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Abstract 

 
The purpose of this Deliverable is to present the VNFs used in network services and the actions performed 
for the 5G ESSENCE prototype integration into the stadium. The project has focused on preparing an 
inventory of assets and resources which will be available during the integration and validation of the “5G 
Edge Network Acceleration at a Stadium” use case. Moreover, the preparation of the demonstration 
campaign has taken place. 

During this period, the service VNFs (i.e., hardware-accelerated video encoder/decoder, virtual Caching, 
transcoding, etc.) and network services for 5G-based video production and video distribution into a football 
stadium have been developed and fine-tuned, in order to “match” the stadium use case specific 
requirements. Also the setup, the demo configuration and the integration of 5G ESSENCE specific tools to 
the adjusted testbed that will be deployed at the football stadium have been finalized. 

Considering the use case and requirements laid out in D2.1 as well as the state-of-the-art in similar 
initiatives, including standardisation trends, the detailed integration and deployment planning has been 
presented, which encompasses all the component entities of the 5G ESSENCE system. The architecture is 
structured by “merging” the two main 5G ESSENCE worlds, namely the Small Cells featuring the LTE/5G 
network and the NFV environment. 

 

 

5G-PPP Disclaimer:  
This Deliverable has been prepared by the 5G Initiative, via an inter 5G-PPP project collaboration. As such, the 
contents represent the consensus achieved between the contributors to the report and do not claim to be the 
opinion of any specific participant organisation in the 5G-PPP initiative or any individual member organisation. 
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1 Introduction  

1.1 5G ESSENCE Project Overview 
 
The 5G ESSENCE effort “opens the door” to venue owners (e.g., municipalities, stadiums, site owners) and 
virtually anyone who manages a property and can install and run a local Small Cell (SC) network, to deploy a low 
cost infrastructure and to act as “neutral host network and service provider”.  
Although probably none of such entities would offer static network coverage, many of them could foresee 
adequate chances for profits generated by exploiting the 5G ESSENCE concepts of multitenant small cells, able 
to provide wireless network coverage coupled with added-value services in close proximity to customers and 
visitors that belong to multiple network operators and vertical industries. 
 
Broadcasters are looking for new ways to cover events, to offer exciting point-of-view perspectives to viewers 
on one hand, and to reduce production and delivery costs on the other. At the same time, network operators 
“target” to increase the usage of their networks and stadium owners have a strong interest in making the 
spectators’ experience “as pleasant as possible”, as well as increasing side-revenues through sponsor 
advertisement.  
The reception of live content from cameras located in the playing field, replays, and additional contextual 
information on mobile devices, is a strong use case for all the above actors. The main challenges even with 4G 
networks are the delay in the delivery of such content in the range of milliseconds rather than seconds, and the 
considerable strain imposed on the backhaul network.  
By deploying a 5G ESSENCE network (Figure 1), these challenges can be efficiently addressed. 
 

 

Figure 1: 5G edge network acceleration at stadium 
 
Figure 1 provides a high-level architecture of the 5G ESSENCE according to the two-tier approach explained 
above. The specific components and the interfaces are described in more detail in the 5G ESSENCE Deliverable 
D2.2

1
. 

The corresponding WP5 demonstrates benefits to media producers and Mobile Operators (MOs) as it “enables” 
them to offer a highly interactive fan experience and optimises operations by deploying key functionalities at 
the edge (i.e., evolved Multimedia Broadcast Multicast Services (eMBMS) together with multitenancy support 
by small cells).  

                                                           
1
  5G ESSENCE Deliverable D2.2: “Overall System Architectures and Specifications”. Available at: http://www.5g-essence-

h2020.eu/Portals/0/5G%20ESSENCE_%20Deliverable%202.2_v1.1_Final.pdf?ver=2018-11-27-112117-947  

http://www.5g-essence-h2020.eu/Portals/0/5G%20ESSENCE_%20Deliverable%202.2_v1.1_Final.pdf?ver=2018-11-27-112117-947
http://www.5g-essence-h2020.eu/Portals/0/5G%20ESSENCE_%20Deliverable%202.2_v1.1_Final.pdf?ver=2018-11-27-112117-947
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By leveraging the benefits of small cell virtualisation and radio resource abstraction, as well as by optimising 
network embedded cloud, it becomes possible to ease the coverage and capacity pressure on the multimedia 
infrastructure, and also to increase security since content will remain locally.  
 

1.2 Scope of this Document 
 
The 5G ESSENCE project demonstrates a combined 5G-based video production and video distribution towards 
delivering benefits to both media producers and mobile operators, who will be able to offer enriched event 
experience to their subscribers. The production/distribution of locally generated content through the 5G 
ESSENCE platform, coupled with value-added services and rich user context, enables secure, high-quality and 
resilient transmission, in real-time and with minimal latency. 
 
Work Package 5 (“5G Edge Network Acceleration at a Stadium”) aims to implement and demonstrate the setup 
of the 5G Edge Network Acceleration in the context of a sport event taking place at a stadium. The foreseen 
test plan includes integration activities performed in a cloud testbed and trials performed in the “Stavros 
Mavrothalassitis” municipal stadium

2
 in Egaleo (Athens, Greece), with capacity of up to 8,000 spectators. 

 
The purpose of the present deliverable D5.2 is to present the VNFs used in network services and the actions 
performed for the 5G ESSENCE prototype integration into the stadium. The project has focused on preparing an 
inventory of assets and resources which will be available during the integration and validation of the “5G Edge 
Network Acceleration at a Stadium” use case.  
Moreover, the preparation of the demonstration campaign has taken place during this period. 
 
  

                                                           
2
  For more details also see, inter-alia: https://en.wikipedia.org/wiki/Stavros_Mavrothalassitis_Stadium  

https://en.wikipedia.org/wiki/Stavros_Mavrothalassitis_Stadium
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2 5G ESSENCE Use Case 1: Edge Network Acceleration in a 
Crowded Event 

 

2.1 Use Case Description 
 
The 5G ESSENCE delivers benefits to media producers and mobile operators, enabling them to offer a highly 
interactive fan experience and to optimise operations by deploying key functionalities at the edge (i.e., evolved 
Multimedia Broadcast Multicast Services (eMBMS) together with multitenancy support from small cells).  
By leveraging the benefits of small cell virtualisation and radio resource abstraction, as well as by optimising 
network embedded cloud, it becomes possible to “ease” the coverage and capacity pressure on the multimedia 
infrastructure, and also to increase security since content will remain locally.  
Furthermore, additional benefits for the operators and the venue owners arise such as: (i) lower latency, due to 
shortening the data transmission path, and; (ii) increased backhaul capacity, due to playing out the live feeds 
and replays locally that puts no additional strain on the backhaul network and upstream core network 
components. 
 
The 5G ESSENCE project will demonstrate a combined 5G-based video production and video distribution 
towards delivering benefits to both media producers and mobile operators, who will be able to offer enriched 
event experience to their subscribers. The production/distribution of locally generated content through the 5G 
ESSENCE platform, coupled with value-added services and rich user context, will enable secure, high-quality and 
resilient transmission, in real-time and with minimal latency. 
 
In the context of the 5G ESSENCE infrastructure sharing support, each network operator will be in position to 
optimise his network usage, resulting in lower OPEX. Additionally, network operators will be able to rapidly 
deploy new services, to deliver directly to users higher Quality of Experience (QoE), and to offer “Content as-a-
Service”, increased bandwidth and storage solutions to content providers and venue owners.  
The content providers will also benefit from reduced latency and improved user QoE by positioning content on 
mobile edge and, in addition, they can offer augmented services by leveraging the network information.  
Finally, the stadium owner will obtain additional benefits by leveraging the deployed 5G ESSENCE infrastructure 
and its functionalities, by capitalising live content to spectators from many cameras, statistics, etc. 
 
The scenario provides the logic for distributing the live video feeds received from the local production room to 
local spectators in a highly efficient manner. The municipal football stadium “Stavros Mavrothalassitis” 
(provided by the Municipality of Egaleo (MoE) partner of the 5G ESSENCE project) will be covered with a cluster 
of multitenant, eMBMS enabled as CESCs (Cloud Enabled Small Cells) and, together with the CESCM and the 
Main DC, they can be connected to the core networks (CNs) of multiple telecom operators.  
 
The video content from cameras will be sent for processing locally at the Edge DC (similar to the proposed use 
case by ETSI MEC

3
). Then the video streams will be broadcasted locally using the CESCs and spectators will be 

able to dynamically select between different streams offered. In this and in similar massive event scenarios, the 
data traffic will not impact the backhaul connection since it will be produced, processed and consumed locally. 

                                                           
3
  Multi-access Edge Computing (MEC) offers application developers and content providers cloud-computing capabilities 

and an IT service environment at the edge of the network. This environment is characterized by ultra-low latency and 
high bandwidth as well as real-time access to radio network information that can be leveraged by applications. MEC 
provides a new ecosystem and value chain. Operators can open their Radio Access Network (RAN) edge to authorized 
third-parties, allowing them to flexibly and rapidly deploy innovative applications and services towards mobile 
subscribers, enterprises and vertical segments.  
The Multi-access Edge Computing (MEC) initiative is an Industry Specification Group (ISG) within ETSI. The purpose of 
the ISG is to create a standardized, open environment which will allow the efficient and seamless integration of 
applications from vendors, service providers, and third-parties across multi-vendor Multi-access Edge Computing 
platforms. For more details also see, among others: http://www.etsi.org/technologies-clusters/technologies/multi-
access-edge-computing  

 

http://www.etsi.org/technologies-clusters/technologies/multi-access-edge-computing
http://www.etsi.org/technologies-clusters/technologies/multi-access-edge-computing
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2.2 Actors involved 
 
The actors involved in this scenario are listed below

4
: 

 
 Small Cell Network Operator (SCNO): Owner of the infrastructure deployed in the stadium.  
 
 Virtual Small Cell Operator (VSCNO): Users of the infrastructure available in the stadium to provide 

services to the end-users. 
 
 End-Users (EU): Users of the networking services. 
 
 Mobile Operators (MO): Network operators responsible for bringing the network and communication 

services to the stadium. 
 
 Service Provider (SP): Companies providing some of the Virtual Network Functions (VNFs) to the SCNO.  

 
Examples of key service providers for this use case are as follows: 
 
o Football/sport society. 

 
o Live event organizer. 

 
o Municipality. 

 
o Video/content provider. 

 
 
 Spectrum Owner (SO): In the licensed spectrum case, it is the stadium which leases the spectrum from 

an operator or a mobile operator that offers a service. 
  

                                                           
4
  About the actors and their roles in the 5G ESSENCE project, also see the more generalised discussion provided in the 

framework of the 5G ESSENCE Deliverable D2.1 (“System Use Cases and Requirements ”), available at:  http://www.5g-
essence-h2020.eu/Portals/0/5G%20ESSENCE_%20Deliverable%202.1_v1.0_Final.pdf?ver=2018-10-04-143227-963  

http://www.5g-essence-h2020.eu/Portals/0/5G%20ESSENCE_%20Deliverable%202.1_v1.0_Final.pdf?ver=2018-10-04-143227-963
http://www.5g-essence-h2020.eu/Portals/0/5G%20ESSENCE_%20Deliverable%202.1_v1.0_Final.pdf?ver=2018-10-04-143227-963
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3 Testbed Architecture Overview 
 
The local video production and distribution through eMBMS will be ultimately performed in the Egaleo 
Stadium. However, the integrations, development and testing along the 5G ESSENCE project will be performed 
across testbeds made available by selected partners and connected among each other.  
The cloud testbed that will be used for the duration of the 5G ESSENCE, to enable this use case, consists of 
three different site deployments: the interconnected sites are located approximately 10-15 kilometres apart 
and their interconnection is based on microwave links.  
All three sites use a common base infrastructure, but each one has different features. 
   

 

Figure 2: Map of the Three Testbed Sites 
 
The campus of NCSR “Demokritos” (NCSRD), in north-east Athens, is a 150-acre area, combining indoor and 
outdoor environments, covered by five software-driven 5G wireless nodes and supported by an optical 
backbone.  
In particular, the experimental setup at the campus of NCSR “Demokritos” comprises five main parts:  
 the core network;  
 the backhaul network;  
 the access network;  
 mobile terminals connecting to the access network, and;  
 distributed cloud deployments with computing, storage and networking resources.  

 
The infrastructure provided by NCSRD consists of a macro-cell located at a high mast, covering a wider area, 
within the campus and three small cells that serve focused coverage areas. Both the macro-cell and small cells 
are purely software-defined (SD), in the sense that: (i) they are driven by fully reconfigurable and open SDR 
equipment, and; (ii) they also feature edge computing equipment (“light Data Centres”) for hosting virtual 
appliances.  
All radio access points are connected to a core facility (currently based on LTE EPC) through dedicated fibre 
links.  



Embedded Network Services for 5G Experiences (5G ESSENCE)    

Grant Agreement No.761592  31.03.2019 

 

 
Deliverable D5.2 (“Prototypes of network services and integration planning for Use Case 1”)  
 15/36 

 

 
The testbed also features micro-servers integrated in each macro/small cell, according to the Cloud-Enabled 
Small Cell (CESC) concept. These micro-servers create a distributed Network Function Virtualisation 
Infrastructure (NFVI) based on OpenStack [1] and OpenDaylight [2].  
 
In this manner, CESCs are both edge computing-capable and multitenant, enabling a small cell infrastructure to 
be shared among multiple tenants. Edge services deployed in the CESCs include several VNFs (vDPI, Security 
Appliance, Network Monitoring) as well as of virtualized appliances (Transcoder, Video analysis for object 
recognition).  
The core functions (EPC) are also located on site. The EPCs from different vendors have been tested. The 
eNodeBs

5
 (Small Cells and Macro-Cell) are connected to the EPC over different types of backhaul links (fibre, RF, 

copper). User Equipments (UEs) of various types have been tested (mobile phones by various vendors, laptops 
equipped with appropriate dongles, software-defined UEs based on SDN platforms). All types of UEs have 
embedded USIMs, appropriate for authentication to the EPC. 
 

The testbed also hosts a core Cloud/SDN experimental platform for the experimentation needs of the 5G 
ESSENCE project. The cloud infrastructure is based on the OpenStack Cloud Operating System

6
, comprising of 

18 compute nodes (180 CPU cores, 1.5TB RAM) and storage system supporting SAS (Serial Attached SCSI [3]) 
and iSCSI (Internet Small Computer System Interface [4]).  
The NCSRD testbed also features SDN-enabled network devices that support OpenFlow protocol [5] (i.e., HP 
3500yl-24G, Dell PowerConnect 5524 [6]), as well as legacy devices including firewalling and routing equipment, 
i.e., a Cisco 2921 Integrated Router [7], a Cisco ASA 5510 Firewall [8]. Finally, the NCSRD site connects to the 
Internet via the national NREN (GRNET), using a dedicated hardware firewall whose rules are fully customizable. 
VPN access is possible, via SSL and IPSec connections. 
 
 
The OTE building (OTEAcademy), to the north of the Maroussi-Athens city is a multi-functional complex, 
combining various indoor and outdoor usage scenarios. The testbed includes an OpenStack-based cloud 
infrastructure (>220 CPU cores, >30 TB HDD, >340 GB RAM), consisting of 1 gateway, 5 controllers, 4 x86

7
 + 2 

ARM
8
-based compute nodes, a VPN Server, a CISCO PIX FW [9], switches/routers, while being interconnected to 

OTE’s Labs, providing thus additional capabilities for testing new technologies either for PoC or for field trials.  
The OTE testbed includes eight Nokia 4G/4G+/Wi-Fi small cells, a flexible end-to-end (E2E) IoT platform, as well 
as a broadband connection over GRNET [10], serving as backhaul link. 
 
 
The Egaleo stadium, in west Athens, is going to be an actual "field" testbed, supporting a wide variety of real-
life scenarios, ranging from massive MTC to flash crowd events. The Egaleo municipal stadium “Stavros 
Mavrothalassitis” is a football ground located in Egaleo, in the west of Athens. The stadium was built in 1966 
and totally renovated in 2006. The stadium belongs to the Municipality of Egaleo (MoE) and its capacity is 8.217 
(seated) spectators.  
The stadium is used by the football team of Egaleo (Egaleo FC). In addition to the football matches, the stadium 
is used for various events, such as music concerts. In general, the Egaleo municipal stadium is a modern 

                                                           
5
  E-UTRAN Node B, also known as Evolved Node B (abbreviated as eNodeB or eNB), is the element in E-UTRA of LTE that is 

the evolution of the element Node B in UTRA of UMTS. It is the hardware that is connected to the mobile phone 
network that communicates directly wirelessly with mobile handsets (User Equipments), like a Base Transceiver Station 
(BTS) in GSM networks. Traditionally, a Node B has minimum functionality, and is controlled by a Radio Network 
Controller (RNC). However, with an eNB, there is no separate controller element. This simplifies the architecture and 
allows lower response times. 

6
  OpenStack is a cloud operating system that controls large pools of compute, storage, and networking resources 

throughout a data center, all managed through a dashboard that gives administrators control while empowering their 
users to provision resources through a web interface. Also see: https://www.openstack.org/software/  

7
  The x86 is a family of backward compatible instruction set architectures, based on the Intel 8086 CPU and its Intel 8088 

variant. More related information can be found, for example, at: https://en.wikipedia.org/wiki/X86. 
8
  For more details see: https://www.arm.com/products/silicon-ip-cpu  

https://www.openstack.org/software/
https://en.wikipedia.org/wiki/X86
https://www.arm.com/products/silicon-ip-cpu
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stadium and has all the appropriate facilities and infrastructures. The infrastructure at the Egaleo municipal 
stadium aims at showcasing the value of 5G in big sports and/or cultural events. 
 
The access part of the infrastructure is based on three low-power cells, covering the entire stadium, integrated 
with local virtualization-capable IT resources, thus forming CESCs. The capability of the CESCs to be multi-tenant 
and to host edge services enable a new business model, under which the CESC infrastructure is owned by the 
stadium operator (rather than by MNOs), who, in turn, leases slices to MNOs, MVNOs and enterprise users.  
 
The stadium is connected to the main site of the testbed (NCSR “Demokritos”), where the core functions are 
expected to reside, with a backhaul point-to-point microwave link.  
A VPN over the Internet also exists, as a fall-back solution. 
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4 Network functions to support the proposed services  

4.1 eMBMS Core 
 
Athonet’s LTE Broadcast solution, the eMBMS, is the simplest and most cost-effective way to deploy LTE 
Broadcast services to deliver video, software updates and other broadcast applications

9
.  

 
The software solution can be: (i) centralized to connect to an existing MNO network, or; (ii) distributed to 
specific locations (e.g. in a stadium) to create localized LTE Broadcast hotspots without affecting the existing 
network.  
The eMBMS solution includes the Mobility Management Entity (MME), MBMS Gateway (MBMS-GW) 
and Broadcast Multicast Service Center (BMSC). It can be deployed in conjunction with our distributed EPC, for 
best user experience, or as a standalone implementation. 
 
 

 

 

 

 

 

 

Figure 3: eMBMS Core architecture 

 

4.2 vEPC  
 
Athonet provides a unique “click-to-deploy” agile mobile packet core solution for Tier 1 Operators, Challenger 
Telcos, MVNOs and MVNEs

10
, Enterprise & Industrial LTE, CBRS

11
 & MulteFire

12
, Governments, Public Safety (PS) 

or mission critical (MC) applications. The full solution (vEPC) includes the HSS (Home Subscriber Server), P-GW 
(Packet Data Network Gateway), SGW (Serving Gateway), MME (Mobility Management Entity) and PCRF (Policy 
and Charging Rules Function

13
).  

                                                           
9
  For more details also see: https://www.athonet.com/embms/  

10
  A Mobile Virtual network Enabler (MVNE) is a legal entity (usually a company) that provides network infrastructure and 

related services, such as business support systems, administration and operations support systems to a Mobile Virtual 
Network Operator (MVNO). This enables MVNOs to offer services to their own customers with their own brands. The 
MVNE does not have a relationship with consumers, but rather is a provider of network enablement platforms and 
services. MVNEs specialize in planning, implementation and management of mobile services. Typically this includes SIM 
provisioning and configuration, customer billing, customer relationship management and value-added service platforms. 
In effect, they enable an MVNO to outsource both the initial integration with the MNO and the ongoing business and 
technical operations management. 

11
  The CBRS Alliance aims to enable a robust ecosystem towards making LTE-based CBRS solutions available. For more 

details see:  https://www.cbrsalliance.org/  
12

  The MulteFire Alliance is an independent, diverse, and international member-driven consortium defining and promoting 
MulteFire which is a cellular-based technology for operating in unlicensed and shared spectrum. For more details see: 
https://www.multefire.org/about/  

13
  Policy and Charging Rules Function (PCRF) is the software node designated in real-time to determine policy rules in a 

multimedia network. As a policy tool, the PCRF plays a central role in next-generation networks. Unlike earlier policy 
engines that were added onto an existing network to enforce policy, the PCRF is a software component that operates at 
the network core and accesses subscriber databases and other specialized functions, such as a charging system, in a 

https://www.athonet.com/embms/
https://www.cbrsalliance.org/
https://www.multefire.org/about/
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It comes with a fully web-based GUI for ease of configuration and management and extensive set of APIs for 
simple integration with mobile operator or enterprise OSS/BSS. 
 
Athonet’s 5G-Ready EPC can be deployed either centralised or highly distributed on public cloud (e.g. AWS, 
Azure, Google, IBM, Oracle) or private cloud (e.g. telco cloud), enterprise data centres or on standard COTS 
servers running on Intel or ARM.  
 
Control Plane (CP) and User Plane (UP) functionalities can be distributed between central and edge-clouds or 
hardware nodes to enable hybrid-cloud, fog-computing

14
 or MEC type deployments. 

 

Figure 4: Athonet’s vEPS appliance 
 

4.3 Edge Video Orchestrator - EVO (VNF) 
 
The deployment of the Edge Video Orchestrator service for the Use Case in stadium consists of a single VNF. 
This VNF contains the infrastructure to implement the services depicted below. It is implemented as a Virtual 
Machine (VM) which is running on the main DC.  
Its network address and ports are transparently seen by the entities that connect to it. The service is 
implemented with the help of the docker container technology

15
 running in a native network configuration 

within the VNF virtual machine.  
 
The EVO VNF is connected to the BMSC [12] as shown in Figure 5. The EVO uses this entity to convey eMBMS 

traffic to the entities that are receiving the EVO’s streams. Throughout this document, those are called “stream-

receivers”.  The entities that provide streams to the EVO (in this document called “stream-providers”) are also 

connected to the EVO VNF.  

 

                                                                                                                                                                                      
centralized manner. Because it operates in real time, the PCRF has an increased strategic significance and broader 
potential role than traditional policy engines. Also see: The 3

rd
 Generation Partnership Project (3GPP): 3GPP TS 23.203 

V16.0.0 (2019-03): “Technical Specification Group Services and System Aspects; Policy and charging control architecture 
(Release 16) 

14
  Fog computing or fog networking, also known as fogging, is an architecture that uses edge devices to carry out a 

substantial amount of computation, storage, communication locally and routed over the Internet backbone. In fact, fog 
computing is a decentralized computing infrastructure in which data, compute, storage and applications are located 
somewhere between the data source and the cloud. Like edge computing, fog computing brings the advantages and 
power of the cloud closer to where data is created and acted upon. 

15
  Docker is a computer program that performs operating-system level-virtualization. It was first released in 2013 and is 

developed by Docker Inc. Docker is used to run software packages called as “containers”. Containers are isolated from 
each other and bundle their own application, tools, libraries and configuration files. They can communicate with each 
other through well-defined channels. All containers are run by a single operating-system kernel and are thus more 
lightweight than virtual machines. 
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Figure 5: Overall service VNF placement 

 

4.3.1 Service overview 
 
The use case provides a set of services related to live video streaming. One of the key aspects is the lowest 
possible glass-to-glass latency of video streams. Glass-to-glass latency

16
 denotes the time needed for a scene in 

front of the camera glass to be detected, encoded, transmitted, decoded and rendered onto the display of the 
stream-receiver. This increases the level immersion into the venue as it allows even distant observers to both 
see the original scene as well as additional videos of the same at the same instant in time.  
 
The observer has a smart phone application which shows those additional video streams. The smartphone app 
allows the user to either see a set of video streams in an overview-like layout, as shown in Figure 6a). The 
number of video views in this mode is configurable within the application. The video views have a lower 
resolution and corresponding bitrate (SD resolution, around 0.8 Mbits/s bitrate) in order to limit the resource 
usage on the network and on the phone, itself. When touching one of the Multi View videos, an overlay 
showing stream name and current bitrate appears. On each of the video views, the actual stream to be shown 

                                                           
16

  About video latency also see, inter-alia: Eberlain, P. (2015): Understanding Video Latency. Sensoray Company, Inc. 
Available at: https://www.vision-systems.com/content/dam/VSD/solutionsinvision/Resources/Sensoray_video-
latency_article_FINAL.pdf  
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https://www.vision-systems.com/content/dam/VSD/solutionsinvision/Resources/Sensoray_video-latency_article_FINAL.pdf
https://www.vision-systems.com/content/dam/VSD/solutionsinvision/Resources/Sensoray_video-latency_article_FINAL.pdf


Embedded Network Services for 5G Experiences (5G ESSENCE)    

Grant Agreement No.761592  31.03.2019 

 

 
Deliverable D5.2 (“Prototypes of network services and integration planning for Use Case 1”)  
 20/36 

 

can be chosen by the user. A double click onto a video in the multi view brings this video into the full screen 
mode (see Figure 6b)).  
In parallel to switching to the full screen mode, the application stops the preview (SD) version of the stream and 
internally requests a high bitrate version of the same stream (HD view).  
Consequently, the user can watch the chosen camera perspective in high quality.  
 

 

a. Multi View 

 

 

b. Single view 

Figure 6: Smart phone application  
 

4.3.1.1 Managing video views 

 
The video views shown in the smart phone application can either be fed by normal cameras directly or can be 
fed by the output of a production system or any other video processing system.  In this way, the services are 
integrated into the normal video production work-flow.  
The production can be local or take place remotely.  

 

4.3.1.2 360° video 

 
An additional level off immersion is achieved to stream UHD equirectangular 360 video feeds into the system. 
In this use case we use an off-the-shelf 360 degrees camera product [13] as shown in Figure 7.  
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Figure 7: INSTA PRO 360 Camera 
 
It consists of a set of cameras and a processing engine. The pictures of the camera are stitched into one big 
3840x2560 pixel wide picture.  
Those pictures then are concatenated to for a single UHD video. This video then can be viewed in the smart 
phone application.  
 
However, as the input format of the video is equirectangular – i.e. a 360-angle projected onto a rectangular 
plane (see Figure 8a), the image has to be pre-processed by the application.  
In the re-projected view (see Figure 8b) only a part (view port) of the video is actually rendered to the screen 
but the projection is not to a plane (regular view). In order to watch the other parts of the video, the user has 
just to turn the phone device.  
 
With the help of the gyro-sensors of the device, the view port changes according to the orientation of the 
device in the three-dimensional space. Consequently, the user can watch all parts of the video by turning 
himself (and the device) by 360 degrees – giving him the impression that the user is part of the venue. 
Alternatively, the user can also modify the viewport by swiping on the screen.  
 

 

a. Equirectangular projection 



Embedded Network Services for 5G Experiences (5G ESSENCE)    

Grant Agreement No.761592  31.03.2019 

 

 
Deliverable D5.2 (“Prototypes of network services and integration planning for Use Case 1”)  
 22/36 

 

 

b. Plane projection 

Figure 8: Case of 360° video in full screen mode 
 

4.3.1.3 Overlay of HTML pages 

 
On top of the video, the EVO can be instructed to send an HTML5

17
 web site link to the application. This link can 

be specified per video camera. This hyperlink is then transmitted to the application. When full screen mode is 
activated and such a link is present for the camera, a transparent browser is started and overlain on top of the 
video (see also Figure 9).  In this way, additional information can be displayed on the top of the video. This web 
site can even contain interactive elements or java script code.  
 
This mechanism enables a new set of use cases on top of the video viewing experience. Those can be safety 
related (displaying messages in case of incidents), used for generating additional revenues (advertisements), or 
just providing additional content (such as game score). 
 
In this use case, a simple web page will be displayed on a specific video.  
 

 

Figure 9: HTML overlay 

 

4.3.1.4 Management interface 

 
The EVO provides a management interface for the users of the system. This interface is a web application that 
can run on any browser. It allows the management personnel to access the EVO from any location with 
corresponding network access. Tasks that can be performed include, but are not limited to: 

                                                           
17

  For more details see: https://www.w3schools.com/html/html5_intro.asp  

https://www.w3schools.com/html/html5_intro.asp
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 Adding removing users; 
 

 Configuration of which cameras should be transmitted over eMBMS, unicast;  
 

 Configure the connection to the BMSC of the eMBMS subsystem;  
 

 View system resources;  
 

 Set capacity limit for load management purposes; 
 

 View connected cameras; 
 

 Manage additional ingest points (to allow clients, other than SML, to connect), or; 
 

 Inspect individual streams for ingest packet loss and other quality metrics. 
 
 

4.3.2 Service end points  

 
The Edge Video Orchestrator provides a REST API

18
 access its services. This REST API is used by the clients to 

seamlessly integrate with the system. Services offered by the EVO include, but are not limited to:  
 
 Register new cameras;  

 
 Query the list of streams available on the system; 

 
 Request to receive a specified stream, or; 

 
 Simulcast transmission of streams. 

 

4.3.2.1 Architectural overview 

 
The detailed architecture of the system is as described in the respective architecture sections of the 5G 

ESSENCE Deliverable D2.2. In the current section, the discussion focuses upon the internal architecture of the 

connected devices.  

 

Figure 10, below, illustrates the overview of the system. Each connection to the EVO consists of two specific 
types of connections, as follows: 

 
 Control plane connection: This connection is always implemented as a unicast connection. It carries 

control information or control requests that allow the EVO to manage the respective streaming 
operation. Typical content are authorization data or stream identification information.  
 

 User plane data: Here, video and audio data are transmitted by using a connectionless protocol. Real-
Time protocol (RTP) is used as a transport protocol. Additional protocol levels on top of RTP might be 
encryption or forward error correction (FEC) protocols. 

 
Stream-providers typically may be active on the control plane and have several user plane streams, depending 
on the number of stream that the specific stream-provider announces. Regular encoders (see section 4.3.3.1) 
do announce the following elementary streams, listed as below: 
 

                                                           
18

  For more informative details also see, among others: https://www.restapitutorial.com/  

https://www.restapitutorial.com/
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 HD: High bitrate video stream; 
 

 SD
19

: Low bitrate video stream, and; 
 

 Audio: Audio stream. 
 
Devices integrated with the EVO system contain a software entity that communicates with the EVO with the 
help of the control plane and provide the correctly negotiated transport mechanisms.  
 
In order to have the sources/sinks of the streams not abstracted from the exact nature of the EVO interaction, 
the EVO Core SDK is introduced. The latter manages all EVO specific actions.  
The EVO Core SDK can be either directly used as a programming library or it can be embedded into a standalone 
application (throughout this document called Orchestrator Interactor - OCI).  
This approach eases the integration of new devices/ use cases into the EVO (see, for example, section 4.3.4)  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Overall system architecture 
 

4.3.2.2 Authentication and authorization 

 
Authentication and authorization are important aspects in VNFs. The EVO’s security concept encompasses first 
to authenticate a client via the REST control plane interactions. At a first stage, a device that wishes to use a 
REST API of the EVO needs to provide pre-configured credentials to the EVO. After that, EVO verifies those 
against its own database. Within this database each set of credentials is associated with a ROLE. The ROLE as a 
set of credentials is configured by the administrator user of the EVO through the management interface. The 
ROLE associated with each user defines what actions each set of credentials is allowed to take through the REST 
API.  For example, it is not possible for a user with the ROLE_SPECTATOR to provide a stream to the EVO. 

                                                           
19

  Purely for informative purpose also see the discussion presented in: Rudd-O.Com: The difference between standard (SD) 
and high definition (HD or high-definition) TV. Available at: https://rudd-o.com/archives/the-difference-between-
standard-sd-and-high-definition-hd-or-high-def-tv  

https://rudd-o.com/archives/the-difference-between-standard-sd-and-high-definition-hd-or-high-def-tv
https://rudd-o.com/archives/the-difference-between-standard-sd-and-high-definition-hd-or-high-def-tv


Embedded Network Services for 5G Experiences (5G ESSENCE)    

Grant Agreement No.761592  31.03.2019 

 

 
Deliverable D5.2 (“Prototypes of network services and integration planning for Use Case 1”)  
 25/36 

 

 
The EVO makes sure that brute force attacks are not possible by blocking specific client IP addresses after 
suspicious behaviour.  
 

4.3.2.3 Dynamic registration of stream-providers 

 
With the help of the service end-point “Register a new Camera” (see section 4.3.2) a stream-provider can 
announce a new set of streams to the EVO system. Along with the stream parameter sets needed to decode the 
respective streams (i.e., session description protocol (SDP)), it also assigns unique stream identifiers (IDs) which 
can be used by the EVO to manage those streams. One specific management action is to switch-on or switch-off 
the respective production of the streams.  
 
This registration end-point is also used to supervise the proper functioning of the stream-provider and attached 
network. In case the stream-provider is not reachable through the network, or if it is not producing data 
although expected, the operator is informed immediately. 
 

4.3.2.4 Simulcast stream transmission and bandwidth management 

 
The EVO service provides two quality versions of each stream. The HD version of the camera video is requested 
by applications which are running in the full screen mode. The SD version of the camera video is requested by 
applications which are running in the multi-screen mode. The EVO keeps a list of stream-receivers interested in 
each quality version of the camera video. 
 
Whenever the number of stream-receivers is changed, the EVO performs the following checks:  
 
 If, after the change, the list of clients for a given quality of the camera stream is empty, the EVO instructs 

the stream-provider to stop sending this quality version. This is especially interesting if the stream-
provider is connected via a wireless network. In this case, the RF bandwidth can be efficiently managed, 
and; 
 

 if before the change, there is no stream-receiver interested in the stream and after the change at least 
one is interested, then the EVO instructs the stream-provider to start sending this quality version of the 
stream. 

 

4.3.2.5 NAT handling 

 
The EVO architecture supports network architectures with NAT [14] (Network Address Translation). The 
architecture assumes that stream-providers and stream-receivers can reach a well-known untranslated EVO IP 
address and a well-known untranslated TCP/IP port and UDP port on that EVO IP address.  
It is however assumed that the stream-providers and stream-receivers source IP addresses are translated by 
NAT procedures when traveling to the EVO. This means that the EVO does not know a-priory the stream-
receivers and stream-providers IP addresses.  
 
Especially when providers or receivers are connected through mobile networks, NAT is present in most cases. 
This makes it difficult to transmit data from the EVO to the stream-receivers (and stream-providers). In case of 
the stream-providers, only control plane data have to be transmitted and this can be done through TCP/IP 
connections.  
 
For stream-receivers however the video, audio and data streams have to be transmitted towards translated IP 
address and port that has potentially undergone several translations. This is handled by the so-called NAT-
punching process, a multi-step procedure which enables the EVO to learn the translated IP address and port of 
the stream-receiver.  
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4.3.2.6 Dynamic query of available stream sources 

 
Stream-receivers can query the available list of cameras on the EVO-MO system along with the parameters 
needed to retrieve and/or display them. The user (with the help of the corresponding smart phone app) can 
choose a sub-set of streams to be displayed on smart phone’s multi-view display.  
 

4.3.2.7 Stream source registration 

 
A stream provider does not need to be pre-configured. Instead, it can announce itself to the EVO system along 
with its streams and other stream related parameters. Once a stream-provider has announced itself, a camera 
object will appear in the EVO-MO’s management interface. The operator then can properly manage this 
stream-provider. 
 

4.3.2.8 Transport management 

 
For a final implementation of the stadium use case many stream-receivers are expected. It is probable that 
some of the streams have to be streamed to several thousand stream-receivers. Estimation is that one stream-
receiver application has a bandwidth need of 5 Mbits/s. For estimation purposes it is assumed that in a small 
stadium 3000 stream-receiver applications will be active. Hence, the wireless network would need to stream 15 
Gbits/s.  
Obviously this is not possible to achieve with state-of-the-art (SOTA) technology (with economic reasonable 
efforts).   
 
At the same time, not all streams will show the same interest by the audience. Therefore, the EVO system 
needs to be able to manage the transport characteristics per stream-provider.  
 
The control plane (discussed in section 4.3.2.4) of the EVO VNF allows telling stream-receivers which transport 
technology and parameters should be used to receive corresponding streams.   
 
Several transport technologies are supported, two of which are: 
  
 Unicast: The EVO sends a copy of all incoming stream-provider data to each stream-receiver. This means 

that each stream-receiver not only allocates resources on the control plane (unicast) but also on the user 
plane, and;  
 

 Broadcast/Multicast technologies: The user plane is sent over a broadcast technology – such as eMBMS. 
The control plane informs the stream-receiver on how to actually access the data on the multicast 
channels. The multicast technology used in this use case is “eMBMS”.  

 

4.3.2.8.1 eMBMS 

 
Figure 11 shows a generalized schema about the eMBMS [15] communication infrastructure. In this use case, 
only the EVO-MO instance is used. The EVO-MO instance communicates with the eMBMS system for each 
stream-provider that is configured to be used for eMBMS. It allocates the respective resources on the 
operator’s network system and then starts sending the requested streams to the BMSC.  
The BMS acts as a proxy and forwards the streams via the relevant 3GPP network interfaces to the multicast 
resources on the mobile network. At the same time, the EVO-MO informs the stream-receivers that they should 
use eMBMS for reception of the streams and provides the relevant information (Multicast Address, TMGI [16]) 
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Figure 11: General setup for eMBMS communication 
 
 
The EVO-MO has a global eMBMS configuration which allows configuring a general camera profile:  

 
 What is the bandwidth that should be requested for a camera, and;  

 
 Which of the simulcast streams (SD or HD) will be sent over eMBMS. 

 
Each registered stream-provider can be configured to use eMBMS (with this profile). It allows the operator to 
very flexibly decide which streams should be sent over eMBMS or over unicast mechanisms. 
 

4.3.3 Client types 
 
For the planed use case several types of stream-providers and stream-receivers will be used as described 
below. 
 

4.3.3.1 Encoder types 

 
Encoders of type “Dream Chip - Targa” [17] will be used as stream providers for static cameras. Those encoders 
are integrated with the EVO system and natively support the EVO control plane interface. 
 
Targa transmitter is designed to enable TV broadcasts over LTE networks. This allows realtime video 
transmission into the cloud or any broadcast studio in the world with an incredibly low latency. Users can watch 
the content anywhere, anytime and with any device, whether it is mobile phone, tablet, laptop or PC.  
 
Targa transmitter is battery powered with a built-in rechargeable battery. It works without any cables to 
support easy mounting on humans, animals, vehicles or any special equipment. Targa transmitter has dedicated 
broadcasting functions and supports simultaneous dual video  streaming, meaning one high resolution stream 
for the broadcast audience and one low resolution stream for preview of, for example, multiple camera views, 
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both H.264
20

 encoded. Additionally, Targa can store both streams on the local Flash Drive for remote playback, 
if the real-time transmission is interrupted due to unknown reasons.  
 

4.3.3.2 Decoder types 

 
Targa receiver is a compact video and audio decoder which is designed for TV broadcast applications. It is 
attached to LAN Networks using its Ethernet port. Targa receiver can decode SD and HD H.264 encoded 
elementary video streams and AAC

21
 audio streams. It features an integrated deinterlacer and scaler, which 

automatically upscales SD content to HD resolutions. Targa receiver supports professional video interfaces like 
HD-SDI and HDMI with integrated audio output. Additionally, it includes an analog audio output.  
 
When used in combination with a Targa transmitter, the Targa receiver has several unique functions: 
 
 VPN-Tunnel: The transmitter can connect to the eceiver over an encrypted VPN tunnel for data security, 

and; 
 

 Audio Return Channel: The receiver can record from analog audio input and stream it to the transmitter. 
This can, for example, be used by producers to give directions to the camera operators. 

 

4.3.3.2.1 INSTA PRO 360  

 
The Insta PRO 360 camera is a 360° camera (see Figure 7), having several lenses and camera sensors. Internal 
compute resources merge the images of those individual sensors and provide an equirectangular single output 
video stream.  
 
The product characteristics can be summarized as: 
  
 Capture up to 8K

22
 3D 360 Videos & Stills; 

 
 1000' Far Sight Remote Viewing & Control; 

 
 Record 8K While Live Streaming 4K

23
 Video; 

                                                           
20

  H.264 or MPEG-4 Part 10, Advanced Video Coding (MPEG-4 AVC) is a proprietary block-oriented motion-compensation-
based video compression standard. It has been assessed as one of the most commonly used formats for the recording, 
compression, and distribution of video content. It supports resolutions up to 8192×4320, including 8K UHD. The intent 
of the H.264/AVC project was to create a standard capable of providing good video quality at substantially lower bit 
rates than previous standards (i.e., half or less the bit rate of MPEG-2, H.263, or MPEG-4 Part 2), without increasing the 
complexity of design so much that it would be impractical or excessively expensive to implement. An additional goal was 
to provide enough flexibility to allow the standard to be applied to a wide variety of applications on a wide variety of 
networks and systems, including low and high bit rates, low and high resolution video, broadcast, DVD storage, RTP/IP 
packet networks, and ITU-T multimedia telephony systems. The H.264 standard can be viewed as a "family of standards" 
composed of a number of different profiles.  

21
  Advanced Audio Coding (AAC) is an audio coding standard for lossy digital audio compression. Designed to be the 

successor of the MP3 format, AAC generally achieves better sound quality than MP3 at the same bit rate. 
22

  8K resolution refers to any screen or display with around 8000 pixels width. 8K UHD, also known as Full UHD, FUHD, or 
Full Ultra HD is the current highest ultra high-definitioon television (UHDTV) resolution in digital television, digital 
cinematography and digital signage. 8K in 8K UHD refers to the horizontal resolution of 7,680 pixels, forming the total 
image dimensions of (7680×4320), also known as 4320p, which refers to the vertical resolution. 8K UHD has twice as 
many horizontal and twice as many vertical pixels as 4k UHD, as well as four times the linear resolution of 1080p (Full 
HD), and six times the linear resolution of 720p. 8K displays are able to produce images with such smooth gradients and 
high levels of sharpness that objects shown can appear even more realistic than in real world. This phenomenon is 
referred to as hyperrealism. 

23
  4K resolution, also called 4K, refers to a horizontal display resolution of approximately 4,000 pixels. Digital television and 

digital cinematography commonly use several different 4K resolutions. In television and consumer media, 3840 × 2160 
(4K UHD) is the dominant 4K standard, whereas the movie projection industry uses 4096 × 2160 (DCI 4K). 



Embedded Network Services for 5G Experiences (5G ESSENCE)    

Grant Agreement No.761592  31.03.2019 

 

 
Deliverable D5.2 (“Prototypes of network services and integration planning for Use Case 1”)  
 29/36 

 

 
 No-Stitch Editing in Adobe Premiere Pro; 

 
 9-Axis FlowState Image Stabilization; 

 
 Records to 6 x microSD & 1 x SD Card; 

 
 Six 200° Fisheye Lenses (Selectable); 

 
 Built-In GPS Supports Google Street View; 

 
 Auto Proxy File Creation; 

 
 2 x USB, 1 x Ethernet, 1 x Audio In. 

 
 

4.3.3.2.2  Different input formats 

 
The EVO system supports cameras and stream-providers that do not directly support the EVO Control plane 
API.  In the “Application” tab of the management interface, local applications can be created to act as an inject 
point. This means on the incoming side, those ingest points support non-EVO video protocols, and on the 
outgoing side they support the EVO control plane protocol.  
 
An optional transcoding process is provided by those applications in order to seamlessly fit the simulcast 
approach of the EVO. This approach is used for the 360° Camera service (see section 4.3.4).  
 

4.3.3.3 Smart phone client app 

 
The Smart phone client app is a stream-receiver for Android. It natively supports the EVO control plane and also 
provides corresponding player functionality. This “smart stream V2” application (see, for example, Figure 6) 
supports to decode receiving video in pure software or alternatively with the help of the Android Media Codec 
hardware decoding functionality

24
. It is important to support both variants as not on all Android hardware 

variants the Android Media Code is properly working.   
 
When displaying a high bitrate UHD video, the use of the HW acceleration is required for optimal performance.  
Especially older devices may not be able to properly display a high bit rate UHD video. 
 

4.3.3.4 Smart phone types 

 
As this use case is bound to show the benefits of the eMBMS network transport, eMBMS-enabled smart phones 

have to be used.  

Figure 10 shows that a special eMBMS middleware on the smart phone is needed.  
 
This middleware enables the local stream-receiver application to:  

 
 Communicate with the modem part of the smart phone’s communication chipset; 

 

                                                           
24

  For more informative details see, for example: https://software.intel.com/en-us/android/articles/android-hardware-
codec-mediacodec  

https://software.intel.com/en-us/android/articles/android-hardware-codec-mediacodec
https://software.intel.com/en-us/android/articles/android-hardware-codec-mediacodec
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 Enable a virtual network device on the smart phone once LTE is present, meaning to allow the smart 
phone application to join a multicast group for eMBMS traffic reception, and; 
 

 Enable the smart phone application to dynamically enable TMGIs (Temporary Mobile Group Identity) 
and thus enable or disable reception of specific multicast channels from the LTE cell. 

 
In our case Qualcomm eMBMS middleware

25
 is used. The Smart fStreamV2 application

26
 has implemented the 

specific interface to the middleware to steer eMBMS reception. Only a very limited set of smart phone models 
support an eMBMS middleware. And the devices available on the markets that support eMBMS mostly use the 
Qualcomm middleware.   
 
At the start of the project, only one product, i.e. Bittium [18] Tough Mobile (as shown in Figure 12), seemed to 
fit the requirements as mentioned by the producer:   
“…Bittium Tough Mobile smartphone is designed and built for demanding Mobile Security and Public Safety 
markets. Android-based Bittium Tough Mobile is packed with innovative features that make it a perfect tool for 
professional users such as government agencies, authorities, first responders and other professionals with the 
need of communicating securely and reliably in critical communication situations. 
Bittium Tough Mobile incorporates a special security platform with features like tamper-detection as well as 
integrity check to ensure end-user security and privacy. 
Bittium Tough Mobile's durable and sophisticated design provides support for global LTE frequencies, IP67 level 
water and dust protection, MIL-STD-810G level shock resistance, dedicated push-to-talk (PTT) button, active 
noise and echo cancellation, powerful loudspeaker and glove-usable touch screen…” 
 

 

Figure 12: Bittium Tough Mobile 

 
In recent months, Android 8 versions supporting eMBMS have been announced. A limited number of those 
brands also offer the APIs needed by Smart Stream V2.  
 
Consequently, the SML partner of the 5G ESSENCE consortium analyses which other smart phone models can 
be used for this use case. 

                                                           
25

  For more details also see: https://developer.qualcomm.com/software/lte-broadcast-sdk  
26

  For relevant informative details also see: http://www.cplusplus.com/reference/fstream/fstream/  

https://developer.qualcomm.com/software/lte-broadcast-sdk
http://www.cplusplus.com/reference/fstream/fstream/
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4.3.4 Transcoding services 
 
As described in section 4.3.2.4, the EVO architecture foresees the transmission of two quality versions of a 
stream in order to manage wireless bandwidth usage in case of unicast transport. The encoding systems 
seamlessly integrated with the SML approach support this simulcasting already on the camera/encoder devices. 
 
However, in use case demonstration we will use an off-the-shelf 360° camera device and, therefore, the SD 
version of the stream has to be created elsewhere. For simplicity purposes, we chose to run the transcoding 
process on the EVO VNF itself.  
 
The transcoding process takes the original 360° video stream and forwards it to the normal EVO switching 
engine. However, it also downscales the video of 3460x2560 to a low-resolution SD variant.  
It also reduces the bitrate from 8 Mbits/s (or higher) to 0.8 Mbits/s. The transcoder is connected to the EVO via 
an edge OCI process handling the EVO communication and protocols. 
 
For this use case, we chose a transcoding process implemented in pure software. This simplifies the platform 
choice for the demonstration. In a real application it would be much more efficient to employ specific HW 
enabled encoding through graphic cards. This dramatically increases the capacity of the overall system and 
logically separates the CPU-intensive transcoding work from the network-centric EVO operation.  
 

 

Figure 13: Transcoding for 360° video 
 

4.3.5 Streaming to external sources 
 
The EVO-MO can also be configured to stream to stream-receivers which do not support the EVO control plane 
protocols natively. For example, the streams can be transcoded and transmuxed, such that Facebook or 
YouTube streaming servers can receive it.  
 

4.3.6 Recording 
 
The EVO system has the notion of “decoders”; those are virtual software entities or can be represented by 
hardware entities to which streams can be sent. Recording decoders are software entities which store the 
streams into .mp4 files. By this mechanism, all streams can be recorded for later playout or inspection. 
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4.3.7 Monitoring 
 
The EVO system has several monitoring levels for performance verification. The most recent information is 
shown on the management GUI (see Figure 14).  
 
Those figures help the operator to identify potential resource shortages, such as CPU or memory overload.   
 

 

 

Figure 14: Orchestrator monitoring GUI 
 
This information is available by REST APIs and can be used in other management tools to visualize long-term 
trends or to be used in billing processes (see Figure 15, realized with Grafana [19]).  
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Figure 15: Long-term trend analysing tools 
 
 
In use cases with bigger number of users, this information is also used for load balancing between different EVO 
instances and/or to decide whether additional EVO instances need to be created. 
 
It is also possible to use this information for load management with the EVO instance itself. The EVO-MO 
supports to limit: 

 
 The number of outgoing streams in order to limit the outgoing network occupancy, or; 

 
 the number of users connected to an EVO instance. This is mostly used implicitly to limit the number of 

streams, but also to limit the control plane load on the EVO.  
 
In case a load limit is reached, new stream-receivers are rejected with an error code that the system capacity 
has been reached.  
 

4.3.7.1 Types of measurements  

 
The types of measurements supported in the proposed use case are listed as follows (covering cases a-c): 
 

a. Measurements per Stream 
 
The measurements per stream include (but are not limited to): 

 
 Incoming bitrate; 

 
 Outgoing bitrate; 

 
 Number of users;  
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 Number of connections; 

 
 Number of the streams active per camera (HD, SD, Audio, Data), and; 

 
 Total number of announced streams. 

 
 

b. Overall Streaming Measurements 
 

 Number of users, and;  
 

 Number of devices. 
 

 
c. VNF Platform statistics 
 
The measurements of the VNF platform include (but are not limited to): 
 
 CPU load per core, and; 

 

 Network interface measurements per interface, with this implicating for: 

 
o Received bytes, transmitted bytes, and;  

 
o Receive rate, transmit rate. 

 
 

4.3.8 Assets for Integration and Validation 
 
The following Table 1 summarizes corresponding assets for integration and validation purposes, based on the 
previous discussion. 
 

Table 1: 5G ESSENCE assets for Integration and Validation 

Type Number 

EVO VNF 1 

Dream Chip Encoders 2 

Insta PRO 360 Camera 1 

Bittium Phone Up to 4 

Management PC 1 
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5 Conclusions  
 
In this deliverable, we presented the 5G ESSENCE testbed architecture overview for the “Edge Network 
Acceleration in a Crowded Event” use case and we also have presented the network functions that will be used 
to support the proposed services.  
 
In order to “address” the needs and requirements of a robust and agile network management, and building 
upon the pillars of network functions virtualization, mobile-edge computing and cognitive management, the 5G 
ESSENCE project will deliver new business models and revenue streams in the real-life use case associated to 
the vertical industry of entertainment, i.e., edge network acceleration in a crowded event.  
 
In this sense, the 5G ESSENCE context “opens the door” to venue owners, e.g., municipalities, stadiums, site 
owners, and virtually anyone who manages a property and can install and run a local Small Cell network, to 
deploy a low cost infrastructure and to act as neutral host network and service provider. Although probably 
none of such entities would offer static network coverage, many of them could foresee adequate chances for 
profits generated by exploiting the 5G ESSENCE concepts of multitenant small cells, able to provide wireless 
network coverage coupled with added value services in close proximity to customers and visitors that belong to 
multiple network operators and vertical industries. 
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