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ABSTRACT—According to 3GPP, the
frequency bands used by 5G technologies span
various parts of the spectrum. For instance,
mmWave frequencies are utilized for short-
range communications in 5G mobile networks,
providing higher bandwidth and supporting
greater data rates. They also mitigate path loss
using the carrier aggregation feature. The
frequency bands for 5G wireless technology
are classified into FR1 and FR2 ranges. The
FR1 range (4.1 GHz to 7.125 GHz) is
primarily used for traditional cellular mobile
communications, while the FR2 range (24.25
GHz to 52.6 GHz) is designed for short-range,
high data rate capabilities. Orthogonal
Frequency Division Multiplexing (OFDM)
techniques are employed to convert a
frequency-selective wireless channel into a set
of frequency-flat sub-channels, improving
multipath fading, bandwidth efficiency, and
reducing inter-subcarrier interference. Modern
wireless communication standards, such as the
802.11x family, combine OFDM with
multiple-input ~ multiple-output  (MIMO)
techniques to enhance data rates. MIMO,
using an array of antennas, achieves a higher
signal-to-noise  ratio (SNR) through
beamforming, which reduces the bit error rate
(BER). This research paper focuses on the
performance of hybrid beamforming for
single-user and multi-user massive MIMO-
OFDM systems, exploring various system-
level configurations for different channel
models in the FRI and FR2 bands.
Keywords—mmWave communication,
massive MIMO, hybrid beamforming, OFDM,
5G.

LINTRODUCTION

Modern wireless communication systems are
using “Spatial multiplexing” to enhance the
throughput of transmitting data within the
wireless system in severe scattered channel
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conditions. To transmit multiple data streams
through the wireless channel, a channel matrix
is used to derive a set of precoding and
combining weights both magnitude and phase
terms. At the receiver (Rx), each data stream is
recovered independently. 5G wireless systems
have an advantage of higher bandwidth at
“millimeter wave” (mmWave) frequency.
Also, 5G wireless systems minimize severe
propagation loss in the mmWave band by
deploying large scale of antenna arrays at the
cost of unique technical challenges. 5G NR
defines the cyclic prefix lengths for all
subcarrier spacings in such a way that OFDM
symbols align regularly, irrespective of the
subcarrier spacing. A carrier and bandwidth
part in 5G is characterized by a subcarrier
spacing, several resource blocks, and a starting
resource. For the given bandwidth, the number
of resource blocks is less at higher subcarrier
spacings and vice versa. A bandwidth part is
associated with the carrier that has the same
subcarrier spacing, but there are several
bandwidth parts with the same carrier spacing.
Bandwidth parts can be seen as a way to
address the available spectrum to a UE.
Bandwidth parts address the issues like when
UEs may not be able to receive the full
bandwidth, even when UE is capable of
receiving a large bandwidth, it will save power
if it can be addressed with smaller bandwidth.
Situations when UEs doesn’t want high data
rates then. One UE can be associated with up
to four bandwidth parts, however, one UE can
only have a single bandwidth part active at a
time. These  bandwidth  parts  are
preconfigured, and the UE can be instructed to
switch between these different parts over time.
The resource element in 5G NR is the smallest
time by frequency unit, which is one
subcarrier by one OFDM symbol. A resource
block is defined as a group of 12 subcarriers
with  no  associated time  duration.
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Beamforming is a method of concentrating
radio frequency (RF) energy in a particular
direction and this technology allows Access
Point (AP) to see where the signal is getting
dropped and adjust accordingly. MIMO
wireless systems are increasingly being used
in recent communication systems for higher
gains in capacity by realizing them using
multiple antennas that use spatial dimension
apart from time and frequency dimensions,
without varying bandwidth of the wireless
system. Table I shows the various possible
operating frequencies in FR1 of 5G NR [11]
[12]. As the carrier frequencies in 5G can be
as high as 60 or 70 GHz, (whereas in LTE
carrier frequencies are < 6GHz) there has been
significant consequences on the design of the
physical layer, as beamforming becomes
required to support those higher frequencies.
At those higher frequencies, more spectrum is
available, and 5G NR is set to take advantage
of this spectrum with up to 400 MHz of
bandwidth. At higher carrier frequencies,
signals need to be beamformed to overcome
propagation losses. As a result, it is both
difficult and not useful to provide cell-wide
reference signals. The signal strength would
be too low and each channel is beamformed
which means that the UE would need to be
informed of the precoding matrix separately.
Instead, UEs in 5G rely on reference signals
that undergo the same beamforming as the
associated channel. The 5G  standard
distinguishes between two ranges for carrier
frequencies called FR1 (< 6GHz with TDD &
FDD), FR2 (23-53 GHz with TDD). These
two ranges correspond to very different
propagation conditions and some physical
layer settings only apply to one of those
modes [8] [13] [14].
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TABLE L. 5G NR OPERATING FREQUENCIES IN FR 1

Range of frequencies in FR1

Pt | upimeiong | Opnibk | Bl | S
nl 1.92-1.989 2.11-2.17 60 FDD
n2 1.85-1.91 1.93-1.99 60 FDD
n3 1.171-1.785 1.805-1.88 75 FDD
ns 0.824-0.849 | 0.869-0.894 25 FDD
n7 2.5-2.67 2.62-2.69 70 FDD
n8 0.88-0.915 0.925-0.96 35 FDD
n20 0.832-0.862 0.791-0.821 30 FDD
n28 0.703-0.748 0.758-0.803 45 FDD
66 1.71-1.78 21122 90 FDD
n70 1.695-1.71 1.995-2.02 15/25 FDD
n71 0.663-0.698 | 0.617-0.652 35 FDD
n74 1.427-1.47 1.475-1518 43 FDD
n38 2.57-2.62 2.57-2.62 50 TDD
ndl 2.469-2.69 2.469-2.69 194 TDD
ns0 1.431-1517 1.431-1517 85 TDD
ns1 1.427-1.432 1.427-1.432 5 TDD
n77 33-42 3342 900 TDD
n78 33-38 33-38 500 TDD
n79 44-5 4.4-5 600 TDD

5G NR defines the waveform to be OFDM [7]
with a cyclic prefix. It decreases the guard
band for the waveform (5G waveforms are not
limited to 90% of the bandwidth unlike in
LTE). The subcarrier spacing in 5G is variable
and it is powers of two multiples of 15 kHz up
to 240 kHz. As a result, the OFDM symbol
duration is reciprocal of the subcarrier
spacing, and it shrinks by a factor 2, 4, 8, Or 16
for the highest subcarrier spacing. The
maximum supported bandwidth is SOMHz at
15 kHz subcarrier spacing and it doubles each
time to reach 100, 200, 400MHz at 120 kHz
spacing. For the highest subcarrier spacing of
240 kHz, the number of supported subcarriers
is halved, which means that the bandwidth is
still 400MHz. As subcarrier spacing increases,
supported bandwidth increases and duration of
OFDM symbol and latencies at physical layer
decreases. 5G NR retains the concept of
10msec frame divided into 10 subframes of
Imsec duration each however, the slot
definition is different from LTE. One slot is
defined as 14 OFDM symbols, which
corresponds to one subframe in LTE. In 5G,
the number of slots per subframe changes due
to variable subcarrier spacing. As the
subcarrier spacing doubles, the slot length is
halved, because the OFDM symbol length is
halved. For this reason, the number of slots
per subframe doubles. The subcarrier spacing
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of 15, 30, 60 kHz is available in FR1. For
FR2, which corresponds to mmWave
frequencies, data transmission can only use
subcarrier spacing 60 kHz or 120 kHz. But,
240 kHz subcarrier spacing is reserved for
non-data channels (synchronization signal
block).

TABLE. II 5G NR SUPPLEMENTARY FREQUENCY BANDS IN FR1

Range of frequencies in FR1
Band  Uplink [GHz| D‘l’gl“{';‘k B“[’l’\‘;}”;iz‘l"h
n75 - 1.432-1.517 852
n76 — 1.427-1.432 52
n80 1.171-1.785 75°
n8l1 0.88-0.915 --- 350
n82 | 0.832-0.862 300
ng83 0.703-0.748 - 450
n84 1.92-1.98 60°

# Supplementary Downlink band(SDL)

i Supplementary Uplink band (SUL)

TABLE. III 5G NR OPERATING FREQUENCIES IN FR2 BANDS

Range of frequencies in FR2
Band Uplink Downlink Bandwidth Duplex Mode
[GHZ] [GHz| [MHz]
n257 | 26.5-29.5 26.5-29.5 50-400 DD
0258 | 24.25-275 | 2425-275 50-400 TDD
n259 | 39.5-43.5 39.5-435 50-400 TDD
n260 | 37.0-40.0 | 37.0-40.0 50-400 oD
n261 | 27.5-2835 | 27.5-2835 50-400 DD

II. LITERATURE SURVEY

There are 3 types of beamforming (BF), static
BF is performed by using many directional
antennas grouped aiming away from a center
point to provide a fixed radiation pattern.
Dynamic BF can dynamically adjust the
radiation pattern to provide the best signal for
each device connecting. The adaptive antenna
array is used in this type to manoeuvres the
beam in the direction of a targeted Rx and this
technology is called “smart antenna
technology” or “beam steering”. It can focus a
beam in the direction of an individual user.
Lastly, transmit beamforming (TxBF)
performed by transmitting multiple phase-
shifted signals and all these signals hopefully
will arrive in-phase at the receiver. [1]
classifies the hybrid beamforming techniques
based on (i) amount of required CSI for the
analog beamformer portion (ii) complexity
(reduced/full complexity and switched), and
(iii)) range of carrier frequencies (cm-wave
versus mm-wave,as the channel characteristics
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and RF impairments, are different for these
range of frequencies). [1] Shows that
instantaneous CSI provides improved Signal-
to-Noise ratio (SNR) and Signal-to-
interference ratio (SIR) and the average CSI
provides minimum overhead for CSI
acquisition.  [2] explored the hybrid
beamforming designs for Massive MIMO
FDD downlinks and functionalities various RF
chains at the UE. [2] Proves that the optimal
design decoupling of analog precoder &
combiner using strongest eigenbeams of the
receive covariance matrix with Kronecker
model of the channel and digital precoder to
improve the conditional average signal-to-
leakage and noise ratio. [2] Also proposes a
weighted average mean square error
minimization (WAMMSE) algorithm for
improving a lower bound of the conditional
average net sum rate. The simulated outputs
show that the proposed algorithm gives better
performance to support Massive MIMO FDD
downlink under various scenarios also tells the
essentiality of using conditional 2nd order
channel statistics in designing a digital
precoder to combat the inter-group
interference [2]. [3] Chooses a single user
transmit precoding & Rx combining in
mmWave communication systems where
traditional MIMO has been made high
dependence on RF precoding. By taking the
advantage of mmWave channel structures, [3]
proposed a low cost and low complex
hardware precoding algorithms and formulated
mmWave precoder design as a sparsity-
constrained signal recovery and proposed an
algorithm that accurately approximates the
optimal  performance using orthogonal
matching. The framework proposed in [3] also
applied in designing MMSE combiners for
mmWave communication systems. The
precoding algorithm is well-applicable to
limited feedback systems and quantized
efficiently, also the output results in [3] match
the theoretical values of spectral efficiency.
[3] Showed the directions of research towards
mmWave precoding techniques by relaxing
the assumptions made like perfect CSI at Rx,
information about antenna array structure and
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lastly the limited to narrowband channels. [4]
Gives the guidelines for optimized pre-
beamforming, for spectral efficiency under
max-min fairness and proportional fairness
criteria which gives good results. Proposed [5]
two suboptimal techniques in the multiuser
channel for optimum information transfer.
First, block diagonalization  algorithm
asymptotically approaches capacity at high
SNR, second is successive optimization
algorithm is well suited to minimizing the
output power for fixed transmission rates. For
lower SNR channels, it can outperform the
first technique. However, both the techniques
are straightforward, computationally efficient
and allow a good tradeoff between
computational complexity and performance.
For channels where both the techniques are
not applicable directly, the third technique
called joint transmitter and Receiver (Tx-Rx)
processing can be used to minimize the
problem dimensionality. Both the algorithms
proposed in [5] needs partial or complete
Channel information at the Tx. Such
information is very less at higher SNR for the
single-user channel. The performance gap
between theoretical and practical increases for
higher and higher values of SNR or as many
Tx antennas increases in the case of multiuser.
This may lead to a higher cost of having CSI
at the Tx more justifiable [6]. The authors [9]
defined a transmission scheme “a joint spatial
and power-domain multiuser (JSPM)” and it
gives higher Power-domain multiplexing gain
when it was compared with traditional spatial
multiplexing schemes. The results were
validated with 16 users/cell at system-level
simulation and it was shown that JSPM gives
15% higher spectrum efficiency gain and it
increases with the number of active users per
cell. Another observation from the simulation
results is that antenna array with a larger
number of horizontal column antennas gives
better performance, as the user distribution in
the horizontal plane is more intensive
compared to the vertical plane in practical
networks.
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TABLEIV. 5G NR PHYSICAL LAYER SPECIFICATIONS IN FR1 AND FR2

Specification FR1 FR2
Bandwidth/Carrier | 5,10,15,20,25,30,40, 50, 100, 200, 400
50,60,70,80,90,100 MHz
MHz
Subcarrier Spacing 15,30, 60 kHz

60, 120,240 kHz

Max. no. of

. 3300 (FFT 4096)
subcarriers

Up to 16 number of

Carrier aggregation 3
EEres carriers

QPSK, 16 QAM, 64

Modulation QAM. 256 QAM
Length of Radio [Gitisis
frame
Length of Radio
Imsec
subframe
Duplex Mode FDD, TDD TDD
Downlink: CP-
Multiple  Access OFDM
Scheme Uplink: CP-OFDM,
DFT-s-OFDM
Max. of 2

codewords mapped
to Max. of 8 layers
in downlink and 4
layers in the uplink

III.PROPOSED SYSTEM

This paper tells us the techniques of
introducing “hybrid beamforming” at the Tx
end of a “massive MIMO” wireless
communications system for both single-user
and multi-user wireless systems. To find the
“channel state information (CSI)” at the Tx,
full channel sounding technique is used. It
divides the required precoding into analog RF
components and digital baseband for single-
user and multi-user wireless systems using
various techniques. Simplified all-digital Rxs
recover the multiple transmitted data streams
to highlight the “error vector magnitude
(EVM)” and BER which are common figures
of merit for a wireless communications system
and a static-flat MIMO channel is used for
validating simulation

MIMO Scheme
[14]

Transmitter Peruser processing;

User1 —o| Encoder, OFDM Analog MIMO Rx
Mapper ™ Precoding Channel Frontend
Data bis oigtal ﬁ
porueer Precodig LT
Soundng
Encoder, b
vsrk | et [
pe— o oFoM
Decoder Equalize Rx

B
Fig. 1. Model for Data Transmission and
Reception in MIMO-OFDM Systems
This paper uses two-channel types for
validation purposes, namely, static-flat MIMO
channel and spatial MIMO channel. While
simulating the wireless system, single-bounce
ray tracing approximation scattering model

T

Fbb from
Sounding

Data Transmission & Reception
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was used with a 100 parameterized number of
scatterers. During the simulation, the scatters
are modelled and randomly placed around the
Rx within a spherical shape using “Scattering”
option same as the one-ring model shown in
[6]. The path-loss modeling can be performed
for “line-of-sight (LOS)” as well as non-LOS
propagation conditions while modeling the
wireless channel. In our simulations, linear
and rectangular array antennas are considered
with isotropic radiation pattern for non-LOS
path scenarios. Channel sounding and Data
transmission were performed with the same
channel conditions. Data transmission usually
depends on the number of data symbols that
can be more duration. The preamble is
appended to the data symbols and it is used to
evaluate the channel transmission stage and
channel sounding stage. For data transmission
stage validation, preamble improves the
success of channel to a valid state and it is
refused from the output of the channel.
Multiple independent channels/user can be
modeled for a multi-user system, and the Rx is
modeled for each user that amplifies the signal
for path loss compensation and thermal noise
is added. Rx of a MIMO-OFDM system
contains stages that include channel decoding,
QAM demapping, MIMO equalization and
OFDM  demodulation. The  received
constellation of the equalized symbols
provides a quality of MIMO system model.
The actual BER can provide the quantitative
analysis by comparing the received decoded
bits/user with the transmitted bits. At the Tx,
system parameters are configured which
includes channel coding, mapping of bits to
complex symbols, converting the individual
data streams into more number of transmitted
data streams, baseband precoding of the
transmitting streams, pilot mapping of OFDM
modulation and analog beamforming of RF
sections for all the Tx antennas.
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IV. RESULT
U1,DS1 u1,DSs 2 U1,DS3
2 2 2
-2 -2 -2
-2 0 2 -2 0 2 -2 0 5
2U2,DS1 U2 DSs2
2 2
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U3,DS1
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0 0

2

Fig. 2. Equalized Symbol Constellation per
Stream for MIMO Channel

The simulation was performed by considering
4 users with multiple data symbols and the
channel type was MIMO, the modulation
schemes were chosen was QPSK, 16-QAM,
64- QAM and 256-QAM. The analysis was
performed at a carrier frequency of 28 GHz in
FR2 band and 6 GHz, 4 GHz in FR1 band
with a channel sampling rate of 100 Mbps and
the precoding weights of baseband and RF
analog are determined for single-user, multi-
user systems using Orthogonal Matching
Pursuit  algorithm and Joint  Spatial
Multiplexing algorithms respectively. The
analysis is performed by calculating the Error
vector magnitude for different modulation
schemes at frequencies belongs to FR1 and
FR2 bands with single and multiple users as
shown in Table V.
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Fig. 3. Radiation Pattern for 256-QAM
Modulation Scheme for MIMO Channel at a
Carrier Frequency of 28 GHz

TABLE V PERFORMANCE OF MASSIVE MIMO BEAMFORMING OVER FR2
BANDS

Number Qutput Parameters
Modulation of RMSEVM | RMS s
e Users ) EVM | EVM (%)
@28 GHz | (%) @6 | @4 GHz
1 0.0003772 | 048885 | 058714
2 0.0002321 | 13148 13114
R 3 9.6198¢-05 | 13807 1.5296
4 0.0002179 | 055241 | 11716
1 0.00038581 | 049017 | 059282
2 0.00023183 | 15244 | 1.2927
oo 3 9.4397¢-05 | 13876 1.5435
4 0.00021584 | 056225 | 11707
1 0.00037348 | 049095 | 0.59808
2 0.000233 1.1141 1456
pramt 3 9.5877¢-05 | 14276 1.544
4 0.00022087 | 0-55508 | 1.1663
1 0.00039011 | 0-49437 | 0.592
2 0.00022946 | 15608 1372
B 3 9.8535¢-05 | 13833 | 1.5652
4 0.00022505 | 0-55373 | 11552

From the results shown in Table V, it is clear
that the error vector magnitude is higher at
lower frequencies and it decreases with
increasing frequencies. The figures from Fig. 2
to Fig. 7( except Fig. 3) represents the
radiation patterns and equalized symbol
constellation diagrams of various modulation
schemes like QPSK, 16-QAM, 256-QAM and
the corresponding radiation patterns at
different carrier frequencies like 4 GHz, 6
GHz and 28 GHz. We have also compared the
performance characteristics of MIMO Channel
with Scattering channel and the corresponding
radiation pattern was shown in Fig. 3. From
the results, it is clear that the MIMO channel
outperforms the Scattering channel in terms of
signal transmission and the errors.
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Fig. 4. Radiation Pattern for 256-QAM
Modulation Scheme for Scattering Channel at
Carrier Frequency of 6 GHz

V. CONCLUSION

This paper focuses on the application of
hybrid beamforming techniques for multi-user
MIMO-OFDM  systems. It examines the
impact of various system configurations on
different channel modeling scenarios by
adjusting system-level parameters. These
parameters include channel models, the
number and placement of Tx/Rx antennas, the
number of data streams per user, and the
number of users. By varying these parameters,
we can analyze their individual or combined
effects on the overall wireless communication
system. Additionally, we explore the transition
between single-user and multi-user systems by
modifying the channel types, data streams, and
user counts. Future research will involve
increasing the modulation scheme order and
the number of users to study the effects on
Error Vector Magnitude (EVM).

REFERENCES

[1] Andreas F. Molisch, Vishnu V. Ratnam,
Shengqian Han, Zheda Li S, Sinh Le Hong
Nguyen, Linsheng Li, Katsuyuki Haneda.
"Hybrid Beamforming for Massive MIMO: A
Survey." IEEE Communications Magazine,
Vol. 55, No. 9, Sept 2017, pp. 134-141.

[2] Li Z., S. Han, and A. F. Molisch. "Hybrid
Beamforming Design for Millimeter-Wave
Multi-User Massive MIMO Downlink." IEEE

R7



Industrial Engineering Journal

ISSN: 0970-2555

ICC 2016, Signal  Processing  for
Communications Symposium.

[3] Omar El Ayach, Sridhar Rajagopal, Shadi
Abu-Surra, Zhouyue Pi, and Robert W. Heath,
Jr "Spatially Sparse Precoding in Millimeter
Wave MIMO Systems." [EEE Transactions on
Wireless Communications, Vol. 13, No.3,
March 2014, pp. 1499-1513.

[4] Adhikary A., J. Nam, J-Y Ahn, and G.
Caire.  "Joint  Spatial  Division and
Multiplexing - The Large-Scale Array
Regime." IEEE Transactions on Information
Theory, Vol. 59, No. 10, October 2013, pp.
6441-6463.

[5] Spencer Q., A. Swindlehurst, M. Haardt,
"Zero-Forcing Methods for Downlink Spatial
Multiplexing in Multiuser MIMO Channels."
IEEE Transactions on Signal Processing, Vol.
52, No. 2, February 2004, pp.461-471.

[6] Shui, D. S., G. J. Foschini, M. J. Gans and
J. M. Kahn. "Fading Correlation and its Effect
on the Capacity of Multielement Antenna

Systems." IEEE Transactions on
Communications, Vol. 48, No. 3, March 2000,
pp. 502-513.

[7]. G. Jagga Rao, Y. Chalapathi Rao, Dr.
Anupama Desh Pande "Detection For 6G-
NOMA Based Machine Learning
Optimization  for  Successive  Adaptive
Matching Pursuit Analysis", Q3, pp. 1803-
1812, Jan 2020.

[8]. Sudha, Y. Chalapathi Rao, G. Jagga Rao"
Machine Learning based Copy-Move Forgery
Detection with Forensic Psychology Ultra-Hd
images"in Volume 81, Nov-Dec-2019.

[9]. Dr. B Sankara Babu, Srikanth Bethu, K.
Saikumar, G. Jagga Rao, "Multispectral
Satellite Image Compression Using Random
Forest Optimization Techniques" Journal of
Xidian University, in Volume 14, Issue 5-
2020.

[10]. G. Jagga Rao, Y. Chalapathi Rao,
"Human Body Parts Extraction in Images
Using JAG-Human Body Detection (JAG-
HBD) Algorithm Through MATLAB"
Alochana Chakra Journal, Volume IX, Issue
V, May/2020.

UGC CARE Group-1,

Volume : 53, Issue 6, June : 2024

[11]. Dr. k. Raju, A. Sampath Dakshina
Murthy, Dr. B. Chinna Rao,G. Jagga Rao "A
Robust and Accurate Video Watermarking
System Based On SVD Hybridation For
Performance  Assessment" International
Journal of Engineering Trends and
Technology (JETT) — Volume 68 Issue 7 -
July 2020.

[12] Theodore S. Rappaport, Yunchou Xing,
George R. MacCartney, Jr., Andreas F.
Molisch, Evangelos Mellios, and Jianhua
Zhang, “Overview of Millimeter Wave
Communications for Fifth-Generation (5G)
Wireless Networks—With a Focus on
Propagation Models” IEEE TRANSACTIONS
ON ANTENNAS AND PROPAGATION,
VOL. 65, NO. 12, Dec 2017

[13] 3GPP TS 36.213. "Physical Ilayer
procedures." 3rd Generation Partnership
Project; Technical Specification Group Radio
Access  Network; Evolved  Universal
Terrestrial Radio Access (E-UTRA). URL:
https://www.3gpp.org.

[14] George Tsoulos, Ed., "MIMO System
Technology for Wireless Communications",
CRC Press, Boca Raton, FL, 2006.

58



