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Abstract—5G offers high flexibility at the radio, transport 
and core networks to support various services of critical 
verticals such as connected and automated driving. At the Radio 
Access Network (RAN), 5G defines a New Radio (NR). 5G NR 
utilizes different subcarrier spacing, slot durations, modulations 
and channel coding schemes. This flexibility offers the 
possibility to support automotive services with different and 
demanding requirements, such as Advanced Driver-Assistance 
System (ADAS), cooperative driving, and remote driving. 
Previous studies showed that 5G NR can be configured to 
achieve latencies below 2 ms. However, existing studies are 
generally restricted to scenarios with a limited number of users 
and unlimited bandwidth. Therefore, it is important to analyze 
whether 5G NR can effectively support these services as the 
network scales under limited spectrum allocations. This study 
advances the current state of the art to demonstrate that the 
capability of 5G NR RAN to support advanced V2X services 
depends on the RAN configuration (subcarrier spacing, slot 
duration and error protection) and network load.   

Keywords—5G, NR, New Radio, RAN, 5G V2X, V2X, Vehicle 
to Everything, V2N, V2N2V, connected automated vehicles, CAV. 

I. INTRODUCTION 
5G systems have been designed to be highly flexible and 

support advanced services with stringent bandwidth, 
reliability and latency requirements. To this aim, 5G defines a 
New Radio (NR) interface that includes new subcarrier 
spacing (SCS), slot durations, modulations and channel 
coding schemes. The capabilities of 5G have raised 
expectations on its potential to support highly demanding 
services such as those related to connected and automated 
driving (e.g., Advanced Driver-Assistance System -ADAS-, 
cooperative driving, or remote driving).  

Several studies have already analyzed the performance of 
the 5G NR Uu interface1 for uplink (UL) and downlink (DL). 
For example, the 3GPP’s Technical Specification Group 
Radio Access Network (RAN) evaluated in [1] the latency that 
can be achieved at the radio network considering the 
transmission of small IP packets in unloaded conditions. The 
study demonstrated that 5G NR can achieve UL and DL 
latency values below 2 ms using different RAN configurations 
(FDD or TDD frame structure, different numerologies and slot 
formats). The study in [1] also shows that lower latency values 
(<1 ms) can be achieved using higher numerologies, even 
when using a 14-symbol slot. Over-the-air latency values 
below 2 ms have also been demonstrated in proof-of-concept 
trials presented in [2] for Vehicle-to-Network-to-Vehicle 

 
1 The Uu interface is the radio interface between the User Equipment (UE) 
and the Radio Access Network (RAN). 

(V2N2V) connections between trucks operating a platoon. 
The study in [3] also showed that latency values below 2 ms 
can be achieved with different numerologies. [3] also showed 
that the latency can increase with the numerology due to the 
increase of signaling exchange, and that this depends on the 
particular traffic pattern. All these previous results show that 
5G NR can meet stringent latency requirements of highly-
demanding services such as advanced V2X (also referred to 
as enhanced V2X or eV2X). However, these results have been 
achieved under limited and controlled scenarios, and it is still 
necessary to evaluate and understand the 5G NR performance 
under realistic operating conditions with different network 
loads. To this aim, the authors analyzed in [4] the scalability 
and latency of the 5G NR RAN as a function of the vehicle 
density and packet size. The results in [4] demonstrated that 
the capability of the 5G NR RAN to support advanced V2X 
services can be compromised as the network scales. The study 
in [4] considered a particular configuration of 5G NR, and it 
is then necessary to supplement this study by investigating 5G 
NR configurations that can better support advanced V2X 
services at scale. This study advances the state of the art with 
the evaluation of the impact of the 5G NR configuration on 
the scalability of 5G networks for advanced V2X services. In 
particular, this paper analyzes the latency, reliability and 
spectrum efficiency that can be achieved at the RAN 
(excluding the transport network) with different 5G NR 
numerologies, slot durations, cyclic prefixes, and modulation 
and coding schemes. Furthermore we consider V2X services 
with different requirements that relate to the level of 
automation of CAVs (Connected Automated Vehicles). The 
impact of the 5G NR configuration is analyzed as the network 
scales with the density of vehicles and the traffic load 
generated per vehicle. 

II. LATENCY AT THE 5G NR RAN 
5G NR defines multiple numerologies and two different 

cyclic prefixes that result in different symbol durations. The 
numerologies consider different subcarrier spacings (SCS) in 
the frequency domain and slot durations in the time domain 
as defined in [5]. The slot duration ranges from 1 ms for 
numerology 0 with 15 kHz SCS to 0.0625 ms for numerology 
4 with 240 kHz SCS. The channel bandwidth is divided into 
Resource Blocks (RBs) of 12 subcarriers each. To estimate 
the latency at the 5G NR RAN, we use the model presented 
in [4]. This model computes the RAN latency as the sum of 
the UL latency in the transmission from the User Equipment 
(UE) to the gNB (or base station), and the DL latency in the 

IEEE copyright. This is an author-created postprint version. The final publication is available at M. C. Lucas-Estañ et al., "Analysis of 5G 
RAN Configuration to Support Advanced V2X Services", 2021 IEEE 93rd Vehicular Technology Conference (VTC2021-Spring), 2021, pp. 
1-5, doi: 10.1109/VTC2021-Spring51267.2021.9448727. https://ieeexplore.ieee.org/document/9448727.  

https://ieeexplore.ieee.org/document/9448727


transmission from the gNB to the UE. The UL and DL 
latencies are estimated by considering all delay components 
represented in Fig. 1 for the UL transmission of a packet. 
These are explained below for UL transmissions but a similar 
process is followed to compute the DL latency.  

Processing delay at transmitter  (tp tx-UE  for UL) and 
receiver ( tp

 rx-gNB  for UL). For the transmitter, this delay 
represents the time necessary to generate a packet, while at the 
receiver it accounts for the time necessary to decode a 
received packet. The processing delay at the transmitter (UE 
for UL or gNB for DL) is equal to Tproc,2/2 following [1], 
where Tproc,2 is the Physical Uplink Shared Channel (PUSCH) 
preparation procedure time. The processing delay at the 
receiver (gNB for UL or UE for DL) is equal to Tproc,1/2 
following [1], where Tproc,1 is the Physical Downlink Shared 
Channel (PDSCH) processing procedure time.   

Frame alignment time ( tfa ). tp tx-UE  in UL might be 
completed at any time within a slot. To estimate the RAN 
latency, it is also necessary to account for the frame alignment 
time tfa  until the start of the next slot. tfa  is limited by the 
duration of the slot. 

Delay introduced by the scheduling (tsch
𝑈𝑈𝑈𝑈  in UL and tsch

𝐷𝐷𝑈𝑈  in 
DL). This study considers the use of Semi-Persistent 
Scheduling (SPS) scheme for DL transmissions and 
Configured Grant (CG) scheduling for UL transmissions 2. 
SPS and CG pre-assign resources periodically for a UE when 
the UE attaches to the gNB. In this study, we consider that the 
periodicity between allocated resources is set equal to the time 
interval between two successive data packets. In this case, tsch

𝑈𝑈𝑈𝑈  
and tsch

𝐷𝐷𝑈𝑈  are null since the UE does not have to request 
resources to transmit each packet. 

Waiting time for the allocated RBs (tw). The RAN latency 
must also account for the waiting time tw until the slot where 
RBs are assigned to the UE. tw depends on the number of RBs 
needed to transmit a packet that is a function of the packet 
size, the Modulation and Coding Scheme (MCS), and the 
number of MIMO transmission layers. This study adapts the 
MCSs based on the Channel Quality Indicator (CQI) that is 
estimated as a function of the distance between the vehicle 
and the serving gNB. We consider the MCS and CQI tables 
(1, 2 or 3) specified in [6]. The MCS is adapted to achieve a 
Block Error Rate (BLER) target equal to 10% when using 
tables 1 or 2 from [6]. With table 3, the MCS is adapted to 
guarantee a BLER of 10-5. tw also depends on the number of 
RBs available at each slot that is a function of the bandwidth 
and the numerology following [7]. To estimate this number, 
we must eliminate those RBs used by control channels and 
PHY signals (Demodulation Reference Signals, Channel 
Status Information, and Sounding Reference Signals) 

 
2 Dynamic scheduling introduces a signaling latency to request resources for 
each transmission that may compromise certain critical V2X services. 

following the configuration specified in [8]. The rest of RBs 
can be used for data transmissions. This study emulates the 
resource allocation process to identify the number of RBs 
available at each slot as a function of the vehicular density. tw 
is then estimated numerically considering that the scheduler 
allocates RBs in the first slot where there are sufficient 
available RBs to transmit the packet. 

Transmission time ( ttt ). Finally, the latency must also 
account for the transmission time, which is equal to the 
duration of the slots (previously estimated) necessary to 
transmit the data packet. The duration of a slot depends on 
the NR numerology.  

III. EVALUATION SCENARIO 
We consider for this study the cooperative lane change 

service that is part of the advanced driving group identified by 
3GPP under [9]. This document specifies the performance 
requirements for connected and automated driving eV2X 
services. Cooperative lane change requires vehicles to 
exchange driving intentions or maneuver coordination 
messages with nearby vehicles so that they can coordinate 
their trajectories and maneuvers. Cooperative lane change has 
been traditionally supported using Vehicle to Vehicle (V2V) 
communications (e.g. [10]). However, it is interesting to 
investigate the feasibility of supporting it using 5G networks 
(through V2N2V communications) considering the technical 
capabilities and flexibility introduced by 5G networks, and 
particularly 5G NR at the RAN.  

The format, length, and periodicity of the cooperative lane 
change messages have not yet been decided and are under 
study in 3GPP TS 22.186 [9], ETSI TR 103 578 (v0.0.5), and 
SAE J3186. Discussions currently consider a possible 
message size of 300 to 600 bytes [11]. [9] defines 
requirements for the cooperative lane change service 
depending on the level of automation that reflects functional 
aspects. [9] makes a distinction between lower levels and 
higher levels of automation based on whether the human 
operator or the automated system is primarily responsible for 
monitoring the driving environment. For a high level of 
automation (HLoA), 3GPP requires messages to be 
exchanged between vehicles with less than 10 ms latency and 
with 99.99% reliability. The reliability is defined as the 
percentage of packets successfully delivered to a given node 
within the time constraint required by the targeted service. 
Requirements are relaxed when vehicles support a low level 
of automation (LLoA). In particular, the end-to-end latency 
requirement is relaxed to 25 ms and the reliability requirement 
is reduced to 90%. 

We consider a highway scenario and a 5G NR cell radius 
of 866 m following [12]. The cell is assigned 40 MHz 
bandwidth in UL and DL in the Frequency Range 1 (FR1)3. 
The highway consists of 6 lanes per direction, and we evaluate 
vehicle densities equal to 20, 60, and 80 vehicles/km/lane 
corresponding to different traffic flow conditions (free-flow, 
stop and go, and congestion). Vehicles periodically exchange 
messages of 300 bytes with a transmission period Tp equal to 
20, 50, or 100 ms. The messages include information about 
the vehicles’ planned or desired trajectories so that they can 
coordinate their maneuvers. Messages are exchanged using 
5G V2N2V communications but all the application’s 

3 The configured bandwidth is only used for V2X traffic. 

 
Fig. 1. Latency in the UL transmission of a packet. Striped rectangles 

represent the processing of packets in the UE or gNB [4]. 



processing is done at the vehicles. Vehicles then send the 
messages to the gNB, and the gNB forwards the data to the 
neighboring vehicles using broadcast communications. 
Broadcast communications are not supported in 3GPP Release 
15 or Release 16 but are being studied together with multicast 
communications under Release 17 [13] since both 
communication modes are highly relevant (and necessary) to 
efficiently support V2X services (among others).  

We evaluate the performance of 5G NR to support 
advanced V2X services using different FR1 numerologies (µ). 
In particular, we evaluate numerologies 0, 1, and 2 defined in 
[5] and presented in Table I. Numerologies 0 and 1 always use 
normal cyclic prefix (NCP). On the other hand, numerology 2 
can use either NCP or extended cyclic prefix (ECP). This 
study considers the use of numerology 2 with ECP to better 
combat inter-symbol interference (ISI) in the scenario given 
the large cell radius4. The UE processing capability is equal to 
2, and Tproc,1 and Tproc,2 take values equal to 0.161 and 0.193 
ms, respectively [6]. We consider full-slot transmissions in 
UL and DL and two MIMO transmission layers. This study 
evaluates the performance achieved with the MCS and CQI 
table 2 defined in [6] that has a target BLER equal to 10%, and 
with the MCS and CQI table 3 defined in [6] that has a target 
BLER equal to 10-5. The use of MCS and CQI table 2 can be 
considered as a Low Error Protection (LEP) configuration, 
and it can support in principle the requirements of cooperative 
lane change with low level of automation. On the other hand, 
the use of MCS and CQI table 3 can be considered as a High 
Error Protection (HEP) configuration, and it can support in 
principle the requirements of cooperative lane change with 
high and low levels of automation. In both configurations, 
vehicles adapt the MCS as a function of the CQI to achieve 
the target BLER. The CQI is estimated as a function of the 
distance between the vehicle and the serving gNB.  

TABLE I 
EVALUATED NUMEROLOGIES  

Numerology 
(µ) 

Subcarrier 
Spacing (SCS) 

Cyclic  
prefix 

Number of OFDM 
symbols per slot 

Slot time 
duration [ms] 

0 15 Normal 14 1 
1 30 Normal 14 0.5 
2 60 Extended 12 0.25 

 

IV. PERFORMANCE EVALUATION 
This section analyzes the performance that can be 

achieved using different configurations of the 5G NR RAN, 
and identifies which configurations can satisfy the service 
requirements for the two different levels of automation. Fig. 2 
shows the average latency experienced for different 
numerologies and vehicle densities when Tp=50 ms. We 
should note that the figure plots the latency for the packets that 
are transmitted and are not dropped. In this study, a packet is 
dropped if it is not transmitted (e.g., because there are no RBs 
available for the transmission) by the time a new packet is 
generated at the transmitter. This is because the cooperative 
lane change service requires vehicles to use the latest and most 
updated information to coordinate their maneuvers. If a 
vehicle wants to transmit a packet with its position and 
trajectory at a given moment in time, and the previous packet 
(that included the previous position and trajectory) has not yet 
been transmitted, the vehicle must drop the previous packet, 

 
4  Symbol time duration decreases as SCS increases, and so does time 
duration of CP. Due to this fact, higher numerologies are more affected by 
ISI; this problem appears in scenarios with particularly high delay spread. 

otherwise it would send outdated information to the vehicle it 
wants to coordinate its maneuver with (packets dropped for 
the different RAN configurations will be investigated later in 
this section). Fig. 2.a depicts the latency for the low error 
protection (or LEP) configuration, and Fig. 2.b shows the 
latency for the high error protection (or HEP) configuration. 
Fig. 2 shows that similar latency values are obtained for LEP 
and HEP when the density of vehicles is low (20 veh/km/lane). 
The latency experienced with the LEP configuration (BLER 
target=10%) is not significantly affected by the vehicular 
density. However, it significantly increases with the HEP 
configuration that has a BLER target of 10-5. The latency 
increases with HEP for all the numerologies analyzed. This is 
because increasing the error protection to guarantee a lower 
BLER requires using more robust MCSs that need a higher 
number of RBs to transmit each packet. This is visible in Table 
II that shows the average number of RBs needed to transmit a 
packet of 300 bytes when using the LEP and HEP 
configurations. The use of a higher number of RBs to transmit 
each packet with HEP increases the percentage of utilized RBs 
(and hence the channel load). This is observed in Fig. 3 that 
represents the percentage of RBs utilized as a function of the 
vehicular density for the LEP and HEP configurations. Fig. 3 
shows that at densities of 20 and 60 veh/km/lane the HEP 
configuration uses 168% and 155% more RBs than the LEP 
configuration. Fig. 3 also shows that the percentage of utilized 
RBs increases with the density as expected. However, such 
increase has almost no impact on the latency when using the 
LEP configuration (Fig. 2.a), while it significantly increases 
the latency when using the HEP configuration (Fig. 2.b). This 
is because the usage of RBs is maintained below 50% with 
LEP for all vehicular densities analyzed. On the other hand, 
the percentage of RBs utilized when using the HEP 
configuration is higher than 77% for all numerologies when 
the vehicular density is equal to 60 veh/km/lane. This 
percentage increases to almost 100% for all numerologies 
when the density increases to 80 veh/km/lane. The saturation 
of the channel (i.e., the percentage of RBs is very high or close 
to 100%) increases the latency as observed in Fig. 2.b. These 
results have highlighted the impact of the MCS to achieve 
different reliability and spectrum efficiency trade-offs. 

Fig. 2 and Fig. 3 show that the latency can significantly 
increase when the percentage of utilized RBs is high. Fig. 2 
corresponds to the latency experienced by the transmitted 
packets. When the channel is saturated (i.e., the percentage of 
utilized RBs is close to 100%), certain packets are dropped 
because they cannot be transmitted before the next packet is 
generated. The percentage of dropped packets for the LEP and 
HEP configurations is reported in Table III for densities of 60 
and 80 veh/km/lane, all the numerologies, and transmission 
periods Tp of 50 ms and 20 ms. Table III clearly shows that the 
HEP configuration results in a significantly higher percentage 
of packets dropped than the LEP configuration since it 
significantly increases the utilization of RBs (Fig. 3). Table III 
shows that the percentage of dropped packets significantly 
increases as the transmission period Tp decreases. This is the 
case the utilization of the RBs, and hence the risk of channel 
saturation, increases as more packets are generated per second 
and vehicle. This is shown in Fig. 4 that represents the 
percentage of utilized RBs as a function of the Tp at a traffic 
density of 60 veh/km/lane. The figure shows that saturation is 

This is the case for numerology 2 that considers a 60 kHz SCS, and [3] 
defines the possibility to use an ECP to better combat ISI only for 
numerology 2.  



reached with HEP and a Tp of 20 ms for all numerologies. This 
is not the case for Tp equal to 50 ms, which explains why 
packets are dropped with Tp equal to 20 ms but not with Tp 
equal to 50 ms when using HEP under a density of 60 
veh/km/lane (Table III).  

Fig. 2 clearly shows that the numerology has an impact on 
the latency. Fig. 2.a shows that the latency decreases with 
higher numerologies for the LEP configuration. This is 
because higher numerologies reduce the time duration of slots. 
A similar effect is observed with the HEP configuration when 
the density is low (20 veh/km/lane). When the density 
increases, the latency augments with HEP for all the 
numerologies analyzed. However, the increase is larger for the 
highest numerologies. This is because when the numerology 
increases, the SCS augments and the number of RBs per slot 
is smaller for a fixed bandwidth, and it is then more difficult 
to find the necessary number of free RBs in a slot to transmit 
a packet. This, in turn, increases the latency, in particular for 
the packets that require a higher number of RBs. The high 
increase in latency observed with HEP and numerology 2 
when the density increases is also due to the use of the ECP 
that reduces the number of OFDM symbols per slot to only 12 
compared to 14 in the case of the NCP. This augments the 
number of RBs needed (on average) to transmit a packet with 
numerology 2 and ECP compared to numerology 0 or 1 and 
NCP (see Table II). The impact of numerology 2 with ECP 
with high vehicular densities is also observed in Table III. The 
table shows that the percentage of dropped packets with HEP, 

Tp=50 ms and 80 veh/km/lane is equal to 2.9% and 5.3% for 
numerologies 0 and 1 respectively, and increases to 24.2% for 
numerology 2. 

Fig. 4 illustrated the impact of Tp on the percentage of 
utilized RBs. Fig. 5 quantifies the impact of Tp on the average 
latency. Fig. 5.a shows that the average latency does not 
significantly vary with Tp when using LEP (see Fig. 5.a). This 
is despite an increase of the percentage of utilized RBs (but 
still below saturation) when Tp decreases to 20 ms as observed 
in Fig. 4.a. However, Tp has an important impact on latency 
when using a high error protection (HEP) that is particularly 
relevant for numerology 2. For example, Fig. 5.b shows that 
the latency increases a 214% for numerology 2 when Tp 
decreases from 100 ms to 50 ms, while it remains constant for 
numerologies 0 and 1. This is because numerology 2 reaches 
channel saturation faster than the rest of numerologies (Fig. 
4.b). Augmenting the channel load by decreasing Tp to 20 ms 
affects all numerologies with HEP: the latency considerably 
increases (by a factor higher than 4, Fig. 5.b) and so does the 
percentage of dropped packets (over 50% of packets are 
dropped for each numerology, Table III). 

The previous results have analyzed the impact of 5G RAN 
configurations on the performance, and in particular on the 
latency. We now determine whether these 5G RAN 
configurations can satisfy the requirements for the cooperative 
lane change service with low and high levels of automation. 
The LLoA automation configuration requires that 90% of the 
transmitted packets are successfully delivered in less than 25 
ms, while HLoA automation configuration requires that 
99.99% of the transmitted packets are received in less than 10 
ms. Table IV and Table V report the maximum UL+DL RAN 
latency experienced by 90% and 99.99% of the packets, 
respectively. Table IV shows results for the LEP and HEP 
configurations, while Table V only shows results for HEP 
since the LEP configuration has a target BLER of 10% and 
hence cannot guarantee the reliability requirement of 99.99% 
due to propagation errors. The mark ‘-‘ in the tables means 
that the corresponding configuration was not able to meet the 
reliability requirement, i.e., the percentage of packets lost (due 
to propagation errors) or dropped at the transmitter is higher 
than the maximum permitted to meet the reliability 

 
a) Low error protection – LEP. 

 
b) High error protection – HEP. 

Fig. 2. Average latency when transmission period (Tp) is equal to 50 ms. 
 

TABLE II 
AVERAGE NUMBER OF RBS NEEDED TO TRANSMIT A 300 BYTES PACKET  

Numerology (µ) LEP (BLER target=10%) HEP (BLER target=10-5) 
0 2.46 6.64 
1 2.46 6.64 

2 2.82 7.66 
 

 
a) Low Error Protection – LEP. 

 
b) High Error Protection – HEP. 

Fig. 3. Percentage of RBs utilized (transmission period Tp equal to 50 ms). 

TABLE III 
PERCENTAGE OF DROPPED PACKETS 

µ 
60 veh/km/lane 80 veh/km/lane 

LEP HEP LEP HEP 
Tp=50 Tp=20 Tp=50 Tp=20 Tp=50 Tp=20 Tp=50 Tp=20 

0 0.0 0.0 0.0 47.8 0.0 0.0 2.9 61.0 
1 0.0 0.0 0.0 49.3 0.0 1.6 5.3 62.1 
2 0.0 0.0 0.5 59.3 0.0 17.7 24.2 69.6 

 

20 60 80

Density (veh/km/lane)

0.5
1  

5  
10 

50 
La

te
nc

y 
(m

s)

=0

=1

=2

20 60 80

Density (veh/km/lane)

0.5
1  

5  
10 

50 

La
te

nc
y 

(m
s)

=0

=1

=2

20 60 80

Density (veh/km/lane)

0  

20 

40 

60 

80 

100

%
 R

Bs
 u

se
d

=0

=1

=2

20 60 80

Density (veh/km/lane)

0  

20 

40 

60 

80 

100

%
 R

Bs
 u

se
d

=0

=1

=2

 
a) Low error protection – LEP 

 
b) High error protection – HEP  

Fig. 4. Percentage of utilized RBs as a function of the transmission period Tp 
(60 veh/km/lane). 

 
a) Low error protection – LEP 

 
b) High error protection – HEP 

Fig. 5. Average latency as a function of the transmission period Tp  
(60 veh/km/lane). 
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requirement (e.g., higher than 10% for the low level of 
automation configuration of the cooperative lane change 
service). Table IV shows that the service requirements for 
LLoA can be satisfied with many of the RAN configurations 
analyzed (numerology, error protection and Tp) under 
different densities. The service requirements cannot be met 
only under the highest loads, i.e. for the lowest Tp (20 ms) and 
the highest vehicle density analyzed. The service requirement 
cannot be met also with a density of 60veh/km/lane and Tp=20 
ms when using HEP. Table IV shows that it is possible to 
achieve maximum latency values significantly lower than the 
25 ms latency limit. However, we should note that the end-to-
end latency does not only depend on the RAN latency but also 
on the latency at the transport and core networks. In any case, 
reducing the latency at the RAN provides a better way to 
ultimately comply with the end-to-end latency requirement. 
Table V shows that the HEP configuration can only satisfy the 
HLoA service requirements with low/medium traffic loads, 
i.e. for combinations of low/medium vehicular density values 
and medium/high Tp. The numerology 2 is also not capable to 
meet the requirements for certain low load scenarios. The 
percentage of packets lost due to propagation errors or 
dropped at the transmitter is lower than 0.01% in scenarios 
with 20 veh/km/lane, Tp=20 ms and numerology 2. However, 
the latency experienced for some packets is higher than 10 ms 
as shown in Table V. We should also note that in many 
scenarios the RAN latency is above 4 ms which leaves less 
than 6 ms to the core and transport networks to ultimately 
comply with the HLoA end-to-end latency requirement.   

V. CONCLUSIONS 
This study has evaluated the impact of the 5G NR 

configuration on the scalability of 5G networks that support 
advanced V2X services with different requirements based on 
the level of automation of CAVs (Connected and Automated 
Vehicles). In particular, the study has analyzed the 
performance that can be achieved with different 5G NR 
numerologies, slot durations, cyclic prefixes, and modulation 
and coding schemes, as the network scales with the density of 
vehicles and the traffic load generated per vehicle. The study 
has shown that higher numerologies achieve lower latencies 
under low to moderate network loads. However, higher 
numerologies require larger bandwidth, and this results in a 
faster increase in the latency when the network load increases. 
This paper has also shown that the use of the extended CP 
results in less efficient use of radio resources that decreases 
the traffic load that can be supported in the system. The study 
has also highlighted the impact of the MCS and the resulting 
spectrum efficiency and reliability trade-offs. The conducted 

analysis shows that the most robust MCSs can support V2X 
services with higher levels of automation and more stringent 
requirements. This is done at the expense of the density of 
vehicles that can be supported as the latency increases rapidly 
with the traffic load. Higher traffic loads are supported with 
less robust MCSs, but such MCSs can only support V2X 
services with lower requirements and lower levels of 
automation as defined in 3GPP. The conducted analysis shows 
that the capacity of 5G to support eV2X services with diverse 
requirements strongly depends on the traffic load and the NR 
configuration that must be carefully selected. 
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TABLE IV 
MAXIMUM LATENCY (UL+DL) IN MS EXPERIENCED BY THE 90% OF THE PACKETS 

Tp 
(ms) 

LEP (BLER target=10%) HEP (BLER target=10-5) 
20 veh/km/lane 60 veh/km/lane 80 veh/km/lane 20 veh/km/lane 60 veh/km/lane 80 veh/km/lane 

µ=0 µ=1 µ=2 µ=0 µ=1 µ=2 µ=0 µ=1 µ=2 µ=0 µ=1 µ=2 µ=0 µ=1 µ=2 µ=0 µ=1 µ=2 
100 4 2 1 4 2 1 4 2 1 3.8 2 1 3.8 2 1 3.8 2 1.2 
50 4 2 1 4 2 1 4 2 1.2 3.8 2 1 3.8 2 4.8 8.2 9.6 - 
20 4 2 1 4 2.2 7.6 - - - 3.8 2 1.6 - - - - - - 

 

 
TABLE V 

MAXIMUM LATENCY (UL+DL) IN MS EXPERIENCED BY THE 99.99% OF THE 
PACKETS WITH HEP CONFIGURATION (BLER TARGET=10-5) 

Tp 
(ms) 

20 veh/km/lane 60 veh/km/lane 80 veh/km/lane 
µ=0 µ=1 µ=2 µ=0 µ=1 µ=2 µ=0 µ=1 µ=2 

100 4 2 1.6 4 2.4 2.2 4.2 2.6 4.2 
50 4 2 1.8 6.2 7.2 - - - - 
20 4.6 4.4 18 - - - - - - 

 

 

 


	I. Introduction
	II. Latency at the 5G NR RAN
	III. Evaluation Scenario
	IV. Performance Evaluation
	V. Conclusions
	Acknowledgment
	References




