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Abstract: The modulation coding scheme (MCS) index is the essential configuration parameter
in cellular vehicle-to-everything (C-V2X) communication. As referenced by the 3rd Generation
Partnership Project (3GPP), the MCS index will dictate the transport block size (TBS) index, which
will affect the size of transport blocks and the number of physical resource blocks. These numbers
are crucial in the C-V2X resource management since it is also bound to the transmission power used
in the system. To the authors’ knowledge, this particular area of research has not been previously
investigated. Ultimately, this research establishes the fundamental principles for future studies
seeking to use the MCS adaptability in many contexts. In this work, we proposed the application of
the reinforcement learning (RL) algorithm, as we used the Q-learning approach to adaptively change
the MCS index according to the current environmental states. The simulation results showed that our
proposed RL approach outperformed the static MCS index and was able to attain stability in a short
number of events.

Keywords: MCS; reinforcement learning; Q-learning

1. Introduction

The introduction of vehicular communication technology is poised to significantly
transform the transportation and mobility industry, enabling enhanced safety measures
and increased efficiency in traffic management. Moreover, the advancement of vehicle
autonomy, facilitated by improved sensing capabilities, is anticipated to bring out novel
advanced services such as cooperative sensing and maneuvers. These services will heavily
rely on direct sidelink connection. Vehicle communications criteria have primarily relied on
IEEE 802.11p technology in the last ten years. Recently, the 3GPP has expeditiously formu-
lated cellular standards to tackle the obstacles associated with vehicular communications,
collectively called C-V2X [1]. This endeavor commenced with Release 14, also recognized
as LTE-V, and has since been succeeded by Release 15 and 16, commonly denoted as
NR-V2X [2].

Vehicular communications may be facilitated via two main approaches: using the
existing cellular network infrastructure, explicitly employing C-V2X Mode 3 or NR-V2X
Mode 1, or enabling direct communication between cars in an ad-hoc manner, known as C-
V2X Mode 4 or NR-V2X Mode 2 [3]. Within the context of vehicular sidelink communication,
cars possess the capability to independently assign and oversee a predetermined quantity
of resources for specific time intervals. Radio resource management is accomplished via
the implementation of a scheduling technique referred to as sensing-based semi-persistent
scheduling (SB-SPS). Although resources are allocated semi-persistent, sicvehicles can
adjust characteristics such as transmission power or MCS. Hence, vehicles can adjust these
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characteristics to serve various objectives, such as managing traffic congestion or facilitating
the transfer of packets of varying sizes [4].

In contrast to the uncomplicated process of adjusting transmission power during
current transmissions in the C-V2X sidelink, modifying the MCS presents a more complex
challenge due to its potential impact on resource occupancy. This challenge occurs because
various MCS configurations alter the quantity of transmission resources, affecting the
transmission bandwidth. The factors mentioned above have further implications for
calculating power levels in the channel and the functioning of SB-SPS. The latter depends
on distinct power measures to determine and allocate the necessary resources.

The link adaptation (LA) technique has recently been an interesting discussion in
wireless communication technology research and the adaptive modulation and coding
scheme (AMC) mechanism [5]. The involvement of machine learning is unavoidable in this
matter. For instance, the utilization of a deep convolutional neural network (DCNN) is
reported in [6]. The estimated combined channel matrix and the noise standard deviation
are used as input features to train the DCNN. In [7], convolutional neural networks (CNNs)
are proposed for MCS selection at the time of transmission in time-division-duplex (TDD)
systems. The proposed method determines the most suitable modulation and coding
scheme (MCS) for future transmission based on the shifts in received signal-to-noise ratio
(SNR) with time. In [8], the authors aimed to more precisely manage the transmission rates
in CSMA /CA wireless networks by employing MAB algorithms. The authors suggested
using the logarithmic values of the transmission rates of MCS levels rather than their
nominal values in the computation of their anticipated throughput measures. The authors
introduced two multi-armed bandit (MAB) algorithms embracing logarithmic rates and a
sliding window in the course of time. The proposed MAB algorithms were also developed
to support frame aggregation schemes known in wireless network standards for elevated
throughput, such as IEEE 802.11ax. Another report in [9] discourses QoS-guaranteed AMC
for mobile-scalable video multicast. An AMC scheme has been introduced to accommodate
both spatial variety and temporal instabilities on multicast channels for providing QoS and
enhancing resource utility. An AMC optimization problem that maximizes the resource
utility while ensuring each user’s QoS has been acquired based on MDPs.

The explained recent works mainly discuss the general wireless communication net-
work; nevertheless, some reports also discuss the AMC mechanism in the narrowband
internet-of-things (NB-IoT) domain. As reported in [10], the authors targeted the recurrence
factor for NB-IoT, which 3GPP introduces to enhance maximum coupling loss (MCL). The
authors addressed downlink 2-dimension link adaptation in NB-IoT. They presented a
method for link adaptation to reduce depleted resources and operational time for packet
transmission by determining the slightest achievable repetition number and the least poten-
tial MCS level. The generative adversarial network (GAN) models are introduced in [11]
to manage the stochastic time-stamps of traffic scheduling associated with adaptive MCS
values, repetitions, and number of PRBs. One of the limitations of the GAN models is that
the system needs to do the periodic re-training to adapt to the network changes.

Some reports also highlight the effect of implementing LA and AMC to achieve the
ultra-reliable low latency communications (URLLCs) requirement. The mentioned works
are reported in [12-14]. The reports utilize well-known key performance indicators (KPI),
such as BLER, throughput, and latency. Nevertheless, the majority of vehicular networks
in the reports utilize a roadside unit (RSU) to govern resource management. In this work,
we want to investigate the AMC within the autonomous situation as in the 3GPP mode-
4 mechanism.

Regarding vehicular networks, especially in cellular communication, the AMC tech-
nique is used to be susceptible to particular environmental information. This information
includes channel quality indicator (CQI), network latency, block error rate (BLER), and
throughput. The report in [15,16] investigated the AMC method for a massive multiple-
input multiple-output (MIMO) scenario. Although not discussing vehicular networks in
particular, the reports examine the general idea of adapting the AMC in the MIMO and
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5G-MIMO systems, respectively. The use of CQI information to construct the AMC mecha-
nism is presented in some reports, such as in [17-21]. From our interpretation, despite the
majority of the reports posing a real-world configuration, most of the following reports still
need to present a discussion of the overall packet received ratio (PRR) performance.

The real-time adaptation of the MCS has mainly been suggested to implement dis-
tributed congestion control in C-V2X, as indicated by the 3GPP and relevant scholarly
sources. Additionally, it has been recommended as a viable remedy for transmitting pack-
ets of varying sizes, although to a lesser degree [22]. Nevertheless, related research in this
field has primarily examined the effects of various fixed MCS configurations, which do not
adhere to the requirements set by the European Telecommunications Standards Institute
(ETSI) [23]. Alternatively, other studies have primarily discussed the possibility of MCS
adaptation without thoroughly assessing its functionality and effectiveness. The authors
briefly examine the use of MCS adaptation for congestion management in C-V2X Mode 4 in
references [24,25]. They also assess the possible reduction in congestion by raising the MCS,
which leads to a fall in performance but a decrease in necessary resources. Nevertheless,
these studies need to examine the potential consequences of incorporating this mechanism
into the functioning of C-V2X SB-SPS, a significant factor in its overall performance.

The research in reference [26] comprehensively examines various congestion man-
agement methods in the context of C-V2X communication. The study also investigates
the influence of different MCS configurations on the performance of C-V2X in vehicle
congestion. Nevertheless, it should be noted that the research assumes that the MCS
configurations stay constant during the simulations. Additionally, it needs to analyze how
the MCS adaptation operates regarding congestion management, specifically following
the standards established by the ETSI [23]. These standards require that the MCS adap-
tation perform dynamically throughout continuous transmissions and in response to the
congestion circumstances present in the channel.

Additional scholarly works, including references [27,28], explore the feasibility of
using MCS adaptation as a potential resolution for transmitting vehicular packets of
varying sizes via C-V2X technology. These studies provide a comprehensive examination
of the consequences of MCS adaptation and underscore the significance of this method
for the specific context in question. Nevertheless, the current models need to include the
functioning of MCS adaptation, which is crucial for evaluating the effectiveness of this
method in scenarios where packet sizes vary.

The use of MCS adaptability in C-V2X may extend beyond the scope of existing
research on the subject. Several studies show this phenomenon using the wireless 802.11p
vehicular standard. As shown in references [29,30], the use of MCS adaptation has proven
effective in enhancing the efficiency of broadcasts via the dynamic adjustment of the
MCS to accommodate changing channel circumstances. The authors in reference [31]
emphasize the significance of MCS adaptability concerning the effectiveness of vehicle
unicast transmissions, a characteristic of NR-V2X as specified in 5G Release 16 [2].

Despite the significance of evaluating the impacts of implementing the adaptive MCS
in the vehicle cellular sidelink, this matter has yet to be explored in scholarly literature.
This research aims to tackle this difficulty by thoroughly examining the impacts of the
MCS adaptation on the functioning of the C-V2X sidelink. This study specifically examines
the effects of MCS adaptation on the resource allocation of C-V2X, the calculation of
power levels in the channel, and their implications for the functioning of SB-SPS. This
study conducts a comprehensive analysis and precise modeling of the MCS adaptation’s
performance implications. To the authors” knowledge, this particular area of research has
yet to be previously investigated. Ultimately, this research establishes the fundamental
principles for future studies seeking to use MCS adaptability in many contexts.

This work utilizes the overall PRR statistic over time as a reinforcement learning
(RL) input. While the statistical PRR will be calculated on each packet transmission, we
assume that the following network conditions, such as channel information and the signal-
to-interference and noise ratio (SINR), are already calculated and carried out in the PRR
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records. The following new MCS level will be decided based on the subsequent PRR
records. Since the overall PRR record represents the given network and environmental
information, our approach will be able to satisfy the real-world scenario.

In this work, we proposed the application of the RL algorithm, as we used the Q-
learning approach to adaptively change the MCS index according to the current environ-
mental states. The main contributions in this work can be described as follows:

e  We conducted several simulations and showed that static MCS index values had yet
to achieve optimal performance.

e  We proposed a design of the Q-Learning RL approach to override the MCS index
value dynamically.

e  Our RL algorithm approach was built on a MATLAB-based simulator and learned as
the simulation ran within the specified time limit (T).

e  Performance measurement was carried out by comparing PRR results for each static
MCS index value scenario with our proposed RL approach.

The remainder of the paper can be explained as follows: Section 2 provides an expla-
nation of the technology. Section 3 describes the proposed RL approach. Section 4 describes
the simulation configuration and simulation results. Section 5 provides the conclusion of
this work.

2. C-V2X Mode 4
2.1. Physical Layer

C-V2X employs single carrier frequency division multiple access (SC-FDMA) as its
underlying physical layer. Both time division duplex (TDD) and frequency division duplex
(FDD) are supported by this system. The LTE frame structure encompasses many temporal
units, including the frame, subframe, slot, and symbol. The duration of a single time frame
is ten milliseconds, whereas a subframe has a width of one millisecond. Each time slot
inside the subframe occupies 0.5 milliseconds. The smallest LTE radio resource unit given
to the user equipment is known as a resource block (RB). Each radio band has a minimum
frequency width of 180 kHz. In the temporal dimension, an RB spans a duration of one
time slot and accommodates a total of seven symbols. Within the area of frequency analysis,
an RB is partitioned into subcarriers measuring 12 x 15 kHz. The detailed illustration of an
LTE frame can be seen in Figure 1.
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Figure 1. LTE frame [32].

The quantity of resource blocks (RBs) is determined by the channel bandwidth within
which the system is operational. The channel bandwidth refers to the officially used channel
quantified in megahertz (MHz). It is, therefore, synonymous with the channel spacing.
The transmission bandwidth configuration, expressed in RB units, indicates the maximum
number of RBs that may be sent over any given channel bandwidth. The transmission
bandwidth, sometimes referred to as RBs, is the aggregate number of RBs allocated for a
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single transmission. The range of acceptable RBs for a given channel bandwidth might
vary from one RB to the maximum allowable RBs [33].

2.2. C-V2X Resource Management

The modulation coding scheme (MCS) is associated with the modulation order, which
refers to the extent of modulation, such as QPSK, 16QAM, 64QAM, and 256QAM. The
modulation order parameter denoted as Q;, in 3GPP is used to specify the modulation
order. The MCS index (Ij;cs) determines the maximum number of useful bits sent per
resource element (RE). The performance of C-V2X communication is contingent upon the
quality of the radio connection. The higher the MCS index, the greater the RB allocation,
increasing the transmission capacity for vital data.

Furthermore, it should be noted that a reciprocal relationship exists between radio
conditions and the Ipscs used. Specifically, when radio circumstances deteriorate, the
Inics is downgraded, decreasing the capacity to transmit vital data. In other terms, the
performance of the MCS is contingent upon the frequency of errors occurring. In general, it
is customary to establish an error probability threshold that is equivalent to 10%. The Ipics
is modified to ensure the error probability remains under a specified threshold, even when
faced with fluctuating radio circumstances. The Iy;cg is afterward used to ascertain the
transport block size (TBS) estimation. The MCS index, TBS index (I7ps), and the associated
modulation order (Q;;) value have been standardized by the 3GPP [34].

Upon calculating the ITps based on the Ij;cs, the value of Nprp, which represents the
number of physical resource blocks required to transmit one unit of beacon data (in bits),
is determined. The 3GPP provided a reference table that outlines the TBS indices and the
corresponding number of physical resource blocks based on the beacon data sizes expressed
in bits. The combination of the TBS index, number of physical resource blocks, and beacon
data size was cited by the 3GPP. The whole beacon payload in the Mode 4 configuration
consists of two components: the beacon data transport block (TB) and the sidelink control
information (SCI). These two segments of the TB and SCI need an independent allocation
of resources. Therefore, the total number of Nprp required for a single complete data
transmission equals Nprp multiplied by 2.

The coding rate (CR), spectral efficiency, and lowest signal-to-interference-plus-noise
ratio (SINR) are computed for the chosen number of Nprp in order to evaluate the data
transmission process. The data transmission capacity of a certain number of physical
resource blocks (PRBs) is contingent upon the modulation order and code rate. Currently,
the C-V2X standard accommodates 16-QAM (Quadrature Amplitude Modulation) and
QPSK (Quadrature Phase-shift Keying) modulations, which may be used with various code
rate configurations. The expression for the effective coding rate (CR) is as follows:

B TB
_NpRBXSXPXQm’

CR (1)
where TB is the transport blocks in bits, Npgrp is the number of physical resource blocks, S
is the number of symbols per subcarrier, P is the number of subcarriers per PRB, and Q; is
the modulation order [35].

The concept of spectrum efficiency may be traced back to Shannon’s theorem, which
mathematically defines the maximum amount of information that can be sent across a

communication channel,
C = BJlog,(1+ SNR), )

where C is the capacity in units of bits per second (bit/s), B, is the channel bandwidth in
Hertz, and SNR is the signal-to-noise ratio.

Shannon’s theorem is generally acknowledged as the prevailing constraint on the
maximum capacity of information that may be sent across a communication channel.
Hence, an increase in signal power or a decrease in interfering signal strength directly
corresponds to an amplification in the capacity of the channel to transmit information. The
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information-carrying capacity may be considered unlimited in the absence of noise and
interference. According to Shannon’s capacity formula, it is observed that the impact of a
rising interference level (resulting in a lower signal-to-interference-plus-noise ratio (SINR))
on capacity reduction is more significant than what may be anticipated originally. It is
worth noting that doubling the interference level does not result in a halving of the capacity,
contrary to expectations. This conceptual understanding justifies the implementation of
densely populated cells and frequency reuse. The subsequent rise in interference and its
mitigated impact on capacity is counterbalanced by the presence of a more significant
number of cells and the ability to accommodate a more extensive user base [35].

Presently, the existing systems function with SINR that are in close proximity to the
maximum threshold, with just a marginal difference of a few dB. Various modulation and
radio schemes exhibit varying degrees of proximity to the limit, prompting the introduction
of two parameters to delineate the performance of these distinct schemes. The performance
evaluation of modulation schemes may be effectively quantified by using a significant
measure derived from the capacity formula. Hence, the parameter denoted as modulation
efficiency (alternatively known as channel spectral efficiency) is defined as follows: The
radio system is required to compute the least SINR for the chosen Npgrp in order to ensure
effective execution of data transmission. The I;cs and TB sizes have been found to meet the
requirements specified in the 3GPP reference table. The minimum SINR or SINR threshold
(SINR;i;) might be stated differently depending on the size of the TB. The minimum SINR
can be expressed as,

SINR,i, = 10logy, (2% - 1), G)

where 7. is the channel spectral efficiency, 2 = 0.4, is a constant taken from the 3GPP
standard [34]. As the value of Iics increases, there is a corresponding increase in the
SINR,,i,,. This may be attributed to the increasing significance of the beacon (TB) capacity,
resulting in a decrease in Nprp [34]. The increased capacity of the TB may result in a higher
signal power required for effective transmission of data. Consequently, the minimum SINR
(SINR,,i,) exhibits an upward trend.

3. Proposed Reinforcement Learning Approach for Adaptive Resource Management
3.1. Impact of MICS Index

This work simulated the C-V2X network and communications using the LTEV2Vsim
version 5.4 simulator [36]. The LTEV2Vsim simulator is based on MATLAB R2022a software
designed to investigate the C-V2X resource management research. The radio resource
parameters are briefly explained in Table 1. We simulated the 1 km highway scenario
with one lane in each direction. The vehicle’s speed was set at 120 km /h with a 40 km/h
standard deviation. Two kinds of vehicle density were simulated, one with the total number
of vehicles, ny = 100 vehicles, and another one with ny = 200 vehicles. The simulation
time (T) was set to 60 s, with the position update time resolution (¢,) updated every 0.1 s.
The channel bandwidth (B;) was set to 10 MHz. We set the transmission power to 23 dBm
for this work.

The packet received ratio (PRR) was used to investigate the overall statistical perfor-
mance. The PRR performance was observed against the vehicle’s 10-150 m distance. The
overall PRR performance statistic can be obtained by:

Number of succes fully recieved packets

PRR =
Total number of packets

/ 4)

PRR values reflect the statistical data of the total number of successfully received
packets divided by the total number of packets. The total number of packets includes
the retransmission packets. The transmitting vehicle and the designated receiving vehi-
cle are assigned randomly. For the given simulation time (T), we recorded the average
total number of packets for ny = 100 vehicles, which was 60,000 packets, and for the
ny = 200 vehicles scenario, which was 120,000 packets.
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Table 1. Parameter settings.

Parameters Values
Simulation time (T) 60 s
Vehicle position update time (¢,) 0.1s
Vehicle’s speed 120 km/h
Vehicle’s speed standard deviation 40 km/h
Road length 1000 m

Number of lanes
Total number of vehicles (ny/)

1 per directions
100 vehicles, 200 vehicles

Channel bandwidth (B.) 10 Mhz
Transmission power (Pry) 23 dBm
Beacon size 190 Bytes
Sensing interval 0.1s
Modulation Coding Scheme (MCS) 0~28
Probability resource keep (Pyy) 0.8
Q-learning predefined epsilon (¢) 01,09
Q-learning discount factor (7) 0.1
Q-learning learning rate («) 0.1,0.9

The vehicle position update (t,) was carried out at each 0.1 s. Suppose a packet
transmission occurs within the 0.1 s space. In that case, the transmission number will
be wrapped up for a more straightforward calculation. Following the 3GPP mode-4
mechanism, every vehicle will be assigned a random resource reselection counter. This
reselection counter will then decrease by one for every packet transmission. When the
counter reaches zero, the vehicle will be given a chance to select a new radio resource for
the following transmissions. The probability resource keep (Py) value dictates the chance
of selecting the new radio resource. The higher the P, value, the greater the chance to select
the same radio resource previously assigned and vice versa. Considering the randomity of
the simulation works, we have yet to track the performance of individual vehicles.

In the simulation, an RB matrix (RBtable) represented the LTE frame grid. The RBtable
consisted of how many RBs were allocated for transmission according to the MCS index.
The radio resource management uses a slot-based approach. Other matrices were also
created to accommodate the radio calculation and the position update. Every vehicle
selected for a packet transmission was paired with the corresponding transmitting and
receiving flag. The transmission direction flag was then used to represent the uplink (UL)
and downlink (DL). Every vehicle shared the same RBtable to simplify the mode-4 sensing
mechanism purposely.

In this study, we focused on how radio resource management works to provide
successful C-V2X communication. The radio resource management emphasized how many
resource blocks would be provided to each vehicle in the system, which was governed by
the MCS index, to reach the highest PRR.

Some related works used particular MCS index values in their investigation. We
conducted our initial investigation referencing some works that we have collected so far.
Table 2 shows the corresponding related works and the MCS index value used within
the report. The 3GPP stated that the MCS index values range from 0 to 28. Thus, the RL
algorithm we used was the MCS index value from 0 to 28 in this work. We investigated
various Q-learning parameters in this work. For the epsilon value (g), we used ¢ = 0.1 and
£ = 0.9 to represent the “exploitation” and “exploration” actions, respectively, within the
epsilon-greedy mechanism [37]. When the epsilon value is close to zero, the system will
never explore but tend to exploit previously known knowledge. On the other hand, when
the epsilon value is close to one, the system will prefer to use random action rather than to
use the information from past knowledge. Similar to the epsilon, we investigated two sets of
learning rate («) value scenarios. The learning rate scenarios were set to o« = 0.1 and « = 0.9.
The smaller alpha value meant the Q-value would change slower, and vice versa. For the
discount factor (7y) value, since we aimed to achieve the optimal PRR performance, we only
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investigated the discount factor value at the low value at y = 0.1. Under the simulation
parameters, as explained in Table 1 and Figures 2 and 3, are the initial simulation results of
the corresponding MCS index from the related works for 100 vehicles and 200 vehicles.
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Table 2. MCS index values from various related works.

Related Work MCS index
[2 7,11

2]
38]
39]
40]
41]
42]
43]
44]
45]
13]

r—wr—|:—1r—1r—|:—1r—1r—|:—1

Figure 2 shows the PRR performance with corresponding MCS index values based on
Table 1 against the vehicle’s distance. We conducted our initial simulation as a benchmark
foundation to investigate our proposed RL algorithm approach for the adaptive MCS index
value later. As shown in Figure 2, the total number of vehicles was set to 100 vehicles. Since
the vehicle’s density was notably at a fair amount, most of the MCS index values PRR
performance were relatively high. For instance, the most significant performance difference
was developed on the higher MCS index, 20 and 27. As explained in the previous section, a
higher MCS index will result in a larger number of physical resource blocks. The larger
number of physical resource blocks required more transmission power. Hence, the higher
MCS index suffered poor PRR performance. A similar result was also obtained in Figure 3,
where the number of vehicles was higher, at 200 vehicles in total. Identically with Figure 2,
the higher MCS index also suffered poor PRR performance. The condition worsened with
the higher vehicle number. More vehicles deployed in the system meant more RBs needed
to be occupied for data transmission. Thus, when the number of physical RBs is large and
the number of vehicles is also high, this may cause a lack of radio resources.

From Figures 2 and 3, we can see that using a high MCS index value will produce low
PRR performance. Instead, the overall PRR performance may drop significantly along with
the increasing vehicle distance. This situation may be caused by the lack of the transmission
power to satisfy the SINR threshold on each TB.

3.2. RL Q-Learning Approach

Q-learning, as a RL method, is used to provide the MCS index adaptability following
the Q-learning procedure. Figure 4 shows the general RL architecture used in this work.
We proposed the continuous “on-the-run” learning process. Thus, the learning time steps
were bound to the simulation time (T) setting. The Q-learning obtains the Q-value from
the corresponding action and state pair. The action function used in our proposed method
was the possible MCS index value within the C-V2X environment. It can be represented as
A (k=1,...,K), where K = 28. We designed the state function as the calculated PRR on
each time step. The system can select one action on each time step and then give feedback on
the MCS index value for the resource management calculation. The resource management
allocation will then produce the current time step PRR. The Q-learning function itself can
be expressed as:

Q(S,A), < Q(S,A),_1 +axAQy, ®)

where t is the time steps, S is the state, A is the action, « € [0 1] is the learning rate, and
AQy is the difference between the value function target and the current Q-value. The value
function target and AQ; can be expressed as,

Yi = Ri + vaXQ(S,A)t, (6)

and

AQr =Y —Q(S,A)_y, @)
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respectively, where R; is the reward function in current time step and ¢ € [0 1] is the
discount factor.

Reward

m Acti C-V2X Simulator
) ction I Environm ent

Agent

State

Figure 4. PRR performance for static MCS index value against vehicle’s distance.
The corresponding reward function can be attained as:
Ry = PRRy — PRR;_q, (8)

in the initial time step, the initial Q-value is set to equal to current PRR( based on the initial
MCS index value Ipcs,. As the learning step runs, the appropriate action was selected
according to the e-greedy exploration mechanism,

choose random action in A, if ¢; < ¢
= arg mﬁXQ(S,A)t, otherwise — ’ ©)

where ¢; is a random value between 0 and 1, and ¢ € [0 1] is the predefined epsilon value.
Algorithm 1 explains the detailed procedure of our proposed RL approach.

Algorithm 1. Pseudocode for proposed RL approach

1: Initialize:
2: initialize T, Ipics,, &, 7, €
3: calculate PRRg based on Ics,
4: whilet < Tdo
5:  for each: LTE event
6: calculate the current Q-value based PRRy
7: calculate the current rewards based on Equation (8)
8: explore the next action that satisfy the condition in Equation (9)
9: calculate the current value function target based on Equation (6)
10: calculate the current AQ; based on Equation (7)
11: update the Q-value based on Equation (5)
12: calculate the new PRR;

13:  end while

4. Simulation Results

The following section discusses the simulation results for the static MCS index as a
benchmark compared to the proposed RL approach for the adaptive MCS index. As
mentioned before, a higher MCS index will result in higher transport block capacity.
However, the larger capacity means higher power consumption. On the other hand, using
a lower MCS index does not mean the overall system performance will become the finest.
A lower MCS index will result in a smaller transport block capacity. Although it may cause
a lower power consumption, a small transport block may result in higher resource blocks
allocation. The total number of resource blocks is bound to the corresponding channel
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bandwidth, as stated by the 3GPP. Hence, if the number of resource blocks allocated to
each vehicle is massive, then it will lead to a need for more radio resources.

Figure 5 shows that the MCS index 11 achieved the best PRR performance among the
other static MCS index values. This figure shows that the MCS index 11 might be sufficient
for the corresponding environment. The transmission power amount was sufficient overall
to provide the SINR threshold for the given MCS index 11. However, more was needed
to satisfy the 90% PRR performance. The MCS index 11 PRR performance plunged below
90% at the vehicle’s distance of 80 m and beyond. In order to satisfy the demand for
reliability and a low latency trend, the acceptable PRR is generally above 90%. Figure 5
also shows that our proposed RL approach maintained a 90% PRR performance up to
130 m of the vehicle’s distance. The total number of vehicles in the first scenario was set
to 100 vehicles. Our proposed RL approach has proven capable of adaptively learning
the vehicle’s environmental situations and adjusting the corresponding MCS index. MCS
index adjustment is carried out by comparing the actual PRR with the past steps PRR. Thus,
the “on-the-run” methods may continuously learn. Our proposed method’s overall PRR
performance improvement was about 10% for the ny = 100 vehicles scenario.

100
95
90

85

80

PRR (%)

——MCS3 |
o MCS4 [ |

MCS 5 ‘ \
——MCS 7 | \
0N Mcs 10 } \ .
—&MCS 11 i ! \
A MCS14 i
65— — —MCS 20 | | N

75

>

Proposed RL “" \

80 1 1 I I I 1 L\ I I I I I I
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Vehicle's Distances (m)

Figure 5. Overall PRR performance comparison for ny = 100 vehicles scenario.

The overall PRR performance comparison for the ny = 200 vehicles scenario is shown
in Figure 6. From Figure 6, it can be seen that the MCS index 11 achieved the best overall
performance from the other static MCS index values. Nevertheless, the static MCS indexes
were not performing well under the massive vehicle number. Even the MCS index 11
plunged under 90% PRR performance in just around 25 m of vehicle distance. Despite
the overall performance in the “high-density” scenario still needing improvements, our
proposed RL approach achieved much better than the static MCS index. The RL approach
could satisfy the 90% PRR performance up to 60 m of the vehicle’s distance under a high-
density scenario. From both Figures 5 and 6, we can observe that the performance from
the high MCS indexes, 20 and 27, were deficient. The case of MCS 20 and 27 may be
caused by a lack of transmission power in order to satisfy the size of the large chunk of
transport blocks carried by the corresponding MCS index. The large transport blocks size
may have been of benefit in the large beacon size scenario. Focusing on the very beginning
of Figure 4, the MCS index 20 achieved the highest PRR performance. However, the
performance immediately plunged significantly as the vehicle’s distance increased. For the
ny = 200 vehicles scenario, our proposed methods achieved an overall PRR performance
improvement of 21%.
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Figure 6. Overall PRR performance comparison for ny = 200 vehicles scenario.

In order to investigate the proposed RL approach, Figures 7 and 8 show the PRR and
rewards evolution against the LTE events number. Figure 7 shows the PRR results taken
from the different learning rates, « = 0.1 and &« = 0.9. The lower alpha means the system
will prefer not to refrain from learning anything from the newly selected action (MCS
index). The higher alpha value will make the system value the more recent information,
thus resulting in a faster Q-value change. It can be seen from Figure 7b that the higher alpha
value achieved better results utilizing the new information. Although the PRR difference
was slim, the higher alpha value showed more promising results. Figure 7a shows that
the proposed RL methods achieved a stable performance around 40,000 events, each event
representing one packet transmission. Assuming a uniformly random distribution packet
generation, the convergence time shown in Figure 7a was around 20 s. The estimated
convergence time achieved by

converged event number
total number of transmitted packets

T, (10)

Tconverge =

where T = 60 s is the simulation time, total number of transmitted packets = 120,000 packets,
and the converged event number = 40,000.

Figure 8 shows the rewards evolution against the number of events. Similar to Figure 7,
the rewards evolution results were taken from two different epsilon values, ¢ = 0.1 and
€ = 0.9. As we can see from Figure 8b, the results of ¢ = 0.9 show more scattered points
compared to the results of ¢ = 0.1. The lower epsilon will result in the RL not exploring
the possible new actions; in other words, the RL will tend to exploit the already-known
knowledge. The exploring behavior can be seen in the more scattered points of the results
of ¢ = 0.9. As the RL explored every possible action provided, it resulted in various
performance states. These various states caused more rewards to be produced in the
learning episode, resulting in more scattered points.
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Figure 7. PRR evolution against number of events from the proposed RL approach; (a) The overall
PRR evolution from ny = 200 vehicles scenario; (b) The detailed PRR evolution for the first 24,000 to
32,000 events.
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Figure 8. Rewards evolution against number of events from the proposed RL approach; (a) The
overall rewards evolution from the ny = 200 vehicles scenario; (b) The detailed rewards evolution
for the first 1000 events.

5. Conclusions

The impacts of the variable and adaptive MCS index in the C-V2X communication
should be discussed among researchers. In this work, we propose the application of
the RL algorithm, as we used the Q-learning approach to adaptively change the MCS
index according to the current environmental states. We gathered some MCS index values
used by related works as benchmark information, and we then used the MCS index
values in our initial simulations. Our proposed RL approach design was implemented
as an “on-the-run” learning process. The simulation results showed that our proposed
RL approach outperformed the static MCS index for the total number of vehicles, being
100 vehicles and 200 vehicles. Our proposed method achieved an average of 10% and
21% PRR improvements for the ny = 100 and ny = 200 vehicles scenario, respectively.
Our proposed method also showed that the learning mechanism reaches its stability at an
acceptable number of events. Despite the promising results, this work only utilizes the PRR
statistics, and it is possible to improve in the case of real-world parameter configuration.
These real-world parameters will be carried out in our future works.
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