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ABSTRACT

High speed communication is becoming more and more important as a result of the increasing demand for
multimedia-based services and the development of data requirements for wireless applications because
multimedia applications need a greater data rate, which the MIMO system can provide. MIMO is a key
component of the radio access technology and access network structure of 5G cellular networks. MIMO
technique has gained attention in wireless communications since it significantly increases connectivity range
and data speed while needing more power to transmit or capability. In this work, different MIMO system
topologies that included or did not include CSI at the transmitter were used to evaluate the channel capacity.
The findings also show that the MIMO system's capacity grows without a rise in receiving and transmitting
antennas but not without an improvement in power transmitted or added bandwidth.
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1. INTRODUCTION
Wireless communications have given Multiple Input Multiple Output (MIMO) antenna grouping a lot of
attention. In comparison to single-antenna systems, MIMO systems at both ends of the communication
channel offer significant capacity and performance increases. In wireless communications, MIMO
technology is particularly interesting since it significantly improves link range and data turnout without
requiring more transmit power or capacity. To do this, the same total transmission power is distributed
among the antennas, resulting in an array gain that boosts spectral skillfulness (fewer than bits/second/hertz
of bandwidth) .
Present systems as well as next-generation wireless system takes the lead of spatial properties of multiple
antennas. Massive MIMO scheme has an important role in the complex 5G systems. Simultaneous
transmission of different signals in the same frequency channel over different transmit antennas, High
spectrum effectiveness will be attained through reception at numerous receive antennas. The primary criteria
of wireless standards is the spectral effectiveness in a MIMO system. Co-channel interfering (CCI), channel
noise, thermal noise, and average received signal power all play a role. The operation of the MIMO fading
channels is a key factor in how well the system performs.
The primary determinant for information rate is transport bandwidth. Large transmitting bandwidths are
supported by greater rates of data despite the channel issue of multi path fading. Utilizing numerous antenna
networks, which include variety receivers comprising SIMO, MISO, and MIMO, will increase the receiver's
effective receiver power and enable high data rates. According to the transmission of the channel state data at
transmitter (CSIT) through the fading channel, ergonomic capacity is the maximum rate at which interaction
might be accomplished.
The MIMO the system's capability will improve if we add more antennas to the transmitter and receiver,
respectively. The highest rate at which information may be delivered with an arbitrary low error likelihood is
known as channel capability.
When calculating capability, CSIT is important. It is challenging for a transmitter to understand the channel's
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state information; it is assumed that the receiver is aware of this information. Equal power is distributed
throughout all of the transmit antennas whenever the transmitter is unaware of the data regarding the signal's
channel state. The channel parameters for the water pouring concept have been disclosed to the transmitter,
and additional power is provided to the channel that is in good condition, while a great deal fewer watts is
supplied to the channel which is in poor state, or nothing at all.

2. MIMO SYSTEM MODEL
A MIMO system is considered with N, transmission antennas and N, perceive antennas in Fig. 1.

T 1
V1
T |

Pl R o NN N

LR T

Figure.1: MIMO System

The Nt-1 column matrix X, since Xi is the ith element transmission from the ith antenna, represents the
signal's transmitted matrix. If the channel's shape is Gaussian and its components are meant to be
independently dispersed Gaussian variables (i.i.d. We estimate that every transmitter antenna will get a
comparable quantity of EX/Nt power if the transmitter side channel is undetermined. The formula for
transmitted matrix covariance is
R, =1, 0
=Tt

Where Eyxis the transmitter power no matter how many antennas are present, wherein INt is a Nt—Nt identity
matrix. Because the signal that is sent signal's bandwidth is so narrow, it is presumed that the channel is flat.
A NtNr complex matrix makes up the channel matrix H. The fade coefficient that travels from the jth
transmit antenna to the ith receiver is represented by the matrix component hi,j. The channel matrix at the
receiver can be estimated by a training process if we anticipate that the channel matrix has been determined
at the reception side and not the transmitter side. If transmitter is aware of this channel, you can alert
transmitters via the input channel.

Additional column of size Nrl that represents noise at the receiving end is marked by n. The elements of n
are in circles zero mean mean. For a determinate channel, we ignore the antenna gain, signal an attenuation
and further variables as

=
e

¥,
Pl =N.i=123.N, 2)

J=l
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The receiver noise covariance matrix is given by
R, = E[nnH] (3

If the different elements of n do not correlate, then

Rmn=N, I, 4)

The noise power No is exactly identical across every one of the Nr receive branches. Assuming that the
entire sent power and total received power for each antenna are equal. You can write the SNR as

E,

5 = =X 5
Y N, ®)
Therefore receiver vector is declared as
R=Hc+n (6)

wherein hj,i is the complicated channel coefficients having zero mean circular symmetry and complex
Gaussian connection of the ith antenna at the transmitter and the jth antenna at the receiving side.

o

Ly gy
channel response(H)=| ... ..  _. (7
I._'ITT-"'J h“"-” NrX Nt
MIMO channel capacity Cymo is presented by
| (. PHH")
Crppo = log, | det| 1+ ‘ (8)
‘ ‘|_ L gy )

Where stands for the identity matrix and (.)* indicates the complex conjugate inversion of the
associated vector or matrix.

Crpip =2 _log,|1+ I;H*':] bits /s/Hz  n=mmn(Nr, Nt) (9)
kel

L L

Where in the channel matrix's decomposition of singular values (SVD) is H=TSK*.
S is a Nr Nt diagonal matrix without all other elements set to zero. T is a Nr Nt unified matrix, K is also a Nt

Nt unified matrix. The channel's eigen modes are similarly represented as k, with A1 >A2 > - - >2n
M N 3

rHE=3 S =3

=l =l

: (10)

Whenever CSI is unavailable to the transmitter, channel capacity

’Xv X Y H Y
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Fig2: Transmitter Know the CSI

In general, the transmitter has little awareness of the channel state data. It is best to evenly distribute the
transmit antennas' power supply if the transmitter is unaware of CSI. Capability can therefore be expressed
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as

C=log, Ey| In+%l”” (11)

L

EH. represents the expectation over H. m = min(Nt,Nr), In is the n x n identity matrix, is the typical SNR
every receive antenna, while V is the m x m matrix.

V=HH" N, <N, (12)

V=H" HN, > N, (13)

Using single value decomposition

k
C=Eﬁzlug:(1+%ﬁ:] (14)

f=l1 4V

here k, (k<n) is the rank of H, andfi(i=1, 2,. .k..,k)denotesNhe positive Eigen values of V.

CHANNELCAPACITYWHENCSIIS KNOWNTOTRANSMITTER

According to figure 2, the sent signal is pre-processed with A and the received signal is post-processed with
BH when decomposing the channel H using SVD (single value decomposition).

x = A ™ at the transmitter.

At the receiver, y=BH y (15))

In this manner, the MIMO channel is divided into rH parallel channels (figure 3)..

7= /% JAz  i=l2...ry (16)
4 t

The maximum capacity can obtain by increase sing the sum of singular capacity

s r ¥ 3
- !
C=max ) l1:rg:{].+£5,,{)’_rlJ

1Y
=] \ {....

i
> E=N,
il
In the instance of the water dumping concept, the channel characteristic is available to the transmitting

device, and more power is sent to the channel that is in excellent condition or less or none is provided to the

channel that is in bad condition.
N, N,
E=—L—— (23)
Ey 75

Iterative estimation determines the optimal power provided. The constants is discovered after each iteration.

Next, the amount of power allocated for every mode is decided. The mode of operation will be discontinued
and the power delivered to the additional node is going to determine if the power allotted to the node is
negative.

3. RESULTS AND DISCUSSIONS
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Figure3.Channel capacity with and without CSIT when Nr=Nt=5 and SNR=10dB
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Figure4. Channel capacity with and without CSIT when Nr=Nt=20 and SNR=10dB

The bandwidth of the channel is noticeably improved as the number of antennas rises, using greater capacity
numbers than those attained with conventional systems, that simply distribute equal power across all the
transmit antennas.

The Water Pouring Algorithm is used for calculating the ergodic capacities for the 55 and 2020MIMO
setups. Figure 3 and 4 show how 5 5 and 20 20 MIMO arrangements operate better in terms of ergodic
capacity, and in these cases, capacity increases continuously for a fixed transmitter power and bandwidth.
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Figure 5. Channel capacity with and without CSIT when Nr=5, Nt=10 and SNR=10dB
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Figure6.ChannelCapacitywithand without CSIT when Nr=10, Nt=5 and SNR=10dB

Unlike According to the high correlation offered by matrix (0), having a detrimental effect on the channel
capacity, that we can observe that channel capacity declines in accordance with the addition of transmit
antennas in both of the usual scenarios. As a result, a 105 array exhibits a larger channel capacity over a 510
array. Figures 5 and 6 illustrates that as number of receiving antennas are more than
transmittingantennas,asignificantenhancementshowninchannelcapacity.We can see that at 10 dB of SNR, the
capacity attained using a 105 array is superior than that of a 510 array. Transmit channel information from
the side can significantly boost MIMO wireless capacity.

The benefit of adopting the Water Pouring Algorithm is responsible for the improved channel capacity at low
SNR for the 105 array. If we plot the channel capacity versus the amount of transmit antennas, it becomes
much simpler to see this tendency. The ergodic channel capacity is displayed in Figures 5 and 6 as an
indicator of the broadcast antenna count. The TX can allocate the transmission energy in a way that best
employs the resources accessible if it has complete channel state data.

CONCLUSION
Fractional CSIT is also very important in wireless multi-user communications because it is impractical to
achieve complete CSIT for every client due to channel time variance. This study provides channel capacity

Journal of Kavikulaguru Kalidas Sanskrit University, Ramtek Page | 469



Shodhasambhita : Journal of Fundamental & Comparative Research

Vol. VIII, No. 1(X) : 2021

ISSN: 2277-7067

estimations for various configuration of multiple input multiple output antenna systems. It has been noted
that increasing the number of transmitter and receiving antenna improves the system's complexity while also
boosting channel capacity. It has been discovered that expanding the number of antenna combinations
additionally increases the capacity. For instance, a system with a 20 20 MIMO configuration has a higher
capacity than one with a 5 5 MIMO configuration. We can employ CSIT even more to boost capacity. The
findings demonstrate that a MIMO system incorporating CSI at the transmitter can greatly enhance spectral
efficiency.

REFERENCES

1.

10.

M.Ajaybabul, P.Satyanarayanan, Dr. S. Sri Gowri: Channel Capacity of MIMO with CSlavailable at
the Transmitter, International Journal of Advanced-Engineering Services andTechnologies,vol . 10,
pp- 088 —091,2011.

D.-S. Shiu, G. J. Foschini, M. J. Gans, and J. M. Kahn: Fading correlation and its effects onthe
capacity of multi-element antenna systems, IEEE Transactions Communication, vol. 48,pp. 502—
513.,2000.

Shiu D-S, Foschini GJ, Gans MJ, Kahn JM (2000) Fading correlation and its effect on thecapacityof
multielementantennasystems.IEEETransCommun 48(3):502-513

Foschini GJ, Gans MJ (1998) On limits of wireless communications in a fading
environmentwhenusingmultiple antennas. Wirel Pers Commun 6(3):311-335

Allanki Sanyasi Rao, SSrinivas Rao:Estimation of Channel Capacity in MIMO
SystemUsingDifferentFadingChannels,International ConferenceonRecentAdvancesinCommunication
,VLSI& EmbeddedSystems, (ICRACVES-2014)

J.Paulraj,D.Gore,R.U.NabarandH.Bolcskei: AnoverviewofMIMOCommunications—A key to gigabit
wireless, Proceedings of the IEEE vol.92 ,pp. 198-218,2004.

Lapidoth and S.M. Moser. Capacity bounds via duality with applications to multi-antennasystems on
flat fading channels. IEEE Transactions on Information Theory, 49(10):2426-2467,0ct. 2003.
Allanki Sanyasi Rao, D Bharath: Prediction of MIMO Channel Distribution with
TransceiverAntenna Limitations, International Journal of Latest Trends in Engineering and
Technology ,e-ISSN:2278-621X,Vol.(7)Issue(3), pp.555-560.
S.L.Loyka:ChannelcapacityofMIMOarchitectureusingtheexponentialcorrelationmatrix, IEEE
CommunicationsLetters, vol. 5,pp. 369-371, 2001.

LigangRen, Zhijie Yan, Mei Song and Jude Song :An Improved Water-filling Algorithm
ForMobileMIMOCommunicationSystemsoverTime-

VaryingFadingChannels, WirelessNetworks,CommunicationsInternational Conferencevol.2, pp. 629-
632,2004.

Journal of Kavikulaguru Kalidas Sanskrit University, Ramtek Page | 470



	1. INTRODUCTION
	2. MIMO SYSTEM MODEL
	CHANNELCAPACITYWHENCSIIS KNOWNTOTRANSMITTER
	3. RESULTS AND DISCUSSIONS
	CONCLUSION
	REFERENCES

