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ABSTRACT: Communication with the millimeter-wave (mm-Wave) is one of the new features present in the
fifth generation (5G) mobile networks. The possibility and challenges related to a large population have
encouraged many study-based studies to evaluate proposed solutions. Communication in millimeter waves is one
of the following Great innovations of the 5G mobile network. For a big reason: Available bandwidth value.
However, a millimeter-wave channel given the nature of harsh distribution and sensitivity to congestion.
Therefore, the correct modeling of mm-Wave channels is the basis for obtaining accurate results in the simulation
of the mm-Wave mobile system. The quality of the mm-wave simulation depends on the channel model, but the
favorite channel models of millimeter waves such as the spatial channel model (SCM) have advanced computer
density and reduce the density of the solution. End-to-end, systematic development and research. This paper gives
an informative exercise in the mm-Wave full-grown section included in ns-3 open source testing system. The
module incorporates a variety of models as well as the ability to combine real-time measurements or radiation
tracking data. This paper provides equal distribution of a few measurements, for example, SINR in very big cases.
We also provide pieces of information on the use of cases where using an easy model can produce the official
outcome.

Keywords - channel model, 5G network, mm-wave, simulation, channel simplification, narrow-band, wide-band,
path loss.

Introduction

5G mobile networks are the fifth to receive frequencies above 6 GHz to give optimal availability in
portable environments. The wavelength points to the microwave with a frequency of 1 mm~210 mm, and the
frequency range is 30 GHz~300 GHz. With the current advances in remote communication, the 270 GHz
frequency range is a significant and important asset. The key point is that the 40 GHz~60 GHz mm-wave signal
can be used without permission worldwide. Subsequently, the testing and use of new communication devices
based on high-frequency mm-wave have been widely explored around the world.

In addition, on mm Waves, countless receiving device components can be packaged with few structural
factors, which enables electronic product manufacturers to plug in huge receiving harnesses like in mobile phones
or VR headsets. In any case, the use of this high frequency will bring a series of movements, which are considered
to be the cause of the severe weather, that is, the high isotropic path loss and the effect on congestion. Specifically,
the path loss corresponds to the square of the number of transmitter repetitions, and the path loss at mm Waves is
significantly higher than the frequency band below 6 GHz, which limits the reporting area of base stations working
in this frequency range.
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Fig.1 - the structure of a system-level simulator for mm-Wave networks
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In general, the basic component of this structure is a data packet, and its successful adoption on the
communication signal device depends on the SINR value and the framework(model) of the marker error at the
packet error level (Andrews et. al., 2016). Therefore, reliable SINR estimates based on an accurate channel
framework are the basis for a complete performance test. However, modeling a millimeter-wave channel is one
of the most powerful in simulation.

In this paper, we have explored the feasibility of building the most widely used 3GPP SCM without
vulnerable the accuracy of the original format or model. Model, used as a benchmark. First, we describe the
computer complexness of the model and show that complex calculations associated with the creation of a
regulatory vector are the most important factors affecting production time The SCM channel, then, simplifies
these calculations by deleting bunch and sub-methods (i.e., parts of the channel area) and examination carrying
out Benchmark model and simplified framework. We show that certain indicators are not affected by this
simplification (or only a small amount), while the performance time of the channel is reduced by 12.50 times
(Giordani et. al., 2019). We will also detail the boundary of this simplification and provide details on when to use
the simplified edition of the authorized model. The whole article is organized like this. In the first section, we will
focus on SCM and introduce the main features of the millimeter-wave channel model. After that, we introduced
the profiling mm-wave channels models in section 2. Section 3 contains channel simplification and section 4
contains the impact of channel simplification layers.

1. MM-WAVE CHANNEL MODELS -

Accurate modeling of extension and attenuation on a millimeter-wave bench has been the subject of a
research perspective in recent years. It has performed many measurements and models. A review of the millimeter-
wave channel model identified other basic features of millimeter-wavelength, namely high frequency and input
losses less than 6 GHz, sparsity in the angular domain, blocking effects, and permissions (Mezzavilla et al., 2018).
The difference between the linear regime and the non-linear regime and the effect of small dimensions is reduced.
The millimeter-wave channel model can be split into three- parts. Quasi-destines models are very accurate in some
cases, but require models that have a more detailed nature and are computer-generated. On the other hand, the
models used in the analysis studies are based on Rayleigh or Nakagami fading and are often combined with the
primary model for making followers. These types make it easy to calculate the channel, but they are not geometric
and square, and cannot capture area sizes, for example, millimeter-wave channels.

SCM is usually used to weigh the trade-offs. SCM is a kind of random model that extends WINNER and
WINNER I1 models, which can display beamforming communications. Vector, and has been selected by 3GPP
for the framework level assessment of the 5G organization. In this article, we will simplify the frequency of the
3GPP model in the range of 0.50 to 100 GHz.

SCM is presented by the unfortunate and vague framework produced. Basically identify the Line-of-
Sight conditions of the connection (probability or accurately describe the climate) and normal channel acquisition,
as well as various conditions of Line-of-Sight(LOS) And Non-Line-of-Sight (NLOS) conditions.

In order to show attenuation, SCM uses grid H and Nan, TX to talk to the channel Line and Nan, RX
segment, compare with transmit/acquire radio line components. The frame segment (I, j) is given by a mixture of
N beams, which simulate various precise segments of the communication channel between two mobile phones
(Testolina et al., 2020). The ability of each group is displayed through a dramatic ability delay curve, Depending
on the postponement, all of the bundles will appear on the recipient. Therefore, the line-of-sight method is the
most rooted group related to basic delay, only lagging behind some reflections. In addition, each group can be
displayed by the superposition of M sub-paths, and M sub-path 1 provides specific insights around the beam’s
arrival angle and departure angle.

The single detection of matrix H depends on the combination of large and rapid withers. First, it will
affect aspects of power delays, angle distribution, and relative Line-of-Sight component relative to the Line-of-
Sight component. Non-Line-of-Sight thinking and shadows. Larger parameters usually depend on the condition
to be performed by the models. In contrast, a faster end mimics small changes in a channel, for example, the
Doppler spread introduced by the user's movement. Actually, The parameters may differ from the different SCM
and are generally represented by random distribution suitable for the data collected in the measurement function.
As SCM was developed to support beamforming and antenna performance, it is popular in the mm-Wave domain.
It is quite possible to obtain the advantage of positive performance by combining the vectors forming the
beamforming of the transmitter and receiver with the channel matrix H. However, as we will discuss in the next
section, the correct statistics are The most time-consuming part of making a channel.

2. Profiling of mm waves channel models-

The single detection of the H matrix depends on the combination of huge and rapid withers. First, it will
affect aspects of power delays, angle distribution, and relative Line-of-Sight (LOS) components, Non-Line-of-
Sight (NLOS) thinking, and shadows. Larger parameters usually depend on the condition to be performed by the
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models. In contrast, a faster end mimics small changes in a channel, for example, the radio detection and ranging
introduced by the user's movement. Actually, The factor may differ from the different SCM and are normally
represented by arbitrary distribution suitable for the data collected in the measurement function. As SCM was
developed to support beamforming and antenna performance, it is popular in the mm-Wave domain. It is quite
possible to obtain the advantage of positive performance by combining the vectors forming the beamforming of
the transmitters and receivers with the channel matrix H. However, as we will study in the next part, the correct
statistics are The most time-consu
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When processing the cable list, the channel model can have no more exposure to scalar pulses that change
over time. Instead, as described in the second part, the channel, the response is contained in each matrix Nan, TX
element of the sending array items to one by one Nan, RX element of the Find array items. As an example of a
channel It produces a lot of radiation from different directions, Turn this direction into a defined approach Channel
matrix is required. Think of small signs And a small opening antenna, from The angle of any antenna component
that will be a state An original copy of the signal is sent. Use the directional vector to represent the phase
transformation of all planned objects, too It, therefore, contains complex phase flexibility. Awareness This concept
is valid for collections that are entered (or left) in any collection Guidance and planning of the dispute (Kyosti et
al., 2017). As a case of using mm-Wave Expectations are very much focused on having tens or hundreds of plans
Antenna, code designed for such situations, A few cases will reduce the performance a bit Use an antenna (for
example, use one for transmission and reception).
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Our profiling emphasizes, The boot vector and its component are the very large time-consuming part of
the matrix model generation Represents the 3GPP channel, according to the "calculation” list in Fig.2 For a single-
channel (e.g.High € C1 x 1), it takes 79.42% time. This Percentage increment for the largest antenna reaches
90.38% suspension. As statistical entry is related to performance And the integration of the directional vector,
which is the number of collections and subways created, to Combination: Channel is rich, calculation speed is
slow. For example, as shown in Figure 2, It takes up to 1.64 milliseconds to do the calculations 2.07 ms in total,
and antenna configuration for size The scale, to produce the largest channel matrix, the calculation requires 61.19
milliseconds, a sum of 67.7 milliseconds.

3. Channel simplification-

In this segment, we analyze the impact of simplification on network statistics obtained from the network
reproduction. The 3GPP channel model divides the three provinces of the channel, namely Line-of-Sight(LOS),
Non-Line-of-Sight (NLOS), and "outdoor to indoor".
let NLos = 12 collections available in LoS, Nnros = 20 in Nies, and in Nozi = 12 in O21 channel situation, in short
N = 12/20/12.

We follow two overall simplification techniques: on the one hand, reduce the number of beams, on the
other hand, reduce the number of neutron paths in each group. There is no doubt that the last one can be converted
from M = 20 to M = 1 compared to a group with only the basic mode and no sub-modes. The azimuth and
ascending point extensions are only specified for certain specific beam configurations, and they can be added
uniquely to separate the configuration boundaries prohibited by the model. Subsequently, this restricted us to
Simplify to groups. Specifically, the channel model has been fully completed to allow a peak simplification to
Nios = 8, Nnwos = 8, Noai = 8, instead of the default values. Given the various commitments to the unpredictable
computational computing tested in Phase 11, the acceleration factor should be accompanied by a decrease in the
general number of collections and sub-methods (Sun et al., 2018). However, a few additional theories have to be
considered, which makes the reliance on the multiplicity of networks and methods below very inaccurate. In
particular, reducing the N's state of a single channel will contribute. depending on the number of customers in that
old state. In considering the situation, following the specification, 80% of customers, being in-house, are in
Outdoor to indoor conditions, making NO2I the most important condition for weight loss. In addition, depending
on the use and location of the basic access, one may only need to look at gNB- associated clients, adding another
layer of uncertainty in these papers. In our testing program, communication is entirely dependent on the collection
of path loss and darkness shading, and the transmission channel is exclusively available to customers who
successfully meet gNB.
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Fig. 3: Configurations of UE and five gNB

We examined different configurations (N, M) of different array sizes, two of which were UE and five
gNB, to test our approach to multiple settings. Same sizes Selection was made based on standard values in the
literature, and cases with one antenna and UE multiple antennas were tested. In the calculation(Lodro et al., 2018).
On figs. 3a and 3b, the production time and acceleration of N = 12/20/12 with respect to the establishment of the
foundation are indicated. In UE for a single antenna, the matrix production time of a single channel has been
reduced by 12 times, from 18.75 milliseconds to 1.49 milliseconds (Heath et al., 2016). Note that according to the
above with respect to the distribution of the channel state, the acceleration factor does not have to be equal to the
decrease in the number of clusters.

By looking at the relationship between simplification and channel strength, we examined the impact of
simplification on (i) narrowband SINR; (ii) wide-band signal-to-interference (SIR) measurement.

a. The Narrow-band SIN express as
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Narrowband details are not affected by channel simplification (Samimi et al., 2016), although broadband
will be affected by it. It is interesting to use N = 12/20/12, M = 20 as the mode to eliminate clusters that do not
affect AFBW, but in fact, the exclusion sub-method does not significantly affect LCF.
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Fig 5. Wideband SIR Threshold [db]

In the case of broadband, we considered two metrics to measure the effect of attenuation on system
execution. LCF frequency is defined as the perpendicular frequency division multiplexing (PFDM) sub-carriers,
in which SIRE (f) exceeds the given limit in the upper (or lower) position. The AFBW is defined as the average
bandwidth of continuous bandwidth blocks with its & (f) envelope sitting below the given threshold.

b. The wide-band SIR define as
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|Hmter fl(f)|2
Therefore, as these outcomes show, reducing the number of assembling and methods below the minimal allowed

factor will not significantly change the performance of the system, but will significantly reduce the calculation
value (Rappaport et al., 2015). Unfortunately, it is not possible to simplify further while following the parameters
of the 3GPP definitions.

4, Impact of channel simplification on layers-
A) Impact of channel simplification on higher layers:

In this section, we analyze the impact of channel simplification on connection level measurements,
including AFBW, narrowband SINR, LCF, and wide-band SIR. We will expand future surveys to start completing
execution metrics which include throughput per user, sleep or application parcel collection ratio (Shokri-
Ghadikolaei et al., 2015). It is certain that, as described in, the unique fuzzy model, just like the channel usage,
will have various effects on high-level measurements (such as network sleep), while considering the overall
agreement stack (such as congestion control). Unpredictable communication. Therefore, consideration should be
given to presenting the framework from beginning to end, allowing additional exploratory work to identify overall
satisfactory levels of detail (that is, providing accurate results while limiting unpredictability). In this unique case,
a framework-level test system such as ns-3 includes The complete TCP-IP stack can therefore be said to be a
promising tool that can perform precise replication.

B) Simplify the channel's influence on directivity:

Depending on millimeter waves, many antenna systems have become solutions to severe high-wave road
losses. As we showed in Section 3, the part that reduces the channel area has little effect on many indicators such
as SINR and greatly reduces the calculation time of the channel. However, this also reduces the multipath portion
of the channel, which prevents the model from being used in test techniques that use channel sparsity to create
multiple simultaneous beams with independent angle indicators (for example, hybrid beamforming). Therefore,
the channel output should also resolve the trade-off between the channel to improve the efficiency and accuracy
of the computer while maintaining the multipath characteristics of the millimeter-wave signal.

Research gap

The 3GPP model profile of mm-Waves reported in this paper emphasizes that complex channels may
require greater computational overhead. This paper introduces an easy way to model a 3GPP channel. Compared
to the full 3GPP model. The model is able to reduce computational complexity and is more accurate in many
directions in the 3GPP environment. However, simplification is still limited to the structure of the 3GPP model

itself. Therefore, future research should look at how to further improve the computing complexity of the mm-

Wave channel, so that the conditions of the mm-Wave channel are generated more quickly without affecting

computer resources. In the matter of accuracy (Wang et al., 2018). Therefore, it is essential to adjacent the gap

between the most aggressive model (and therefore not really reliable) and the more detailed models (and therefore
do not work at the system level).
These types are more complex than SCM because a lot of work has to be done to find each channel status.

In this way, the upgrade should be done freely and make the channel model managed at the frame level.

To a more precise channel display: Although the existing channel model provides information on mm-

Waves productions under unit conditions, further testing is expected to detect the distribution and blurring of the

mm-Wave. Deception. Specifically, future exploration activities should understand the corresponding angle.

e  Because there is no instantaneous and spatially correlated transfer estimation in the millimeter-wave band,
there are few restricted checks that will analyze the work of automatic channel connection (Huang et al.,
2019). As a result, according to these ideas, it is impractical to create an accurate fact model for versatility-
related and other multi-availability situations, which prevents experts from using channel elements to
implement the meaning of the entire organization.

e  Doppler expansion (using directional receiving line): It has been shown that directional transmission will
affect the force tilt curve, thereby affecting the Doppler expansion. The currently accessible channel
estimates have not described such effects.

e  Modeling of dynamic situations: channel boundaries are usually obtained based on estimates in indoor and
cell settings but in more unique situations (for example, in-vehicle settings or considering aviation client
terminals (such as robots)) the estimation is still insufficient.

In future work, we intend to extend the coding system to include other components, for example,

« vehicle station and smuggling models to test and activity the start of the completion of the mm-Wave exchange

in high load conditions.
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« social welfare conditions, including advanced textbooks and repair technologies, where the scope of distribution
and exhibition requirements differ from those of conventional cell organizations, as set forth in addition, we aim
to address adaptability testing.

A 5G network can contain a large number of high-speed nodes, so the channel status should be updated
frequently. In addition, the use of low-latency applications requires that the timeline of the data packet must be
configured during fast communication. To date, we will investigate the following two design options:

» Low-level modeling: We will design a low-level computer model to bring closer the final stage with the final
stages.

* Mobile computer migration: further extensions can be achieved by investigating the deployment of the machine
to a large open-source network program such as Amazon Web Services.

Conclusion:

In this paper, we look at the effect of various channel models at the beginning of finishing measurements
and unexpected production. Specifically, we have used the ns-3 mm-Wave module, as well as the current one
created a 3GPP channel model as a viewing type, and was suggested the use of a simple channel model, such as
those used to investigate the numbers of mm-Wave organizations, based on in Nakagami blurring and calculation
of beamforming derive from the construction of the collection radiation. We have shown that, with regard to the
3GPP reference model, the Nakagami-based blurring model exhibits minimal output initially to end the imitation
of circumstances created by your will, moreover, both TCP and UDP as transport meetings. Also, while thinking
about TCP, the different behaviors and determination of the blurring model create different input effects, in
particular at a time when major support sizes for basic channels are being considered. However, using a more
straightforward model is likely to decrease the simulation time done at a critical level. We acknowledge that the
experience we have provided in this paper is possible to provide a guide on which channel model to use
Reproduction of mm-Wave. At a time when complex communication between channels and the beginning of the
end of transport meetings is normal, it is not smart to use the 3GPP reference model, at a cost of high difficulty.
Then again, when the exchange between car and lower layers is reduced, a more straightforward model can be
used to measure the maximum rearrangement of the number of customers, bearing in mind the recycled product
may be less responsible for what is produced by the 3GPP channel. As a future project, we aim to build that
realistic model that can easily process 3GPP model performance over time to reduce unexpected leisure and
continue researching which are the basic basics of mitigation in relation to the 3GPP channel model.
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