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Abstract

Vehicle communication (V2X) technology will permeate every aspect of our daily lives in the up-
coming scenario. It needs to be equipped with several cutting-edge features to increase its efficiency
and dependability and enable autonomous driving. The simultaneous release of LTE-Advanced and
the launch of Sidelink connectivity could result in an efficient vehicle-to-vehicle communication
solution. In the absence of base station intervention, Sidelink communication is direct communica-
tion between devices. The dependability, speed, and data rate of safety-critical messages will all
rise. In this paper various sidelink releases under the umbrella of 3GPP is been discussed. It in-
cludes release 12 to 17 (known as 5G NR V2X). Apart from that all the sidelink channels, signals
and their resource allocation in both the transmission mode is elaborated. Then a throughput and
BLER (bit length error rate) graphs are generated for multiple SNR points. This paper highlights
the importance of Sidelink communication towards autonomous vehicular communication.
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1 Introduction

Vehicles are moving from internal combustion engines to electricity from renewable en-
ergy sources, changing the automotive industry. At the same time, user behavior and vehi-
cle expectations are beginning to change, leading to new ways of interacting with vehicles
that will affect future vehicle design. Interest in autonomous driving is high, but due to
technical and regulatory obstacles, it is still a few years away. Drivers are supported in
many ways today, but they need to motivate users to trust full autonomy [1]. The connec-
tion between linked and autonomous vehicles is the main motive for Intelligent Transpor-
tation System (ITS). To increase safety and mobility, the vehicle can communicate data
with other vehicles on the road (V2V) as well as with road infrastructure (V2I) including
traffic lights and stop signs [2]. The primary goal of ITS is to create a system for direct
vehicle-to-vehicle communication in order to reduce traffic accidents, improve safety, and
enhance privacy. Numerous services have been built by the ITS system to assist vehicle
communication. Nowadays, vehicle-to-vehicle communication is seen as a beneficial tech-
nology. A crucial aspect for any vehicle communication calculation is exact placement and
range.

Fast-moving IEEE 802.11p standards [3] [4] has been developed to effectively connect the
cars. Vehicles are connected in an adhoc manner and periodically broadcast beacons in
Vehicular Adhoc Networks (VANETSs) based on 802.11p. At the MAC layer, the
CSMA/CA (Carrier Sense Multiple Access/Collision Avoidance) technique is employed
to prevent channel access collisions. The many hundred-meter range that 802.11p offers is
vulnerable to collision. [IEEE 802.11p has the additional flaw that only minor changes can
be made to it. When there are a lot of vehicles on the road, it is inefficient to address the
appropriate circumstances and deliver information. For vehicular communication, this
standards IEEE 802.11p is not very effective. [5] Sidelink formally known as Device-to-
device (D2D) communication technology was introduced in version 12 as part of the third-
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generation partnership (3GPP) initiative to address the shortcomings of the IEEE 802.11p
amendment. Release 12 is a component of 4G LTE advanced [6] [7]. Direct connectivity
between the devices supports Sidelink communication and lessens the need for base station
or eNB involvement. When two devices are in close proximity to one another, they can
communicate directly between one another without transferring information to a base sta-
tion. By offloading the eNB, this will decrease latency and boost transmission rate. By
serving as a relay between two users, Sidelink users can additionally increase the network
service area [8]. With a few updated protocols, it makes advantage of the current cellular
infrastructure. The 3GPP has continued to issue new versions, which has led to an advance-
ment in Sidelink communication features. Vehicle communication may now operate in a
realistic mode thanks to the inclusion of 4G Cellular-V2X in release 14 [9]. Additional
improvements have been made in release 15 and a road map for incorporating 5G in vehicle
communication has been established.

A new and developing platform called 5G will enable a variety of applications to offer
extremely fast and low-latency connection [10]. One of the groups that stands to gain from
the 5G building blocks is vehicular communication. The development of 5G NR V2X
Sidelink communication, also known as Sidelink (D2D) communication, has begun as of
2019 in 3GPP release 16 [11]. It is equipped with the most advanced, strictest standards
for autonomous vehicle systems. Following those suggestions, release 17 included a num-
ber of changes, on which work is currently being done.

In this paper a survey has been done on all the Sidelink channels, signals and their en-
hancements from release 12 to release 16. It is distributed in five divisions. Introduction
about the Vehicular Communication is elaborated in section 1. A key component of V2X
communication is Sidelink communication. The standardization, comparison, and releases
of'it are covered in section 2. Section 3 covers all the physical Sidelink channel and signals.
Resource allocation for control and data channel is elaborated in section 4. Final through-
put and BLER calculations are done in section 5.

2 3GPP Sidelink Standardization

The present LTE-A (long term evolution-advanced) design can be combined with the
3GPP's (third generation partnership project) fairly straightforward architecture. The cel-
lular ecosystem can easily accommodate 3GPP integration from the cellular carriers. [12]
Other than DSRC and D2D, Wi-Fi Direct, Bluetooth, and Ultra-Wide Band (UWB) are
other technologies that have been suggested for use in vehicle-to-vehicle communication.
They are all created for a wireless local area network architecture, which is their common
flaw. They therefore have very little support for moving vehicles and a very limited com-
munication range, which does not meet the requirements for vehicular communication. In
addition, LTE-advanced D2D networks have greater data speeds and transmission cover-
age areas. Real-time requirements are also essential for V2V. The details of the 3GPP
standardization releases for V2X are provided in Figure 1 [13].
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Release 12/13 LTE D2D
2014 * ProSe Services

2015 (Discovery and Direct Comm.)
* Group Comm.
2016 * Relay added Services Release 14 LTE V2X
Basic safety applications
Uplink, Downlink and Sidelink

2017 Sidelink in ITS band

Release 15 LTE eV2X Broadcast Comm.
2018 Enhanced safety applications
Road map towards 5G

Release 16 5G NR V2X
* Advanced safety applications
* HARQSupport
* Flexible Numerology
* Support Broadcast, Groupcast and

Unicast Release 17 5G NR V2X
* HigherKPI
* Sidelink RA enhancement
* Sidelink beamforming
* Sidelink relative positioning
and many more

2019

2020

2021

Figure 1. 3GPP Releases timeline Sidelink D2D communication

2.1 Release 12

The LTE Advanced standard 3GPP Release 12 defines the proximity-based services
(ProSe) idea. In this, devices that are close to one another can find one another and connect
directly for communication. [8] ProSe idea is meant for both commercial and public safety
applications, whereas release 12 emphasizes just public safety. Direct communication and
D2D discovery are the two stages of ProSe communication. The user equipment (UE) will
identify another UE at the EPC (Evolved Packet Core) or by himself that is nearby. Direct
communication takes place between the UEs after UE discovery, bypassing the base sta-
tion.

Another addition in version 12 is group/broadcast messaging, or one-to-many dialing [5].
A message can be sent to a group at once using this. It aids in vehicular communication
and public safety since vehicles regularly send broadcast service messages (BSMs) to other
vehicles informing them of their speed, location, and other information. The improvement
of group communication has received more attention in later 3GPP standards releases. The
downlink channel is shared by all UEs in a group to increase the overall resource utilization
in group communication. Because they are less crowded, downlink channels are chosen
over uplink channels.

2.2 Release 13

Multihop relay network functionality is available in 3GPP Release 13 at layer 3 [14]. It
aids in extending the network's reach. Additionally, scenarios for in, partial, and out-of-
coverage areas were added to the network discovery process. Additionally, it offers stand-
ardization for priority control for PTT (push to talk) services that are mission-critical.

2.3 Release 14/15

C-V2X (Cellular-V2X), the LTE (Long term evolution) V2X standard, was established by
3GPP in Release 14, after that updated in Release 15. For communication, it makes use of
the Long-Term Evolution Air Interface. It improves direct and network communication in
ways like:

V2V (Vehicle to Vehicle Communication): To prevent a collision, a vehicle will communi-
cate with another vehicle. It has use cases for improved safety [15].

V2I (Vehicle to Infrastructure): In contrast to V2V, where communication is only possible
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between vehicles, it enables UE on the road to communicate with the road structure [16].
Traffic lights, roadside cameras, street lighting, digital signage, RFID readers, pedestrian
lane markings, parking meters, and many other road structures and units are examples of
different road structures and units. V21 sensors in the ITS can gather data on infrastructure
and give traveler’s real-time advice by making them smart gadgets. They can offer a vari-
ety of information, such as on the state of the roads, the flow of traffic, available parking
spaces, congestion caused by accidents, nearby construction sites, and much more. All of
these details can aid the UE in improving their driving.

V2N (Vehicle to Network): The real-time traffic is communicated with the cloud via a
network mode.

V2P (Vehicle to Pedestrian): A pedestrian can warn a vehicle about the state of the road
and potential collisions.

2.4 Release 16/17

Release 14 C-V2X and DSRC provide low latency and dependable message exchange be-
tween vehicles and infrastructure in order to increase safety and efficiency [17]. But this is
just the start of a trip toward future cars that will become more and more autonomous and
have a wide range of enhanced secure and insecure characteristics. This development will
necessitate the addition of new V2X communication capabilities, such as expanded capac-
ity, very low latency, extremely high dependability, longer range, and quicker transfer
rates. V2X technology must advance in order to meet new criteria. There are several use
cases and applications that have strict requirements for service quality. The NR should
offer this QOS. The following use scenarios, which form the basis for NR-V2X learning,
are particularly crucial [13]:

Extended Sensors and Data Sharing: There are several sensors whose data must be trans-
ferred via V2X network communication with a low latency and high throughput between
cars, pedestrians, traffic lights, and all other traffic participants. High reliability in this use
case enables each vehicle to see the surroundings holistically.

High Density Platooning: A platoon is a group of vehicles that keep a close yet secure
spacing between one another. Low latency and high throughput communication are re-
quired between them in order to prevent any mishaps.

Remote Driving: In unsafe areas/locations with fewer road changes, such as public trans-
portation bus lines, remote driving is particularly useful. The more recent concept of re-
mote driving involves controlling a bus via cloud-based instructions. in order to prevent
accidents at certain locations.

Advanced Driving: In this scenario, vehicles coordinate their trajectories and execute better
maneuvers by exchanging local sensing data with one another and, if one is present, with
a Road Side Unit (RSU).

High Density Extended Sensors
Platooning and Data Sharing Flexible Numerology

Operates Multiple Input multiple
Support Broadcast, Groupcast, Output (MIMO) transmission

Unicast communication for

advanced automotive applications Distance based Hybrid Automatic
PP Repeat Request (HARQ)

V2X Communication in FR1 and FR2

Advanced Driving Remote Driving

Figure 2. 5G NR V2X 3GPP use cases
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3 3GPP Physical Sidelink (SL) Channels and Signals

Since broadcast transmission of messages is a good method for delivering BSM, CAM,
DENM, and related traffic, the V2X sidelink supports it in the physical layer. A broadcast
address in the MAC layer can be implemented mapped to either a single UE or a collection
of UEs. The following Sidelink Physical channels and signals are supported by 3GPP [19]:

3.1 PSSCH (Physical Sidelink Shared Channel)

The SL-SCH transport channel, which transports the TBs of data for transmission across
SL, is sent by PSSCH. The resources over which PSSCH is sent can either be predeter-
mined by an eNB and given to the UE by a DCI, or they can be discovered via an autono-
mous sensing process carried out by the transmitting UE. A certain TB may be communi-
cated either once or twice, with the second transmission taking place after a time interval
that is specified in the scheduling SCIL.

3.2 PSCCH (Physical Sidelink Control Channel)

Physical layer sidelink control information (SCI), also known as a scheduling assignment,
is transmitted by PSCCH. In two frequency-adjacent PRBs, PSCCH is sent for V2X and
always carries SCI format 1. A UE must continuously check each defined pair of PRBs to
see if PSCCH has been transmitted in them in order to receive it. PSCCH can be transmitted
in PRBs that are either frequency adjacent to the PSSCH or frequency non-adjacent to it.
It is transmitted in the same subframe(s) as the related PSSCH.

3.3 PSBCH (Physical Sidelink Broadcast Channel)

In order to transmit the sidelink V2X Master Information Block (MIB-V2X) from the RRC
layer, PSBCH sends the SL-BCH transport channel. When in use, PSBCH sends MIB-
V2X in the middle 72 subcarriers of the SL bandwidth every 160 milliseconds. The sub-
frame's fifth, seventh, and tenth symbols all carry DMRS related to PSBCH.

3.4 PSSS and SSSS (Primary and secondary sidelink synchronization signals)

When other UEs do not have another source of synchronization available, PSSS and SSSS
are broadcast to help them achieve sidelink synchronization. Together, they transmit the
SLSS ID that the UE has chosen. The sidelink subframe border can also be detected by
UESs using PSSS/SSSS, thanks to MIB-V2X signals for the subframe number and frame
number.

3.5 DMRS (Demodulation Reference Signal)

Each of the three physical channels has a demodulation reference signal (DMRS). The
third, sixth, ninth, and twelfth symbols in a subframe are used to transmit DMRS related
to PSSCH and PSCCH.

3.6 PSFCH (Physical Sidelink Feedback Channel)

There is a lot more reliance on broadcast messages as a result of the absence of feedback
in earlier editions. Therefore, feedback for unicast and groupcast talks is provided by the
receiver in NR V2X to increase the efficiency of transmission. When a unicast or groupcast
broadcast takes place in a PSSCH, the receiver UE will transmit the HARQ feedback via
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the PSFCH. The receiver also communicates channel state information (CSI) to the trans-
mitter UE in place of the feedback content over PSFCH.

3.7 SCI Format

It is a part of PSCCH channel. Two subframes of SCI format are broadcast, with one phys-
ical resource block per slot in each of the two subframes. The following parameters are
need to be set in SCI format [20]:

1. “Modulation and coding scheme” field in accordance with the Modulation and
coding scheme indicated by the higher layer parameter.

2. "Frequency hopping flag" bit should be specified.

3. "Resource block assignment and hopping resource allocation" field is given
through SCI.

4. "Time resource pattern" field specified.

4 PSCCH and PSSCH Resource Allocation

Two modes are defined for the resource allocation as defined below:

Mode 1: The resources are allocated by eNodeB.

Mode 2: The resources are allocated by UE itself within the available resources.

These physical layer parameters are required for the allocation of PSCCH and PSSCH
resources [20]:
1. NPSCCH for the number of subframes and resource block allocated to PSCCH.
For transmission mode 1 & 2:

0 < npscen < [(MggCCH_RP)/ZJ-LPSCCH (D

Where: MRBPSCCH_RP = Number of available resource blocks in the resource
block pool
LPSCCH = Number of available subframes in the subframe pool
2. ITRP (Time resource pattern index) for the number of subframes allocated to
PSSCH. For a given UL/DL configuration, mapping among bitmap (b0", bl",
......... bNTRP-1") and ITRP is given by the table [20].

b] = b]tmOdNTRp (2)

Where: b0, bl...... bLPSSCH-1 is required bitmap.
3. RIV (Resource Indication Value), Hopping bits for the number of resource blocks
allocated to PSSCH. RIV corelate to a RB'START and a length of continuous
allocated resource block Lopp = 1.

if
(Lerg — 1) < [%J NRBSL = Number of sidelink resource block
RIV = N)%%(L\CRB - 1) + RB.;‘TART A
else
RIV = Ngg(Nig — Leps + 1) + (NR§ — 1 — RBspagr) 4)
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4. Resource allocation is done using the following formula:
YI<r<Yl+X (5 (Y2-X)<r<Y2 (6)
Where: Y1 = Resource block start
Y2 = Resource Block end

X= Resource block number

Table 1. Parameters used here for resource allocation in transmission mode 2

For PSSCH For PSCCH

prb Num rl2: 18 prb Num rl2: 20

prb_Start r12: 4 prb Start r12:2

prb End rl12:45 prb End r12: 48

offsetIndicator r12: 0 offsetIndicator r12: 0

subframeBitmap r12: subframeBitmap r12:

'000000001 1111111111111 11111111111111111 | '011001010000000000000000000000000000000
1 0

PSCCH period #0 (FOD)

Resource blocks

Subframes

Figure 3. PSCCH, SCI and PSSCH period

The PSCCH resource pool for SCI control information is represented by the lighter blue
portion, rest information is by dark blue, while the PSSCH resource pool for PSSCH shared
data is represented by the yellow area.

Table 2. Parameters used for resource allocation

ITRP 106
Frequency Hopping 1
Hopping bits 3
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PSCCH period #0 (FDD)

Resource blocks

10 20 30 a0 50 60
Subframes

Figure 4. PSCCH and PSSCH resource allocation

The total control and shared resource pool, depicted in blue and yellow, while a subset of
total resources which is used as the subframes and resource blocks are colored green.

S PSCCH and PSSCH throughput and BLER
For the transmission of sidelink channel information on physical layer, first baseband
waveform to be generated and then it should pass through various stages as shown in fig.

5.
Fading Channel
i l :> QPSK/QAM . OFDM/SC_FDMA . (Rayleigh) »
Add AWGN

Noise

BLER & Channel l
o . SC-FDMA
Throughput ‘ CRC Check . Estimation & Bl b
Calculation Equalization

Figure 5. Block Diagram for Sidelink information transmission and reception

This diagram elaborates all the stages at transmitter and receiver. A flowchart with detailed
algorithm is given in fig. 6. The various parameters used in the simulation is given in table
3.
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For 1 Number of subfra me i

‘ Set 5CI message in PSCCH

Physical Layer

Waveform + Noise

PSCCH Channel estimation + symbol extraction
v
PSCCH equalization & demaodulation

SCI Decoding
v

 Get PSSCH RA from RIV (SCI)
¥

PSSCH Channel estimation + symbol extraction

PSSCH equalization & demodulation
SL-SCH decoding + Block CRC Error

Science Transactions ©

Figure 6. Flow chart represents sidelink transmission and reception

Figure 7. BLER Vs. SNR for SCI

Table 3. Parameters used for resource allocation [21]
Number of Frames 1000
Time gap for HARQ process 4
Number of RB 60
Transport block size 4264
BW 10 MHz
Duplex Mode FDD
Modulation QPSK
Channel Delay Profile EVA
Doppler Frequency 500 Hz
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100 |
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Throughp

40 — -

0
SNR (dB)

Figure 8. Throughput Vs. SNR for SL-SCH (sidelink data)

As the number of SNR point increases, simultaneously throughput increases, while BLER
decreases.

6. Conclusion

Connectivity is necessary in many aspects of the automotive industry, including the trans-
formation of the company structure. Regulations like the European Union's eCall rule re-
quire automakers to provide a means for a vehicle to communicate in the event of an emer-
gency [1]. The significance of Sidelink communication for V2X applications is highlighted
in this research. This document discusses numerous sidelink releases that fall under the
3GPP umbrella. Additionally, a detailed explanation of all sidelink signals, channels, and
resource allocation for both transmission modes is provided. Following that, graphs for
throughput and BLER are produced for various SNR points. This research can be further
enhanced by creating a VANET for real time environment and then assign the resources in
both the transmission modes.
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