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Abstract - This paper presents the concept of spatial modulation (SM) scheme for the Massive MIMO system. We
consider the Massive MIMO system where K users, each equipped with multiple antennas, are jointly serviced by a
multi-antenna base station transmitter (BSTx) using appropriate precoding scheme at the BSTx. The main idea
introduced here is the utilization of the user’s subchannel index corresponding to the precoding matrix used at the BSTx,
to convey extra useful information. This idea has not been explored, and it provides significant throughput enhancements
in a multiuser system with large number of users. We examine the performance o f the proposed scheme by numerical
simulations. The results show that as the number of users and the receiving antennas for each user increase, the overall
system throughput gets better, albeit at the cost of some degradation in the BER perfor mance due to inter-antenna
interference (IAI) experienced at the receiver. We then explore zero -padding approach that helps to remove these IAI, in
order to alleviate the BER degradations.
Keywords- Massive MIMO, Spatial Modulation (SM), Subchannel Selection Method, Zero-Padding (ZP) Method
I. INTRO DUCTION
Massive mu ltiuser mu ltiple input mult iple output (MIMO) systems have gained significant research attentions lately
because they provide significant boost in the capacity o f MIMO systems [1–3]. Mult iuser MIMO systems have been
investigated for long time now. Ho wever, a recent new development in this research area is the aggressive use of
very large number of antennas, known as massive mu ltiuser MIMO systems. Currently in the fourth-generation (4G)
long-term evolution (LTE) for cellular system, the use of up to 8 × 8 M IMO systems have been standardized, both for
single-user and mult iuser systems.
It is hoped however that massive MIMO systems with hundreds of antennas at the base station (BS) will eventually be
standardized in the fifth-generation (5G) cellular system, as part of the major data rate enhancement techniques to be
introduced in 5G [4]. To this end, several research efforts have been devoted to studying the benefits of massive MIMO
systems under different considerations.
Spatial modulat ion (SM ) is another new promising transmission technique that uses antenna indexes in a mu ltip le
antenna system, as additional means of data transmissions. The main idea behind spatial modulation is to use the index of
the active antennas at any time instant, transmitt ing or receiving antenna depending on whether the spatial modulat ion
scheme is applied at the transmitter or at the receiver, to convey extra informat ion. Thus, the information b its to be
transmitted are divided into blocks of two parts [5]. The first part is mapped to a s ymbol chosen from the signaling
constellation, where the number of bits per symbol depends on the type of modulation used. The second part determines
the index of the antenna to be selected fro m a set of antennas available for data transmission or reception. Therefore,
unlike antenna selection in the conventional MIM O systems which depends on the channel states and the received signal
strength, antenna selection in spatial modulat ion depends on the incoming user data stream [6, 7].
Spatial modulation schemes were first introduced in [8,9], where the princip le of wireless transmission in which the
informat ion is carried by both the index of the activeantenna and the symbol t ransmitted through this active antenna was
illustrated. In [10], then, the idea of space shift keying (SSK) modulation was introduced as a modulationscheme, which
uses only the spatial modulation concept. In the SSK scheme, there were no transmitted symbols. Only the antennas’
indices were used to convey information. Because no symbols were transmitted, SSK reduces the system co mplexity by
removing the a mplitude/phase modulation (APM) required in the transmission and detection components, but at the
expense of some degradation in the system’s spectralefficiency. Since only one antenna is active at a t ime in the SSK
scheme, the scheme exh ibits no inter-antenna interference (IAI), just like a single antenna wireless system. In [11], a
combination of spatial modulation (SM ) and space-time block coding (STBC) we re considered, in order to take
advantage of the benefits of both schemes. A generalized version of SM called generalized spatial modulation (GSM)
system with mu ltip le active transmitt ing antennas (MA-SM) and low comp lexity detection scheme was introduced in
[12-13]. In the GSM system, mo re than one transmitting antennas are active at the same time which increases the system
spectral efficiency. In [14], Rong Zhang proposed a spatial modulation(SM) scheme at the receiver side for single user
MIMO system called generalized precoding aided spatial modulation (GPASM ).
In this paper, we propose the concept of spatial modulation (SM) at the receiver s ide for mult iuser MIMO (M UMIM O)
system. Our work can be considered a generalization of the work in [15] to the case of mult iuser system. We study the
performance of the proposed scheme by simu lation, and we demonstrate that significant throughput enhancement can be
obtained using the proposed scheme.
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II. S YSTEM MO DEL
Consider a downlink mu lt iuser MIMO (MU-MIMO) system shown in Figure 3.1 in which a base station transmitter
(BSTx) with 𝑁𝑡 transmitt ing antennas communicates simu ltaneously with 𝐾 independent users on the same timefrequency resources. Each user is equipped with 𝑁𝑟 receiv ing antennas and assuming that𝑁𝑡 > 𝑁𝑟 . At any transmission
time instance, the data for each user is divided into blocks of 𝑛 + 𝑝 bits, where 𝑛 = log 2 𝑀(𝑀 is the symbol constellation
size) and 𝑝 = log 2 𝑁𝑟 . The first 𝑛 bits 𝑏1 𝑏2 ∙∙∙ 𝑏𝑛 are mapped to a corresponding symbol in the constellation, while the
next 𝑝 bits 𝑏𝑛+1 𝑏𝑛+2 ∙∙∙ 𝑏𝑛+𝑝 are used to activate a particular receiving antennas. For simplicity of representation, the
case where one receiving antenna is switched for each user is considered. However, wo rks and results are easily extended
to cases where two or more antennas are activated per user.
At the receiver side, when the user receives the correct symbol, the first 𝑛 bits of the user data transmitted by the BSTx
over a particular receiving antenna will be decoded using maximu m likelihood (M L) estimate of the received signal,
while the next 𝑝 bits are added based on the index of the antenna from where the signal (o r symbol) is received or
detected.Thus, the index of this antenna also conveys useful information in addit ion to the transmitted symbol.
1
Let the vector x= 𝑥𝑚,𝑗
, 𝑥 2𝑚,𝑗 , . . . , 𝑥 𝐾𝑚,𝑗 ᵀ represent the transmitted super symbols fro m the BSTx to all users, where the
notation 𝑥 𝑘𝑚,𝑗 indicates that the BSTx trans mits a modulated symbol 𝑠𝑚 ∈ {𝑠1 , 𝑠2 , 𝑠3 , … , 𝑠𝑀 } to the 𝑘 th user, and the
symbol is to be received at the 𝑗th receiv ing antenna of the user, 𝑗 = 1,2, … , 𝑁𝑟 . We fist assume that the channel is totally
uncorrelated and that the channel state informat ion (CSI) is available at the transmitter side.
The MU-MIM O channel matrix H for this system can be written as:

𝐇1
2
𝐇= 𝐇
⋮
𝐇𝐾
where, 𝐇 𝐾 , 𝑘 = 1,2, … , 𝐾 is the 𝑁𝑟 × 𝑁𝑡 channel matrix corresponding to the 𝑘th user given by,
ℎ𝑘11 ℎ𝑘12 … ℎ𝑘1 𝑁𝑡
ℎ𝑘22 … ℎ𝑘2 𝑁𝑡
⋮
ℎ𝑘𝑁𝑟 1 ℎ𝑘𝑁𝑟 2 … ℎ𝑘𝑁𝑟 𝑁𝑡
Now, to activate the receiving antenna for each user two methods are proposed :
1. The “Subchannel Selection” method and
2. The “Zero-Padding” method
𝐇𝑘 =

ℎ𝑘21

Figure 2.1: SM for Massive MIMO System
Subchannel Selection Method:
The main idea of this method is the utilization of users’ subchannels as a means of additional data transmission, by
collecting the rows of user channel matrices into a multiuser precoding matrix used at the BSTx. For the case when one
antenna is switched per user, one ro w is taken fro m a user channel matrix at a t ime. If mo re than one antenna are needed
to be switched, then the corresponding number of ro ws are taken. A fter the transmitter precoding operations, the resulting
transmitted 𝐗 ∈ ℂ𝑁𝑡 ×1vector can be written as
𝐗 =GX,
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where, G ∈ ℂ𝑁𝑡 ×𝐾 is the mult iuser precoding matrix for the current transmitted symbols which is determined by the 𝑝 bits
subblocks for all users.
The received vector y ∈ ℂ𝑁𝑡 𝐾×1 may be written as
y = H𝐗+ w,
where, w∈ ℂ𝑁𝑡 𝐾×1 is the Gaussian noise vector with all its elements having a zero mean and a variance of 𝜎 2 = 𝑁0 /2.
The precoding is applied in a way that it can eliminate the effects of channel fading and mult iuser interference at the
desired receiving antennas. This can be achieved using either minimu m mean square error (MMSE) p recoding or zero
forcing (ZF) precoding. Here, we choose ZF precoding in wh ich the precoding matrix is given by
1
𝐆 = 𝛽𝐇 𝐬𝐻 𝐇 𝐬 𝐇 𝐻
𝐬 ¯ ,
where, (∙) 𝐻 represents the Hermition transpose of a matrix and 𝐇 𝐬 ∈ ℂ𝐾×𝑁𝑡 is the subchannel selected fro m H as
enumeratedabove, and 𝛽 is a normalization factor introduced in order to
meet the total transmitted power constraint after precoding.
This factor is given by
𝛽=

𝑁𝑡
𝑡𝑟[(𝐇 𝑠 𝐇 𝑠𝐻 )¯¹]

where, tr[⋅ ] denotes the trace of a matrix. If the trans mitted symbol of the 𝑘th user is precoded at the BSTx such that the
fading-free data is received at the 𝑗th antenna of the user, then the vector 𝐲 𝑘 ∈ ℂ𝑁𝑟 ×1 received by the 𝑘th user can be
described as
𝐲 𝑘 = 𝛽𝑥 𝑘𝑚,𝑗 + 𝑤𝑗𝑘 ,
𝑗=𝑗
𝐲 𝑘 = 𝑣𝑗𝑘 + 𝑤𝑗𝑘 ,
𝑗≠𝑗
𝑁𝑡
where, 𝑣𝑗𝑘 = 𝑖 =1
ℎ𝑗𝑘𝑖 𝑥 𝑖 , 𝑗 ≠ 𝑗 is the effect of channel fading and mu ltiuser interference, wh ile 𝑤𝑗𝑘 represents the
Gaussian noise for the 𝑘th user at the 𝑗th receiving antenna. For each user, the ML detector computes the Euclidean
𝑘
𝑘
𝑘
𝑘
distances between the received signal and the set of possible super symbols 𝑋𝑚
,𝑗 ∈ 𝑥 𝑚,1 , 𝑥 𝑚,2 , … , 𝑥 𝑚,𝑁𝑟 ; 𝑚 = 1,2, … , 𝑀
transmitted.
Then, the ML detection operation at each user receiving device can be expressed as
𝑚𝑖𝑛
2
1 𝑘
𝑘
𝑚
∈
1,2,
…
,
𝑀
𝑗, 𝑚 = arg
𝐲 − 𝐗 𝑚 ,𝑗
𝑗 ∈ {1,2, … , 𝑁𝑟 } 𝛽
where, 𝑚 is the argu ment of the symbol 𝑠𝑚 in the constellation that gives the minimu m d istance, while 𝑗is the antenna
index at which the M L detector gets the minimu m distance. The correct decision is obtained when 𝑚 = 𝑚 and𝑗 = 𝑗.
Selecting the Subchannel: Subchannel 𝐇 𝑠 is selected in a way that the precoding operation at the BSTx can remove the
effect of channel fading and mu ltiuser interference at the desired receiv ing antennas of the users. For simplicity of
illustration, we considered the case where only one antenna is switched per user here. In this case, we need to receive the
correct data at only one receiving antenna per user. Th is can be obtained by choosing the elements of the subchannel 𝐇 𝑠
fro m the MU-MIMO channel H such that the 𝑘th row of 𝐇 𝑠 is selected fro m the 𝑘th user channel 𝐇 𝒌 according to the 𝑝
subblock in the user data. Therefore, the total number of available subchannels is 2𝐾𝑝 = (𝑁𝑟 )𝐾 .
Subchannel Selection for a system with t wo users (𝐾= 2), four transmitting antennas (𝑁𝑡 = 4), and two rece iving antennas
for each user (𝑁𝑟 = 2) as shown in Figure 3.2.
The channel matrix user 1 and user 2 are g iven by
ℎ1
ℎ112 ℎ113 ℎ114
𝐇 1 = 11
ℎ121
ℎ122 ℎ123 ℎ124
1
ℎ
ℎ112 ℎ113 ℎ114
𝐇 2 = 11
1
ℎ21
ℎ122 ℎ123 ℎ124
The MU-MIM O channel matrix H can be written as
ℎ111 ℎ112 ℎ113 ℎ114
1
ℎ1
ℎ122 ℎ123 ℎ124
𝐇 = 𝐇 2 = 21
𝐇
ℎ211 ℎ212 ℎ213 ℎ214
ℎ221
ℎ222 ℎ223 ℎ224
If we assume that QPSK modulation fo rmat is used at the transmitter, the inco ming dat a for each user is divided into
blocks of 3 bits. The fist 2 bits are mapped onto the appropriate QPSK sy mbol, while the third bit for each user
determines which row fro m the user channel matrix 𝐇 𝑘 is selected to constitute the subchannel 𝐇 𝑠 to be used as
precoding matrix for the transmitted symbols. Instead of determin ing the subchannel matrix 𝐇 𝑠 according to the 𝑝
subblock for each user separately, we group the subblock 𝑝 for all users into subchannel selection code C ∈ {00, 01, 10,
11} and then select 𝐇 𝑠 according to the code C at any time instant.
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Figure 2.2: SM for Massive MIMO system with
𝐾= 2, 𝑁𝑡 = 4, and 𝑁𝑟 = 2
The number of the available subchannels are (𝑁𝑟 )𝐾 = 4 with 𝐇 𝑠 ; 𝑠 = 1,2,3,4 is given by
ℎ1
ℎ112 ℎ113 ℎ114
𝐇 1 = 11
;
2
ℎ11
ℎ212 ℎ213 ℎ214
ℎ1
ℎ112 ℎ113 ℎ114
𝐇 2 = 11
;
ℎ221
ℎ222 ℎ223 ℎ224
ℎ1
ℎ122 ℎ123 ℎ124
𝐇 3 = 21
;
2
ℎ11
ℎ212 ℎ213 ℎ214
ℎ1
ℎ122 ℎ123 ℎ124
𝐇 4 = 21
2
ℎ21
ℎ222 ℎ223 ℎ224
The code C is mapped to the subchannel sets as follows:
C = 00
𝐇 1; C = 01𝐇 2
C = 10
𝐇 3 ; C = 11𝐇 4
At the receiver side, after the ML detection for each user, if the symbol is detected at the first receiv ing antenna, then 𝑏3 =
0, and if the symbol is detected at the second antenna, 𝑏3 = 1.
Zero-Padding (ZP) Method:
In the subchannel selection method, we activated the desired receiving antennas for all users by choosing the appropriate
elements of the subchannel matrix 𝐇 𝑠 to precode the input data at the BSTx in order to eliminate the effect of channel
fading and mult iuser interference at the desired receiving antennas for the users. However the other antennas are affected
by these channel impairments. Now we will activate the receiv ing antennas by zero -padding method such that all
receiving antennas for each user will receive zeros, except for the activated antennas which will receive the transmitted
symbols.
In this way,we can totally cancel the effect of channel fading and multiuser interference on the received data by
precodingthe zero-paddedinput data using the MU-MIMO channel matrix H (assuming H is available at the transmitter
side).
Consider the general system in Figure 3.1, after zero -padding the input vector x, we will get a vector 𝐗 𝒛𝒑 =
𝒌
1×𝑁𝑟
[𝐗 𝟏𝒛𝒑 , 𝐗 𝟐𝒛𝒑 , … , 𝐗 𝑲
denotes the zero-padded vector corresponding to the 𝑘th user. For the case where
𝒛𝒑 ] where 𝐗 𝒛𝒑 ∈ ℂ
only one receiving antenna is activated per user, this can be written as
𝐗 𝒌𝒛𝒑 = 0,0, … ,0 , 𝑥 𝑘𝑚,𝑗 , 0,0, … ,0
𝑗 −1

𝑁𝑟 −𝑗

After zero-forcing precoding, the transmitted vector 𝐗 𝑧𝑝 ∈ ℂ𝑁𝑡 ×1 can be written as
𝐗 𝑧𝑝 = 𝐆𝐗 𝒛𝒑
where, in this case, precoding matrix is given by
1
𝐆 = 𝛽𝐇 𝐻 𝐇𝐇 𝐻 ¯ ,
where, 𝛽 =

𝑁𝑡
𝑡𝑟[(𝐇 𝐇 𝐻 )¯¹]

The received vector 𝐲 ∈ ℂ𝑁𝑟 𝐾×1 may be written as
𝐲 = 𝐇𝐗 𝑧𝑝 + 𝐰
where, 𝐰is defined in (4). The received vector 𝐲 ∈ ℂ𝑁𝑟 ×1 for 𝑘th user can be described as
𝐲 𝑘 = 𝛽𝑥 𝑘𝑚,𝑗 + 𝑤𝑗𝑘 ,
𝑗=𝑗
𝑘
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𝐲 𝑘 = 0 + 𝑤𝑗𝑘 ,
𝑗≠ 𝑗
where,
is defined in (7). Fro m (15) it is obvious that for each user, only one receiv ing antenna will receive the
transmitted symbol and the other antennas will receive zeros. The M L detector is then applied as in (8).
As an illustration of the zero-padding method, consider the system in Figure 3.2 with the same information. Here the
code C determines how the input vector x is zero -padded to obtain 𝐗 zp as
C = 00
𝐗 zp = [xm1 ,1 , 0, xm2 ,1 , 0]
C = 01
𝐗 zp = [xm1 ,1 , 0,0, xm2 ,1 ]
C = 10
𝐗 zp = [0, xm1 ,1 , xm2 ,1 , 0]
C = 11
𝐗 zp = [0, xm1 ,1 , 0, xm2 ,1 ]
The vector 𝐗 zp is then precoded using the system matrix H. For a system with 𝐾 users and 𝑁𝑟 receive antennas for each
user, there will be 2 𝐾𝑝 = 𝑁 𝐾𝑟 available co mbinations of zero-padded input vector𝐗 zp .
𝑤𝑗𝑘

III.S IMULATION RESULTS
Simulation Parameters:
Parameters
Values
No. of users
1, 2, 4, 8
No. of Tx
2, 4, 8, 16, 32, 64
No. of Rx(user)
1, 2, 4, 8
No. of Rx
2, 4, 8, 16, 32, 64
Modulation method
Spatial Modulation
Symbo ling Scheme
BPSK, QPSK, M-QAM
SNR values
1 to 20(d B)
Precoding Methods
ZF& MMSE
BER performance of Spatial Modulation for 8x8 Mult iuser-MIMO (MU-M IMO) using MMSE Precoding is shown in
figure 3.1.Here 8 different users, each equipped with single antenna simultaneously transmit the data. On the receiv ing
side same nu mber of users, each equipped with same nu mber of antennas receives the data indiv idually at a time.Results
shows that the Bit Error Rate (BER) is acceptable for the given SNR values.
As the size of the QAM-constellation is increased, the simulation results get degraded. This is due to the fact that as the
number of constellation points increased, the given region is divided into more and more parts which leads to the
increased errors in the threshold detection. This degrades the BER performance.In the case of mo re than four
constellation points, their distances with respect to origin are averaged over the number of points .

Fig 3.1: BER performance for 8x8 M U-MIM O
using MMSE Precoding
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Fig 3.2: BER performance of Massive MIMO System
using Subchannel Selection Method

Fig 3.3: BER performance of Massive MIMO System
using Zero-Padding Method
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Nr(user)=2, Nr=4
Nr(user)=4, Nr=8
Fig 3.4: BER performance for Massive MIMO system
using MMSE Precoding
BER performance of Spatial Modulation technique for simple Massive MIMO system using Minimu m Mean Square
Error (MMSE) Precoding scheme is shown in figure 3.2.Here antenna selection is done by using Subchannel Select ion
Method. Total of 32 trans mitting antennas and 4 users each equipped with different nu mber of receiving antennas have
been considered. The results shows that, as the number of receiving antennas per user increased, for the same SNR
values, BER decreased i.e. system perfo rmance imp roved.
BER performance of Spatial Modulation technique for simple Massive MIMO system using Minimu m Mean Square
Error (MMSE) MMSE Precoding scheme is shown in figure 3.3.Here antenna selection is done by using Zero -Padding
(ZP) Method. Total of 32 trans mitting antennas and 4 users each equipped with different number of receiv ing antennas
have been considered.The results shows that, as the number of receiv ing antennas per user increased, for the same SNR
values, BER decreased i.e. system perfo rmance imp roved.
BER performance of Spatial Modulation technique for simple Massive MIMO system using MMSE Precoding scheme is
shown in figure 4.6.Two methods Subchannel Selection Method and Zero-Paddi ng Method have been simu lated and
compared using same parameters.The above results shows that, Zero-Padding method gives a significant improvement in
the BER performance over Subchannel Select ion Method.
IV. CO NCLUSION
In
this
paper
we
present
the
concept
of
spatial
modulation
(SM) scheme for Massive MIMO system. In this scheme, the index of the active receiving antenna of each us er in a
Massive MIMO system is used to convey extra info rmation in addition to the t ransmitted symbo ls. Simu lation results
show that significant increase in the system throughput is achieved as the number of available receiv ing antennas per user
is increased. Two methods are proposed for imp lementing the SM scheme for Massive MIM O system: Subchannel
selection method and Zero-paddingmethod.BERperfo rmanceofthe proposed methods are also studied. Our results show
that for the subchannelselectionmethod,theBERper formancedegrades with increasing the number of users serviced by the
BSTx o r the number o f receiving antennas per user. For the zero -padding method, increasing the number o f users does
not affect the BER performance since the mult iuser interference is totally removed by the combination of zero-padding
and precoding operations applied at the BSTx.
R EFERENCES
[1] A. Chockalingam, and B. Sundar Rajan, “Large MIM O Systems,” University Printing House, Camb ridge CB2 8BS,
United Kingdom, ISBN 978-1-107-02665-0, January 2014.
[2] T. L. Marzetta, G. Caire, M. Debbah, I. Ch ih-Lin, and S. K. Mohammed, “Special issue on Massive MIMO,”
Journal of Co mmunicat ions and Networks, vol.15, no.4, 2013.
[3] F. Rusek, D. Persson, and B. K. Lauetal, “Scaling up MIM O: Opportunities and challenges with very large arrays,”
IEEE Signal Processing Magazine, vol. 30, no. 1, 2013.
[4] E. Larsson, O. Edfo rs, F. Tufvesson, and T. Marzetta, “Massive MIMO for next generation wireless systems,” IEEE
Co mmunicat ions Magazine, vol.52, no.2, 2014.
[5] Xin Su, Jie Zeng, Jingyu Li, Lip ing Rong, Lili Liu, Xibin Xu, and Jing Wang, “Spatial Modulation concept for
Massive Multiuser MIMO systems,” Hindawi Publishing Corporation, International Journal of Antennas and
Propagation, Volu me 2014, Article ID 56327.
[6] Ali H. Alqahtani, Ah med Iyanda Suly man, and Abdulhameed Alsanie, “Rateless Space Time Block Code for
Massive MIMO systems,” Hindawi Publishing Corporation, International Journal of Antennas and Propagation,
Vo lu me 2014, Article ID 154261.
[7] Raed Y. Mesleh, Harald Haas, Sinan Sinanovic, Chang Wook Ahn, and Sangboh Yun, “Spatial Modulation,” IEEE
Transactions on Vehicular Technology, Vol. 57, No. 4, July 2008.
[8] Rong Zhang, Lie-Liang Yang, and Lajos Hanzo, “Generalized Pre-Coding Aided Spatial Modulation,” IEEE
Transaction Wireless Commun ications, Vol. 12, No. 11, November 2012.
[9] Marco Di Ren zo, Harald Haas, Ali Ghrayeb, Sh inya Sugiura, and Lajos Hanzo, “Spatial Modulation for
Generalized MIM O: Challenges, Opportunities, and Implementation,” IEEE Transaction Wireless Co mmu nicat ions,
Vo l. 102, No. 1, January 2014.
[10] Marco Di Ren zo, Harald Haas, and Peter M. Grant, “Spatial Modulation for Multip le -Antenna Wireless Systems: A
Survey,” IEEE Co mmunications Magazine, December 2011.
[11] Rajab M. Legnain, Roshdy H. M. Hafez and Abdelgader M. Legnain, “Improved Spatial Modulation for High
Spectral Efficiency,” International Journal of Distributed and Parallel Systems (IJDPS) Vo l.3, No.2, March 2012.
@IJAERD-2015, All rights Reserved

1432

International Journal of Advance Engineer ing and Research Development (IJAERD)
Volume 2,Issue 5, May -2015, e-ISSN: 2348 - 4470 , print-ISSN:2348-6406
[12] Jintao Wang, Senior Member, IEEE, Shuyun Jia, and Jian Song, Sen ior Member, IEEE, “Generalized Spatial
Modulation System with Multip le Active Trans mit Antennas and Low Co mplexity Detection Scheme,” IEEE
Transaction Wireless Commun ications, Vol. 11, No. 4, April 2012.
[13] Athanasios Stavridis, Sinan Sinanovic, Marco Di Ren zo, and Harald Haas , “Transmit Precoding for Receive Spatial
Modulation Using Imperfect Channel Knowledge,” IEEE Transaction on Wireless Communications, Vol. 13, No. 2,
June 2013.
[14] Tanumay Datta, and A. Chockalingam, “On Generalized Spatial Modulation,” IEEE Wireless Co mmun ic ations and
Networking Conference (W CNC), January 2013.
[15] Abdelhamid Younis, Raed Mesleh, Marco Di Renzo, and Harald Haas, “Generalized Spatial Modulation for Large Scale M IMO,” IEEE Transaction on Wireless Co mmunications, Vo l. 14, No. 3, January 2013.

@IJAERD-2015, All rights Reserved

1433

