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Abstract—¢ Adaptation of the Modulation and Coding Scheme
(MCS) within the Cellular Vehicle-To-Everything (C-V2X)
sidelink has the potential for a wide range of applications
including congestion control, support of variable packet sizes
and improved support of unicast transmissions. However, the
practical implementation of MCS adaptation presents a wide
range of implications for the C-V2X radio resources, computation
of power levels and the operation of the Sensing-Based Semi-
Persistent Scheduling (SB-SPS) mechanism. This paper presents
the first study that provides a detailed analysis and an imple-
mented model highlighting the implications of MCS adaptation
on the operation of SB-SPS. This provides the foundation
for other applications of MCS adaptation within the C-V2X
sidelink. To showcase the use of MCS adaptation, a quantitative
evaluation of its performance for distributed congestion control is
undertaken, while considering different vehicular densities. The
results indicate that MCS adaptation can be useful to reduce
channel congestion by decreasing resource occupation, but may
not improve the overall packet delivery rate unless subchannel
occupation is reduced.

Index Terms—MCS adaptation, C-V2X Mode 4, SB-SPS, 5G.

I. INTRODUCTION

The advent of vehicular communication technology is set
to revolutionize the transport & mobility sector, enabling
improved safety and traffic efficiency. Beyond this, the in-
crease in vehicular autonomy supported by enhanced sensing
capability is poised to deliver new advanced services including
cooperative sensing and maneuvers, many of which will utilize
direct sidelink connectivity. Over the last decade, the standards
for vehicular communications were based exclusively on IEEE
802.11p technology [1]. However, more recently the Third
Generation Partnership Project (3GPP) has rapidly specified
cellular standards to address the challenges of vehicular com-
munications, known as C-V2X, starting with Release 14 [2]
also known as LTE-V and followed by Release 15 [3] and
Release 16 [4], commonly referred to as NR-V2X.

Vehicular communications can be supported either by the
cellular network infrastructure (C-V2X Mode 3 or NR-V2X
Mode 1) or by allowing vehicles to communicate directly (C-
V2X Mode 4 or NR-V2X Mode 2) in an ad-hoc fashion. In
the vehicular sidelink, vehicles can autonomously allocate and
manage a fixed amount of resources for predefined periods of
time, using a scheduling mechanism known as Sensing-Based
Semi-Persistent Scheduling (SB-SPS). While resources are
reserved in a semi-persistent basis, vehicles can still modify

parameters like the transmission power or the MCS. Therefore,
vehicles can adapt these parameters for different purposes such
as congestion control [5] or the transmission of packets of
variable size [6].

However, whereas adapting the transmission power during
ongoing transmissions in the C-V2X sidelink is straightfor-
ward, because it does not modify the resource occupation,
adapting the MCS is a more challenging task. This is because
different MCS configurations modify the number of transmis-
sion resources and consequently, the transmission bandwidth.
This has further effects on the computation of the power levels
in the channel and on the operation of SB-SPS, which relies
on specific power metrics in order to select and reserve the
required resources.

In spite of the importance of assessing the consequences of
adapting the MCS within the vehicular cellular sidelink, this
issue has not been addressed in literature. This paper addresses
this challenge by presenting a comprehensive analysis of
the effects of MCS adaptation on the operation of the C-
V2X sidelink. Specifically, it analyzes the impact of MCS
adaptation on the resource organization of C-V2X, as well as
on the computation of the power levels in the channel and their
effects on the operation of SB-SPS. It further analyzes and
accurately models the performance implications of adapting
the MCS for distributed congestion control, which to the
best of the authors’ knowledge has not been explored before.
Finally, it provides the foundations for other studies that want
to utilize the implementation of MCS adaptation for other
purposes.

The remainder of this paper is organized as follows. Section
IT discusses related literature and Section III describes the
background and operation of C-V2X Mode 4. Section IV
describes the implications of MCS adaptation on the operation
of SB-SPS and discusses the intricacies of modeling this
within C-V2X. Section V presents the performance of MCS
adaptation for distributed vehicular congestion control. Finally,
Section VI provides some conclusions.

II. RELATED LITERATURE

Adapting the MCS in real-time has mainly been proposed
as a mechanism for distributed congestion control in C-V2X,
as flagged by the 3GPP and the related literature. To a lesser



extent, it has also been proposed as a potential solution for
transmitting packets of variable size.

However, studies in the area have either investigated the
impact of different static MCS configurations, which is not
in compliance with ETSI standards [5], or have focused on
discussing the potential of MCS adaptation without analyzing
its operation and performance. For instance, the authors in [7]
and [8] briefly discuss the use of MCS adaptation for conges-
tion control in C-V2X Mode 4 and analyze how increasing
the MCS can potentially reduce congestion by reducing the
number of required resources at the expense of a decrease
in performance. However, these works do not analyze the
implications of implementing this mechanism on the operation
of C-V2X SB-SPS, which is crucial for its performance.

The study in [9] presents a detailed analysis of different
congestion control techniques in C-V2X and shows the impact
of different MCS configurations on the performance of C-
V2X when vehicular congestion is present. However, the study
assumes that MCS configurations remain fixed during the
simulations and it does not analyze the operation of MCS
adaptation for congestion control following the ETSI specifica-
tions [5]. Such standards require that MCS adaptation operate
dynamically during ongoing transmissions and as function of
the congestion conditions in the channel.

Other studies, such as [6] and [10], discuss the applicability
of MCS adaptation as a solution for transmitting vehicular
packets of variable size using C-V2X. These works provide an
analysis of the implications of MCS adaptation and highlight
the relevance of the technique for this particular application.
However, they do not model the operation of MCS adaptation,
which is critical to assess the performance of this technique
when the size of the packets is variable.

MCS adaptation can have multiple applications in C-V2X
beyond those already discussed in the related C-V2X literature.
This is demonstrated by some works utilizing the wireless
802.11p based vehicular standard. For instance, [11] and
[12] show how MCS adaptation can be used to improve the
performance of broadcast transmissions by adapting the MCS
to variable channel conditions. Similarly the authors in [13]
highlight the relevance of MCS adaptation on the performance
of vehicular unicast transmissions, which is a feature of NR-
V2X under the 5G Release 16 specification [4].

III. C-V2X OVERVIEW

The C-V2X standard builds upon the sidelink PC5 interface,
originally designed for Device-To-Device (D2D) communi-
cations in LTE, but introduces new physical (PHY) and
medium access control (MAC) layers to guarantee adequate
performance of V2X communications in vehicular scenarios.

A. C-V2X Physical Layer

The physical layer of C-V2X implements Single-Carrier
Frequency Division Multiple Access (SC-FDMA), where re-
sources are organized in a grid structure.

In the time domain, resources are organized in frames of
10 ms, which are further divided into subframes of 1 ms. In the

frequency domain, the total bandwidth can be configured to be
either 10 MHz or 20 MHz and it is divided into subchannels,
which consist of a group of Resource Blocks (RBs). Under
this structure both the number of subchannels and their size
are configurable, but depend on the available bandwidth.
There are two channels, the Physical Sidelink Control
Channel (PSCCH) and the Physical Sidelink Shared Channel
(PSSCH). The PSCCH occupies 2 RBs and is used to trans-
mit the Sidelink Control Information (SCI), which contains
information required to decode each transmission. In turn, the
PSSCH transmits the data in Transport Blocks (TBs) and its
size is dependant on both packet size and the MCS. In the
PSSCH, RBs can be allocated contiguously (adjacent scheme)
or they can be allocated in separate pools (non-adjacent mode).

B. C-V2X MAC Layer

Resources can be either allocated by the cellular network
infrastructure (Mode 3) or autonomously selected by the vehi-
cles (Mode 4). In Mode 4, the vehicles first sense the channel
and then select one or multiple subchannels for a number of
consecutive transmissions using the SB-SPS mechanism.

Every time a packet arrives from the upper layers and a
reservation is not in place, the SB-SPS mechanism generates a
new resource grant. This grant contains information regarding
the number of subchannels to be reserved, the duration of the
reservation and the period between them. The period between
transmissions is set in the Resource Reselection Interval (RRI)
parameter and is fixed due to the periodic behavior of SB-SPS.
In turn, the duration of the reservation is chosen at random
within a range of values that depend on the RRI and is set in
the Resource Reselection Counter (RRC) parameter.

The information contained in the grant is then passed to the
PHY layer, where a list of subchannels known as Candidate
Subframe Resources (CSRs) is created. This list contains
all possible CSRs within a selection window comprising the
period of time between the arrival of a packet from the
application ¢ and either the RRI or 100 ms (whichever is lower,
in case the RRI is less than 100 ms), as depicted in Figure 1.
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Fig. 1: CSR selection performed by SB-SPS in C-V2X.

From this list, CSRs are discarded based on the information
received during a sensing window of 1 s that spans between
t — 1000ms and t as shown in Figure 1. The PHY layer
discards all CSRs whose SCIs indicate they will be reserved



during the selection window as well as CSRs whose latest Ref-
erence Signal Received Power (RSRP) is above a predefined
threshold. This process is repeated by increasing the threshold
by 3 dB until at least 20% of all the CSRs are available. After
this process, only 20% of the remaining CSRs with the lowest
Received Signal Strength Indicator (RSSI) are returned to the
MAC layer, where a single CSR is selected at random.

Finally, the SB-SPS mechanism signals the PHY layer to
use the selected CSR to transmit the packet and decreases the
RRC by one after each transmission. With this mechanism all
upcoming packets are transmitted using the same CSR until
the RRC reaches zero. When this occurs, the MAC layer can
maintain the same reservation with a probability of P (chosen
from the interval [0,0.8]) or generate a new grant.

C. Default MCS selection in C-V2X

The specification for the access layer of C-V2X Release 14
states that the control messaging (SCI) must be transmitted
with the lowest MCS (0), while data (TBs) can be transmitted
using a minimum MCS of 0 or 3 and a maximum of 11. This
assumes the vehicle travels at a speed less than 160 km/h
[14]. The specification does not mandate the use of a specific
MCS within this range. However, it encourages any C-V2X
evaluations to implement an MCS of QPSK with a coding rate
of 0.5 as a baseline, or alternatively an MCS of QPSK with a
coding rate of 0.7 or 16QAM with a coding rate of 0.5 [2].

Therefore, most studies in the area assume these values of
MCS in order to evaluate the performance of C-V2X. With
these assumptions, the MCS can be used in combination with
the packet size to find the number of RBs (NpRB), the TB
size index (Irps) and the MCS index (Ip;cg) using tables
7.1.7.2.1-1 and 8.6.1-1, provided in [15].

However, if the MCS is not assumed to be fixed for all TB
transmissions and can be adapted in real time, there are other
important considerations that need to be taken into account.
This will be explained in the following section.

IV. MODELING MCS ADAPTATION IN C-V2X

Release 14 of the C-V2X standard does not preclude the
adaptation of the MCS in the PSSCH within the specified
ranges during ongoing transmissions and indeed suggests it
as a potential congestion control mechanism [4]. However,
adapting the MCS during ongoing transmissions is not a trivial
task and has several implications for the operation of the MAC
and PHY layers of C-V2X that need to be considered in order
to implement MCS adaptation.

A. Impact of MCS selection on resource organization

The selection of different MCS configurations modifies the
RB occupation and in some cases the subchannel occupation
in C-V2X due to its channelization structure.

According to the standard, the subchannel configuration
depend on the available bandwidth and the PSCCH+PSSCH
transmission scheme. In the case of an adjacent scheme, which
is used by the standard to evaluate the performance of C-
V2X in [2], the size of each subchannel in the PSSCH can be

of 5, 6, 10, 15, 20, 25, 50, 75 or 100 RBs and the channel
can contain 1, 3, 5, 8, 10, 15 or 20 subchannels. Despite the
number of available configurations, ETSI indicates that the
PSSCH should be configured with 5 subchannels of 10 RBs
each for a channel bandwidth of 10 MHz [14].

Under this configuration, the selection of an MCS has a
limited impact on the number of subchannels required to
transmit a TB. This is depicted in Figure 2, where the number
of subchannels and RBs (including the 2 RBs of the SCI)
required to transmit a 190-Byte packet has been obtained by
following the procedure described in [16].
Modulation and Coding Scheme

4 5 6 7 8

1 2 3 9 10 11
— e ——s
—

10 RBs

5 Subchannels

Fig. 2: Subchannel and RB occupation as a function of the
MCS for a 190-Byte packet and 5 subchannels of 10 RBs.

Figure 2 shows that, for a 190-Byte packet, the channel-
ization structure of C-V2X limits the number of subchannels
occupied to 5 (MCS 1), 4 MCS 2), 3 MCS 3 and 4) or 2
(MCS 5 to MCS 11 inclusive). However, Figure 2 also shows
that the RB occupation varies for most MCS configurations
independently of the subchannel occupation. This can be
clearly seen for MCS 5 and MCS 11, which require two
subchannels but occupy 20 and 11 RBs, respectively. These
variations of RB occupancy as a function of the selected
MCS and their implications need to be considered when MCS
adaptation is implemented in practice.

B. Impact of MCS adaptation on computation of power levels

As discussed above, even if the number of required sub-
channels remains unchanged, the selection of MCS modifies
the number of RBs required for transmission in most cases.
This has implications on the computation of power levels in
the channel and consequently on the operation of the SB-SPS
mechanism in C-V2X that are important to consider.

For instance, if the total transmission power is assumed to
be fixed, any variation in the number of used RBs directly
modifies the transmission bandwidth and therefore, the Power
Spectral Density (PSD) of each transmission. This needs to
be considered every time the MCS is adapted to accurately
compute the power levels in the channel and ensure that the
PSD remains within the limit of 23 dBm/MHz as specified by
the standard [16]. This is often overlooked when analyzing the
performance of C-V2X [17].

More specifically, the variations of PSD due to MCS adap-
tation have an impact on the computation of important param-



eters such as the RSRP, RSSI and SINR. RSRP is computed
by obtaining the average power contribution of each Resource
Element (RE) within the transmitted RBs [18]. Therefore, if
the number of RBs changes due to MCS adaptation, the value
of RSRP must be computed accordingly.

The variations of PSD also have an impact on the levels of
interference in the channel. For instance, a transmission that
occupies a lower number of RBs in a subchannel produces
less interference than a transmission occupying the same sub-
channel, but utilizing a higher number of RBs. This variation
in interference has an impact on RSSI, which is computed as
the received power plus the interference and thermal noise in
the received SC-FDMA symbol [18]. This is also the case for
the SINR, which is computed as the ratio between the received
power and the interference plus the thermal noise.

Based on this analysis, when MCS adaptation is imple-
mented, the following factors must be accurately estimated and
considered: received power, interference and thermal noise.
This is particularly important for parameters such as the RSRP
and RSSI, which are used to perform CSR selection as well
as for the SINR, which is used for decoding transmissions.

C. Impact of MCS adaptation on CSR selection

The C-V2X SB-SPS mechanism filters out CSRs based
on the average RSRP and RSSI of the subchannels in the
sensing window. Therefore, several scenarios can arise due
to variations in RSRP and RSSI as a consequence of the
implementation of MCS adaptation, with further implications
for the selection process of CSRs.

Figure 3 illustrates three potential scenarios depending on
different reservation and occupation states of subchannels
within the sensing window. Scenario A illustrates the case
where two subchannels are reserved and fully occupied by a
transmission where the implemented MCS requires use of all
the RBs. As all the RBs in both subchannels are used, they
have the same levels of RSRP. This is also the case for the
RSSI, because the occupied RBs contribute the same amount
of interference to both subchannels.
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Fig. 3: Subchannel and RB occupation during CSR selection
with MCS adaptation.

However, in the case of Scenarios B and C, the levels of
RSRP and RSSI of each subchannel in the sensing window can
be different if the MCS is adapted, thus varying the number of
occupied RBs. For instance, the levels of RSRP in the upper
subchannel of Scenario B, where all RBs are occupied, are

higher than the ones corresponding to the lower subchannel.
Thus, the upper subchannel has higher levels of RSSI, since
there is a higher contribution of interference due to the use
of a higher number of RBs. This also occurs in Scenario C,
where two subchannels have been reserved but only the upper
subchannel is fully occupied due to the implementation of a
higher MCS while the reservation is maintained by SB-SPS. In
this scenario the lower channel has effectively zero RSRP since
all the transmission power is used in the upper subchannel and
also has lower RSSI because there is no interference.
Importantly, these scenarios also have implications during
the selection of CSRs, because SB-SPS filters subchannels
based on RSRP and RSSI. SB-SPS first discards the subchan-
nels with the highest RSRP measured during the most recent
receptions within the sensing window, which is impacted by
MCS adaptation as described for Scenarios B and C. After
this process, SB-SPS selects only 20% of the remaining
subchannels with the lowest average RSSI. In this case, the
average subchannel RSSI depends on the individual RSSI
measurements in each subchannel, which can also vary as a
function of the selected MCS as shown in scenarios B and C.
Based on this analysis, it is evident that the variations in
the subchannel RSRP and RSSI due to MCS adaptation have
important effects on the selection of CSRs performed by SB-
SPS. All these effects have been considered in this study to
accurately model the operation of MCS adaptation in C-V2X.

V. PERFORMANCE EVALUATION OF MCS ADAPTATION
FOR CONGESTION CONTROL

MCS adaptation has been proposed as a mechanism for
addressing distributed congestion control by 3GPP and ETSI
[5] and in the literature [7], [8]. We now model and evaluate
how MCS adaptation would perform if used for this purpose.

The goal of distributed congestion control is to allow each
vehicle to adjust its transmission parameters to reduce chan-
nel congestion. To perform congestion control each vehicle
measures two metrics, the Channel Busy Ratio (CBR) and
the Channel Occupancy Ratio (CR). The CBR measures the
fraction of subchannels whose RSSI exceeded a predefined
threshold during the last 100 ms and provides an estimation
of the overall channel congestion. In contrast, the CR estimates
the channel usage of each vehicle by measuring the ratio
between the subchannels that were used and reserved by
the vehicle and all available subchannels within a predefined
period. Based on these metrics, each vehicle can adjust its
transmission parameters to reduce congestion if the CR ex-
ceeds a limit defined by the measured CBR. Recommended
parameter values as defined by the standard [14] are shown in
Table I.

TABLE I: CR limits per CBR range in C-V2X.

Measured CBR CR limit

CBR <=0.3 no limit
0.3 < CBR <= 0.65 0.03
0.65 < CBR <=10.8 0.06
0.8 < CBR<=1 0.003




By using the CBR and CR, each vehicle can implement
different mechanisms to reduce congestion, such as increasing
the MCS. As described in Subsection IV-A, increasing the
MCS can reduce the number of required subchannels for a
given transmission and therefore, reduce the CR. Moreover,
even if the number of subchannels remains the same due to the
channelization scheme of C-V2X, increasing the MCS reduces
the number of required RBs, which can reduce the average
subchannel RSSI and ultimately the CBR.

We evaluate the strategy of using MCS adaptation as a
distributed congestion control mechanism, where each vehicle
adapts the MCS depending on the measured CR and CBR.
To this end, two MCS configurations are implemented. MCS
7 is set by default in all vehicles as specified in [2] when
congestion is not detected in the channel. In turn, MCS 11,
which is the maximum MCS specified by ETSI in [14],
is implemented if congestion conditions are met. With this
mechanism, each vehicle increases the MCS from 7 to 11
when the CR exceeds the limit for its corresponding CBR and
returns to MCS 7 otherwise.

A. Simulation environment

The performance of MCS adaptation for distributed conges-
tion control was evaluated using OpenCV2X [19], [20], with
the parameters specified in [2] and summarized in Table II.
Three different vehicular densities are considered along with
two fixed MCS configurations (i.e., MCS 7 and MCS 11) and
an adaptive configuration, where the MCS alternates between
MCS 7 and MCS 11 depending on the congestion in the
channel.

TABLE II: Simulation scenario and parameters.

Parameter Value
Vehicular topology
Road length 2 km
Number of lanes 6 (3 in each direction)
Lane width 4 m

Vehicular density (veh/m of road) 0.06, 0.09 and 0.20
Channel configuration

Carrier frequency 5.9 GHz
Channel bandwidth 10 MHz

Number of subchannels 5
Subchannel size 10 RBs

Access & Physical layers
Resource keep probability 0
RSRP & RSSI thresholds -126 dBm & -90 dBm

Propagation model Winner+ B1
Noise figure 9 dB
Shadowing variance LOS 3 dB
MCS 7, 11, adaptive

Modulation and Coding Rate
Transmission power

QPSK/0.7, 16QAM/0.5, adaptive
27.32 dBm, 25.97 dBm, adaptive

Moreover, in order to maintain the PSD constant and
within the limit of 23 dBm/MHz, the transmission power was
also adapted depending on the selected MCS configuration.
Specifically, the transmission power was set to 27.32 dBm for
MCS 7 and 25.97 dBm for MCS 11. Finally, the application
layer was configured for the transmission of 190-Byte packets
with a transmission frequency of 10 Hz. Results were obtained
by averaging the outcomes of 5 simulation runs.

B. Results & analysis

Figure 4 shows the Packet Delivery Rate (PDR) versus
distance for all MCS configurations and vehicular densities.
As expected, the PDR decreases for both MCS 7 and MCS 11
as the distance and vehicular density increase, due to the re-
duction in SINR and the increase of interference, respectively.
It can also be noted that MCS 7 always outperforms MCS 11
with the difference in PDR increasing at higher vehicular
densities. This can be attributed to the more robust modulation
and coding rate of MCS 7 (QPSK/0.7), which outperforms
MCS 11 (16QAM/0.5) at higher interference levels.

100

90

80

70

60

50

40

30 B

Packet Delivery Rate (%)

20 b
—— Adaptive
10r|—— MCs7 |
—-—-MCS 11
0 I . . .

0 100 200 300 400 500

Distance (m)

Fig. 4: Packet Delivery Rate.

Figure 4 also shows how the performance of MCS adapta-
tion varies depending on the vehicular density. For instance,
at 0.06 veh/m MCS adaptation achieves the same PDR as
MCS 7 because the vehicular density is not high enough to
trigger the congestion control mechanism. However, as the
density increases to 0.09 veh/m, some vehicles in the scenario
trigger MCS adaptation changing the MCS from 7 to 11, which
slightly reduces the overall PDR. This is more evident at 0.20
veh/m, where MCS adaptation has the same performance as
MCS 11 due to all vehicles increasing their MCS due to the
higher vehicular density. Ultimately, it can be seen that adapt-
ing the MCS does not improve PDR in response to congestion.
This could be due to the constraints imposed by the standard
regarding the subchannel and MCS configurations, which limit
the reduction in subchannel occupation despite the reduction
in the number of required RBs.

Figure 5 shows the percentage of transmission errors versus
the cause of error for all MCS configurations. The results
are shown for a density of 0.09 veh/m and correspond only
to errors within a range of 500 m. It can be seen that the
percentage of half duplex errors is the same for all MCS
configurations. This is expected as the transmission rate for
MCS 7 and MCS 11 is the same, which results in the same
number of lost transmissions due to half duplex limitations. In
terms of sensing errors, which occur when the received power
is below the sensing threshold, MCS 7 performs slightly better
than MCS 11. This occurs because MCS 7 can implement a



higher transmission power than MCS 11 while maintaining
the PSD within the 23 dBm/MHz limit. Specifically, the
transmission power can be set to 27.32 dBm for MCS 7 and
25.97 dBm for MCS 11 because MCS 7 occupies a larger
bandwidth (15 RBs) than MCS 11 (11 RBs). In the case of
MCS adaptation, the percentage of sensing errors is within
the range of MCS 7 and MCS 11 as some vehicles increase
the MCS when the mechanism is triggered at the configured
density.
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Fig. 5: Percentage of transmission errors versus cause of error
for all MCS configurations at 0.09 veh/m.

Figure 5 also shows the percentage of transmission errors
due to interference, which occur when the packet cannot be
decoded due to low levels of SINR. In this case, MCS 7
(QPSKY/0.7) outperforms MCS 11 (16QAM/0.5), as the former
is more robust when the same levels of interference are present
in the channel. In the case of MCS adaptation, the errors due
to interference are within the range of MCS 7 and MCS 11 as
the MCS is increased in some of the vehicles in the scenario.

Finally, Figure 5 shows the percentage of transmission
errors due to undecoded SCIs. This type of error occurs
when the SCI cannot be decoded at the receiver, resulting
in the corresponding TB being immediately discarded. This is
attributable to the fact that errors are analyzed within a 500 m
range, where interference from SCI collisions is more likely to
cause undecoded SCIs and impact TB transmissions. Figure 5
also shows that the selection of different MCS configurations
has no impact on SCI collisions, as the MCS only modifies
the number of RBs for the TB and not the SCI.

To validate the operation of MCS adaptation for congestion
control, Figure 6 shows the CBR for all vehicular densities and
MCS configurations, while Figure 7 shows the MCS usage for
MCS adaptation for all vehicular densities.

In Figure 6, the CBR levels at 0.06 veh/m are lower than
0.3, which is the minimum CBR required to trigger MCS
adaptation according to Table I. Therefore, at 0.06 veh/m
and with MCS adaptation enabled, almost all vehicles in the
scenario implement MCS 7, as shown in Figure 7. It can also
be seen that for 0.09 veh/m, the CBR increases around the
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Fig. 7: MCS usage for MCS adaptation at 0.06 veh/m (lower
figure), 0.09 veh/m (middle figure) and 0.20 veh/m (upper
figure).

minimum CBR limit of 0.3 which is enough to trigger MCS
adaptation. This is validated in Figure 7 where it is shown
that around 60% of vehicles increase their MCS to 11, while
the remaining 40% implement MCS 7. At 0.20 veh/m, Figure
6 also shows that the CBR reaches 0.5 as its highest value,
which is higher than the minimum CBR limit. Consequently,
MCS adaptation is triggered in all vehicles of the scenario,
which increase their MCS to 11 as shown in Figure 7.

Importantly, the results of Figure 6 indicate that the CBR
levels are generally lower for MCS 11 across all vehicular
densities. This is the result of the reduction in subchannel
RSSI that occurs due to the lower RB occupation of the higher
MCS. Moreover, this result highlights the main advantage of
increasing the MCS in congested scenarios, which is an overall
reduction of channel congestion.

Finally, in the case of MCS adaptation, Figure 6 shows
how the CBR levels vary depending on the vehicular density.
For instance, at 0.06 veh/m the CBR of MCS 7 and MCS



adaptation are practically the same due to the lower density in
the scenario, which is below the CBR limit required to trigger
MCS adaptation. As the density increases to 0.09 veh/m, MCS
adaptation is able to reduce the overall CBR, as 60% of
the vehicles in the scenario switch to MCS 11 to cope with
higher congestion in the channel. This trend is even clearer at
0.20 veh/m, where all vehicles switch to MCS 11 due to the
high congestion, achieving a higher reduction on CBR.

This reduction in CBR can be validated through Figure 8
where the average subchannel RSSI is shown for all MCS
configurations and vehicular densities. It can be seen that
the average subchannel RSSI increases with the vehicular
density due to the higher levels of interference in the scenario.
More importantly, it shows that the average subchannel RSSI
of MCS 7 is higher than MCS 11 for all the vehicular
densities, indicating that the higher RB occupation of MCS
7 with respect to MCS 11 increases the subchannel RSSI and
ultimately the CBR, as shown in Figure 6.
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Fig. 8: Average subchannel RSST at 0.06 veh/m (lower figure),
0.09 veh/m (middle figure) and 0.20 veh/m (upper figure).

Figure 8 also shows how the average subchannel RSSI of
MCS adaptation depends on the configured vehicular density.
For instance, at 0.06 veh/m the number of vehicles in the
scenario is not enough to trigger MCS adaptation, and there-
fore subchannel RSSI is the same as MCS 7. However, as the
density increases to 0.09 veh/m and 0.20 veh/m the average
subchannel RSSI is lower for MCS adaptation in comparison
with MCS 7 because the vehicles in the scenario increase their
MCS due to the higher congestion in the channel.

VI. CONCLUSIONS

This paper comprehensively studies the implications of
implementing MCS adaptation in the C-V2X sidelink. Specif-
ically, it analyses the impact on the resource configuration,
power levels and on the operation of the SB-SPS mechanism.
While this paper quantitatively evaluates LTE-V, the findings
are applicable for NR-V2X as the modifications in Rel. 16
only impact the time domain. To validate the study, MCS
adaptation is evaluated as a mechanism for congestion control

as proposed by ETSI. The results indicate that under high
vehicular density MCS adaptation is capable of reducing the
subchannel interference and channel congestion. However, the
results also highlight the limitations due to the channelization
constraints of C-V2X and demonstrate that the technique does
not improve the overall performance of C-V2X under the
analyzed congestion conditions. Despite the limitations of
MCS adaptation for congestion control, the study provides
valuable insights on the operation of the technique in C-V2X,
laying the foundation for other applications that can benefit
from its application, such as the transmission of packets of
variable size.
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