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ABSTRACT 

The introduction of 5G technology has provided numerous improvements in wireless communication 

systems, like higher data rates, lower latency, power efficiency, and enhanced spectral efficiency. 

Subcarrier spacing is one of the most important elements affecting system performance. This paper studies 

the influence of numerology on the Physical Downlink Shared Channel (PDSCH) throughput in the 5G NR 

downlink. Two types of channel models and different bandwidths are used to evaluate the throughput as a 

function of the signal-to-noise ratio. This paper aims to find the right numerology for various bandwidths, 

channel models, and signal-to-noise ratio levels. Results show that the throughput increases as the 

numerology index decreases for the CDL-C channel model. In contrast, for the TDL-C channel model, 

increasing the numerology index does not always mean increasing throughput. It can result in decreased 

throughput in some scenarios. 
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I. INTRODUCTION  

Multiple numerologies in 5G technology provide more 
flexibility and efficiency compared to previous generations. 
This allowed higher data rates and improved performance in 
dense urban environments where interference is common [1, 
2]. Additionally, the use of numerous subcarrier spacings in 5G 
technology enables better support for diverse applications with 
varying requirements, such as enhanced mobile broadband and 
ultra-reliable low latency communications [3-5]. These 
numerologies are then assigned to users based on their specific 
needs and network conditions [6], allowing more efficient and 
flexible data transmission. By utilizing numerology in 5G 
downlink, network operators can optimize resource allocation 
and improve overall network performance. The LTE system 
utilizes a constant subcarrier spacing of 15 kHz. However, in 
5G, it is possible to utilize alternative subcarrier spacing 
values, such as 15 kHz, 30 kHz, 60 kHz,120 kHz, 240 kHz, 
480 kHz, or 960 kHz [7]. The subcarrier spacing is calculated 
with the formula: 

Δf = 2µ×15     (1) 

where µ is the numerology index [8], different 
numerologies can be assigned to users according to their 
specific requirements and network conditions. Numerologies 
are used to set different OFDM parameters, such as the Sub-
Carrier Spacing (SCS), symbol duration, and Cyclic Prefix 
(CP) length [9, 10], Table I illustrates the transmission 
numerologies and their corresponding subcarrier spacing. 

The waveform and frame are now more flexible, which 
lowers latency and boosts reliability [11, 12]. In the 5G frame 

structure, the subframe duration of 1 ms is subsequently 
partitioned into one or more slots, which is determined by the 
employed numerology index. The higher the numerology 
index, the higher the number of slots. Figure 1 depicts the 
frame structure. As a result of using numerology, 5G NR 
shortens the slot duration down to 125 μs [13], the shorter slot 
duration also improves network latency, making 5G NR ideal 
for applications requiring real-time communication [14], such 
as autonomous vehicles or industrial automation. NR 5G 
channel models are essential for predicting the performance of 
5G networks in different environments. These models consider 
factors, such as path loss, shadowing, and multipath. In 
addition, they can help in optimization of network planning and 
deployment strategies. For 5G link-level evaluations, two types 
of channel models have been established: the Clustered Delay 
Line (CDL) and the Tapped Delay Line (TDL). Both models 
feature pre-established profiles labeled as A, B, C, D, and E. 
Profiles A, B, and C are designed for scenarios with Non-Line-
of-Sight (NLoS) conditions, while profiles D and E are 
specifically for Line-of-Sight (LoS) channels [15-17]. The 
CDL channel model comprises several independent groups of 
delayed beams, each one of them contains several path 
components with the same known delay values but different 
departure and arrival angles [18, 19]. A TDL added some delay 
and could also scale the signal if desired [20]. In the TDL, 
linear finite impulse response is used to represent the channel 
impulse response, the TDL model assumes that the channel 
response can be represented as a sum of delayed and attenuated 
versions of the transmitted signal [21]. The signal between the 
sender and receiver goes through several steps including 
precoding at which multiple data streams can be sent at the 
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same time, it is commonly deployed in MIMO communication 
systems to enhance the channel gain and minimize interference 
[22, 23]. Channel estimation is performed at the receiver side. 
The frequency channel response is estimated so that it can be 
used in later steps for the equalization of the distorted resource 
grid [24, 25]. This process is crucial for improving the overall 
performance of wireless communication systems by 
minimizing errors and improving signal quality. Additionally, 
accurate channel estimation allows more efficient use of the 
available bandwidth and resources. Numerology plays a 
significant role in determining how resources are allocated and 
utilized within the Physical Downlink Shared Channel 
(PDSCH), which is central to the downlink throughput 
experienced by users. Despite its importance, the impact of 
numerology on PDSCH throughput has not been extensively 
studied in the current literature, while other numerology related 
topics, such as BLER, V2V, and V2X communications have 
been thoroughly investigated. This study offers a detailed 
analysis of how varying numerology configurations influence 
the performance of the PDSCH in most supported transmission 
bandwidths, which is critical for downlink data transmission. 
Although many of the existing studies focus on other aspects of 
5G performance, this research specifically targets to the 
PDSCH, which is integral to the end-user experience. It also 
offers a foundation for optimizing throughput by adjusting 
numerology indexes. 

TABLE I.  SUPPORTED TRANSMISSION NUMEROLOGIES 

µ 0 1 2 3 4 5 6 

Δf 15 30 60 120 240 480 960 

 

 
Fig. 1.  5G New Radio (NR) frame structure. 

II. METHOD 

A comparison was conducted to measure the PDSCH 
throughput various 5G NR numerologies from 0 to 3 across 
different channel models (CDL-C, TDL-C) and bandwidths. 
The throughput is expressed as a function of signal-to-noise 
ratio. Figure 2 shows every step from the transmitter to 
receiver. The throughput is calculated using: 
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34	��,5
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µ

s is the average OFDM duration 

symbol for normal cyclic prefix, and OH
(j)

 is the overhead. The 
simulation is implemented using MATLAB. Table II shows the 
simulation parameters. 

 

 

Fig. 2.  Block diagram for all the steps between Tx and Rx. 

TABLE II.  SIMULATION PARARMETERS 

Parameter value 

Number of frames 2  

Subcarrier spacing 15, 30, and 60 KHz. 

Cyclic prefix Normal  

Number of PDSCH transmission layers 2 

Modulation scheme 16 QAM 

propagation channel  CDL-C and TDL-C 

Number of UE transmit antennas 8 

Number of UE receive antennas 2  

Precoding technique Sub-band 

Channel estimation Perfect 

Bandwidth 10,20,40 and 50MHz 

 

III. RESULTS AND DISCUSSION 

The throughput is evaluated to 10 MHz, 20 MHz, 40 MHz, 
and 50 MHz for both CDL-C and TDL-C channel models for 
the numerology index from 0 to 3. 

A. 10 MHz 

At 10 MHz bandwidth, CDL-C and TDL-C channel models 
are initially analyzed. The results are portrayed in Figures 3 
and 4, respectively.  

 

 

Fig. 3.  Throughput for 10 MHz, CDL-C. 
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Fig. 4.  Throughput for 10 MHz, TDL-C. 

The throughput for the CDL-C channel model increases as 
the numerology value decreases. On the contrary, for the TDL-
C channel model, the throughput performance is almost the 
same for µ = 1 and µ = 2, which is higher than the throughput 
of µ = 0. Another crucial point is that, unlike CDL-C, whose 
throughput is fixed for SNR values greater than zero, TDL-C 
experiences an increase in throughput as SNR values rise. 

B. 20 MHz 

By increasing the bandwidth to 20 MHz, the 5G NR 
numerology has a similar effect on the throughput for the CDL-
C channel model to the one detected at 10 MHz. Additionally, 
for the TDL-C channel model, the throughput values for µ = 1 
and µ = 2 are approximately the same for low SNR. However, 
for higher SNR, there is a significant increase in the throughput 
for µ = 1 compared to µ = 2, as observed in Figures 5 and 6. 

C. MHz 

Figures 7 and 8 evaluate the achievable throughput at 40 
MHz for CDL-C and TDL-C, respectively. For the CDL-C, the 
throughput for µ = 0 is slightly higher than the throughput of µ 
= 1, followed by µ =2 for a higher SNR. For TDL-C at lower 
SNR levels, as seen in Figure 6, the throughput for µ = 1 and µ 
= 2 is similar. However, as SNR values increase, the difference 
between the two throughputs becomes more significant. 

 

 
Fig. 5.  Throughput for 20 MHz, CDL-C. 

 

Fig. 6.  Throughput for 20 MHz, TDL-C. 

 
Fig. 7.  Throughput for 40 MHz, CDL-C. 

 

Fig. 8.  Throughput for 40 MHz, TDL-C. 

D. 50 MHz 

At 50 MHz bandwidth for the CDL-C, the throughput for µ 
= 0 and µ = 1 is identical, which is higher than the throughput 
for µ = 2 at positive values of SNR. On the other hand, the 
throughput results for μ = 1 and μ = 2 of the TDL-C are close 
to each other, as exhibited in Figures 9 and 10. 

The results of the simulation agree well with the findings of 
[26, 27], considering that the study covers a wide range of 
bandwidths and is designated to accommodate both indoor and 
outdoor communication with different channel conditions. For 
the indoor communication scenario (CDL-C), the throughput 
drops as the numerology increases, whereas for the outdoor and 
high speed senarios (TDL-C), the first numerology has the 
lowest throughput. 
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Fig. 9.  Throughput for 50 MHz, CDL-C. 

 

Fig. 10.  Throughput for 50 MHz, TDL-C. 

IV. CONCLUSION 

Depending on the channel model, changes in 5G NR 
numerology have a substantial impact on throughput 
performance. The simulation results for the CDL-C channel 
model show that when the numerology is increased, the 
throughput decreases for all bandwidths except for 50 MHz at 
which the throughput is the same for µ = 0 and µ = 1 for high 
SNR values. This implies that other considerations, such as 
implementation complexity, determine whether the first or the 
second numerology should be used. As the bandwidth 
increases, the difference in throughputs for numerologies 
becomes relatively small. For all numerologies, the throughput 
remains stable when SNR values rise above zero. In contrast to 
the CDL-C channel model, in the TDL-C, the throughput for µ 
= 0 is always less than the throughput for the other 
numerologies. In some cases, the throughput for µ = 1 is higher 
than the throughput for µ = 2, and vice versa. This study aims 
to offer valuable insights for network operators and researchers 
working towards the refinement of 5G systems. The findings 
are expected to contribute to the development of network 
performance, including higher data rates and more efficient use 
of the available spectrum in the next-generation mobile 
communications. 
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