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AbstrAct
Vehicles and road infrastructure are starting 

to be equipped with vehicle-to-everything (V2X) 
communication solutions to increase road safety 
and provide new services to drivers and passen-
gers. In Europe, the deployment is based on a 
set of Release 1 standards developed by ETSI to 
support basic use cases for cooperative intelligent 
transport systems (C-ITS). For them, the capacity 
of a single 10 MHz channel in the ITS band at 5.9 
GHz is considered sufficient. At the same time, 
the ITS stakeholders are working toward sever-
al advanced use cases, which imply a significant 
increment of data traffic and the need for multiple 
channels. To address this issue, ETSI has recent-
ly standardized a new multi-channel operation 
(MCO) concept for flexible, efficient, and future-
proof use of multiple channels. This new concept 
is defined in a set of new specifications that rep-
resent the foundation for the future releases of 
C-ITS standards. The present article provides a 
comprehensive review of the new set of specifi-
cations, describing the main entities that extend 
the C-ITS architecture at the different layers of the 
protocol stack. In addition, the article provides 
representative examples that describe how these 
MCO standards will be used in the future and 
discusses some of the main open issues arising. 
The review and analysis of this article facilitate the 
understanding and motivation of the new set of 
Release 2 ETSI specifications for MCO and the 
identification of new research opportunities.

IntroductIon
Cooperative, connected, and automated mobility 
(CCAM) will require the use of wireless commu-
nications to contribute to the “Vision Zero” of 
the EU, which targets no road deaths by 2050. 
In the past years, various organizations includ-
ing IEEE, ETSI, SAE, ISO, and 3GPP have devel-
oped different standards to enable direct data 
exchange among vehicles, other road users, and 
the infrastructure. In Europe, the effort has result-
ed in a set of ETSI specifications implementing 
the Release 1 of cooperative intelligent transport 
systems (C-ITS) as listed in ETSI TR 101 607.1

Release 1 covers so-called “Day-1” applica-
tions [1, 2], based essentially on the exchange of 
cooperative awareness messages (CAMs), sent 
repetitively by each vehicle to inform about their 
status and movements, and decentralized envi-
ronmental notification messages (DENMs), sent 
on an event basis to warn about safety-critical 
situations. Due to the limited amount of shared 
data, a single 10 MHz radio channel was regard-
ed as sufficient, and Release 1 standards were 
not designed to support the simultaneous use of 
multiple channels. The emergence of new appli-
cations2 that go beyond “Day-1” motivate the cre-
ation of the ETSI Release 2 set of C-ITS standards. 
With Release 2, road users will share information 
about the surrounding environment, using collec-
tive perception (ETSI TS 103 324), will create pla-
toons of vehicles (ETSI TR 103 299) or coordinate 
their maneuvers (ETS ITS 103 561). Vulnerable 
road users (i.e., bicycles, scooters, etc.) will also 
generate messages to inform about their pres-
ence (ETSI TS 103 300-3). The messages generat-
ed and the estimated number of channels needed 
are summarized in Table 1, from which it is clear 
that a single channel is not sufficient [3].

Release 2 will require several channels, pos-
sibly using more than one transceiver and more 
than one radio access technology [3, 4]. Given 
the necessity to define rules for the use of mul-
tiple channels, ETSI has recently approved a set 
of specifications about multi-channel operation 
(MCO). These standards, presented in Table 2, 
define how the various entities inside the C-ITS 
station collect information and make decisions to 
use multiple channels. To enable efficient manage-
ment of multiple channels, the new set of specifi-
cations adds to the C-ITS station architecture a 
new core entity acting at the facilities layer. This 
entity collects information about the implemented 
applications with their requirements and the avail-
able radio access technologies. It is designed to 
control and negotiate various settings to optimize 
channel utilization and ensure compliance with 
application requirements. Additional entities at 
the networking & transport and the access layers, 
and the corresponding internal communication 
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1 ETSI standards are available 
free of charge at 
https://www.etsi.org.

2 In C-ITS, messages are either 
generated by applications or 
by entities called services, 
which are implemented at 
the facilities layer. To improve 
readability, in this article we use 
the term application to include 
both sources of messages.
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fl ows, are defi ned to allow software components 
to be developed by different stakeholders, thus 
ensuring a modular implementation of C-ITS sta-
tions. This new set of ETSI standards represents 
one of the fi rst steps toward Release 2, although 
certain aspects are left for future specifications, 
such as the defi nition of the channel to be used 
by each application, or the rules for the amount 
of traffi  c that can be allocated to a given channel 
and off loaded to another.

This article provides a comprehensive review 
and analysis of the ETSI specifi cations on MCO and 
the deriving MCO concept, describing the main 
entities of the C-ITS architecture and their opera-
tion and interactions. To the authors knowledge, 
this is the fi rst article that performs this review and 
analysis. In addition, representative examples that 
explain how this standardized solution will be used 
are discussed, which are important for future imple-
mentations and the definition of profiles. Finally, 
new research opportunities for the future exploita-
tion of the MCO concept are discussed. 

stAte oF the Art
regulAtIon And stAndArdIzAtIon

Different standardization bodies such as ETSI, 
SAE, ISO, and IEEE have specified architectures, 
protocols, and services to enable V2X commu-
nications. They all rely on the spectrum reserved 
for direct vehicle-to-everything (V2X) communi-
cations, which mainly consists of a group of 10 
MHz channels in the 5.9 GHz band, also known 
as ITS band. The latest regulations3 for this band 
in Europe reserve for road applications seven 10 

MHz channels named service channels (SCHs), 
as shown in Fig. 1. One of the channels (SCH0) is 
the channel primarily used by the Release 1 safe-
ty applications (including CAMs and DENMs), 
which was originally referred to as control chan-
nel (CCH). Two of the channels are assigned as 
non-safety channels and one is subject to priority 
for urban rail systems.

The reserved ITS spectrum for direct V2X com-
munications is agnostic to radio technologies. Cur-
rently, two main families of standards are available 
[5]. The fi rst family is based on IEEE 802.11p and 
its enhancement IEEE 802.11bd. It relies on carri-
er sense multiple access with collision avoidance 
(CSMA/CA) and it is fully distributed and asyn-
chronous. The second family has been specifi ed 
by the 3GPP and includes LTE-V2X sidelink and 
NR-V2X sidelink. These 3GPP technologies make 
use of multi-carrier-based multiple access and the 
radio resource allocation can be distributed or 
controlled by the network, with the former case 

3 Implementing decision 
2020/1426 of the European 
Commission, Oct. 2020.

TABLE 1. Main C-ITS messages expected in ETSI C-ITS standards Release 2.

Message type Scope Traffi  c 
characteristics (*)

# channels 
(**)

Cooperative awareness messages (CAMs) Continuous notifi cation of status and movements from vehicles 1–10 Hz, 400 bytes 0.9

Decentralized environmental notifi cation 
messages (DENMs) Notifi cation of specifi c events 1–10 Hz,

350–1000 bytes 0.1

Signal phase and timing messages (SPATs) 
& MAP (topology) messages (MAPs) Intersections and traffi  c management from road-side units 10–50 Hz, 1200 

bytes 0.5

Vulnerable road user awareness messages 
(VAMs)

Continuous notifi cation of status and movements from
pedestrians, bicycles, scooters, and other vulnerable road users 1–10 Hz, 350 bytes 0.5

Platooning control messages (PCMs) Platoon internal management 50 Hz, 400 bytes 1

Collective perception messages (CPMs) Sharing of sensor-based perception of the surrounding 1–10 Hz, 1000 bytes 2

Maneuver coordination messages (MCMs) Coordination of cooperative manoeuvres 1-10 Hz, 1000 bytes 2

(*) Estimated rate and size of the messages, as from [3] (**) Estimated number of 10 MHz channels occupied by the given messages, as from [3]

TABLE 2. Set of ETSI standards on MCO for C-ITS Release 2.

ETSI Standard Scope for MCO Content

TR 103 439 Technical report on MCO Report discussing the context, motivations, and possible MCO approaches. Also includes 
simulation results for adjacent channel interference in the 5.9 GHz band.

TS 103 696 Extension of the C-ITS architecture Specifi cation extending the C-ITS communication architecture defi ned in ETSI EN 302 665.

TS 103 697 Architecture Standard defi ning the architecture of MCO with the entities and main functionalities.

TS 103 141 Facilities layer part Standard defi ning the entities and functionalities related to MCO at the facilities layer.

TS 103 836-4-1 Networking & transport layer part GeoNetworking standard that extends the media-independent functionalities by MCO.

TS 103 695 Access layer part Standard defi ning the entities and functionalities related to MCO at the access layer.

FIGURE 1. Allocation of the channels in the ITS band around 5.9 GHz in Europe.
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normally considered for the ITS band. On the 
C-V2X roadmap, the next steps are the integration 
of pedestrians and enhanced QoS. To date, in 
Europe, no restrictions have been defined for the 
use of the channels by either technology. Work 
has been done to investigate the co-channel coex-
istence and mitigate the mutual interference (ETSI 
TR 103 667 and ETSI TR 103 766); however, an 
agreement has not yet been reached.

Prior to ETSI, different standards for MCO have 
been published. IEEE specified an MCO scheme in 
IEEE 1609.4 as part of the wireless access in vehic-
ular environment (WAVE) standards [6]. WAVE 
includes channel coordination, channel routing, 
and QoS parameter mapping using the enhanced 
distributed channel access (EDCA) in the data 
plane. The management plane specifies several 
MCO-related services, among which multi-chan-
nel synchronization of WAVE devices via Time 
Advertisement frames and channel access control. 
IEEE 1609.4 relies on two types of channels, that 
is, the CCH and the SCHs. The CCH may be used 
by the WAVE short message protocol (WSMP) 
only. SCHs may be used by WSMP and/or IPv6. 
In contrast to the MCO framework defined by 
ETSI and reviewed in this article, IEEE 1609.4 is 
specific to a single access technology and tightly 
linked to the WAVE standards. Also, ISO defined 
in ISO 17423 the parameters and processes 
required to support automatic selection of com-
munication profiles. A communication profile is 
a parameterized protocol stack, including param-
eters such as the channel and the flow type. The 
complete set of parameters includes operational, 
destination, communication performance, securi-
ty and protocol communication service parame-
ters. The ISO standards have partially inspired the 
ETSI specifications on MCO, but do not integrate 
mechanisms to handle channel overloads.

ETSI specifications for the Release 1 of C-ITS 
assumed the use of a single radio channel and 
radio access technology. The emergence of 
new C-ITS applications and services in Release 2 
impose the need of multiple channels and radio 
access technologies, and thus the definition of 
MCO specifications.

reseArch
Besides standardization, MCO has been con-
sidered in research. In [7] and [8], the authors 
provide an overview of the MCO-related stan-
dardization activities at that time. They also 
describe the channel allocation and switching 
principles, including synchronous and asynchro-
nous approaches, based on distributed channel 
management and service announcement mes-
sages (SAMs). In [9], based on WAVE, the focus 
is on the use of two transceivers with one tuned 
to the CCH and the other one to the SCH that 
optimizes the multi-hop routing of messages. 
The authors in [10], assuming a single transceiv-
er again with WAVE, define a flexible schedul-
ing algorithm for safety and non-safety messages 
controlled by the roadside units (RSUs). In [11], 
multiple channels are considered for the design of 
a new MAC protocol that selects a non-shared or 
a shared channel for each transmission, with the 
scope to maximize the throughput. All three pro-
posals do not take into account the application 
requirements and have either a single transceiver 

or two transceivers with one fixed to the CCH. 
The authors of [12] present an approach for ser-
vice-actuated multichannel operation for vehicular 
communications (SAMCO) with asynchronous 
channel switching. They use SAMs to distribute 
service information, whereas a station can priori-
tize the selection of services based on user pref-
erences and channel load. SAMCO assumes that 
all systems are equipped with dual transceivers, 
with one transceiver continuously listening to the 
CCH, and assumes that services are in pre-defined 
categories. The authors in [13] describe a tech-
nology and application-agnostic, distributed, con-
text-aware heterogeneous V2X communication 
system (CARHet). The proposed channel selec-
tion algorithm allows every station to dynamically 
choose the appropriate access technology and 
channel based on the application requirements. 
CARHet assumes that all vehicles can transmit 
and listen to all channels (i.e., they have as many 
radio interfaces as channels) and focuses on bal-
ancing the load among the different channels to 
minimize interference and packet losses. All these 
existing MCO schemes have been considered 
and taken into account for developing the ETSI 
MCO framework. However, standards must take 
into account the regulation restrictions, as well as 
existing deployments and future evolution, which 
challenge the specification process.

Mco requIreMents And PrIncIPles
requIreMents

Many requirements must be taken into account 
by MCO for the successful deployment of 
Release 2 applications. One of the main ones is 
the coexistence of C-ITS applications with differ-
ent characteristics and needs. The MCO should 
consider these needs (e.g., priority, latency, or 
bandwidth) for efficient and effective spectrum 
utilization, which is particularly important given 
the safety nature of most C-ITS applications.

Another key challenge is that the application 
needs will change over time. For example, the fre-
quency and relevance of some messages increase 
when a vehicle approaches an intersection. 
The efficient exploitation of the radio channels 
requires the dynamic adaptation of MCO and 
close interaction between the MCO entities and 
the C-ITS applications.

An aspect also to consider is that different 
C-ITS stations may implement different applica-
tions and have different capabilities (e.g., number 
of radio interfaces). The MCO concept needs to 
ensure the efficient and fair coexistence of, for 
example, simple C-ITS stations implementing only 
a few advanced applications in a limited number 
of channels, and advanced C-ITS stations capable 
of using all the radio channels and implementing 
a wide range of applications.

MCO should also be backward compatible 
with Release 1 solutions. In particular, it must con-
sider that Release 1 C-ITS stations make use of 
SCH0 for the transmission and reception of mes-
sages and that their generation and transmission 
are subject to congestion control rules.

Finally, C-ITS applications mainly rely on the 
exchange of broadcast messages. While the use 
of the broadcast transmission mode significantly 
simplifies certain aspects, it has important impli-

ETSI specifications for the 
Release 1 of C-ITS assumed 

the use of a single radio 
channel and radio access 

technology. The emergence 
of new C-ITS applications 
and services in Release 2 

impose the need of multiple 
channels and radio access 
technologies, and thus the 
definition of MCO specifi-

cations.
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cations for the design of MCO. The main one is 
that the selection of a channel by the transmitting 
station needs to be known by the intended desti-
nations. This means that some kind of coordina-
tion is needed, which may for example require 
the exchange of control information or an agreed 
association between channels and applications.

PrIncIPles
As detailed in ETSI TR 103 439, the MCO con-
cept must defi ne a channel usage mechanism and 
a channel association policy. The channel usage 
mechanisms, dealing with the order of use of 
the channels, can be classifi ed into the following 
three approaches:

Sequential Filling: the channels are used in a 
predefined order. Consequently, a given channel 
is not used until the prior channels are fully loaded.

Load Balancing: the channel use aims at bal-
ancing the load among the existing channels. It is 
considered for example in CARHet [13].

Elastic: there is no restriction in the order nor 
the load distribution over the radio channels. It is 
used, for example, in SAMCO [12].

The channel association policies, defining 
how each application associates its messages to 
a channel for their transmission, can be classi-
fi ed as follows.

Predefined Association Policies: the channel 
associated with each application is predefined. It 
naturally fi ts with the elastic channel usage since the 
channel load cannot be easily balanced or ordered 
when the channels to be used are predefi ned.

Flexible Association Policies: each application 
can individually select the channel for the trans-
mission of its messages. This type of policy could 
be used with any of the above-described channel 
usage mechanisms.

The first set of MCO standards (Table 2) is 
designed to permit all the listed channel usage 
mechanisms and channel association policies. 
Which combination to use will be defined in 
future application specifi cations or in MCO pro-
fi les agreed between the stakeholders. The elastic 
channel usage with predefi ned association pres-
ents several advantages compared to the other 
alternatives: one key benefit is predictability 
because each message type is associated with 
a certain channel and no additional signaling is 
required between stations; a second one is that 
it allows stakeholders to implement the number 
of radio interfaces that are necessary to run the 
applications that they want to support, enabling 
the coexistence of diverse implementations; fi nal-
ly, it enables backward compatibility by simply 
associating Release 1 messages to SCH0.

the Mco concePt
ArchItecture

The MCO components of the C-ITS architecture 
are depicted in Fig. 2. As observable, MCO has 
components in all the layers: MCO_FAC at the 
facilities, MCO_NET at the networking & trans-
port, and MCO_ACC at the access layer. These 
components are in turn composed of entities ded-
icated to specifi c purposes and interact with the 
other components of the C-ITS station, from the 
applications to the physical transceivers.

the core Is At the FAcIlItIes lAyer
A key principle of the MCO framework is that 
MCO decisions are performed at the facilities 
layer; therefore, MCO FAC represents the main 
part of the concept. This is necessary because the 
decisions: need to consider both the requirements 

FIGURE 2. Scheme of the MCO architecture internal of the C-ITS station.

A key principle of the MCO 
framework is that MCO deci-
sions are performed at the 
facilities layer; therefore, 
MCO FAC represents the 

main part of the concept. 
This is necessary because 
the decisions need to con-

sider both the requirements 
of the applications and the 
actual status at the access 
layer, and require a full view 

of the currently executed 
applications.
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of the applications and the actual status at the 
access layer; and require a full view of the cur-
rently executed applications. The former aspect 
makes the C-ITS remarkably different from sys-
tems such as cellular networks. It considers that 
the C-ITS station is part of an ad-hoc network and 
does neither act as base station nor user equip-
ment. The latter is due to the need to deal with 
data traffic related to the safety of life, which can-
not be treated as best-effort traffic.

FunctIonAl conFIgurAtIon ProFIles
The needs of the applications are communi-
cated to the MCO FAC through functional 
configuration profiles (FCPs). The FCP sets the 
requirements, which may include, for example, 
the estimated data rate, the maximum latency, 
and the minimum one-hop range. It is proposed 
by the application but needs confirmation by 
MCO_FAC, which knows the actual capabilities 
at the lower layers and sets functional configu-
ration limits (FCLs). The FCP and FCL can even-
tually be the result of a negotiation between the 
MCO_FAC and the applications. The FCP of an 
application can change over time due to differ-
ent needs of the application or variations at the 
lower layers. It can also be different for separate 
data flows of the same application, for example, 
because part of the messages is safety-critical, 
and part is supplementary.

Access lAyer InstAnces
One or more transceivers can be present at 
the lower layers, potentially based on different 
technologies. The possible configuration of a 
transceiver, including the specific access technol-
ogy type, channel, and modulation and coding 
scheme (MCS), is called access layer instance 
(ALI). Several ALIs corresponding to the same 
access technology and channel are called ALI 
group. Each ALI in a group can be active or not. 
The ALI represents a media-independent abstrac-
tion of the transceiver capabilities. The group con-
cept enables a transceiver to send and receive 
messages with different configurations; however, 
each message can only be associated with a sin-
gle ALI. Measurements, such as the channel load, 
are performed on an ALI group basis.

Mco Procedures
The MCO procedures consist of four groups of 
operations. The flows internal to the C-ITS station 
are indicated through arrows in Fig. 2.

Application Resource Allocation: At its initial-
ization, an application requests resources from 
the bandwidth management entity (BME) with-
in the MCO_FAC. The BME evaluates the avail-
able resources and determines those that can be 
allocated to the requesting application. Besides 
returning the decision to the application, the BME 
also informs another entity within MCO_FAC, 
called the message handling entity (MHE), which 
is in charge of internally routing the data from 
higher to lower layers. The BME also commands 
the settings of the ALIs and ALI groups to MCO 
NET, based on the possible configurations at the 
lower layers and the requirements of the appli-
cations. The MCO_NET forwards the settings 
to MCO_ACC through the GeoNetworking ALI 
group handler (GAGH), which realizes chan-

nel-dependent, media-dependent, and media-in-
dependent GeoNetworking functionalities. The 
allocation of application resources or the ALI 
configuration can later be modified following any 
kind of variations communicated by the higher or 
lower layers.

Data Transmission: The traffic generated by 
an application via the message generating entity 
(MGE) is managed by the MHE within MCO_FAC 
based on the associated FCPs, available ALIs, and 
the settings provided by the BME. The MHE may 
withdraw or offload messages to other channels 
whenever needed, in which case it also notifies 
the BME.

Data Reception: The frames received at the 
access layer are passed by the receiving ALI up 
to the corresponding GAGH. The GAGH deliv-
ers the message to the message collecting entity 
(MCE), which is in charge of distributing the con-
tent to the applications for which it is relevant via 
the message receiving entity (MRE).

Updates from the Lower Layers: Measure-
ments about channel occupation are continuously 
performed at the access layer and reported by 
MCO_ACC to MCO_NET, which in turn reports 
it in a technology-agnostic way to the MCO_FAC. 
The MCO_NET can also report to MCO_FAC 
measurements received from the neighboring 
stations. Additionally, the lower layers can notify 
unexpected events like the withdrawal of a mes-
sage from the transmission queue, for example, 
due to exceeding the maximum latency.

c-Its stAtIon IMPleMentAtIon exAMPles
The flexible MCO framework allows various 
options for C-ITS station implementation with 
respect to the number of applications, transceiv-
ers, and channels. This section discusses two 
examples of variants.

sIngle trAnsceIver And  
dAtA generAted by one APPlIcAtIon

In this example, the C-ITS station has a single 
ITS-G5 transceiver and activates the cooperative 
awareness service (CAS) as the only application 
generating messages. For backward compati-
bility, the transceiver operates in the SCH0. At 
initialization, based on a preconfigured FCP, the  
MCO_FAC activates all MCO-related compo-
nents, following the MCO procedures. For oper-
ation, CAS generates CAMs and requests their 
dissemination to the MHE. If sufficient resourc-
es are available, MHE passes the messages to 
the lower layers with the determined ALI. If the 
resources are insufficient, the MHE informs the 
CAS of the limitation of the resources. Further-
more, the MHE may discard some messages and 
communicate this event to the CAS.

duAl trAnsceIver And  
dAtA generAted by two APPlIcAtIons

In this example, the station has two NR-V2X 
transceivers and activates two applications that 
generate messages, the CAS and the collective 
perception service (CPS). The internal proce-
dures related to this example are detailed in Fig. 
3. At initialization, the CAS negotiates resourc-
es in SCH0, with messages discarded in case of 
insufficient resources. The CPS requests the acti-
vation of an FCP for the transmission of messag-

The flexible MCO framework 
allows various options for 
C-ITS station implemen-
tation with respect to the 
number of applications, 

transceivers, and channels.
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es with lower priority than CAS, using SCH0 as 
a preferred channel and SCH1 as an alternative 
channel in the case of congestion. The BME gives 
instructions to the lower layers to tune the two 
ALI groups (i.e., the two transceivers) to SCH0 
and SCH1, and returns the FCLs to the two ser-
vices. During normal operation, both services 
send their messages through the same ALI group, 
tuned to SCH0. In case of congestion (inferred 
by the periodical reporting performed by each 
ALI group), the CPS offloads some of the mes-
sages to the ALI group 2, tuned to SCH1. This is 
realized by the MCO FAC, which passes these 
messages with a different ALI to the lower layers 
and provides feedback to the CPS. With growing 
congestion level, different actions may be taken 
utilizing the interaction between MCO FAC and 
the applications:
• The CPS can reduce the message rate.
• The CPS can intelligently discard messages.
• The CAS can discard some of its lower priori-

ty messages.

dIscussIon And oPen Issues
The MCO concept detailed earlier has its core 
in the MCO_FAC entity, which collects (and 
possibly negotiates) the requirements from the 
applications and configures the lower layers 
accordingly. This mechanism, which was not 
present in Release 1, introduces the use of mul-
tiple channels but also of multiple technologies 
and manages conditions where the resources 
are insufficient to serve all implemented applica-
tions. MCO brings modifications to all layers of 
the C-ITS protocol stack and implies new issues 
and challenges in research, standardization, and 
deployment, among which we highlight the fol-
lowing aspects.

APPlIcAtIon-drIven MessAge PrIorItIzAtIon
In Release 1, the messages generated by an 
application are assumed with the same priority. 
In some cases, their generation frequency can 
change based on simple rules that try to limit the 
channel occupation. With the described concept, 
applications can be designed with more complex 
criteria, associating different FCPs to the different 
messages depending on aspects that are known 
only by the application. This may lead to priority 
being defined on a per-message basis to better 
capture the relevance of the carried information.

chAnnel usAge And AssocIAtIon
The assignment of services to the available chan-
nels in the 5.9 GHz frequency band requires 
coordination across all C-ITS stations, following 
the principles detailed earlier. It may correspond 
initially to a simple scheme with predefined 
channel associations and later include advanced 
solutions that dynamically adapt to the vehicular 
context and balance the traffic over the channels. 
The choice of the specific scheme to adopt will 
require collaboration between all stakeholders. 
Among the challenges to be considered is that, 
in practical scenarios, differently configured C-ITS 
stations are expected to coexist, which may have 
a different number of radio interfaces.

Mco congestIon control
Because of the safety-related requirements, mech-
anisms to manage channel congestion should 
be mainly at the functional level, that is, in the 
facilities layer. In Release 1, congestion control is 
instead only realized by discarding messages at 
the access layer [14]. With more channels, mul-
tiple access technologies, and various additional 
applications, the access layer does not have the 

FIGURE 3. Internal communications related to the MCO procedures when the example of option 2 is 
considered, which assumes two applications (cooperative awareness and collective perception 
services) served through two transceivers, corresponding to two ALI groups. Three procedures are 
exemplified: the configuration phase, during which the FCLs are negotiated and the transceivers 
tuned to two different channels; the transmission of a message in the primary channel under normal 
channel conditions; and the offloading of a message on a different channel when a congestion status 
is measured in the primary channel.

The flexible MCO framework 
allows various options for 
C-ITS station implemen-
tation with respect to the 
number of applications, 

transceivers, and channels. 
MCO brings modifications 
to all layers of the C-ITS 

protocol stack and implies 
new issues and challenges 

in research, standardization, 
and deployment.
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required comprehensive information. For Release 
2, it is envisioned that the access layer should 
be used as a strict enforcer of the legislation to 
access the channel, that is, the Radio Equipment 
Directive (RED) and the harmonized ETSI EN 
302 663. The MCO_FAC entity will intelligent-
ly manage the available radio resources among 
the applications and will be able to react to con-
gestion in one channel by offloading the traffic 
to another one or requesting the application to 
reduce the generated traffic. The definition of 
optimal decisions depends on the context and will 
require further work.

Mco InterFerence
An issue that needs to be considered jointly with 
congestion control is the interference between 
adjacent channels. Given the non-ideality of 
communication equipment, the transmissions 
performed in one channel cause unwanted emis-
sions on nearby channels, which impact differ-
ently depending on the channel separation. It 
has been shown, for example, in [15], that the 
interference is negligible when channels are sep-
arated by a gap of 10 MHz or more. In contrast, 
communication reliability reduces when the chan-
nels are adjacent. It is shown in ETSI TR 103 439, 
through simulations assuming ITS-G5 in a highway 
scenario, that the maximum distance between 
source and destination to have 90 percent packet 
reception probability reduces by up to 40 percent 
when two adjacent channels are highly loaded. 
Limitations to the load in one channel could thus 
provide a benefit also to the adjacent ones.

exchAnge oF PerceIved chAnnel stAtus
In Release 1, ITS-G5 enables the exchange of the 
locally perceived channel status with other stations. 
However, this option was practically not deployed. 
For Release 2, it is expected that this status 
exchange will become more relevant. For example, 
even if a transceiver of a station is not tuned to a 
channel, other stations could provide information 
regarding its occupation; this information could 
then be used to predict future conditions and real-
ize better decisions on which channel to tune its 
transceivers. This aspect, like the others described 
in this section, requires further studies.

MAnAgeMent overheAd And coMPlexIty
Compared to the single channel of Release 1, the 
MCO concept facilitates the efficient utilization 
of the whole spectrum, which comes at a cost. In 
addition to the new MCO-related functions, the 
MCO concept affects all layers of the protocol 
stack (Fig. 2) and contributes to increased man-
agement traffic internally to the C-ITS station. 
Moreover, it could imply additional information 
exchange also between stations, for example 
through the use of SAMs. It is worth noting that the 
presented MCO concept is flexible since it allows 
for a trade-off between the implemented MCO 
functionality and complexity, ranging from a single 
transceiver and single application to several one.

IMPleMentAtIon Issues
As said, the presented MCO framework facilitates 
the implementation of complex station variants 
with several transceivers (possibly with different 
access technologies), accessing several channels, 

and, more importantly, with a large number of 
applications. While the concept supports a theo-
retically infinite number of transceivers and appli-
cations, it can be expected that economic and 
business aspects will limit their number. From a 
practical perspective, the MCO framework requires 
the definition of ALIs and ALI groups available for 
every transceiver and the setting of FCPs for every 
application. It is worth noting that these config-
urations need to be consistent within the station 
and should realize one of the concepts detailed 
earlier, with application prioritization and mapping 
between services, transceivers, and channels, as 
well as inputs from the research conducted on the 
other topics discusses in this section.

conclusIon
In this article, we have reviewed the specifica-
tions and discussed the new MCO concept intro-
duced in Release 2 of C-ITS specifications for the 
exploitation of multiple radio channels and access 
technologies. MCO evolves the existing C-ITS 
architecture with functionalities on all layers of the 
protocol stack. Its key features are: 
• An access layer abstraction that allows for a 

flexible operation of radio transceivers.
• An intelligent MCO functionality at the facility 

layer that manages the efficient usage of the 
bandwidth and the generation of messages.

• An effective cross-layer interaction among 
the functionalities. 

While the MCO framework builds a cornerstone 
for the future release of C-ITS standards, it also rais-
es new challenges for research, standardization, 
and deployment, that are discussed in this article.
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