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Executive Summary 
This document provides a preliminary version of the 5G-CARMEN system architecture and its interfaces. To 
this end, a functional analysis of the use cases has been performed also identifying their requirements along 
with the necessary gap analysis. The functional analysis is important for deriving technical requirements for 
each individual use case. For 5G-CARMEN, these use cases have been identified: 

• Cooperative maneuvering with Cooperative Lane Merge (CLM) sub-case, 
• Situation awareness with Back Situation Awareness and Vehicle sensors and state sharing sub-cases,  
• Video streaming,  
• Green driving.  

The cooperative maneuvering use case necessitates a maneuvering management entity. Its task is to monitor the 
current state of the road traffic and the intentions of vehicles; determine the most suitable moment to execute a 
Cooperative Lane Merge (CLM) if requested; manage the gaps between vehicles, such that the maneuver can 
be done safely and efficiently and generate recommendations for vehicles to follow if possible.  

For the situation awareness use case, the goal is to raise the awareness of dangerous situations in order to 
increase road/driver safety while ensuring unhindered driving experience with augmented information. In this 
regard, the following situational cases have been identified in: Back Situation awareness, which is beneficial 
when considering approaching emergency vehicles. Knowing about their approach in advance (even before they 
are visible or audible) will allow drivers to create a safety corridor earlier and limit their obstruction, thus saving 
critical time for the emergency response team; Vehicle sensors and state sharing which creates awareness about 
adverse weather conditions or other detected hazards with respect to the vehicle´s own sensors in advance. 

For the video streaming use case, it is important to ensure streaming without interruptions even when crossing 
borders, while for the green driving use case it is important to implement and deploy mechanisms for providing 
recommendations to drivers for more eco-friendly driving or electric driving if possible. 

Following the functional analysis and main requirements of the 5G-CARMEN use cases, the document 
elaborates also on the gap analysis with respect to state-of-the-art and more specifically in the areas of cross-
border handover and roaming architectures, inter-MEC communication, interworking between C-V2X and ITS-
G5 and QoS and RAN prediction information in V2I use cases. 

The version of C-V2X standardized in Rel.14 supports various communication links and interfaces including: 

• PC5 interface for V2V, V2I, and V2P communication 

• Uu interface for V2N communication 

The PC5 interface supports direct communication in the vicinity of the device. As this is direct communication 
between the devices, this communication is ideally suited to support use cases with low latency like basic safety 
use cases, cooperative maneuvering, situation awareness, green driving and many more. The Uu interface 
supports communication between the vehicle and the existing cellular network. This type of communication is 
useful to transfer messages over a wider geographical area. Thus, the communication over PC5 interface and 
Uu interface are complementary. 

Finally, this document introduces the 5G-CARMEN system architecture in view of the above analysis, by 
defining and describing functional blocks, reference points, interfaces over these reference points and describing 
the operations. The architecture has been divided into several layers: First, the street layer with vehicles and 
RSUs connected directly via PC5 and connected to the other components via the Uu interface. Second, the 
access layer represented by the eNBs/gNBs from the local MNOs, as well as the existing Roadside infrastructure 
connections to the respective Backends. Third are the Edge Clouds with MEC platforms in each country which 
are integrated into the Access/Core networks of the MNOs. The last layer consists of various Cloud components, 
including existing systems such as OEM backends and dedicated Service supporting the use cases. The 
aforementioned aspects cover the overall goal of the document, which is the 5G-CARMEN preliminary system 
architecture and interfaces specifications.   
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1 Introduction 
This is the second public deliverable from Work Package 2 (WP2) of the 5G-CARMEN project. This document 
provides a preliminary version of the 5G-CARMEN system architecture including the specifications of its sub-
components, their interfaces and protocols to be used for the data exchange. To this end, a functional analysis 
of the use cases has been performed also identifying their requirements along with the necessary gap analysis.  

Specifically, section 2 elaborates on functional analysis of the use cases, used for deriving their individual 
technical requirements. 5G-CARMEN use cases are cooperative maneuvering, situation awareness, video 
streaming and green driving. Also, the section aims on compiling a list of technical requirements (for both core 
and edge deployments).  

Section 3 elaborates on the gap analysis with respect to state-of-the-art and more specifically in the areas of 
cross-border handover and roaming architectures, inter-MEC communication, interworking between C-V2X 
and ITS-G5 and QoS and RAN prediction information in V2I use cases. 

Finally, section 4 proposes the 5G-CARMEN system architecture in view of the above analysis by defining and 
describing functional blocks, reference points, interfaces over these reference points and describing the 
operations that are defined over the respective interfaces. 
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2 Use Cases Functional Analysis and Requirements 
In this section we provide the functional analysis of the respective use cases identified and described in D2.1. 
A functional overview of each use case is provided, this represents the relevant actors and the interactions 
between them. On this basis, technical requirements will be derived. The requirements will be in terms of 
communication requirements, interface requirements, protocol requirements etc.   

2.1 Cooperative maneuvering 
2.1.1 Overview 

As mentioned in 5G-CARMEN D2.1 [1] recognizing and communicating the intentions of other traffic 
participants with minimal delay is key to an optimized driving behavior for automated systems and human 
drivers alike. To this end, wireless communication systems can be used to exchange speeds, positions, intended 
trajectories/maneuvers, and other helpful data among vehicles. The information can be exchanged between 
vehicles in the immediate vicinity using the PC5 interface. For vehicles further apart (where direct 
communication is not possible), messages can be exchanged using the Uu interface or can be relayed by RSUs 
(messages sent over PC5 interface can be relayed by RSUs to the MEC in the same way as messages on the Uu 
interface are relayed to the MEC). 

The on-board systems can use this information to derive an optimized driving strategy (in case of automated 
operation) or a recommended course of action for a human driver to follow to actively optimize traffic flow and 
avoid dangerous situations. Within the family of such cooperative applications, 5G-CARMEN concentrates its 
efforts on Cooperative Lane Merging (CLM) as a flagship use case to pilot in its trials. 

The cross-border aspect in this use case is addressed through the switch from central CM (MEC based and via 
the Uu interface) to local CM (direct communication via the PC5 interface) and back on Application level. This 
complimentary use of both solutions will guarantee service continuity at all times, even in the case where a 
network service interruption occurs. Moreover, there is a local breakout and local MEC utilization from 
Germany to Austria. 

2.1.2 Functional Analysis and Requirements 
The following subsection describes the interactions based on the functional representation of the cooperative 
maneuvering use case. 

The use case necessitates a Maneuver Management entity. Its task is to monitor the current state of the road 
traffic and the intentions of vehicles; determine the most suitable moment to execute CLM if requested; manage 
the gaps between vehicles, such that the maneuver can be done safely and efficiently; and generate 
recommendations for vehicles to follow if possible. The Maneuver Management entity will be implemented 
both in a distributed and a centralized manner. The distributed Maneuver Management is hosted inside each 
vehicle and leverages information that is exchanged by means of direct communication between the vehicles 
using the PC5 interface.  The limited range of this interface, however, may render such an approach suboptimal 
in some cases. Hence, a centralized Maneuver Management entity is hosted at a MEC in order to gather a 
broader overview and consider more traffic participants for an optimal CLM. This necessitates the usage of a 
Uu interface. In a cross-border scenario, situations will arise where different vehicles are connected to different 
mobile operators, and different MEC instances, respectively. At the same time these vehicles may be in close 
proximity of each other and be affected by a CLM attempt. Hence, interfaces for the exchange of information 
between 'neighbouring' MECs need to be established in order to facilitate the centralized CLM. 

Recommendations from the Maneuver Management are finally forwarded to a respective engine control unit 
(ECU) to act upon. In case of automated driving, vehicles can execute the necessary actions directly. In manual 
driving mode, the ECU alerts the driver to the necessary actions (e.g., slowing down to create a gap). Figure 1 
illustrates the functional setup for the CLM application, as it will be deployed in the field. Figure 2 summarizes 
the envisioned architecture. 
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Figure 1 Cooperative maneuvering (Cross-border approach) 

 

  
Figure 2 Cooperative maneuvering (Laboratory) 

 
Table 1: Functional requirement for CLM use case 

Req 
Number 

Requirement 

CLM-Req-1 Distributed CLM necessitates the direct exchange of CAM messages between vehicles over PC5. 

CLM-Req-2 Centralized CLM necessitates the exchange of CAM messages between vehicles and a MEC server 
over Uu. 

CLM-Req-3 Centralized CLM in a cross-border scenario necessitates the exchange of CAM messages between 
MECs at application level 

CLM-Req-4 Fast logical interface for the exchange of data between MECs at application level  <= 150ms 

CLM-Req-5 A Maneuver Management entity is necessary in order to manage the maneuvers  
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CLM-Req-6 ECU to implement recommended maneuvers (automatically or alerting the driver) based on 
messages received from PC5 or Uu interface 

CLM-Req-7 RAN information per driver must be exposed to the MEC server through the Radio Network 
Information Service (RNIS). 

CLM-Req-8 The Maneuver Management App must be fed with the RAN information from the MEC server via 
the Mp1 interface. 

2.2 Situation awareness 
2.2.1 Overview 

As mentioned in [1] 5G-CARMEN addresses several kinds of potentially dangerous situations in related use 
cases. The goal is to raise the awareness of dangerous situations in order to increase road/driver safety, while 
ensuring unhindered driving experience with augmented information. In this regard, the following situational 
use cases have been identified in [1]: 

1. Back Situation awareness (BSA), which is beneficial when considering approaching emergency 
vehicles. Knowing about their approach in advance (even before they are visible or audible), will allow 
drivers to create a safety corridor earlier and limit their obstruction, thus saving critical time for the 
emergency response team. This is done by the emergency vehicle broadcasting its presence via the 
PC5 interface and sending similar information via the Uu interface. The information sent via Uu can 
be relayed to other vehicles over a wider geographical area. RSUs in the vicinity can also receive the 
message via PC5 and relay the information to other vehicles over a wider geographical area in a similar 
manner. 

2. Vehicle sensors and state sharing (VSSS), which creates awareness about adverse weather conditions 
or other detected hazards in advance with respect to the vehicle´s own sensors. This is done by 
exploiting knowledge shared by a preceding vehicle and/or roadside sensors. Information about the 
detected objects in the environment, including other vehicles, is then shared among C-V2X nodes. 
This data can be exchanged directly between vehicles in a localized manner or can be collected, 
filtered and disseminated to the relevant traffic participants by a centralized entity (i.e. MEC or 
backend server). A centralized approach can also be leveraged to optimize traffic flow. In a long-term 
perspective, this could lead towards an event horizon [1]. As already specified in the annex of 
deliverable D2.1, a specific sub-use case of VSSS is the management of hybrid stationary vehicle 
warning (HSVW), which is focused on interoperability of different wireless access technique. 

The cross-border aspect in this use case is addressed through the approaching of emergency vehicles coming 
from another country (for the BSA) and for the VSSS it is manifested through message relay, C-V2X and ITS-
G5 integration. In the proceeding sub-sections, of each of the situation awareness use case is analyzed and its 
functional requirements are presented. 

2.2.2 Functional Analysis and Requirements 
The following subsection describes the interactions based on the functional representation of the use cases for 
situation awareness and provide the functional requirements for the respective use case. 

2.2.2.1 Back Situation Awareness 
This functionality can be realised using the PC5 interface (between the vehicle and RSU) or the Uu interface 
(between the vehicle and 5G RAN). Figure 3, illustrating the Use Case over the UU interface, provides an 
overview of the interactions between the various actors involved in realizing this use case in a C-V2X 
environment, including CCAM components and interfaces. Notice how, in 5G SA architecture we have UPF in 
option 3 of 5G NSA deployment we have SGWu and PGWu. 
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Figure 3 Situation awareness - Back-situation Awareness  

The various steps involved in realizing the back-situation awareness is as follows: 

1. At the start of the mission the emergency vehicle (emV) will trigger, either manually or 
automatically, emV Notification message, which is periodically broadcasted over PC5 interface as 
well as the Uu interface towards the RAN. These notifications are supported by DENM (messages) 
containing relevant meta data indicating the relevant information about the emV such as its type, 
speed, geo-location, destination, route plan etc. The periodicity of the broadcast notification is 
configurable, either manually or automatically as a parameter linked to the speed of the emV. 

2. Other vehicles in the vicinity can receive the message over PC5 interface and display information 
related to the emergency vehicle 

3. The RAN will redirect these emV Notification messages towards the designated MEC system. 
4. The emV Notification message is used as a trigger to instantiate BSAF virtual function instance in 

the CCAM MEC system. 
5. Based on the route plan and the destination information of the emV, the instantiated BSAF virtual 

function shall trigger additional BSAF virtual function instances in other CCAM MEC systems, 
even cross border. 

6. The BSAF virtual function instances in different CCAM MEC systems shall regularly exchange 
state information, based on which each BSAF instance will derive the expected time of arrival 
(ETA) value. 

7. The BSAF function instances will periodically derived the ETA values and encode it in an emV 
Warning Notification message, which is then pushed towards the associated RAN BSs. Note that 
each RAN BS characterizes a cluster zone and a different ETA will be derived by the BSAF function 
for each cluster zone.  

8. The RAN BSs will then periodically broadcast the emV Warning Notification message which is 
received by all the cars in the cluster zone. The ETA value will be displayed in the vehicles. 

9. Optionally, the vehicles can leverage on the CLM use case in order to automatically coordinate with 
each other to create a safety corridor for the arriving emV. 

10. Optionally, the BSAF virtual functions can leverage latest information from external traffic 
management system, for example about latest traffic situation in respective cluster zones, to derive 
accurate ETA values. 
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Table 2 lists the functional requirements for realizing the Back Situation awareness use case. Please note that 
the term “shall” denotes a mandatory requirement while the term “should” denote an optional requirement. 

Table 2: Functional Requirements of Back Situation Awareness use case 

Req Number Requirement 

BSA-Req-1 The emV shall trigger periodically sent emV notification messages towards the RAN over the Uu 
interface as well as broadcast the same over the PC5 interface 

BSA-Req-2 The emV notification message shall encode relevant meta data e.g., type, speed, geo-location, 
destination, route plan etc. in the DENM. 

BSA-Req-3 The RAN shall deliver the emV notification DENM towards the relevant correct edge MEC 
system data center 

BSA-Req-4 The emV Notification DENM shall trigger the CCAM MEC system to instantiate a BSAF as a 
virtual function.  

BSA-Req-5 The CCAM MEC system shall provide the cluster zone information to the BSAF instances. 

BSA-Req-6 The BSAF instance shall process the meta data in the emV Notification and derive the ETA values 
for different cluster zones. 

BSA-Req-7 The CCAM MEC system receiving the emV notification messages shall enable the instantiation 
of a BSAF as virtual function in other CCAM MEC systems that may be in other admin domains, 
e.g., cross-border, along the edge data center shall process the information received from the 
notification messages from the emV and prepare a notification messages for the vehicles’ route 
path of the emV. 

NOTE: the instantiation of BSAF instances in other MEC systems can be based on route plan 
and destination information received in the emV notification messages. 

BSA-Req-8 The BSAF instance receiving the emV notification messages shall update BSAF instances in 
other (cross-border) CCAM MEC systems. 

BSA-Req-9 The BSAF instances in adjacent MEC systems (e.g., cross-border) shall be able to exchange state 
information with each other in order to ensure accurate derivation of ETA. 

BSA-Req-10 The CCAM MEC system shall compose an emV warning notification DENM for each cluster 
zone and encode the ETA value derived by the BSAF instance for the respective cluster zone. 

BSA-Req-11 The CCAM MEC system shall push the emV warning notification DENM edge data center shall 
relay the notification messages towards select RAN sites. 

BSA-Req-12 The RAN shall broadcast the notification emV warning notification DENM towards the vehicles. 
within its coverage domain. 

BSA-Req-13 The ECU in the vehicles shall process the emV warning notification DENM to read and display 
the ETA value. 

BSA-Req-14 The CCAM MEC system should take into account latest information from external traffic 
management systems for accurate ETA calculation.  

BSA-Req-15 The CCAM MEC system should leverage the CLM system for automated coordination between 
the vehicles. 

Based on the above requirements, the following functional entities (actors) are involved in the realization of the 
back-situation awareness use case. 

1. OBU for emV: The on-board unit of the emV is required to collect information from the on-board 
sensors/monitoring modules like speed, geo-location, route plan etc, and is able to encode them on 
DENM frames to be broadcasted over the Uu interface towards the cellular network base station (e.g., 
eNB, gNB) in a periodic fashion, till the emV arrives at the event destination. 
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2. Cellular network infrastructure (4G/5G): The RAN component of the cellular network should be 
able to redirect the emV Notification message towards the UPF, which will forward it to the MEC 
platform implementing the CCAM platform. 

3. BSAF container: The BSAF instance instantiated and managed in the CCAM system platform is able 
to process the periodically received emV Notification messages to derive the ETA, and encode it in the 
emV Warning Notification message, which is then pushed towards the BSAF instance shall also be able 
to forward the received emV Notification messages towards other BSAF instances in other MEC 
platform across border. 

4. MEC System: This MEC system deploys the CCAM platform that manages the BSAF container and 
interconnects with the cellular infrastructure. The BSAF container may also leverage the services 
offered by the AMQP Broker and the GeoService entities.  

5. Vehicle’s OBU: The OBU in the vehicles shall be able to receive and process the emV Warning 
messages forwarded by the BSAF function and received via the cellular base stations and display the 
ETA on the dashboard.  

2.2.2.2 Vehicle sensors and state sharing (VSSS) 
The functional blocks have been identified for the VSSS use case: 

• RSU: The road side unit is installed in locations next to the highway in order to collect necessary data from 
available sensors that are used to retrieve local sources of danger (e.g. start of a traffic congestion, etc.) and 
sudden changes in the weather conditions (e.g. fog benches, ice on the road, etc.). In addition, RSUs can 
forward messages coming from vehicles to the service platforms. The RSUs are under the control of the 
road operator. RSUs can also be used to relay sensor information to the vehicles. 

• Middleware IoT: The data coming from sensors not managed by the road operator are aggregated by a 
middleware IoT platform and transmitted to the C-ITS backend for elaboration, filtering and storage needs. 
External platforms and associated services (e.g. wheatear forecast) will likely run on public cloud services, 
like Amazon or Google, or on private cloud deployments, not under the control of the project. 

• MEC: The MEC nodes include pre-installed applications acting as services for the other applications, such 
as the AMQP Broker and the GeoService entities. These services are in charge to deliver through a pub/sub 
mechanism the notifications to vehicles to be visualized on their dashboards. These notifications are 
transmitted only to the vehicles within the coverage area for which these messages are meaningful. Inter-
MEC communication is implemented by interconnecting AMQP brokers (also cross-border). In addition, 
they can also run additional applications requiring low latency delivery of data/control messages. 

• Vehicle's Dashboard: Speed, maneuverer, and other alarm/recommendations (fog, car crashes, etc) will 
be displayed on the car dashboard. 

• C-ITS-Backend: The environmental and traffic information transmitted from the RSUs is 
elaborated/filtered/stored by the ITS Backend. In addition to these messages, the C-ITS backend will 
receive also the information gathered by the vehicles’ own sensors (e.g. ECU) via RSUs or AMQP as well 
as those coming from external systems (e.g. data about weather forecasts via IoT middleware). The C-ITS 
backend is in charge of aggregating and elaborating this data and to broadcast the proper alert messages 
(e.g. DENM) over the geographic zone of relevance. The notifications will be forwarded to the intended 
vehicles through an interface based on AMQP message queues on the AMQP broker running in MEC 
nodes.  

• Cloud service: for backward compatibility with vehicles not equipped with 5G technology, a cloud service 
providing the virtual RSU functionality through an AMQP broker will be provided (see HSVW sub-use-
case). It will deliver C-ITS messages over 4G/LTE networks. 
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Figure 4 Situation awareness - sensor sharing 

 

In this sub use case, it is assumed that travelling with potentially high speed on a highway makes it necessary 
for each vehicle to be aware of external events that may affect the driving task (e.g. sudden changes in the 
weather conditions, abrupt manoeuvres by other traffic participants, etc). These events may impact the allowed 
automation levels, requiring the driver’s intervention on extreme cases. Information about such events is 
received both from other vehicles via PC5 or through a service running in the C-ITS backend. This information 
is then collected, merged, and analysed by the C-ITS backend. The C-ITS backend can enrich this information 
with geolocalized information and broadcast the proper alerts through DENM via AMQP services over the 
relevant geographic zone. The vehicles that have subscribed to that zone should receive and display proper 
notifications on the dashboard in a timely way. 

In the following, we summarize the different functions required by the VSSS use case, whereas the list of 
functional requirements is reported in Table 3. 

Table 3: Functional Requirements of Vehicle sensors and state sharing use case 

Req Number Requirement 

VSSS-Req-1 Vehicles should receive notifications from other vehicles via the PC5 interface 

VSSS-Req-2 The notification message shall encode relevant meta data e.g. type, speed, geolocation 

VSSS-Req-3 Sensors located in RSUs shall send data with respect to weather data, road conditions and 
slow speed/stationary vehicles to the C-ITS backend 

VSSS-Req-4 Information retrieved from IoT sensors shall be gathered by external middleware units 

VSSS-Req-5 Middleware units shall transmit the collected information to the C-ITS backend via the 
AMQP protocol, where it can be combined with other available information in order to 
identify the possible danger conditions 

VSSS-Req-6 Sensors located on the vehicles (e.g. ECUs) shall transmit data to the C-ITS backend via 
RSUs or via 5G using the AMQP protocol when specific events and/or road traffic 
conditions are detected  

VSSS-Req-7 Data collected by the RSUs and vehicles shall be elaborated (i.e. collected, merged, filtered 
and stored) by the C-ITS backend  
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VSSS-Req-8 The C-ITS backend shall receive/transmit information data from MEC nodes through 
CAM/DENM. 

VSSS-Req-9 A Geocast service located on the MEC shall distribute the notification messages within its 
coverage domain 

VSSS-Req-10 The C-ITS backend shall provide a geographic delivery region of the collected information, 
including a cross-border extension when needed 

VSSS-Req-11 Notification messages shall be displayed on the vehicle’s dashboard 

As specified in section 2.2.1, a specific sub-use-case of VSSS is the hybrid stationary vehicle warning (HSVW), 
used to focus on the hybrid communications capability of the 5G-CARMEN architecture. In what follows, we 
describe the various steps involved in HSVW. In this use case the main goal is to ensure hybrid communications 
among vehicles equipped with different radio communication systems (C-V2X and C-ITS). To this aim, it is 
assumed that a homogeneous context of C-ITS vehicular stations equipped with hybrid communication shall be 
able to communicate with the C-ITS stations backend of the 5G-CARMEN architecture. The list of functional 
requirements is reported in Table 4. 

1. Any broken vehicle which stops in any lane of the highway, including the emergency one, could become 
a dangerous problem and has to signal its state (e.g. broken-down vehicle, stopped vehicle, post-crash) 
to the other vehicles on the road via DENMs.  

2. The compatibility between heterogeneous technologies (PC5 and ETSI ITS-G5) is ensured by 
exploiting the C-ITS-S backend service. Vehicles equipped with ITS-G5 and others equipped with C-
V2X technology could become interoperable as the C-ITS-S, the MEC servers and a cloud service are 
able to communicate by means of the AMQP protocol. 

3. The following subcases showing how the DENM payload is passed across entities for different 
technologies: 

a. 5G V2N service (5G Uu interface): At first, the broken vehicle transmits a DENM over RSU 
ITS-G5, which is then forwarded to the C-ITS-S using ASN.1 coding. Then, the message passes 
through virtual RSUs (via MEC) up to the destination vehicles over the Uu 5G interface. 

b. 4G/LTE V2N service (4G Uu interface): At first, the broken vehicle transmits a DENM over 
RSU ITS-G5, which is then forwarded to the C-ITS-S using ASN.1 coding. Then, the message 
passes through virtual RSUs (via cloud service) up to the destination vehicles over Uu 4G/LTE 
interface. 

c. PC5 interface: At first, the broken vehicle transmits a DENM over RSU ITS-G5, which is then 
forwarded to the C-ITS-S using ASN.1 coding. Then, the message passes through RSUs up to 
the destination vehicles over the PC5 interface. If the RSU is a dual mode dual active RSU the 
message can be relayed from the location over PC5 interface as well as broadcast over wider 
geographical area using PC5 capable RSUs 
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Figure 5 Situation awareness - hybrid stationary vehicle warning 

 

Table 4: Functional requirements of the HSVW sub-use case 

Req Number Requirement 

HSVW-Req-1 Hybrid communication among vehicles equipped with different radio communication 
systems (C-V2X and C-ITS) shall be guaranteed 

HSVW-Req-2 Direct communications between C-V2X enabled RSUs and other vehicles on the same 
road should be guaranteed through PC5 

HSVW-Req-3 The compatibility between different on-board communication technologies (C-V2X and 
ITS-G5) should be guaranteed through a low-latency backend service relaying the on 
AMQP protocol 

HSVW-Req-4 The interoperability between the C-ITS-S and MEC server shall be guaranteed by the 
AMQP protocol 

HSVW-Req-5 The information payload shall be the same, using ASN.1 coding to generate both ETSI 
DENM, PC5 messages, and also the V2N service payload 

HSVW-Req-6 Broken vehicle shall notify its state to the C-ITS-S backend via (virtual) RSUs  

HSVW-Req-7 RSUs shall transmit DENM to C-ITS-S backend 

HSVW-Req-8 C-ITS-S backend shall forward the DENM to MEC nodes for delivery via virtual RSUs 
based on 5G technology (Uu interface) 

HSVW-Req-9 Geocast service (e.g. located on MEC nodes or cloud service) shall distribute the 
notification messages within its coverage domain only to vehicles potentially affected by 
the event 

HSVW-Req-10 MEC nodes shall transmit the DENM to destination vehicles over Uu 5G interface (virtual 
RSU) 

HSVW-Req-11 C-ITS-S unit shall forward the DENM to RSUs on the same road over hybrid 
communication facilities (PC5, ITS-G5). If there is a dual mode dual active RSU the 
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message should be transferred directly from ITS-G5 RSU portion to PC5 RSU portion and 
broadcast over the PC5 interface 

HSVW-Req-12 For informing also vehicles not compliant with 5G technology, the C-ITS-S backend shall 
forward the DENM to a cloud service equipped with AMQP broker functionality  

HSVW-Req-13 The cloud service equipped will deliver the DENM through the virtual RSU service 
provided by the AMQP protocol over a 4G/LTE interface 

HSVW-Req-14 Notification messages shall be displayed on the vehicle’s dashboard 

2.3 Video Streaming 
2.3.1 Overview 

As mentioned in [1], 5G-CARMEN will explore different network architectures and configurations, aiming to 
satisfy users’ Quality of Experience (QoE). Key in this regard is the prediction of the expected network QoS 
and the proactive adaptation of streaming applications, in order to avoid interruptions in the service whenever 
possible. High quality service should always be available, even in cross-country border situations and inter-
operator scenarios. Therefore, mobile network synergies between LTE, 5G, C-V2X and other technologies will 
also be investigated by 5G-CARMEN, in order to guarantee not only the data rate requirements but also the 
needed coverage at all times. 

The cross-border aspect in this use case is addressed through the seamless user video experience while crossing 
a border. This can be achieved thanks to the predictive QoS information received from the network as well as 
from minimizing the time without connectivity using fast network handover/reselection (see chapter 3). This 
allows the in-vehicle video application to buffer the video in advance. 

2.3.2 Functional Analysis and Requirements 
The following subsection describes the interactions based on the functional representation of the use case. 

 
Figure 6 Video streaming (Cross-border approach) 
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Figure 7 Video streaming (Laboratory) 

The Video Streaming use case involves three main logical parties:  

• The content consumer (video client) - a passenger willing to view a video stream via an interface in his 
automated vehicle,  

• The content provider which delivers the desired information (typically a Video Streaming server in the 
backend), 

• The Network/QoS management entity, which can help improve the user’s QoE as compared to state-of-
the-art solutions.  

A video streaming client in the vehicle initiates the process with a request for a specific video addressed to the 
content provider. This will be a video streaming server in the OEM´s backend.  The content provider then 
answers with the available video options (e.g. available resolutions, codec). The actual video transmission 
begins with a request for a video chunk done by the client, to which, the provider answers with the appropriate 
data. This is repeated until the video has been completely transferred or the service is terminated. In a cross-
border situation, there may be the case of worsening performance, due to possible coverage holes or high vehicle 
speed on the highway. In order to cope with this, the network will deliver information on the expected network 
quality through its Network/QoS management entity, which will allow the video client in the vehicle to adapt 
its buffering and caching functions accordingly. 

Table 5: Functional requirements of the VS use case 

Req Number Requirement 

VS-Req-1 Video streaming shall continue without intermission during crossing border 

VS-Req-2 Backend streaming service should be available 

VS-Req-3 Network/QoS management entity, service shall monitor the highway area 

VS-Req-4 Capacity requirements should be considered especially in the case of consumption of high-
definition video by multiple passengers in each vehicle 
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2.4 Green Driving 
2.4.1 Overview 

As mentioned in [1], the 5G-CARMEN ecosystem will provide solutions towards the promotion of greener 
driving attitudes leading to meaningful improvements in terms of air quality as well as provide elements for 
entirely new solutions for road operators, road authorities and transport authorities. Obtaining an accurate 
depiction of the current situation in a given area is key in this regard. To this end, the 5G-CARMEN platform 
will take advantage of sensor-based information, either coming from connected vehicles or from smart sensors 
measuring the local emissions. In addition, data on the weather condition, on the current traffic situation, 
legislation databases and more can be leveraged to determine a course of actions that limit the negative impact 
of vehicular transportation on the public health and the environment.  

One prominent example for such actions is the use of electric drive mode by hybrid vehicles in critical areas. 
Once such an area is recognized, this can be communicated to the hybrid vehicles approaching it, so that their 
automated systems or the driver are informed in advance of the need to utilize electric drive. If such planning is 
done in time, it can be ensured that the battery has a sufficient charge in order to pass through the critical area. 

The cross-border aspect in this use case is addressed through the AMQP/Geo-service synchronization aspects. 
Information about air quality measurements will be available before and after the border areas and 
recommendations about speed limit and electric driving will be made available to drivers at each side of the 
border and while crossing borders. 

2.4.2 Functional Analysis and Requirements 
The following subsection describes the interactions based on the functional representation of the use case. 
Specifically, the functional blocks that have been identified are: 

• Sensor Unit: The sensor unit is installed in locations next to the highway (especially near the border 
areas) in order to collect the necessary data. 

o Sensors: Sensors are used to retrieve air quality data from the environment. These include 
nitrogen dioxide (NO2), sulphur dioxide (SO2), ozone (O3), particulate matters (PM2.5, PM10) 
and carbon monoxide (CO). 

• Cloud: 
o Data Analytics: By retrieving environmental data from the RSU sensors (combined with data 

from external sources e.g. weather etc.), the data analytics module will provide information 
related to air quality prediction. In the current implementation the module relies on two 
algorithms which predict air pollution level on an hourly and daily basis. The algorithms use as 
input six of the known air pollutants, nitrogen dioxide (NO2), sulphur dioxide (SO2), ozone 
(O3), particulate matters (PM2.5, PM10) and carbon monoxide (CO) and provides as output 
the hourly values which correspond to the two-time horizons specified above. As it refers to a 
regression-type problem 5G-CARMEN uses a score as an evaluation metric which captures the 
large prediction errors. Current results show a maximum of 7.2% of the mean value of each 
pollutant in hourly prediction and a top 20% in 24hour prediction (excluded ozone (O3).  

o Green Driving Intelligence: The intelligence mechanism will issue alerts to switch to electric 
drive wherever possible (applicable to hybrid vehicles only); suggests an alternative route with 
less environment-related restrictions. 

• C-ITS-S: The Central ITS Station will receive environmental and traffic information from the Cloud 
and send notifications to the vehicles through an interface based on message queues. 

o Environmental Strategies: the information received will be used to trigger appropriate flows 
of actions - called strategies, aimed at reducing air pollution and emissions. 

• MEC: The MEC includes the AMQP Broker and the GeoService entities which are then connected to 
the vehicle for showing notifications to the dashboard.  

• Vehicle's Dashboard: Speed recommendations or electric driving recommendations will be displayed 
in the car dashboard. 
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Figure 8 Green Driving functional view 

 

Table 6: Functional requirements of the GD use case 

Req Number Requirement 

GD-Req-1 Vehicles shall receive periodic notifications from the MEC 

GD-Req-2 MEC shall send data to the Road Operator Backend 

GD-Req-3 Sensors shall send periodically data with respect to environmental conditions (e.g. related to NO2, 
CO, CO2, SO2, O3, PMx) to the Cloud 

GD-Req-4 At the Italian Cross border test site, data shall be analysed by the Road Operator Backend 

GD-Req-5 At the Italian Cross border test site, the Road Operator Backend shall provide environmental 
strategies for enabling Green Driving aspects 

GD-Req-6 At the Austrian Cross border test site, environmental and traffic data shall be analysed by the 
Cloud 

GD-Req-7 At the Austrian Cross border test site, the C-ITS-S shall receive pre-elaborated data from the 
Cloud 

GD-Req-8 At the Austrian Cross border test site, the C-ITS-S shall provide environmental strategies 
depending on the traffic and environmental information 

GD-Req-9 Geocast Services (AMQP Service) shall distribute the notification messages within its coverage 
domain using eNBs or RSUs 
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3 Gap analysis with state-of-the-art systems 
Cross-border handover and roaming architectures 

When the vehicle crosses the border, an inter-PLMN Handover procedure must be performed to maintain 
connectivity. 3GPP gives following definition of a handover [4]:  

The process in which the radio access network changes the radio transmitters or radio access mode or radio 
system used to provide the bearer services, while maintaining a defined bearer service QoS.  

Thus, the handover can be performed within the same RAT and/or Core Network, or it can involve a change of 
the RAT and/or Core Network.  

In 5G CARMEN, the cross-border handover is attributed by different frequencies (Inter-frequency handover) 
and different Core Networks (Inter-PLMN handover - the handover between different PLMNs, Public Land 
Mobile Networks, having different MCC-MNC (Mobile Country Code - Mobile Network Code). Also, a change 
of RAT (Inter System Handover) is possible in case of different times of introduction of 5G NR in different 
countries.  

Inter-PLMN handover requires roaming agreements between operators and specific interconnections between 
the network elements of the different PLMNs. Concerning packet routing, two scenarios are defined in the 5G 
roaming architecture that are a local breakout scenario and a home-routed scenario [5].  

In the home-routed scenario, IP packets of roaming vehicles are sent over the home network (HPLMN) to the 
Data Network (DN).  In the local breakout scenario, the roaming UE interfaces the Data Network (DN) in the 
visited network (VPLMN) and the home network (HPLMN) enables it with subscription information (UDM), 
subscriber authentication (AUSF) and UE specific policies (PCF). Local breakout routes data more efficiently 
and reduces delay and is more appropriate for 5G-CARMEN.  

 
Figure 9  Roaming 5G System architecture - local breakout scenario [5] 
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Figure 10 Roaming 5G System architecture - Home routed scenario [5] 

 

If an inter-PLMN handover is not supported, the data session will be dropped, and UE will perform a cell 
reselection and (re-)registration in the new PLMN.  

Furthermore, depending on QoS, the handover is classified as seamless or lossless per bearer type. Seamless 
handover is performed for radio bearers configured for RLC UM mode, while for bearers configured in RLC 
AM, lossless HO is executed. Usually seamless HO is configured for bearers which quite tolerant of losses, but 
less tolerant of delay (e.g. voice services, video). Lossless handover is used for delay-tolerant services but 
sensible to packet losses (e.g. file download). Different 5G-CARMEN use cases will require different type of 
radio bearers so both type of handover will be utilized. 

If the duration of the interruption should be too long for the execution of certain use cases, it could be considered 
whether to adopt a solution called Release with Redirect (the UE goes to idle mode and will be directed to the 
target operator frequency, resulting in shorter offline time).  To implement this solution it would require special 
configurations of the RAN on both sides, and the two PLMNs should declared Equivalent PLMN. 

 
Inter-MEC communication 

When the vehicle will cross the border with simultaneous change of the operator, the vehicle will be switched 
to the MEC system of the new operator. To enable efficient operation of MEC applications in the cross-border 
area, MECs from both operators shall be able to exchange information. 

Delay-sensitive 5G-CARMEN use cases require synchronization between the MEC applications in the source 
network (source MEC) and the MEC applications in the target network (target MEC). For this the selected 
context of application (data relevant to cross-border area) shall be copied from the source MEC to the target 
MEC. Both MEC applications will then use consistent data for cross-border area and provide service 
continuity.   

In Multi-access edge system reference architecture, the Mp3 interface is defined as “reference point between 
MEC platforms is used for control communication between MEC platforms” [6]. However, the specification 
of Mp3 have not provided by ETSI. To support delay-sensitive V2X use cases, 5G-CARMEN will work on 
exemplary implementation of the Mp3 interface in laboratory environments.  

 
Interworking between C-V2X and ITS-G5 

Within the automotive domain multiple technologies are currently being considered as enablers for CCAM 
scenarios: C-V2X and ITS-G5: 
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• C-V2X supports of both direct communication between vehicles (V2V) and cellular-network based 
communication. The direct communication between vehicle and other devices, e.g. RSU (V2V, V2I) 
uses so-called PC5 interface ("sidelink" in 3GPP terminology). In addition to the direct communication 
over PC5, C-V2X also allows cellular-network based communication (in 3GPP terminology).  

• ITS-G5 is WLAN (802.11p) based technology for direct short-range communication between vehicles 
(V2V) and traffic infrastructure (V2I). It focuses on use cases with low to medium data rates. Its 
coverage range is about some hundred meters.   

3GPP specified V2X data transport features but not V2X messages. Instead, it is assumed that ITS-G5 standards 
messages over 3GPP V2X data transport can be used. There is a gap of interworking ITS-G5 and C-V2X 
systems while it is expected that both technologies may coexist given the fact that different vehicles may be 
equipped with different technologies and operators in different countries can deploy different technologies at 
the cross-border region. 

5G-CARMEN will address this gap by using MEC-assisted interworking techniques for C-V2X and ITS-G5.  
 

QoS and RAN prediction information in V2I use cases 

CCAM applications rely on the connectivity of a cellular networks. In such a context, non-availability or 
performance of the mobile network impacts the CCAM application performance. Knowing or predicting QoS 
provided by the RAN and awareness of RAN events (e.g. handover) helps to optimize/customise the existing 
services and initiate new services.  

There are two complementary approaches: 

• Predictive Quality of Service (QoS) information from the network to the CCAM applications in terms 
of the network KPIs, which could be provided with a certain probabilistic degree of confidence, based 
on vehicle’s geo-position and time along the calculated route of the vehicle and historic KPI data. This 
data is collected by the network operator and MEC applications access this data over operator-specific 
APIs. 

• Real-time RAN-level information where RAN events (e.g. mobility events, location updates, and 
information on the radio conditions at the vehicle) are constantly obtained at the RAN level and 
provided to MEC applications.  As specified by ETSI, a MEC platform provides the Radio Network 
Information Service (RNIS) running at the mobile edge. RNIS API [7] allows third-party applications 
to get access to real-time RAN-level information over the standardized interface. 

To the best of our knowledge, no details of the predictive QoS RAN API from 3GPP are currently available 
in the literature. However, in 5G-CARMEN a proprietary operator-specific API is available. For the second 
approach, there are studies which focus on potential applications of the RNIS, but there is a lack of practical 
study on the application of RNIS for CCAM use cases.   
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4 Preliminary 5G-CARMEN system architecture  
4.1 Description 

The general architecture can be divided into several layers: First, the street layer with vehicles and RSUs, 
connected directly via PC5 and connected to the other components via Uu. Second, the access layer, represented 
by the eNBs/gNBs from the local MNOs, as well as the existing Road Side infrastructure connections to the 
respective Backends. Third, are the Edge Clouds with MEC platforms in each country and integrated into the 
Access/Core networks of the MNOs. The last layer consists of various Cloud components, including existing 
systems such as OEM backends and dedicated Service supporting the use cases. 

In addition to this field setup, several project partners have laboratory equipment for local tests in advanced 
environments. This includes all layers and allows CCAM Use Cases developments and tests which are not 
possible in the field: 5G-CARMEN will leverage the live (production) telecommunication network, where a full 
5G rollout will only happen over time. This is subject to various business, security, political and social (i.e. new 
antenna placements) constraints whose resolution time is for a large part out of the control of this project. Due 
to the same reasons - and taken into account the vast and heterogenous project content ranging from 
environmental needs over Automated Driving to multi-domain network resource management - some aspects 
such as VNF and RAN slicing will be restrained to hybrid field-synthetic demonstrations. 

The overall CCAM platform approach remains valid: The concepts, developments and business models can be 
applied in any country and are not restricted to this specific consortium context. The following “big picture” 
has a focus on the field deployments and demonstrations. Deliverable D3.2 [2] provides more insights into the 
MEC and inter-MEC architecture, and the cross-country message flows mechanisms. Deliverable D4.1 [3] is 
dedicated to the cross-vendor integrated platform and its inter-/intradomain orchestration interfaces, leveraging 
the latest standardization body discussions, while deliverable D5.1 [8] provides insights on the 5G-CARMEN 
Pilot plan and the related deployments. 

 

 
Figure 11 Preliminary 5G system architecture 

The vehicles from BMW and CRF will implement Qualcomm chipsets and communicate directly via PC5. The 
communication with different RSUs will use ITS-G5 and/or PC5 (depending on the Use Case) and Uu for the 
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mobile telecommunication network. The respective applications and onboard unit integrations for each Use 
Case and technical Enablers (see WP3) are also assured by the OEMs. RSU with the same communication 
capacity are provided by BRE, Swarco and Wings, and integrated into the existing legacy roadside infrastructure 
and backends. 

The deployment of 5G NR gNBs for the 5G-CARMEN pilots is planned by all the MNOs in the project. Notice 
how, while the rollout of the 5G network has already begun in many cities, generalized coverage for highways 
and cross border regions is planned only for 2020 and beyond.  

Since an entire cross-MNO cross-country 5G standalone network along the 600km corridor won’t be feasible 
within the means and timeframe of the project, a mixed 4G/5G network architecture is used. Demonstrations 
will be complemented with state-of-the-art cutting-edge local installations at the facilities of network equipment 
providers, research institutes and universities (see WP4). 

The Cloud platforms and Services to be used are primarily:  

• Autobrennero Road Operator (C-ITS) and Swarco C-ITS-S backend 
• Local City/State platforms (i.e. Modena, Torino) including Traffic Management solutions 
• OEM Backends, mainly BMW for Video Streaming 
• WINGS Data Analytics and Green Driving 
• Deutsche Telekom predictive Quality of Service (QoS) Service 

4.2 Reference points and interfaces 
Since this is a preliminary system architecture we specify and define the interfaces and leave the details of the 
individual operations on the interfaces to the next deliverable. The following interfaces are specified. 

Interfaces between vehicles and infrastructure 

• Device-Device interface: Uses PC5 between vehicles and infrastructure. 
• Uu interface: Interface between Device and Mobile Network Base Station which can be 4G/5G. 
• RSU-Vehicle interface: Interface between RSU and vehicle and uses PC5 or ITS-G5 similar to V2V. 

MEC-related interfaces 

• Inter-App-NW: Inter-MEC physical interface (details provided in 5G-CARMEN Deliverable D3.2)  
• Inter-MEC (enablers) (details provided in 5G-CARMEN Deliverable D3.2) 
• Intra MEC: see AMQP Broker and GeoService APIs (details provided in 5G-CARMEN Deliverable 

D3.2) 

Orchestration related platform interfaces 

The interfaces supporting the orchestration of MEC applications across different administrative domains are 
going to be specified in WP4 and will be reported in D4.1. Two orchestration layers are forecast. In the upper 
layer the so-called NFV-Service Orchestrator (NFV-SO) is forecast to implement the E2E service orchestration 
depicted in Figure 11. Conversely, the lower layer will be implemented by a distributed orchestrator (so-called 
NFV Local Orchestrator - NFV-LO) performing (together with the Mobile Edge Application Orchestrator - 
MEAO) edge orchestration of the applications running on the MEC platforms. 

Cloud backend interfaces  

• Interface with road-side sensors and Cloud Analytics platform: Road side sensors send information to 
the Cloud via the cellular network. As a result, a cellular connection is established between these 
entities. 

• Interface with Cloud Analytics platform and C-ITS: Analyzed information is passed to the C-ITS which 
provides recommendations for speed limits and electric driving (with respect to the Green Driving use 



Deliverable D2.2 “5G-CARMEN Preliminary System Architecture and Interfaces Specifications”                                                                                                                               

5G CARMEN (H2020-ICT-18-2018)  Page 26 / 29 

 

case). JSON message is exchanged from cloud analytics to the C-ITS which includes the necessary 
information for decision making and recommendations which will be done in C-ITS. 

• Autobrennero Road Operator (C-ITS) and Swarco C-ITS-S backend including Geocast/Broker 
Services: SWARCO back-end will send speed limits and electric driving recommendations to the 
Austrian AMQP broker. 

• QoS API: provides predictions for downlink/uplink/latency for a given list of geopositions at a given 
time. Response is gRPC stream containing the predicted KPIs for the requested position/timestamp(s) 
 

• Video Streaming Server: TCP interface for signalling information, UDP interface for content 
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5 Conclusion 
This document aimed at detailing the 5G-CARMEN technical specifications by providing the preliminary 
specifications of the 5G-CARMEN system architecture including its sub-components, their interfaces, and the 
protocols to be used for the data exchange. 5G-CARMEN will utilize 3GPP standardized C-V2X which supports 
various communication links and interface including: 

• PC5 interface for V2V, V2I, and V2P communication 
• Uu interface for V2N communication 

Section 2 elaborated the functional analysis of the use cases for deriving technical requirements for each one of 
them. Also, the section aimed on compiling a list of technical requirements (for both core and edge deployments) 
and providing a summary of the imperatives of the technical requirements on the CCAM architecture.  

Section 3 elaborated the gap analysis with respect to the technological state-of-the-art and more specifically in 
the areas of cross-border handover and roaming architectures, inter-MEC communication, interworking 
between C-V2X and ITS-G5 and QoS and RAN prediction information in V2I use cases. It has been identified 
that for 5G-CARMEN services, it would be beneficial to use inter-PLMN handover with local breakout scenario, 
however, as it was identified in the practice there is no support of inter-PLMN handover at the country borders 
and the roaming architecture with a home-routed scenario is used.  

There is a gap of interworking between ITS-G5 and C-V2X systems while it is expected that both systems will 
coexist, given the fact that different vehicles may be equipped with different technologies and operators in 
different countries can deploy different technologies at the border regions. 5G-CARMEN will address this gap 
by proposing MEC-assisted interworking techniques between short range communication technologies. 
Concerning the local breakout implementation in an inter-PLMN environment – even if  the basic protocol 
procedures are defined in 3GPP – there are many practical operations and procedures (e.g. real time charging 
between different PLMNs, lawful interception, regulatory issue, etc.) not defined by the standard that have to 
be defined in GSMA to allow a practical deployment. 

Finally, section 4 proposed the overall 5G-CARMEN system architecture in view of the above analysis by 
defining and describing functional blocks, reference points and interfaces over the reference points. The main 
interfaces are between vehicles and the infrastructure, on the MEC level between the Applications, system-
related orchestration and platform interfaces as well as interfaces towards Cloud components such as analytics 
platforms and C-ITS backends. Since the architectural focus of this deliverable are the use cases and the cross-
border approach, the CCAM platform architecture is explained in detail in deliverable D4.1 [3]. 

Regarding the way forward of WP2 and architectural aspects, the next milestone is related to "Final version of 
system architecture and Interfaces completed" in Month 22, whereas the next deliverable D2.3 will deal with 
the 5G-CARMEN Final System Architecture and Interfaces Specifications and will be delivered in the same 
month. 
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Annex A: Updated non-functional requirements 
Table 7 summarizes the overall non-functional requirements imposed by the considered use cases (first version 
provided in D2.1 [1]). 

 

Table 7: Summary of the non-functional requirements of the 5G CARMEN use cases 

Requirement 
category Description 

Value for each use case1 

CLM BSA VSSS MBA EH VS EA EZ DSL 

Automotive 
requirements 

Localization 
accuracy [m] 1-4 1-4 1-4 1-4 1 - 100 100 100 

Position refresh 
time [s] 0.1 0.1 0.1 0.1 0.1 - 10 10 10 

Vehicle speed 
[km/h] <250 

Relevant area [m] 20-
1000 

800-
2000 

400-
10000 1000 1000 - - >400 >400 

Manoeuvre 
execution time [s] <5 - - - <5 - - - - 

Network 
requirements 

Availability [%] 95 95 99.9 95 99.9 95 95 95 95 

Range (direct link) 
[m] 800 800 400 800 1000 - - - - 

Data rate [Mbps] - - - - - 1.3-
14.2 - - - 

Reliability [%] 90 95 99.9 99 99 - 90 90 90 

Packet 
Delay - Round trip 

[s] 
0.1 0.05 0.1 0.05 0.01 - 1 1 1 

Exchange 
Delay - Round 

trip [s] 
0.1 60 0.1 0.1 0.1 - - 60 60 

Packet size 
[byte] 

100-
600 600 1600 600 1600 - 600 600 600 

 

 

 

 
1  Legend: CLM = Cooperative Lane Merging; BSA = Back Situation Awareness; FSA=Forward Situation Awareness; MBA= 

Motorbike Awareness; VSSS = Vehicle Sensor and State Sharing; EH= Event Horizon; VS=Video Streaming; EA=; EA= 
Environment Analysis; EZ=Electric Zones, DSL= Dynamic Speed Limit 


