Hindawi

Journal of Sensors

Volume 2023, Article ID 9783463, 1 page
https://doi.org/10.1155/2023/9783463

Retraction

Q@) Hindawi

Retracted: Performance Evaluation of Spectral Efficiency for
Uplink and Downlink Multi-Cell Massive MIMO Systems

Journal of Sensors

Received 19 December 2023; Accepted 19 December 2023; Published 20 December 2023

Copyright © 2023 Journal of Sensors. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

This article has been retracted by Hindawi following an investi-
gation undertaken by the publisher [1]. This investigation has
uncovered evidence of one or more of the following indicators of
systematic manipulation of the publication process:

(1) Discrepancies in scope
(2) Discrepancies in the description of the research reported

(3) Discrepancies between the availability of data and the
research described

(4) Inappropriate citations

(5) Incoherent, meaningless and/or irrelevant content
included in the article

(6) Manipulated or compromised peer review

The presence of these indicators undermines our confidence
in the integrity of the article’s content and we cannot, therefore,
vouch for its reliability. Please note that this notice is intended
solely to alert readers that the content of this article is unreliable.
We have not investigated whether authors were aware of or
involved in the systematic manipulation of the publication
process.

Wiley and Hindawi regrets that the usual quality checks did
not identify these issues before publication and have since put
additional measures in place to safeguard research integrity.

We wish to credit our own Research Integrity and Research
Publishing teams and anonymous and named external
researchers and research integrity experts for contributing to
this investigation.

The corresponding author, as the representative of all
authors, has been given the opportunity to register their agree-
ment or disagreement to this retraction. We have kept a record of
any response received.

References

[1] R. M. Asif, M. Shakir, A. U. Rehman, M. Shafiq, R. A. Khan, and
W. U. Khan, “Performance Evaluation of Spectral Efficiency for
Uplink and Downlink Multi-Cell Massive MIMO Systems,”
Journal of Sensors, vol. 2022, Article ID 7205687, 12 pages, 2022.


https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2023/9783463

Hindawi

Journal of Sensors

Volume 2022, Article ID 7205687, 12 pages
https://doi.org/10.1155/2022/7205687

Research Article

Q@) Hindawi

Performance Evaluation of Spectral Efficiency for Uplink and
Downlink Multi-Cell Massive MIMO Systems

Rao Muhammad Asif,! Mustafa Shakir,' Ateeq Ur Rehman ,> Muhammad Shafiq )2
Rehan Ali Khan®,* and Wali Ullah Khan®

"Department of Electrical Engineering, The Superior College Lahore, Pakistan
Department of Electrical Engineering, Government College University, Lahore 54000, Pakistan
’Department of Information and Communication Engineering, Yeungnam University, Gyeongsan 38541, Republic of Korea
*Department of Electrical Engineering, University of Science and Technology, Bannu 28100, Pakistan
*Interdisciplinary Centre for Security, Reliability and Trust (SnT)/SigCom, University of Luxembourg,
1855 Luxembourg City, Luxembourg

Correspondence should be addressed to Ateeq Ur Rehman; ateeq.rehman@gcu.edu.pk and Muhammad Shafiq; shafig@ynu.ac.kr
Received 22 February 2022; Revised 4 June 2022; Accepted 18 June 2022; Published 30 June 2022
Academic Editor: Carlos Marques

Copyright © 2022 Rao Muhammad Asif et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Massive multiple-input and multiple-output (MIMO) systems have become the most persuasive technology for 5G as it increased
the energy efficiency gigantically as compared to other wireless communication systems. Being the most vibrant research
technology in the communication sector, this research work is based on the optimal model development of energy-efficient
massive MIMO' systems. The proposed model is a realistic model that augmented the spectral efficiency (SE) of massive
MIMO systems where a multi-cell model scenario is considered. Channel estimation is carried out at the base stations (BSs)
based on uplink (UL) transmission while the minimum mean-squared error (MMSE), Element-wise MMSE, and Least-square
(LS) estimators are used for the estimation. We analyze the achievable SE of the UL based on the MMSE channel estimator
with different receive combining schemes. Moreover, the downlink (DL) transmission model is also modelled with different
precoding schemes by taking the same vectors used in combining schemes. The simulation results show a significant
improvement in spectral efficiency by developing UL and DL transmission models and also realized that the average sum of SE
per cell can be improved by optimized MMSE channel estimation, installing multiple BS antennas, and serving multiple UEs
per cell. The findings of this work specify that the massive MIMO system can be developed by optimizing the channel
estimation for the augmentation of SE in UL and DL transmissions. Conclusively, it can be summarized that some complex
computations of MMSE channel estimators can enhance the average sum of SE per cell as per the results verified in this model.

1. Introduction

Advancement in Massive MIMO systems is a key factor in
encouraging the 5G network as it has high spectral and energy
efficiencies having multiple transmitters and receiver antennas
[1-3]. Recently many researchers have been enthusiastic about
the study of massive MIMO networks whereas channel esti-
mation, uplink (UL) and downlink (DL) transmission, spec-
tral efficiency, energy augmentation models are evaluated in
the last decade. On the other hand, the uplink signal assump-
tion becomes ineflicient and complex due to the large number

of antennas in the massive MIMO system. Meanwhile, the
proposed algorithm in [4] is efficient and achieves optimal
bit error rate (BER) which depends on the least-square (LS)
channel estimator compared to the traditional uplink detec-
tion algorithm. Thus, 5G is designed to adjust the high reliabil-
ity, data traffic, and to improve spectral and energy efficiency
with low latency while the Richardson and Neumann series
expansion (NSE) method has been used to avoid matrix inver-
sion [5]. Meanwhile, a method in [6] provides a good arrange-
ment between bit error rate and complexity with hundreds or
thousands of antennas are used in a system for tens of users to
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provide services simultaneously and the channel is also esti-
mated according to the pilot signals which are sent by the user
to the base stations (BS) while the massive MIMO system pro-
vides the advantage of high reliability, high spectral and energy
efficiency. Maximum likelihood, minimum mean square
(MMS) method, M-MMSE, S-MMSE, Regular Zero-Forcing
(RZF), Zero-Forcing (ZF), maximal ratio combining (MRC),
and zero-forcing deduction for channel estimation are used
in the [7-10] while MMSE is preferred as it has the ability of
better spectral efficiency other than complexity [11]. Although
circuit power preference algorithms have been proposed to
maximize energy efficiency (EE) in a multi-cell environment
but the precoding techniques are developing for increasing
spectral efficiency in the MIMO system has a better impact.
An antenna selection scheme is used to expand the energy effi-
ciency of the UL transmissions while it has more power con-
sumption of the mobile antennas [9, 12]. Therefore, pilot
reuse techniques are proposed for reducing co-channel inter-
ference without increasing the bandwidth and cell density is
also analyzed. Meanwhile, a low complexity in channel esti-
mation is becoming a big concern, minimum mean-squared
error (MMSE), Element-wise MMSE, and Least-square (LS)
estimators are used for computing the complexity with the
trade-off of SE. Moreover, power consumption and energy
efficiency (EE) of the base stations can be improved by using
an effective strategy and an efficient downlink MIMO system
consisting of zero-forcing, beamforming, and perfect channel
in the base station is discussed here. Although, unimodal
and user data rate increase together for the point of maximum
energy efficiency whereas, unimodal is an average energy effi-
ciency per base station. The linear precoding of channels is an
efficient way with downlink and uplink pre-coders to reduce
the effect of inter-user and improper noise. Furthermore, large
array and multiplexing gain are used for large spectral and
energy efficiency where a base station is equipped with a large
antenna array to develop the orthogonal channel pairwise
among users and base station by the use of small-scale fading
[13]. Besides that, a massive MIMO system reduces the trans-
mitted power of the base station and terminal, the research
carries some Full-duplex (FD) models that are more suitable
for short-range of communication like that WiFi and small-
cell network more than arrangements with realistic parame-
ters proposed by zero-forcing (ZF) design [14]. Hence, 5G
antennas’ spectral efficiency (SE) and energy efficiency (EE)
are major factors in the designing of 5G antennas. Further-
more, the latest idea of the massive MIMO networks and dis-
tributed antennas system is known to improve inter-cell
interference and a balanced quality of experience. Therefore,
massive MIMO technology gives an impressive spectral effi-
ciency compared to the conventional co-located MIMO [15].
The achievable spectral efficiency of several precoding and
combining structures are getting more attention in analogue-
digital implementation and 5G should be supportive of low
power consumption [16]. For sustainable development in
5G, it has to improve energy and cost efficiency comparatively
by Integrating the massive MIMO with examining the impact
of pilot contamination on this new communication scenario.
However, existing literature claims that it is probable to attain
SE by performance evaluation of UL ad DL transmission
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TaBLE 1: Comparison of Related Work of Se In Massive MIMO.

Work Cell UL/DL Combining/precoding scheme
[7] Multicell UL&dl  MMSE precoding and combining
(8] Multicell UL&dlI  MMSE, RZF, ZF, MR precoding
[9] Multicell UL MMSE precoding

[10] Single UL&dl ZF precoding

[16] Single UL&dI —

models with their channel estimation as some details are in
Table 1. The purpose of this article is the mathematical model-
ling of the UL and DL signals transmission and different chan-
nel estimation schemes for the UL transmission are also
computed for the SE. We have also compared the complexity
and SE of the above-mentioned channel estimators. The sec-
ond objective is to provide an accurate MR precoding model
for DL transmission for enhancing the SE as presented in
[17, 18]. A survey of related work has been undergone by con-
sidering the key features of the previous work as summarized
in Table 1. Furthermore, the latest trends and approximation
methods used for the augmentation of EE are particularized
while combing and precoding schemes with power consump-
tion models already used by researchers are also considered.
The SE enhancement schemes are deeply analyzed, and key
factors are elaborated as well.

Given objectives are well accomplished and summarized
as:

(1) A multi-cell scenario is considered where the UL and
DL transmission models are taken into account with
inter-cell interference and noises

(2) MMSE, EW-MMSE, and LS channel estimator
schemes are modelled to carry the max. SE in UL
transmission. However, MMSE is better as compared
with EW-MMSE, and LS because of high SE and bet-
ter interference mitigation practice

(3) MR precoding model for DL transmission for
enhancing the SE is evaluated in the last section

The computed results of our proposed models are
appropriate to indorse the massive MIMO systems that can
able to enhance SE in a 5G cellular network. This paper is
structured as follows. Section 1 is an illustration of a massive
MIMO system model for both uplink and downlink com-
munication. In section 2 the UL Spectral Efficiency with
the MMSE estimator is compared with EW-MMSE and LS.
Section 4 the MR precoding scheme is modelled for aug-
mentation of DL Spectral Efficiency. Finally, key insinuation
conclusions are drawn in Section 5. The Table 2 and Table 3
show the symbolic and acronyms representations used in
our paper.

2. System Model for Uplink & Downlink
Massive MIMO

This section includes the specifications of a multicell massive
MIMO system covering the UL and DL transmission



Journal of Sensors

TaBLE 2: Symbolic Representations.

Symbols Description

E(.) Expectation

[. | and ||. || Absolute values and Euclidean norm
I K x K identity matrix

b4 Pilot signal sequence

n}” Additive receiver noise

B Bandwidth

Ton & Coherence Time & Coherence Bandwidth
wy, € CM’ Assigned as transmit precoding vector
yJUL€(CaIld y]L-)LE(C Transmission symbols (uplink & downlink)

TuL /Tcoh& TDL/Tcuh

Uplink transmission & downlink transmission pre log factor

TaBLE 3: Acronyms Representations.

Symbols Description
MMSE Minimum mean-squared error
ZF Zero-forcing
RZF Regular zero-forcing
MRC Maximal ratio combining
LS Least-Square
SE Spectral efficiency
MIMO Massive multiple-input and multiple-output
BSs Base stations
UL Uplink
DL Uplink
BER Optimal bit error rate
NSE Neumann series expansion
ML Maximum likelihood
EE Energy efficiency
FD Full-duplex
EW Element wise

UL signal

S

[
888

UEK, cell ]

FiGure 1: Illustration of the UL Massive MIMO transmission in
cell j and cell L.

models, linear processing schemes, and channel models. The
systems describe the UL and DL MIMO transmission in cell

jand cell [ as illustrated in Figure 1. Channel vectors h{k and

hék are considered in UL and DL, respectively, between the

BSjand UE k. The UL data transmission signal has consid-
ered the desired signal, inter-cell interference, and noise. On
the other hand, DL data transmission signal has added part
of the intra-cell signal.

On the above-mentioned consideration, the following
segments are modelled.

2.1. Uplink. In this stage, user K transmits the data to one of
the correspondence BSs. Let the users K have the transmit-
ted symbol vector in the [ cell is 5;=[s;;5, --- 5;;] and the

received UL signal yULe CM from the users K at BSjcan be
written as:
L K;
= P”’ZthkS (1)
=1 k=1
Where nj Lis an additive receiver noise denotes n ~C

,/V(OM ,O'%]LIM ) while Oy, is zero mean and 0%, is vari-
ance. Then the UL signal in cell I denote sy"e C has power
PuLi = E{|s{“’} and p,, >0 means the uplink SNR and U

L signal y e C" is given as:

K; ) L K .
b= VPuL Z hij%L TVPuL Z Z h;isl%’L
K=1 =1 k=1
i#j
(2)

Whereas, , /p;, ZK_ ]k is desired signal and ,/p

Zlel Zi;lh{isg L'is inter-cell interference. The BS as dedi-
i#]
cated in cell j selects the receive combining vector yULe cM

at the time of data transmitting for separating the de51red



DL precoding

UEK, cell ]

FiGUure 2: Illustration of the DL Massive MIMO transmission in
cell j and cell L

Step-1: User send UL signal to BS

!

Step-2: Channel estimation by MMSE estimator

!

Step-3: BS calculate vectors for UL receive combining

!

Step-4: Transmit precoding for DL using same

vectors as used in UL
T

-
Step-5: Computation of SE for the UL and DL

DL & UL transmission
over?

FIGURE 3: Computational Flow.

UE signal from the interferences and can be written as:

K;
UL, UL _ ULyj UL ULyj UL
ij Yi " =VPuL ij hjksji +VPuL Z ij hjksji
i=1
ik

L K
ULyj UL UL
+VPuL z Zvjk hjksji 1
i=1 =1

i#j

Then the desired signal becomes \/py; V' Iysii* with
intra-cell signals and inter-cell interference. The selection
of combing vector modelling in terms of spectral efficiency
is analyzed with the different combining schemes in the next

section.
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2.2. Downlink. As per the Massive MIMO illustration in
Figure 2 for dl transmission, BS j transmits the signal in cell
[ that is written as:

ky
X = Z Wi, (4)
P

Where w;, € CM' is assigned as transmit precoding vec-
tor. Then the received signal y7"€ Cis modelled as:

L
W= o 3 (1) e (5)
=1

The symbol vector is denoted as x; = [x;,x;, -+~ x;,] and
DL . oy . .

;" Is an additive receiver noise. The term ,/pp,; >0 means
the SNR of DL. Then yP* can be written as:

n

L K
)’jDL = \/ﬁD_Lz Z (thkL>HWlirli + ”‘jDL (6)

I=1 i=1

Jji

K.
y;'ﬂ = @(hjk) ijkrjk + \/E Z}: (hj:k)HWjir
i=1

i+k )
o H
DL
+tVPoL Z Z (hjk ) Wi, + 1
I=1 =1
l#j
Then the desired signal becomes , /pDL(h;k)ijk,jk for

the dl with intra-cell signals and inter-cell interference.
The selection of transmit precoding vectors in terms of spec-
tral efficiency is analyzed with the different precoding
schemes in the next section.

3. Methodology and Calculations

M-MMSE, S-MMSE, RZF, ZF, and MR combiner and preco-
der are used in our model for SE of UL and DL, respectively.
The enhancement in ES for the given system and optimized
modeling are the main aims of this article. We explored the
methodology for the SE in MIMO systems in which, the SE
is optimized by proposed estimators. The first comparison of
different estimators is done by estimating the channel of
MMSE, EW-MMSE, and LS. Although the LS and EW-
MMSE are less complex in computing but the loss in SE
incurred by these estimators is not ignorable as discussed
in the section 4 whereas MMSE is preferred as it has the abil-
ity of better spectral efficiency other than complexity [11].
Different combing and precoding schemes are tested by pro-
posed numerical equations for SE of UL and DL transmis-
sions after the selection of MMSE channel estimation. The
computational flow of our model is shown in Figure 3. The
UL data and channel estimation are calculated in the first
two steps. Step 3 and step 4 are the computation stage of
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TaBLE 4: Computational complexity per coherence block of different combining schemes.

Scheme Reception multiplication

Computing combining vectors multiplication

L (3 + MK b - M
+

i Ty MK, J
Multicell MMSE MK l 5 T+ M, (7, - K))
=1
3MK;, MK, M -M,
Single-cell MMSE Ty M;K; LA R i Rt i
2 2 3
2 3_x.
RZF T MK, KM; 3KM; K=K
2 2 3
2 3
- ro MK, SMGM, KM, K} -K
2 2 3
MR Ty M;K; —
. h .
TasLE 5: Simulation parameters. MMSE estimate the channel vector hj;, given as:
Parameters M =500 v T =j 1
Vi =hur + D by + —==1 8
CP|[Watt] 15 i ; it pir (8)
ETP [Watt] 2
2 iy = Po R oY (9)
L 3 dBrd uLi = VPuLiluLi* urit juri
5 -
Po Where Y‘}’ULis the uplink pilot transmission and pilot
0-5 sequence become:
-1
i _ .1 Jj 2
TABLE 6: Simulation Parameters. Yy = Z pVET Rt UULiIM] (10)
(V)i,)EPUL
Simulation parameter Values.
Required bandwidth (B) 20 MEiz Where the Estimation error is EJUU = h]ﬁu - WUU has cor-
Coherence time (T',,) 10 msec : ~i ~j H
) ) ’ ) relation matrix C};, = E{hy,,,(h},;,) } given as:
Maximum distance/cell radius(r) (200) Meters
Maximum antennas (M 500 i _ i j i pi
Channcl . (( )) is Cui = Ryri = PuriRuri¥ uriRuri (11)
annel attenuation (w 107>
UEs (K) 18 The MMSE is estimated by invoking the orthogonal

—10dB to 20dB
Square pattern
—94dBm
T =200

The effective SNR
Network layout
Receiver noise power

Samples per coherence block

different combing and precoding schemes with the same
vectors. In further, the average sum of SE per cell is opti-
mized for UL and DL in step 5 while the data is still not over,
then the computation is again computed. In this way the
average sum of SE per cell is expended as per the following
stages:

3.1. Channel Estimation. In dedicated UL, each cell transmits
a pilot sequence for allowing the BSs to compute H ; of their
local channel H; while the sequence is mutually orthogonal.
The channel estimation is based on random variables and
the statistical distribution of variable are taken into account.
The received signal correlates with the pilot sequence and

property and the estimated error is statistical independent

of EJUL As per the pilot communication phenomenon, UEs
that have the same pilot sequence for the transmission can
mutually pollute the channel estimation. Although channels
are statistically independent but the interference reduces the
estimation quality by increasing MSE and make the channel
estimation statistically dependent. Above channel estimation
can mitigate the interference of UEs that practice the same
pilot. The massive MIMO systems have a huge influence
rather than conventional networks due to large numbers of
UEs having pilot sequences that can easily suppress the
interference. Besides, the MMSE estimator minimizes the
MSE of the channel estimate, given as:

e s~ - R -2 (o)) ()
(12)

We are considered the cell j and cell [ for the UE k and
ULi the interference, respectively, and the correlation matrix



6
at BSj is:
~j /=i U \/PuLi ;kR 'PULzRULz (UL, i) € Py
() } = .
OijM}- (UL, i) ¢ g)jk

(13)

And the antenna correlation coefficient is written as:

£ (W) W} r(Ront o) : (ULi)e2,
- \/ (RJ]kR/]k\‘w )tr(R]UI.tRJULAlP]ULi)
\/[E{thkH } {th| } 0 (UL.i) ¢ 2
(14)

Whereas, E{(/}) '} = 0 for all UEs with (UL, i) # (j, k)
. The expression of non-zero expectation is carried out from
the UL transmission section and taking into account all the
considerations with (UL, i) € & while channel Vector is

Y =Y written as E{un () =1, (Vou) ‘and the
normalized MSE (NMSE) is written as:
, tr (C]UL)

NMSE},, = ——¢ (15)

tr (R{,L)

This expression is used for the comparison of the estima-
tion quality using different estimation schemes in different
scenarios. The MMSE estimation provides enough statistical
information for the UL data transmission that can help in
decoding. This computation has required an inverse matrix
of ¥/;;; and makes the method very complex as attached
large antennas with huge numbers of users [19]. This pro-
vokes us to solve for the simpler calculations and the estima-
tion that is EW-MMSE. Lemma 1 is an EW-MMSE

estimation with the statistics of the estimates. The assump-
tion is made on the correlation matrix R}, that depends
on Ayl diagonal.

Lemma 1. If base I uses an EW-MMSE estimation where the
channel is estimated between users k in cell |. Although each
element can be estimated by MMSE but the EW-MMSE esti-
mates the vectors with error and vectors without error.

. VPuri RJULIi
AJULi = m=1,---.M
mm Z(Z’,i')eplipUL,Z,Tp‘R ’mm + ai]L
(16)

This is quite simpler in computational as compared to
MMSE, except in the case of diagonal spatial correlation
matrices where each channel element estimates it separately.

It is notable that A{]Ll- reduces the complexity. The EW-
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MMSE is obtained as:

j
PuLiz, (‘RULi

)2
R

(UL Yepy PUL'Y p’ A

MSE = tr (RJUL,.) - -
+0yL

(17)

|,

In the case of noise-free calculation then the LS channel
estimator is considered [20] as it is very simple and low
complexity. The LS channel estimator is estimated in
Lemma 2.

Lemma 2. In our model ypéle having the desired channel
VPuLiTy hULl in cell | and hUles an LS estimator of hUL,

MSE deviation is obtained as ||)’PUL1 VPuLTy h]UL1|| , h]ULZ-
is written as:

By= —— Yo, (18)
f \/pULl pi vt

The LS estimators become simple as discussed A{]Li =1
INPuLiTpil M, and the complexity of the LS estimator is pro-

portional to the Mj. As per equations called in Lemma 1 the
MSE is written as:

i

MSE = tr y Pyt i
(VL3 EE ) iy UL Puii

Ly

o
“ Puri p1

(19)

3.2. Uplink Spectral Efficiency with the Combing Schemes of
MMSE Estimator. In this part, we analyze the achievable
SE of the UL based on the MMSE estimator with different
receive combining schemes. As earlier discussed, a signal
yj‘-’le CM is received at BSjand the UL signal in cell 1 from
UE k is S s having the power of p, ;= [E{|sll\ } and pul
>0, then the total UL capacity of UE k in cell j is written as:

UL uL7j
Vieyi=Vi h Sk + VthJksJk

U UL
+ Z V]khjl ik Z Zvjk Ulzslz+V1k (20)

=1 =
iq&k i#]
SEYL = [E{logz(l +SINR}k)} (21)

coh

Where 7,/7,,, is a pre-log factor is the ratio of UL data
samples per coherence block.
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Proposed algorithm

Step 6: Compute precoding vectors
Step 7: If MMSE algorithm = true

End
Step 8: Compute SE for

Step 9: Plot of figures

MMSE, RZF, ZF, MR

Step 1: According to Table 5, adjust the simulation parameters.
Step 2: Randomly drop UEs in each cell and compute UL sequence

—~j —~j u
Step 3: Generate random estimated channel vectors h;k (hJULi)
Step 4: Compute receive combining vectors VMMM = [y, ...
Step 5: Compute DL sequence for precoding

And resulting SINRUL as eq.(22) and eq. (27)

SER" = (7,470 ) E{log, (1 + SINR )} &
SERL = (Tpy /7con) log, (1 + SINRRY) bit/Hz

SE for multi-cell combining & precoding schemes; M-MMSE, S-

it viky)

Vj?{LM—MMSE — [le ijj]

ALGorITHM 1: Sequence of Simulation.

Where the effective SNR becomes:

2
H71/
ij‘vjkhjk‘

—~i |2 .
ZLlZKl i1 Pui )Vﬁhjk + V;Ic (Zl[/:l ZSiiﬂPUIiCJUIi + U%JLIM])ij
(ULi)#(jk)

SINR( =

(22)

As per SINR},]CL used in (21) for UE kin cell j is optimized
through multicell MMSE (M-MMSE) and M-MMSE com-
bining vector for k=1, ---,K i and V}{CLM‘MMSE = [vj1 vjkj

] is given as:

L K,

VMM =t w p ik {Z ZPUli

I=1i=1

-1
(Fa(F) L) ot |
(23)

Which further leads to

-1
Kl
J 2 7]
Z ZPUIxCle + O'ULIM', By

I=1 i=1

) L K .
ULM-MMSE 7\ 77\
SINR =trxpy (hb'li) > ) pudu (huu) +
I1=1 i=1

(1)#(jk)
(24)

This is the case when estimated channels are known then
it not only optimizes the SINR and also minimizes the MSE.
The expression in (24) provides exact and optimize SINR for
the massive MIMO systems. As discussed in the previous
section, the reduction in complexity has to pay a reduction
in SE and MMSE has superior SE. In this regard, the differ-
ent combining schemes of the MMSE channel estimator
proposed in the previous section are shown in Table 4 with
Computing combining vectors Multiplication. SE analysis
is discussed in section 4.

3.3. Downlink Spectral Efficiency. As related in (7), the DL
signal received y3" in cell / is:

H
= E{ o () " wi b
H H
+ /P <<hﬁf) WﬁL—E{(hﬁf) Wﬁf}rﬁf)

H
DL, DL
Wﬁ i

Vi (M)
i#k

L K /. \H
+ VPDLZZ=1 Zizll (hjk) Whritpri + M

I#] —~

(25)

Then the desired signal becomes E{\/;E(hﬁ(L)HWﬁL
)HWjDkL} having
the third and fourth term as intra-cell interference and
inter-cell interference, respectively. The second term is also
desired for the unknown channel. The Selection of transmit
precoding vectors in terms of spectral efficiency is based on
hardening bounding which can take any type of pro coding
vector and channel estimation as well. The DL channel
capacity in terms of the spectral efficiency of UE k in cell j
as a lower bound is:

riy with average pre-coded channel E{(hﬁf

(Toi/Teon) 108, (1 + SINR ﬁ}) bit
Hz

Siﬁf = (26)

Where 1, /7., is a pre log factor ratio of samples of DL
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data and samples per coherent block and then SINR ﬁ(L is:
2
el E{ Wit}

L <K e 2
Zl:lZi:ﬁPDLiE{’WgLihjk‘ }_ij‘E{W%hﬁLH +0hy

(27)

SINR ﬁf =

In (26), SE- ﬁ(L refers SINR jDkL as effective SINR of fading
channel related to UE k in cell j. p;; |E{ WijhﬁCLHzis the gain
of the desired signal by the average precoded channel. p,,;
E{|Wguh§k|2} is donated as the total power of all signals
and py [E{ WijhﬁcLHZis the power of the desired signal.

In previous work as done in [20, 21] the energy con-
sumption models include only the radiated power whereas
the power consumption of the radio frequency circuit was

not included. These models revealed some improved results
on Massive MIMO but all are based on theoretical analysis.

DL DLy DL pjPL\ DL
Pjk ”(Rjk i R )ij
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For example, power allocation and time framing have been
analyzed to optimize the EE in [21], and the tradeoff of
SE-EE is studied in [20]. There is a need for system design
in cellular systems of massive MIMO where EE performance
should be reviewed using practical measurements. For an
instant, in [22], the authors presented the practical power
consumption model by considering the number of antennas,
UE, and power consumption models for optimizing the EE
where uplink and downlink of multiuser massive MIMO
networks are considered. In our work, we considered some
systems parameters including the numbers of antenna esti-
mation, assessment of maximum users, and modelled the
practical effective transmit power and circuit power as
shown in Table 5.

The SE expression in (26) is computed for precoding
based on the MMSE channel estimation computed in the

_ T
previous section. If W =h§€L/\/E{tthDkL|| } then SINR 2

for MR precoding based on MMSE channel estimation is:

(28)

DL
SINR Bt =

L vk I wl ol I wl ol Iyl ol L wl pl
Y2 (PDLit’(Rzk‘fllkRzk)/tr(Rzk'flszzk>) + Z(l,i)epjk\(j,k) (PDLipjkTp (Rjklpllek>/ ”(lelele>) + 0y,

Where ‘f’ﬁ{L‘PEL define in (9) and (10) for UL as similar
is here. In the denominator, the first term is non-coherent
interference and the second term is coherent interference

having spatially uncorrelated factor R{i = ﬁ{il ;- The SE of
4. Results and Discussion

In this section, SE expression for UL and DL evaluated in
previous sections are simulated and validated in a proposed
scenario for the massive MIMO cellular network. The calcu-

DL is analyzed in the next section by taking the same comb-

ing vectors V}{(LM"MMSE =[vj1 - vik;] in precoding schemes

based on MMSE channel are:

lation of SE with M-MMSE, S-MMSE, RZF, ZF, MR com-
bining and precoding schemes by taking M number of
antennas having simulation parameters of Table 6.

The spectral efficiency of UL and DL for BS and UEs
according to listed parameters in Table 6 is simulated as
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Average UL sum SE as function of the number of BS
antennas for different combining schemes

150

Average sum per cell SE (bit/s/Hz)
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Number of antennas (M)

S-MMSE == MR
=== RZF == M-MMSE
= = ZF

FIGURE 6: Desired Spectral Efficiency: Interference from other cell
and noise added to the signal during UL Transmission.

S-MMSE
Vik

DLM-MMSE _ vl ] = RZF
Vi = [vjp - vikj] =4 Vi

ZF
Vi

MR
Vi

per table sequence. Simulations are based on Figure 1,
Tables 6 and Algorithm 1 and the optimized result is dis-
cussed in section 4.

4.1. Channel Estimators Comparison. The full potential of
massive MIMO systems cannot be achieved without the selec-
tion of the best suitable channel estimation at the time of UL
pilot transmission. As per the proposed scenario BS j estimates
the channel of UE k and another cell transmits the same pilot
signal. The effective SNR as per Table 5 is taken as it varied
from —10dB to 20 dB. In Figures 4-5, the results of the num-
ber of complex multiplication and MMSE vs number of anten-
nas in the multi-cell scenario with MMSE, EW-MMSE, and LS
channel estimators are shown. These estimators are numeri-
cally computed in section A of the methodology segment
while Lemma 1 and Lemma 2 are considered for the EW-
MMSE and LS, respectively. As mentioned in [11] that the
MMSE channel estimator has superior SE as compared to
other estimators having greater complexity in the computa-
tion. The statistical characteristics obtained from the MMSE
estimator are fine as the Minimum means square error
decreases gradually with the increment in effective SNR as
result shown in Figure 5. This is tested in our models of chan-
nel estimation and found the same patron as termed in [11].

Average DL sum SE as function of the number of BS
antennas for different precoding schemes

150

Average sum per cell SE (bit/s/Hz)

50 100 150 = 200 250 300 350 400 450 500
Number of antennas (M)

== M-MMSE = = ZF
S-MMSE == MR
=== RZF

FIGURE 7: Desired Spectral Efficiency: Interference from other cell
and noise added to the signal during DL transmission.

VIIVII(_MMSE of M = MMSE precoding

of § — MMSE precoding

of RZFprecoding (29)
of ZFprecoding

of MR precoding

Meanwhile, our model is based on SE and required minimum
MMMSE other than the complexity. In this regard, the result
publicized in Figure 5 also depicts that we can able to compute
better SE for our model while ignoring the result of Figure 4 as
the MMSE estimator is complex.

4.2. Results for SE of UL Combining Schemes. The results of
SE with different combining schemes are shown in
Figure 6. The proposed model has better improvement in
SE as compared to previous work done in [19]. The SE of
a system is gradually increased with the number of antennas
and cells as Figure 6 demonstrates that multicell MMSE (M-
MMSE) has greater SE than single-cell MMSE(S-MMSE)
having increment in SE by increasing of antennas. As litera-
ture highlights that the SE of UL massive MIMO systems has
great intention in channel estimation instead of combing
schemes. Meanwhile, the results of our proposed model are
simply compared with the MMSE combining scheme of
[23] after comprehensive numerical computation of channel
estimation. The summary of improvement in SE with previ-
ous work is given in Table where our proposed MMSE esti-
mator for multicell M-MMSE has great augmentation in SE
compared to given combing schemes and M-MMSE given in
[23] as well.
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TaBLE 7: Comparison: Results in Figure 4 & past works.

Precoding Schemes Results [24]

Results [25]

Results [26] Results (proposed

model)
EE EE EE EE

Bit/Hz M Bit/Hz M Bit/Hz M Bit/Hz M

Per cell Per cell Per cell Per cell
M-MMSE 105 500 110 500 — 128 125 500
S-MMSE — 500 — 500 — 128 110 500
RZF — 500 108 500 110 128 105 500
RF 103 500 — 500 110 128 105 500
MR 58 500 45 500 85 128 65 500

TasLE 8: Comparison: Results in Figure 3 & past works.

Results (proposed Results [23]

Combining schemes EmEodel) EE

Bit/Hz per cell Bit/Hz per cell
M-MMSE 140 500 33 100
S-MMSE 105 500 — —
RZF 90 500 — —
RF 90 500 — —
MR 52 500 — —

4.3. Results for SE of DL Precoding Schemes. Figure 7 illus-
trates the achievable average sum of SE per cell against the
proposed massive MIMO system for five precoding schemes.
As per K user and effective SNR is given in Table 5, the aver-
age SE per cell increases as the number of antennas grows. It
indorses the dramatic benefits of implantation in large-scale
antennas in BS. We also observed that at the same configu-
ration, the desired average SE rate with MMSE precoding
is approximately doubled with the MR scheme. The compar-
ison of past work in Table 7 also shows that the MMSE pre-
coding scheme is always better than other schemes and
ultimately a top choice for a massive MIMO system.

To evaluate the performance (as per Figure 7) of our
proposed massive MIMO system precoder over the rest of
the schemes, the simulation result of M_MMSE matched
with from [24, 25], RZF with from [25, 26], RF with from
[20, 22], and MR with from [20-27] are provided in
Table 8. The numerical expression and simulation results
show the achievable average sum of SE per cell is increased
as compared to past work done [24-26] after considering
the proposed numerical expression.

The computed results of the proposed models are appro-
priate to endorse that the massive MIMO systems can
enhance SE in a 5G cellular network. The proposed model
is applicable for both UL and DL communication while the
UL SE with the MMSE estimator is compared with EW-
MMSE and LS. In the end, the maximum-ratio (MR) pre-
coding scheme is modelled for the augmentation of DL SE
whereas the latest work presented in the [22] has not consid-
ered the mentioned points. As mentioned, the SE of a system
is gradually increasing with the number of antennas and
cells. It demonstrates that the multicell MMSE (M-MMSE)

has greater SE than single-cell MMSE(S-MMSE) having an
increment in SE with the increasing number of antennas.
The results presented in [19] are tested only for M-MMSE
where we analyzed and tested for different combining
schemes like M-MMSE, S-MMSE, RZF, RF, and MR. On
the other hand, we considered 500 antennas although it
increases the power consumption but high numbers of M
have comparatively high EE as shown in Table 7. As there
is a need to design a massive MIMO system where EE per-
formance should be reviewed using practical measurements.
In the work presented in [24-26], energy consumption
models include only radiated power whereas the power con-
sumption of radio frequency circuits is not included. In our
previous work [28], the power consumption modelling for
the massive MIMO systems has been demonstrated. We
have considered and extended our previous work [28] by
modelling the numbers of antenna estimation, assessment
of maximum users and the practical effective transmit power
and circuit power.

5. Conclusion

In this work, we have augmented an optimal SE per cell in
the proposed massive MIMO system and computed MMSE
channel estimation with their different combining and pre-
coding schemes. As a first step, we have figured out a
multi-cell scenario and computed the expressions for uplink
and downlink transmission and then recommended a realis-
tic, efficient and applicable model. We have computed an
MMSE channel estimator instead of EW-MMSE and LS that
can enhance the achievable average sum of SE per cell based
on the above-mentioned schemes. The simulation results
have revealed remarkable implications.

The research was fundamentally originated upon MMSE
channel estimation after examining EW-MMSE and LS esti-
mators, where MMSE found the more complex but excep-
tionally improved estimator to enhance the SE per cell.
The results of MMSE combining and precoding schemes
are produced by monte Carlo simulations in MATLAB.
Although the MMSE was the optimum channel estimator
among all, it is also observed that MR was less complex at
all. In this regard, the complex computations of MMSE are
taken into account because the variance in results is rela-
tively small and the improvement in SE is big. M-MMSE,
S-MMSE, RZF, ZF, MR combing and precoding schemes
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for UL and DL are tested with the proposed numerical
expressions by taking the same vectors where M-MMSE
has found the best option to deal with SE. The results with
MR precoding are not much good but it can operate under
intercell interference with less complexity in the computa-
tion of channel estimation. The conclusions of this work
specify that the massive MIMO system can develop by opti-
mizing channel estimation for the augmentation of SE in UL
and DL transmissions. We can recapitulate that some com-
plex computations of MMSE channel estimators can aug-
ment the average sum of SE per cell as results shown in
our model.
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