEOUS
SNR

Because of the fact that for different number of active antenna
blocks and transmit antennas in these blocks for different
activation patterns, the original fading distribution parame-
ters are not appropriate for the proposed M-MIMO-ANM.
The reason why the original fading distribution channel is
not appropriate for the M-MIMO-ANM can be explained
by considering the data transmission process. In M-MIMO-
ANM, at each channel use the antenna numbers and indices
change according to BNM and ANM bits, which means
the transmission slots are not always stable. That’s why the
fading distribution parameters are always reconfigured by the
active antenna blocks and active transmit antennas in these
active blocks. This reconfiguration of fading distribution
parameters is achieved by obtaining the amplitude and power
of each fading channel. To obtain these parameters, a method
so called numerical data fitting is used, which is explained in
detail in [26].

In M-MIMO-ANM scheme, the active antenna patterns
are decided by BNM bits and ANM bits, which may ex-
hibit a random variety for the number of antenna blocks
and antennas in each active block for the data transmission.
Therefore, an intuitive approach is adopted to obtain a sim-
ilar distribution to the original fading distribution. Acquired
results prove that the intuitive distribution results from the

11
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simulations, which are named as the effective distribution,
show very similar characteristics to the Rayleigh distribution
with different scale factors and means, as shown in Table
3. The following formula represents the amplitude channel
distribution.

o a?
fa(a) = B2 €xp (—252)7 (26)
where 3 is th scale parameter and o = h. s is the Rayleigh
channel distribution amplitude, w = o2 is represented as

the mean square of «, which is also equal to ¢ where
1 is the mean factor as a vital parameter in the channel
power calculation of the effective channel. These distribution
parameters are given in Table 3 for the proposed M-MIMO-
ANM.

In order to generate a power distribution function (PDF)

lhesr 2P
0—2

for the v = , following expression is given as

Qy

fa (V%)

= 27)
1 /3
CERVARY

By using these calculated distribution functions above,

BER performance of the proposed M-MIMO-ANM can be
analyzed properly.

Iy (7)

B. ERROR PERFORMANCE ANALYSIS OF M-MIMO-ANM

In the proposed M-MIMO-ANM scheme, there are three
stages that operate the estimation. The first one is the es-
timation of the number of antenna blocks, second is the
estimation of number of transmit antennas, and the third
one is the transmission of estimated bits, which makes the
analytical performance analysis more complicated. However,
the following derived equation offers a correct performance
analysis.

Let the three stages of the estimation process is notated
by A1, As, and Ag for the number of blocks estimation, the
number of antenna estimation, and transmitted bit estimation,
respectively. Even though the data stream grouping is the
same for the BNM bits and ANM bits, it is not the same
for the Main Bits. There are two bits used in each BNM
and ANM bits groups for the transmission of one bit in the
Main Bits group. Therefore, their respective probabilities are
P(A;) = 2/5, P(A2) = 2/5, P(A3) = 1/5. By assuming
the Py (E) and Py (E) are the error probabilities for
Aj; and A,, respectively. Pgpgsk (E) is the error probability
for Main bits which is modulated by BPSK, the total error
probability Pr,i;(F) can be formulated as

Piot(E) = Penam(E|A1)P(A1) + Panm (E|A2)P(As)
+ Pppsk (E|A3)P(As)
(28)

2 2 1
P (E) = gPBNM(E) + gPANM(E) + gPBPSK(E)
(29)

V. AVERAGE BER PERFORMANCE OF ALL POSSIBLE
ANTENNA NUMBER ACTIVATION PATTERNS
In this section, possible error calculations are represented in
terms of three parameters; error caused by the BNM bits
detection, error caused by the ANM bits detection, and error
caused by the Main Bits detection.

As the first reason of error, the general BER formula of
BNM Bits are given as follows:

2 _VOixEp
BERpNm-i = w|1- | 3xBoexNo | (30
' Trota %Jrl
act 0

where; 7 is the iterator from 1 to B,
TTotar 1s the total number of transmit antennas in the system,
[ is the scale factor for the antenna activation pattern, and
6 is the summation of the scale factors of the antennas in the
antenna blocks.
B, is the number of active antenna blocks among the whole
antenna blocks.

After the BER results are calculated for each antenna block
activation case, the average value of these results determines
the BER performance of BNM bits as shown below.

Zf;l BERBNM—;
5 .

As the second reason of error, the general BER formula of
ANM Bits are given as follows:

BERBNM = 3D

9 Bact XTact X Ep
2%/ X N
BERANM_i = X 1-— B Pi 0
TTotal act XTact X Ep + 1
2X\/ﬂi><N0

(32)
where; 7 is the iterator from 1 to Trqi,
T, 1s the number of active transmit antennas in the active
antenna blocks.

After the BER results are calculated for each antenna block
and transmit antenna activation case, the average value of
these results determine the BER performance of ANM bits
as shown below.

T
I BERANM—i

BERsnMm = 2 Tror
ota

(33)

As the third reason of error, the general BER formula of
ANM Bits are given as follows:

2)(91' XBj XEb
Bact XTact X No
2><97;><B]'><Eb 1 (34)
Bact ><jjact, ><JV(J

BERM(“‘”_Z"]' =04x|1-
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where; 7 is the iterator from 1 to B,
7 is the iterator from 1 to T4, Which for each four iteration
of j, 1 iterates one,

After the BER results are calculated for each antenna block
activation case, the average value of these results determines
the BER performance of Main bits as shown below.

B,T'rotal
S BERMain—i.i
BERy, — =1 et

As a result of these BER calculations of BNM bits, ANM
bits, and Main Bits the average BER of the M-MIMO-ANM
system for BPSK is calculated as

(35)

2
BERM_MIMO-ANM = 5 X BERpNM+

2 1
= X BERiNM + = X BERpqin- (36)

VI. PERFORMANCE DEMONSTRATION
Within this section, by running the Monte-Carlo simulations
for each offered scheme, Multiple MIMO-ANM, and Mul-
tiple MIMO-ANM-AAS, the performance results of each
scheme are exhibited over a Rayleigh fading channel in terms
of BER. In the conduction of the system number of antenna
blocks and number of transmit antennas in each block are
considered to be four (B = 4,7 = 4), which means the
total number of transmit antennas in the whole system is
sixteen (Trotq; = 16), whereas the number of antennas at the
reception side of the system is assumed to be one (R = 1).
Even though a comparison of a less amount of transmit
antenna containing Multiple MIMO-ANM scheme with the
conventional MIMO-ANM scheme, which contains only four
transmit antennas, would provide a better understanding in
terms of the superiority of Multiple MIMO-ANM system,
it would require to keep either one of those transmission
antenna blocks or transmit antennas in each block singular
to acquire four transmit antennas at the transmission end,
which makes the purpose of the proposed Multiple MIMO-
ANM scheme meaningless. Regarding this problem, Monte-
Carlo simulations of the conventional MIMO-ANM are re-
conducted for this study, and the number of transmit anten-
nas is changed to sixteen, to properly see the contribution
of a block number sensitive transmission algorithm on the
MIMO-ANM system. The parameters used in the simulations
for different varieties of modulation types are given in Table

5]

TABLE 4: Simulation Parameters

Modulation Type BPSK (M=2)
Number of Symbols 105 per iteration
Number of Antenna Blocks 4
Number of Transmit Antennas 4
Number of Receive Antennas 1
Number of available antennas for ANM 16
Number of BNM mapping bits 2
Number of ANM mapping bits 2
Wireless channel Block Rayleigh fading
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Fig. [/| shows the numerically analyzed BER performance
of the proposed M-MIMO-ANM and M-MIMO-ANM-AAS.
Fig. [7] also shows the comparison of M-MIMO-ANM and
conventional MIMO-ANM under different number of trans-
mit antenna conditions (i.e. 7' = 4, T' = 16). As the Fig.
indicates, even the transmit antenna number is increased to
sixteen in conventional MIMO-ANM to equalize the trans-
mit antenna number with M-MIMO-ANM, the effect of the
transmit antenna blocks creates an advantage for M-MIMO-
ANM, even both conventional MIMO-ANM and proposed
M-MIMO-ANM are considered under the same antenna
number conditions. This significant gain results in a higher
data coverage rate and more effective transmit power man-
agement without sacrificing any requirements of the service
operations.

Bit Error Rate

—
e
[}

—— MIMO-ANM (4x1)

—F— MIMO-ANM-AAS (4x1)
MIMO-ANM (16x1)
MIMO-ANM-AAS (16x1)
M-MIMO-ANM (4x4x1)

+ Bit Error Rate of M-MIMO-ANM
-5 I I L
10 0 5 10 15 20 25 30

Eb/No, dB

FIGURE 7: Comparison of Different ANM Schemes Under
BPSK Conditions.

_
<
S

Fig. |8| illustrates the average error rates of each bit group
in the given data stream, namely, BNM bits, which are
modulated by the number of antenna blocks, ANM bits,
which are modulated by the number of transmit antennas in
each block, and Main bits, which are modulated by BPSK.
From this figure, it can be observed that as the SNR value
is increased from O to 30, the BER performances of each bit
group is getting better results, as compared with conventional
MIMO-ANM.

Since both M-MIMO-ANM and conventional MIMO-
ANM schemes are capable of transmission five bits at a time
in a sixteen transmit antenna case, it might be considered why
the M-MIMO-ANM is more preferable than conventional
MIMO-ANM. To explain this, several reasons can be offered.
The first reason is obviously the superior performance of M-
MIMO-ANM, that is caused by the extra channel boost by
the antenna blocks as shown in Fig. [7]. The second reason
is the lower complexity that the M-MIMO-ANM offers.
By dividing the ANM bits in conventional MIMO-ANM
as BNM bits and ANM bits for M-MIMO-ANM results in
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BER for BPSK Modulation in Rayleigh Channel (B=4, T=4)

107! E
! Bit Error Rate in BNM Bits
Bit Error Rate in ANM Bits
=8 Bit Error Rate in Main Bits
—O— Bit Error Rate of M-MIMO-ANM

Bit Error Rate

10°

10-6 I I I
0 5 10 15 20 25 30

Eb/No, dB

FIGURE 8: Simulation Results of Multiple MIMO-ANM
Under BPSK Modulation Conditions.

activating less number of antennas without sacrificing from
BER performance.

BER for BPSK modulation in Rayleigh channel (B=4, T=4)
T T T T T

=—f— Bit Error Rate in BNM Bits
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FIGURE 9: Theoretical Calculation Results of Multiple
MIMO-ANM Under BPSK Modulation Conditions.

Lastly, Fig.0]is the exhibition of the derived BER formulas
for M-MIMO-ANM, where the overall average theoretical
BER performance indicated in green color curve shows sim-
ilar characteristics with the simulated BER performance that
is shown in Fig. [8]

VIl. CONCLUSION

In this paper, M-MIMO-ANM scheme is proposed as a new
data transmission method. The basic idea behind M-MIMO-
ANM is increasing the number of transmit antennas and
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locating them into groups, namely the antenna blocks. By
doing this, M-MIMO-ANM creates an opportunity to deploy
a new dimension which is the number of antenna blocks, in
addition to the number of antennas to convey extra data bits
beside the transmitted bits by the antenna number modulation
and conventional M-ary PSK/QAM symbols. The advantages
of the M-MIMO-ANM over conventional MIMO-ANM is
the lower BER performance and higher data rate in addition
to the lower complexity and ability to make not only the best
antenna selection, but also the best antenna block selection
that is created by the best antennas.
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