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network’s mobile communication system. 
 
 

  
 

Fig. 1.  Block diagram of the proposed MU-MIMO system, s is the data of 1st 
user and z is the data of 2nd user. 

  
It is important to note that, diversity has become recognised as 
a key communication approach when seeking to enhance the 
performance of wireless systems without incurring significant 
expense [10] [11]. Diversity, in essence, may be achieved at 
the transmitter and/or the receiver side [10]. However, should 
diversity be received in an instance of downlink, there will be 
a notably high consumption of power, owing to the fact that 
the majority of computational burden is assigned to the mobile 
side. Accordingly, a non-complex decoding processing can be 
achieved at the mobile side through the base station-located 
application of STBC [10] [12] [13] [14]. 
The primary and most well-recognised diversity is identified 
as the STBC, which has come to be accepted as a powerful 
and extremely valuable diversity approach in overcoming the 
effects of wireless channel fading. In this regard, the Alamouti 
scheme is seen to be a complicated orthogonal STBC; this 
affords simplistic decoding and encoding processing at the 
receiver and transmitter side, respectively. This was originally 
devised and presented by Alamouti [15]. In an effort to 
decrease error performance degradation levels in mobile units 
and accordingly attain greater improvements in wireless links, 
the Alamouti scheme can be combined with beamforming 
precoding [16] [17] [18] [19]. Beamforming scheme based on 
BD technology combined with STBC enables the multi-user 
MIMO (MU-MIMO) system to provide good QoS, thereby 
absorbing more users, and makes it promising to address the 
5G requirement of massive connectivity, specifically in the 
Internet of things (IoT) and massive machine-type 
communications (mMTC) scenarios, which are considered as 
types of 5G application scenarios [20]. In these scenarios, 
users may be low-cost sensors deployed in a small area, where 
both the line-of-sight (LoS) and the non-line-of-sight (NLoS) 
exist, which can be better modeled by the Rician fading 
channel. In [21] and [22], 5G cellular systems on MU-MIMO 
transmitters use linear precoding. In this report, the system 
performance within regards to the Alamouti scheme undergoes 
both analysis and evaluation, with BD precoding applied when 
there is the presence of CSI. Furthermore, the performance of 
an MU-MIMO beamforming system, alongside the utilisation 

of BD with the extended Alamouti scheme, is discussed, with 
the signal in the NLoS setting transmitted (Rayleigh fading 
channel) as well as in the LoS environment (correlated 
realistic Rician fading channel).  
The superscripts(·)T, (·)∗ and (·)H denote transpose, complex 
conjugate, and Hermitian operations, respectively. 

 

II.  ALAMOUTI CODING 
The Alamouti code is recognised as being the first and most 

widely known STBC, and is described as being a complicated 
orthogonal spice-time-code most applicable in the case of two 
transmits antennas [15].  

Primarily, the Alamouti space-time-coding approach is 
taken into account, with generalisation in relation to the three 
transmits antennas then considered [23].  

a. Alamouti Space-Time Code 
Alamouti designed and presented a complicated orthogonal 
space-time block code for two transmit antennas [15]. In the 
case of the Alamouti encoder, there is the encoding of 
𝑠𝑠1 and 𝑠𝑠2 , notably two consecutive symbols complete with the 
space-time codeword matrix outlined below: 
 

𝑆𝑆𝐴𝐴  2.𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = [𝑠𝑠1 −𝑠𝑠2
∗

𝑠𝑠2    𝑠𝑠1
∗]                               (1) 

As can be seen when reviewing the equation (1), there is the 
transmission of the Alamouti encoded signal from the two 
transmit antennas over the two different symbol periods. 
Throughout the preliminary symbol period, 𝑠𝑠1 and 𝑠𝑠2 are 
transmitted at the same time from the two transmit antennas. 
Throughout the secondary period, there is the repeated 
transmission of the symbols, with the first transmit antenna 
transmitting −𝑠𝑠2

∗ whilst the second transmit antenna 
transmits 𝑠𝑠1

∗.  
b. Extended Alamouti  

As it has been discussed in other works [24], the Alamouti 
scheme has the underpinning foundation of extension, which 
is seen to derive through extension for 4x1-diversity order. In 
this case, it is further extended in mind of the 3x3-diversity 
order [10]. Accordingly, it is necessary to take into account 
the block diagram representation depicted in the Fig. 2 below, 
which shows the extended Alamouti code for 3 transmit 
antennas and 3 receive antennas over the eight different 
symbol periods for four symbols s1, s2, s3 and  s4. 

 
𝑆𝑆𝐴𝐴  3.𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 =

[
 𝑠𝑠1  −𝑠𝑠2   −𝑠𝑠3  −𝑠𝑠4  −𝑠𝑠1

∗      𝑠𝑠2
∗  𝑠𝑠3
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∗

 𝑠𝑠2     𝑠𝑠1       𝑠𝑠4  −𝑠𝑠3     𝑠𝑠2
∗      𝑠𝑠1

∗  𝑠𝑠4
∗    𝑠𝑠3

∗

 𝑠𝑠3  −𝑠𝑠4       𝑠𝑠1     𝑠𝑠2   −𝑠𝑠3
∗   −𝑠𝑠4

∗   𝑠𝑠1
∗    𝑠𝑠2

∗
]  (2) 

 

 

  Abstract— Wireless communication faces a number of 
adversities and obstacles as a result of fading and co-channel 
interference (CCI). Diversity with beamformer techniques may 
be used to mitigate degradation in the system performance. 
Alamouti space-time-block-code (STBC) is a strong scheme 
focused on accomplishing spatial diversity at the transmitter, 
which needs a straightforward linear processing in the receiver. 
Also, high bit-error-rate (BER) performance can be achieved by 
using the multiple-input multiple-output (MIMO) system with 
beamforming technology. This approach is particularly useful for 
CCI suppression. Exploiting the channel state information (CSI) 
at the transmitter can improve the STBC through the use of a 
beamforming precoding. In this paper, we propose the 
combination between Alamouti STBC and block diagonalization 
(BD) for downlink multi-user MIMO system. Also, this paper 
evaluates the system performance improvement of the extended 
Alamouti scheme, with the implementation of BD precoding over 
a Rayleigh and Rician channel. Simulation results show that the 
combined system has performance better than the performance 
of beamforming system. Also, it shows that the combined system 
performance of extended Alamouti outperforms the combined 
system performance without extended Alamouti. Furthermore, 
numerical results confirm that the Rician channel can 
significantly improve the combined system performance. 
 

Index Terms— Fading, CCI, STBC, Alamouti, MIMO, 
Beamforming, BD, CSI. 
 

I. INTRODUCTION 
oday’s wireless network’s customers need to more quality 
of service (QoS). Therefore, fifth generation (5G) of 

wireless networks promises to deliver that and much more. It 
is highly expected that future 5G networks should achieve a 
10-fold increase in connection density, i.e., 106connections 
per square kilometers [1] and increase in the volume of mobile 
traffic, e.g., beyond a 500-1000-fold increase in mobile traffic 
[2]. Unfortunately, the current radio access technology, within 
the limited available time/frequency spectrum, is facing 
challenges to meet the requirements of technological advances 
presented by the 5G network. Therefore, new solutions must 
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be identified and developed that can make significant gains in 
capacity and QoS for network customers to ensure continued 
sustainability of radio access technologies. To date, 5G is still 
being studied; and research groups and companies are working 
together to determine the exact nature of 5G. On the other 
hand, it is not yet clear which technologies will do the most 
for 5G in the long run, but a few early favorites have emerged. 
The front-runners include beamforming technology. At once, 
it is possible to achieve signal-to-noise-plus-interference-ratio 
(SINR) improvements through the adoption of beamforming 
precoding at the transmit side [3]. There is the potential to 
utilise a block diagonalization (BD) initiative to design 
transmitting beamforming vectors without any degree of 
complexity. One such approach is to secure a precoding 
matrix for all mobile stations. This type of matrix will lie in 
the null spaces of other mobile stations’ channel matrix, and 
thus, the beamforming approach may be seen to depend on 
each mobile station’s spatial data [4]. Unfortunately, the 
desired power of the received signal will be decreased. The 
BD algorithm that supports multiple-stream transmissions for 
multi-user MIMO (MU-MIMO) systems, in which every user 
has several antennas trying to connect with the base station, 
can eliminate the co-channel interference (CCI) completely 
[5]. When no information concerning the channel state 
information (CSI) is held by a MIMO system sender, spatial 
multiplexing and multi-user diversity are not possible [6]. 
Additional profits can accrue when the CSI at the transmitter 
is available and using a MIMO system with a liner precoding 
technique [7]. If all mobile stations’ channel state information 
is available in the transmitter, the precoder would then have 
the ability to completely remove CCI. By removing CCI, each 
user can communicate with the transmitter over an 
interference-free way, as single-user channel [3]. Therefore, 
through an imperfect feedback channel, reconnaissance of 
limited CSI and employment of CSI are critical points for a 
MIMO system [8]. CSI is very important, because when it is 
fully available at the base station, the MIMO system performs 
best in numerous ways via using the precoding method. For 
example, to mitigate symbol interference, precoding can be 
used with spatial diversity and spatial multiplexing provided 
by the MIMO system. Besides high gain coding, if space-time-
block-code (STBC) can be combined with precoding, 
maximum gain diversity is available [9]. Owing to the use of 
wireless fading channels, it is common for error performance 
to demonstrate further degradation in terms of the wireless 
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be identified and developed that can make significant gains in 
capacity and QoS for network customers to ensure continued 
sustainability of radio access technologies. To date, 5G is still 
being studied; and research groups and companies are working 
together to determine the exact nature of 5G. On the other 
hand, it is not yet clear which technologies will do the most 
for 5G in the long run, but a few early favorites have emerged. 
The front-runners include beamforming technology. At once, 
it is possible to achieve signal-to-noise-plus-interference-ratio 
(SINR) improvements through the adoption of beamforming 
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utilise a block diagonalization (BD) initiative to design 
transmitting beamforming vectors without any degree of 
complexity. One such approach is to secure a precoding 
matrix for all mobile stations. This type of matrix will lie in 
the null spaces of other mobile stations’ channel matrix, and 
thus, the beamforming approach may be seen to depend on 
each mobile station’s spatial data [4]. Unfortunately, the 
desired power of the received signal will be decreased. The 
BD algorithm that supports multiple-stream transmissions for 
multi-user MIMO (MU-MIMO) systems, in which every user 
has several antennas trying to connect with the base station, 
can eliminate the co-channel interference (CCI) completely 
[5]. When no information concerning the channel state 
information (CSI) is held by a MIMO system sender, spatial 
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be identified and developed that can make significant gains in 
capacity and QoS for network customers to ensure continued 
sustainability of radio access technologies. To date, 5G is still 
being studied; and research groups and companies are working 
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matrix for all mobile stations. This type of matrix will lie in 
the null spaces of other mobile stations’ channel matrix, and 
thus, the beamforming approach may be seen to depend on 
each mobile station’s spatial data [4]. Unfortunately, the 
desired power of the received signal will be decreased. The 
BD algorithm that supports multiple-stream transmissions for 
multi-user MIMO (MU-MIMO) systems, in which every user 
has several antennas trying to connect with the base station, 
can eliminate the co-channel interference (CCI) completely 
[5]. When no information concerning the channel state 
information (CSI) is held by a MIMO system sender, spatial 
multiplexing and multi-user diversity are not possible [6]. 
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user can communicate with the transmitter over an 
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limited CSI and employment of CSI are critical points for a 
MIMO system [8]. CSI is very important, because when it is 
fully available at the base station, the MIMO system performs 
best in numerous ways via using the precoding method. For 
example, to mitigate symbol interference, precoding can be 
used with spatial diversity and spatial multiplexing provided 
by the MIMO system. Besides high gain coding, if space-time-
block-code (STBC) can be combined with precoding, 
maximum gain diversity is available [9]. Owing to the use of 
wireless fading channels, it is common for error performance 
to demonstrate further degradation in terms of the wireless 
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network’s mobile communication system. 
 
 

  
 

Fig. 1.  Block diagram of the proposed MU-MIMO system, s is the data of 1st 
user and z is the data of 2nd user. 

  
It is important to note that, diversity has become recognised as 
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expense [10] [11]. Diversity, in essence, may be achieved at 
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receiver and transmitter side, respectively. This was originally 
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  Abstract— Wireless communication faces a number of 
adversities and obstacles as a result of fading and co-channel 
interference (CCI). Diversity with beamformer techniques may 
be used to mitigate degradation in the system performance. 
Alamouti space-time-block-code (STBC) is a strong scheme 
focused on accomplishing spatial diversity at the transmitter, 
which needs a straightforward linear processing in the receiver. 
Also, high bit-error-rate (BER) performance can be achieved by 
using the multiple-input multiple-output (MIMO) system with 
beamforming technology. This approach is particularly useful for 
CCI suppression. Exploiting the channel state information (CSI) 
at the transmitter can improve the STBC through the use of a 
beamforming precoding. In this paper, we propose the 
combination between Alamouti STBC and block diagonalization 
(BD) for downlink multi-user MIMO system. Also, this paper 
evaluates the system performance improvement of the extended 
Alamouti scheme, with the implementation of BD precoding over 
a Rayleigh and Rician channel. Simulation results show that the 
combined system has performance better than the performance 
of beamforming system. Also, it shows that the combined system 
performance of extended Alamouti outperforms the combined 
system performance without extended Alamouti. Furthermore, 
numerical results confirm that the Rician channel can 
significantly improve the combined system performance. 
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I. INTRODUCTION 
oday’s wireless network’s customers need to more quality 
of service (QoS). Therefore, fifth generation (5G) of 

wireless networks promises to deliver that and much more. It 
is highly expected that future 5G networks should achieve a 
10-fold increase in connection density, i.e., 106connections 
per square kilometers [1] and increase in the volume of mobile 
traffic, e.g., beyond a 500-1000-fold increase in mobile traffic 
[2]. Unfortunately, the current radio access technology, within 
the limited available time/frequency spectrum, is facing 
challenges to meet the requirements of technological advances 
presented by the 5G network. Therefore, new solutions must 
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be identified and developed that can make significant gains in 
capacity and QoS for network customers to ensure continued 
sustainability of radio access technologies. To date, 5G is still 
being studied; and research groups and companies are working 
together to determine the exact nature of 5G. On the other 
hand, it is not yet clear which technologies will do the most 
for 5G in the long run, but a few early favorites have emerged. 
The front-runners include beamforming technology. At once, 
it is possible to achieve signal-to-noise-plus-interference-ratio 
(SINR) improvements through the adoption of beamforming 
precoding at the transmit side [3]. There is the potential to 
utilise a block diagonalization (BD) initiative to design 
transmitting beamforming vectors without any degree of 
complexity. One such approach is to secure a precoding 
matrix for all mobile stations. This type of matrix will lie in 
the null spaces of other mobile stations’ channel matrix, and 
thus, the beamforming approach may be seen to depend on 
each mobile station’s spatial data [4]. Unfortunately, the 
desired power of the received signal will be decreased. The 
BD algorithm that supports multiple-stream transmissions for 
multi-user MIMO (MU-MIMO) systems, in which every user 
has several antennas trying to connect with the base station, 
can eliminate the co-channel interference (CCI) completely 
[5]. When no information concerning the channel state 
information (CSI) is held by a MIMO system sender, spatial 
multiplexing and multi-user diversity are not possible [6]. 
Additional profits can accrue when the CSI at the transmitter 
is available and using a MIMO system with a liner precoding 
technique [7]. If all mobile stations’ channel state information 
is available in the transmitter, the precoder would then have 
the ability to completely remove CCI. By removing CCI, each 
user can communicate with the transmitter over an 
interference-free way, as single-user channel [3]. Therefore, 
through an imperfect feedback channel, reconnaissance of 
limited CSI and employment of CSI are critical points for a 
MIMO system [8]. CSI is very important, because when it is 
fully available at the base station, the MIMO system performs 
best in numerous ways via using the precoding method. For 
example, to mitigate symbol interference, precoding can be 
used with spatial diversity and spatial multiplexing provided 
by the MIMO system. Besides high gain coding, if space-time-
block-code (STBC) can be combined with precoding, 
maximum gain diversity is available [9]. Owing to the use of 
wireless fading channels, it is common for error performance 
to demonstrate further degradation in terms of the wireless 
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Fig. 1.  Block diagram of the proposed MU-MIMO system, s is the data of 1st 
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It is important to note that, diversity has become recognised as 
a key communication approach when seeking to enhance the 
performance of wireless systems without incurring significant 
expense [10] [11]. Diversity, in essence, may be achieved at 
the transmitter and/or the receiver side [10]. However, should 
diversity be received in an instance of downlink, there will be 
a notably high consumption of power, owing to the fact that 
the majority of computational burden is assigned to the mobile 
side. Accordingly, a non-complex decoding processing can be 
achieved at the mobile side through the base station-located 
application of STBC [10] [12] [13] [14]. 
The primary and most well-recognised diversity is identified 
as the STBC, which has come to be accepted as a powerful 
and extremely valuable diversity approach in overcoming the 
effects of wireless channel fading. In this regard, the Alamouti 
scheme is seen to be a complicated orthogonal STBC; this 
affords simplistic decoding and encoding processing at the 
receiver and transmitter side, respectively. This was originally 
devised and presented by Alamouti [15]. In an effort to 
decrease error performance degradation levels in mobile units 
and accordingly attain greater improvements in wireless links, 
the Alamouti scheme can be combined with beamforming 
precoding [16] [17] [18] [19]. Beamforming scheme based on 
BD technology combined with STBC enables the multi-user 
MIMO (MU-MIMO) system to provide good QoS, thereby 
absorbing more users, and makes it promising to address the 
5G requirement of massive connectivity, specifically in the 
Internet of things (IoT) and massive machine-type 
communications (mMTC) scenarios, which are considered as 
types of 5G application scenarios [20]. In these scenarios, 
users may be low-cost sensors deployed in a small area, where 
both the line-of-sight (LoS) and the non-line-of-sight (NLoS) 
exist, which can be better modeled by the Rician fading 
channel. In [21] and [22], 5G cellular systems on MU-MIMO 
transmitters use linear precoding. In this report, the system 
performance within regards to the Alamouti scheme undergoes 
both analysis and evaluation, with BD precoding applied when 
there is the presence of CSI. Furthermore, the performance of 
an MU-MIMO beamforming system, alongside the utilisation 

of BD with the extended Alamouti scheme, is discussed, with 
the signal in the NLoS setting transmitted (Rayleigh fading 
channel) as well as in the LoS environment (correlated 
realistic Rician fading channel).  
The superscripts(·)T, (·)∗ and (·)H denote transpose, complex 
conjugate, and Hermitian operations, respectively. 
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It is important to note that, diversity has become recognised as 
a key communication approach when seeking to enhance the 
performance of wireless systems without incurring significant 
expense [10] [11]. Diversity, in essence, may be achieved at 
the transmitter and/or the receiver side [10]. However, should 
diversity be received in an instance of downlink, there will be 
a notably high consumption of power, owing to the fact that 
the majority of computational burden is assigned to the mobile 
side. Accordingly, a non-complex decoding processing can be 
achieved at the mobile side through the base station-located 
application of STBC [10] [12] [13] [14]. 
The primary and most well-recognised diversity is identified 
as the STBC, which has come to be accepted as a powerful 
and extremely valuable diversity approach in overcoming the 
effects of wireless channel fading. In this regard, the Alamouti 
scheme is seen to be a complicated orthogonal STBC; this 
affords simplistic decoding and encoding processing at the 
receiver and transmitter side, respectively. This was originally 
devised and presented by Alamouti [15]. In an effort to 
decrease error performance degradation levels in mobile units 
and accordingly attain greater improvements in wireless links, 
the Alamouti scheme can be combined with beamforming 
precoding [16] [17] [18] [19]. Beamforming scheme based on 
BD technology combined with STBC enables the multi-user 
MIMO (MU-MIMO) system to provide good QoS, thereby 
absorbing more users, and makes it promising to address the 
5G requirement of massive connectivity, specifically in the 
Internet of things (IoT) and massive machine-type 
communications (mMTC) scenarios, which are considered as 
types of 5G application scenarios [20]. In these scenarios, 
users may be low-cost sensors deployed in a small area, where 
both the line-of-sight (LoS) and the non-line-of-sight (NLoS) 
exist, which can be better modeled by the Rician fading 
channel. In [21] and [22], 5G cellular systems on MU-MIMO 
transmitters use linear precoding. In this report, the system 
performance within regards to the Alamouti scheme undergoes 
both analysis and evaluation, with BD precoding applied when 
there is the presence of CSI. Furthermore, the performance of 
an MU-MIMO beamforming system, alongside the utilisation 

of BD with the extended Alamouti scheme, is discussed, with 
the signal in the NLoS setting transmitted (Rayleigh fading 
channel) as well as in the LoS environment (correlated 
realistic Rician fading channel).  
The superscripts(·)T, (·)∗ and (·)H denote transpose, complex 
conjugate, and Hermitian operations, respectively. 

 

II.  ALAMOUTI CODING 
The Alamouti code is recognised as being the first and most 

widely known STBC, and is described as being a complicated 
orthogonal spice-time-code most applicable in the case of two 
transmits antennas [15].  

Primarily, the Alamouti space-time-coding approach is 
taken into account, with generalisation in relation to the three 
transmits antennas then considered [23].  

a. Alamouti Space-Time Code 
Alamouti designed and presented a complicated orthogonal 
space-time block code for two transmit antennas [15]. In the 
case of the Alamouti encoder, there is the encoding of 
𝑠𝑠1 and 𝑠𝑠2 , notably two consecutive symbols complete with the 
space-time codeword matrix outlined below: 
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As can be seen when reviewing the equation (1), there is the 
transmission of the Alamouti encoded signal from the two 
transmit antennas over the two different symbol periods. 
Throughout the preliminary symbol period, 𝑠𝑠1 and 𝑠𝑠2 are 
transmitted at the same time from the two transmit antennas. 
Throughout the secondary period, there is the repeated 
transmission of the symbols, with the first transmit antenna 
transmitting −𝑠𝑠2

∗ whilst the second transmit antenna 
transmits 𝑠𝑠1

∗.  
b. Extended Alamouti  

As it has been discussed in other works [24], the Alamouti 
scheme has the underpinning foundation of extension, which 
is seen to derive through extension for 4x1-diversity order. In 
this case, it is further extended in mind of the 3x3-diversity 
order [10]. Accordingly, it is necessary to take into account 
the block diagram representation depicted in the Fig. 2 below, 
which shows the extended Alamouti code for 3 transmit 
antennas and 3 receive antennas over the eight different 
symbol periods for four symbols s1, s2, s3 and  s4. 
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Fig. 2  Extended Alamouti Scheme for 3x3. 

III.  MU-MIMO BEAMFORMING SYSTEM MODEL 
In MU-MIMO system we have considered an 

environment of 𝑈𝑈 geographically sparse mobile stations as 
multi-user (MU) communicates with the MIMO base station 
(BS) which has 𝑀𝑀 antennas. In such a system environment, 
each mobile station is independent and employing Nu 
antennas of user 𝑢𝑢. These users will receive their own signal, 
as shown in Fig.1 (block diagram of 2 users). The total 
number of users’ antennas is defined as; 

 

𝑁𝑁𝑇𝑇 =  ∑ 𝑁𝑁𝑢𝑢

𝑈𝑈

𝑢𝑢
                                         (3) 

 
Also, this system has an operation condition which is 𝑁𝑁𝑇𝑇= 𝑀𝑀 
with the independent channels of flat fading. The meant 
message signal for the 𝑢𝑢th user is the scalar 𝑆𝑆𝑢𝑢. Thereby, the 
transmitted symbol vector to 𝑈𝑈 users is: 
 

 𝑆𝑆𝑇𝑇 = [𝑠𝑠1, . . . , 𝑠𝑠𝑢𝑢, . . . , 𝑠𝑠𝑈𝑈 ]𝑇𝑇                             (4) 
 
It should be mentioned that  𝑆𝑆𝑢𝑢 = 𝑆𝑆𝐴𝐴  2.𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎  for two 
transmit antennas and  𝑆𝑆𝑢𝑢 = 𝑆𝑆𝐴𝐴  3.𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎  for three transmit 
antennas. In the second step, we denote to precoding matrix 
step as: 
 

𝑊𝑊 = [𝑤𝑤1, . . . , 𝑤𝑤𝑢𝑢, . . . , 𝑤𝑤𝑈𝑈 ]                            (5) 
 

where  𝑤𝑤𝑢𝑢 ∈ 𝐶𝐶𝑁𝑁𝑢𝑢 𝑥𝑥𝑥𝑥 is the joint beamforming coefficients for 
𝑢𝑢th user. Then the transmitted symbol vector is multiplied by 
the precoding matrix as third step to produce the precoding 
data as: 
 

𝑋𝑋 = ∑ 𝑤𝑤𝑢𝑢𝑠𝑠𝑢𝑢

𝑈𝑈

𝑢𝑢=1
= 𝑊𝑊𝑆𝑆                               (6) 

 
The symbol su and the coefficients of beamforming precoding 
𝑤𝑤𝑢𝑢 will be normalized as follows:  
 

E|𝑠𝑠𝑢𝑢|2 = 1, ‖𝑤𝑤𝑢𝑢‖2 = 1 
for u={1, …, U}. 

 
In the broadcast step, we assumed that signals WS ∈ 
𝐶𝐶𝑁𝑁𝑢𝑢 𝑥𝑥𝑥𝑥 are broadcasted over the channels denoted as: 
 

𝐻𝐻 = [𝐻𝐻1
𝑇𝑇 , … , 𝐻𝐻𝑢𝑢

𝑇𝑇, … , 𝐻𝐻𝑈𝑈
𝑇𝑇]𝑇𝑇                               (7) 

 
where 𝐻𝐻𝑢𝑢∈𝐶𝐶𝑁𝑁𝑢𝑢 𝑥𝑥 𝑥𝑥describes the channel coefficients between 
Nu receiver antenna at 𝑢𝑢th user and BS antennas as: 
 

𝐻𝐻𝑢𝑢 = [
ℎ𝑢𝑢

(1,1) … ℎ𝑢𝑢
(1,𝑥𝑥)

⋮ ⋱ ⋮
ℎ𝑢𝑢

(𝑁𝑁𝑈𝑈,1) … ℎ𝑢𝑢
(𝑁𝑁𝑈𝑈,𝑥𝑥)

]                              (8) 

 
where ℎ𝑢𝑢

(𝑎𝑎,𝑚𝑚) denotes the channel matrix ingredient, which is 
located between the mth transmitter array antenna of base 
station and the nth receiver array antenna of uth user.   
Thus, at users’ antennas the received signals are:   
 

𝑦𝑦 = [𝑦𝑦1
𝑇𝑇, … , 𝑦𝑦𝑢𝑢

𝑇𝑇, … , 𝑦𝑦𝑈𝑈
𝑇𝑇]𝑇𝑇 =H WS + n                        (9) 

 
where 𝑦𝑦𝑢𝑢 ∈ 𝐶𝐶𝑁𝑁𝑢𝑢 𝑥𝑥 𝑥𝑥 is representing the signal which is 
received at uth recipient, whilst for the additive noise is 
denoted by n. When we have given careful consideration to 
each user separately, we will find the received signal at an ith 
recipient as: 

𝑦𝑦𝑖𝑖 = 𝐻𝐻𝑖𝑖 ∑ 𝑤𝑤𝑢𝑢𝑠𝑠𝑢𝑢 + 𝑛𝑛𝑖𝑖

𝑈𝑈

𝑢𝑢=1
 

 

𝑦𝑦𝑖𝑖 = 𝐻𝐻𝑖𝑖𝑤𝑤𝑖𝑖𝑠𝑠𝑖𝑖 + 𝐻𝐻𝑖𝑖 ∑ 𝑤𝑤𝑢𝑢𝑠𝑠𝑢𝑢 + 𝑛𝑛𝑖𝑖

𝑈𝑈

𝑢𝑢=1,𝑢𝑢≠𝑖𝑖
 

 

 𝑦𝑦𝑖𝑖 = 𝐻𝐻𝑖𝑖𝑥𝑥𝑖𝑖 + 𝐻𝐻𝑖𝑖 ∑ 𝑥𝑥𝑢𝑢 + 𝑛𝑛𝑖𝑖

𝑈𝑈

𝑢𝑢=1,𝑢𝑢≠𝑖𝑖
                        (10) 

 
where 𝑥𝑥𝑖𝑖 is precoding data of ith user and 𝑥𝑥𝑢𝑢 is precoding data 
of other users as interference for uth user. The 𝐻𝐻𝑖𝑖  vector has 
complex Gaussian variable components with unit-variance and 
zero-mean. Moreover, the components of the additive noise 𝑛𝑛𝑖𝑖 
have distribution as 𝑁𝑁(0,𝜎𝜎𝑖𝑖

2) and are temporarily white. 
 

IV. DOWNLINK CHANNEL MODEL     
Due to LoS propagation the strongest propagation component 
of MIMO channel corresponds to deterministic component 
(also referred to as specular components). On the other hand, 
all the other components are random components (due to 
NLoS also referred to as scattering components) [10]. The 
broadcast channel distribution has been following the 
Rayleigh channel distribution, which is Gaussian distribution 
with a variance of 𝜎𝜎2 and zero mean. That means there is no 

component of LoS (K= 0): 𝜎𝜎 = √ 1
𝐾𝐾+1. On the other hand, 

when there is any component of LoS (For K > 0) the broadcast 
channel distribution has been following the Gaussian 
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where 𝑦𝑦𝑢𝑢 ∈ 𝐶𝐶𝑁𝑁𝑢𝑢 𝑥𝑥 𝑥𝑥 is representing the signal which is 
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denoted by n. When we have given careful consideration to 
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recipient as: 
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where 𝑥𝑥𝑖𝑖 is precoding data of ith user and 𝑥𝑥𝑢𝑢 is precoding data 
of other users as interference for uth user. The 𝐻𝐻𝑖𝑖  vector has 
complex Gaussian variable components with unit-variance and 
zero-mean. Moreover, the components of the additive noise 𝑛𝑛𝑖𝑖 
have distribution as 𝑁𝑁(0,𝜎𝜎𝑖𝑖

2) and are temporarily white. 
 

IV. DOWNLINK CHANNEL MODEL     
Due to LoS propagation the strongest propagation component 
of MIMO channel corresponds to deterministic component 
(also referred to as specular components). On the other hand, 
all the other components are random components (due to 
NLoS also referred to as scattering components) [10]. The 
broadcast channel distribution has been following the 
Rayleigh channel distribution, which is Gaussian distribution 
with a variance of 𝜎𝜎2 and zero mean. That means there is no 

component of LoS (K= 0): 𝜎𝜎 = √ 1
𝐾𝐾+1. On the other hand, 

when there is any component of LoS (For K > 0) the broadcast 
channel distribution has been following the Gaussian 
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(BS) which has 𝑀𝑀 antennas. In such a system environment, 
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antennas of user 𝑢𝑢. These users will receive their own signal, 
as shown in Fig.1 (block diagram of 2 users). The total 
number of users’ antennas is defined as; 
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𝐶𝐶𝑁𝑁𝑢𝑢 𝑥𝑥𝑥𝑥 are broadcasted over the channels denoted as: 
 

𝐻𝐻 = [𝐻𝐻1
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station and the nth receiver array antenna of uth user.   
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where 𝑦𝑦𝑢𝑢 ∈ 𝐶𝐶𝑁𝑁𝑢𝑢 𝑥𝑥 𝑥𝑥 is representing the signal which is 
received at uth recipient, whilst for the additive noise is 
denoted by n. When we have given careful consideration to 
each user separately, we will find the received signal at an ith 
recipient as: 
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where 𝑥𝑥𝑖𝑖 is precoding data of ith user and 𝑥𝑥𝑢𝑢 is precoding data 
of other users as interference for uth user. The 𝐻𝐻𝑖𝑖  vector has 
complex Gaussian variable components with unit-variance and 
zero-mean. Moreover, the components of the additive noise 𝑛𝑛𝑖𝑖 
have distribution as 𝑁𝑁(0,𝜎𝜎𝑖𝑖

2) and are temporarily white. 
 

IV. DOWNLINK CHANNEL MODEL     
Due to LoS propagation the strongest propagation component 
of MIMO channel corresponds to deterministic component 
(also referred to as specular components). On the other hand, 
all the other components are random components (due to 
NLoS also referred to as scattering components) [10]. The 
broadcast channel distribution has been following the 
Rayleigh channel distribution, which is Gaussian distribution 
with a variance of 𝜎𝜎2 and zero mean. That means there is no 

component of LoS (K= 0): 𝜎𝜎 = √ 1
𝐾𝐾+1. On the other hand, 

when there is any component of LoS (For K > 0) the broadcast 
channel distribution has been following the Gaussian 
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III.  MU-MIMO BEAMFORMING SYSTEM MODEL 
In MU-MIMO system we have considered an 

environment of 𝑈𝑈 geographically sparse mobile stations as 
multi-user (MU) communicates with the MIMO base station 
(BS) which has 𝑀𝑀 antennas. In such a system environment, 
each mobile station is independent and employing Nu 
antennas of user 𝑢𝑢. These users will receive their own signal, 
as shown in Fig.1 (block diagram of 2 users). The total 
number of users’ antennas is defined as; 

 

𝑁𝑁𝑇𝑇 =  ∑ 𝑁𝑁𝑢𝑢

𝑈𝑈

𝑢𝑢
                                         (3) 

 
Also, this system has an operation condition which is 𝑁𝑁𝑇𝑇= 𝑀𝑀 
with the independent channels of flat fading. The meant 
message signal for the 𝑢𝑢th user is the scalar 𝑆𝑆𝑢𝑢. Thereby, the 
transmitted symbol vector to 𝑈𝑈 users is: 
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antennas. In the second step, we denote to precoding matrix 
step as: 
 

𝑊𝑊 = [𝑤𝑤1, . . . , 𝑤𝑤𝑢𝑢, . . . , 𝑤𝑤𝑈𝑈 ]                            (5) 
 

where  𝑤𝑤𝑢𝑢 ∈ 𝐶𝐶𝑁𝑁𝑢𝑢 𝑥𝑥𝑥𝑥 is the joint beamforming coefficients for 
𝑢𝑢th user. Then the transmitted symbol vector is multiplied by 
the precoding matrix as third step to produce the precoding 
data as: 
 

𝑋𝑋 = ∑ 𝑤𝑤𝑢𝑢𝑠𝑠𝑢𝑢
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𝑢𝑢=1
= 𝑊𝑊𝑆𝑆                               (6) 

 
The symbol su and the coefficients of beamforming precoding 
𝑤𝑤𝑢𝑢 will be normalized as follows:  
 

E|𝑠𝑠𝑢𝑢|2 = 1, ‖𝑤𝑤𝑢𝑢‖2 = 1 
for u={1, …, U}. 

 
In the broadcast step, we assumed that signals WS ∈ 
𝐶𝐶𝑁𝑁𝑢𝑢 𝑥𝑥𝑥𝑥 are broadcasted over the channels denoted as: 
 

𝐻𝐻 = [𝐻𝐻1
𝑇𝑇 , … , 𝐻𝐻𝑢𝑢

𝑇𝑇, … , 𝐻𝐻𝑈𝑈
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where 𝐻𝐻𝑢𝑢∈𝐶𝐶𝑁𝑁𝑢𝑢 𝑥𝑥 𝑥𝑥describes the channel coefficients between 
Nu receiver antenna at 𝑢𝑢th user and BS antennas as: 
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where ℎ𝑢𝑢

(𝑎𝑎,𝑚𝑚) denotes the channel matrix ingredient, which is 
located between the mth transmitter array antenna of base 
station and the nth receiver array antenna of uth user.   
Thus, at users’ antennas the received signals are:   
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where 𝑦𝑦𝑢𝑢 ∈ 𝐶𝐶𝑁𝑁𝑢𝑢 𝑥𝑥 𝑥𝑥 is representing the signal which is 
received at uth recipient, whilst for the additive noise is 
denoted by n. When we have given careful consideration to 
each user separately, we will find the received signal at an ith 
recipient as: 
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of other users as interference for uth user. The 𝐻𝐻𝑖𝑖  vector has 
complex Gaussian variable components with unit-variance and 
zero-mean. Moreover, the components of the additive noise 𝑛𝑛𝑖𝑖 
have distribution as 𝑁𝑁(0,𝜎𝜎𝑖𝑖

2) and are temporarily white. 
 

IV. DOWNLINK CHANNEL MODEL     
Due to LoS propagation the strongest propagation component 
of MIMO channel corresponds to deterministic component 
(also referred to as specular components). On the other hand, 
all the other components are random components (due to 
NLoS also referred to as scattering components) [10]. The 
broadcast channel distribution has been following the 
Rayleigh channel distribution, which is Gaussian distribution 
with a variance of 𝜎𝜎2 and zero mean. That means there is no 

component of LoS (K= 0): 𝜎𝜎 = √ 1
𝐾𝐾+1. On the other hand, 

when there is any component of LoS (For K > 0) the broadcast 
channel distribution has been following the Gaussian 
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denoted by n. When we have given careful consideration to 
each user separately, we will find the received signal at an ith 
recipient as: 

𝑦𝑦𝑖𝑖 = 𝐻𝐻𝑖𝑖 ∑ 𝑤𝑤𝑢𝑢𝑠𝑠𝑢𝑢 + 𝑛𝑛𝑖𝑖
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𝑢𝑢=1,𝑢𝑢≠𝑖𝑖
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𝑢𝑢=1,𝑢𝑢≠𝑖𝑖
                        (10) 

 
where 𝑥𝑥𝑖𝑖 is precoding data of ith user and 𝑥𝑥𝑢𝑢 is precoding data 
of other users as interference for uth user. The 𝐻𝐻𝑖𝑖  vector has 
complex Gaussian variable components with unit-variance and 
zero-mean. Moreover, the components of the additive noise 𝑛𝑛𝑖𝑖 
have distribution as 𝑁𝑁(0,𝜎𝜎𝑖𝑖

2) and are temporarily white. 
 

IV. DOWNLINK CHANNEL MODEL     
Due to LoS propagation the strongest propagation component 
of MIMO channel corresponds to deterministic component 
(also referred to as specular components). On the other hand, 
all the other components are random components (due to 
NLoS also referred to as scattering components) [10]. The 
broadcast channel distribution has been following the 
Rayleigh channel distribution, which is Gaussian distribution 
with a variance of 𝜎𝜎2 and zero mean. That means there is no 

component of LoS (K= 0): 𝜎𝜎 = √ 1
𝐾𝐾+1. On the other hand, 

when there is any component of LoS (For K > 0) the broadcast 
channel distribution has been following the Gaussian 
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Fig. 2  Extended Alamouti Scheme for 3x3. 

III.  MU-MIMO BEAMFORMING SYSTEM MODEL 
In MU-MIMO system we have considered an 

environment of 𝑈𝑈 geographically sparse mobile stations as 
multi-user (MU) communicates with the MIMO base station 
(BS) which has 𝑀𝑀 antennas. In such a system environment, 
each mobile station is independent and employing Nu 
antennas of user 𝑢𝑢. These users will receive their own signal, 
as shown in Fig.1 (block diagram of 2 users). The total 
number of users’ antennas is defined as; 

 

𝑁𝑁𝑇𝑇 =  ∑ 𝑁𝑁𝑢𝑢

𝑈𝑈

𝑢𝑢
                                         (3) 

 
Also, this system has an operation condition which is 𝑁𝑁𝑇𝑇= 𝑀𝑀 
with the independent channels of flat fading. The meant 
message signal for the 𝑢𝑢th user is the scalar 𝑆𝑆𝑢𝑢. Thereby, the 
transmitted symbol vector to 𝑈𝑈 users is: 
 

 𝑆𝑆𝑇𝑇 = [𝑠𝑠1, . . . , 𝑠𝑠𝑢𝑢, . . . , 𝑠𝑠𝑈𝑈 ]𝑇𝑇                             (4) 
 
It should be mentioned that  𝑆𝑆𝑢𝑢 = 𝑆𝑆𝐴𝐴  2.𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎  for two 
transmit antennas and  𝑆𝑆𝑢𝑢 = 𝑆𝑆𝐴𝐴  3.𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎  for three transmit 
antennas. In the second step, we denote to precoding matrix 
step as: 
 

𝑊𝑊 = [𝑤𝑤1, . . . , 𝑤𝑤𝑢𝑢, . . . , 𝑤𝑤𝑈𝑈 ]                            (5) 
 

where  𝑤𝑤𝑢𝑢 ∈ 𝐶𝐶𝑁𝑁𝑢𝑢 𝑥𝑥𝑥𝑥 is the joint beamforming coefficients for 
𝑢𝑢th user. Then the transmitted symbol vector is multiplied by 
the precoding matrix as third step to produce the precoding 
data as: 
 

𝑋𝑋 = ∑ 𝑤𝑤𝑢𝑢𝑠𝑠𝑢𝑢

𝑈𝑈

𝑢𝑢=1
= 𝑊𝑊𝑆𝑆                               (6) 

 
The symbol su and the coefficients of beamforming precoding 
𝑤𝑤𝑢𝑢 will be normalized as follows:  
 

E|𝑠𝑠𝑢𝑢|2 = 1, ‖𝑤𝑤𝑢𝑢‖2 = 1 
for u={1, …, U}. 

 
In the broadcast step, we assumed that signals WS ∈ 
𝐶𝐶𝑁𝑁𝑢𝑢 𝑥𝑥𝑥𝑥 are broadcasted over the channels denoted as: 
 

𝐻𝐻 = [𝐻𝐻1
𝑇𝑇 , … , 𝐻𝐻𝑢𝑢

𝑇𝑇, … , 𝐻𝐻𝑈𝑈
𝑇𝑇]𝑇𝑇                               (7) 

 
where 𝐻𝐻𝑢𝑢∈𝐶𝐶𝑁𝑁𝑢𝑢 𝑥𝑥 𝑥𝑥describes the channel coefficients between 
Nu receiver antenna at 𝑢𝑢th user and BS antennas as: 
 

𝐻𝐻𝑢𝑢 = [
ℎ𝑢𝑢

(1,1) … ℎ𝑢𝑢
(1,𝑥𝑥)

⋮ ⋱ ⋮
ℎ𝑢𝑢

(𝑁𝑁𝑈𝑈,1) … ℎ𝑢𝑢
(𝑁𝑁𝑈𝑈,𝑥𝑥)

]                              (8) 

 
where ℎ𝑢𝑢

(𝑎𝑎,𝑚𝑚) denotes the channel matrix ingredient, which is 
located between the mth transmitter array antenna of base 
station and the nth receiver array antenna of uth user.   
Thus, at users’ antennas the received signals are:   
 

𝑦𝑦 = [𝑦𝑦1
𝑇𝑇, … , 𝑦𝑦𝑢𝑢

𝑇𝑇, … , 𝑦𝑦𝑈𝑈
𝑇𝑇]𝑇𝑇 =H WS + n                        (9) 

 
where 𝑦𝑦𝑢𝑢 ∈ 𝐶𝐶𝑁𝑁𝑢𝑢 𝑥𝑥 𝑥𝑥 is representing the signal which is 
received at uth recipient, whilst for the additive noise is 
denoted by n. When we have given careful consideration to 
each user separately, we will find the received signal at an ith 
recipient as: 

𝑦𝑦𝑖𝑖 = 𝐻𝐻𝑖𝑖 ∑ 𝑤𝑤𝑢𝑢𝑠𝑠𝑢𝑢 + 𝑛𝑛𝑖𝑖
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where 𝑥𝑥𝑖𝑖 is precoding data of ith user and 𝑥𝑥𝑢𝑢 is precoding data 
of other users as interference for uth user. The 𝐻𝐻𝑖𝑖  vector has 
complex Gaussian variable components with unit-variance and 
zero-mean. Moreover, the components of the additive noise 𝑛𝑛𝑖𝑖 
have distribution as 𝑁𝑁(0,𝜎𝜎𝑖𝑖

2) and are temporarily white. 
 

IV. DOWNLINK CHANNEL MODEL     
Due to LoS propagation the strongest propagation component 
of MIMO channel corresponds to deterministic component 
(also referred to as specular components). On the other hand, 
all the other components are random components (due to 
NLoS also referred to as scattering components) [10]. The 
broadcast channel distribution has been following the 
Rayleigh channel distribution, which is Gaussian distribution 
with a variance of 𝜎𝜎2 and zero mean. That means there is no 

component of LoS (K= 0): 𝜎𝜎 = √ 1
𝐾𝐾+1. On the other hand, 

when there is any component of LoS (For K > 0) the broadcast 
channel distribution has been following the Gaussian 
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distribution with a variance of 𝜎𝜎2 and mean of q or Rician 

distribution when K increases as: 𝑞𝑞 = √ 𝐾𝐾
𝐾𝐾+1 , 𝜎𝜎 = √ 1

𝐾𝐾+1 .  
Therefore, in this work, channel matrix of the MIMO system 
described as [25]: 

𝐻𝐻 = √ 𝐾𝐾
𝐾𝐾 + 1 𝐻𝐻𝑑𝑑 + √ 1

𝐾𝐾 + 1   𝐻𝐻𝑟𝑟                   (11) 

where 𝐻𝐻𝑑𝑑  representing the component of the normalized 
deterministic channel matrix, while  𝐻𝐻𝑟𝑟 representing the 
component of random channel matrix, with || 𝐻𝐻𝑑𝑑 ||2 = 𝑁𝑁𝑇𝑇 𝑀𝑀, 
E{ |[𝐻𝐻𝑟𝑟]𝑖𝑖,𝑗𝑗|2}= 1, 𝑖𝑖 = 1: 𝑁𝑁𝑇𝑇, 𝑗𝑗 = 1: 𝑀𝑀 [25]. While 𝐾𝐾 is known 
as factor of the Rician channel which is the relation between 
the component of the specular power 𝑐𝑐2 and the component of 
scattering power 2𝜎𝜎2 , displayed as [10]: 
 

𝐾𝐾 =
‖𝐻𝐻𝑑𝑑‖2

𝐸𝐸 {|[𝐻𝐻𝑟𝑟]𝑖𝑖,𝑗𝑗|2}
= 𝑐𝑐2

2𝜎𝜎2                     (12) 

 

V. BLOCK DIAGONALIZATION PRECODING 
 

Block Diagonalization precoding (BD) method is 
compatible with the multiple users, every user has multiple 
antennas. By the precoding process of this method, the 
interference signal which is coming from other user signals 
will be canceled. Therefore, MU-MIMO channel model will 
be converted into multiple independent single user MIMO 
channels model by BD method [10]. 
Briefly, definition of BD precoding matrix starts from the 
channel of all users except ith user as: 
 

𝐻𝐻𝑖𝑖 = [𝐻𝐻1 …  𝐻𝐻𝑖𝑖−1  𝐻𝐻𝑖𝑖+1 … 𝐻𝐻𝑈𝑈 ]𝑇𝑇                     (13) 
 
where 𝐻𝐻𝑖𝑖 is H with out Hi , then we should compute the null 
space �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛  of all users except ith user by singular value 
decomposition (SVD) to 𝐻𝐻𝑖𝑖:  
  

𝑆𝑆𝑉𝑉𝑆𝑆 𝑜𝑜𝑜𝑜 𝐻𝐻𝑖𝑖 =  𝑈𝑈𝑖𝑖 �̃�𝛬 [ �̃�𝑉𝑖𝑖
𝑏𝑏  �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 ]𝐻𝐻                     (14)  
 
where (. )𝐻𝐻 denotes Hermitian transposition. To prevent other 
users interference multiplies  𝐻𝐻𝑖𝑖  by �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 , and then uses SVD 
again: 
 

𝑆𝑆𝑉𝑉𝑆𝑆 𝑜𝑜𝑜𝑜 𝐻𝐻𝑖𝑖�̃�𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 =  𝑈𝑈𝑖𝑖 𝛬𝛬 [ 𝑉𝑉𝑖𝑖

𝑏𝑏  𝑉𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 ]𝐻𝐻                (15)  

where 𝑉𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 is the null space of ith user, while 𝑉𝑉𝑖𝑖

𝑏𝑏 is the beam 
of ith user. Therefore, we can get the precoding matrix 𝑤𝑤𝑖𝑖  for 
ith user from �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 and 𝑉𝑉𝑖𝑖
𝑏𝑏 under the condition 𝑁𝑁𝑇𝑇 ≤ 𝑀𝑀 as: 

 
𝑤𝑤𝑖𝑖 = [�̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 𝑉𝑉𝑖𝑖
𝑏𝑏 ]                                 (16)   

 

Now under the condition 𝐻𝐻𝑖𝑖�̃�𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 = 0, we substitute (16) into 

(10), we can obtain:  
 

𝑦𝑦𝑖𝑖 = 𝐻𝐻𝑖𝑖𝑥𝑥𝑖𝑖 + 0 + 𝑛𝑛𝑖𝑖                             (17)    
 
where 𝑦𝑦𝑖𝑖 represents the received signal which is consisted of 
the required signal of ith user and noise without multiuser 
interference. Note that 𝑥𝑥𝑖𝑖 is Alamouti space-time coding. 
Therefore, 𝑦𝑦𝑖𝑖  is represented by 1𝑦𝑦1𝑎𝑎  , 1𝑦𝑦2𝑎𝑎 , 2𝑦𝑦1𝑎𝑎 and 2𝑦𝑦2𝑎𝑎: 

[1𝑦𝑦1𝑎𝑎 2𝑦𝑦1𝑎𝑎
1𝑦𝑦2𝑎𝑎  2𝑦𝑦2𝑎𝑎

] = 𝐻𝐻𝑖𝑖 𝑤𝑤𝑖𝑖  [𝑠𝑠1 −𝑠𝑠2
∗

𝑠𝑠2    𝑠𝑠1
∗] + 𝑛𝑛𝑖𝑖        (18)  

where 1𝑦𝑦1𝑎𝑎 and 1𝑦𝑦2𝑎𝑎 represents the received signals at the 
first time in first and second antenna respectively, while 2𝑦𝑦1𝑎𝑎 
and 2𝑦𝑦2𝑎𝑎 represents the received signals at the second time in 
first and second antenna respectively: 

1st time 

1𝑦𝑦1𝑎𝑎 = [ℎ𝑖𝑖
(1,1) …  ℎ𝑖𝑖

(1,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [𝑠𝑠1
𝑠𝑠2

] + 𝑛𝑛𝑖𝑖          (19) 
 

1𝑦𝑦2𝑎𝑎 = [ℎ𝑖𝑖
(2,1) …  ℎ𝑖𝑖

(2,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [𝑠𝑠1
𝑠𝑠2

] + 𝑛𝑛𝑖𝑖          (20) 
 
2nd time 

2𝑦𝑦1𝑎𝑎 = [ℎ𝑖𝑖
(1,1) …  ℎ𝑖𝑖

(1,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [−𝑠𝑠2
∗

   𝑠𝑠1
∗ ] + 𝑛𝑛𝑖𝑖       (21) 

 

2𝑦𝑦2𝑎𝑎 = [ℎ𝑖𝑖
(2,1) …  ℎ𝑖𝑖

(2,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [−𝑠𝑠2
∗

   𝑠𝑠1
∗ ] + 𝑛𝑛𝑖𝑖       (22) 

then: 
 

1𝑦𝑦1𝑎𝑎 = C 𝑠𝑠1 + D 𝑠𝑠2 +𝑛𝑛𝑖𝑖,     2𝑦𝑦1𝑎𝑎 = D 𝑠𝑠1
∗ − C 𝑠𝑠2

∗ + 𝑛𝑛𝑖𝑖     (23) 
 

1𝑦𝑦2𝑎𝑎 = Q 𝑠𝑠1 + P 𝑠𝑠2 + 𝑛𝑛𝑖𝑖,     2𝑦𝑦2𝑎𝑎 = P 𝑠𝑠1
∗ − Q 𝑠𝑠2

∗ + 𝑛𝑛𝑖𝑖     (24) 
 

where C, D, Q and P represents the multiplication of channel 
by precoding of each antenna. 
To find 𝑠𝑠1 and 𝑠𝑠2, we assume that CSI at the mobile stations is 
available. Then multiplying the received signals by the 
Hermitian transpose of the CSI matrix and using Maximum 
Likelihood (ML) concepts: 
 

�̂�𝑠1 = 𝐶𝐶∗ 1𝑦𝑦1𝑎𝑎  +  𝑄𝑄∗1𝑦𝑦2𝑎𝑎  +  𝑆𝑆 2𝑦𝑦1𝑎𝑎
∗  +  𝑃𝑃  2𝑦𝑦2𝑎𝑎

∗

𝐶𝐶∗𝐶𝐶  +   𝑄𝑄∗𝑄𝑄  +   𝑆𝑆∗𝑆𝑆  +   𝑃𝑃∗𝑃𝑃         (25) 

 
 

�̂�𝑠2 = 𝑆𝑆∗ 1𝑦𝑦1𝑎𝑎  +  𝑃𝑃∗ 1𝑦𝑦2𝑎𝑎 −   𝐶𝐶 2𝑦𝑦1𝑎𝑎
∗ −  𝑄𝑄 2𝑦𝑦2𝑎𝑎

∗

𝐶𝐶∗𝐶𝐶  +   𝑄𝑄∗𝑄𝑄  +   𝑆𝑆∗𝑆𝑆  +   𝑃𝑃∗𝑃𝑃          (26) 

where �̂�𝑠𝑢𝑢  denote noisy version of 𝑠𝑠𝑢𝑢. 
 

VI. SIMULATION RESULTS AND EVALUATION 
In the present work, the signal-to-noise ratio (SNR) in 

comparison to the BER undergoes assessment as a precoding 
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IV. DOWNLINK CHANNEL MODEL     
Due to LoS propagation the strongest propagation component 
of MIMO channel corresponds to deterministic component 
(also referred to as specular components). On the other hand, 
all the other components are random components (due to 
NLoS also referred to as scattering components) [10]. The 
broadcast channel distribution has been following the 
Rayleigh channel distribution, which is Gaussian distribution 
with a variance of 𝜎𝜎2 and zero mean. That means there is no 

component of LoS (K= 0): 𝜎𝜎 = √ 1
𝐾𝐾+1. On the other hand, 

when there is any component of LoS (For K > 0) the broadcast 
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of MIMO channel corresponds to deterministic component 
(also referred to as specular components). On the other hand, 
all the other components are random components (due to 
NLoS also referred to as scattering components) [10]. The 
broadcast channel distribution has been following the 
Rayleigh channel distribution, which is Gaussian distribution 
with a variance of 𝜎𝜎2 and zero mean. That means there is no 

component of LoS (K= 0): 𝜎𝜎 = √ 1
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III.  MU-MIMO BEAMFORMING SYSTEM MODEL 
In MU-MIMO system we have considered an 

environment of 𝑈𝑈 geographically sparse mobile stations as 
multi-user (MU) communicates with the MIMO base station 
(BS) which has 𝑀𝑀 antennas. In such a system environment, 
each mobile station is independent and employing Nu 
antennas of user 𝑢𝑢. These users will receive their own signal, 
as shown in Fig.1 (block diagram of 2 users). The total 
number of users’ antennas is defined as; 
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Also, this system has an operation condition which is 𝑁𝑁𝑇𝑇= 𝑀𝑀 
with the independent channels of flat fading. The meant 
message signal for the 𝑢𝑢th user is the scalar 𝑆𝑆𝑢𝑢. Thereby, the 
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Nu receiver antenna at 𝑢𝑢th user and BS antennas as: 
 

𝐻𝐻𝑢𝑢 = [
ℎ𝑢𝑢

(1,1) … ℎ𝑢𝑢
(1,𝑥𝑥)

⋮ ⋱ ⋮
ℎ𝑢𝑢

(𝑁𝑁𝑈𝑈,1) … ℎ𝑢𝑢
(𝑁𝑁𝑈𝑈,𝑥𝑥)

]                              (8) 

 
where ℎ𝑢𝑢

(𝑎𝑎,𝑚𝑚) denotes the channel matrix ingredient, which is 
located between the mth transmitter array antenna of base 
station and the nth receiver array antenna of uth user.   
Thus, at users’ antennas the received signals are:   
 

𝑦𝑦 = [𝑦𝑦1
𝑇𝑇, … , 𝑦𝑦𝑢𝑢

𝑇𝑇, … , 𝑦𝑦𝑈𝑈
𝑇𝑇]𝑇𝑇 =H WS + n                        (9) 

 
where 𝑦𝑦𝑢𝑢 ∈ 𝐶𝐶𝑁𝑁𝑢𝑢 𝑥𝑥 𝑥𝑥 is representing the signal which is 
received at uth recipient, whilst for the additive noise is 
denoted by n. When we have given careful consideration to 
each user separately, we will find the received signal at an ith 
recipient as: 

𝑦𝑦𝑖𝑖 = 𝐻𝐻𝑖𝑖 ∑ 𝑤𝑤𝑢𝑢𝑠𝑠𝑢𝑢 + 𝑛𝑛𝑖𝑖

𝑈𝑈

𝑢𝑢=1
 

 

𝑦𝑦𝑖𝑖 = 𝐻𝐻𝑖𝑖𝑤𝑤𝑖𝑖𝑠𝑠𝑖𝑖 + 𝐻𝐻𝑖𝑖 ∑ 𝑤𝑤𝑢𝑢𝑠𝑠𝑢𝑢 + 𝑛𝑛𝑖𝑖

𝑈𝑈

𝑢𝑢=1,𝑢𝑢≠𝑖𝑖
 

 

 𝑦𝑦𝑖𝑖 = 𝐻𝐻𝑖𝑖𝑥𝑥𝑖𝑖 + 𝐻𝐻𝑖𝑖 ∑ 𝑥𝑥𝑢𝑢 + 𝑛𝑛𝑖𝑖

𝑈𝑈

𝑢𝑢=1,𝑢𝑢≠𝑖𝑖
                        (10) 

 
where 𝑥𝑥𝑖𝑖 is precoding data of ith user and 𝑥𝑥𝑢𝑢 is precoding data 
of other users as interference for uth user. The 𝐻𝐻𝑖𝑖  vector has 
complex Gaussian variable components with unit-variance and 
zero-mean. Moreover, the components of the additive noise 𝑛𝑛𝑖𝑖 
have distribution as 𝑁𝑁(0,𝜎𝜎𝑖𝑖

2) and are temporarily white. 
 

IV. DOWNLINK CHANNEL MODEL     
Due to LoS propagation the strongest propagation component 
of MIMO channel corresponds to deterministic component 
(also referred to as specular components). On the other hand, 
all the other components are random components (due to 
NLoS also referred to as scattering components) [10]. The 
broadcast channel distribution has been following the 
Rayleigh channel distribution, which is Gaussian distribution 
with a variance of 𝜎𝜎2 and zero mean. That means there is no 

component of LoS (K= 0): 𝜎𝜎 = √ 1
𝐾𝐾+1. On the other hand, 

when there is any component of LoS (For K > 0) the broadcast 
channel distribution has been following the Gaussian 
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distribution with a variance of 𝜎𝜎2 and mean of q or Rician 

distribution when K increases as: 𝑞𝑞 = √ 𝐾𝐾
𝐾𝐾+1 , 𝜎𝜎 = √ 1

𝐾𝐾+1 .  
Therefore, in this work, channel matrix of the MIMO system 
described as [25]: 

𝐻𝐻 = √ 𝐾𝐾
𝐾𝐾 + 1 𝐻𝐻𝑑𝑑 + √ 1

𝐾𝐾 + 1   𝐻𝐻𝑟𝑟                   (11) 

where 𝐻𝐻𝑑𝑑  representing the component of the normalized 
deterministic channel matrix, while  𝐻𝐻𝑟𝑟 representing the 
component of random channel matrix, with || 𝐻𝐻𝑑𝑑 ||2 = 𝑁𝑁𝑇𝑇 𝑀𝑀, 
E{ |[𝐻𝐻𝑟𝑟]𝑖𝑖,𝑗𝑗|2}= 1, 𝑖𝑖 = 1: 𝑁𝑁𝑇𝑇, 𝑗𝑗 = 1: 𝑀𝑀 [25]. While 𝐾𝐾 is known 
as factor of the Rician channel which is the relation between 
the component of the specular power 𝑐𝑐2 and the component of 
scattering power 2𝜎𝜎2 , displayed as [10]: 
 

𝐾𝐾 =
‖𝐻𝐻𝑑𝑑‖2

𝐸𝐸 {|[𝐻𝐻𝑟𝑟]𝑖𝑖,𝑗𝑗|2}
= 𝑐𝑐2

2𝜎𝜎2                     (12) 

 

V. BLOCK DIAGONALIZATION PRECODING 
 

Block Diagonalization precoding (BD) method is 
compatible with the multiple users, every user has multiple 
antennas. By the precoding process of this method, the 
interference signal which is coming from other user signals 
will be canceled. Therefore, MU-MIMO channel model will 
be converted into multiple independent single user MIMO 
channels model by BD method [10]. 
Briefly, definition of BD precoding matrix starts from the 
channel of all users except ith user as: 
 

𝐻𝐻𝑖𝑖 = [𝐻𝐻1 …  𝐻𝐻𝑖𝑖−1  𝐻𝐻𝑖𝑖+1 … 𝐻𝐻𝑈𝑈 ]𝑇𝑇                     (13) 
 
where 𝐻𝐻𝑖𝑖 is H with out Hi , then we should compute the null 
space �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛  of all users except ith user by singular value 
decomposition (SVD) to 𝐻𝐻𝑖𝑖:  
  

𝑆𝑆𝑉𝑉𝑆𝑆 𝑜𝑜𝑜𝑜 𝐻𝐻𝑖𝑖 =  𝑈𝑈𝑖𝑖 �̃�𝛬 [ �̃�𝑉𝑖𝑖
𝑏𝑏  �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 ]𝐻𝐻                     (14)  
 
where (. )𝐻𝐻 denotes Hermitian transposition. To prevent other 
users interference multiplies  𝐻𝐻𝑖𝑖  by �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 , and then uses SVD 
again: 
 

𝑆𝑆𝑉𝑉𝑆𝑆 𝑜𝑜𝑜𝑜 𝐻𝐻𝑖𝑖�̃�𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 =  𝑈𝑈𝑖𝑖 𝛬𝛬 [ 𝑉𝑉𝑖𝑖

𝑏𝑏  𝑉𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 ]𝐻𝐻                (15)  

where 𝑉𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 is the null space of ith user, while 𝑉𝑉𝑖𝑖

𝑏𝑏 is the beam 
of ith user. Therefore, we can get the precoding matrix 𝑤𝑤𝑖𝑖  for 
ith user from �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 and 𝑉𝑉𝑖𝑖
𝑏𝑏 under the condition 𝑁𝑁𝑇𝑇 ≤ 𝑀𝑀 as: 

 
𝑤𝑤𝑖𝑖 = [�̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 𝑉𝑉𝑖𝑖
𝑏𝑏 ]                                 (16)   

 

Now under the condition 𝐻𝐻𝑖𝑖�̃�𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 = 0, we substitute (16) into 

(10), we can obtain:  
 

𝑦𝑦𝑖𝑖 = 𝐻𝐻𝑖𝑖𝑥𝑥𝑖𝑖 + 0 + 𝑛𝑛𝑖𝑖                             (17)    
 
where 𝑦𝑦𝑖𝑖 represents the received signal which is consisted of 
the required signal of ith user and noise without multiuser 
interference. Note that 𝑥𝑥𝑖𝑖 is Alamouti space-time coding. 
Therefore, 𝑦𝑦𝑖𝑖  is represented by 1𝑦𝑦1𝑎𝑎  , 1𝑦𝑦2𝑎𝑎 , 2𝑦𝑦1𝑎𝑎 and 2𝑦𝑦2𝑎𝑎: 

[1𝑦𝑦1𝑎𝑎 2𝑦𝑦1𝑎𝑎
1𝑦𝑦2𝑎𝑎  2𝑦𝑦2𝑎𝑎

] = 𝐻𝐻𝑖𝑖 𝑤𝑤𝑖𝑖  [𝑠𝑠1 −𝑠𝑠2
∗

𝑠𝑠2    𝑠𝑠1
∗] + 𝑛𝑛𝑖𝑖        (18)  

where 1𝑦𝑦1𝑎𝑎 and 1𝑦𝑦2𝑎𝑎 represents the received signals at the 
first time in first and second antenna respectively, while 2𝑦𝑦1𝑎𝑎 
and 2𝑦𝑦2𝑎𝑎 represents the received signals at the second time in 
first and second antenna respectively: 

1st time 

1𝑦𝑦1𝑎𝑎 = [ℎ𝑖𝑖
(1,1) …  ℎ𝑖𝑖

(1,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [𝑠𝑠1
𝑠𝑠2

] + 𝑛𝑛𝑖𝑖          (19) 
 

1𝑦𝑦2𝑎𝑎 = [ℎ𝑖𝑖
(2,1) …  ℎ𝑖𝑖

(2,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [𝑠𝑠1
𝑠𝑠2

] + 𝑛𝑛𝑖𝑖          (20) 
 
2nd time 

2𝑦𝑦1𝑎𝑎 = [ℎ𝑖𝑖
(1,1) …  ℎ𝑖𝑖

(1,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [−𝑠𝑠2
∗

   𝑠𝑠1
∗ ] + 𝑛𝑛𝑖𝑖       (21) 

 

2𝑦𝑦2𝑎𝑎 = [ℎ𝑖𝑖
(2,1) …  ℎ𝑖𝑖

(2,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [−𝑠𝑠2
∗

   𝑠𝑠1
∗ ] + 𝑛𝑛𝑖𝑖       (22) 

then: 
 

1𝑦𝑦1𝑎𝑎 = C 𝑠𝑠1 + D 𝑠𝑠2 +𝑛𝑛𝑖𝑖,     2𝑦𝑦1𝑎𝑎 = D 𝑠𝑠1
∗ − C 𝑠𝑠2

∗ + 𝑛𝑛𝑖𝑖     (23) 
 

1𝑦𝑦2𝑎𝑎 = Q 𝑠𝑠1 + P 𝑠𝑠2 + 𝑛𝑛𝑖𝑖,     2𝑦𝑦2𝑎𝑎 = P 𝑠𝑠1
∗ − Q 𝑠𝑠2

∗ + 𝑛𝑛𝑖𝑖     (24) 
 

where C, D, Q and P represents the multiplication of channel 
by precoding of each antenna. 
To find 𝑠𝑠1 and 𝑠𝑠2, we assume that CSI at the mobile stations is 
available. Then multiplying the received signals by the 
Hermitian transpose of the CSI matrix and using Maximum 
Likelihood (ML) concepts: 
 

�̂�𝑠1 = 𝐶𝐶∗ 1𝑦𝑦1𝑎𝑎  +  𝑄𝑄∗1𝑦𝑦2𝑎𝑎  +  𝑆𝑆 2𝑦𝑦1𝑎𝑎
∗  +  𝑃𝑃  2𝑦𝑦2𝑎𝑎

∗

𝐶𝐶∗𝐶𝐶  +   𝑄𝑄∗𝑄𝑄  +   𝑆𝑆∗𝑆𝑆  +   𝑃𝑃∗𝑃𝑃         (25) 

 
 

�̂�𝑠2 = 𝑆𝑆∗ 1𝑦𝑦1𝑎𝑎  +  𝑃𝑃∗ 1𝑦𝑦2𝑎𝑎 −   𝐶𝐶 2𝑦𝑦1𝑎𝑎
∗ −  𝑄𝑄 2𝑦𝑦2𝑎𝑎

∗

𝐶𝐶∗𝐶𝐶  +   𝑄𝑄∗𝑄𝑄  +   𝑆𝑆∗𝑆𝑆  +   𝑃𝑃∗𝑃𝑃          (26) 

where �̂�𝑠𝑢𝑢  denote noisy version of 𝑠𝑠𝑢𝑢. 
 

VI. SIMULATION RESULTS AND EVALUATION 
In the present work, the signal-to-noise ratio (SNR) in 

comparison to the BER undergoes assessment as a precoding 
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distribution with a variance of 𝜎𝜎2 and mean of q or Rician 

distribution when K increases as: 𝑞𝑞 = √ 𝐾𝐾
𝐾𝐾+1 , 𝜎𝜎 = √ 1

𝐾𝐾+1 .  
Therefore, in this work, channel matrix of the MIMO system 
described as [25]: 

𝐻𝐻 = √ 𝐾𝐾
𝐾𝐾 + 1 𝐻𝐻𝑑𝑑 + √ 1

𝐾𝐾 + 1   𝐻𝐻𝑟𝑟                   (11) 

where 𝐻𝐻𝑑𝑑  representing the component of the normalized 
deterministic channel matrix, while  𝐻𝐻𝑟𝑟 representing the 
component of random channel matrix, with || 𝐻𝐻𝑑𝑑 ||2 = 𝑁𝑁𝑇𝑇 𝑀𝑀, 
E{ |[𝐻𝐻𝑟𝑟]𝑖𝑖,𝑗𝑗|2}= 1, 𝑖𝑖 = 1: 𝑁𝑁𝑇𝑇, 𝑗𝑗 = 1: 𝑀𝑀 [25]. While 𝐾𝐾 is known 
as factor of the Rician channel which is the relation between 
the component of the specular power 𝑐𝑐2 and the component of 
scattering power 2𝜎𝜎2 , displayed as [10]: 
 

𝐾𝐾 =
‖𝐻𝐻𝑑𝑑‖2

𝐸𝐸 {|[𝐻𝐻𝑟𝑟]𝑖𝑖,𝑗𝑗|2}
= 𝑐𝑐2

2𝜎𝜎2                     (12) 

 

V. BLOCK DIAGONALIZATION PRECODING 
 

Block Diagonalization precoding (BD) method is 
compatible with the multiple users, every user has multiple 
antennas. By the precoding process of this method, the 
interference signal which is coming from other user signals 
will be canceled. Therefore, MU-MIMO channel model will 
be converted into multiple independent single user MIMO 
channels model by BD method [10]. 
Briefly, definition of BD precoding matrix starts from the 
channel of all users except ith user as: 
 

𝐻𝐻𝑖𝑖 = [𝐻𝐻1 …  𝐻𝐻𝑖𝑖−1  𝐻𝐻𝑖𝑖+1 … 𝐻𝐻𝑈𝑈 ]𝑇𝑇                     (13) 
 
where 𝐻𝐻𝑖𝑖 is H with out Hi , then we should compute the null 
space �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛  of all users except ith user by singular value 
decomposition (SVD) to 𝐻𝐻𝑖𝑖:  
  

𝑆𝑆𝑉𝑉𝑆𝑆 𝑜𝑜𝑜𝑜 𝐻𝐻𝑖𝑖 =  𝑈𝑈𝑖𝑖 �̃�𝛬 [ �̃�𝑉𝑖𝑖
𝑏𝑏  �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 ]𝐻𝐻                     (14)  
 
where (. )𝐻𝐻 denotes Hermitian transposition. To prevent other 
users interference multiplies  𝐻𝐻𝑖𝑖  by �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 , and then uses SVD 
again: 
 

𝑆𝑆𝑉𝑉𝑆𝑆 𝑜𝑜𝑜𝑜 𝐻𝐻𝑖𝑖�̃�𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 =  𝑈𝑈𝑖𝑖 𝛬𝛬 [ 𝑉𝑉𝑖𝑖

𝑏𝑏  𝑉𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 ]𝐻𝐻                (15)  

where 𝑉𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 is the null space of ith user, while 𝑉𝑉𝑖𝑖

𝑏𝑏 is the beam 
of ith user. Therefore, we can get the precoding matrix 𝑤𝑤𝑖𝑖  for 
ith user from �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 and 𝑉𝑉𝑖𝑖
𝑏𝑏 under the condition 𝑁𝑁𝑇𝑇 ≤ 𝑀𝑀 as: 

 
𝑤𝑤𝑖𝑖 = [�̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 𝑉𝑉𝑖𝑖
𝑏𝑏 ]                                 (16)   

 

Now under the condition 𝐻𝐻𝑖𝑖�̃�𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 = 0, we substitute (16) into 

(10), we can obtain:  
 

𝑦𝑦𝑖𝑖 = 𝐻𝐻𝑖𝑖𝑥𝑥𝑖𝑖 + 0 + 𝑛𝑛𝑖𝑖                             (17)    
 
where 𝑦𝑦𝑖𝑖 represents the received signal which is consisted of 
the required signal of ith user and noise without multiuser 
interference. Note that 𝑥𝑥𝑖𝑖 is Alamouti space-time coding. 
Therefore, 𝑦𝑦𝑖𝑖  is represented by 1𝑦𝑦1𝑎𝑎  , 1𝑦𝑦2𝑎𝑎 , 2𝑦𝑦1𝑎𝑎 and 2𝑦𝑦2𝑎𝑎: 

[1𝑦𝑦1𝑎𝑎 2𝑦𝑦1𝑎𝑎
1𝑦𝑦2𝑎𝑎  2𝑦𝑦2𝑎𝑎

] = 𝐻𝐻𝑖𝑖 𝑤𝑤𝑖𝑖  [𝑠𝑠1 −𝑠𝑠2
∗

𝑠𝑠2    𝑠𝑠1
∗] + 𝑛𝑛𝑖𝑖        (18)  

where 1𝑦𝑦1𝑎𝑎 and 1𝑦𝑦2𝑎𝑎 represents the received signals at the 
first time in first and second antenna respectively, while 2𝑦𝑦1𝑎𝑎 
and 2𝑦𝑦2𝑎𝑎 represents the received signals at the second time in 
first and second antenna respectively: 

1st time 

1𝑦𝑦1𝑎𝑎 = [ℎ𝑖𝑖
(1,1) …  ℎ𝑖𝑖

(1,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [𝑠𝑠1
𝑠𝑠2

] + 𝑛𝑛𝑖𝑖          (19) 
 

1𝑦𝑦2𝑎𝑎 = [ℎ𝑖𝑖
(2,1) …  ℎ𝑖𝑖

(2,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [𝑠𝑠1
𝑠𝑠2

] + 𝑛𝑛𝑖𝑖          (20) 
 
2nd time 

2𝑦𝑦1𝑎𝑎 = [ℎ𝑖𝑖
(1,1) …  ℎ𝑖𝑖

(1,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [−𝑠𝑠2
∗

   𝑠𝑠1
∗ ] + 𝑛𝑛𝑖𝑖       (21) 

 

2𝑦𝑦2𝑎𝑎 = [ℎ𝑖𝑖
(2,1) …  ℎ𝑖𝑖

(2,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [−𝑠𝑠2
∗

   𝑠𝑠1
∗ ] + 𝑛𝑛𝑖𝑖       (22) 

then: 
 

1𝑦𝑦1𝑎𝑎 = C 𝑠𝑠1 + D 𝑠𝑠2 +𝑛𝑛𝑖𝑖,     2𝑦𝑦1𝑎𝑎 = D 𝑠𝑠1
∗ − C 𝑠𝑠2

∗ + 𝑛𝑛𝑖𝑖     (23) 
 

1𝑦𝑦2𝑎𝑎 = Q 𝑠𝑠1 + P 𝑠𝑠2 + 𝑛𝑛𝑖𝑖,     2𝑦𝑦2𝑎𝑎 = P 𝑠𝑠1
∗ − Q 𝑠𝑠2

∗ + 𝑛𝑛𝑖𝑖     (24) 
 

where C, D, Q and P represents the multiplication of channel 
by precoding of each antenna. 
To find 𝑠𝑠1 and 𝑠𝑠2, we assume that CSI at the mobile stations is 
available. Then multiplying the received signals by the 
Hermitian transpose of the CSI matrix and using Maximum 
Likelihood (ML) concepts: 
 

�̂�𝑠1 = 𝐶𝐶∗ 1𝑦𝑦1𝑎𝑎  +  𝑄𝑄∗1𝑦𝑦2𝑎𝑎  +  𝑆𝑆 2𝑦𝑦1𝑎𝑎
∗  +  𝑃𝑃  2𝑦𝑦2𝑎𝑎

∗

𝐶𝐶∗𝐶𝐶  +   𝑄𝑄∗𝑄𝑄  +   𝑆𝑆∗𝑆𝑆  +   𝑃𝑃∗𝑃𝑃         (25) 

 
 

�̂�𝑠2 = 𝑆𝑆∗ 1𝑦𝑦1𝑎𝑎  +  𝑃𝑃∗ 1𝑦𝑦2𝑎𝑎 −   𝐶𝐶 2𝑦𝑦1𝑎𝑎
∗ −  𝑄𝑄 2𝑦𝑦2𝑎𝑎

∗

𝐶𝐶∗𝐶𝐶  +   𝑄𝑄∗𝑄𝑄  +   𝑆𝑆∗𝑆𝑆  +   𝑃𝑃∗𝑃𝑃          (26) 

where �̂�𝑠𝑢𝑢  denote noisy version of 𝑠𝑠𝑢𝑢. 
 

VI. SIMULATION RESULTS AND EVALUATION 
In the present work, the signal-to-noise ratio (SNR) in 

comparison to the BER undergoes assessment as a precoding 

 

 

 
 
 

 

Fig. 2  Extended Alamouti Scheme for 3x3. 

III.  MU-MIMO BEAMFORMING SYSTEM MODEL 
In MU-MIMO system we have considered an 

environment of 𝑈𝑈 geographically sparse mobile stations as 
multi-user (MU) communicates with the MIMO base station 
(BS) which has 𝑀𝑀 antennas. In such a system environment, 
each mobile station is independent and employing Nu 
antennas of user 𝑢𝑢. These users will receive their own signal, 
as shown in Fig.1 (block diagram of 2 users). The total 
number of users’ antennas is defined as; 

 

𝑁𝑁𝑇𝑇 =  ∑ 𝑁𝑁𝑢𝑢

𝑈𝑈

𝑢𝑢
                                         (3) 

 
Also, this system has an operation condition which is 𝑁𝑁𝑇𝑇= 𝑀𝑀 
with the independent channels of flat fading. The meant 
message signal for the 𝑢𝑢th user is the scalar 𝑆𝑆𝑢𝑢. Thereby, the 
transmitted symbol vector to 𝑈𝑈 users is: 
 

 𝑆𝑆𝑇𝑇 = [𝑠𝑠1, . . . , 𝑠𝑠𝑢𝑢, . . . , 𝑠𝑠𝑈𝑈 ]𝑇𝑇                             (4) 
 
It should be mentioned that  𝑆𝑆𝑢𝑢 = 𝑆𝑆𝐴𝐴  2.𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎  for two 
transmit antennas and  𝑆𝑆𝑢𝑢 = 𝑆𝑆𝐴𝐴  3.𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎  for three transmit 
antennas. In the second step, we denote to precoding matrix 
step as: 
 

𝑊𝑊 = [𝑤𝑤1, . . . , 𝑤𝑤𝑢𝑢, . . . , 𝑤𝑤𝑈𝑈 ]                            (5) 
 

where  𝑤𝑤𝑢𝑢 ∈ 𝐶𝐶𝑁𝑁𝑢𝑢 𝑥𝑥𝑥𝑥 is the joint beamforming coefficients for 
𝑢𝑢th user. Then the transmitted symbol vector is multiplied by 
the precoding matrix as third step to produce the precoding 
data as: 
 

𝑋𝑋 = ∑ 𝑤𝑤𝑢𝑢𝑠𝑠𝑢𝑢

𝑈𝑈

𝑢𝑢=1
= 𝑊𝑊𝑆𝑆                               (6) 

 
The symbol su and the coefficients of beamforming precoding 
𝑤𝑤𝑢𝑢 will be normalized as follows:  
 

E|𝑠𝑠𝑢𝑢|2 = 1, ‖𝑤𝑤𝑢𝑢‖2 = 1 
for u={1, …, U}. 

 
In the broadcast step, we assumed that signals WS ∈ 
𝐶𝐶𝑁𝑁𝑢𝑢 𝑥𝑥𝑥𝑥 are broadcasted over the channels denoted as: 
 

𝐻𝐻 = [𝐻𝐻1
𝑇𝑇 , … , 𝐻𝐻𝑢𝑢

𝑇𝑇, … , 𝐻𝐻𝑈𝑈
𝑇𝑇]𝑇𝑇                               (7) 

 
where 𝐻𝐻𝑢𝑢∈𝐶𝐶𝑁𝑁𝑢𝑢 𝑥𝑥 𝑥𝑥describes the channel coefficients between 
Nu receiver antenna at 𝑢𝑢th user and BS antennas as: 
 

𝐻𝐻𝑢𝑢 = [
ℎ𝑢𝑢

(1,1) … ℎ𝑢𝑢
(1,𝑥𝑥)

⋮ ⋱ ⋮
ℎ𝑢𝑢

(𝑁𝑁𝑈𝑈,1) … ℎ𝑢𝑢
(𝑁𝑁𝑈𝑈,𝑥𝑥)

]                              (8) 

 
where ℎ𝑢𝑢

(𝑎𝑎,𝑚𝑚) denotes the channel matrix ingredient, which is 
located between the mth transmitter array antenna of base 
station and the nth receiver array antenna of uth user.   
Thus, at users’ antennas the received signals are:   
 

𝑦𝑦 = [𝑦𝑦1
𝑇𝑇, … , 𝑦𝑦𝑢𝑢

𝑇𝑇, … , 𝑦𝑦𝑈𝑈
𝑇𝑇]𝑇𝑇 =H WS + n                        (9) 

 
where 𝑦𝑦𝑢𝑢 ∈ 𝐶𝐶𝑁𝑁𝑢𝑢 𝑥𝑥 𝑥𝑥 is representing the signal which is 
received at uth recipient, whilst for the additive noise is 
denoted by n. When we have given careful consideration to 
each user separately, we will find the received signal at an ith 
recipient as: 

𝑦𝑦𝑖𝑖 = 𝐻𝐻𝑖𝑖 ∑ 𝑤𝑤𝑢𝑢𝑠𝑠𝑢𝑢 + 𝑛𝑛𝑖𝑖

𝑈𝑈

𝑢𝑢=1
 

 

𝑦𝑦𝑖𝑖 = 𝐻𝐻𝑖𝑖𝑤𝑤𝑖𝑖𝑠𝑠𝑖𝑖 + 𝐻𝐻𝑖𝑖 ∑ 𝑤𝑤𝑢𝑢𝑠𝑠𝑢𝑢 + 𝑛𝑛𝑖𝑖

𝑈𝑈

𝑢𝑢=1,𝑢𝑢≠𝑖𝑖
 

 

 𝑦𝑦𝑖𝑖 = 𝐻𝐻𝑖𝑖𝑥𝑥𝑖𝑖 + 𝐻𝐻𝑖𝑖 ∑ 𝑥𝑥𝑢𝑢 + 𝑛𝑛𝑖𝑖

𝑈𝑈

𝑢𝑢=1,𝑢𝑢≠𝑖𝑖
                        (10) 

 
where 𝑥𝑥𝑖𝑖 is precoding data of ith user and 𝑥𝑥𝑢𝑢 is precoding data 
of other users as interference for uth user. The 𝐻𝐻𝑖𝑖  vector has 
complex Gaussian variable components with unit-variance and 
zero-mean. Moreover, the components of the additive noise 𝑛𝑛𝑖𝑖 
have distribution as 𝑁𝑁(0,𝜎𝜎𝑖𝑖

2) and are temporarily white. 
 

IV. DOWNLINK CHANNEL MODEL     
Due to LoS propagation the strongest propagation component 
of MIMO channel corresponds to deterministic component 
(also referred to as specular components). On the other hand, 
all the other components are random components (due to 
NLoS also referred to as scattering components) [10]. The 
broadcast channel distribution has been following the 
Rayleigh channel distribution, which is Gaussian distribution 
with a variance of 𝜎𝜎2 and zero mean. That means there is no 

component of LoS (K= 0): 𝜎𝜎 = √ 1
𝐾𝐾+1. On the other hand, 

when there is any component of LoS (For K > 0) the broadcast 
channel distribution has been following the Gaussian 
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distribution with a variance of 𝜎𝜎2 and mean of q or Rician 

distribution when K increases as: 𝑞𝑞 = √ 𝐾𝐾
𝐾𝐾+1 , 𝜎𝜎 = √ 1

𝐾𝐾+1 .  
Therefore, in this work, channel matrix of the MIMO system 
described as [25]: 

𝐻𝐻 = √ 𝐾𝐾
𝐾𝐾 + 1 𝐻𝐻𝑑𝑑 + √ 1

𝐾𝐾 + 1   𝐻𝐻𝑟𝑟                   (11) 

where 𝐻𝐻𝑑𝑑  representing the component of the normalized 
deterministic channel matrix, while  𝐻𝐻𝑟𝑟 representing the 
component of random channel matrix, with || 𝐻𝐻𝑑𝑑 ||2 = 𝑁𝑁𝑇𝑇 𝑀𝑀, 
E{ |[𝐻𝐻𝑟𝑟]𝑖𝑖,𝑗𝑗|2}= 1, 𝑖𝑖 = 1: 𝑁𝑁𝑇𝑇, 𝑗𝑗 = 1: 𝑀𝑀 [25]. While 𝐾𝐾 is known 
as factor of the Rician channel which is the relation between 
the component of the specular power 𝑐𝑐2 and the component of 
scattering power 2𝜎𝜎2 , displayed as [10]: 
 

𝐾𝐾 =
‖𝐻𝐻𝑑𝑑‖2

𝐸𝐸 {|[𝐻𝐻𝑟𝑟]𝑖𝑖,𝑗𝑗|2}
= 𝑐𝑐2

2𝜎𝜎2                     (12) 

 

V. BLOCK DIAGONALIZATION PRECODING 
 

Block Diagonalization precoding (BD) method is 
compatible with the multiple users, every user has multiple 
antennas. By the precoding process of this method, the 
interference signal which is coming from other user signals 
will be canceled. Therefore, MU-MIMO channel model will 
be converted into multiple independent single user MIMO 
channels model by BD method [10]. 
Briefly, definition of BD precoding matrix starts from the 
channel of all users except ith user as: 
 

𝐻𝐻𝑖𝑖 = [𝐻𝐻1 …  𝐻𝐻𝑖𝑖−1  𝐻𝐻𝑖𝑖+1 … 𝐻𝐻𝑈𝑈 ]𝑇𝑇                     (13) 
 
where 𝐻𝐻𝑖𝑖 is H with out Hi , then we should compute the null 
space �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛  of all users except ith user by singular value 
decomposition (SVD) to 𝐻𝐻𝑖𝑖:  
  

𝑆𝑆𝑉𝑉𝑆𝑆 𝑜𝑜𝑜𝑜 𝐻𝐻𝑖𝑖 =  𝑈𝑈𝑖𝑖 �̃�𝛬 [ �̃�𝑉𝑖𝑖
𝑏𝑏  �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 ]𝐻𝐻                     (14)  
 
where (. )𝐻𝐻 denotes Hermitian transposition. To prevent other 
users interference multiplies  𝐻𝐻𝑖𝑖  by �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 , and then uses SVD 
again: 
 

𝑆𝑆𝑉𝑉𝑆𝑆 𝑜𝑜𝑜𝑜 𝐻𝐻𝑖𝑖�̃�𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 =  𝑈𝑈𝑖𝑖 𝛬𝛬 [ 𝑉𝑉𝑖𝑖

𝑏𝑏  𝑉𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 ]𝐻𝐻                (15)  

where 𝑉𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 is the null space of ith user, while 𝑉𝑉𝑖𝑖

𝑏𝑏 is the beam 
of ith user. Therefore, we can get the precoding matrix 𝑤𝑤𝑖𝑖  for 
ith user from �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 and 𝑉𝑉𝑖𝑖
𝑏𝑏 under the condition 𝑁𝑁𝑇𝑇 ≤ 𝑀𝑀 as: 

 
𝑤𝑤𝑖𝑖 = [�̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 𝑉𝑉𝑖𝑖
𝑏𝑏 ]                                 (16)   

 

Now under the condition 𝐻𝐻𝑖𝑖�̃�𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 = 0, we substitute (16) into 

(10), we can obtain:  
 

𝑦𝑦𝑖𝑖 = 𝐻𝐻𝑖𝑖𝑥𝑥𝑖𝑖 + 0 + 𝑛𝑛𝑖𝑖                             (17)    
 
where 𝑦𝑦𝑖𝑖 represents the received signal which is consisted of 
the required signal of ith user and noise without multiuser 
interference. Note that 𝑥𝑥𝑖𝑖 is Alamouti space-time coding. 
Therefore, 𝑦𝑦𝑖𝑖  is represented by 1𝑦𝑦1𝑎𝑎  , 1𝑦𝑦2𝑎𝑎 , 2𝑦𝑦1𝑎𝑎 and 2𝑦𝑦2𝑎𝑎: 

[1𝑦𝑦1𝑎𝑎 2𝑦𝑦1𝑎𝑎
1𝑦𝑦2𝑎𝑎  2𝑦𝑦2𝑎𝑎

] = 𝐻𝐻𝑖𝑖 𝑤𝑤𝑖𝑖  [𝑠𝑠1 −𝑠𝑠2
∗

𝑠𝑠2    𝑠𝑠1
∗] + 𝑛𝑛𝑖𝑖        (18)  

where 1𝑦𝑦1𝑎𝑎 and 1𝑦𝑦2𝑎𝑎 represents the received signals at the 
first time in first and second antenna respectively, while 2𝑦𝑦1𝑎𝑎 
and 2𝑦𝑦2𝑎𝑎 represents the received signals at the second time in 
first and second antenna respectively: 

1st time 

1𝑦𝑦1𝑎𝑎 = [ℎ𝑖𝑖
(1,1) …  ℎ𝑖𝑖

(1,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [𝑠𝑠1
𝑠𝑠2

] + 𝑛𝑛𝑖𝑖          (19) 
 

1𝑦𝑦2𝑎𝑎 = [ℎ𝑖𝑖
(2,1) …  ℎ𝑖𝑖

(2,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [𝑠𝑠1
𝑠𝑠2

] + 𝑛𝑛𝑖𝑖          (20) 
 
2nd time 

2𝑦𝑦1𝑎𝑎 = [ℎ𝑖𝑖
(1,1) …  ℎ𝑖𝑖

(1,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [−𝑠𝑠2
∗

   𝑠𝑠1
∗ ] + 𝑛𝑛𝑖𝑖       (21) 

 

2𝑦𝑦2𝑎𝑎 = [ℎ𝑖𝑖
(2,1) …  ℎ𝑖𝑖

(2,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [−𝑠𝑠2
∗

   𝑠𝑠1
∗ ] + 𝑛𝑛𝑖𝑖       (22) 

then: 
 

1𝑦𝑦1𝑎𝑎 = C 𝑠𝑠1 + D 𝑠𝑠2 +𝑛𝑛𝑖𝑖,     2𝑦𝑦1𝑎𝑎 = D 𝑠𝑠1
∗ − C 𝑠𝑠2

∗ + 𝑛𝑛𝑖𝑖     (23) 
 

1𝑦𝑦2𝑎𝑎 = Q 𝑠𝑠1 + P 𝑠𝑠2 + 𝑛𝑛𝑖𝑖,     2𝑦𝑦2𝑎𝑎 = P 𝑠𝑠1
∗ − Q 𝑠𝑠2

∗ + 𝑛𝑛𝑖𝑖     (24) 
 

where C, D, Q and P represents the multiplication of channel 
by precoding of each antenna. 
To find 𝑠𝑠1 and 𝑠𝑠2, we assume that CSI at the mobile stations is 
available. Then multiplying the received signals by the 
Hermitian transpose of the CSI matrix and using Maximum 
Likelihood (ML) concepts: 
 

�̂�𝑠1 = 𝐶𝐶∗ 1𝑦𝑦1𝑎𝑎  +  𝑄𝑄∗1𝑦𝑦2𝑎𝑎  +  𝑆𝑆 2𝑦𝑦1𝑎𝑎
∗  +  𝑃𝑃  2𝑦𝑦2𝑎𝑎

∗

𝐶𝐶∗𝐶𝐶  +   𝑄𝑄∗𝑄𝑄  +   𝑆𝑆∗𝑆𝑆  +   𝑃𝑃∗𝑃𝑃         (25) 

 
 

�̂�𝑠2 = 𝑆𝑆∗ 1𝑦𝑦1𝑎𝑎  +  𝑃𝑃∗ 1𝑦𝑦2𝑎𝑎 −   𝐶𝐶 2𝑦𝑦1𝑎𝑎
∗ −  𝑄𝑄 2𝑦𝑦2𝑎𝑎

∗

𝐶𝐶∗𝐶𝐶  +   𝑄𝑄∗𝑄𝑄  +   𝑆𝑆∗𝑆𝑆  +   𝑃𝑃∗𝑃𝑃          (26) 

where �̂�𝑠𝑢𝑢  denote noisy version of 𝑠𝑠𝑢𝑢. 
 

VI. SIMULATION RESULTS AND EVALUATION 
In the present work, the signal-to-noise ratio (SNR) in 

comparison to the BER undergoes assessment as a precoding 

 

distribution with a variance of 𝜎𝜎2 and mean of q or Rician 

distribution when K increases as: 𝑞𝑞 = √ 𝐾𝐾
𝐾𝐾+1 , 𝜎𝜎 = √ 1

𝐾𝐾+1 .  
Therefore, in this work, channel matrix of the MIMO system 
described as [25]: 

𝐻𝐻 = √ 𝐾𝐾
𝐾𝐾 + 1 𝐻𝐻𝑑𝑑 + √ 1

𝐾𝐾 + 1   𝐻𝐻𝑟𝑟                   (11) 

where 𝐻𝐻𝑑𝑑  representing the component of the normalized 
deterministic channel matrix, while  𝐻𝐻𝑟𝑟 representing the 
component of random channel matrix, with || 𝐻𝐻𝑑𝑑 ||2 = 𝑁𝑁𝑇𝑇 𝑀𝑀, 
E{ |[𝐻𝐻𝑟𝑟]𝑖𝑖,𝑗𝑗|2}= 1, 𝑖𝑖 = 1: 𝑁𝑁𝑇𝑇, 𝑗𝑗 = 1: 𝑀𝑀 [25]. While 𝐾𝐾 is known 
as factor of the Rician channel which is the relation between 
the component of the specular power 𝑐𝑐2 and the component of 
scattering power 2𝜎𝜎2 , displayed as [10]: 
 

𝐾𝐾 =
‖𝐻𝐻𝑑𝑑‖2

𝐸𝐸 {|[𝐻𝐻𝑟𝑟]𝑖𝑖,𝑗𝑗|2}
= 𝑐𝑐2

2𝜎𝜎2                     (12) 

 

V. BLOCK DIAGONALIZATION PRECODING 
 

Block Diagonalization precoding (BD) method is 
compatible with the multiple users, every user has multiple 
antennas. By the precoding process of this method, the 
interference signal which is coming from other user signals 
will be canceled. Therefore, MU-MIMO channel model will 
be converted into multiple independent single user MIMO 
channels model by BD method [10]. 
Briefly, definition of BD precoding matrix starts from the 
channel of all users except ith user as: 
 

𝐻𝐻𝑖𝑖 = [𝐻𝐻1 …  𝐻𝐻𝑖𝑖−1  𝐻𝐻𝑖𝑖+1 … 𝐻𝐻𝑈𝑈 ]𝑇𝑇                     (13) 
 
where 𝐻𝐻𝑖𝑖 is H with out Hi , then we should compute the null 
space �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛  of all users except ith user by singular value 
decomposition (SVD) to 𝐻𝐻𝑖𝑖:  
  

𝑆𝑆𝑉𝑉𝑆𝑆 𝑜𝑜𝑜𝑜 𝐻𝐻𝑖𝑖 =  𝑈𝑈𝑖𝑖 �̃�𝛬 [ �̃�𝑉𝑖𝑖
𝑏𝑏  �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 ]𝐻𝐻                     (14)  
 
where (. )𝐻𝐻 denotes Hermitian transposition. To prevent other 
users interference multiplies  𝐻𝐻𝑖𝑖  by �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 , and then uses SVD 
again: 
 

𝑆𝑆𝑉𝑉𝑆𝑆 𝑜𝑜𝑜𝑜 𝐻𝐻𝑖𝑖�̃�𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 =  𝑈𝑈𝑖𝑖 𝛬𝛬 [ 𝑉𝑉𝑖𝑖

𝑏𝑏  𝑉𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 ]𝐻𝐻                (15)  

where 𝑉𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 is the null space of ith user, while 𝑉𝑉𝑖𝑖

𝑏𝑏 is the beam 
of ith user. Therefore, we can get the precoding matrix 𝑤𝑤𝑖𝑖  for 
ith user from �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 and 𝑉𝑉𝑖𝑖
𝑏𝑏 under the condition 𝑁𝑁𝑇𝑇 ≤ 𝑀𝑀 as: 

 
𝑤𝑤𝑖𝑖 = [�̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 𝑉𝑉𝑖𝑖
𝑏𝑏 ]                                 (16)   

 

Now under the condition 𝐻𝐻𝑖𝑖�̃�𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 = 0, we substitute (16) into 

(10), we can obtain:  
 

𝑦𝑦𝑖𝑖 = 𝐻𝐻𝑖𝑖𝑥𝑥𝑖𝑖 + 0 + 𝑛𝑛𝑖𝑖                             (17)    
 
where 𝑦𝑦𝑖𝑖 represents the received signal which is consisted of 
the required signal of ith user and noise without multiuser 
interference. Note that 𝑥𝑥𝑖𝑖 is Alamouti space-time coding. 
Therefore, 𝑦𝑦𝑖𝑖  is represented by 1𝑦𝑦1𝑎𝑎  , 1𝑦𝑦2𝑎𝑎 , 2𝑦𝑦1𝑎𝑎 and 2𝑦𝑦2𝑎𝑎: 

[1𝑦𝑦1𝑎𝑎 2𝑦𝑦1𝑎𝑎
1𝑦𝑦2𝑎𝑎  2𝑦𝑦2𝑎𝑎

] = 𝐻𝐻𝑖𝑖 𝑤𝑤𝑖𝑖  [𝑠𝑠1 −𝑠𝑠2
∗

𝑠𝑠2    𝑠𝑠1
∗] + 𝑛𝑛𝑖𝑖        (18)  

where 1𝑦𝑦1𝑎𝑎 and 1𝑦𝑦2𝑎𝑎 represents the received signals at the 
first time in first and second antenna respectively, while 2𝑦𝑦1𝑎𝑎 
and 2𝑦𝑦2𝑎𝑎 represents the received signals at the second time in 
first and second antenna respectively: 

1st time 

1𝑦𝑦1𝑎𝑎 = [ℎ𝑖𝑖
(1,1) …  ℎ𝑖𝑖

(1,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [𝑠𝑠1
𝑠𝑠2

] + 𝑛𝑛𝑖𝑖          (19) 
 

1𝑦𝑦2𝑎𝑎 = [ℎ𝑖𝑖
(2,1) …  ℎ𝑖𝑖

(2,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [𝑠𝑠1
𝑠𝑠2

] + 𝑛𝑛𝑖𝑖          (20) 
 
2nd time 

2𝑦𝑦1𝑎𝑎 = [ℎ𝑖𝑖
(1,1) …  ℎ𝑖𝑖

(1,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [−𝑠𝑠2
∗

   𝑠𝑠1
∗ ] + 𝑛𝑛𝑖𝑖       (21) 

 

2𝑦𝑦2𝑎𝑎 = [ℎ𝑖𝑖
(2,1) …  ℎ𝑖𝑖

(2,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [−𝑠𝑠2
∗

   𝑠𝑠1
∗ ] + 𝑛𝑛𝑖𝑖       (22) 

then: 
 

1𝑦𝑦1𝑎𝑎 = C 𝑠𝑠1 + D 𝑠𝑠2 +𝑛𝑛𝑖𝑖,     2𝑦𝑦1𝑎𝑎 = D 𝑠𝑠1
∗ − C 𝑠𝑠2

∗ + 𝑛𝑛𝑖𝑖     (23) 
 

1𝑦𝑦2𝑎𝑎 = Q 𝑠𝑠1 + P 𝑠𝑠2 + 𝑛𝑛𝑖𝑖,     2𝑦𝑦2𝑎𝑎 = P 𝑠𝑠1
∗ − Q 𝑠𝑠2

∗ + 𝑛𝑛𝑖𝑖     (24) 
 

where C, D, Q and P represents the multiplication of channel 
by precoding of each antenna. 
To find 𝑠𝑠1 and 𝑠𝑠2, we assume that CSI at the mobile stations is 
available. Then multiplying the received signals by the 
Hermitian transpose of the CSI matrix and using Maximum 
Likelihood (ML) concepts: 
 

�̂�𝑠1 = 𝐶𝐶∗ 1𝑦𝑦1𝑎𝑎  +  𝑄𝑄∗1𝑦𝑦2𝑎𝑎  +  𝑆𝑆 2𝑦𝑦1𝑎𝑎
∗  +  𝑃𝑃  2𝑦𝑦2𝑎𝑎

∗

𝐶𝐶∗𝐶𝐶  +   𝑄𝑄∗𝑄𝑄  +   𝑆𝑆∗𝑆𝑆  +   𝑃𝑃∗𝑃𝑃         (25) 

 
 

�̂�𝑠2 = 𝑆𝑆∗ 1𝑦𝑦1𝑎𝑎  +  𝑃𝑃∗ 1𝑦𝑦2𝑎𝑎 −   𝐶𝐶 2𝑦𝑦1𝑎𝑎
∗ −  𝑄𝑄 2𝑦𝑦2𝑎𝑎

∗

𝐶𝐶∗𝐶𝐶  +   𝑄𝑄∗𝑄𝑄  +   𝑆𝑆∗𝑆𝑆  +   𝑃𝑃∗𝑃𝑃          (26) 

where �̂�𝑠𝑢𝑢  denote noisy version of 𝑠𝑠𝑢𝑢. 
 

VI. SIMULATION RESULTS AND EVALUATION 
In the present work, the signal-to-noise ratio (SNR) in 

comparison to the BER undergoes assessment as a precoding 

 

efficiency scale. A common MU-MIMO scheme was 
completed in mind of predicting the performance of the MU-
MIMO beamforming precoding suggestion, alongside with the 
Alamouti STBC scheme over a Rician fading channel in 
contrast to the same scheme in the case of a Rayleigh fading 
channel. The parameter samples have been devised up to 
10,000, encompassing elements created as zero-mean in the 
case of the Rayleigh fading channel, whereas for the Rician 
fading channel, there was the m-mean and unit-variance 
independently and identically distributed (i.i.d) complex 
Gaussian random variables. Notably, the M antennas of BS 
transmitted the signal across all users over the noise and flat 
fading channel, while each user employed Nu antennas to 
receive the signal. There was the application of a QPSK signal 
constellation as a form of broadcast modulation across all 
instances of simulation, with the findings then undergoing 
averaging through the implementation of different channel 
investigations. For all receivers, the noise variance per 
receiver antenna should be equal, 𝜎𝜎1

2 = . . . = 𝜎𝜎𝐾𝐾
2 = 𝜎𝜎2. The 

typical values and simulation parameters are presented in 
Table 1. 
 

Table 1. 
Typical values and simulation parameters 

 
Parameters Definition 

Channel type Rayleigh and Rician 

Number of users ( U  ) 2, 3 

Number of antenna for BS ( M  ) 4, 6, 9 

Number of antenna for each user ( Ni ) 2, 3 

Rician channel factor ( K ) 5, 10, 15 

 

 
Fig. 3.  A MU-MIMO system over Rayleigh channel, U = 2 and 

Ni=2. 

 

As can be seen in Fig. 3, in the scenario of classical BD 

beamforming precoding scheme, system performance 
demonstrates improvement, albeit in a gradual but continuous 
pattern, with SNR values showing increases. While in the case 
of combined BD beamforming with Alamouti STBC, 
significant improvement could be seen at any value of SNR.  
In other words, the combined scheme enjoys better 
performance than the classical BD beamforming precoding 
scheme. This is because we use both BD beamforming and 
Alamouti STBC: for multiuser interference, we use the 
advantage of BD beamforming; for fading channel, we use the 
advantage of STBC. 
 

 
Fig. 4. A combined scheme over Rayleigh channel for different 

scenarios 

 

Fig. 4 demonstrates the performance of the combined BD 
beamforming with Alamouti STBC scheme with different 
value of  𝑁𝑁𝑖𝑖  and U. In the first scenario, each user has two 
receives antennas (𝑁𝑁𝑖𝑖 = 2), two cases are investigated: two 
users system with 4 transmit antennas at the BS; and 3 users 
system with 6 transmit antennas at BS. The second scenario 
has the extended Alamouti STBC scheme when each user has 
three receives antennas (𝑁𝑁𝑖𝑖 = 3), two cases are investigated: 
two users system with 6 transmit antennas at the BS; and 3 
users system with 9 transmit antennas at BS. In Fig. 4, it is 
shown that the two user system achieves almost the same 
performance with a 3-user system in first scenario, which is 
consistent with our analysis in BD beamforming and Alamouti 
STBC. The downlink precoder completely eliminates 
multiuser interference at each mobile, and full spatial diversity 
is achieved by Alamouti codes. Similarly, in the second 
scenario, the two user system achieves the same performance 
with a 3-user system. In the second scenario higher diversity 
gain greatly improves the BER performance, as compared to 
the performance of the first scenario. Figs. 5 and 6 further 
show that in the LoS environment (over a correlated realistic 
Rician fading channel) the performance of combined system is 
greater when contrasted alongside the performance of the 
NLoS (over a Rayleigh fading channel) setting. The high 

 

 

 
 
 

 

Fig. 2  Extended Alamouti Scheme for 3x3. 

III.  MU-MIMO BEAMFORMING SYSTEM MODEL 
In MU-MIMO system we have considered an 

environment of 𝑈𝑈 geographically sparse mobile stations as 
multi-user (MU) communicates with the MIMO base station 
(BS) which has 𝑀𝑀 antennas. In such a system environment, 
each mobile station is independent and employing Nu 
antennas of user 𝑢𝑢. These users will receive their own signal, 
as shown in Fig.1 (block diagram of 2 users). The total 
number of users’ antennas is defined as; 

 

𝑁𝑁𝑇𝑇 =  ∑ 𝑁𝑁𝑢𝑢

𝑈𝑈

𝑢𝑢
                                         (3) 

 
Also, this system has an operation condition which is 𝑁𝑁𝑇𝑇= 𝑀𝑀 
with the independent channels of flat fading. The meant 
message signal for the 𝑢𝑢th user is the scalar 𝑆𝑆𝑢𝑢. Thereby, the 
transmitted symbol vector to 𝑈𝑈 users is: 
 

 𝑆𝑆𝑇𝑇 = [𝑠𝑠1, . . . , 𝑠𝑠𝑢𝑢, . . . , 𝑠𝑠𝑈𝑈 ]𝑇𝑇                             (4) 
 
It should be mentioned that  𝑆𝑆𝑢𝑢 = 𝑆𝑆𝐴𝐴  2.𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎  for two 
transmit antennas and  𝑆𝑆𝑢𝑢 = 𝑆𝑆𝐴𝐴  3.𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎  for three transmit 
antennas. In the second step, we denote to precoding matrix 
step as: 
 

𝑊𝑊 = [𝑤𝑤1, . . . , 𝑤𝑤𝑢𝑢, . . . , 𝑤𝑤𝑈𝑈 ]                            (5) 
 

where  𝑤𝑤𝑢𝑢 ∈ 𝐶𝐶𝑁𝑁𝑢𝑢 𝑥𝑥𝑥𝑥 is the joint beamforming coefficients for 
𝑢𝑢th user. Then the transmitted symbol vector is multiplied by 
the precoding matrix as third step to produce the precoding 
data as: 
 

𝑋𝑋 = ∑ 𝑤𝑤𝑢𝑢𝑠𝑠𝑢𝑢

𝑈𝑈

𝑢𝑢=1
= 𝑊𝑊𝑆𝑆                               (6) 

 
The symbol su and the coefficients of beamforming precoding 
𝑤𝑤𝑢𝑢 will be normalized as follows:  
 

E|𝑠𝑠𝑢𝑢|2 = 1, ‖𝑤𝑤𝑢𝑢‖2 = 1 
for u={1, …, U}. 

 
In the broadcast step, we assumed that signals WS ∈ 
𝐶𝐶𝑁𝑁𝑢𝑢 𝑥𝑥𝑥𝑥 are broadcasted over the channels denoted as: 
 

𝐻𝐻 = [𝐻𝐻1
𝑇𝑇 , … , 𝐻𝐻𝑢𝑢

𝑇𝑇, … , 𝐻𝐻𝑈𝑈
𝑇𝑇]𝑇𝑇                               (7) 

 
where 𝐻𝐻𝑢𝑢∈𝐶𝐶𝑁𝑁𝑢𝑢 𝑥𝑥 𝑥𝑥describes the channel coefficients between 
Nu receiver antenna at 𝑢𝑢th user and BS antennas as: 
 

𝐻𝐻𝑢𝑢 = [
ℎ𝑢𝑢

(1,1) … ℎ𝑢𝑢
(1,𝑥𝑥)

⋮ ⋱ ⋮
ℎ𝑢𝑢

(𝑁𝑁𝑈𝑈,1) … ℎ𝑢𝑢
(𝑁𝑁𝑈𝑈,𝑥𝑥)

]                              (8) 

 
where ℎ𝑢𝑢

(𝑎𝑎,𝑚𝑚) denotes the channel matrix ingredient, which is 
located between the mth transmitter array antenna of base 
station and the nth receiver array antenna of uth user.   
Thus, at users’ antennas the received signals are:   
 

𝑦𝑦 = [𝑦𝑦1
𝑇𝑇, … , 𝑦𝑦𝑢𝑢

𝑇𝑇, … , 𝑦𝑦𝑈𝑈
𝑇𝑇]𝑇𝑇 =H WS + n                        (9) 

 
where 𝑦𝑦𝑢𝑢 ∈ 𝐶𝐶𝑁𝑁𝑢𝑢 𝑥𝑥 𝑥𝑥 is representing the signal which is 
received at uth recipient, whilst for the additive noise is 
denoted by n. When we have given careful consideration to 
each user separately, we will find the received signal at an ith 
recipient as: 

𝑦𝑦𝑖𝑖 = 𝐻𝐻𝑖𝑖 ∑ 𝑤𝑤𝑢𝑢𝑠𝑠𝑢𝑢 + 𝑛𝑛𝑖𝑖

𝑈𝑈

𝑢𝑢=1
 

 

𝑦𝑦𝑖𝑖 = 𝐻𝐻𝑖𝑖𝑤𝑤𝑖𝑖𝑠𝑠𝑖𝑖 + 𝐻𝐻𝑖𝑖 ∑ 𝑤𝑤𝑢𝑢𝑠𝑠𝑢𝑢 + 𝑛𝑛𝑖𝑖

𝑈𝑈

𝑢𝑢=1,𝑢𝑢≠𝑖𝑖
 

 

 𝑦𝑦𝑖𝑖 = 𝐻𝐻𝑖𝑖𝑥𝑥𝑖𝑖 + 𝐻𝐻𝑖𝑖 ∑ 𝑥𝑥𝑢𝑢 + 𝑛𝑛𝑖𝑖

𝑈𝑈

𝑢𝑢=1,𝑢𝑢≠𝑖𝑖
                        (10) 

 
where 𝑥𝑥𝑖𝑖 is precoding data of ith user and 𝑥𝑥𝑢𝑢 is precoding data 
of other users as interference for uth user. The 𝐻𝐻𝑖𝑖  vector has 
complex Gaussian variable components with unit-variance and 
zero-mean. Moreover, the components of the additive noise 𝑛𝑛𝑖𝑖 
have distribution as 𝑁𝑁(0,𝜎𝜎𝑖𝑖

2) and are temporarily white. 
 

IV. DOWNLINK CHANNEL MODEL     
Due to LoS propagation the strongest propagation component 
of MIMO channel corresponds to deterministic component 
(also referred to as specular components). On the other hand, 
all the other components are random components (due to 
NLoS also referred to as scattering components) [10]. The 
broadcast channel distribution has been following the 
Rayleigh channel distribution, which is Gaussian distribution 
with a variance of 𝜎𝜎2 and zero mean. That means there is no 

component of LoS (K= 0): 𝜎𝜎 = √ 1
𝐾𝐾+1. On the other hand, 

when there is any component of LoS (For K > 0) the broadcast 
channel distribution has been following the Gaussian 
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distribution with a variance of 𝜎𝜎2 and mean of q or Rician 

distribution when K increases as: 𝑞𝑞 = √ 𝐾𝐾
𝐾𝐾+1 , 𝜎𝜎 = √ 1

𝐾𝐾+1 .  
Therefore, in this work, channel matrix of the MIMO system 
described as [25]: 

𝐻𝐻 = √ 𝐾𝐾
𝐾𝐾 + 1 𝐻𝐻𝑑𝑑 + √ 1

𝐾𝐾 + 1   𝐻𝐻𝑟𝑟                   (11) 

where 𝐻𝐻𝑑𝑑  representing the component of the normalized 
deterministic channel matrix, while  𝐻𝐻𝑟𝑟 representing the 
component of random channel matrix, with || 𝐻𝐻𝑑𝑑 ||2 = 𝑁𝑁𝑇𝑇 𝑀𝑀, 
E{ |[𝐻𝐻𝑟𝑟]𝑖𝑖,𝑗𝑗|2}= 1, 𝑖𝑖 = 1: 𝑁𝑁𝑇𝑇, 𝑗𝑗 = 1: 𝑀𝑀 [25]. While 𝐾𝐾 is known 
as factor of the Rician channel which is the relation between 
the component of the specular power 𝑐𝑐2 and the component of 
scattering power 2𝜎𝜎2 , displayed as [10]: 
 

𝐾𝐾 =
‖𝐻𝐻𝑑𝑑‖2

𝐸𝐸 {|[𝐻𝐻𝑟𝑟]𝑖𝑖,𝑗𝑗|2}
= 𝑐𝑐2

2𝜎𝜎2                     (12) 

 

V. BLOCK DIAGONALIZATION PRECODING 
 

Block Diagonalization precoding (BD) method is 
compatible with the multiple users, every user has multiple 
antennas. By the precoding process of this method, the 
interference signal which is coming from other user signals 
will be canceled. Therefore, MU-MIMO channel model will 
be converted into multiple independent single user MIMO 
channels model by BD method [10]. 
Briefly, definition of BD precoding matrix starts from the 
channel of all users except ith user as: 
 

𝐻𝐻𝑖𝑖 = [𝐻𝐻1 …  𝐻𝐻𝑖𝑖−1  𝐻𝐻𝑖𝑖+1 … 𝐻𝐻𝑈𝑈 ]𝑇𝑇                     (13) 
 
where 𝐻𝐻𝑖𝑖 is H with out Hi , then we should compute the null 
space �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛  of all users except ith user by singular value 
decomposition (SVD) to 𝐻𝐻𝑖𝑖:  
  

𝑆𝑆𝑉𝑉𝑆𝑆 𝑜𝑜𝑜𝑜 𝐻𝐻𝑖𝑖 =  𝑈𝑈𝑖𝑖 �̃�𝛬 [ �̃�𝑉𝑖𝑖
𝑏𝑏  �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 ]𝐻𝐻                     (14)  
 
where (. )𝐻𝐻 denotes Hermitian transposition. To prevent other 
users interference multiplies  𝐻𝐻𝑖𝑖  by �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 , and then uses SVD 
again: 
 

𝑆𝑆𝑉𝑉𝑆𝑆 𝑜𝑜𝑜𝑜 𝐻𝐻𝑖𝑖�̃�𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 =  𝑈𝑈𝑖𝑖 𝛬𝛬 [ 𝑉𝑉𝑖𝑖

𝑏𝑏  𝑉𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 ]𝐻𝐻                (15)  

where 𝑉𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 is the null space of ith user, while 𝑉𝑉𝑖𝑖

𝑏𝑏 is the beam 
of ith user. Therefore, we can get the precoding matrix 𝑤𝑤𝑖𝑖  for 
ith user from �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 and 𝑉𝑉𝑖𝑖
𝑏𝑏 under the condition 𝑁𝑁𝑇𝑇 ≤ 𝑀𝑀 as: 

 
𝑤𝑤𝑖𝑖 = [�̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 𝑉𝑉𝑖𝑖
𝑏𝑏 ]                                 (16)   

 

Now under the condition 𝐻𝐻𝑖𝑖�̃�𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 = 0, we substitute (16) into 

(10), we can obtain:  
 

𝑦𝑦𝑖𝑖 = 𝐻𝐻𝑖𝑖𝑥𝑥𝑖𝑖 + 0 + 𝑛𝑛𝑖𝑖                             (17)    
 
where 𝑦𝑦𝑖𝑖 represents the received signal which is consisted of 
the required signal of ith user and noise without multiuser 
interference. Note that 𝑥𝑥𝑖𝑖 is Alamouti space-time coding. 
Therefore, 𝑦𝑦𝑖𝑖  is represented by 1𝑦𝑦1𝑎𝑎  , 1𝑦𝑦2𝑎𝑎 , 2𝑦𝑦1𝑎𝑎 and 2𝑦𝑦2𝑎𝑎: 

[1𝑦𝑦1𝑎𝑎 2𝑦𝑦1𝑎𝑎
1𝑦𝑦2𝑎𝑎  2𝑦𝑦2𝑎𝑎

] = 𝐻𝐻𝑖𝑖 𝑤𝑤𝑖𝑖  [𝑠𝑠1 −𝑠𝑠2
∗

𝑠𝑠2    𝑠𝑠1
∗] + 𝑛𝑛𝑖𝑖        (18)  

where 1𝑦𝑦1𝑎𝑎 and 1𝑦𝑦2𝑎𝑎 represents the received signals at the 
first time in first and second antenna respectively, while 2𝑦𝑦1𝑎𝑎 
and 2𝑦𝑦2𝑎𝑎 represents the received signals at the second time in 
first and second antenna respectively: 

1st time 

1𝑦𝑦1𝑎𝑎 = [ℎ𝑖𝑖
(1,1) …  ℎ𝑖𝑖

(1,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [𝑠𝑠1
𝑠𝑠2

] + 𝑛𝑛𝑖𝑖          (19) 
 

1𝑦𝑦2𝑎𝑎 = [ℎ𝑖𝑖
(2,1) …  ℎ𝑖𝑖

(2,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [𝑠𝑠1
𝑠𝑠2

] + 𝑛𝑛𝑖𝑖          (20) 
 
2nd time 

2𝑦𝑦1𝑎𝑎 = [ℎ𝑖𝑖
(1,1) …  ℎ𝑖𝑖

(1,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [−𝑠𝑠2
∗

   𝑠𝑠1
∗ ] + 𝑛𝑛𝑖𝑖       (21) 

 

2𝑦𝑦2𝑎𝑎 = [ℎ𝑖𝑖
(2,1) …  ℎ𝑖𝑖

(2,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [−𝑠𝑠2
∗

   𝑠𝑠1
∗ ] + 𝑛𝑛𝑖𝑖       (22) 

then: 
 

1𝑦𝑦1𝑎𝑎 = C 𝑠𝑠1 + D 𝑠𝑠2 +𝑛𝑛𝑖𝑖,     2𝑦𝑦1𝑎𝑎 = D 𝑠𝑠1
∗ − C 𝑠𝑠2

∗ + 𝑛𝑛𝑖𝑖     (23) 
 

1𝑦𝑦2𝑎𝑎 = Q 𝑠𝑠1 + P 𝑠𝑠2 + 𝑛𝑛𝑖𝑖,     2𝑦𝑦2𝑎𝑎 = P 𝑠𝑠1
∗ − Q 𝑠𝑠2

∗ + 𝑛𝑛𝑖𝑖     (24) 
 

where C, D, Q and P represents the multiplication of channel 
by precoding of each antenna. 
To find 𝑠𝑠1 and 𝑠𝑠2, we assume that CSI at the mobile stations is 
available. Then multiplying the received signals by the 
Hermitian transpose of the CSI matrix and using Maximum 
Likelihood (ML) concepts: 
 

�̂�𝑠1 = 𝐶𝐶∗ 1𝑦𝑦1𝑎𝑎  +  𝑄𝑄∗1𝑦𝑦2𝑎𝑎  +  𝑆𝑆 2𝑦𝑦1𝑎𝑎
∗  +  𝑃𝑃  2𝑦𝑦2𝑎𝑎

∗

𝐶𝐶∗𝐶𝐶  +   𝑄𝑄∗𝑄𝑄  +   𝑆𝑆∗𝑆𝑆  +   𝑃𝑃∗𝑃𝑃         (25) 

 
 

�̂�𝑠2 = 𝑆𝑆∗ 1𝑦𝑦1𝑎𝑎  +  𝑃𝑃∗ 1𝑦𝑦2𝑎𝑎 −   𝐶𝐶 2𝑦𝑦1𝑎𝑎
∗ −  𝑄𝑄 2𝑦𝑦2𝑎𝑎

∗

𝐶𝐶∗𝐶𝐶  +   𝑄𝑄∗𝑄𝑄  +   𝑆𝑆∗𝑆𝑆  +   𝑃𝑃∗𝑃𝑃          (26) 

where �̂�𝑠𝑢𝑢  denote noisy version of 𝑠𝑠𝑢𝑢. 
 

VI. SIMULATION RESULTS AND EVALUATION 
In the present work, the signal-to-noise ratio (SNR) in 

comparison to the BER undergoes assessment as a precoding 

 

distribution with a variance of 𝜎𝜎2 and mean of q or Rician 

distribution when K increases as: 𝑞𝑞 = √ 𝐾𝐾
𝐾𝐾+1 , 𝜎𝜎 = √ 1

𝐾𝐾+1 .  
Therefore, in this work, channel matrix of the MIMO system 
described as [25]: 

𝐻𝐻 = √ 𝐾𝐾
𝐾𝐾 + 1 𝐻𝐻𝑑𝑑 + √ 1

𝐾𝐾 + 1   𝐻𝐻𝑟𝑟                   (11) 

where 𝐻𝐻𝑑𝑑  representing the component of the normalized 
deterministic channel matrix, while  𝐻𝐻𝑟𝑟 representing the 
component of random channel matrix, with || 𝐻𝐻𝑑𝑑 ||2 = 𝑁𝑁𝑇𝑇 𝑀𝑀, 
E{ |[𝐻𝐻𝑟𝑟]𝑖𝑖,𝑗𝑗|2}= 1, 𝑖𝑖 = 1: 𝑁𝑁𝑇𝑇, 𝑗𝑗 = 1: 𝑀𝑀 [25]. While 𝐾𝐾 is known 
as factor of the Rician channel which is the relation between 
the component of the specular power 𝑐𝑐2 and the component of 
scattering power 2𝜎𝜎2 , displayed as [10]: 
 

𝐾𝐾 =
‖𝐻𝐻𝑑𝑑‖2

𝐸𝐸 {|[𝐻𝐻𝑟𝑟]𝑖𝑖,𝑗𝑗|2}
= 𝑐𝑐2

2𝜎𝜎2                     (12) 

 

V. BLOCK DIAGONALIZATION PRECODING 
 

Block Diagonalization precoding (BD) method is 
compatible with the multiple users, every user has multiple 
antennas. By the precoding process of this method, the 
interference signal which is coming from other user signals 
will be canceled. Therefore, MU-MIMO channel model will 
be converted into multiple independent single user MIMO 
channels model by BD method [10]. 
Briefly, definition of BD precoding matrix starts from the 
channel of all users except ith user as: 
 

𝐻𝐻𝑖𝑖 = [𝐻𝐻1 …  𝐻𝐻𝑖𝑖−1  𝐻𝐻𝑖𝑖+1 … 𝐻𝐻𝑈𝑈 ]𝑇𝑇                     (13) 
 
where 𝐻𝐻𝑖𝑖 is H with out Hi , then we should compute the null 
space �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛  of all users except ith user by singular value 
decomposition (SVD) to 𝐻𝐻𝑖𝑖:  
  

𝑆𝑆𝑉𝑉𝑆𝑆 𝑜𝑜𝑜𝑜 𝐻𝐻𝑖𝑖 =  𝑈𝑈𝑖𝑖 �̃�𝛬 [ �̃�𝑉𝑖𝑖
𝑏𝑏  �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 ]𝐻𝐻                     (14)  
 
where (. )𝐻𝐻 denotes Hermitian transposition. To prevent other 
users interference multiplies  𝐻𝐻𝑖𝑖  by �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 , and then uses SVD 
again: 
 

𝑆𝑆𝑉𝑉𝑆𝑆 𝑜𝑜𝑜𝑜 𝐻𝐻𝑖𝑖�̃�𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 =  𝑈𝑈𝑖𝑖 𝛬𝛬 [ 𝑉𝑉𝑖𝑖

𝑏𝑏  𝑉𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 ]𝐻𝐻                (15)  

where 𝑉𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 is the null space of ith user, while 𝑉𝑉𝑖𝑖

𝑏𝑏 is the beam 
of ith user. Therefore, we can get the precoding matrix 𝑤𝑤𝑖𝑖  for 
ith user from �̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 and 𝑉𝑉𝑖𝑖
𝑏𝑏 under the condition 𝑁𝑁𝑇𝑇 ≤ 𝑀𝑀 as: 

 
𝑤𝑤𝑖𝑖 = [�̃�𝑉𝑖𝑖

𝑛𝑛𝑛𝑛 𝑉𝑉𝑖𝑖
𝑏𝑏 ]                                 (16)   

 

Now under the condition 𝐻𝐻𝑖𝑖�̃�𝑉𝑖𝑖
𝑛𝑛𝑛𝑛 = 0, we substitute (16) into 

(10), we can obtain:  
 

𝑦𝑦𝑖𝑖 = 𝐻𝐻𝑖𝑖𝑥𝑥𝑖𝑖 + 0 + 𝑛𝑛𝑖𝑖                             (17)    
 
where 𝑦𝑦𝑖𝑖 represents the received signal which is consisted of 
the required signal of ith user and noise without multiuser 
interference. Note that 𝑥𝑥𝑖𝑖 is Alamouti space-time coding. 
Therefore, 𝑦𝑦𝑖𝑖  is represented by 1𝑦𝑦1𝑎𝑎  , 1𝑦𝑦2𝑎𝑎 , 2𝑦𝑦1𝑎𝑎 and 2𝑦𝑦2𝑎𝑎: 

[1𝑦𝑦1𝑎𝑎 2𝑦𝑦1𝑎𝑎
1𝑦𝑦2𝑎𝑎  2𝑦𝑦2𝑎𝑎

] = 𝐻𝐻𝑖𝑖 𝑤𝑤𝑖𝑖  [𝑠𝑠1 −𝑠𝑠2
∗

𝑠𝑠2    𝑠𝑠1
∗] + 𝑛𝑛𝑖𝑖        (18)  

where 1𝑦𝑦1𝑎𝑎 and 1𝑦𝑦2𝑎𝑎 represents the received signals at the 
first time in first and second antenna respectively, while 2𝑦𝑦1𝑎𝑎 
and 2𝑦𝑦2𝑎𝑎 represents the received signals at the second time in 
first and second antenna respectively: 

1st time 

1𝑦𝑦1𝑎𝑎 = [ℎ𝑖𝑖
(1,1) …  ℎ𝑖𝑖

(1,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [𝑠𝑠1
𝑠𝑠2

] + 𝑛𝑛𝑖𝑖          (19) 
 

1𝑦𝑦2𝑎𝑎 = [ℎ𝑖𝑖
(2,1) …  ℎ𝑖𝑖

(2,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [𝑠𝑠1
𝑠𝑠2

] + 𝑛𝑛𝑖𝑖          (20) 
 
2nd time 

2𝑦𝑦1𝑎𝑎 = [ℎ𝑖𝑖
(1,1) …  ℎ𝑖𝑖

(1,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [−𝑠𝑠2
∗

   𝑠𝑠1
∗ ] + 𝑛𝑛𝑖𝑖       (21) 

 

2𝑦𝑦2𝑎𝑎 = [ℎ𝑖𝑖
(2,1) …  ℎ𝑖𝑖

(2,𝑀𝑀)] 𝑤𝑤𝑖𝑖  [−𝑠𝑠2
∗

   𝑠𝑠1
∗ ] + 𝑛𝑛𝑖𝑖       (22) 

then: 
 

1𝑦𝑦1𝑎𝑎 = C 𝑠𝑠1 + D 𝑠𝑠2 +𝑛𝑛𝑖𝑖,     2𝑦𝑦1𝑎𝑎 = D 𝑠𝑠1
∗ − C 𝑠𝑠2

∗ + 𝑛𝑛𝑖𝑖     (23) 
 

1𝑦𝑦2𝑎𝑎 = Q 𝑠𝑠1 + P 𝑠𝑠2 + 𝑛𝑛𝑖𝑖,     2𝑦𝑦2𝑎𝑎 = P 𝑠𝑠1
∗ − Q 𝑠𝑠2

∗ + 𝑛𝑛𝑖𝑖     (24) 
 

where C, D, Q and P represents the multiplication of channel 
by precoding of each antenna. 
To find 𝑠𝑠1 and 𝑠𝑠2, we assume that CSI at the mobile stations is 
available. Then multiplying the received signals by the 
Hermitian transpose of the CSI matrix and using Maximum 
Likelihood (ML) concepts: 
 

�̂�𝑠1 = 𝐶𝐶∗ 1𝑦𝑦1𝑎𝑎  +  𝑄𝑄∗1𝑦𝑦2𝑎𝑎  +  𝑆𝑆 2𝑦𝑦1𝑎𝑎
∗  +  𝑃𝑃  2𝑦𝑦2𝑎𝑎

∗

𝐶𝐶∗𝐶𝐶  +   𝑄𝑄∗𝑄𝑄  +   𝑆𝑆∗𝑆𝑆  +   𝑃𝑃∗𝑃𝑃         (25) 

 
 

�̂�𝑠2 = 𝑆𝑆∗ 1𝑦𝑦1𝑎𝑎  +  𝑃𝑃∗ 1𝑦𝑦2𝑎𝑎 −   𝐶𝐶 2𝑦𝑦1𝑎𝑎
∗ −  𝑄𝑄 2𝑦𝑦2𝑎𝑎

∗

𝐶𝐶∗𝐶𝐶  +   𝑄𝑄∗𝑄𝑄  +   𝑆𝑆∗𝑆𝑆  +   𝑃𝑃∗𝑃𝑃          (26) 

where �̂�𝑠𝑢𝑢  denote noisy version of 𝑠𝑠𝑢𝑢. 
 

VI. SIMULATION RESULTS AND EVALUATION 
In the present work, the signal-to-noise ratio (SNR) in 

comparison to the BER undergoes assessment as a precoding 
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efficiency scale. A common MU-MIMO scheme was 
completed in mind of predicting the performance of the MU-
MIMO beamforming precoding suggestion, alongside with the 
Alamouti STBC scheme over a Rician fading channel in 
contrast to the same scheme in the case of a Rayleigh fading 
channel. The parameter samples have been devised up to 
10,000, encompassing elements created as zero-mean in the 
case of the Rayleigh fading channel, whereas for the Rician 
fading channel, there was the m-mean and unit-variance 
independently and identically distributed (i.i.d) complex 
Gaussian random variables. Notably, the M antennas of BS 
transmitted the signal across all users over the noise and flat 
fading channel, while each user employed Nu antennas to 
receive the signal. There was the application of a QPSK signal 
constellation as a form of broadcast modulation across all 
instances of simulation, with the findings then undergoing 
averaging through the implementation of different channel 
investigations. For all receivers, the noise variance per 
receiver antenna should be equal, 𝜎𝜎1

2 = . . . = 𝜎𝜎𝐾𝐾
2 = 𝜎𝜎2. The 

typical values and simulation parameters are presented in 
Table 1. 
 

Table 1. 
Typical values and simulation parameters 

 
Parameters Definition 

Channel type Rayleigh and Rician 

Number of users ( U  ) 2, 3 

Number of antenna for BS ( M  ) 4, 6, 9 

Number of antenna for each user ( Ni ) 2, 3 

Rician channel factor ( K ) 5, 10, 15 

 

 
Fig. 3.  A MU-MIMO system over Rayleigh channel, U = 2 and 

Ni=2. 

 

As can be seen in Fig. 3, in the scenario of classical BD 

beamforming precoding scheme, system performance 
demonstrates improvement, albeit in a gradual but continuous 
pattern, with SNR values showing increases. While in the case 
of combined BD beamforming with Alamouti STBC, 
significant improvement could be seen at any value of SNR.  
In other words, the combined scheme enjoys better 
performance than the classical BD beamforming precoding 
scheme. This is because we use both BD beamforming and 
Alamouti STBC: for multiuser interference, we use the 
advantage of BD beamforming; for fading channel, we use the 
advantage of STBC. 
 

 
Fig. 4. A combined scheme over Rayleigh channel for different 

scenarios 

 

Fig. 4 demonstrates the performance of the combined BD 
beamforming with Alamouti STBC scheme with different 
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spends some of power as leakage power, which is represented 
as the interference power and it does completely cancel after 
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multiple independent single-users MIMO (SU-MIMO) 
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Consequently, a suitable environment for the use of Alamouti 
STBC scheme, which works in SU-MIMO system, was 
provided. It can be seen, when reviewing the simulation 
results, that the BD precoding with Alamouti STBC scheme’s 
BER performance is better than only BD precoding 
performance, because BD beamforming precoding achieves 
more diversity when it combines with Alamouti STBC 
scheme. Furthermore, an extended Alamouti STBC scheme is 
able to provide significant improvements in performance of a 
combined system. The findings further demonstrate the effect 
of Rician fading channel on the proposed system, which it is 
represented the environment of some typical of 5G application 
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efficiency scale. A common MU-MIMO scheme was 
completed in mind of predicting the performance of the MU-
MIMO beamforming precoding suggestion, alongside with the 
Alamouti STBC scheme over a Rician fading channel in 
contrast to the same scheme in the case of a Rayleigh fading 
channel. The parameter samples have been devised up to 
10,000, encompassing elements created as zero-mean in the 
case of the Rayleigh fading channel, whereas for the Rician 
fading channel, there was the m-mean and unit-variance 
independently and identically distributed (i.i.d) complex 
Gaussian random variables. Notably, the M antennas of BS 
transmitted the signal across all users over the noise and flat 
fading channel, while each user employed Nu antennas to 
receive the signal. There was the application of a QPSK signal 
constellation as a form of broadcast modulation across all 
instances of simulation, with the findings then undergoing 
averaging through the implementation of different channel 
investigations. For all receivers, the noise variance per 
receiver antenna should be equal, 𝜎𝜎1

2 = . . . = 𝜎𝜎𝐾𝐾
2 = 𝜎𝜎2. The 

typical values and simulation parameters are presented in 
Table 1. 
 

Table 1. 
Typical values and simulation parameters 

 
Parameters Definition 

Channel type Rayleigh and Rician 

Number of users ( U  ) 2, 3 

Number of antenna for BS ( M  ) 4, 6, 9 

Number of antenna for each user ( Ni ) 2, 3 

Rician channel factor ( K ) 5, 10, 15 

 

 
Fig. 3.  A MU-MIMO system over Rayleigh channel, U = 2 and 

Ni=2. 

 

As can be seen in Fig. 3, in the scenario of classical BD 

beamforming precoding scheme, system performance 
demonstrates improvement, albeit in a gradual but continuous 
pattern, with SNR values showing increases. While in the case 
of combined BD beamforming with Alamouti STBC, 
significant improvement could be seen at any value of SNR.  
In other words, the combined scheme enjoys better 
performance than the classical BD beamforming precoding 
scheme. This is because we use both BD beamforming and 
Alamouti STBC: for multiuser interference, we use the 
advantage of BD beamforming; for fading channel, we use the 
advantage of STBC. 
 

 
Fig. 4. A combined scheme over Rayleigh channel for different 

scenarios 

 

Fig. 4 demonstrates the performance of the combined BD 
beamforming with Alamouti STBC scheme with different 
value of  𝑁𝑁𝑖𝑖  and U. In the first scenario, each user has two 
receives antennas (𝑁𝑁𝑖𝑖 = 2), two cases are investigated: two 
users system with 4 transmit antennas at the BS; and 3 users 
system with 6 transmit antennas at BS. The second scenario 
has the extended Alamouti STBC scheme when each user has 
three receives antennas (𝑁𝑁𝑖𝑖 = 3), two cases are investigated: 
two users system with 6 transmit antennas at the BS; and 3 
users system with 9 transmit antennas at BS. In Fig. 4, it is 
shown that the two user system achieves almost the same 
performance with a 3-user system in first scenario, which is 
consistent with our analysis in BD beamforming and Alamouti 
STBC. The downlink precoder completely eliminates 
multiuser interference at each mobile, and full spatial diversity 
is achieved by Alamouti codes. Similarly, in the second 
scenario, the two user system achieves the same performance 
with a 3-user system. In the second scenario higher diversity 
gain greatly improves the BER performance, as compared to 
the performance of the first scenario. Figs. 5 and 6 further 
show that in the LoS environment (over a correlated realistic 
Rician fading channel) the performance of combined system is 
greater when contrasted alongside the performance of the 
NLoS (over a Rayleigh fading channel) setting. The high 
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STBC scheme, which works in SU-MIMO system, was 
provided. It can be seen, when reviewing the simulation 
results, that the BD precoding with Alamouti STBC scheme’s 
BER performance is better than only BD precoding 
performance, because BD beamforming precoding achieves 
more diversity when it combines with Alamouti STBC 
scheme. Furthermore, an extended Alamouti STBC scheme is 
able to provide significant improvements in performance of a 
combined system. The findings further demonstrate the effect 
of Rician fading channel on the proposed system, which it is 
represented the environment of some typical of 5G application 
scenarios.  
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Abstract— Underwater Acoustic (UWA) communication is 

mainly characterized by bandwidth limited complex UWA 
channels. Orthogonal Frequency Division Multiplexing (OFDM) 
solves the bandwidth problem and an efficient channel estimation 
scheme estimates the channel parameters. Iterative channel 
estimation refines the channel estimation by reducing the number 
of pilots and coupling the channel estimator with channel 
decoder. This paper proposes an iterative receiver for OFDM 
UWA communication, based on a novel cost function threshold 
driven soft decision feedback iterative channel estimation 
technique. The receiver exploits orthogonal matching pursuit 
(OMP) channel estimation and low density parity check (LDPC) 
coding techniques after comparing different channel estimation 
and coding schemes. The performance of the proposed receiver is 
verified by simulations as well as sea experiments. Furthermore, 
the proposed iterative receiver is compared with other non-
iterative and soft decision feedback iterative receivers. 
 

Index Terms— Channel Estimation, Equalization, Iterative 
Receiver, OFDM, Underwater Communication.  

I. INTRODUCTION 
NDERWATER Acoustic (UWA)  communication is 

challenging because of the extremely limited bandwidth, 
slow speed of sound, multipath, delay spread, signal 
attenuation and ambient noise.  The UWA channel makes it 
different from terrestrial communication. . Inter-symbol 
interference (ISI) and Inter-carrier interference (ICI) are 
introduced into the transmitted signal by the channel.  Channel 
estimation estimates the channel parameters and equalization 
removes the effects of the channel on the received signal [1]. 
The role of channel estimation is of prime importance in 
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designing any communication model.  Different channel 
estimation schemes were applied to OFDM UWA 
communication depending upon the requirement of the model 
[2]. Many such scheme are summarized and compared with 
each other in our review article previously [3]. Least Square 
(LS) is one of commonly used channel estimation scheme, 
where pilot tones are used for channel estimation [4]. In this 
case many subcarriers need to be assigned to pilot subcarriers 
and therefore the data rate is affected. To increase the 
efficiency, many iterative/adaptive channel estimation 
schemes were introduced and were proved to be more efficient 
as it reduces the number of pilots [5, 6]. Furthermore the 
performance of the iterative channel estimation depends on the 
type of decision feedback used; feedback methods like hard 
decision and soft decision feedback methods were introduced 
[7, 8]. Compressed sensing based channel estimation was 
introduced for sparse channels where a dictionary was used to 
formulate the channel coefficient vector [9]. Orthogonal 
Matching Pursuit is one such algorithm widely used for 
OFDM UWA communication [10]. 

Channel coding adds some redundancy in the useful bits in 
order to protect the data in noisy channel. Trellis Coded 
Modulation (TCM), convolutional codes, Reed Solomon (RS) 
codes, turbo codes, Space time trellis codes and low density 
parity check codes (LDPC) are the commonly used coding 
schemes used for UWA communication. LDPC code is 
preferred for noisy channels as its check matrix is sparse and 
the threshold can be set very near to Shannon capacity limit 
[11].  

In this paper we propose an iterative receiver which exploits 
cost function based soft decision feedback orthogonal 
matching pursuit (OMP) channel estimation and LDPC coding 
/decoding schemes. The performance of the receiver is 
analyzed via simulations as well as experiments. The 
performance of the proposed receiver is compared with non-
iterative and others soft and hard decision feedback iterative 
receivers. Furthermore in the experimental analysis, different 
combinations of channel estimation techniques and coding 
techniques are compared using the proposed feedback method. 

The rest of the paper is organized as: section 2 gives the 
system model, section 3 proposes the receiver design and 
explains cost function based soft decision feedback method, 
the OMP channel estimation for UWA communication and 
LDPC coding scheme. Section 4 gives the results including 
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