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Abstract—Increasing number of mobile terminals and their ser-
vices at a constantly rapid growth at high data rate is becoming
the Long Term Evolution (LTE) spectrum allocation a major
bottleneck for many cellular network operators. Through physical
spectrum sharing the scarcity of spectrum can limited, among
them are orthogonal and non-orthogonal spectrum sharing. In
orthogonal spectrum sharing, user terminals (UEs) are scheduled
with different operators, and in non-orthogonal spectrum sharing,
UEs are allowed with different operators to allocate the same
spectrum frequency simultaneously. These two spectrum strate-
gies potentially interfere with UEs and operators, causing the
performance degradation in realistic scenarios at multi-terminals
and operators based on spectrum assignment. To overcome these,
this paper propose a strategy through numerical assessments,
Fully-Scheduled Precoder Channel (FSPC) Strategy, to tackle the
problem of primary uplink, which can be obtained through mod-
elling the transmission model with Position-orthogonal multiple
access (POMA) system, where the position of UEs are structured
with different operators to use the same spectrum frequency and
time simultaneously, which in-turn increase the spectrum sharing
capability in LTE network. Comparative results shown an im-
proved remarks with the surveyed methods and the proposed
work forms the basis for Structured LTE Network deployments
in future.

Keywords-- LTE, spectrum, precoder, signal-to-noise ratio (SNR),
throughput,

1. INTRODUCTION

The 4% generation (4G) cellular system, which is known as
the LTE system, commercialized in 2010, uses Orthogonal-
Frequency-Division-Multiple-Access (OFDMA) scheme to
avoid inter-user interference, also enables better utilization of
the spectrum frequency usage and improves the peak data rate
to 100 Mbps in a 20MHz bandwidth channel. In LTE systems,
each base station (BS) serves a large number of users, the data
rate of each user increases rapidly, and with the demand of
LTE cellular system, the data traffic increases to 1,000 times
compared to 2010 in future days compare to the present days.

The LTE system performance is based on the baseband pre-
coders (analog and digital). Using these, the cost-effective al-
gorithms are recently introduced. The hybrid precoder intro-
duced provides a single-user gain allowing single MIMO sys-
tem, Therefore to support such MIMO system, there is a need
of a massive-user transmission system, is made to allow multi-
user gain to improve the precoder performance by offering
high throughput and is robust against existing LTE problems.

Even, due to the rapid growth in 4G device utilization, the
size limit has become a constraint in the mobile equipment /
device (ME) i.e,, size of the antenna employed through MIMO
system has to be tiny. Therefore to support such technology
rapid change, a large number of these antennas should be em-
ployed on MEs, there is a need of multiple access (MA) tech-
nique to improve the peak data rate by employing MIMO sys-
tem by utilize the current LTE hardware configuration.
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In this paper, a FSPC Strategy is proposed to improve the
precoder performance and a POMA system is introduced to
establish a new MA technique in LTE system through simula-
tion. This paper is organized as follows: Section 2 briefly re-
views the related LTE background and Section 3 introduces
the proposed work. In Section 4 present experimental results
and discussions and Section 5 concludes the paper.

2. RELATED WORKS

In this section, surveyed research work on LTE design is
presented. LTE precoding is an emerging technique through
hybrid in traditional MIMO systems [1], among them is a
fully-connected structure [2] orthogonal matching pursuit
(OMP) which improves LTE system performance. It utilises
the channel analog precoders and discrete Fourier transform
(DFT) beam-formers [3] with a sparse MIMO reconstruction
design, causing a degradation problem in performance of LTE
system with an overhead on acquiring channel response on
MIMO antenna structure. Recent works focus on reducing the
degrading complexity of LTE MIMO system through OMP
algorithm, by using channel matrix inversion in each MIMO
iteration. With an investigation [4] GA-enabled hybrid precod-
ing is included, but they lag in RF domain requirements, In-
cluding hybrid precoder, the structures of partially-connected
structure [5-10] having less MIMO design parameters.

Channel State Information (CSI) makes use of high diverse
antennas structures with low cost in massive MIMO, can im-
prove the channel estimation error [11] [15] [17].

This paper provides a way to POMA, a multiple access
technique to increase the MIMO systems to large, by incorpo-
rating multi-user massive MIMO in a positioned framework.
POMA refers to multi-user SNR and throughput, allowing
multi-users to share spectral frequency and time at the same
frequency-time access channel block, can lead to multi-user
gain to immense rate, making multi-user SNR to improve.
Channel capacity also improves through proper iterative proc-
ess of POMA CSI and with the position orthogonality of up-
link offering maximum ratio LTE channel estimation.

FSPC strategy is introduced in this paper and compared with
PE-AltMin [12], AE-AltMin [12], OMP Algorithm [13] [14],
MO-AltMin [12], EPC [15], SPC [15], MRC-SIC [16], ZF [17]
and MRC [17] for analysis, by proposing a fully-scheduled
structure, by adopting hybrid precoder design through position
minimization as the main design, by two precoder designs:
analog and digital. For analog precoder, a variant position or-

" thogonality is employed. For digital precoder, a semi-variant

position orthogonality is employed, hybrid precoder optimal
solution to optimization is solved. The FSPC strategy can be
applied to narrowband and broadband OFDMA systems.

978-1-5386-8158-9/19/$31.00 ©2019 IEEE




3. PROPOSED LTE MODEL

In this section, the addressed problem solutions through pro-
posed model is illustrated. Fully-scheduled precoder design
allows more throughput for multi-users through POMA struc-
ture, This paper access the SNR and power errors ofl the prob-
lems stated for different MA and precoders techniques.

A. Contributions

In this paper, investigation of precoder design in MIMO sys-
tems is performed. The proposed precoder channel strategy
improve the hybrid precoders by adopting POMA design,
which helps precoder problems to eliminate. So far the hybrid
precoders are in implementation, proposed work through fully-
scheduled precoder overcome and replace the MIMO structure
with POMA structures offering good performance in link level
and system level LTE networks. Proposed work contributions
towards the LTE design are summarized below:

a) For fully-scheduled precoder design, the analog and
digital precoders are positioned orthogonally through
position variant. This design alternatively improve the
design problem of hybrid precoder.

b) POMA technique is introduced through orthogonality
for precoder design to develop a FSPC strategy. This
strategy improves the antenna structure in MIMO sys-
tems adopted in this work.

¢) For POMA technique, Precoder channel strategy is pro-
posed, to offer solutions to sub-problems of hybrid pre-
coder in each positioned channel. This improves the
MIMO antenna structures by optimizing the FSPC
strategy.

C. Fully-scheduled precoder design

Fully-scheduled precodes

T Pmilim'suume
—@ﬁfjﬁ’}@
i ot ’,:
S0y Tat

P(LN)

| el @
e ] P

Cadta.

B(LL) £

= P(N,5) N'

d) With the proposed strategy, POMA structured LTE
network is simulated by taking advantage of MATLAB
simulation environment.

Thus, proposed work results establish the effective usage of

POMA technique applicable in 4G and 5" generation (5G)
LTE cellular system.

B. Problem Formulation

These can put as one problem, i.e., the fully structured cod-
ers, formulated as:
minimi
Fses 1P = ol - Ea 1)
rr €
i Eq.(2
subject to Y |\p  p,,1|2 = N, q-(2)

which is different for hybrid precoding structures. To maxi-
mize the spectral utilization, Eq.(1) is minimized and treat
Eq.(2) as unconstrained precoder design through a matrix value
decomposition problem, for which precoder minimization is
proposed in this paper, involving two variables Fgr and Fpg.

There are many sophisticated options in MIMO designs, like
NOMA as in Eq.(3)

Reum = loga (1+ % Zie=n Pelhil?), E4.3)

is used to create subspaces orthogonally forming a group of
spectrum to improve the performance, but suffers from PC and
SIC scheme coincides, and gain is reduced if high complex
UEs and mobile terminal (MT)s arc allowed. With the princi-
ple of precoder minimization, solution to Eq.(1) Eq.(2) and
Eq.(3) is presented throughout this paper. Simulation results
are provided in this paper to support the above, by demonstrat-
ing the efficiency of POMA, compared with other techniques.
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Figurel: POMA transmitter and receiver architecture through fully -scheduled precoder structure.

Consider a multi-user POMA system as shown in figure 1.
N' pr & N gy are the RF chains, having Ne< N' ges Ny and No=
Npe= N, variations.

P, = PpsPpaPs is the POMA link transmit, x represent trans-
mitter antenna numbers. The fully-scheduled precoders consist
of an NigexN; digital baseband precoder Pys and an NpxN'gs
fully-scheduled precoder Pye. The transmitted signal after posi-
tion structure processing is given as

g .
JRang (PP 30 P M Re Py QM 55 Q" op + P QPH 5, Q7 g # 1),
Eq.(4)
where Ry is average power received, Py is the H matrix,
Qg is the NppxNs digital baseband encoder response after
position encoding, Qgr is the Ne<Nrr fully-scheduled encoder

response after position encoding at the POMA link with CSI at
transmitter and receiver is given as,
R=

Ravg
10gaet [IN.\' + a,?lnrs(QPH“q-“nRF)TPPHEBPPHRFPHWPH HBQPHRF}'
Eq.(5)

where Iy, is the information of symbol vector. The fully-
scheduled precoders are implemented with position shifters,
which can locate the positions of the signals as shown below,

PPH g X PPH o = QPH , X Q%M = 1, Eq(6)

N, = Nt g, connected to each RF chain which in turn re-
duces the physical length of antennas in structure. Thus, the
proposed fully-schedule structure provides full beam forming
gain. The channel at the POMA uplink is modelled as
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The array response is written as
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Eq.(8)
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The first term in Eq.(8) is the variant position for analog

T

The equality is established only when Pppy=V,U", where
P Pre=U ¥, V'=USV",, which is the SVD of P";Prr, and S
is a diagonal matrix whose elements are the first N. nonzero
singular values di,..., 0 . the fully-structured is,

minimize k =1 ok 2
PREPBB=Lhcy 1P ortF P;F::BB ||,,. Eq. (17)
RF
subject to IPRFPgBk I 2y Eq. (18)

P s

precoder and the second term in Eq.(9) is the semi-variant po-

sition for digital precoder.
The POMA downlink the Signal-to-Noise Ratio (SNR)
Ve[n] = |k [n]|>SNRy, Eq.(9)

D. Position-orthogonal multiple access (POMA)

POMA is shown in figure 2.

Considering the digital precoder Pgg with a positioned fully-

structured precoder Pgs. Thus, problem (1) and (2) can be re-

stated as
i
?:T;;: |Popt 5 PRFPBB” »» Eq.(10)
fix Pgp and seek a digital precoder which optimizes the fol-
lowing problem:
MMM ||Pops = PrePos]l 3 B (11)

subject to l1Peell =" Eq. (12)

The position is given as

iz ||Pope P> — Pre |17 Eq: (13)
PR, Py =1
subjectto] . o °, Eq.(14)
I[PHF” wn =1
The problem formulation (1) implies the following
problem
minimize ||Pope Py — Pre| 5s B (15)
subject t Pio Poo =l o (16)
ect to , Eq.
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Figure 2: POMA.

To improve the throughput, consider Ny x Ng POMA system
with N transmit and Ny receive antennas, as shown in figure 2.
From a system level viewpoint, a linear time-variant POMA
channel is represented by an Ny x Ng channel matrix,

Pu(t, 1) hya(6,7) Ayt 7)
H(t,©) =| har(t,7) P22 (LT)  hys(6,7) |, Eq. (19)
hay (6,7)  haa(t1)  Ppas(tT)

here hy(t,7) is the time-variant impulse response and pi(t,7) is
the time variant position response between the jy, transmit and
iy, receive antenna.

The POMA as illustrated in figure 3: POMA structured LTE
network.
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4. SIMULATION RESULTS AND COMPARISON
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Figure 3:Principle of proposed POMA scheme, applying PC & SIC Uplink and Downlink ina single cell with one BS and two users.
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4.1. Numerical Comparisons

This work investigates the following evaluations campara-

In this section, simulation results are presented to verify the
precoder design. With the precoder position, the average ca-
pacity is analysed. With N=288, N=72, the channel parame-
ters N.=10 clusters, number of rays Np,=20 rays, the average
power of each cluster is 1, the azimuth and elevation angles of
departure and arrival is 5 degrees, the antenna spacing is 0.5
wavelength, and the distribution is [0, 27).

The simulation was developed using the MatLab in order to
implement POMA technique, applying calculations of
throughput, the services to users in the area under study.

tively i.e., N'r=N'rr=N;.
A. Efficiency evaluation

In this case, as shown in figure 4 (at 0 dB) and figure 6 (at
10 dB), the proposed fully-scheduled precoder achieves sig-
nificant higher spectral efficiency than the existing precoders
PE-AltMin [12], AE-AltMin [12], OMP Algorithm [13] [14]
and MO-AltMin [12]. On the performance, proposed precoder
achieves good performance over the SNR range considered.



simulation of BS total power with number of UEs, Figure 9
shows the simulation of BS iotal power with different Bit Rates
and Figure 10 shows the simulation of BS total power with
different Ey/N,.

Figure 4: SNR based Spectrum Efficiency Achieved through prop
fully-scheduled precoder.

Figure 8: The sim
proposed fully-scheduled precoder.

Figure 5. N based Energy Efficiency Achieved through proposed flly- - i | e
scheduled precoder. A5 O e

Through the RF chains, as shown in figure 5 (at 0 dB) and
figure 7 (at 10 dB), the proposed fully-scheduled precoder can
more accurately approximate than the existing methods [12],

[13], [16] and [17].

Figure 9: The simulation of BS total power with different Bit
proposed fully-scheduled precoder,

Figure 6: SNR based Spectrum Efficiency Achieved through proposed fully-
scheduled precoder.

Figure 10: the simulation of BS total power with different Eb/No through
Rl gt proposed fully-scheduled precoder.

Based on the UEs topology structure, the random user and
moving UE is analysed here. Figure 11 shows the simulation of
total transmission power of the Examined Node B changes
0 with time and Figure 12 shows the simulation of transmission
Figure 7 Ny bused Energy Efficicncy Achieved through proposed fully-  power of the Moving UE’s Active BS total power changes with

scheduled precoder. titne. i

B. Power evaluation :

With the transmission power set to $W, the threshold for
switching from dedicated to common resources is around 14
UEs per cell, the threshold is 10 UEs. The analysis has taken
for total power required and consumed for transmission of the
multicast data in the UEs and BS case. Figure 8 shows the



D. Rate evaluation

B L e As comparison, POMA under resource allocation, ATDMA
i ' [15] and FTDMA [15] is adopted. It is shown in figure 15, fig-
ure 16, figure 17 and figure 18, POMA is capacity achieving
have achieved performance in

under maximum sum rate and
transmission durations.

Figure:11 : The simulation o po
Node B changes with time through proposed fully-scheduled precoder,

Figure:12- the simulation of iransmission pOWEr of the Moving
BS total power changes with time through proposed fully-scheduled precoder,

C. Capacity evaluation

To evaluate the capacity of proposed POMA system, [15]
and [16] are considered It is observed from the figures 13 and
more in proposed POMA system

14 that the potential gain is
compare to [15] and [15].

Figure:

Figure 19 (at 5 dB) and figure 20 (at 10 dB) compares dif-
ferent parameters under perfect POMA system with the same
channel parameters as those in the figures. Compared POMA
with MRC-SIC [16], ZF [17] and MRC [17], through the same
SPC and PC levels, capacity analysis with unequal rate alloca-
tion applicable to both uplink and downlink. From the results,

the POMA performs close (o maximum value, avoiding noise




cancellation, perform well for both EPC and SPC and increase

in gain and resource allocation.

1gure:

Based on the channel type, Figure 21 to 26, the simulation
results give the performance of proposed precoder performance
in different environment scenario.

1gure 6: In outdoor to outdoor environment scenario

The values of spectral efficiency are presented in table 1, the
average and maximum throughput, obtained by the simulations.
For a data centric distribution, the values of spectral efficiency

Figure:22: In indoor to outdoor environment scenario

Table 1- Throughput and Spectral efficiency resultsin four scenarios

are observed in four scenarios, caused by the difference of the
number of BSs in the network, thereby creating a better use of
bandwidth used by BSs. In what regards the average and
maximum throughput values, these are obtained from the lower
radius coverage, available on scenarios, which have influence
on maximum throughput offered by each BS.

Scenario Indoor Indoor-to-outdoor Qutdoor-to-indoor Rural
Distribution Data Centric Data Centric Data Centric Data Centric
Average Throughput 0.39 Mbps 0.41 Mbps 0.41 Mbps 0.74 Mbps
Maximum Throughput 1.02 Mbps 1.07 Mbps 2.09 Mbps 2.17 Mbps




5. CONCLUSIONS

On the LTE system, the POMA system has been made, in
this paper fully-scheduled precoder is designed for hybrid pre-
coder in MIMO systems. Proposed LTE system has well simu-
lated in Matlab environment and concludes as:

a)
b)

c)
d)
€)
f)

The fully-structured precoders approach is performed
The increase in power and cost doesn't affect the in-
crease in number of RF chains.

Providing maximum gain and sum rate over beam form-
ing.

Demonstrated effective Ey/N, values for BER compari-
sons in the designed POMA system.

The data rate is improved and with this high data rate,
massive users can be allocated in spectrum,
Performance degradation is reduced through POMA
technique, uplink problem of channel estimation ‘is re-
solved in the proposed work through structuring the
UEs with different operators simultaneously.

Finally, architecture results of LTE network can demonstrate
an effective 4G communication system in real-time environ-
"7 ment for the extension of this work through proposed spectrum
sharing among UEs using POMA system.
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