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Abstract: The propagation channel is significantly modified in the case of 5th Generation New
Radio radio access technology (5G NR) in space communication systems. In particular, large
delays occur with respect to the terrestrial propagation channel, and signal attenuation increases,
resulting in a lower signal-to-noise ratio (SNR). The Doppler shift of the carrier frequency is also
significantly increased due to the high velocity of the spacecraft (SC) relative to the user equipment
(UE). The aim of the work is to investigate the decoding capability of the physical channels and
signals of the 5G NR system in case of its application in satellite communication systems (SCS),
as well as to calculate the performance of such a system to assess the applicability of 5G NR in
SCS. The ability to correctly decode signals and channels depending on SNR is evaluated using
mathematical modelling of 5G NR signal and channel shaping in conjunction with the Quasi
Deterministic Radio Channel Generator (QuaDRiGa) model. The research within the paper draws
conclusions on the applicability of 5G NR radio access technology in a space communications
environment.
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The integration of satellite communications and
wireless terrestrial networks is actively discussed in
the context of systems using 5G NR. In fact, the
benefits of including spacecraft in 5G networks is to
provide ubiquitous coverage. Compatibility between
different radio access interfaces has been studied in
3GPP since the release of 3GPP TS 38.300 version
16.

A number of considered works (Cassiau N,
2018; Volk E, 2021; Saarnisaari H., 2021; Dahlman
E., 2020; Saarnisaari, 2020) are devoted to reviewing
the latest developments in the field of random access
methods and the physical layer to support satellite
communications in 5G networks, as well as testing
some solutions.
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The main problems for 5 GR in the space
communication channel are alarge signal propagation
delay, greater signal attenuation and Doppler shift
in satellite channels relative to ground channels.
The distance between the subscriber device and the
base station located on the spacecraft in the SCS
can range from 500 km for satellites in Low Earth
Orbit (LEO) to 36000 km in Geostationary Earth
Orbit (GEO) [6 (Saarnisaari H., 2019)]. These values
exceed the maximum distance in 5G NR of 300 km.
This leads to the fact that the round-trip time (RTT),
i.e. the signal propagation time from the UE to the
SC and back, ranges from 4 ms for LEO satellites
and up to several hundred ms for GEO satellites |7
(Saarnisaari H., 2019)]. The satellites move at a speed
of 7200 km/s, which leads to a cattier frequency
shift of more than 720 kHz at a frequency of 30
GHz [8 (2017)]. In this regard, 3GPP presented
the concept of non-terrestrial networks (NTN), in
which it is planned to use air or spacecraft for data
transmission.

Also, 3GPP has investigated implementation
features and possible network architecture options
[8 (2017)]. Until now, terrestrial and satellite
systems have been developed independently of
each other, and their interaction has only been
possible through gateway solutions. For example,
satellite systems are already supported in 4G
systems, but with limited compatibility. However,
as of 2018, the integration of these systems has
begun and must be done at all levels. Currently,
the key technologies introduced in 5G NR are
still in the process of being integrated. One of
the integration goals is to enable 5G NR to be
used in satellite systems. This article considers
the following channels and signals in the 5G NR
downlink: Physical Downlink Shared Channel
(PDSCH) is designed to transfer user data from
the gNB to the UE; Physical Downlink Control
Channel (PDCCH) is
control and service information, including DCI;
Synchronisation Signal Block (SSB) includes
Primary Synchronization Signal (PSS), Secondary
Synchronization Signal (SSS) and Physical
Broadcast Channel (PBCH); Channel Status
Information Reference Signals (CSI-RS). This
article considers the following channels and signals
in the downlink: Physical Uplink Shared Channel
(PUSCH), Physical Uplink Control Channel

designed to transmit
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(PUCCH) and Physical Random-Access Channel
(PRACH). Evaluation of system throughput and
spectral efficiency is necessary to determine the
capabilities of 5G NR in a satellite transmission
channel.

2. MATHEMATICAL MODELING
To assess the applicability of 5G NR, it is necessary
to implement downlink and uplink simulation models
for satellite networks using the 5G NR physical layer
protocol. The satellite link must be implemented
using the QuaDRiGa model, which considers: signal
propagation delay, attenuation, Doppler frequency
shift, multipath signal propagation. models for the
formation and processing of the above-described
5G NR channels and signals.

Evaluation of the performance of the radio
interface for downlink and uplink data transmission
lines should consider different values of the radio
interface parameters: channel bandwidth, signal
carrier frequency, numerology, transmission power,
signal-code design index (QAM modulation index
and error-correcting coding speed), etc.

As a result of simulation modeling, the noise
immunity signals  generated
according to the 5G NR radio communication
standard in terms of the physical layer and used in
satellite networks of broadband multi-user access Ku
and Ka bands should be obtained. The developed
model should be divided into 3 functional parts: the
data transmission model in the downlink, the data
transmission model in the uplink and the satellite
link model. For all models, the overall execution
structure must follow the sequence of the following
steps:

1. Entering input parameters by the user;

2. Signal shaping and distribution in the frequency-
time resource (FVR);

3. Calculation of the parameters of the satellite
communication line according to the trajectory
of the satellite in orbit in the QuaDRiGa model,

4. Performing a given number of iterations;

4.1. Modeling the passage of a signal through a

channel:

characteristics of

4.1.1. Formation of a vector with noise;

4.1.2. Convolution of the transmitted signal with
the impulse response (IR) of the channel;

4.1.3. Doppler shift of the frequency of the
transmitted signal;
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4.1.4. AWGN overlay on the signal in the

transmission channel;

4.2. Calculation of SNR at the input of the

receivet;

4.3. Reception and decoding of the signal.

Estimation of the required parameters;

4.4. Calculation of BLER;

4.5. Return to point 4.
2.1. MATHEMATICAL MODELS OF PHYSICAL
CHANNELS AND SIGNALS
Fig. 1 shows the structure diagram of the function
block of the synchronisation signal transmission
simulation model. The task of the model is to
estimate the probability of correct decoding of the
physical identifier of the cell (Cell ID), which is
contained in PSS and SSS, as well as the estimation
of Block Error Rate (BLER) in the PBCH channel.
Formation and processing of signals is carried out
with the help of scripts from MATLAB library, the
internal parameters of which are pre-set for the used
system configuration.
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Table 2
Output parameters of SSB transmission
and processing model

Output parameters
freqOffset
FreqEstimateError
pbchErrorProb
CelllDDecodeProb
SNR

Description

Frequency offset estimation, Hz

Error of frequency offset estimation, Hz
Probability of PBCH decoding error
Probability of correct detection of PSS and SSS

Signal-to-noise ratio, dB

Fig. 2 shows the structure diagram of the
functional block of the CSI-RS transmission and
processing simulation model. The task of the model
is to estimate the probability of correct detection of
the NID identifier, which is transmitted to CSI-RS.
Formation and processing of signals is carried out
with the help of scripts from MATLAB library, the
internal parameters of which are pre-set for the used
system configuration.

Tables 3 and 4 show the input and output
the CSI-RS

parameters of transmission and

processing model.

The model provides for time and frequency Specified NID
synchronization by PSS and SSS, along with an \ Detectine NID
estimate of the synchronization error. Tables 1and 2 1 fecting -
show the input and output parameters of the SSB CSLES Corrlation by
transmission and processing model. CSI-RS
Ravuddom Céll ) 4 *
m Dewcting NIDI
Nmi,; v ND2 | Datecting 838 H FFT ‘ Mhapping ina De-mapping in a
4 N time-frequency time-frequency
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Fig. 1. Structure diagram of the SSB transmission and  Fig. 2. Structure diagram of the SSB transmission and

processing model.

Table 1
Input parameters of SSB transmission
and processing model

processing model.

Table 3
Input parameters of CSI-RS transmission
and processing model

Input parameters | Description Input parameters | Description
F. Carrier frequency, Hz F, Carrier frequency, Hz
H Orbital altitude, km H Orbital altitude, km
G Gain of the receiving antenna, dB G Gain of the receiving antenna, dB

Index of a point on the satellite trajectory

sat

Index of a point on the satellite trajectory

ItN Number of simulation iterations ItN Number of simulation iterations
SSC Distance between subcarriers, Hz N, Number of resource blocks
T Noise temperature, K T Noise temperature, K
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Table 4
Output parameters of CSI-RS transmission
and processing model
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Table 5
Input parameters of PDCCH transmission
and processing model

Output parameters | Description Input parameters | Description
DetectProbt Probability of correct detection of CSI-RS F, Carrier frequency, Hz
parameters H Orbital altitude, km
SNR Signal-to-noise ratio, dB G Gain of the receiving antenna, dB
. . T Index of a point on the satellite trajectory
In 5G NR, the PDCCH carries the downlink , ——
Linf ) DC ted ItN Number of simulation iterations
controlintormation. I messagesare transmitte
h DCC h | ¢ g b b " N, Number of resource blocks
on the P H channel for each subscriber T Noise temperature, K
device. The wuser receives the information CodeRate | Speed of noise-resistant coding
needed to decode the broadcast channel and dModulation | Type of modulation

mapping useful information into the PUSCH.
PDCCH has two key features when forming:
1) a resource range is used for transmitting
DCI (CORESET control resource set); 2) blind
decoding of PDCCH on the subscriber side. The
subscriber should detect the DCI by tracking the
CORESET at the designated time for monitoring
(Monitoring Occasion). This process is realised
by performing blind decoding. Fig. 3 shows the
structural diagram of the PDCCH transmission
and processing model. Tables 5 and 6 show the
input and output parameters of the PDCCH
transmission and processing model.

DCT dacodad
-
Comparison -~ parkage j
E
r
1
Fommation of SE
IDCCH Equalizabon
¥ 1
Moppinsina Demappinz ina
bme-Faquency tme-fraquency
123 oUres T230UIC2
IFFT FFT
—  Charnsl —T

Fig. 3. Structural diagram of PDCCH transmission and

processing.
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Table 6
Output parameters of PDCCH transmission
and processing model

Output parameters | Description
ErrorProbt Probability of a block error
SNR Signal-to-noise ratio, dB

Fig. 4 shows the structural diagram of the
PDSCH transmission and processing model. This
model is required to estimate BLER in PDSCH.
The input parameters and measured values of the
PDSCH transmission and processing model are the
same as in PDCCH and are shown in Tables 5 and 6.

Encoding [ Compensation of Decoding
DL SCH CPE by FT-ES PDSCH
Equalizer by Decodng
encoding DMES DLSCH
BLER DL-SCH
Napping mn a De-mapping mn a
time-frequency time-fre quency
DMRS } resoume Esource
| B

| EFI:, E

Fig. 4. Structure diagram of the PDSCH transmission and
processing model. Channels and signals in the uplink.

Channel

Fig. 5 shows the structural diagram of the
PRACH transmission and processing model. When
forming a PRACH channel on the transmit side,
a pseudo-random sequence index (PRS) must be
selected from the available PRS bank. The task
of the receiving side is to detect the PRACH and
determine the index of the transmitted PRS using
correlation processing. The input parameters and
measured quantities of the PRACH transmission
and processing model are the same as in the CSI-RS
model and are shown in Tables 3 and 4.
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Fig. 5. Structural diagram of the PRACH transmission
and processing model.

PUCCH is a physical uplink channel that carries
User Control Information (UCI). Just as DCI is
transmitted to PDCCH, UCI is transmitted to
PUCCH. The difference between DCI and UCI is
that UCI can be transmitted not only to PUCCH,
but also to PUSCH depending on the situation,
whereas DCI can only be transmitted to PDCCH.
Table 7 shows the five existing different PUCCH
formats, the choice of these formats is justified by
the number of bits of information to be transmitted
and the length of the symbol. The number of UCI
bits is the first criterion for format selection. Two
groups can be distinguished for this criterion, as can
be seen in Table 7. If the UCI bits are equal to or
less than 2, the formats 0 or 1 can be used. If there
are more than 2 bits, you can use formats 2, 3, 4.
The next selection criterion is the ability to multiplex
the user into the same PRB. Formats 0,1,4 allow
multiplexing and formats 2,3 do not.

Table 7
PUCCH formats

Format Character | Number of Description
length bits (ts 38.300-5.3.3)
Format 0 1~2 <2 Short PUCCH
Format 1 4~14 <2 Long PUCCH. DMRS
Format 2 1~2 >2 Short PUCCH
Format 3 4~14 >2 Long PUCCH. DMRS
Format 4 4~14 >2 Long PUCCH. DMRS

APPLICATION OF THE 5D NR PHYSICAL LAYER IN SPACE 147

COMMUNICATIONS, PERFORMANCE EVALUTION

Fig. 6 shows the structural diagram of the
PUCCH transmission and processing model. The
input parameters and measured quantities of the
PUCCH transmission and processing model are the
same as in the PDCCH channel and are shown in
Tables 5 and 6.
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Fig. 6. Structural diagram of the PUCCH transmission
and processing model.
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Fig. 7. Structure diagram of the PUSCH transmission and
processing model.

Fig. 7 shows the structural diagram of the
PUSCH channel transmission and processing model.
The probability of a block error of this channel is
calculated at the output of the model. The input
parameters and measured quantities of the PUSCH
transmission and processing model are the same as
in the PDCCH channel and are shown in Tables 5
and 6.
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2.2. SATELLITE TRANSMISSION CHANNEL

The channel characteristics were calculated in

the universal channel matrix generator of the

QuaDRiGa model, which provides support for

Earth-SC scenarios. QuaDRiGa is a model to

simulate radio channels under different radio

propagation conditions and their configurations.

In the framework of the study, the model is used

to obtain channel matrices = close to reality. The

model is also used to calculate the signal attenuation
in the satellite propagation channel SC-UE, in the
case where the UE is located on the Earth's surface.

QuaDRiGa is based on models such as WINNER

and SCM, with extended functionality that allows

modelling dynamic scenarios. All features of the

QuaDRiGa model are described in [9 (QuaDRiGa:

The Next Generation Radio Channel Model)].

Unlike the classical approach, the model does not

use a geometric representation of the environment,

but distributes the positions of scattering clusters
randomly.

QuaDRiGa is implemented in MATLAB using
object-oriented programming. The user interface is
built on classes that can be manipulated. Each class
contains parameters for storing data and methods
for managing data. The following QuaDRiGa classes
and methods were used to define the scenario:

* "qd_track" describes the trajectories of the
transmitting and receiving terminals and the
nature of the speed change and the scenario of
radio wave propagation.

* "qd_arrayant" combines all the functions needed
to describe the antenna configuration.

* "qd_layout" combines user trajectories and
antenna properties into a common object.

* "qd_channel" the final
coefficients for each described path segment. It

contains channel
can form a matrix of channel coefficients both
in the time domain and in the frequency domain.

Table 8 shows the input parameters of the model.

Table 8
Input parameters of the signal attenuation calculation
model and channel matrices

Input Description
parameters
az Azimuth of the satellite relative to the ground station, deg
el Satellite position angle relative to the ground station, deg
orbit The height of the satellite's orbit above ground level, km
fe Signal frequency, Hz
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The static scenario was used to calculate the
attenuation and channel matrix for a certain position
of the satellite in orbit relative to the ground terminal.
The position of the satellite was determined by
the orbital altitude, azimuth and angle of position
relative to a ground terminal located at a specific
latitude. The set_satellite_pos method was used
to recalculate coordinates to Cartesian system. The
orientation of the antenna in space and its direction
was set by the parameters specified in the track.
orientation object. These parameters were set in
such a way that both the receiving and transmitting
antenna were always pointed towards each other at
all discrete points of the satellite position during
the calculation. The qd_arrayant class was used
to set the types and parameters of antennas on
the receiving and transmitting sides. A 3 metre
radius parabolic antenna with Left-Handed Circular
Polarization (LHCP) was specified for the satellite.
The receiving ground terminal was set in the form
of a patch antenna with vertical polarization and an
opening angle of 90° in azimuth and elevation angle.

QuaDRiGa_NTN_Urban_LLOS was chosen as
the radio wave propagation scenario. QuaDRiGa_
NTN_Urban_LOS the
where the ground terminal is located in an urban

corresponds  to case
environment and there is a line of sight between
the satellite and the term. Full descriptions of the
scenarios for satellites are given in 3GPP TR 38.811.
Channel matrices and attenuations were calculated
in the qd_channel class based on the given satellite
positions, ground terminal and signal frequency.
The rest of the parameters were taken as defaults.
Table 9 shows the output parameters of the model.

After creating a scenario and adding a satellite
and a ground station to it, the following calculations
are performed:

1) The presence of a satellite in the visibility of
the ground station is determined, all subsequent
calculations are performed only if this condition is
met;

Table 9
Output parameters of the signal attenuation calculation
model and channel matrices

Output
parameters

Description

attenuation | Signal attenuation, dB

h_channel | Samples of the impulse response of the satellite

transmission channel

beam_delay | Beam delays, s
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2) The azimuth, elevation angle and distance
of the satellite relative to the ground station are
calculated;

3) Using the value of the distance from the
ground station to the satellite, the delay is calculated;

4) Calculate the satellite acceleration relative
to the local coordinate system: north, east, down
(North, East, Down, NED);

5) Using the value of the azimuth and elevation
angle, the direction of the location of the ground
station in relation to the satellite is calculated;

6) Using the direction and acceleration of the
satellite relative to NED, its acceleration along the
link between the satellite and the ground station is
calculated;

7) Using the acceleration relative to the ground
station, the frequency offset due to the Doppler
effect is calculated;

8) With the help of the developed simulation
model, a model study and assessment of the main
characteristics of the system were carried out.

3. RESEARCH RESULTS

This research assumes successful synchronization
between the UE and the satellite. Therefore, here
we present the results of studying the probability
of correct reception of the described channels and
signals under satellite channel conditions. We also
present the results of calculating the performance
of the system under given conditions.

3.1 SIMULATION RESULTS AND EVALUATION OF
SYSTEM PERFORMANCE

The simulation study and evaluation of the main
characteristics of the system has been carried out
using the developed simulation model. Table 10
shows the main parameters of the system, namely the
carrier frequency f, the signal band B, the distance

Table 10
The main parameters of the simulated system
Parameter Downlink Uplink
f,, GHz 12.6/20.1 14.45/29.95
Duplex FDD FDD
B, MHz 50, 100, 200 50, 100
Af, kHz 120, 240 (for SSB) | 120
H, km 500, 1000 500, 1000
T.K 600 800
P, dBW/Hz -51 (500 km) -48
-45 (1000 km)
Gain of the receiving | 29 26
antenna, dBi
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Table 11
System configuration for PRACH decoding
Parameter Value
H, km 500
f,GHz 14.45
B, MHz 100
Af, kHz 120
ItN 50
P, dBW/H -58...-78

between the subcarriers Af, the height of the orbit
H, the noise temperature T, the effective isotropic
radiated power (EIRP) P.

Estimation of the probability of correct decoding of
PRACH. Table 11 shows the system configuration
parameters.

Fig. 8 shows the dependence of the
probability of correct decoding of the PRACH
signal parameters depending on the SNR in the
satellite communication line. It is assumed that the
subscriber station eliminates the frequency offset and
performs frequency synchronisation. The frequency
synchronization error was introduced intentionally
for the reliability of the results when transmitting
both PRACH and other channels. The variance of
the error depends on the SNR. Table 12 shows
the numerical values of the probability of correct
decoding of the parameters of the PRACH signal
depending on the SNR. Fig. 9 shows the location
of the PRACH in the frequency-time resource.
Confident reception and decoding of PRACH is
provided at SNR higher than -5 dB. The bandwidth
of the system does not affect the result of PRACH
processing,

1t
L 08}
E‘:E 0.6}
¥
£8 04f
& B
02
0 leee
-20 -15 -10 5 0 3
SNE., dB
Fig. 8. Dependence of the probability of correct PRACH
decoding on SINR.
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Table 12
Numerical values of the probability of correct decoding PRACH
P 0 0 0 0.02 0.04 0.08 0.17 0.32 0.47
W, dB -19.49 -18.49 -17.49 -16.49 -15.49 -14.49 -13.49 -12.49 -11.49
P 0.68 0.90 0.94 0.96 0.99 1 1 1 1
W, dB -10.49 -9.49 -8.49 -7.49 -6.49 -5.49 -4.49 -3.49 2.49
P 1 1 1 - - - - - -
W, dB -1.49 -0.49 -0.59 - - - - - -
1
Bg o8
8 0
S 06
L -2
B =
: 245 04
5 £ B
= 0.2
Db | ! ! |
-16 -14 -12 -10 -8 -6 -4 -2 0

8 10 2 M

| : S-}'m{)d number

Fig. 9. PRACH location in the frequency-time resource of
the subframe.

Estimation of the probability of correct decoding of
CSI-RS. Table 13 shows the system configuration
parameters.

Fig. 10 shows the dependence of the probability
of correct decoding of the CSI-RS signal parameters
depending on the SNR in the satellite communication
line. Fig. 11 shows the location of the CSI-RS in the
frequency-time resource.

Table 14 shows the numerical values of the
probability of correct decoding of the CSI-RS
signal parameters depending on the SNR. It can be
seen that when the SNR is above —4 dB, confident
signal processing is provided. During the simulation,

Table 11
System configuration for CSI-RS decoding
Parameter Value
H, km 1000
f,GHz 12.6
B, MHz 50
Af, kHz 120
ItN 100
P, dBW/H -51..-75

No. 1| Vol. 16 | 2024 | RENSIT

SNR. dB

Fig. 10. Dependence of probability of correct synchronisation
on SNR.

Subcarrier number

2 4 L] L] 0 12 171

Symbol number

Fig. 11. Location of CSI-RS in the frequency-time resonrce
of the subframe.

a single subframe containing a CSI-RS signal was
transmitted via a satellite communication line.
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Table 14
Numerical values of the probability of correct decoding CSI-RS
P 0 0 0 0.02 0.04 0.08 0.16 0.31 0.46
W, dB -15.97 -14.97 -13.97 -12.97 -11.97 -10.97 9.97 -8.97 7.97
P 0.65 0.80 0.96 0.99 1 1 1
W, dB -6.97 -5.97 -4.97 -3.97 -2.97 -1.97 -0.97
Estimation of block error probability in PDCCH and
PUCCH. Table 15 shows the system configuration
parameters. And Fig. 12 shows the dependence of 50
the PDCCH channel BLER depending on the SNR
in the satellite communication line 100
Table 15
System configuration for CSI-RS decoding E 180
Parameter Value E
PDCCH PUCCH =

H, km 1000 500 E 200

f,GHz 12.6 14.45 E

B, MHz 50 50 H 280

AF, kKHz 120 120 =

ItN 100 300 7 .
P, dBW/H -51..-75 -43...-63 Fig. 13. Location of PDCCH data.

i — Fig. 14 shows the dependence of the PUCCH
channel BLER depending on the SNR in the satellite
communication line. Table 17 shows the numerical

3 values of the probability of correct decoding of the
E parameters of the PUCCH signal depending on the
% SNR.
m 1
107! T
3
| ] i =
-6 -4 =) o 2 4 & E 10
SNE. ob H
Fig. 12. Dependence of BLLER on SNR in the PDCCH. m
Table 16 shows the numerical values of the
probability of correct decoding of the PDCCH
signal parameters depending on the SNR. During 1072

the simulation, a single subframe containing a ST S R O R

PDCCH channel was transmitted via a satellite SNR. 16
communication line. Fig. 13 shows the location of . .
the PDCCH in the frequency-time resource. Fig. 14. Dependence of BLER on SNR in the PUCCH.
Table 16
Numerical values of BLER PDCCH
BLER 1 1 1 1 1 1 0.98 0.94 0.61
w, dB -4.95 -3.95 -2.95 -1.95 -0.95 0.05 1.05 2.05 3.05
BLER 0.27 0.08 0 0 0 0 0
W, dB 4.05 5.05 6.05 7.05 8.05 9.05 10.05
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Table 17
Numerical values of BLER PDCCH
BLER 0.72 0.52 0.58 0.35 0.28 0.19 0.14 0.09 0.04
W, dB -4.51 -3.51 -2.51 -1.51 -0.51 0.48 1.48 2.48 3.48
BLER 0 0.08 0 0 0 0 0
W, dB 4.48 5.48 6.48 7.48 8.48 9.48 10.05
During the simulation, a single subframe 1
containing the PUCCH channel was transmitted
via a satellite communication line. Fig. 15 shows
the location of the PUCCH in the frequency-time _
resource. g
2 10t
:
/|
102

Subcarner number

Symbaol number p

Fig. 15. Location of PUCCH data in the time-frequency
resource of a subframe.

Estimation of block error probability in PDSCH and
PUSCH. Table 18 shows the system configuration
parameters.

Fig. 16 shows the dependence of the PDSCH
channel BLER depending on the SNR in the satellite
communication line. Table 19 shows the numerical
values of the probability of correct decoding of the
PDSCH signal parameters depending on the SNR.

Table 18
System configuration for PDSCH and PUSCH
Parameter Value
PDCCH PUCCH
H, km 500 500
f,,GHz 12.6 14.45
B, MHz 50 50
Af, kHz 120 120
ItN 100 300
P, dBW/H -51...-59 -48...-56

No. 1| Vol. 16 | 2024 | RENSIT
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Fig. 16. Dependence of BLLER on SNR in the PDSCH.

During the simulation, one slot containing the
PDSCH channel was transmitted via a satellite
communication line. The size of the transport
block is 9480 bits. The signal-code design of
QAM-16 and 490/1024 low-density parity-check
code (LDPC-code) were used. Fig. 17 shows the
location of the PDSCH in the frequency-time
resource.

Fig. 18 shows the dependence of the BLER
of the PUSCH channel depending on the SNR in
the satellite communication line. Table 20 shows
the numerical values of the probability of correct
decoding of the PDSCH signal parameters

DMRS DMRS DMRS

384
)
=
=
i

E 192
g
=
]

0

1 4 g 11 14
Symbol number

Fig. 17. Location of PDSCH data in the subframe time-
frequency resource.
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Table 19
Numerical values of BLER PDCCH
BLER 0.99 0.81 0.52 0.49 0.26 0.02 0.001 0 0
W, dB 5.19 6.19 7.19 8.19 9.19 10.19 11.19 12.19 13.19
1
Table 21
System configuration for CSI-RS decoding
T Parameter Value
2 H, km 1000
= 107 f GHz 12.6
= B, MHz 50
m Af, kHz 120
ItN 100
P, dBW/H -46...-76
10 " :
2 3 4 5 6 7 & 9 10
SNR, mb L
Fig. 18. Dependence of BLER on SNR in PUSCH.
depending on the SNR. During the simulation,
a single slot containing the PUSCH channel was E
transmitted via a satellite communication line. o
The transport block size is 8712 bits. The signal- %
code construction QAM-16 and 490/1024 LDPC =
is used. Fig. 19 shows the location of the PUSCH
in the frequency-time resource. e |
DMRS DIMRS &
-6 -4 -1z - -8 -6 -4 -2

384

192

Subcamier number

1 4 8 11 14
Symbol number i

Fig. 19. Location of PUSCH data in the time-frequency

resource (y[ a mbfmme.

Estimation of the probability of block errors in
PBCH. Table 21 shows the system configuration
parameters.

SNE. ob
Fig. 20. Dependence of BLLER on SNR in PBCH.

Fig. 20 shows the dependence of BLER in
PBCH on SNR in a satellite communication line
under conditions of a Doppler frequency shift of
60.22 kHz.

Fig. 21 shows the frequency-time location
of the PBCH within the SSB. Table 22 shows
the numerical values of BLER for PBCH.
In the BPCH simulation, an SSB containing
PBCH was the satellite
communication line. The size of the transport
block is 32 bits.

transmitted over

Table 20
Numerical values of BLER PDSCH
BLER 1 1 1 1 1 1 0.65 0.018 0
W, dB 2.20 3.20 4.20 5.20 6.20 7.20 8.20 9.20 10.20
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Fig. 21. Freguency-time location of PBCH inside SSB.

3.2. EVALUATION OF SPECTRAL EFFICIENCY AND
THROUGHPUT
The data transfer rate accordi ng to the standard can
be calculated using the formula:

J (J)u

) ) o 12N )
c=10""° G D o) rDp RB__(1_oHW) ,
IZI o f T ) (D)

Mheams vlayers m
K

where | — number of aggregated subcarriers;
R — the speed of noise-resistant coding;
nil) .« —number of spatial rays;

()

Viayers — number of multiplexed MIMO layers;

,%j ) _ number of bits in one QAM modulation
symbol;
/Y — scaling factor;
u — numerology determining the frequency spread
of subcartriers ;

T} — the duration of the OFDM symbol, which can
be obtained by the formula T4 =107 / (14-24);

OH® — overhead costs transfer of service
information.

The following parameters should be assumed for
the system under consideration: | = 1, Vl(;y)ers =1,

P =1, s =1, 0= 3, OHY = 0.18 (for downlink)
and OHY = 0.1 (for uplink), T/ = 8.9286.-10°.

Then formula (1) will take the following form for
downlink:

12N g

C=0.82-10°0R = )
8.9286-10
and for uplink:
C :0.9~10_6QRLRB6. ?3)
8.9286-10~

To calculate the data transmission rate, it is
necessary to use formulae (2, 3), knowing the
parameters ¢, R, N .. In turn, the parameters ¢
and R are determined by the signal-code design
(SCD) selected for transmission, described in
Tables 5.1.3.1-1 to 5.1.3.1-3 [10 (2018)].

The bandwidth indicates the maximum data
rate that can be achieved in the transmission
channel. The bandwidth N,, can be calculated
using formulas (2, 3) for resource blocks, taking
the maximum values of O = 8 (for QAM-250)
and R = 948/1024 respectively:

12
C=6.0731'10’6QR%, @)
8.9286-10"
for downlink and:
12
C =6.6656-107° QR%, ©)
8.9286-10"

for uplink.

Table 23 shows the estimated bandwidth.

The spectral efficiency of the system is directly
determined by the spectral efficiency of the

NJ(QJB)’” — number of resource blocks in the SCD used. Modern systems use the principle of
bandwidth; adaptive selection of SCD. The principle allows
Table 22
Numerical values of BLER for PBCH
BLER 1 1 1 1 1 1 1 1 1
W, dB -15.96 -14.96 -13.96 -12.96 -11.96 -10.96 -9.96 -8.96 -7.96
BLER 0.866 0.766 0.300 0.0667 0 0 0 0 0
W, dB -6.96 -5.96 -4.96 -3.96 -2.96 -1.96 -0.96 0.03 1.03
BLER 0 0 0 0 0 0 0 0 0
W, dB 2.03 3.03 4.03 5.03 6.03 7.03 8.03 9.03 10.03
BLER 0 0 0 0 -
W, dB 11.03 12.03 13.03 14.03 -
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Table 23
Estimated throughput
Downlink

Bandwidth, MHz 50 100 200

¢, mbit/s 260.11 520.23 1040.47

Uplink

Bandwidth, MH 50 100

¢, mbit/s 280.66 570.33

adapting to the propagation channel conditions
and selecting the CCM with the highest spectral
efficiency, while maintaining the required level of
bit error probability at reception. As a rule, the set
of available SCD is formed based on the expected
operational scenarios and the operating range of
the SNR for each specific communication system.
All available SCD are described in the standard
of a specific communication system, and each of
them is determined by the type of modulation,
speed and method of noise-resistant coding.
There are 28 different CCMs provided in 5G NR,
which are given in the technical specification.
A total of several SCD tables are provided,
and the table type is determined by the system
configuration.

Table 5.1.3.1-1 can be considered as an
example [10 2018]. Fig. 22 shows the dependence
of spectral efficiency on SNR for adaptive
selection of SCD.

The spectral efficiency can be obtained from
the bandwidth value from Table 23. The spectral
efficiency in the downlink channel reaches 5.2
bits/s/Hz and in the uplink channel 5.61 bits/s/
Hz.

33547

39023

21602

Spectml efficiency, bite's'Hz

Fig. 22. Dependence of spectral efficiency on SINR.
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Probability of correct
PRACH detection

50 55 80 &5 .
Doppler frequency offset, Kz

Fig. 23. Dependence of the probability of correct PRACH
detection on the Doppler frequency offset.

3.3. EFFECT OF DOPPLER FREQUENCY OFFSET ON
SIGNAL PROCESSING

Fig. 23 shows the dependence of the probability
of correct detection of the PRACH channel on the
Doppler frequency offset in the uplink at an SNR
of 6.65 dB. Correct reception of PRACH cannot be
carried out with a frequency offset exceeding half of
the frequency spacing of the subcarriers (60 kHz).

4. CONCLUSION
5G NR can be used as part of the physical layer in
satellite networks of broadband multi-user access of
the Ku and Ka bands. This requires that the SNR
at the input of the receiver demodulator is at least
minus 5 dB with a reference level of BLER greater
than 10%. Maximum system performance is achieved
when the SNR is greater than 20 dB.

5G NR is not applicable to SCS with a Doppler
offset of the carrier frequency greater than 60 kHz.
The model does not consider the Doppler scattering
effect, which can significantly affect the violation of
the orthogonality of subcarriers and worsen signal
reception.
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