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Executive Summary 
The 5G-CARMEN project is expected to establish various enablers for cross-border mobility use cases. Low 
Latency Multi-Access Edge Computing (MEC) platforms are deployed in Italy, Austria and Germany, and are 
currently being integrated into the commercial networks. This “Distributed Edge Cloud” will host value-adding 
middleware for inter-domain workflows, manifested in location-aware V2X message relay services. 

The Use Cases demonstrate the advantages of the 5G-CARMEN project, by leveraging a dedicated MEC 
Service, Cloud Services such as, legacy C-ITS Backends with their attached RSUs and Sensors. 5G-CARMEN 
combines Data Integration and Analytics platforms, local Traffic Management systems, and SME/University 
applications to deliver additional functionality to vertical 5G use cases. 

Deliverable D3.1 explains the current status of the network and roadside infrastructure along the corridor. This 
document continues the evolutionary description towards a wide-ranging Cooperative, Connected and 
Automated Mobility (CCAM) platform in combination with the output of Work Package 4. Since the planning 
and rollout of 5G NR sites progress slowly this part cannot be addressed in detail in this deliverable. The adjacent 
topics of Local Breakout and accelerated inter-MNO (Mobile Network Operator) network handover/reselection 
are also still in discussion and - due to the fact that 5G-CARMEN will use the production mobile network - a 
final approach has not yet been decided. 
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1 Introduction 
This deliverable reports the activities performed in the project in its first year related to the technological 
enablers for Connected, Cooperative, and Automated mobility (CCAM). This deliverable also covers milestones 
MS3.2 (specification of the distributed edge cloud), MS3.3 (network-based range extension and inter-working 
between C-V2X and ITS-G5) and MS3.4 (precise positioning). 

Section 2 describes the infrastructural approach to the 5G-CARMEN distributed edge cloud, especially the 
network integration into a live network. Each country will require a different approach for implementing the 
edge cloud. The consequences will be discussed in the respective section of the country. This section also reports 
on the 5G NR Enablers that are relevant for 5G-CARMEN. 

Section 3 will cover the technologies for the interworking between C-V2X and ITS-G5 in relation to information 
dissemination. The chapter will present two complementary approaches, interworking via AMQP and 
interworking via GeoService. It is envisioned that both the AMQP broker and the GeoService will be deployed 
on a MEC infrastructure. Finally, the chapter will present an overview of the experimental activities carried out 
by project partners related to C-V2X and ITS-G5 interworking for range extension. 

Section 4 focusses on cellular-based positioning solutions and RTK-based positioning solutions that will be 
used in the 5G-CARMEN trials. 
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2 Design and Specification of the Distributed Edge Cloud 
2.1 Overview 
Several technology components and key capabilities of 5G are important for connected cars, for example 5G 
New Radio, Multi-access Edge Computing (MEC), Precise Positioning, Predictive connectivity/QoS, Network 
Slicing and direct communication C-V2V. Many traffic safety and traffic efficiency related use cases can be 
and are supported with LTE and the new LTE V2X functionalities in 3GPP rel. 14.  

The automotive industry expects from the upcoming 5th generation of mobile networks as defined in 3GPP rel. 
15+ higher reliability and predictability of the connectivity with more bandwidth and lower latency with less 
jitter. This in particular is important for the support of cooperative, connected and highly automated mobility 
up to fully autonomous driving. 5G-CARMEN will focus on use cases and functionalities, which benefits from 
5G, MEC and inter-MEC communication within and between operators/countries/vendors.  

Today’s standard LTE communication without MEC provides one-way latency from car to car of about 60-100 
milliseconds best effort. The extension via MEC provides with LTE-V2N2V (via Uu) indirect communication 
with a one-way low latency from car to car of down to 30 ms and below, data privacy and ownership in the 
context of distributed computing, and the concept of a distributed edge cloud. 

In general, the MEC offers the capability for: 

• Low latency communication from car to car (in extended large sector e.g. between 200m - 2000m / 
around the corner / behind the horizon) 

• Local provisioning of high-volume data for further consumption 

• Aggregation of a large number of datasets before sending to a backend 

• Local analytics of traffic situations based on multiple traffic/car input 

• Integration of further sensors, connectivity to infrastructure and backends 

• Providing local broadcasting (e.g. eMBMS, SC-PTM) 

MEC enables a content centric network, with locally relevant information, and allows to provide content with 
relevant geo-mapping, without the need to care about the network topology. The MEC is an integral part of 5G 
mobile networks and is already today an important step on the way to support 5G. Figure 1 illustrates the main 
drivers for MEC. 

 
Figure 1: Drivers for MEC. 

Since live network adaptations being subject to tedious process, security, operations etc. considerations beyond 
the project – and often in conflict with other MNO activities – several innovative yet complex ideas including 
Radio Network Information Service (RNIS), Network Function Virtualization (NFV) and Radio Access 
Network (RAN) control/user plane separation (CUPS) are complemented with independent research 
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implementations instead of implementations in live networks. These capacities are nonetheless integrated into 
the 5G Enabling solution and/or CCAM platform and will be demonstrated accordingly. 

2.1.1 Use Case Matrix  
The project 5G-CARMEN aims at validating the 5G infrastructure for CCAM by investigating cross-border and 
cross-operator aspects. Testing of the use cases has a local context, not all the use cases are available throughout 
the whole corridor, from Munich to Bologna. The mapping between the use cases and the local/cross-border 
pilots is defined in Table 1. The table also lists the applications supporting the use cases on the relevant MEC 
location. These applications are described in Section 2.1.2 “Applications”. 
 

Use Case Sub Use 
Case 

Border 
IT-AT 

Border  
AT-DE 

MEC IT MEC AT MEC DE 

Cooperative 
Maneuvering 

  

V2V, PC5 
(local) 

Yes  No N/A N/A N/A 

V2N 
(central) 

Yes Yes  Manoeuvring 
Management 

Service  

Manoeuvring 
Management 

Service 

Manoeuvring 
Management 

Service  

Situation 
awareness 

  

  

Back 
situation 
awareness 

Yes Yes GeoService  GeoService  GeoService  

Sensor and 
state sharing 

Yes  No AMQP Broker  AMQP Broker   

Green Driving 

  

Environment
Speed Limit 

Yes 

via AMQP 
Broker 

Yes 

via 
GeoService 

AMQP Broker  GeoService  

AMQP Broker  

GeoService  

Electric 
Zones 

No Yes 

via 
GeoService 

 GeoService  GeoService  

Video 
Streaming 

  No Yes    

Table 1: Mapping of use cases and their cross-border relevance to application deployments on MEC 

2.1.2 Applications 
2.1.2.1 GeoService  
The GeoService (GS) is a fundamental application on the MEC which offers Connected Car basic messaging 
Furthermore, the GeoService is an enabler for further application and use cases. The GeoService acts as a 
facilitator for message routing and provides the basis for most Connected Car use cases.  

The GeoService maintains an overview about all cars in the area (based on CAM, Cooperative Awareness 
Message, sent by each car). Its major task is to receive/forward/store messages from cars generated by events 
initiated by drivers or detected by car sensors. As defined by ETSI ITS, messages are addressed to a destination 
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area and typically not to specific destinations (e.g. vehicles). The GS provides the appropriate routing function, 
which forwards messages accordingly. In addition, the GS enables ITS applications (either on MEC or in the 
AutoCloud) by also forwarding notification messages to them. Basically, the GS extends the ETSI ITS 
“facilities”) taking a much wider geographic view than typical ITS stations, and b) enabling applications with a 
similar wide view. By hiding the structural and geographical details of the mobile network structure, the GS 
simplifies the development of V2X applications - for both regular AutoCloud applications and for low-latency 
MEC applications. 

The GeoService acts as endpoint of the communication with the cars. In addition, it offers interfaces to 
applications on top, providing message content or aggregated information to those applications. 

 

 
Figure 2: Deployment view of GeoService 

There is also an interface between instances of the GeoService via the Inter-GeoService network and itis central 
part of a Geo-Routing network. It acts as communication partner towards the Vehicles and as well towards 
applications running as well on MEC or -via an API function- in the AutoCloud. GeoService is maintaining the 
messages sent according to ETSI ITS standardization. The typical message types defined in this standard are 
Cooperative Awareness Messages (CAM) and Decentralized Environmental Notification Messages (DENM). 

To match a destination area against the coverage area of a GeoService, there is a need to determine the Own 
Service Area (OSA) covered by a GeoService on a specific MEC. The GeoService determines the coverage area 
(OSA), by constantly evaluating the received messages from the vehicles:  

• Each MEC GeoService is constantly getting messages from vehicles (which include current vehicle 
location). 

• The overall covered service area of a GeoService on MEC (which is referred as Own Service Area, 
OSA) can be represented by e.g. a polygon. 

• This polygon is updated/determined periodically. 

• The knowledge about service areas covered by different GeoServices is distributed between the 
GeoServices instances. 

The exact knowledge about the coverage area of a MEC is also an important information for other applications 
running on the MEC. This information could also be shared for those applications running on the MEC via the 
application's interface of the GeoService.  
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2.1.2.2 Cooperative Maneuvering 
The Cooperative Manoeuvring application will be in charge of coordinating three vehicles involved in a lane 
merge situation. This application will be hosted on the MEC platform. As input, it will receive periodical 
Cooperative Awareness Messages (CAM) from each of the three vehicles. These messages will include 
information on their current position, speed and on their respective lanes. Additionally, the blinker status 
information will be provided within the CAM. The vehicle which intends to merge into the lane is expected to 
turn the blinker on. The CM Application interprets this information as an intention from this vehicle to merge 
and in which direction. 

After all this information has been obtained, the application will calculate the distances between the vehicles, 
their expected speeds and directions. It will then provide a manoeuvre recommendation in order to allow enough 
space for the vehicle to merge into the lane. This recommendation could be for example an indication to the 
vehicle behind, to slow down to a certain speed. When the space between the front and the rear vehicles is 
sufficient, the CM application will then indicate the third vehicle that it is allowed to merge. In case the space 
between vehicles is not sufficient, even after the rear one slowing down, then the application will deny the 
request to merge.  

The communication from the application to the vehicles will be done through Decentralized Environmental 
Notification Messages (DENM). Specifically, the instruction to slow down will be sent via the 
LocationContainer->eventSpeed field. 

In respect to the cross-border scenario, MEC interconnection is required. For this use case, this will be done at 
application level: status messages will be exchanged between manoeuvre management applications hosted in 
different MECs through a logical interface. A message flow which shows the interaction between the three 
vehicles and this application is shown in Figure 3. 

 
Figure 3: Interaction in the centralized CLM 

2.1.2.3 AMQP Broker 
An AMQP broker operating in MTA MEC environment is provided by SWARCO while in Italy the AMQP 
broker is provided by TIM. This software module allows the definition of queues using the AMQP protocol 
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(Advanced Message Queuing Protocol). The broker is used to dispatch the required messages to the vehicles 
subscribed to these queues, which obtain information about traffic events (e.g. accidents, traffic jam, etc.) and 
receive driving suggestions. A more detailed description can be found in chapter 3.1.1. 

2.1.3 Cloud infrastructure 
2.1.3.1 Edge Cloud 
Edge Cloud/MEC is a network architecture concept that enables cloud computing capabilities and an IT service 
environment at the edge of the cellular network. It is widely seen as a powerful technology that can improve the 
mobile communications experience, cost-effectively support demanding IoT applications and provide new ways 
to maintain network performance and the customer experience. 

The end-user experience is greatly improved by MEC’s ability to deliver real-time mobile services that use 
context information and location awareness to create a high degree of personalization. These services can also 
be more responsive because of the ultra-low latency achieved by locating computing resources near to the point 
of use. Popular and locally relevant content can be delivered from exactly where users consume it. 

The reduced latency, high bandwidth and local context can also support the needs of critical communications 
and IoT applications that demand robust and highly responsive connectivity. Meanwhile, access to a real-time 
network and context information, supported by real-time analytics, can be used to optimize network and service 
operation, and proactively maintain the customer experience. The network operator can also benefit from IT 
economies of scale that enable proximity, context, agility and speed to be used for wider innovation, creating 
further value and revenue generation. 

MEC is already being deployed by many operators on today’s 4G networks to deliver new services to multiple 
sectors and create innovative business opportunities. It opens opportunities for collaboration and is proving to 
be a powerful catalyst for innovation. 

MEC is transforming the way services are being delivered to mobile subscribers. Not only does it improve the 
user experience by providing high availability of content with reduced latency, MEC also puts control of the 
service delivery in the hands of the MNO. This is important for two key reasons. Firstly, and of utmost 
importance, is that it allows the MNO to manage the user experience. Secondly, it enables the MNO to rapidly 
deploy new applications and services for their subscribers, supporting localization of content, features, and 
services. MEC can be positioned as a 4G evolution technology that is enabling new approaches to deliver 
subscriber services over today’s LTE networks. 

The 5G era provides another compelling reason to deploy MEC today. 5G takes a full software approach that 
will transform networks into programmable, software-driven networks capable of supporting extremely diverse 
use cases. It will use technology enablers, such as Network Functions Virtualization (NFV) and Software-
defined Networking (SDN), to enable the efficient and scalable distribution of network functions, splitting the 
user from the control planes. 

MEC is a key enabler and architectural concept for 5G, helping to satisfy 5G throughput, latency, scalability 
and automation targets. It offers additional privacy and security and ensures significant cost efficiency. Several 
5G use cases can already be enabled with MEC. Integrating MEC into 5G architecture will create added value, 
ensuring efficient network operation, service delivery and a highly personalized customer experience. 

2.1.3.2 Backend Cloud 
The Backend Cloud represents all backend application infrastructure which is needed for certain use cases. The 
Backend Cloud is usually provided by car manufacturers (OEMs), suppliers (tier1s), Traffic Management 
Systems and service providers (e.g. map providers).  The Backend Cloud may run on public cloud infrastructure 
(e.g. Amazon Web Services, AWS) and might consist of a dedicated server network. In addition, the Backend 
Cloud can be an integration point for further components, like road operator and tolling systems etc. 

The MEC architecture and its 3rd-party application onboarding process allows OEMs to shift latency critical or 
communication intensive parts from the Backend Cloud to the MEC. The connectivity to the distributed edge 
cloud infrastructure is done via IP. 
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2.1.3.3 Network Integration Options 
The implementation of a MEC in a mobile network can be done in several ways. Each way of integration has 
pros and cons. The following section elaborates on those options.  

Bump in the wire. The expression “bump in the wire” encompasses all the scenarios in which the MEC platform 
installation is placed in locations between the base station itself and the mobile core network. 

The MEC data plane is placed “on the S1-interface” and is in close proximity to the NodeB or an aggregation 
point of NodeBs. The MEC server has to process all user traffic, which is carried on S1-U and which is 
encapsulated with an S1-U specific protocol. This requires packet flow filtering to determine the user's data 
which is forwarded to the MEC application, and the insertion of S1-U packets with user data to be sent from the 
MEC application to the UE. Depending on the transmission network layout, the MEC data plane may also be 
able to monitor the S1-MME traffic to detect when eligible users of the MEC application become active or 
inactive. In this and the following sections, the site in which MEC infrastructure is locally deployed is called 
Edge Site. 

 
Figure 4: Bump in the wire approach 

The key advantage to placing the MEC server on the S1-interface is that its operation is transparent to the 
cellular network, and no modification of the cellular network infrastructure or its configuration is required. 
Localised services can be easily provided with very low latency, well suited for real-time data processing. 

While technically easy to realise, there is a set of issues associated with this scenario: 

• Legal interception interfaces in the network are defined for the MME, SGW, and PGW. The MEC 
infrastructure, therefore, must provide interfaces for legal interception compliant with national law. 

• The MEC data platform performs deep packet inspection of all data streams passing the S1 interface to 
filter the data which needs to be forwarded to the MEC application. This increases the risk of privacy 
violation, as the MEC server has access to all user data. For integrity and privacy protection, most 
mobile network operators therefore apply IPsec on the S1-interface. To still be able to inspect the S1 
data flow, the MEC server must either be placed outside the IPsec gateways, where the user data flow 
is still unprotected, or it must become an IPsec endpoint along the S1-interface. 

• Charging and network policy enforcement is controlled by the MME, SGW and PGW. These network 
entities have no information about the amount of data sent between the UE and the MEC application. 
The MEC application could overload a cell’s capacity, while the MME being responsible for access and 
overload control is forced to limit the throughput and access for non-MEC application users.  

• Cellular networks are typically hardened with firewalls against malicious attacks. A MEC server may 
be connected to the Internet, e.g. for maintenance reasons or to exchange data with other MEC servers. 
If the MEC server’s Internet access is not properly protected, it increases the risk of malicious intrusion 
into the mobile operator’s network. 

In mobile test networks, the “bump in the wire” approach provides mobile edge services rather effortless. 
However, in a live network environment with strict obligations with respect to privacy, security, and data 
integrity, the “bump in the wire” approach shows too many issues on the operational side and therefore it is not 
considered as solution within 5G-CARMEN. 

Distributed Gateways. A cellular network is hierarchically organized, as indicated in Figure 5. A set of regional 
NodeBs are connected to an SGW. A set of SGWs in one region is typically linked to a local PGW, which serves 
as breakout point to the Internet. The number of PGWs in mobile network is usually quite small. 
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A MEC server can be directly connected to a PGW via the SGi-interface. This avoids additional latency in 
comparison to its deployment in the Internet.  This solution comes with almost no deployment costs for a mobile 
operator, and allows a fast, cost-efficient, national-wide provision of a MEC service. 

 
Figure 5: Example of an Edge Site at the edge of a cellular core network 

The MEC service can be regionalised: a MEC service can be provided on a set of MEC servers, each of which 
is connected to a PGWs of the MNO. The MEC service running on a MEC server can be adapted to an area 
covered of NodeBs geographically close to the PGW to which the MEC server is connected to.  

Regionalisation can be intensified by moving the MEC server to an SGW location. This reduces the number of 
hops between the UE and the MEC server and thus the latency. If a local MEC service has special requirements 
in terms of latency, reliability, bandwidth, etc., then infrastructure investments to meet these requirements affect 
only the SGW, the NodeBs geographically close to the SGW, and their transmission network. The MEC server 
is still connected via the SGi-interface to the cellular core network. Therefore, also a PGW function must be 
deployed at the SGW site. 

 
Figure 6: Example of Edge Sites at the SGW location 

Figure 6 shows two MEC servers deployed at two SGW sites. Note that in a network deployment, other PGWs 
may exist, which can provide connectivity to the Internet.  

The MEC servers at an Edge Site can be part of a MEC service infrastructure, and together they form a MEC 
Service PDN.  The approach of placing the MEC at the SGi interface behind the PGW will be used in the 5G-
CARMEN project by all operators.  

2.1.4 5G NR Enablers  
5G NR provides enablers for URLLC (Ultra-Reliable and Low-Latency Communication) type-of-services 
where very high reliability and availability is required, combined with low latency and, specifically for V2X 
scenario, with mobility. The 5G-CARMEN use cases Cooperative Manoeuvring and Situation Awareness 
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(scenario Event Horizon) will benefit from 5G NR enablers to meet strict timing requirements. 5G NR provides 
the following new enablers for low-latency communication. 

Usage of “Mini-slot” transmission. Scheduling decisions in LTE are taken each subframe (1ms) and data 
transmission is aligned to subframe boundaries. For low latency communication, 5G NR enables the data 
transmissions over a fraction of a slot (so-called “mini-slot”) and neither the scheduling decisions, nor the data 
transmission have to be aligned with the slot boundaries. It allows starting data transmission requiring very low 
latency almost immediately. 

Pre-emption. For the case when urgent data arrive and have to be transmitted immediately (e.g. by using “mini-
slot”), but all radio resources in the current slot are allocated to other devices due to high load, 5G NR supports 
the pre-emption mechanism, in which some already ongoing transmissions can be pre-empted. It means that a 
part of the radio resources scheduled for one device (with ongoing transmissions) is used for the device requiring 
urgent transmission. The pre-empted transmission will be likely not received properly and this is resolved by 
Hybrid-Automatic Repeat Request (HARQ) or CBG-based retransmissions by the pre-empted device. 5G NR 
additionally offers a feature to inform the pre-empted device (in the following slots) about radio resources where 
pre-emption took place, so that the pre-empted device can be aware where invalid data in the soft buffer are 
located and discard them accordingly.  

Short slot duration. LTE resource scheduling is done at per subframe (1ms) basic with fixed 15-kHz subcarrier 
spacing. In 5G NR, the scheduling is done per slot whose duration depends on the subcarrier spacing. A higher 
subcarrier results into a shorter slot duration. Shorter slot duration can reduce latency, but as it also reduces 
cyclic prefix of OFDM symbol this feature can be used only when the cyclic prefix length is still enough to 
avoid inter-symbol interference in the specific deployment. 

Configuration of front-loaded demodulation reference signals. In 5G NR as in LTE, demodulation reference 
signals are used for the channel estimation, but the locations of these signals in 5G NR are different. In LTE, 
they are interleaved in the OFDM time-frequency grid (e.g. for downlink they are inserted within the first and 
third last OFDM symbol of each slot). It requires data buffering due to waiting for channel estimation prior to 
data decoding.  In 5G NR, demodulation reference signals can be configured to be at the beginning of 
transmission to support low latency. This allows decoding the received data immediately at the beginning of 
reception. Due to this, the decoding delay can be reduced comparing to LTE and it contributes to the overall 
latency reduction in 5G NR. 

Flexible positioning and monitoring of the physical downlink control channels (PDCCHs). In LTE, control 
channels are located fixed at the beginning of each LTE subframe.  In 5G NR, for urgent transmission it is 
possible to configure PDCCHs flexible within the slot. Thus, it will be not needed to wait for the beginning of 
the slot to schedule low-latency data transmission. This feature is useful for “Mini-slot” transmission occupying 
only a fraction of the slot. 

Processing times. The requirements on processing times for devices and base stations are set significantly 
higher in 5G NR than in LTE (3 ms). HARQ feedback on the downlink data transmission and the time from 
grant reception to uplink data transfer is one slot or even less depending on device capabilities, the subcarrier 
spacing and the reference signal configuration.  

RLC. To reduce latency, in-sequence delivery feature from receiving RLC layer was removed from 5G NR to 
avoid delay incurred by the reordering mechanism.  The waiting time for retransmissions of missing packets 
will not delay delivery subsequent correctly received packet to the PDCP layer. At the transmitting RLC layer, 
the concatenation feature was removed to be able to prepare RLC packets before knowing the grant size. 

MAC. To reduce latency, 5G NR changed header structure in MAC PDU to reduce processing time at MAC 
layer. In LTE, the header fields which corresponds to RLC PDU are placed in a consecutive order at the 
beginning of the MAC PDU. In 5G NR, the headers are distributed and located just before corresponding RLC 
PDU. With this new header structure in NR, MAC PDU prepared in advanced (before knowing scheduling 
decision) as there is no need firstly to assemble the full MAC PDU before the header fields can be added. 

Configured grant. To reduce latency for uplink, the configured grant can be used. It configures the device in 
advance with fixed resources for uplink data transmission. When data are generated in the fixed interval, the 
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alignment of the interval with the period of configured grant allows the device to send immediately without 
time-consuming procedure of grant request.  

Fast HARQ feedback with Short PUCCH. The short PUCCH feature (in the last one or two symbols of a 
slot) allows providing very fast HARQ feedback in the same slot within tens of microseconds. This speed up 
the usage of the HARQ process for following data and the overall latency is reduced. 

RRC Inactive state. 5G NR introduced a new RRC state: RRC_INACTIVE with a purpose to reduce latency 
related to frequent idle-to-active transitions. This new state allows to keep core network connection for the 
device in the idle state so that returning to RRC_CONNECTED state from RRC_INACTIVE state is much 
faster as from RRC_IDLE (like in LTE).  

Network slicing. Network slicing is a set of functions from 5G service-based architecture configured together 
to serve specific application or service domain. A specific slice for latency-critical traffic safety application can 
be created that includes radio network, core network and edge computing functions. 

Prioritisation of time-critical information for multiplexing in uplink grant. In 5G NR, each device can be 
configured with a rule that determines which logical channels are allowed to be multiplexed in the uplink grant 
with specified property. It means that for each logical channel it possible to configure a set of allowed subcarrier 
spacings, the maximum PUSCH duration, and used cells. This makes possible to avoid situation when low-
latency traffic is multiplexed in the transmission with long PUSCH duration or with small subcarrier spacing 
(using long slot). 

Mapping logical channel to scheduling request configurations. In 5G NR, a logical channel can be mapped 
to scheduling request configurations. When base station receives a scheduling request, the gNB can derive what 
type of data are waiting for transmission. This feature can be used to separate the scheduling requests for 
resources for latency-critical information from the scheduling requests for non-latency-critical information. 

2.2 Field test infrastructure 
2.2.1 Introduction 
The project foresees tests and evaluation of use cases under live network conditions. For this reason, establishing 
a test environment in the live network is needed. In addition, the national networks of all three countries must 
be interconnected in terms of radio and edge cloud. Figure 7 gives a high-level overview on the planned 
integration and interconnection of the edge cloud instances in the three countries. 

There are be different integration approaches of the edge cloud per country and the interconnection of these 
entities will be implemented in different manner. The MEC platforms used in the 5G-CARMEN project includes 
three types of interfaces in general: 

• Connection to a PGW via SGi-interface. This is achieved through a specific backbone solution to 
minimize the path and therefore optimize the RTT value (dedicated IP transport, see figure 11). 
Information about protocols for different use cases transported on SGi need to be defined in WP5.  

• Public IP address exposed to the other MEC platforms and to any external platforms. As this interface 
is public, solutions for optimizing the path are not applicable. 5G-CARMEN will need to evaluate end-
to-end RTT values once the network solution is deployed. 

• VPN interfaces for platform management functions and for the management of any applications loaded 
on the platform by third parties. 

 



Deliverable D3.2 Initial report on 5G Technological Enablers for CCAM                                                                                                                               

5G-CARMEN (H2020-ICT-18-2018)  Page 17 / 40 

 

 
Figure 7: Overview on live network deployment  

2.2.2 Setup Germany 
Deutsche Telekom has integrated and operates an LTE/5G MEC environment at their central network operation 
site in Munich. The MEC platform provides the local edge processing capabilities and latency-optimized access 
path for LTE latency- and reliability-sensitive applications. It is also connected to the main Telekom Germany 
broadband network and thus has peering capabilities to other integrated Backends and Cloud platforms, 
including the backend application infrastructure which is usually provided by car manufacturers (OEMs), 
suppliers (tier1s) and service providers (e.g. map providers). 

2.2.2.1 Network Integration 
The MEC is placed in a dedicated test area in the Telekom Germany mobile operational network data center in 
Munich (core network site). The solution uses the commercial production infrastructure from eNB towards 
PGW, but in a separated test VPN mode. In order to address the PGW located in Munich, a dedicated APN is 
used. Doing this, the same target PGW is always used independent from client location. The dedicated APN 
also allows to enter the test network in Munich. 

Access to the MEC server is possible both via IP from public internet (cf. chapter 2.2.5), as well as via Deutsche 
Telekom’s commercial RAN, using standard, commercial SIMs. This includes global roaming, as far as covered 
by DTAG’s roaming agreements. The name of the dedicated APN is “internet.mu1.n”; username and password 
are available on request for the integration testing.  
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Figure 8: German MEC placement  

2.2.2.2 Cloud Infrastructure 
The MEC Edge cloud infrastructure is provided by Nokia (see Figure 9). Needed components have been selected 
for deployment in the 5G-CARMEN project. The green boxed infrastructure items are part of the deployed 
solution: Based on Nokia Airframe HW, Ubuntu Linux and virtualization based on KVM, the Application Life 
Cycle Management is available. 

There are be different integration approaches of the edge cloud per country and the interconnection of these 
entities will be implemented in different manner. The MEC platforms used in the 5G-CARMEN project includes 
three types of interfaces in general: 

• Connection to a PGW via SGi-interface. This is achieved through a specific backbone solution to 
minimize the path and therefore optimize the RTT value (dedicated IP transport, see figure 11). 
Information about protocols for different use cases transported on SGi need to be defined in WP5.  

• Public IP address exposed to the other MEC platforms and to any external platforms. As this interface 
is public, solutions for optimizing the path are not applicable. 5G-CARMEN will need to evaluate end-
to-end RTT values once the network solution is deployed. 

• VPN interfaces for platform management functions and for the management of any applications loaded 
on the platform by third parties. 
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Figure 9: The Nokia MEC Ecosystem 

2.2.2.3 Applications 
In the German setup the Nokia GeoService (description see chapter 2.1.2.1), the BMW Cooperative 
Manoeuvring Application (description see chapter 2.1.2.2) and the Precise Positioning application (description 
see chapter 4) are planned to be deployed.  

2.2.3 Setup Italy 

The setup proposed by TIM for the experimentation of the use cases foreseen in the 5G-CARMEN project is 
based on the 5G commercial network and therefore with a 5G commercial profile. Routing solutions will be 
implemented to minimize the RTT values. An end-to-end field campaign will be carried out to validate the real 
RTT values for the specific deployment. This solution allows the evaluation in field of the overall performance 
of the services developed in a real situation.  

Neither Local Breakout nor Inter PLMN-Handover solutions will be used as they are not commercial and 
therefore they would require development time not compatible with the project timing. The MEC solution is 
provided by NOKIA with the addition of the AMQP broker platform provided by TIM.  

A specific 5G coverage will be implemented to cover cross border area, keeping in account the complex 
situation of Brennero highway due to tunnel presence. All external interconnections will be delivered via public 
IP Backbone. 

2.2.3.1 Network Integration 
Figure 10 sketches the architectural solution adopted for the 5G coverage: this is a starting hypothesis to be 
confirmed after specific coverage simulation.  

Access to the MEC server is possible both via IP from public Internet, as well as via TIM’s commercial RAN, 
using standard, commercial USIMs. This includes global roaming, as far as covered by TIM’s roaming 
agreements.  
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 Figure 10: TIM Network Setup 

The AMQP broker (or queue manager) platform provided by TIM is a software module which allows the 
definition of queues, which applications may connect and transfer messages to. The protocol used, AMQP 
(Advanced Message Queuing Protocol), is an open standard application layer protocol for message-oriented 
middleware. In automotive field, the broker is used for dispatching AMQP messages to queues which vehicles 
are subscribed to in order to obtain information about traffic events (e.g. accidents, traffic jam, etc.). The AMQP 
solution for the GEO Service provision will be installed on the same virtualization infrastructure of MEC 
platform. 

The mobile access is provided by the live TIM network, i.e. an Ericsson EPC updated to support E-UTRA - NR 
Dual Connectivity (EN-DC). The serving PGW belongs to a PGW Pool distributed across the main cities in the 
north of Italy. The contribution to the end-to end delay in the IP connectivity of the connected car introduced 
by the Core Network can be assumed constant, regardless the PGW of the Pool in use, i.e. the one resolved by 
the DNS for the APN requested by the connected car.  

The APN provided by TIM for the experimentation is one of TIM’s commercial offer, i.e. “ibox.tim.it”. This 
APN is enabled for Home Routed roaming. UEs are provided with dynamic IPv4 addresses.  

As mentioned before, procedures will not be put in place to reduce the interruption in the cellular communication 
when crossing the Italian/Austrian country border due to change of operator, so this interruption might often 
result in a black-out period for connected vehicles services during minutes: in fact when the UE changes serving 
mobile network (when crossing country borders), an interruption in connectivity (normally) occurs since UE 
needs to connect to a new network which takes time, i.e. for scanning the spectrum in order to find and select a 
PLMN it can (try) to use. 
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If the duration of the interruption should be too long for the execution of certain use cases, solutions like 
adopting a Release with Redirect (the UE goes to idle mode and will be directed to the target operator frequency, 
resulting in shorter offline time) are considered. However, this requires ad-hoc RAN configurations on both 
country sides, and the two different country PLMNs need to be declared as Equivalent PLMN (ePLMN). 

5G radio access will be granted through the deployment of three gNBs operating at 3.7GHz in a Non-Standalone 
architecture, therefore co-located 4G eNBs will also be upgraded to support the E-UTRA - NR Dual 
Connectivity (EN-DC). Two gNBs will be installed in the proximity of the Italian-Austrian border and one will 
be deployed in Trento to allow some preliminary evaluations of 5G-CARMEN solutions also in testing facilities. 
The exact locations of these installations are currently under study, considering the existing 4G network 
deployment. 

2.2.3.2 Cloud Infrastructure 
The MEC in Italy is based on Nokia’s MEC19 release. It is compliant with LTE networks supporting 3GPP 
Release 15 Dec 2018 and supports LTE Radio Access for Edge and onboarding of Nokia and 3rd party MEC 
applications based on either virtual machine. 

For the 5G-CARMEN project the existing PGWs (pool) of the live network are used and the breakout will be 
done behind those PGWs. Distributing MEC platforms near NodeBs would give only a negligible reduction of 
the RTT at the price of high deployment costs, considering the small distance between the test area and the Core 
Network Points of Presence. The MEC19 release is deployable on the Nokia AirFrame Rack Mount and 
OpenEdge platforms. Nokia hybrid NCIR provides the hybrid cloud environment using OpenStack (for VMs) 
and Kubernetes (for containers). 

Some of the entities for MEC19 platform and applications are realized as virtual machines while others are 
containers. For life cycle management of services and applications there are following mechanisms available: 

1. For container-based services and applications orchestration is provided using Helm charts. 

2. VM based components HEAT based templates are used for orchestration. MEC platform VM can be 
orchestrated using Nokia CBAM as well. 

Figure 11 provides a view of the Nokia MEC system architecture. 

 
Figure 11: Nokia MEC system architecture 

Application Enablement and Location services in MEC platform are implemented over Kubernetes using 
Docker Containers. Applications form the value addition for MEC system. These applications are provided in 
following way: 

1. Virtual Machine Based: These are applications based on virtual machines, they need to provide HEAT 
template for their Life Cycle Manager (LCM). 
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2. Container Based deployed using Kubernetes: These applications are created using Docker containers 
and provide a Helm chart for life cycle management using NCIR Kubernetes.  

MEC19 is based on NCIR 19 FP1 which uses CentOS 7.5 as the operating system and OpenStack Rocky as the 
cloud platform for virtual-machine based components/applications. It utilizes CEPH based storage solution and 
provides accelerated networking using OVS-DPDK based solution. NCIR 19 support CPU pinning and huge 
pages concepts for optimal performance of virtual machines. NCIR support live and cold migrations to ensure 
availability of services provided by virtual machines deployed on it. 

NCIR19 FP1 provides in its hybrid environment a CaaS (Container-as-a-Service) model based on Kubernetes 
for Docker based container applications/components. It supports networking concepts using Flannel and DANM 
plug-ins. DANM plug-in provides functionality for telco microservices to be able to connect to multiple 
networks at same time and provides direct and fast connectivity to outside of Kubernetes cluster. 

2.2.3.3 Applications 
In the Italian setup the Nokia GeoService (see chapter 2.1.2.1), and the AMQP broker application (see chapter 
3.1.1) are planned to be deployed.  

2.2.4 Setup Austria 
Magenta Telekom Austria (MTA, formerly T-Mobile Austria/TMA) operates a MEC environment into their 
network infrastructure. It is based on OpenStack Red Hat Release 13 (Queens) and can host several independent 
tenants; it is for example currently onboarding the Startup "MobiledgeX" with their Low Latency Computing 
platform. The MEC is connected to the MTA broadband network and thus allows fast and high capacity 
interconnections with other Cloud platforms. 

2.2.4.1 Network Integration 
Similarly, to the MECs of the other MNOs, it is situated behind the SGi and it is not planned to host VNFs.  
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Figure 12: Network Setup Austria 

2.2.4.2 Applications 
In the Austrian  setup the Nokia GeoService (see chapter 2.1.2.1), the  BMW Cooperative Manoeuvring 
application (see chapter 2.1.2.2), the AMQP application (see chapter 2.1.2.3) and the Precise Positioning 
application (see chapter 4) are planned to be deployed.  

2.2.5 Interconnection Germany-Austria 
The existing MEC network and hosting infrastructure allows creation of tenant specific computing resource 
groups and tenant specific VPN networks. Inside the tenant resource groups and networks, independent IP 
address planning is possible for all private IPv4 addresses. Available public address range will be taken out of 
80.159.224.0/24. 

All addresses in this range can be reached simultaneously via mobile access and via public internet. Assignment 
of public addresses, planning of tenant networks, including private address ranges, resource assignment for 
compute nodes, access setup and credentials as well as all other technical details of tenant network creation and 
application hosting need to be discussed in view of the concrete requirements of 5G-CARMEN applications to 
be used for cross-country MEC server interoperability testing. 

2.2.6 Interconnection Austria-Italy  
Interconnection between the MEC platforms in Italy and Austria is realized via public internet using public IPv4 
addresses. Assignment of IPv4 addresses, access setup and credentials and any other technical details for 
application interconnection need to be discussed in view of the requirements of 5G-CARMEN applications to 
be used for cross-country MEC server interoperability testing. 
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2.3 Evolution of technical Enablers 
2.3.1 Overview 
In the WP3 context, several local facilities are established by the partners to perform experimental activities 
related to the technological enablers of the use cases envisioned in this project. The goal of these activities is to 
test current technological solutions, discover/highlight technological challenges, and possibly provide solutions 
that can contribute to the long-term evolution of such enablers. In other words, the scope of the activities is 
twofold: 

• assess the performance of current solutions, yielding precious know-how to be exploited also during 
live network experimentation (i.e. pre-integration activity),  

• think ahead, even over the horizon of the 5G-CARMEN project to complement the production network 
used for the pilots. 

In the continuation of the project we aim at integrating and connect local facilities for joint experimental testing 
of new technical enablers to complement the production network used for the pilots. For example, NEC, FBK 
and CMA will work toward an integrated testbed facility where distributed edge cloud mechanisms, can be 
demonstrated leveraging distributed data-plane, MEC and RAN slicing and radio network information service. 
The experimentation will cover aspects, related to service continuity between different PLMNs (i.e. cross-border 
situation). Furthermore, activities within the IMEC laboratory will cover hybrid connectivity and distributed 
edge cloud aspects with the ultimate goal to experiment multi-domain scenario across multiple MEC platforms 
collocated with the RSUs. Finally, the joint CNIT-TIM laboratory will serve as a pre-integration site of the 
AMQP broker (hosted in the MEC platform) which will be deployed in the pilot. 

It is worth noticing that the activities related to T3.2 and T3.4 are closely related to the CCAM platform 
developed in WP4. Special attention will be given to alignment between the CCAM platform and the technical 
enablers in WP3. Even if security aspects were not planned to be directly linked to WP3, T4.1 work will be 
considered in order to ensure security of the CCAM services and applications. In particular, within T4.1, CLS 
will provide a cybersecurity testbed composed of modules providing (i) an Intrusion Detection System based 
on a combination of data gathering from system derived events and Machine Learning, and (ii) Identity 
Management Module enabling proper access control between the different components of the CCAM platform 
and its services. 

In the following of this section, we provide more details about the experimental activities carried out by project 
partners on the distributed edge cloud technical enablers. In Section 3.2, we provide more details about the 
activities related to network-based range extension. Finally, in Section 4.3 an overview of the activity toward 
the cellular-based positioning is provided. 

2.3.2 NEC Lab 
NEC’s experimental 5G testbed (Figure 13) is currently set up in a lab environment and allows the Proof of 
Concept (PoC) of experimental extensions to operations per the 3GPP 5G core network- as well as the ETSI 
MEC specifications. In the view of the 5G-CARMEN target CCAM scenarios, the testbed is being used for the 
validation of operational- and specification extensions, as well as deployment options, which are partially being 
contributed to suitable standards tracks and are in alignment with associated study items in different SDOs, such 
as 3GPP and ETSI MEC.  

Key aspects and extensions under investigation and development are: 

• Integration of MEC systems with the 5G Core network and associated solutions in support of the 
operational alignment of the so far separately specified and deployed systems 

• Edge control of an N6 data plane overlay in support of full data plane control in between 5G User Plane 
Functions (UPF) and Application Services (AS) running on MEC hosts 

• Clean control-/ data plane separation and support of extended service- and session continuity (SSC) 
modes, e.g. during the reconfiguration within the MEC system or the re-assignment of an AS, which is 
serving a particular or a group of clients/vehicles 
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• Investigation of x-border aspects and PoC of solutions for MEC relocation and service continuity during 
a vehicle’s movement within as well as between PLMNs 

The experimental system comprises the following key components: 

• eNB radio base stations for cellular access (can be upgraded to gNBs) 

• Mobile core network control plane for NAS termination (MME') and support for UPF selection, 
configuration and session management (incl. Auth backend) 

• Integrated control of a data plane overlay in support of applying data plane traffic treatment policies to 
the N6 interface, e.g. for metering, QoS or traffic steering 

• Lightweight low-latency MEC clusters based on Kubernetes with associated control function for basic 
orchestration tasks and connectivity management. The edge control function considers an API to 
connect to top-level orchestration functions and interfaces to data plane nodes (DPN) or a data plane 
controller.  

  
Figure 13: N6 overlay support for service continuity during edge re-configuration and relocation 

2.3.3 FBK Lab 
The FBK facility provides a mobile network testbed for experimentation of edge orchestration. The testbed 
architecture is shown in Figure 14 and comprises 3 assets. 
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Figure 14: Overview of FBK facilities 

• The first asset is a radio access network (RAN) controller, called 5G-EmPOWER, which allows the 
integration and management of heterogeneous radio access technologies (RATs) - from 4G to Wi-Fi 
and LPWANs (LoRa). 

• The second asset is called Juza and implements a lightweight, ETSI-compliant, and transparent MEC 
solution for 4G and 5G networks. 

• The third asset is lightMANO, i.e., a lightweight management and orchestration tool for multi-domain 
network services. 

In particular, lightMANO plays a critical role in the context of distributed edge cloud, by providing a fully 
distributed and decentralized orchestration layer. As shown in Figure 15, lightMANO relies on Kubernetes for 
the management of light-weight applications and includes a horizontal interface to support the orchestration of 
multi-domain applications at the network edge. LightMANO includes modules implementing application 
monitoring and SLA enforcement, the engine for the application placement, VNF catalogue exposure, and user 
authentication and accounting (AAA), all this based on network service descriptors characterizing the requested 
slices. 

 
Figure 15: Overview of FBK facilities 

In the coming months, FBK will collaborate with NEC in building a joint in-lab simulation of edge orchestration 
in cross-border scenarios. Kubernetes is not a hard requirement, as lightMANO can be interfaced with another 
network function virtualization platform (NFVI). In particular lightMANO will host the logic supporting 
operations of edge relocation and traffic steering enablers provided by NEC. 

2.3.4 CommAgility Lab 
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The radio access network testbed consists of two CommAgility base stations, core network (EPC), and 
commercial UEs. The experimentation will start with LTE base stations, which will be upgraded to gNodeBs 
with EN-DC (E-UTRAN New Radio   Dual Connectivity) during the project. In such scenario, LTE eNodeB 
acts as a master node, while 5G gNodeB acts as a secondary node. 

 
Figure 16: Overview of CommAgilty testbed 

The testbed will be used for demonstration of Radio Network Information (RNI) service to be available for the 
CCAM applications. The base station will provide radio network related information to RNIS running on the 
MEC. Interface between the base station and RNI service will be implemented in order to support requesting 
radio parameters per device with fine granularity (e.g. channel state information, cell state notification) and 
possibly to impact procedures at the base station per device (e.g. delay handover for vehicles till the 
manoeuvring completion). 

CCAM applications can use RNIS to access radio parameters of the vehicle of interest.  The special focus will 
be on what radio information can be used for predicting service interruption/downgrade at the cell border (e.g. 
due inter-PLMN handover).  

2.3.5 IMEC Lab 
The imec's V2X testbed is equipped with Software Defined Radio (SDR) modules and an open source solution 
for the whole V2X community. Both the 3.5 and 5.9GHz bands will be supported, allowing an evaluation of C-
V2X in both bands. This enables investigating the coexistence with current technologies such as ITS-G5 (IEEE 
802.11p) and optimizing the spectrum usage. 
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Figure 17: Architecture of Smart Highway testbed 

The laboratory consists of the following main features: 

• Cloud-based backend for storing, querying and interfacing data with other traffic data backends, as well 
as traffic controllers to configure this backend with regards to data propagation rules 

• A test site of initially 10 km, consisting of ca. 15 RSUs along the highway 

• Road Side Units (RSUs) collecting and sending data from/to vehicles and roadside-infrastructure,  

o supporting direct V2X communication (5.9 GHz) based on ITS-G5 and C-V2X (PC5 interface) 

o equipped with the last generation of SDR boards, offering Vehicle-to-Network (V2N) 
communication (3.5 GHz) based on the Uu interface 

o whereas the V2N communication is initially based on LTE-A and will be upgraded towards 
5G-NR when available (commercial and SDR communication modules are integrated) 

o whereas in addition a server-class general purpose processor (GPP) onboard is integrated, 
enabling edge computing and AI-driven use cases. Furthermore, some RSUs have a module for 
GNSS RTK correction signals and time synchronization 

• Vehicles with on-board units (OBUs), and roadside infrastructure (dynamic signage, traffic lights, etc.): 

o 2 mobile OBUs (one of which permanently mounted on the imec test vehicle) and 1 to 3 
additional OBUs will be built, enabling V2I, V2N and V2V (Vehicle-to-Vehicle) 
communication via the network technologies mentioned above. + 

o Support of long-range cellular communication using 4G/5G connectivity  

o Interfacing towards an onboard processing unit and a desktop-class GPP is included. The OBUs 
are also equipped with a module for GNSS localization and time synchronization 

Following other imec's experimental testbeds federated approach such as Citylab, w.ilab.t, virtualwall1, the 
Smart Highway testbed is powered by the jFed2 experimentation toolkit that allows experimenters to push their 
code to the nodes. Also, it offers to experimenters the possibility of experiment scheduling and a graphical user 

 

 
1 http://idlab.technology/infrastructure/ 
2 https://jfed.ilabt.imec.be 
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interface (GUI) with real-time information of the experiment execution. Additionally, jFed platform is 
supported by Linux Containers (LXC) to submit the code. 

For experimentation and validation purposes, two different domains will be setup on the road and in our lab 
facilities, emulating a multi-domain scenario across multiple RSUs. Each domain belongs to a different VMNO, 
advertising different PLMN and country, forcing the UE to trigger roaming to the home VMNO. Additionally, 
the embedded GPP in the RSU will be used to deploy a MEC framework, offering edge computing capabilities 
that are required for the software architecture proposed in WP4. Since the facilities offer PC-5, ITS-G5 and Uu 
air interfaces, imec will focus on the low latency and cross-border use cases, as well as emulating the channel 
conditions through programmable attenuators in the lab to afterwards evaluate them on the road. 

2.4 Cloud Management Strategies  
Following the ongoing move from tailored, dedicated hardware based on Advanced Telecommunications 
Computing Architecture (ATCA) towards software solutions and network function virtualization (NFV), a 
variety of non-functional requirements in the view of carrier-grade and stable operation of services need to be 
met. In cloud deployments, instances of virtualized service- and network functions need to be selected, on-
boarded and instantiated, configured, and connected with a chain of other functions to make the actual service. 
In a distributed cloud, smart placement of each function in a macroscopic (selection of a cloud resource and 
associated data center) as well as a microscopic (selection of compute, storage and networking resources) level.  

Cloud deployments usually rely on COTS hardware, such as servers and programmable switches, for the 
instantiation and realization of service- and network functions, which requires additional measures to ensure 
resilience and the continuation of services, such as the introduction and management of redundancy, monitoring 
of a variety of data points, and smart algorithms for failover and scaling. In particular if service- and network 
functions follow cloud-native design and development, and decompose into multiple micro-services, the on-
boarding and management of such complex deployments needs to be automated to a large extent. 

In the view of building and deploying a CCAM Platform, centralized cloud resources are extended with edge 
cloud resources in order to (1) enable the provisioning of services or service-components closer to the service 
consumers in support of lower latency, (2) to offload traffic from the backhaul and core transport network, and 
(3) to potentially decrease the impact of network load or failures to the service availability and quality. Edge 
clouds will host MEC platforms, which are an integral part of the CCAM platform together with the defined 
management and orchestration solution. The project adopted a two-layer management- and orchestration 
scheme, where the top-level orchestrator ensures the proper composition and instantiation of services in the 
distributed cloud network by interfacing to local domain (edge clouds) orchestrators for the enforcement of 
service descriptors, polices and tasks, which should be accomplished autonomously and locally by the domain 
orchestrator, such as event monitoring and reporting, event anticipation, scaling of resources, etc.  

The 5G-CARMEN project investigates and defines means and operational details leveraging a direct interface 
between local/edge orchestrators. Such direct operation is expected to contribute to the efficiency in the service 
provisioning and continuation, in particular for services, which are composed in multiple topologically and 
geographically adjacent edge clouds. This includes the composition and extension or transfer of services in 
multiple operator networks, which is of particular relevance for the targeted cross-border scenarios. 

The project’s WP4 contributes to the design of the CCAM platform with appropriate cloud management 
solutions in tight collaboration and alignment with technology enablers per the project’s WP3.  
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3 Network-based range extension and interworking between C-
V2X and ITS-G5 

3.1 Overview 
Key use cases for 5G-CARMEN, such as situation awareness and cooperative manoeuvring require exchange 
of short messages among nearby vehicles with stringent latency constraints. If the exchange of messages 
leverages V2V direct communication, one can expect a coverage range that will likely not exceed 600 meters. 
Of course, multi-hop communication can be mustered if farther reaching is required (as is the case of a fast-
approaching emergency vehicle). However, multi-hop communication usually entails complex (and not always 
effective) routing protocols, requires high vehicle density and stable topologies and still results in increased 
latency. The 5G-CARMEN architecture is leveraging V2I, i.e., communication between vehicles and 
infrastructure to extend the range of V2V direct communications via an additional cellular network 
communication path.  

In this case, cross-border traffic steering in the network path, namely in the edge cloud, is a task accomplished 
in the MEC infrastructure described in the previous sections. The MEC-supported applications involved in the 
traffic steering function that enables the necessary network interworking for range extension are envisioned to 
the AMQP server and the GeoService, whose principles are outlined below. 

3.1.1 Interworking via AMQP server 
The Advanced Message Queuing Protocol (AMQP) is an open standard application layer protocol for message-
oriented middleware. 

An AMQP broker (or queue manager) (or queue manager) is a software module which allows queues to be 
defined, and applications to be connected to the queue and transfer a message onto it. 

In automotive field, the broker is used for dispatching AMQP messages to queues subscribed by vehicles in 
order to obtain information about traffic events (e.g. accidents, traffic jam, etc.). 

 
Figure 18: Generic high-level scenario - AMQP Broker 

The high-level procedure, shown in Figure 18, is composed by the following phases: 
1. Every OBU subscribes to AMQP queues based on "msg_type" and its localization expressed in 

"geo_hash” 
2. Motorway operator platforms publish messages/events on AMQP broker queues defined by "msg_type" 

and "geo_hash" calculated on event latitude/longitude 
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3. AMQP broker performs the «routing» of those messages to queues based on "msg_type" and 
"geo_hash" 

4. Each OBU receives all messages from the subscribed queues (pushed by the queues) 

The AMQP broker is available in open source distributions and can be tailored on requirements basis. 

As shown in Figure 19, the scenario involving the interworking between different AMQP brokers is the 
following: 

1. An OBU which is in cross-border transit subscribes to AMQP queues of its national broker 
2. Motorway operator platforms publish messages/events on the national AMQP broker 
3. The broker routes all messages and forwards (relay) to other federated brokers (neighboring countries) 
4. Each OBU receives all messages from the subscribed queues (related to its "geo_hash") 

The adopted routing scheme is based on «topics» (Figure 20), so messages are sent by publishers to an exchange 
which routes them to consumers based on matching between message key and the pattern used to bind their 
queues. 

 
Figure 19: Bridge between AMQP brokers 

 
Figure 20: Topic in dot notation 

The detailed topic in dot notation structure for a AMQP message is reported in the figure below: 
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This is an example of message:  

 

Figure 21: AMQP message example 

As mentioned above, the localization of the vehicle is expressed with s "geo_hash” that is a public domain 
geocode system which encodes a geographic location into a short string of letters and digits, with greater 
precision obtained with longer string. 

A geohash identifies a rectangle of the terrestrial projection calculated from latitude/longitude and the desired 
precision; for example removing a character on the right reduces accuracy and increases the size of the area 
covered. 
Therefore, we have that geo_hash = f(lat, lng, precision) 

For example: geo_hash(45.1119167, 7.6693113, 7) = u0j2ws2 

 

 

 
 

 

 

 

 

 
 

 

 

Figure 22: Geohash tiles 
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3.1.2 Interworking via GeoServices 
In [1], standardization introduced the mechanism of geographic addressing of messages via GeoNetworking. . 
Many ITS applications require a rapid and direct communication, which can be achieved by ad hoc network. 
GeoNetworking is a network-layer protocol for ad hoc communication based on wireless technology such as 
ITS-G5. It provides communication in mobile environments without the need for a coordinating infrastructure. 
GeoNetworking utilizes geographical positions for dissemination of information and transport of data packets. 
It offers communication over multiple wireless hops, where nodes in the network forward data packets on behalf 
of each other to extend the communication range. Originally proposed for general mobile ad hoc networks, 
variants of GeoNetworking have been proposed for other network types, such as vehicular ad hoc networks 
(VANETs), mesh networks and wireless sensor networks. Therefore, GeoNetworking can also be regarded as a 
family of network protocols based on the usage of geographical positions for addressing and transport of data 
packets in different types of networks. 

In VANETs, GeoNetworking provides wireless communication among vehicles and between vehicles and fixed 
stations along the roads. GeoNetworking works connectionless and fully distributed based on ad hoc network 
concepts, with intermittent or even without infrastructure access. The principles of GeoNetworking meet the 
specific requirements of vehicular environments, in terms of being well suited for highly mobile network nodes 
and frequent changes in the network topology. Moreover, GeoNetworking flexibly supports heterogeneous 
application requirements, including applications for road safety, traffic efficiency and infotainment. More 
specifically, it enables periodic transmission of safety status messages at high rate, rapid multi-hop 
dissemination of packets in geographical regions for emergency warnings, and unicast packet transport for 
Internet applications. 

GeoNetworking basically provides two strongly coupled functions: geographical addressing and geographical 
forwarding. Unlike addressing in conventional networks, in which a node has a communication name linked to 
its identity (e.g. a node's IP address), GeoNetworking can send data packets to a node by its position or to 
multiple nodes in a geographical region. For forwarding, GeoNetworking assumes that every node has a partial 
view of the network topology in its vicinity and that every packet carries a geographical address, such as the 
geographical position or geographical area as the destination. When a node receives a data packet, it compares 
the geo-address in the data packet and the node's view on the network topology, and makes an autonomous 
forwarding decision. As a result, packets are forwarded 'on the fly', without need for setup and maintenance of 
routing tables in the nodes. 

The most innovative method for distribution of information enabled by geographical routing is to target 
messages to certain geographical areas. In practice, a vehicle can select and specify a well-delimited geographic 
area to which messages should be delivered. Intermediate vehicles serve as message relays and only the vehicles 
located within the target area process the message and send it further to the corresponding applications. In this 
way, only vehicles that are actually affected by a dangerous situation or a traffic notification are notified.  

The GeoService follows this concept of message dissemination via geographic areas. The GeoService maintains 
an overview about all cars in the area (based on CAM, Cooperative Awareness Message, sent by each car). Its 
major task is to receive/forward/store messages from cars generated by events initiated by drivers or detected 
by car sensors. As defined by ETSI ITS, messages are addressed to a destination area and typically not to specific 
stations (e.g. vehicles). GeoService provides the appropriate routing function, which forwards messages 
accordingly. In addition, GeoService enables ITS applications (either on MEC or in the backend) by forwarding 
notification messages to them.  By hiding the structural and geographical details of the mobile network structure, 
GS simplifies the development of Car2X applications - for both regular backend applications and for low-
latency MEC applications.  

3.1.2.1 Inter-GeoService communication 
The communication between the services and applications on different MECs is needed for several reasons. In 
addition to message dissemination, the other reason might also be the necessity to exchange data that is needed 
to keep the Geo-networking up and running, i.e. information about coverage area of a MEC is distributed to all 
other MECs/GeoServices as well.  Since the dissemination of messages is based on geofencing data along with 
the message (e.g. bad weather conditions in a defined area), it is needed to distribute those messages in an area 
covered by multiple MECs. This mechanism is independent from the location of the MECs, they could even be 
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in different countries.  The communication between MECs is needed on application level only, i.e. between e.g. 
different instances of the GeoService application. This communication is latency critical. In addition to message 
dissemination it may also necessary to exchange data that is needed to keep the Geo-networking up and running: 
Information about coverage area of a MEC is distributed to all other MECs/GeoServices as well. 

3.2 Evolution of technical enablers 
This section provides an overview of the experimental activities carried out by project partners related to C-
V2X and ITS-G5 interworking for range extension. 

3.2.1 Joint CNIT-TIM LAB 
We illustrate below a lab testbed where CNIT and TIM intend to pursue preliminary testing of the deployment 
of an AMQP server as a MEC application (detailed above). Leveraging the testbed described in section [ref], 
CNIT and TIM aim at conducting a functional analysis and preliminary evaluation of the AMQP Broker as a 
tool for range extension. 5G-CARMEN thus implements a virtualized AMQP Broker as a MEC application and 
will let emulated OBUs connect and subscribe to the Broker for the exchange of DENM messages within an 
AMQP payload. It is foreseen that latency measurements (RTT as well as one-way) will be performed, using 
tools that allow us to isolate network, transmission and processing delays. 

These measurements will constitute a useful indication for the reliability of AQMP-based range extension for 
the use case foreseen by 5G-CARMEN, specifically those that list a low-latency backend supporting MEC 
among their requirements: Cooperative Maneuvering and Situation Awareness. It is not foreseen that cross-
border aspects will be covered. The lab facilities are located at the CNIT research unit of Politecnico di Torino 
and it is foreseen that there will be some integration with the TIM experimental backend during the testing. For 
reasons of component availability, the testbed uses a 4G EPC instead of a 5G UPF, but the rest of the architecture 
is compliant with the ETSI MEC standard, which guarantees an almost straightforward portability of the MEC 
application onto a commercial MEC architecture. 

As will be detailed below, the testbed uses a MEC host collocated with a distributed vEPC in what is effectively 
a “radio site” with local RRHs. ETSI documentation [2] clearly advocates the use of a distributed vEPC 
collocated with the MEC host. This type of deployment is suited for many diverse use cases, such as Mission 
Critical Push to Talk (MCPTT), or M2M communications, where the communication with the operator’s core 
site is optional, thus including vehicular communications and range extension envisioned in 5G-CARMEN. The 
testbed can be divided into four main blocks, namely, (i) the MEC-enabled Evolved Packet-Core (EPC) 
Network; (ii) the procedures for service onboarding and instantiation within the MEC platform; (iii) the UE 
emulators; (iv) the MEC applications. Figure 23 provides an overview of the interfaces and interactions between 
such building blocks.  

The CNIT system builds on Open Air Interface (OAI) [3], an open source implementation of a full LTE network, 
spanning the RAN and the EPC, with current developments focusing on 5G technology. On top of this, we have 
implemented a MEC platform, which exposes REST-based API endpoints to the MEO and MEC applications, 
so that they can discover, register, and consume MEC services, including traffic redirection. In the test-bed, two 
realistic implementations of cellular User Equipment (UEs), based on OAI, act as users. Each UE communicates 
with the MEC applications. Specifically, the MEC-enabled EPC identifies the traffic directed towards the MEC 
applications and applies traffic redirection to keep it at the edge. The MEC applications can communicate with 
the UEs, when needed, exploiting again the same traffic redirection rules that the MEC-enabled EPC used for 
the uplink traffic. 
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Figure 23: Architecture overview of the testbed 

The platform provides extensions to the OAI RAN and the core network elements to implement the Mp2 
reference points. Core network extensions are necessary for traffic offloading to ME application instances, while 
specific support is needed at the RAN level for retrieving radio network information from eNBs, such as per-
UE channel quality indications (CQI) and exposing them to subscribing ME applications. 

The Mp2 interface towards the RAN is implemented using the FlexRAN protocol [4], which is integrated into 
the standard OAI software distribution. For traffic management, we have adopted the Control and User Plane 
Separation (CUPS) paradigm introduced by the 3GPP [5]. CUPS proposes to separate the data- and control-
plane functions at the S/P-GW level. The S/P-GW has been split into two entities: S/P-GW-C and S/P-GW-U 
(C for control plane; U for user plane). The former is in charge of managing the signalling in order to establish 
the user data plane, while the latter is in charge of forwarding the user plane data. 

In our implementation, the S/P-GW-U is based on a version of OpenVSwitch (OVS), patched to support GTP 
packet matching. When requested over its Mp1 interface, the MEP installs traffic rules on the S/P- GW-U to 
offload traffic to the MEC applications by remotely executing OpenFlow commands. The MEP needs to be 
aware of specific UE bearer information (UE IMSI, GTP tunnel endpoint identifiers, UE and eNB IP addresses) 
in order to appropriately install these rules. This information is available at the S/P-GW-C level upon UE bearer 
establishment, and we have modified the OAI EPC code to communicate it to the MEP via its REST Mp2 
interface. In our MEC testbed, ME applications are running on the MEC host as VMs directly on top of the 
KVM hypervisor. However, our MEC platform is also compatible with VIMs such as OpenStack, while it has 
been tested with containerized ME applications managed by LXD. 

As shown, the OAI EPC is virtualized, with the HSS, MME, and SPGW running as separate kvm VMs on a 
single physical machine, which also hosts the MEP. Note that the latter can also be executed as a virtual instance 
on the MEC host. Due to its real-time constraints, the OAI eNB software is running on a dedicated host, to 
which a USRP B210 RF board is attached. 

Figure 24 shows an overview of the lab implementation of our testbed. 
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Figure 24: Overview of the lab implementation of the testbed 

3.2.2 UPV Lab 
Research by UPV has identified specific issues in the key Cooperative Manoeuvring and Situation Awareness 
use case that need to be addressed. For example, Figure 25 identifies a typical scenario where a cooperative 
manoeuvre is expected within 1 minute between road vehicles 2,000 m ahead of an emergency vehicle. 
Assuming that multiple technology interfaces may be potentially involved (such as LTE Uu, LTE PC5, 802.11p, 
and even NR), as such, the cooperative action requires that several vehicles attached to diverse networks will 
be able to determine in advance, in a fast way, and at a certain point in time, whether they are about to switch 
from one network to reselect another technology. 

Deciding that this situation is going to evolve to another where the manoeuvring negotiation is going to be based 
only on sidelink communications seems reasonably complex to anticipate and prone to predicting errors. 
Interruptions are also expected during network reselection procedures, which may also take a significant long 
time. This is a realistic assumption because, e.g. as explained in Section 2.2.3 in the Italy setup currently there 
are no local breakout nor inter PLMN-handover solutions implemented). 

Figure 25: Cooperative maneuvers involving multiple network technologies 

A solution envisioned to solve this challenging scenario is using an MR-DC approach were the vehicles can use 
e.g. sidelink in addition to Uu communications so as to achieve certain degree of robustness by means of 
redundancy during manoeuvring negotiation. This approach is twofold: 
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1. Within the scope of Task 3.3 “Network-based range extension”: The range-extension use case will be 
utilized as a framework to conceive an internetworking research solution that will make use of MR-DC 
for redundant communications assuring the enhanced QoS and KPIs 

2. Within the scope of Task 3.1 “Hybrid network for connected car”: The MR-DC solutions envisioned in 
the previous step will be inherently solving a problem with hybrid network technologies and will require 
proposals to be aligned to current specifications and formulated as extensions to existing management 
and control layer procedures is current standards. 

3.2.2.1 MR-DC for redundant communications 
UPV is currently working on researching technical proposals integrating MR-DC for redundancy purposes, 
designed as the option to transmit and receive data from certain vehicles twice (once by the sidelink, and second 
by the Uu interface), as well as determining the importance of ascertaining the different times of arrival or their 
timestamps on the trustworthiness of the redundant approach. This adds a, especially important, resilient 
dimension to the manoeuvring use case, because actions taken by the automated driving systems do not know 
in a certain Vehicle #1 what is the current and future connectivity state of neighbouring Vehicle #2 for 
negotiating any manoeuvre. It seems reasonably less complex to approach the problem from the redundancy 
point of view instead of predicting or ascertaining whether the vehicle attached to the same network is about to 
lose its connection or reselect to another network. 

UPV’s approach to the problem will identify key elements, and decide the framework approach, being 
exemplary the focus on the “network-based range extension” use case to produce a network architecture based 
on a MR-DC technical proposal addressing the issues mentioned. Within the MR-DC option, UPV decision to 
make possible the coexistence of direct V2V communications and Uu communications for redundancy purposes 
is natural because it will allow marking the packets as redundant. In this sense, for example, there are even 
elements in the protocol stack that allow UPV to manage redundancy and to be able to discard a redundant 
packet that no longer serves its purpose. Again, note that different technologies may be integrated in the MR-
DC solutions for redundancy (not only 3GPP technologies but ITS-G5—and 5G NR subject to research time 
availability—), which, as a novel research topic is not currently considered in the standard.  

3.2.2.2 MR-DC management 
In parallel with the concept of MR-DC for redundant communications is the idea of managing such hybrid 
networks for connected car scenarios. First, trustworthiness on the available network interfaces impacts on the 
communication problem, for this would mean cooperating with vehicles that can disappear from the “local map” 
at any given moment, or how to manage the vehicles that disappear. Research by UPV anticipates that there 
will be “robust” road areas that will ensure automated driving, i.e. where the MEC will be serving the vehicles 
with Uu constantly, and the PC5 communication channel will be dependable, assuring an up-to-date map of 
neighbouring vehicles; but also degraded areas where the quality of the redundant communication channels will 
drop and may trigger lowering a degree of manoeuvring assistance, losing any assistance at all, resorting to on-
board sensors, or to manual driving. 

UPV research, from the point of view of the management, aims at integrating and extending already-
standardized solutions of Rel-14 for LTE V2V communications—and 5G NR subject to research time 
availability—to our Rel-16 MR-DC approach with ITS-G5. This entails that the internetworking technical 
solutions will be aligned to current specifications and defined as extensions to management and control 
procedures in current standards 

For example, the standard allows announcing, from a certain point on, that you use mode 3 or mode 4. So the 
network may inform the vehicles that from a certain point on they are going to be either managed by the network 
or lose coverage and autonomously manage between themselves. There is also the option to study how to fine-
tune the borders between these areas to optimize management, and UPV conceives this research as a matter of 
resorting to: i) a good road map; ii) an updated map of surrounding vehicles; iii) collective, rich information 
and knowledge of all partners involved in the cooperative manoeuvre; iv) establishing the criteria for activating 
one mode or the other, just in case the vehicles do not have continuity in service; and v) the reuse of alternative 
paths to the MEC to MEC communications in case this would be necessary.  
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4 Positioning Solutions 
4.1 Context 
Standard satellite-based GNSS only delivers 3-5 m accuracy in open sky conditions. High precision navigation 
data for V2X and autonomous vehicles/machines as well as robotics has by far higher accuracy requirements. 
To give an example relevant for 5G-CARMEN: lane-level positioning, needed to receive C-V2X information 
on a highway, requires sub-meter accuracy. Additionally, the solution must be applicable for a critical mass 
market, thus being scalable to service millions of moving objects while assuring high availability and integrity 
for security aspects. The new demand with Autonomous Driving Growing nurtures technological improvements 
and lower costs: Precise Positioning is shifting from a specialized niche to global mass market. 

 Although cellular Positioning (enhanced Cell-Id, OTDoA, fingerprinting) is living a boost towards more 
precision with the latest 3GPP Release (Rel-16), 5G-CARMEN pursues two different methods: Providing GNSS 
correction data and experimental cellular positioning. The former enables Precise Positioning in the order of 
tenths of centimetres (depending also on the reception conditions at the client), with a faster time-to-market than 
the complete integration and rollout of 3GPP Rel-16 would need. ADAS systems can already use this advantage 
as well as comfort navigation and security solutions.          

4.2 RTK-based implementation 
Since GNSS errors arise from signal reflection as well as ionospheric and tropospheric influences, a network of 
reference stations observes the deviations and processes the data in relation to their own, exactly known position. 
This technique is called Differential GNSS, the more sophisticated technique is called Real-Time Kinematic 
(RTK), where decimetre level positioning can be achieved achieved with a sufficiently dense network of 
reference stations. Reference stations will be co-located with mobile radio network base stations (depending on 
the respective country implementation, the reference station network and data may also make use of an external 
service provider). 

 

 
Figure 26: Conceptual Design 

A Service on the MEC uses this correction data from one or several reference stations, calculates and transmits 
the real-time correction signal via unicast to the clients (The broadcast/multicast transport mechanism as defined 
by C-ITS or 3GPP are currently not mature). The data is sent in a customized SSR format, limiting data rates to 
<400 Bytes per second. The correction data is processed by an embedded Positioning Engine running on a 
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control unit within the vehicle. The combination of GNSS signals and correction data is used to calculate a 
Precise Position with decimetre level accuracy.  

The general network layout for Europe is being designed and a rollout planned for 2020 (beyond Germany, it 
will include Austria and Northern Italy). Current precise positioning chipsets aimed for mass market automotive 
use cases are being developed by OEM suppliers. For 5G-CARMEN Deutsche Telekom is evaluating the most 
suitable receivers to use.  

4.3 Cellular-based positioning 
Users’ localization is proving to be crucial in the context of the upcoming 5G network design and deployment. 
In particular, the capability of retrieving user accurate positions may enable service providers and Over-The-
Top operators to advertise and offer targeted services based on their location-based information. Moreover, the 
availability of network-based positioning information represents a clear advantage for such players, as they do 
not rely on any external entity (e.g., GNSSs) and keep full control of that positioning information. Furthermore, 
V2X and autonomous driving are raising the need for a reliable positioning system, which should provide a 
much better accuracy than the currently available GNSSs.  

Highways represent a challenging scenario for any network-based localization system as standardized by 3GPP 
([6],[7]). Specifically, such a scenario forces a linear base-station deployment scheme that offers little or no 
possibility for any trilateration technique (e.g., OTDoA) ([8]). On the other hand, other techniques, such as 
enhanced Cell-ID or RF matchings, deliver insufficient performances that do not meet the system requirements 
in terms of accuracy. Within the 5G-CARMEN project, we introduce a novel network-based localization 
technique, which targets cellular users in highways and exploits a single 5G-NR base station (gNB). 
Specifically, we pursue the development of a system that is able to track moving vehicles leveraging their 5G 
connectivity or the one of their passengers’ UEs. 

The key idea behind our system is to combine two types of data, the first being a ranging measurement, the 
second being an angle measurement. The gNB performs Time-of-Arrival (ToA) and Direction-of-Arrival (DoA) 
measurements by means of Reference Signals (e.g., DMRS, SRS) while it allocates a steerable beam to the 
target UE via adaptive beamforming. This information is enough to infer the exact position of the UE and track 
it along its motion path, as shown in Figure 27. By cross-referencing the retrieved information with the map of 
the covered highway section, the network is able to derive the absolute vehicle motion path. In addition, the 
SNR variation may be included as an additional feature to enhance the accuracy of the measurements, regardless 
of its higher sensitivity to channel fading effects.  

In such regard, we aim at taking advantage of 5G new localization methodologies to further improve the users’ 
position accuracy. Among the new paradigms, the following ones are relevant for our purpose. 

1. Multipath-assisted localization. By exploiting specular multipath components (MPCs), additional 
information about the user equipment (UE) position may be extracted from the radio signal.  

2. NLOS Identification and Mitigation: Machine Learning (ML) Approach. Additional delay in ranging 
measurements may be caused by NLoS conditions. We use some ML techniques to learn the LoS and 
NLoS channel models in order to mitigate the NLoS effect. 

3. Crowd-based learning approaches for NLOS mitigation. A UE takes advantage of the available 
estimation of NLoS obtained by exploiting the measurements of the UEs that have already crossed the 
same area.  

  
Figure 27: Cellular-based localization technique 



Deliverable D3.2 Initial report on 5G Technological Enablers for CCAM                                                                                                                               

5G-CARMEN (H2020-ICT-18-2018)  Page 40 / 40 

 

5 References 
[1] ETSI TS 102 636-1 V1.1.1, Vehicular Communication, GeoNetworking  
[2] Fabio Giust, et al., “MEC Deployments in 4G and Evolution Towards 5G”, ETSI White Paper 24, 2018 
[3] “OpenAirInterface, 5G software alliance for democratising wireless innovation,” 

http://www.openairinterface.org 
[4] X. Foukas, N. Nikaein, M. M. Kassem, M. K. Marina, and K. P. Kontovasilis, “Flexran: A flexible and 

programmable platform for software-defined radio access networks,” in Proc. ACM CoNEXT, 2016. 
[5] P. Schmitt, B. Landais, and F. Y. Yang, “Control and User Plane Separation of EPC nodes (CUPS),” 3GPP, 

Tech. Rep., Jul. 2018. 
[6] “Stage 2 functional specification of UE positioning in E-UTRAN, release 14, V14.0.0,” 3GPP, Sophia 

Antipolis, France, Rep. 3GPP TS 36.305, Dec. 2016. 
[7] “RF pattern matching location method in LTE, release 12, V12.0.0,” 3GPP, Sophia Antipolis, France, Rep. 

3GPP TR 36.809, Sep. 2013 
[8]  L.Reggiani, L. Dossi, L.G. Giordano, R. Lambiase, Vehicular Technologies, IntechOpen, 2013, pp. 51-70 
 


