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Executive Summary

5G-TOURS responds to the 5G PPP ICT-19-2019 Advanced 5G validation trials across multiple vertical in-
dustries call, whose main goal is to achieve the European 5G Vision of 5G empowering vertical industries closer
to deployment.

The project is implementing a set of use cases with the objective of improving the quality of life in a city, as
well as the experience of the tourists visiting that city. Grouped in 3 different themes, 5G-TOURS has deployed
end-to-end trials in real environments, each theme in a different trial site: 1) Turin, the touristic city; 2) Rennes,
the safe city; and 3) Athens; the mobility-efficient city.

In concrete, thirteen different use cases are being addressed, each of them with a specific purpose, different
stakeholders and users, a variety of technologies, etc. This document provides a standard framework for pre-
senting the various aspects of these diverse use cases, including a complete description of each of the use cases,
not only from a functional point of view, but also from technical, deployment and economical perspectives. For
each of the use cases, it provides:

¢ Afinal description of the functionality of the use case. This description is the result of the refinement
and continuous analysis of the use cases during the project lifetime.

e Updated sequence diagrams that enrich such descriptions by defining the flow of events and interac-
tions of the key actors with the 5G-TOURS infrastructure.

e Final use case specific user and network requirements. This deliverable includes a reviewed version
of the initial requirements provided by the verticals and that were presented in deliverable D2.2 as well
as their analysis. The same methodology has been used, but with a better knowledge and understanding
from the teams, acquired as the developments and the first implementations of the use cases evolved.

o GSMA Network slice Types (NEST), a novelty introduced by the GSMA and used in this deliverable
that provides a standard technical formulation of how verticals should explain their requirements to
network operators.

Although the definition of the user and network requirements, the methodology and templates used in the project
for their collection, normalization and analysis were explained in the previous deliverable D2.2, the approach
followed is summarized again in this deliverable for the benefit of the reader. The relationship of these require-
ments with the KPIs being used in the project to evaluate the use cases and the 5G PPP KPIs is also explained.

5G-TOURS uses and extends the 5G-EVE platform in order to support its use cases. Therefore, additionally to
the user and network requirements, the use cases also introduced some system requirements that helped to iden-
tify how the 5G-EVE infrastructure has to be enhanced for the successful deployment of these use cases. The
enhanced functionality developed by the project is also briefly introduced in this deliverable, as well as an
analysis of the dependences, deployment implications and interactions.

Before presenting the different use cases, we describe the specific site into which the use cases are being de-
ployed, describing its main functionalities and peculiarities with respect to the other two, and analysing the
particular deployment implications.

Finally, the economic drivers for the commercial deployment of 5G-TOURS use cases are analysed. For that,
we first introduce the framework for understanding economic and commercial potential of the 5G-TOURS use
cases and then the evaluation cases used for assessing benefits and commercial exploitation. Finally, the ap-
proach and results for our assessment of the economic benefits of different specific settings are presented, in-
cluding the key findings from benefits analysis across evaluation cases.
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1 Introduction
1.1 Purpose

This deliverable is the final of a series of three WP2 reports delivered by the project consortium during its 36-
month work plan.

The first report, “D2.1Use cases, deployment and techno-economic requirements - high level description” [1],
was delivered in M4. It provided an initial description of the use cases design and of the requirements specifi-
cation and technologies for the three cities. It also analysed the preliminary deployment and economic implica-
tions. It provided a solid basis upon which other WPs could initiate their activities.

The purpose of the second one, “D2.2 Touristic city, safe city, and mobility-efficient city use cases — final ver-
sion” [2], delivered in M15, described the system design and the requirements specification for each of the
platforms where the use cases were going to be deployed.

This third one, “D2.3 Technical requirements of the use cases, economic and deployment implications — final
version”, includes the final description of the use cases, their requirements as well as deployment and economic
implications. Its outcome is based on the conclusions and work conducted during the whole life of the project.

1.2 Document Structure
The deliverable is organized in the following manner:
e Section 1 (this section) is an introduction to the deliverable.

e Section 2 provides an overview of the methodology used to provide technical requirements, both user
and network requirements as well as system requirements. The main general results are highlighted as
well as the relationship of these requirements with the KPIs being used in the project to evaluate the
use cases and the 5G PPP KPIs.

e Section 3 presents the 5G-TOURS deployment considerations and dependencies with the 5G-EVE pro-
ject.

e Sections 4, 5 and 6 are dedicated to each of the cities. They describe the platform and their specific
deployment considerations as well as the final description of the different use cases, their requirements,
sequence diagrams, GSMA Network Slice Types (NEST), etc.

e Section 7 presents the economic drivers for the 5G-TOURS use cases in commercial deployments.

e Finally, Section 8 provides conclusions.

- 5G-TOURS - ICT-19-2019 — G.A:856950 14



D2.3 Technical requirements of the use cases, economic and deployment implications 7 £

2 Technical requirements

The purpose of this section is to present the final outputs of the work done in task T2.2 Derivation of technical
requirements. The main goal of this task was to analyze the technical requirements considering the functional-
ities specified in task T2.1 Definition of use cases functionality, providing the system design and the require-
ments specification for each of the platforms where the use cases are being deployed.

2.1 User and network requirements

D2.2 included the definition of the user and network requirements, the methodology and templates used in the
project for their collection, as well as their values and analysis. This initial analysis concluded that the manage-
ment of requirements in 5G-TOURS should be a concurrent or iterative research and development process. The
Use Cases (UC) analysis in D2.2 identified a need for review and validation of requirements, since, in some
cases, it was detected that some of the requirements had been potentially over specified. Thus, WP2 identified
a need to maintain user requirement dialogues through to project completion.

This deliverable D2.3 includes a revised version of those requirements, gathered using the same methodology,
but with a better knowledge and understanding from the verticals, which has facilitated them being more precise
when providing their requirements.

Although the methodology for the compilation, normalization and analysis of the user and network requirements
was deeply explained in D2.2, for the sake of the reader, we summarized the approach followed bellow.

2.1.1 Methodology for user and network requirements collection and analy-
Sis

As the end-user needs are a primary driver of the value creation process, we first identified those requirements
that could be explicitly linked to the needs of the end user. When consuming a service over a mobile network,
the customer values the quality of their experience rather than being concerned about technical communications
terms like Mbps or milliseconds latency. Table 1 lists this type of requirements that has to do with the experience
of the end user.

Sixteen user requirements were identified as sufficient to define the vertical requirements in 5G-TOURS. These
are divided into five logical groups: Content, Functional, Composite, Structural and Service Specific. To gather
the user requirements from the thirteen UCs, the template illustrated in Table 1 was provided to the vertical user
who has project responsibility for specification and delivery of the UC from a user benefit perspective. Since
the analysts are not required to be network engineers or technology personnel, a qualitative rather than a quan-
titative approach was taken to indicate the value or importance of each user requirement. This template came
along with the definition / explanation of each of the user requirements (see Appendix A — User requirements
definition), as well as examples to aid understanding of what is expected to be provided to capture the end user
needs.

Having established the user requirements, we progressed to the network requirement derivation. After surveying
a lot of generic best practice methods to efficiently derive requirements from the initial user requirements, we
decided to develop a customised approach which took into account the diversity of UCs implemented in 5G-
TOURS. First, an analysis of network requirement types identified the most appropriate for 5G-TOURS pur-
poses that could be used to encompass a vertical use case requirement from a network perspective. They are
shown in Table 2, that shows the template that was facilitated to the with the analyst teams guided by the cor-
responding definitions (see Appendix B — Network requirements definition).

For the visualisation of the technical requirements, we decide to make use of radar charts. Although we had
identified twelve different network requirements, we chose to enhance this representation to a 10-axis radar
chart (security and availability were excluded). On the other hand, as we wanted to illustrate the general capa-
bilities of 4G and 5G and the differences between them as well as their correlation with each of UC-specific
gathered requirements, a radar chart based on 4G/5G capabilities of Table 3 like the one illustrated in Figure 1
was used.

This radar chart will be subsequently used as a reference since all the use case requirements will be mapped
onto this one to assess their existing and future needs. The area shaded light green and delimited by the red dots
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is the performance envelope of existing 4G networks. If the requirements of a particular UC fall inside this
envelope, then there may be no need for a 5G network in order to realise this UC, although this consideration
also depends on a deployed system capacity question that is not addressed in this analysis. The area that is
bounded by the blue-dots is the envelope of an emergent 5G network (shaded light yellow). If the requirement
of a particular UC falls inside this area, but outside the area of the 4G network capabilities, then this UC benefits
from 5G network features to deliver correct functional or performance aspects. If the requirement of a particular
UC falls outside even this area (defined by the blue dots), then this application or UC has to wait for 5G networks
to evolve further or the particular requirement needs to be reduced with consequent impact on user experience.

Table 1. User Requirements and metrics requirements gathering template.

5G-Tours Use case name: [UC XX] - [NAME]

10

Baseline /Medium /High / Ultra-High grade

a/a User Requirements Description Metrics values and Units
‘2 2 Video Reception: Yes/No no of UEs
[
£ " P
g 2 Video Transmission: Yes/No no of Channels
3
o
o " T
= 3 Voice Communication: Yes/No
&
=} H .
p a Data Reception (DL): High/Medium/Low
[
c H H .
S s |Data Transmission (UL): ey

. Mobility: High Speed / Medium Speed / Walking-Running

@ Speed / Stationary
c
g Location Information:
g 7 High / Medium / Low Accuracy
=]
o
& Fast Response (Low Latency):
5 8 Slow / Fast / Very Fast
w
=)
[ Reliability/Availability: ) )
,g 9 high / medium / low
c
b Security / Privacy:

11

Service / Traffic Type:

Sustained High/medium/Low data rate
Bursty High/medium/Low, burst-size
Sporadic High/medium/Low msg/s

Composite User
Requirements

12

Interactivity & Space Dependency:

Dense High/Medium/Low
Medium Density High/Medium/Low
Sparse High/Medium/Low

13

Edge Computing :

Yes/No

Structural User
Requirements

14

Edge Storage:

Yes/No

15

Battery Life:

High /Medium/ Low

Service Specific
(Examples)

16

other

User specified

- 5G-TOURS - ICT-19-2019 — G.A:856950

16




D2.3 Technical requirements of the use cases, economic and deployment implications

Table 2. Template for collecting general 5G network requirements.

5G-Tours - Use Cases: direct specific Technical requirements Use case name Priority Range
URLLC mMTC  eMBB Min  Max
General Vertical Use cases requirements | | | [ |

1 msec

Throughput (in Mbps ) - Min/MAX - sustained demand Mbps

0,

%
6 Mobility (inm/secorkm/h)-Min/Max  km/h

Broadband Connectivity (peak demand) Y/N or Gbps
8 Network licing (Y/N) - if Y sercice deployment time (min

7
ISR I F I S -
9 Y/N
1 CMbps/mt

11 Device Density Dev/Km?

Table 3. 4G/5G capabilities for mapping the vertical’s use cases requirements.

General 4G/5G Capabilities m“

1 Latency (in milliseconds) - round trip - Min/Max msec 25 10

3 Throughput (in Mbps ) - Min/Max - sustained demand Mbps 400 1000

5 Availability (%) - Min/Max % 99,9% 99,999%

Latency (in milliseconds) - round trip - Min/Max

3
o

5 Availability (%) - Min/Max

Security (Y/N) - if Y grade i.e. "Carrier Grade"

7 Broadband Connectivity (peak demand) Y/N or Gbps 1 20
9 Security (Y/N) - if Y grade i.e. "Carrier Grade" Y/N Y Y
11 Device Density Dev/Km? 100K 1000K

5G-Tours: 4G/5G capabilities

—8— 4G
—8—5G

Network Latency e2e (ms)

RAN Latency (ms)

Data Rate
(Throughput - Mbps)

Device Density
(Devices/Km?)

Capacity

(Mbps/m?) Reliability (%)

Broadband Connectivity

(Peak demand - Gbit/s) (if yes -> Service deployment time - min)

Mobility
(Km/h)

Figure 1.An illustrative radar chart for visualisation of network requirements.
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2.1.2 Relation with WP7 and 5GPPP KPIs

The network requirements, defined by WP2 during the requirement collection phase, were then translated into
KPIs in WP7 whose definition is presented in detail in D7.2 [3].

Table 4 illustrates the mapping between these network requirements, the KPIs considered in D7.2, as well as
their relation to the 5G PPP KPIs (see Table 5).

Table 4. Requirements to KPI to 5G PPP KPI mapping.

Network requirement KPI 5G PPP KPI 5G PPP KPI value
Latency (ms) Latency (ms) P1 10 ms
RAN latency (ms) RAN latency (ms) P1 1ms
Throughput (Mbps) Throughput (Mbps) P1 50 Mbps
Reliability (%) Reliability (%) P4 99.999%
Availability (%) Availability (%) P4 99.999%
Mobility (Km/h) Mobility (Km/h) P1 500 Km/h
Broadband connectivity (Gbps) Broadband connectivity (Gbps) P1 20 Gbps
Network slicing (Y/N) Slice deployment time (min) P3 90 min
Security (Y/N) Per use case (e.g.,eggzgle, secrecy, resili- P4 “Carrier grade”
Capacity (Mbps/m?) Capacity (Mbps/m?) P1 10 Mbps/m?
Device density (dev/km?) Device density (dev/km?) P5 1M terminals/km2
Location accuracy (m) Location accuracy (m) P1 im

The last column of Table 4 presents the relative target values of the KPIs based on the 5G PPP phase Il KPIs
document [4].

Table 5. 5G PPP KPls.

5G PPP KPI
P1 Providing 1000 times higher wireless area capacity and more varied service capabilities compared to 2010
P2 Saving up to 90_% qf energy per service p_)rovided. The main focqs will be in mobile communication networks
where the dominating energy consumption comes from the radio access network
P3 Reducing the average service creation time cycle from 90 hours to 90 minutes
P4 Creating a secure, reliable and dependable Internet with a “zero perceived” downtime for services provision
P5 Fac!litating very dense Fje_ployments of wireless communication links to connect over 7 trillion wireless
devices serving over 7 billion people
P6 Ensuring for everyone and everywhere the access to a wider panel of services and applications at lower cost

2.1.3 Main results and conclusions

In order to make this document easy to read, we provide a general overall view and analysis of the requirements,
together with the main conclusions in this section. The detailed UC-individual user and network requirements,
the radar charts, as well as the corresponding analysis are presented later in Sections 4, 5 and 6, in which we
provide all the information describing each of the thirteen use cases: final description, user and network require-
ments, sequence diagrams and GSMA NESTSs.

2.1.3.1 User requirements

Table 6 presents the overall user requirements for the 13 5G-TOURS UC, from which we can produce Table 7,
where the number of UCs per requirement metric is illustrated. Especially in those UCs where there are sub use
cases, it is possible to have more than one value to some user requirements.
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Table 6. User requirements.
Ty Use C - Video Transmis | = Data: Dat'a . Mobifi location | Fast Response |Reliability)/ | Security / Service / Traffic weSpace et Edge Edge Battery
Recepti . .. i’ z 1 ati Late, (Availability |  Privacy T Computing | Stora if
ption sion ication o) ) nformation | (Low ncy) Ve gy omp g ge Life
Yes Mo Mo High Low 'Walking-Running High Very fast low Medium | Sporadic f low (1oT) Med ium Mo Yes nfa(loT)
Augmented Tourism Experiense Speed Dencity flow
{laT)
Yes Yes Yes low Low (Walking-Running| Medium Fast medium baseline | St.medium, (media) Medium Mo Mo nfa
Telepresense Speed Sp.high, (controls) Dencity
5t. low {loT) Jmedium
Yes Yes Yes g Low Very fast medium High sustained medium sparse high Mo Mo nfa
Touristic Robot-Assisted Museum Guide
city
Yes Yes No High No Medium+ Low slow-medium | medium baseline sustained high Medium Yes No medium
a a R Iking/running Dencity lov
High-Quality Video Services Distribution wa peed enclty low
+stationary
Mo Yes Yes Mo High ‘Walking Running low 1. Very fast high baseline sustained high dense high Mo Mot nfa
Distributed Video Production speed/ 2. low important
stationary
.. Yes Yes Yes Stati yto low Very fast high high sustained medium |Medium density)| Yes Mo low
Remote health Monitoring Walking speed low
Yes Yes Yes |High/Mediu medium Stationary and low fast/medium high ultra-high st. high, Medium density Mo Mo medium
Teleguidance for Diagnostics and Intervention sup. m/Low High speed Br. Low, low
Safe city Sp. High
. Yes Yes Yes none none Stationary none slow low high st. high Medium density| Mo Mo low
Wireless Operating Room low
. , Yes Yes Yes Stati yto Very fast high medium sustained medium |Medium density)| Yes Mo low
Optimal Ambulance Routing High speed low
Mo Mo Mo High Low Medium speed high fast high medium sporadic medium  [medium density Mo Mo medium
medium
Yes Mo Mo high none High speed high fast high high Bursty high sparse med ium Mo Yes high
Mobility-
efficient No No No high No medium speed high fast high high Bursty high Dense medium No No medium
city Yes No No high medium VR high No fast Tow medium Bursty high dense high Yes Yes | medium
spead/AR
walking-running{
i v
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Table 7. Number of UCs per requirement metrics.

Metrics

User Requirements| n/a Yes No High | Medium | Low
Video Reception 10 3

Video Transmission 8

Voice Communication 7

Data Reception (DL) 2

w1

Data Transmission (UL)
Mobility

[y
o

H[H =N

Location Information 2

=
o

Fast Response (Low Latency)

Reliability/Availability

Security / Privacy

Service / Traffic type - Sustained

Service / Traffic type - Bursty

Service / Traffic type - Sporadic)

Interactivity & Space Dependency - Dense

Interactivity & Space Dependency - Medium

= N |= (= OV | & WININWW s
O O[O [k |k |k W W wu

R O IN |IN W [&d 0N

Interactivity & Space Dependency - Sparse

Edge Computing 4 9
Edge Storage 1 3 9
Battery Life 4 1 5 3
other 13

Then a histogram of the numbers of UCs for each one of the user requirements is illustrated in Figure 2 below:

n/a
High
Medium

Figure 2. Number of UCs per Metric.
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2.1.3.2 Network requirements

The first main conclusion we can make from the analysis of the network requirements is that most of the UCs
require a 5G network in order to deliver the prescribed service in a satisfactory way.

From the total of 22 radar charts created for the analysis of the network requirements, the percentage of the
overall requirements that are being covered by existing technologies (4G/LTE) and those that need the 5G ca-
pabilities is shown in Table 8 below.

Table 8. Percentage of network requirements covered by 4G or 5G.

Network Requirements Covered by 4G m

Network Latency (e2e) 59,1% 40,9%
RAN Latency (one way) 70,0% 30,0%
Throughput 84,2% 15,8%
Reliability 4,8% 95,2%
Network Slicing 23,8% 76,2%
Mobility 100,0% 0,0%
Broadband Connectivity 87,5% 12,5%
Capacity 66,7% 33,3%
Device Density 84,6% 15,4%
Location Accuracy 35,7% 64,8%

In brief, as shown in Figure 3 below, the most requested network capability is reliability, while the second one
is the support of network slicing. Note that the 5G capability for slicing is “1 sec” for establishing a slice.

Requiements covered by 4G or need 5G
120,0%
100,0%
80,0%

60,0%

40,0% I I

=ik 15

o n A1 m M
'19'\ é\\‘\ & *s\ & Y Y A

2 ‘;‘@& Q& 38 R ) (=3 By &
A & & ° ¥ Q° & D@Q(b o‘é\ &
& \O & & & & &
"g' C\ ’(Q ,63 00 4\(" . 0(\
g & > & x>
‘S‘ o Q\Q’ ,b(‘ Q s
& ‘\\? ¥ P
o & ©<°‘b

B Covered by 4G HNeed 5G

Figure 3: UC’s request for 4G or 5G

For these UCs, careful network planning and dimensioning as well as other information and novel approaches
should be adopted in order to deliver the required values. This evaluation will be performed at a later stage in
the project in WP7.

In some cases, as it is shown in Figure 4 below and it will be also mentioned in the section corresponding to
each specific UC, we see that some requirements reach the limits of the foreseen capabilities of the 5G network.
These demanding requirements are mainly in term of:

o Reliability: 23,8% reach the limits of 5G.
e Capacity: 20% reach the limits of 5G.
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e Location Accuracy: 7,7% reach the limits of 5G.

Covered by 5G or limits 5G
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Figure 4. Percentages of UC’s requirements that need 5G or reach the limits of 5G.
The solution for satisfying the required Capacity is usually to carefully plan the Radio Access Network and
expanding the Network throughput Resources.

The answer to provide the ultra-high Location Accuracy is described in the analysis and is to consider (if the
requirement cannot be relaxed) other positioning modalities. The solution is complicated when mobility is also
required.

Finally, the ultra-Reliability can be addressed by planning, redundancy in resources, and higher quality equip-
ment / components at the expense of price.

The analysis performed in this report is a valuable insight into what 5G Network technologies should focus on
to better serve the needs of the end-users.

Table 9. Percentage of network requirements covered by 4G or 5G per UC.

“ Req. covered by 4G Req. need 5G

uc1 65,8% 34,2%
uc2 82,4% 17,6%
uc3 77,8% 22,2%
uca 42,9% g 57,1%
ucs 58,8% 41,2%
ucé 57,9% 42,1%
uc? 60,0% 40,0%
ucs 16,7% 83,3%
uco 60,0% 40,0%
uC10 68,8% 31,3%
uc11 70,0% 30,0%
uc12 20,0% 80,0%
uc13 50,0% 50,0%

Finally, in Table 9 and the two charts below (bar chart Figure 5 and histogram Figure 6), the need for 4G and
5G is depicted per UC.
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Requirements coverd by 4G and need 5G per UC
90,0%

80,0%
70,0%

60,0%

50,0%

40,0%

30,0%

20,0%

10,0% I
0,0%

uUCl0 UuC11 uci2 uci3

¥ Req. covered by 4G W Req. need 5G

Figure 5. Bar chart for the need of 4G and 5G per UC.

Histogram for 4G/5G per UC

120,0%

100,0%

80,0%
60,0%
40,0%
20,0%

0,0%

UCi0 UC11 UuUC12 uUcCi3

®Req. covered by 4G m Req. need 5G
Figure 6. Histogram for the need of 4G and 5G per UC.

As we can see for the above charts, UC8 is the one with the more need for 5G to satisfy its requirements and
less need for 4G (16%), while the second one is UC12 with 4G need of 20%.

2.1.3.3 Service types / Slices

Table 10 categorises the use case analysts’ views on the network service / slice types required per UC in terms
of the three core slice categories, namely: URLLC, mMTC, and eMBB. This is also presented graphically in
Figure 7 and Figure 8. Both figures show that:

o All three dimensions of URLLC, mMTC and eMBB are required to support the 5G-TOURS UCs.
e There is no distinct bias in the joint requirements towards one of the three core slice types.

Data show that the highest demand is for URLLC (9 UCs), followed by eMBB (8 UCs) and followed by mMTC
with the lowest demand (from 4 UCs).
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Table 10. 5G-TOURS UCs service types/slices.
Areas Use Cases URLLC | mMTC | eMBB
Augmented Tourism Experiense v v v
Telepresense Vv Vv

Touristic city Robot-Assisted Museum Guide \

High-Quality Video Services Distribution \

Distributed Video Production \ \

Remote health Monitoring Vv Vv v
X Teleguidance for Diagnostics and Intervention sup. Vv

Safe city : 5

Wireless Operating Room \

Optimal Ambulance Routing \ \

) Vv

- . . v
Mobility-efficient city "

\

9 4 8
69,23%  30,77%  61,54%

Figure 7. Service types/slices requirements per use case scenario.
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61,54%

in total of 13 ucs
9 URLLc

4 mmMTC

8 eMBR

Figure 8. Service types/slices requirements demand.

2.2 System requirements

Many of the 5G-TOURS envisioned use cases will benefit from the enhanced additional functionality that the
project consortium developed on top of the existing 5G-EVE platform. These activities in some cases will in-
troduce additional side functionalities, such as monitoring features, or include some fundamental network func-
tion, such as the broadcast support, which is mandatory for the correct realization of some of the UCs. That is,
UCs introduced requirement (also through the NEST templates definition) which were then fulfilled by WP3.
They are categorized in the section below.

2.2.1 Service Layer and vertical interaction

In order to provide the enhanced services envisioned by the project on top of a 5G infrastructure, vertical service
providers need to have a more direct interaction with the network. This imposes a more open network exposure
functionality from the operator who has to share significant network metrics to allow the service provider to
tailor the operation of the service according to the changing environmental conditions. This operation is fulfilled
in 5G-TOURS by the service layer, which, in addition to the open SDK, will provide ways to foster the inter-
action between verticals and operators, in the following ways:

e Continuous KPI monitoring though network exposure functionality. While the definition of the relevant
KPIs changes according to the different UCs, the service layer monitoring functionality focuses on the
most common one such as the end-to-end latency and the per user throughput. The selected KPI and
the monitoring granularity are defined and required from WP2 through the NESTSs.

e Programmatic onboarding of network slices though the 5G-EVE portal.
These aspects are specified in each UC NEST templated.

2.2.2 Al Enhanced Orchestration

In 5G-TOURS, Artificial Intelligence (Al) will be prominently used by network operators to optimize the re-
source provisioning within the network. Operational functionality such as intelligent resource assignments and
network resource assignment will be provided through Al. While this is not directly influencing the operation
of the UCs from the service provider point of view, this will indirectly benefit the verticals by enabling cheaper
OPEX costs. Additionally, the operation of the network could bridge the intelligences developed in the network
infrastructure and the ones developed by service provider. This functionality is implemented in the Athens site,
and it has been showcased in the 5G-TOURS supported PoC in the ETSI ENI ISG [5].
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2.2.3 Broadcast Support

Broadcast is a fundamental enabler of UC4. The requirement coming from this UC has been fulfilled by the
operation of a 3GPP Rel. 16 High Power High Tower solution and the Broadcast-enabled 5G Core deployed in
the Universitat Politécnica de Valencia (UPV) premises and connected to the 5G-EVE lItalian site as an addi-
tional branch. All these requirements have been duly specified by the UC owner and implemented by the net-
work developers.

2.2.4 Other innovations

Sometimes UCs have very stringent requirements in terms of bandwidth and latency which challenge even the
most innovative hardware deployment available in 5G-EVE. Therefore, for some UCs, 5G-TOURS partners
deployed new hardware that either provides superior performance, such as the 26 GHz network deployed in
France, or include 5G functionality in challenging environments such as the museum in Turin or the Hospital
in Rennes. As also captured by the reports produced by the respective WPs, the deployment in the museum,
which is protected by cultural heritage regulations forbids that antennas or other network elements break the
historic environment, while the deployment in the hospital, that has to be fully integrated with the existing
medical infrastructure deployment, had to pass very strict tests about the electromagnetic footprint in such a
challenging environment.
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3 Deployment considerations
3.1 Dependencies with 5G-EVE

The 5G-EVE end-to-end (E2E) facility is composed of four interconnected sites facilities located in Greece,
Italy, Spain, and France that support several use cases for verticals and experimenters [6]. The objective is to
build a European 5G end-to-end facility that will host a selection of use cases to be deployed by verticals. 5G-
TOURS, as a verticals-oriented project, uses three out of the four 5G-EVE locations (Greece, France, and Italy)
and extends on the platform to support their use cases.

T Vb 0. 0 ey e e I W 00 TP el int
. s \
Vicde0 Searver

e
s .

[ i o ECE b 4 1 w2 Y W S | ] Dot o L e 200 nm e VW WFCP

e —— l r— o e _

s e Comts el W waf_mart
[ o .

o st wel_cp
L wl_w3B0_int sl
e
sap_wal_mgmt

ot B, PR CHATLSM - .

a: Video service VSB at Orange Chatillon b: Wef_cp VSB at BCOM Rennes

= @5\ 56 EVE portal
= M i EVE portal Il @ @

c: Wef_dp VSB at BCOM Lannion d: Composite French multi-site VSB

Figure 9. Example for Vertical Service Blueprint for multi-site.

The E2E operation process defined in 5G-EVE, described in [6], is used to deploy a use case. The use case
needs blueprint files with a specific syntax, to be available in the common Gitlab repository of the project before
integrating them in the platform. The deployment follows a multi-site approach that is able to place the VNF in
a specific location or site. Figure 9 illustrates how and where the VNF components are deployed (a: Video server
in Orange Chatillon, b: Wef _cp at BCOM Rennes, ¢: Wef _dp at BCOM Lannion and d: Composite multi-site
VSB) in a typical case.

5G-TOURS use cases leverage the capabilities of 5G-EVE to support their requirements. These requirements
are expressed in the form of 5G-EVE compatible blueprints.

This benefits the use cases by using the monitoring functionalities (providing the collection and visualization
functionalities of data) and supporting the visualization of monitoring data through the 5G-EVE portal GUI, in
addition to other internal functionalities for performance validation and evaluation based on KPIs. Figure 10
illustrates the E2E view of the 5G-EVE platform for an experimenter.
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5G
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Day-2 configuration
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Interworking Framework

Figure 10. Interworking Framework architecture as defined in 5G EVE D3.1 [7].

The interaction between 5G-TOURS and 5G-EVE is based on roles with the framework as a guide. In the
following, we explain the roles in 5G-EVE and their equivalent in 5G-TOURS:

Vertical: actor with the knowledge of the service to be tested, including SLASs and service compo-
nents.

o The UC owners in 5G-TOURS are the Verticals.
Verticals’ VNF Provider: actor who provides the VNF packages for the vertical applications.

o A partner from 5G-TOURS or 5G-EVE that knows the compatibility of the VNF with the
destination infrastructure. An integrator in between is also possible.

Experiment developer: actor responsible for specifying the blueprints associated to an experiment,
as well as the associated NFV network services descriptors. This user has the knowledge about the
5G-EVE infrastructure and expertise about NFV network service modelling.

o Ingeneral, not the UC owner. An integrator or a partner with sufficient knowledge of 5G-
EVE framework in collaboration with the UC owner.

Experimenter: actor responsible for the request of an experiment and the assessment of its results;
defines the characteristics of an experiment starting from its blueprint, requests the deployment of
related virtual environment and experiment execution and analyses results and KPIs.

o The UC owners or trusted integrators to test the UC and guarantee the respect of SLAs.
Site manager: system and infrastructure administrator for a 5G-EVE site.

o 5G-EVE are the site managers in our context, and we rely on the partners to achieve suc-
cessful experiments.

Another way to express technical constraints from the telco operator are the GSMA NEST Templates. This is a
more standardized way, outside of the scope of 5G-EVE, that describes how a vertical should explain its tech-
nical requirements to a network operator. More information about this is provided in the section below.

3.2 GSMA Network Slice Type (NEST)

The Generic Network Slice Template (GST) is a set of attributes that can characterise a type
of network slice/service. GST is generic and is not tied to any specific network deployment. The NEtwork Slice
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Type (NEST) is a GST filled with values assigned to express a given set of requirements to support a network
slice customer use case (see Figure 11).

GST
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Requirements

Figure 11. GSMA NEST Template

The slicing requirements of the Use cases of 5G-TOURS are expressed in a standardized manner with regards
to the underlying infrastructure; the GSMA Network Slice Type (NEST) Templates [8]. A slice is a logical
network that provides specific network capabilities and network characteristics to its owner. The slice can have
specific requirements agreed between a vertical and network operator. This relationship of infrastructure pro-
vider and vertical/experimenter is very well represented for all 5G-TOURS use cases.

‘k sTmTTm s ~ | 5GC SrlceProﬁle I | NG-RAN SllceProfle I TN requuements I

HsSC Use Case

I
> NRSFH—H Hetwork sice
\

Requirements \
\
- - \
\
Con'gura:le Configurable
| parameters parameters

‘ NG-RAN domain -

Figure 12. From requirements to slice description

A network slice could span across multiple network domains in theory. In the context of 5G-TOURS, only one
domain at a time, under the responsibility of the same infrastructure provider is used. The resources of the
network slice are also dedicated to the experimenter in our case.

In order to create a GSMA Template, the verticals follow a simple methodology that consists of analysing its
use of the network and translating that into a GST file by answering a set of standard questions present in the
standard GSMA Template as illustrated in Figure 12.

In 5G-TOURS, in order to ease the translation between the NEST templates and the actual site deployment and
configuration, the Testing Scenario Templates (TST) are used in line with the 5G-TOURS evaluation method-
ology presented in WP7. The TSTs (realised per network slice) enhances and extends the NEST templates with
additional information related to:

a) the network configuration (both in RAN and Core);

b) the UE capabilities;

c) the service characteristics;

d) the environmental details in which the tests are executed:;
e) the metrics and KPIs to be collected and validated.
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In this way, the TSTs guides the technical people responsible for the actual deployment of the UCs to realise
the translation steps described in Figure 12. The creation of TST is based on the work done and the testing
templates used in 5G PPP Test, Measurement and KPIs Validation (TMV) Working Group [9]. The TST
together with some indicative values is presented in Table 11.

Table 11. Testing Scenario Template.

Parameter group Test scenarios parameter Example value
3GPP standard 3GPP Release Rel.15
3GPP Architecture option NSA
Band 3.5 Ghz
Bandwidth 50 MHz
RAN Carrier aggregation 16
UL/DL pattern FDD
Modulation 64QAM
MIMO 2 layers
Core Deployment Edge/Central
UE Category CAT7
MIMO 2 layers
Service Deployment Edge/Central
Service type eMBB/URLLC/mMTC
Indoor/Outdoor Indoor
Number of UEs 10
. Number of cells 3
Environment
Device density #devices/km"2
Mobility 60Km/h
Background traffic UE emulation
Metric name RTT latency
Unit ms
Metrics (list) Probe position (network) UE
Probe position (layer) APP layer
Sampling rate 1min
KPI name E2E latency
KPIs (list) Unit L
Criteria <10ms
Analysis equation AVG (RTT latency (metric)/2)
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4 The Touristic City
4.1 The Platform

At the time of writing this document, the network solution of the Turin site is under its second implementation
phase (i.e., phase 2). As reported, in D4.2 [10], the two phases approach was introduced due to the impossibility
to deploy a network solution that would support all the aspects in terms of use case technical requirements,
outdoor and indoor coverages, trials time plan, and the integration with the 5G-EVE infrastructure, at its first

implementation. The network implementation of phase 2 is constituted by two parallel, independent, and com-
plementary activities:

#

¢ In-field: this branch can be considered as a prosecution of the phase 1, in which the network solution

will provide the 5G indoor coverage of Palazzo Madama and Modern Art Gallery (GAM) based on an
NSA (Non-Standalone) architecture deployment and connected to the TIM’s commercial Core Network
(CN). The on-field branch will also address the use case integration with 5G-EVE infrastructure in
terms of NFV infrastructure and 5G-EVE portal usage.

Experimental: this branch is going to be based on the E2E NSA 5G network solution developed by
5G-EVE at the TIM laboratory, providing almost full integration with the 5G-EVE infrastructure. The

objective of this branch is to experiment innovative slicing management functionalities using the EVER
orchestrator [6].

Based on this phased approach, the Turin site network solution will be essentially based on the 5G-EVE platform
as described in D3.3 [11] and reported in Figure 13, in which the integration aspects between the 5G-TOURS
network solution and the 5G-EVE infrastructure are depicted. The deployment implications related to the two
on-filed and experimental branches described above are reported in the following section.

Phase 1/ Phase 2 Field
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- ©“m» BT 0 B s cousenass e N e g e st e i e e S
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ! TIMLAB Ipsec tunnels
5G-TOURS radio indoor Small cells. | Madrid
coverage of Palazzo Campus Parigi>@
Madama/GAM Atene ~
________________________________________________________ g 0
> ~
~
ﬁ ENM lab ~_ sal
Phase 2 Lab ' Lab Core i
—————————————————————————————————————— i
TMLab | | X JEN|PEN @
| é s S | | “ere ENM
e e |
AL 5G-EVE network - 5G-EVE network Add-on in TIM Lab
e
Q= @2 W Add on for 5G-TOURS

Baseband 6630 (the actual number of nodes and their

configuration will be defined in the final network design)

Figure 13. Turin site overall platform based in 5G EVE infrastructure.

4.2 Deployment implications

As anticipated in the previous section, the in-field branch will be based on TIM’s 5G commercial network that
has been deployed according to the Rel-15 NSA option 3 architecture. From this perspective, the 5G indoor
coverage of the two museums can be considered as a fully-fledged extension of the 4G/5G outdoor coverage
provided by TIM. On this basis, all the UCs experimentation that will run over the in-field network will not
implement any slicing features (e.g., slices onboarding, slices management, etc.) at the CN and/or radio access
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levels since these are not supported by the Rel-15 network devices. Nevertheless, the in-field branch will provide
a real pre-commercial implementation of the UCs, demonstrating how 5G is able to meet their technical and
performance requirements that 4G would not be able to provide.

On the other side, the experimentation branch will use the 5G-EVE network solution deployed at TIM’s labor-
atory. Even if this deployment is still based on an NSA architecture, the Evolved Packet Core (EPC) node is
supported by the so called EVER orchestrator (please refer to [6] for a detailed description of the infrastructure
and functionalities). In this context, slicing management functionalities based on 5G-TOURS innovation will
be experimented through UC1, that is encompassing all the three slice types such as eMBB (for the AR part),
URLLC (for the VR part) and mMTC (for the 10T layer based on the sensor that will be installed at Palazzo
Madama). Based on this, Figure 14 depicts the end-to-end architecture instantiation for UC1 (see [11]).

UC1 Verticals
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Figure 14. UC1 architecture instantiation.

The next section reports the user and network requirements, sequence diagrams and NEST description for the
different UCs of the Turin site. With respect to the slice definition, it has to be highlighted that the requirements
and the sequence diagram consider a target implementation solution in which slicing management will be sup-
ported by all the network elements (i.e., CN and RAN) as well as the application layer of the UCs. In such a
case, for example, UC5 will require the instantiation of two different slices (i.e., eMBB and URLLC), but, in
its experimentation on the 5G commercial network, the slicing cannot not be implemented. As mentioned be-
fore, studies are currently ongoing to experiment slicing functionalities for UC1 in the laboratory context.

4.3 UCs

4.3.1 UC1 - Augmented tourism experience
4.3.1.1 High level description

This use case aims to provide the visitors of targeted museums with an improved and more engaging experience
based on the use of eXtended Reality (XR) technologies. The UCL1 is divided into two sub use cases: UC1a, that
will take place in Palazzo Madama enclosing two scenarios, Augmented Reality (AR) and Virtual Reality (VR),
and UC1b that will be based in GAM. Each scenario is described in the sections below.

43.1.1.1 UCla AR and VR: In the very heart of Turin

This sub-UC aims to create and test an integrated, immersive visit in the Museum and surrounding areas using
a mobile application (App) that uses different technologies. Through the App, the visitor will have access to
additional information such as level of crowding in a museum room, map of the museum, and related points of
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interest as well as access to more content related to specific rooms and artworks. It will be possible to interact
with 3D objects or participate in a virtual scenario to improve the visitor knowledge by taking actions. Further-
more, at the end of the visit, the App will help visitors suggesting further places of interest using interaction
with “smart city services”. Finally, once at home, the city tourists can retrieve artworks previously stored during
the tour. The application also integrates an emergency notification system that will notify the user in case of fire
or earthquake directly into their smartphones.

4.3.1.1.2 UC1lb: GAM and Edulab — Gamification, let’s play artist

The objective of this sub-UC is to allow users to enter the life of De Maria contemporary artist and to directly
test the art creation process as well as learn about it through gamification. It’s an educational Case Study ad-
dressed to students or families with children. The experience mixes XR with gamification and will allow chil-
dren to work on an interactive wall reproducing the artist's canvas by choosing shape and colours contents.

4.3.1.2 UC specific User and Network Requirements

For the implementation of the three scenarios, the following requirements from the user perspective are needed:

Table 12. User requirements for UC1 — Augmented Tourism Experience.

5G-Tours Use case name: UC1 - Augmented Tourism Experience

a/a User Requirements Description Metrics Values and Units
1 Video Reception: Yes/No no of UEs Yes / 40
. ‘g . . .
g £ 2 Video Transmission: Yes/No no of Channels No
- s 3 |Voice Communication: Yes/No No
£ 3 :
S E’ 4 Data Reception (DL): High/Medium/Low High
5 Data Transmission (UL) : High/Medium/Low Low
. Mobility: ngh Speed / Medium Speed / Walking-Running Speed / Walking-Running Speed
5w Stationary
w ¥ . .
2 E 7  |Location Information: High / Medium / Low Accuracy High accuracy
©
.§ % 8 Fast Response (Low Latency): Slow / Fast / Very Fast Very Fast
g o . .y . .y
E 2 9 Reliability/Availability: high / medium / low 99.99%
10 |Security / Privacy: Baseline /Medium /High / Ultra-High grade Medium grade
Service / Traffic Type: Sustained High/medium/Low data rate
11 Bursty High/medium/Low, burst-size Sporatic / low (1oT) (reviewd)

Sporadic High/medium/Low msg/s

Interactivity & Space Dependency: Dense High/Medium/Low

12 Medium Density High/Medium/Low Medium Density /Low (loT) (reviewd)
Sparse High/Medium/Low

Composite User
Requirements

3 8 Edge Computing :

2 13 9 puting Yes/No No
E5

3£ Edge Storage :

© S

S T 14 Yes/No Yes
s

2 Battery Life:

g T 15 High /Medium/ Low N/A (loT) (reviewd)
&5

8 E other

E w 16 User specified

wv

The mapping of the above user requirements into network requirements are illustrated in the following Table
13, Table 14, and Table 15, where the vertical use case requirements for the 3 sub-use cases of use case 1 are
shown.
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Table 13. UCla — Augmented Tourism Experience AR (mMMTC & eMBB)- network requirements.

Reviewed) UCla: AR - Augmented tourism experience
5G-Tours - Use Cases: direct specific Technical requirements Units ( ) . g D Priority Range
(in Palazzo Madama)

URLLC mMTC eMBB
General Vertical Use cases requirements ___—-__
1 Latency (in milliseconds) - round trip - Min/Max msec
3 Throughput (in Mbps ) - Min/MAX - sustained demand Mbps 30Kbps - 130Kbps 400Mbps - 600 Bbps 30Kbps 600Mbps
5 Availability (%) - Min/Max % 99,999% 99,99% 99,99% 99,999%
7 Broadband Connectivity (peak demand) Y/N or Gbps No 0.08 0.08 0.08
9 Security (Y/N) - if Y grade i.e. "Carrier Grade" Y/N Y (Baseline) Y

11 Device Density Dev/Km?

20+ 400 20 400
| 12 loationAccwacy _m  NA 1 11
(*) 1 Mbps/Km? = 0,000001 Mbps/m?
(**) 12 Mbps/Km? = 0,000012 Mbps/m?

Table 14. UCla — Augmented Tourism Experience VR (URLLC) - network requirements.

Revi d) UCla: VR - Augmented tourism experience
5G-Tours - Use Cases: direct specific Technical requirements Units {Revicned) ) ug urt xpert Priority Range
(in Palazzo Madama)

URLLC mMTC eMBB
___—-__
1 Latency (in milliseconds) - round trip - Min/Max msec
3 Throughput (in Mbps ) - Min/MAX - sustained demand Mbps
5 Availability (%) - Min/Max 99,99% 99,99% 99,999%
7 Broadband Connectivity (peak demand) Y/N or Gbps 0.08
9 Security (Y/N) - if Y grade i.e. "Carrier Grade"

Y/N Y
B

11 Device Density Dev/Km?

400 20 400
e e/ | | a | i |
Table 15. UC1b — Augmented Tourism Experience (URLLC) - network requirements.

Revi d)UClb: A ed tourism experience (in
5G-Tours - Use Cases: direct specific Technical requirements ( ) oin GAM) P (

URLLC mMTC eMBB
General Vertical Use cases requirements ___—-__
1 Latency (in milliseconds) - round trip - Min/Max msec
3 Throughput (in Mbps ) - Min/MAX - sustained demand Mbps
5 Availability (%) - Min/Max 99,99% 99,99% 99,999%
7 Broadband Connectivity (peak demand) Y/N or Gbps 0.08
9 Security (Y/N) - if Y grade i.e. "Carrier Grade"

____--_
11 Device Density Dev/Km?

The corresponding radar charts comparing the three scenario-specific requirements against the 4G/5G networks
capabilities are shown in Figure 15, Figure 16, Figure 17, and Figure 18.

The relation between sub-use cases and slices is the following:
e UC1la AR, running in Palazzo madama, is eMMB and mMTC.
e UCla VR, also running in Palazzo madama, is URLLC.
e UC1bis URLLC and running in GAM.
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The Augmented Tourism Experience use case utilized all three traffic types (namely URLLC, mMTC and
eMBB communications).

All three traffic types need the 5G network capabilities for providing the extra Location Accuracy, Throughput
and High reliability that the current 4G/LTE networks cannot deliver.

Furthermore, for UCla VR and UC1b, the URLLC traffic requires also an end-to-end Network Latency in the
order of 20 msec that will better be delivered using the 5G network capabilities. This low latency is due to the
need of some interactivity.

Moreover, for the URLLC, mMTC and eMBB traffic, the Location Accuracy Requirement of 1 meter challenges
the 5G capabilities to the limit, which may need an LBS (Location-Based Service) to be provided by the network
provider or by using antennas information to locate the UE device, in order to acquire the accurate position of
the end user.

—ea— 4G

—&—5G
—®—UCla-AR -eMBB
Location Accuracy {m) RAN Latency (ms)

Network Latency e2e (ms)

. . Data Rate
Device Density 2. (Throughput - Mbps)

1
(Devices/Km?)

17

300
) 400

Broadband Connectivity Network Slicing y/n
500

(if yes -> Service deployment time - min)

Mobility
(Km/h)

Figure 15. Radar chart for UCla AR scenario — eMBB network requirements.
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Figure 16. Radar chart for UCla AR scenario — mMTC network requirements.
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Figure 17. Radar chart for UCla V

R scenario URLLC network requirements.
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Figure 18. Radar chart for UC1b scenario URLLC network requirements.
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4.3.1.3 Updated sequence diagrams
4.3.1.3.1 UCla AR Augmented tourism experience. In the very heart of Turin
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4.3.1.3.2 UCla VR Augmented tourism experience. In the very heart of Turin
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Figure 20. UCla VR sequence diagram.

W

grvige finished

- 5G-TOURS - ICT-19-2019 — G.A:856950

41




&
3

ne=

5G

D2.3 Technical requirements of the use cases, economic and deployment implications

4.3.1.3.3  UC1b Augmented tourism experience. GAM and Edulab — Gamification, let’s play artist
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Reguest to Close thesession
- Thesendce is d osed and slice released Confirm close thessssion

(Gameower. Stop interachion betwesn remots,

projector, sensors

Service Stop
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[Service Stop

Figure 21. UC1b sequence diagram.
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4.3.1.4 NEST
43141

UCla AR

Subparameter eMBB mMTC Additional info
Availability 99.99% 99.999%
IT
Area of Service
Region specification TO, Piedmont
Delay Tolerance Not supported
Availability Not supported
Deterministic Communication
Periodicity NA
Guaranteed ~ 6Gbps 600 Kbps Calculated like:
Guaranteed Downlink Throughput
Per User * number of users / ter-
minals available for trial
Downlink throughput per network slice in- We also assume concurrent usage
stance : ~
Maximum 9Gbps 2:6MbPs | 4 1erminals for UCL.a AR (eMBB) =
15
#Terminals for UC1l.a AR (mMTC) =
20NB-IoT boards
400Mbps
(Fora
Guaranteed download 30 Kbps
of 100MB in
2s)
Downlink Throughput Per User
600Mbps
(For a
Maximum download 130Kbps
of 150MB in
2s)
Network slice energy efficiency NA
Energy Efficiency
Time frame of the measurement NA
Group Communication Support Not supported

Isolation

Logical Isolation

Isolation level Physical Isolation

NA

Logical Isolation

Virtual resource isolation

Location Based Message Delivery

NA

Maximum Supported Packet Size

1500 Bytes

Mission critical support

Non-mission-critical

Mission critical capability

Mission critical support
pp support

NA

Mission critical service support

NA

MMTel Support

Not supported

NB-loT Support

Supported

This is not needed for the beacon-
ing system, but UC1.a AR will sup-
port anyway NB-loT in order to
provide information about pollu-
tion and/or about emergency situ-
ations  (i.e. fire/earthquake)
through appropriate IoT sensors
that will be installed at Palazzo
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Subparameter eMBB mMTC Additional info
Madama and in the surroundings.
Such 10T service will use the 4G
network since 5G enabled sensors
are not yet available and the ser-
vice itself has not been activated
on the 5G network yet
NSC Network Functions Multimedia NA
Backend
Number of connections = Number
Number of connections 15 20 of terminals
For mMTC, as terminal, we refer to
boards used to sense tempera-
ture, humidity, fire and earth-
Number of terminals 15 20 quake inside the museum. Bea-
cons are not connected to the net-
work; they only transmit an id us-
ing BLE (Bluetooth Low Energy)
that is captured by the mobile app.
ol User Data Rate (DL and UL), _
I CaTInE RTT latency, Reliability KPIs provided bY 5G-EVE exposed
through the service layer
Monitoring Per second
Availability Not supported
Performance Prediction
Prediction Not supported
Availability NA
Positioning Support Prediction NA
Accuracy NA
800 MHz (B20), 1800 MHz
. (B3) and 2600 MHz (B7) for
Radio Spectrum E-UTRA and 3700 MHz (n78)
for NR
Root Cause Investigation Not supported
Session and Service Continuity Support SSC mode 1 Confirmed with 5G-EVE Turin
Cannot be used simultane-
Simultaneous use of the network slice ously with any another net-
work slice
eMBB: Low latency, eMBB applica-
tions, AR
3GPP 5Ql 80
mMTC: Scalar associated to la-
tency < 10ms
Resource Type Non-GBR Value defined by 5Ql = 80
Slice Quality of Service Priority Level 68 Value defined by 5Ql = 80
Packet Delay Budget (PDB) 0.01 Value defined by 5Ql = 80
Packet Error Rate (PER) 10 Value defined by 5Ql = 80
Jitter NA Value defined by 5Ql = 80
Maximum Packet Loss Rate NA Value defined by 5Ql = 80
Support for Non-IP traffic Not supported
. . 10 km/h 0 km/h
Supported Device Velocity Pedestrian Stationary
Synchronicity Availability Not supported
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Terminal Density

Uplink Throughput Per network slice in-
stance

Uplink Throughput Per User

User Management Openness

Subparameter eMBB mMTC Additional info
Being a TDD system, 5G supports
synchronicity as per radio inter-
Accuracy NA face specifications; this is not any-
way related to the UC but to the
5G system behaviour itself.
15 20 de-
devices/Km? | vices/km?
Guaranteed 300Mbps 600 Kbps Downlink Throughput Per User *
Maximum 450Mbps 3.2 Mbps maximum number of users
Guaranteed 20Mbps 30 Kbps
Maximum 30Mbps 160 Kbps
Not supported

Data access

Direct internet access

User Data Access

V2X communication mode

4.3.14.2

Availability

Area of Service

Delay Tolerance

Deterministic Communication

Downlink throughput per network slice in-
stance

Downlink Throughput Per User

Energy Efficiency

Group Communication Support

Tunnelling Mechanism NA
Not supported
NA
Supported
UCla VR
Subparameter URLLC Additional info
99.99%
IT
Region specification TO, Piedmont
Not supported
Availability Not supported
Periodicity NA
Guaranteed >160 Mbps Calculated like:
Downlink Throughput Per
s 200 Mbps User*number of users
Users = 2 devices for UCl.a VR
Guaranteed >80 Mbps
Maximum 100 Mbps
Network slice energy efficiency NA
Time frame of the measurement NA
Not supported

Isolation

Logical Isolation

Isolation level

Physical Isolation

NA

Logical Isolation

Virtual resource isolation

Location Based Message Delivery

NA

Maximum Supported Packet Size

1500 Bytes

Mission critical support

Mission critical support

Non-mission-critical

Mission critical capability
support

NA
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MMTel Support

NB-loT Support

Subparameter URLLC Additional info
Mission critical service support NA
Not supported
Not supported

NSC Network Functions

User- environment
interactions backend

Assumption: Number of connec-
tions = Number of terminals.

In practice, from the infrastructure
point of view, the number of ter-

Number of connections 2 minals is only limited by the maxi-
mum cell throughput divided by
the minimum throughput per ter-
minal.

At the moment, we are consider-
ing: 2 devices for UCl.a VR
Number of terminals 2
User Data Rate (DL and UL),
Availability RTT latency, Reliability,
Performance Monitoring Availability
Monitoring Per second
Availability Not supported
Performance Prediction
Prediction Not supported
Availability NA
Positioning Support Prediction NA
Accuracy NA
800 MHz (B20), 1800 MHz
. (B3) and 2600 MHz (B7) for
Radio Spectrum E-UTRA and 3700 MHz (n78)
for NR
Root Cause Investigation Not supported
Session and Service Continuity Support SSC mode 1
Cannot be used simultane-
Simultaneous use of the network slice ously with any another net-
work slice
3GPP 501 80 Low latency, eMBB applications,
AR
Resource Type Non-GBR Vélu.e def!n.ed by .5Q|= 80 (non
mission critical traffic)
Priority Level 68 Value defined by 5Ql= 80
Slice Quality of Service
Packet Delay Budget (PDB) 0.01 Value defined by 5Ql= 80
Packet Error Rate (PER) 10 Value defined by 5Ql= 80
Jitter NA Value defined by 5Ql= 80
Maximum Packet Loss Rate NA Value defined by 5Ql= 80
Support for Non-IP traffic Not supported

Supported Device Velocity

10 km/h - Pedestrian

Availability

Not supported

Synchronicity

Accuracy

NA

Being a TDD system, 5G supports
synchronicity as per radio inter-
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“ Sprarameter PRLE Additional info
face specifications; this is not any-
way related to the UC but to the
5G system behaviour itself
Terminal Density 2 device/km? 2 users
Uplink Throughput Per network slice in- Guaranteed 40 Mbps Uplink Throughput Per User *
stance Maximum 60 Mbps maximum number of users
Guaranteed 20 Mbps
Uplink Throughput Per User
Maximum 30 Mbps
User Management Openness Not supported

Data access

Direct internet access

User Data Access

Tunnelling Mechanism NA
V2X communication mode Not supported
NA
Supported
“ Sprarameter URLEC Additional info
Availability 99.99%
IT
Area of Service
Region specification TO, Piedmont
Delay Tolerance Not supported
Availability Not supported
Deterministic Communication
Periodicity NA
Guaranteed >30 Mbps Calculated like:
Downlink throughput per network slice in- Downlink Throughput Per User *
stance . number of users
Maximum 80 Mbps
Users= 1 for UC1.b
Guaranteed >30 Mbps
Downlink Throughput Per User
Maximum 80 Mbps
Network slice energy efficiency NA
Energy Efficiency
Time frame of the measurement NA
Group Communication Support Not supported

Isolation

Logical Isolation

Isolation level Physical Isolation

NA

Logical Isolation

Virtual resource isolation

Location Based Message Delivery

NA

Maximum Supported Packet Size

1500 Bytes

Mission critical support

Non-mission-critical

Mission critical capability

Mission critical support
support

NA

Mission critical service support

NA
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MMTel Support Not supported

NB-loT Support Not supported

NSC Network Functions NA

. Assumption: Number of connec-
Number of connections 1 . .
tions = Number of terminals

Number of terminals 1

User Data Rate (DL and UL),

Availability RTT latency, Reliability,
Performance Monitoring Availability
Monitoring Per second
Availability Not supported
Performance Prediction
Prediction Not supported
Availability NA
Positioning Support Prediction NA
Accuracy NA

800 MHz (B20), 1800 MHz
(B3) and 2600 MHz (B7) for
E-UTRA and 3700 MHz (n78)
for NR

Radio Spectrum

Root Cause Investigation Not supported

Session and Service Continuity Support SSC mode 1

Cannot be used simultane-

Simultaneous use of the network slice ously with any another net-
work slice
3GPP 501 7 Voice,. vid(?o (live streaming), in-
teractive video
Resource Type Non-GBR Value defined by 5Ql =7
Priority Level 70 Value defined by 5Ql =7
S CUEIRT I Packet Delay Budget (PDB) 0.1 Value defined by 5Ql =7
Packet Error Rate (PER) 103 Value defined by 5Q1 =7
Jitter NA Value defined by 5Q1 =7
Maximum Packet Loss Rate NA Value defined by 5Ql =7

Support for Non-IP traffic Not supported

Supported Device Velocity 10 km/h - Pedestrian

Availability Not supported Being a TDD system, 5G supports

synchronicity as per radio inter-

Synchronicity face specifications; this is not any-
Accuracy NA way related to the UC but to the

5G system behaviour itself

This is generic information pro-
vided in D2.2 = 400 devices/km?2.

Terminal Density 1/2 device/km2 For this specific trial the number
will be much less:1 or 2 de-
vices/km?2

Uplink Throughput Per network slice in- Guaranteed <40 Mbps Uplink Throughput Per User *
stance M <40 Mbps maximum number of users

Uplink Throughput Per User Guaranteed <40 Mbps

- 5G-TOURS - ICT-19-2019 — G.A:856950 49



D2.3 Technical requirements of the use cases, economic and deployment implications

Subparameter URLLC Additional info

Maximum <40 Mbps

User Management Openness Not supported

Data access Direct internet access
User Data Access
Tunnelling Mechanism NA

V2X communication mode Not supported

Latency from UPF to App Server NA

Network Slice Specific Authentication and
Authorization (NSSAA)

Not supported

4.3.2 UC2 — Telepresence

4.3.2.1 High level description

UC?2 refers to technologies that allow users to appear to be present in a space the person is not physically.
Through a telepresence robot assisted experience, the users of UC2 shall 1) have the opportunity to enjoy a
remote visit of the museum inaccessible spaces (UC2a); 2) be enabled to participate to an educational gaming
experience such as a remote treasure hunt (UC2b); 3) secure the museum through remote surveillance by secu-
rity staff (UC2c).

Each of these three sub use cases are explained in more detail in the sections below.
4.3.2.1.1 UC2a Telepresence. Palazzo Madama exclusive exhibitions
for all

This specific sub-use case will be set in Palazzo Madama and will be characterized by a remote visit to the
museum basement and underground, an area normally closed to the public and difficult to be reached. At the
present time, it is only visible through the glass floating floor of the main hall at ground floor.
4.3.2.1.2  UC2b Telepresence. Play and visit modern art from museum
to school
The objective of this sub-use case is to offer enhanced educational activities to students at school. The target

audience for this application are children from 6 to 13 years old. Because of the UC’s target, gamification
throughout the creation of a virtual “Treasure Hunt” in the GAM museum will be used.

4.3.2.1.3 UC2c Surveillance of the museum

Robots will be used for tele-surveillance of the Palazzo Madama museum both during day and night hours. The
use case shares 10T data collected in UCL.a regarding the crowding level of rooms, safety conditions (fire and
earthquakes alerts) and other information like temperature and humidity inside each room (to preserve art-
works).

4.3.2.2 UC specific User and Network Requirements
For the implementation of this UC, the requirements shown in Table 16 are needed from the user perspective.

The mapping of the above user requirements into network requirements are illustrated into the Table 17, where
the vertical use case requirements for the use case 2 are shown.
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Table 16. User requirements for UC2 — Telepresence.

5G-Tours Use case name: UC2 - TELEPRESENCE

Content User
Requirements
w

a/a User Requirements Description Metrics Values and Units
1 |Video Reception: Yes/No no of UEs Yes /2
2 Video Transmission: Yes/No no of Channels Yes /2
Voice Communication: Yes/No Yes
4 Data Reception (DL): High/Medium/Low Low
5 Data Transmission (UL) : High/Medium/Low Low

3 Mobility: ngh Speed / Medium Speed / Walking-Running Speed / Walking-Running Speed
- Stationary
v . .
g £ 7  |Location Information: High / Medium / Low Accuracy Yes / Medium (reviewed)
T E
g g 8 Fast Response (Low Latency): Slow / Fast / Very Fast Fast (reviewed)
s 5
£8 9 |Reliability/Availability: high / medium / low Medium
LS
10 |Security / Privacy: Baseline /Medium /High / Ultra-High grade Baseline

5w Service / Traffic Type: Sustained High/medium/Low data rate Sustained / medium (media) (reviewed)
3 E 11 Bursty High/medium/Low, burst-size Sporadic / high (controls)
% g Sporadic High/medium/Low msg/s Sporatic / low (loT)

g5 Interactivity & Space Dependency: Dense High/Medium/Low

g E 12 Medium Density High/Medium/Low Medium density / Medium
o Sparse High/Medium/Low

g8 Edge Computing :

35 13 9 P 9 Yes/No No (reviewed)

5

3 = .

£3 1 Edge Storage : N No

s

& Battery Life:

‘S ‘K'T 15 High /Medium/ Low N.A.

a5

S E

eg other

S =5 16 User specified N.A.

wv

Table 17. UC2 - Telepresence network requirements.

5G-Tours - Use Cases: direct specific Technical requirements “ (Reviewed) - UC2 — Telepresence

URLLC mMTC* eMMB Min Max
General Vertical/Use Case Requiement | | | | | [ |

1 Latency (in milliseconds) - round trip - Min/Max msec 50 100 High 50 200
2 RAN Latency (in milliseconds) - one way msec 10 25 High 25
3 Throughput (in Mbps ) - Min/MAX - sustained demand Mbps 30 1< High ~10 ~30
4 Reliability (%) - Min/Max % 99,99% 99,99% 99% 99,99%
5 Availability (%) - Min/Max % 99,99% 99,999% 99% 99,999%
6 Mobility (in m/sec or Km/h) - Min/Max Km/h 1 N/A 0,1 1
7 Broadband Connectivity (peak demand) Y/N or Gbps 0,1 No 0,1
8 Network Slicing (Y/N) - if Y service deployment time (min) Y/N N No
9 Security (Y/N) - if Y grade i.e. "Carrier Grade" Y/N Y (Baseline) Y (Baseline)
10 Capacity (Mbps/m? or Km?) Mbps/Km? 30** 1
11 Device Density Dev/Km? 2 20+ 10 100
12 Location Accuracy m 2 N/A 1 5

(*) MMTC: mMTC requirements are needed for 10T sensors

(**) 30 Mbps/Km? = 0,00003 Mbps/m?
(***) 1 Mbps/Km? = 0,000001 Mbps/m?

The corresponding radar charts of the use case general requirements against the 4G/5G networks capabilities

are shown in Figure 22 and Figure 23.

The Telepresence use case needs a 5G network order to achieve the required Location Accuracy, Reliability,

and Slicing (Service deployment time).
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With respect to the previous deliverable D2.2, the values of E2E Network Latency and the RAN Latency for
URLLC and mMTC have been revised to (50 ms, 10 ms) and (100 ms, 25 ms) respectively thanks to the im-
provements in the application development. Especially for URLLC, the new values are positioned at the limits
of the 4G capabilities; therefore, 5G is requested to meet such requirements in a real network deployment.
Furthermore, the Location Accuracy requirement of 2 m in URLLC, can easily be covered by 5G LBS service.

Moreover, the mMTC requirements are needed for the 10T sensors. This is the only case where the reliability
can’t be achieved by 4G and need 5G network.

5G-Tours: 4G/5G capabilities and UC2 - URLLC Requirements

Network Latency e2e (ms) —e—4G
10 —*—56
—®—UC2 - URLLC
Location Accuracy (m) 1 #RAN Latency (ms)
Data Rate

Device Density 1000066 ; - D(Throughput - Mbps)
(Devices/Km?) 9 9 oco

1
Capacity

(Mbps/m?) Reliability (%)

99,595

%, (No)
0 Network Slicing y/n

(if yes -> Service deployment time - min)

Broadband Connect

(Peak - Ghit/s) 500
Mobility
(Km/h)

Figure 22. Radar chart for UC2 Telepresence URLLC network requirements.

5G-Tours: 4G/5G capabilities and UC2 - mMTC Requirements

—e— 4G
—e—5G
—8—UC2 - mMTC

Network Latency e2e (ms)

Data Rate

Device Density h00 (Throughput - Mbps)

(Devices/| sz)m 4

Capacity
(Mbps/m?)

3
10

50
(No) ™
Broadband Connectivity 500

(Peak - Gbit/s) (N/A)

Mobility
(Km/h)

Figure 23. Radar chart for UC2 Telepresence mMTC network requirements.
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4.3.2.3 Updated sequence diagram
UC2a Telepresence. Palazzo Madama exclusive exhibitions for all

43.2.3.1

- e
‘nk '*' ]
— —
Museum guide [/ Network
- Robat
Robat Driver Infrastructure

—  —
Service Telepresence
Layer Services

1. The Guideinitiates a telepresence visit virtual remote tour request

|¥r\r'|ce request

URLLC slice request
<

2. Slice request
irv'lce notification

2 rvice notification

URLLC Slice OK

art driving and A/V session

leervice OK 3

3. Driving session starts

I2ar‘t driving and AV session
driving stream
>

ASV stream

4, Telepresence visit starts .

v

end session

5. Telepresence visit ends
¢ close driving and A/V session

IEN-ICE stop

|§I'|ce release

6. Release of resources
rvice Stop

E rvice stop

slice released

Figure 24. UC2a sequence diagram.

" |service finished >
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Note 1: We assume that the museum guide and the museum visitors are in a virtual room physically enabled at the museum. The application of this kind of
installation is to improve the access to certain spaces in the museum to, for example, disabled people. The scenario presented in the diagram could be extended
considering that both the visitor(s) and the guide are in a remote virtual room, so all of them have to interact with the Telepresence Service. This scenario is out
of the scope of the demo to be performed during the project lifetime though.

Note 2: From the technical perspective, there is no difference between UC2a and UC2b, so the sequence diagrams are similar. In UC2b, the role of the guide
(and driver of the robot) is replaced by the educator one, while the museum visitors™ by the students” one. The big difference between the two sub-use cases is
that UC2a allow the visitors to “see” the Palazzo Madama’s underground, that is a restricted access area, through the robot; UC2b is performed in the rooms of
the GAM, accessible to the students. The gaming component is introduced through the way the driver used the robot to perform the Treasure Hunt.

n 5G-TOURS - ICT-19-2019 — G.A:856950 54



D2.3 Technical requirements of the use cases, economic and deployment implications

43232 UC2c Surveillance of the museum
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configuration ""? Lz
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3. Robot send data during security tour
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4, Security of ficer receives security info rmation Robot sensor data
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Robot control commands (from autonomous navigation system)
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- 5G-TOURS - ICT-19-2019 — G.A:856950 55



e
o
‘

D2.3 Technical requirements of the use cases, economic and deployment implications

6. Security tours ends The security tour stops

Service Stop

Service Stop
Service Stop

service finished

Figure 25. UC2c sequence diagram for TIM Double3 Robot.
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Security officer Robot Network Infrastructure

[ ]
[ ]
o=

Application
Service Layer Server

2. Slice request

RLLC Service Request

HRLLC Slice Request

Service notification

Service notification

URLLC Slice OK

Service OK

4. ity officer ives security il

Robot sensor data

The security officer receives data processed by the vision system
running on the application server, not directly by the robot.

5b. Security officers takes control of robot Security officer teloperation commands (occasional)

any time. In this case, its commands are sent to the controller
running on the application server, processed, and finally sent to
the robot, overriding the commands normally generated by the Robot control commands

from security officer)
autonomous navigation system.

7. Slice release

Service Stop

Slice release

Service Stop

Service Stop

Slice released 3
Service finished

Figure 26. UC2c sequence diagram for 11T R1 Robot.

Note 1: For UC2c, two different sequence diagrams are shown, as two different types of robot are used and there are some peculiarities in each of the robot-
specific applications.
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4.3.2.4 NEST

As shown in the previous section dedicated to “UC specific User and Network Requirements™, all the three sub-
use cases that compose UC2 require the establishment of two slice types, URLLC and mMTC for the 10T sen-

sors. The NESTSs corresponding to each of these slices are shown below.

Subparameter URLLC mMTC Additional info
Availability 99.99% 99.999%
IT
Area of Service
Region specification TO, Piedmont
Delay Tolerance Not supported
Availability Not supported
Deterministic Communication
Periodicity NA
Guaranteed 10Mbps 600 Kbps Calculated like:
Guaranteed Downlink Throughput
Per User * number of users / ter-
. L. minals available for trial
Downlink throughput per network slice in-
stance NI 30Mbps 2.6Mbps We also assume concurrent usage
#Users = a single robot (ULLC)
#Terminals for UCl.a AR (mMTC)
= 20NB-loT boards
Guaranteed 10Mbps 30 Kbps
Downlink Throughput Per User
Maximum 30Mbps 130Kbps
Network slice energy efficiency NA
Energy Efficiency
Time frame of the measurement NA

Group Communication Support

Not supported

Isolation

Logical Isolation

Isolation level Physical Isolation

NA

Logical Isolation

Virtual resource isolation

Location Based Message Delivery

NA

Maximum Supported Packet Size

1500 Bytes

Mission critical support

Non-mission-critical

- i Mission critical capabilit
Mission critical support P ¥

MMTel Support

NB-loT Support

NSC Network Functions

Number of connections

Number of terminals

NA
support
Mission critical service support NA
Not supported
Supported
NA
Number of connections = Number
1 20 of terminals
For mMTC, as terminal, we refer to
boards used to sense tempera-
ture, humidity, fire, and earth-
quake inside the museum. Bea-
1 20
cons are not connected to the net-
work; they only transmit an id us-
ing BLE (Bluetooth Low Energy)
that is captured by the mobile app.
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Subparameter URLLC mMTC Additional info
Availabilit User Data Rate (DL and UL),
T e y RTT latency, Reliability KPls provided by 5G-EVE exposed
through the service layer
Monitoring Per second
Availability Not supported
Performance Prediction
Prediction Not supported
Availability NA
Positioning Support Prediction NA
Accuracy NA

800 MHz (B20), 1800 MHz
(B3) and 2600 MHz (B7) for
E-UTRA and 3700 MHz (n78)
for NR

Radio Spectrum

Root Cause Investigation Not supported

Session and Service Continuity Support SSC mode 1 Confirmed with 5G-EVE Turin

Cannot be used simultane-

Simultaneous use of the network slice ously with any another net-
work slice
eMBB: Low latency, eMBB applica-
tions, AR
3GPP 5Ql 80
mMMTC: Scalar associated to la-
tency < 10ms
Resource Type Non-GBR Value defined by 5Ql= 80
Slice Quality of Service Priority Level 68 Value defined by 5Ql= 80
Packet Delay Budget (PDB) 0.01 Value defined by 5Ql= 80
Packet Error Rate (PER) 10 Value defined by 5Ql= 80
Jitter NA Value defined by 5Ql= 80
Maximum Packet Loss Rate NA Value defined by 5Ql= 80

Support for Non-IP traffic Not supported

. . 10 km/h 0 km/h
Supported Device Velocity pedestrian Stationary

Availability Not supported Being a TDD system, 5G supports
synchronicity as per radio inter-
Synchronicity face specifications; this is not any-
Accuracy NA way related to the UC but to the
5G system behaviour itself.
1 20 de-
T inal Densit
devices/km? | _vices/km?
Uplink Throughput Per network slice in- Guaranteed 10Mbps 600 Kbps Downlink Throughput Per User *
stance Maximum 30Mbps 3.2 Mbps maximum number of users
Guaranteed 10Mbps 30 Kbps
Uplink Throughput Per User
Maximum 30Mbps 160 Kbps
User Management Openness Not supported
Data access Direct internet access
User Data Access
Tunnelling Mechanism NA

V2X communication mode Not supported

Latency from UPF to App Server NA
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Subparameter Additional info

Network Slice Specific Authentication and
Authorization (NSSAA)

Supported

4.3.3 UC3 - Robot-assisted museum guide

4.3.3.1 High level description

This use case foresees the use of robotic technology to provide an enhanced museum visit experience both in
Palazzo Madama and GAM.

R1 robot will be able to: a) provide basic information about collection highlights and temporary exhibitions as
well as assist visitors during queuing time at ticket desk; and b) guide visitors moving through the museum and
describing the artworks. This guided tour will be performed autonomously by the robot following a predefined
path. The 5G network will be exploited to partially relocate the “intelligence” (i.e.: the computation load, from
the robot to an external workstation).

4.3.3.2 UC specific User and Network Requirements

For the implementation of this UC the following requirements, from the user perspective are needed (see Table
18):

Table 18. User requirements for UC3 — Robot-Assisted Museum Guide.

5G-Tours Use case name: UC3 - Robot-Assisted Museum Guide

a/a User Requirements Description Metrics Values and Units
1 |Video Reception: Yes/No no of UEs Yes (1 x 15Mbps)
- n . . .
2 E 2 Video Transmission: Yes/No no of Channels Yes (1 x 15Mbps)
2 E - e
£9 3 |Voice Communication: Yes/No Yes
23
§ E 4 Data Reception (DL): High/Medium/Low Medium
5 |Data Transmission (UL) : High/Medium/Low Medium
Mobility: High Medi Walking-Runni
G igl ' Speed / Medium Speed / Walking-Running Speed / Walking (reviewed)
. Stationary
gz
c . .
'_:u g 7 Location Information: High / Medium / Low Accuracy Low (reviewed)
,§ % 8 Fast Response (Low Latency): Slow / Fast / Very Fast Very fast
ST o AT
s5¢ 9  |Reliability/Availability: high / medium / low Medium

Security / Privacy: High (the robot has access to images of people)

10 Baseline /Medium /High / Ultra-High grade

(reviewed)
- Service / Traffic Type: Sustained High/medium/Low data rate
g g 11 Bursty High/medium/Low, burst-size Sustained medium
@ E Sporadic High/medium/Low msg/s
G 9 i .
S - Interactivity & Space Dependency: Dense High/Medium/Low
§ 2 12 Medium Density High/Medium/Low Sparse High
Sparse High/Medium/Low
] Edge Computing : . .
35 13 Yes/No No (meaning no MAC technology) (reviewed)
% £
©
= 0
23 Edge Storage :
33 14 Yes/No No
A
o Battery Life: ) )
:.E_;-' "5 15 High /Medium/ Low N/A
2 o
s E other
'GE) & 16 User specified N/A
wv

The mapping or the above user requirements into network requirements are illustrated into the following Table
19, where the vertical use case requirements for the use case 2 are shown.

E 5G-TOURS - ICT-19-2019 — G.A:856950 60



ne=

5G

A

D2.3 Technical requirements of the use cases, economic and deployment implications

Table 19. UC3 — Robot-Assisted Museum Guide network requirements.

Reviewed) - UC3: Robot-assisted
5G-Tours - Use Cases: direct specific Technical requirements (Reviewed) . . Priority Range
museum guide and monitoring

URLLC mMTC eMMB Min Max
General Vertical/Use Case Requiement | | [ [ [ | [ |

1 Latency (in milliseconds) - round trip - Min/Max msec 30 High 35

RAN Latency (in milliseconds) - one way msec 12,5 High 15*
3 Throughput (in Mbps ) - Min/MAX - sustained demand Mbps 40 High ~15 ~50
4 Reliability (%) - Min/Max % 99,99% 99% 99,99%
5 Availability (%) - Min/Max % 99,99% 99% 99,999%
6 Mobility (in m/sec or Km/h) - Min/Max Km/h 0,5 0,1 1
7 Broadband Connectivity (peak demand) Y/N or Gbps N
8 Network Slicing (Y/N) - if Y service deployment time (min) Y/N N
9 Security (Y/N) - if Y grade i.e. "Carrier Grade" Y/N Y (Baseline)
10 Capacity (Mbps/m? or Km?) Mbps/Km? 40** ~15 ~50
11 Device Density Dev/Km? 1 1 1
12 Location Accuracy m 0,1 0,1 0,5

(*) Although the robot is autonomous, moving part of the computation from the robot to the network in order to have higher
computational power is needed. Hence sensory data should be sent from the robot to the external machines with a maximum delay of
15ms. Similarly, the maximum delay for the control action (from the network to the robot) should be ~15ms. Larger delays in the control
loop (or packets loss) may cause instability/failure of the navigation system.

(**) Capacity = 40 Mbps/Km? = 0,00004 Mbps/m?

The corresponding radar chart of general requirements against the 4G/5G networks capabilities is shown in
Figure 27:

5G-Tours: 4G/5G capabilities and UC3 - URLLC Requirements

Network Latency e2e (ms) —e— 4G
—e—5G
—&—UC3 - URLLC
Location Accuracy (ng)1 RAN Latency (ms)

i . Data Rate
Device Density , ; o (Throughput - Mbps)

Capacity

(Mbps/m?) ¥ * o soReliability (%)

. ;
\ o Network Slicing y/n

Broadband Connectivity
(Peak - Gbit/s) 500 (if yes -> Service deployment time - min)
Mobility
(Km/h)

Figure 27. Radar chart for UC3 Robot-Assisted Museum Guide network requirements

Similar to the previous use case for the Robot-assisted museum guide, the Network Latency (round trip) and
the RAN Latency have been revised to 30 ms and 12,5 ms respectively due to the performance improvement of
the application. Nevertheless, such values are still difficult to be easily met by 4G capabilities and therefore the
use of 5G is required.

Furthermore, the Location Accuracy requirement of 0,1m, also stretches the limits of 5G Network capabilities.
In order to achieve such accuracy, either the RAN would have to operate in higher frequencies and/or other
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modalities like GPS (or location beacons for indoor) should also assist for acquiring the accurate position of the
end user/robot. Therefore, a more complicated Location Base Service (LBS) algorithm should be investigated
in order to improve of the accuracy that the 5G network will provide.

Additionally (to the Location Accuracy), Reliability dictates the use of a 5G Network for successful implemen-
tation of this use case.
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4.3.3.3 Updated sequence diagram

L ]
XD - e
i P == = @
“ — — — — b
Network . application intemet / doud
Museum Visitors admin/supervisor Fobot Inf st ructure Senice Layer Server senices

lgn LC Service Request

UE LLC slice Request

¢ Service notification

Service notification

[URLLC Slice OK

P — ~

4., Robot reports status pobol reports s Status joptional]

|Supervisor sends comman ds to the robot [optional}

The periodic status report provided bythe robot to the supervisor isnotpartof
the guided towr application. Nevertheless, due to the prototypica nature ofthe
application, itis eszential to monitor its status during the operation.

6. Tours ends
At the end of the towr, the supervisor stops the application and takes the
visitors to the exit.
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Figure 28. UC3 sequence diagram.
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4.3.3.4 NEST

Availability

Subparameter

Additional info

Area of Service

Region specification

TO, Piemonte

Indoor: Palazzo Madama, GAM

Delay Tolerance

Deterministic Communication

Downlink throughput per network slice in-

stance

Downlink Throughput Per User

Energy Efficiency

Group Communication Support

Not supported
Availability Not supported
Periodicity NA
Guaranteed 30 Mbps Single Robot application
Maximum 30 Mbs Single Robot application
Guaranteed 30 Mbps
Maximum 50 Mbps
Network slice energy efficiency NA
Time frame of the measurement NA
Not supported

Isolation

Logical Isolation

Isolation level

Physical Isolation

NA

Logical Isolation

Virtual resource isolation

Location Based Message Delivery

NA

Maximum Supported Packet Size

1500 Bytes

1500 Bytes (default value)

Mission critical support

MMTel Support
NB-loT Support

Mission critical support

Non-mission-critical

Somehow borderline. It is not as
critical as health applications. In
case of network missing the robot
will be blocked by the operator

Mission critical capability
support

NA

Mission critical service support

NA

Not supported

NA

NA

NSC Network Functions

Numbe connections

Assumption: Number of connec-
tions = Number of terminals

Number of terminals

1

User Data Rate, DL and UL

Performance Monitoring

Even if UC3 will rely on Commer-

Performance Prediction

Positioning Support

BN RTT latency cial Network infrastructure, some
KPI will be evaluated according to

Monitoring Per second WP7 description.

Availability NA

Prediction NA

Availability NA

Prediction NA NA for Turin infrastructure

Accuracy NA

Radio Spectrum

800 MHz (B20), 1800 MHz
(B3) and 2600 MHz (B7) for
E-UTRA and 3700 MHz (n78)
for NR
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Subparameter URLLC Additional info
Root Cause Investigation Not supported
SSC mode 1
Session and Service Continuity Support
Simultaneous use of the network slice NA
3GPP 5Ql 83 Low latency, URLLC

Resource Type

Delay Critical GBR

Value defined by 5Ql = 83

Priority Level 22 Value defined by 5Ql = 83
Slice Quality of Service Packet Delay Budget (PDB) 10 ms Value defined by 5QI = 83
Packet Error Rate (PER) 10* Value defined by 5QI = 83
Jitter NA Value defined by 5Ql = 83
Maximum Packet Loss Rate NA Value defined by 5QI = 83
Support for Non-IP traffic Not supported

Supported Device Velocity 0,5 km/h - Robot

Availability Not supported

Synchronicity
Accuracy NA

For this specific trial the number
will be 1 devices/km2 (one robot
used in the museum)

1 devices/km?2

Terminal Density

Uplink Throughput Per network slice in- Guaranteed 30 Mbps
Sl Maximum 50 Mbps
Guaranteed 30 Mbps
Uplink Throughput Per User
Maximum 50 Mbps
User Management Openness Not supported
Data access Direct internet access
User Data Access
Tunnelling Mechanism VPN Tunnel
V2X communication mode Not supported

Latency from UPF to App Server NA

ic Authentication and

Authorization (NSSAA) Supported

4.3.4 UC4 - High quality video services distribution

4.3.4.1 High level description

This use case targets the distribution of enhanced high-quality video and immersive services for tourists to
enhance the user experience when visiting a city. It is directly related to the media and entertainment vertical.
Users will be able to use their smartphones, tablets, or VR devices to receive educational and informative con-
tent during their visits to the city and its museums. Video sources will be produced in collaboration with the
RAI Television Production Centre. This Audio/Video (A/V) product will be used for the demos in 5G-TOURS
and serve as promotional activities about the city and its culture at the same time. UC4 is divided into two sub-
use cases: (i) use of 5G broadcast delivery services using RAI’s broadcasting network, and (ii) development of
a 5G core multicast component in UPV’s laboratory. The sub-use cases are described below.
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4.3.4.1.1  UC4b High quality video services distribution: 5G Broadcast
delivery to massive audiences

This sub use case aims at the transmission of high-quality content in a downlink-only mode by means of the
3GPP Broadcast network provided by RAI and UPV. The video content used in the final demo will be produced
inside the itinerant orchestra, use case 5, and will be broadcasted to all the tourists in the Palazzo Madama.

4.3.4.1.2  UCA4c High quality video services distribution: 5G Core Mul-

ticast
This use cases entails the development of a multicast component in the 5G core available in UPV premises. The
implementation of a multicast/broadcast capable 5G Core software is an on-going effort intended to be finished
by the end of 2021. The goal is to implement, develop and validate a set of enhancements that will provide the

5G Core open-source software with multicast capabilities aligned with Release 17. The system will be imple-
mented into UPV premises using Open5GCore.

4.3.4.2 UC specific User and Network Requirements

For the implementation of this UC the following requirements from the user perspective are needed (see Table
20):

Table 20. User requirements for UC4 — High quality video services distribution.

5G-Tours Use case name: UC4 - High quality video services distribution

a/a User Requirements Description Metrics Values and Units
1 Video Reception: Yes/No no of UEs Yes (up to 15 x 25-100 Mbps)
g § 2 Video Transmission: Yes/No no of Channels Yes (up to 15 x 25-100 Mbps)
g % 3 Voice Communication: Yes/No No
§ E 4 |Data Reception (DL): High/Medium/Low High
5 Data Transmission (UL) : High/Medium/Low No UL communication (reviewed)
7} =
g Mobility: High Speed / Medium Speed / Walking-Running Speed Medi-um * walkin-g running spe-ed *
5 6 / stationary statlon.arY + vehicles (the .vehlcle
5 scenario is foreseen) (reviewed)
g 7 |Location Information: High / Medium / Low Accuracy Low accuracy
ég 8 Fast Response (Low Latency): Slow / Fast / Very Fast Slow-Medium (reviewed)
§ 9 Reliability/Availability: high / medium / low Medium
§ 10 Security / Privacy: Baseline /Medium /High / Ultra-High grade Baseline
Service / Traffic Type:

Sustained High/medium/Low data rate

g é 11 Bursty High/medium/Low, burst-size Sustained high data rate
@ g Sporadic High/medium/Low msg/s
23
o =
3 HYH .
g g Interactivity & Space Dependency: Dense High/Medium/Low
g = 12 Medium Density High/Medium/Low Medium low

Sparse High/Medium/Low

g8 Edge Computing :

5§ 13 Yes/No Yes
58

23 Edge Storage :

29 14 Yes/No No
&«

£ _ Battery Life:

® 9 15 High /Medium/ Low Medium
a

&g other

g o 16 User specified N/A
v

The mapping of the above user requirements into network requirements are illustrated into Table 21, where the
vertical use case requirements for this use case are shown.
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Table 21. UC4 — High quality video services distribution network requirements.

Reviewed) - UC4: High quality vi i
5G-Tours - Use Cases: direct specific Technical requirements “( e -0 dis:ﬁb;?:’:wv'deo services M

URLLC mMTC eMMB Min Max
General Vertical/Use Case Requirement [ | | | | | | |
1 Latency (in milliseconds) - round trip - Min/Max msec 10 ms Medium 10 ms (bi-directional) None (broadcast)
RAN Latency (in milliseconds) - one way msec 5ms Low
3 Throughput (in Mbps ) - Min/MAX - sustained demand Mbps 25 Mbps High 5 Mbps 25 Mbps
4 Reliability (%) - Min/Max % 99,9995% High 95% 99,9995%
5 Availability (%) - Min/Max % 99,9% Medium
6 Mobility (in m/sec or Km/h) - Min/Max Km/h 100 Medium 10 100
7 Broadband Connectivity (peak demand) Y/N or Gbps 0,1 - 0,05 0,1
8 Network Slicing (Y/N) - if Y service deployment time (min) Y/N Y (60) Medium 60 min 120 min
9 Security (Y/N) - if Y grade i.e. "Carrier Grade" Y/N N -
10 Capacity (Mbps/m? or Km?) Mbps/m’
11 Device Density De\//;(mZ N/A (multicast/broadcast) Low
12 Location Accuracy m

The corresponding radar chart of general requirements against the 4G/5G networks capabilities is shown in
Figure 29.

5G-Tours: 4G/5G capabilities and UC4 - eMBB Requirements

Network Latency e2e (ms) ——4G
—e—5G
—&—UC4 - eMBB
1#«RAN Latency (ms)

Location Accuracy (m)y,;

Data Rate

Device Density (Throughput - Mbps)
(Devices/Km?)

(N/A)

Capacity AN 99,9995
(Mbps/m?) 9 oo 5o RENADIlity (%)
(No)
0 350
10 %
) 400
Broadband C“““e“ Network Slicing y/n
(Peak - Gbit/s) 500 ¥500 (if yes -> Service deployment time - min)

Mobility
(Km/h)

Figure 29. Radar chart for UC4 High quality video services distribution (eMBB) network requirements

The UC4 of high-quality Video Distribution appears to be easier to implement since in terms of requirements,
only the RAN Latency, Network Latency, Reliability, and Slicing (60s) are the ones that need a 5G Network.

For this UC, if it was not for the E2E network latency and the RAN Latency, even an Ultra-Reliable 4G/LTE
network would have sufficed for implementation of this use-case. The most important part of this UC is the
need for broadcast support, which needs to be implemented in the 5G network as an additional functionality
that requires the high reliability of 99,995.
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4.3.4.3 Updated sequence diagram
4.3.43.1  UC4b High quality video services distribution. 5G Broadcast delivery to massive audiences

Wt E OE Q@ H H

Users may watch # DD
immersive 360 video — — — — — L
orlive TV Network Release 16 ,
Users Infrastruchure BVLSC Service layer Broadcast Studio UCS Demo content
1. The broadcast studio starts receiving vide o content Content Uplink
Broadcast Service Start o [5G/ Fiber)
The broadcasting service, which may be either the Broadcast Service Start < N
came raman real-timevideo or offline inserted video, starts. . Broadcast Service Start r
In any case, the cameraman uplink video is continously -
transmitted, with a permanent connexion. ]Broadcast Request OK ;
Broadcast RequestOK .
Service Announcement Service Announcement " Broadcast Request OK
_ (Broad cast) <
<
2. The video is broadcasted to all users (DL only) Video stream
Video stream UHD/ 4K or 360)
Video stream l&UHD,fﬂ,K or 360)
Connection/disconnection LUHD,-'ALK or 360)
to 5G network (anytime)
3, Users can conne ct/disconnect to the vide o anytime
Users are not always connected to the 5G broadcast service
{or network). They need to establish a connection that can be| Connection/disconnection
disconnected anytime as well. The service will still be o 5G network (anytime) N|
broadcasted.
4, Broadcasting studio stops the service ¢ BroadcastService STOP |
Broadcast Service STOP Streaming STOP N
| Broadcast Service STOP
Broadcast STOP OK
BroadcastSTOPOK
BroadcastSTOP OK .

Figure 30. UC4b sequence diagram.
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Notes:

- On a general basis, no network slicing is needed, since the service is ensured through the use of a different channel (MCH/PMCH), specified in 3GPP for enTV services.
- Users can connect and disconnect to the broadcast service freely (no uplink, downlink only). The broadcast service is operative regardless of the number of users.

- The type of content can be either UHD video for smartphones/TVs, or immersive 360 video for VR glasses/smartphones.
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4.3.4.3.2  UCA4c High quality video services distribution. 5G Core Multicast

s
[ ] _
— . —

USERS 5G Core Rel. 17 Service Layer

1. Broadcast service configuration
Once the content is deployed through the service layer, the
Broadcast Service will be configured and annnounced to

the users using using the new Open5GCore capabilities. Servic(igr;ré(;l;g;:)ement Broadcast request OK

Broadcast service start

2. Broadcast service announcement Video stream
The content is bradcasted to the end users (UHD/4K or 360)

. . . Connection/disconnection
3. Users connection/disconnection (anytime)

The users can connect and disconnect freely, as the service
can perform regardless the number of users connected

Connection/disconnection

(anytime)

Broadcast Service

: STOP
4. End of broadcast service

Figure 31. UC4c sequence diagram.
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4.3.4.4 NEST

UC4 is split in 2 sub use cases, both addressing broadcast services. Use case 4b relies on the transmission of
high-quality video content over a 5G broadcast network. This kind of “broadcast network” is intended to provide
a service quite different from the services provided by usual mobile networks, such as 5G networks. In fact, 5G
broadcast uses HPHT topology, used in DTT transmissions. In that case, it is not feasible to consider the slicing
concept in this sub use case, because just one service/slice will be used on the same infrastructure.

The same explanation applies for sub use case 4c. In this case, we can consider the standard slice “eMBB”, but
this use case is just a 5G Multicast Core demo, where a multimedia content (such as a pre-recorded video) will
be sent through the 5G-EVE node in Turin to the multicast interfaces. In this use case, due to the unavailability
of commercial equipment able to decode this content, it won’t be an end-to-end transmission, meaning that the
concept of network slicing should be skipped.

4.3.5 UC5 - Remote and distributed video production

4.3.5.1 High level description

The main objective of the use case is to exploit the 5G-TOURS network features for remote television produc-
tion, analysing how 5G networks could support various scenarios in which high-quality video is generated and
transmitted.

Recalling the main definition of the use case, in a distributed TV video production context, the content needs to
be produced by mixing local and remote audio and video contributions in the TV studio. The remote contribu-
tions are thus delivered to the main editing site via the 5G network in real-time.

The implementation for the use case is the itinerant orchestra, in which some musicians located in the main
concert hall play together with some other itinerant musicians walking in the streets while approaching the
concert hall. Each itinerant musician is followed by one (or more) cameraman shooting their performance and
providing cues to stay in synch with the main orchestra performance. The high-quality AV signal is transmitted
via the 5G network to the main editing facility where it is properly processed and mixed with both the rest of
the itinerant musicians and the orchestra located in the concert hall.

The spectators in the concert hall will watch the itinerant musicians playing and walking in the streets towards
the Palazzo Madama (as real-time virtual presence) on one or more LED walls and listen to their performance
via an amplification system, mixed to the local orchestra until they enter the concert hall and join the orchestra.

4.3.5.2 UC specific User and Network Requirements

For the implementation of this UC, the requirements presented in Table 22 are required, while the mapping of
these user requirements into network requirements are illustrated in Table 23. In the case of UC5, no changes
for the network requirements have been identified from what stated in deliverable D2.2.

The corresponding radar charts (URLLC and eMBB) of general requirements against the 4G/5G networks ca-
pabilities is shown in  Figure 32 and Figure 33.

The use case needs 5G network capabilities due to the required RAN Latency (1 msec), Network Latency (15
msec), Reliability (99.9999%), and Slicing (5s).

For the URLLC slice, very low latency is needed for the RAN (1ms) as well as for the network latency (10ms),
while, for the corresponding eMBB sub use case, the Network latency is relaxed to 50ms.
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Table 22. User requirements for UC5 — Distributed video production.

5G-Tours Use case name: UC 5 - Distributed video production

a/a User Requirements Description

Metrics

Values and Units

1 Video Reception:

'Yes/No no of UEs

No

Video Transmission:

at least 4x 20 mbps UL continous/stable (the 15 mbps

E g 2 Yes/No no of Channels channel is ok if must, but 20mbps or higher is better)
; .,E, (reviewed)
g -;5; Voice C ion: Yes/No 4x 128 kbps, DL (reviewed)
S 4 |Data Reception (DL): High/Medium/Low 0 (reviewed)

g Data Transmission (UL) g High/Medium/Low High - video transmission, see above; no additional UL

data t is foreseen

6 Mobility: 7';:;2::?/ Sbeed/ h Speed \Walking-Running Speed / Stationary
§ ] 7 Location Information: High / Medium / Low Accuracy Low Accuracy
% Fast Response (Low Latency): 1. Very Fsat - known/guaranteed/same latency for 2
S | 8 Slow / Fast / Very Fast hours
§ 5 2. TBD low UL latency (reviewed)
2 iabili ilability: . N High. Stable, available in all the course of the music
= ° e — g/ i /e plagyetrs from A to auditorium and inside

10  |Security / Privacy: Baseline /Medium /High / Ultra-High grade Baseline

Service / Traffic Type: i i i
5 / yp Sustalne.d H|gh/n.\ed|um/Low data. rate d High data rate - continuos UL video
3 11 Bursty High/medium/Low, burst-size .
= o ) tranmissions for at least 2 hours
8 Sporadic High/medium/Low msg/s
a
g Interactivity & Space Dependency: D High/Medium/Li
5 > Y B P U ret/ .e |u.m/’ow Dense High - The transmissions take place from
S 12 Densityibieh/ e i places (with multiple other users);
Sparse High/Medium/Low P P ’
5 @ Edge Computing : No need to edge, the SDI signals should be close to
3 'ﬂé; 13 Yes/No MG, and the latency imp remains igibl
T .,E, (reviewed)
3=
55 Edge Storage :
o = 14 Yes/No No - Same as above (reviewed)
& Battery Life: . N —
ST i High /Medium/ Low not very |mpcf ant - Liveu devices have bigger
2 g_ batteries (reviewed)
8 m
other

§ = 16 User specified

5G-Tours - Use Cases: direct specific Technical requirements

Table 23. UC5 - Distributed video production network requirements.

(reviewed) - UCS5 — Distributed video
production

M

URLLC mMTC eMMB Min Max

General Vertical/Use Case Requirement | [ [ [ | | | |

1 Latency (in milliseconds) - round trip - Min/Max msec 10 <50 Med 10 50

2 RAN Latency (in milliseconds) - one way msec 1 1 Low 1 5

3 Throughput (in Mbps ) - Min/MAX - sustained demand Mbps 180 100 High 50 200

4 Reliability (%) - Min/Max % 99,9999% 99,9999% High 99,0000% 99,9999%

5 Availability (%) - Min/Max % 99,9999% 99,9999% Med 98,0000% 99,9999%

6 Mobility (in m/sec or Km/h) - Min/Max Km/h 3 3 Med 0 10

7 Broadband Connectivity (peak demand) Y/N or Gbps 0,25

8 Network Slicing (Y/N) - if Y service deployment time (min) Y/N Y (5) Y Low 5 15

9 Security (Y/N) - if Y grade i.e. "Carrier Grade" Y/N Y Y Low

10 Capacity (Mbps/m? or Km?) Mbps/Km? 360 * 360 Medium 180 900

11 Device Density Dev/Km* 12 12 hi 12 15

12 Location Accuracy m n.a. n.a. n.a. n.a. n.a.
(*) Capacity = 360 Mbps/Km? = 0,00036 Mbps/m?
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#

5G-Tours: 4G/5G capabilities and UC5 - URLLC Requirements

—e— 4G
—e—5G
—®—UC5- URLLC

Network Latency e2e (ms)

Location Accuracy (m)y.1  RAN Latency (ms)

Data Rate

Device Density (Throughput - Mbps)

(Devices/Km?)

Capacity ; = 99,9299
(Mbps/m?) “% v o0~ Reliability (%)
99,999

Broadband Connectivity
(Peak - Gbit/s)
Mobility

{Km/h)

Figure 32. Radar chart for UC5 URLLC - Distributed video production network requirements.

5G-Tours: 4G/5G capabilities and UC5 - eMBB Requirements

—— 4G
—e—5G
——UC5-eMBB

Network Latency e2e (ms)

Location Accuracy (m)y,
# 1 RAN Latency (ms)

Data Rate

Device Density o (Throughput - Mbps)

(Devices/Km?)

Capacity 1 ’ 55 \ 99,9999

(Mbps/m?) < sa — Reliability (%)
99,999

i
A 1
Broadband Connectivity Network Slicing y/n

(Peak - Gbit/s) s00 ¥3°° (if yes -> Service deployment time - min)

IN/R) Mobility
(Km/h)

Figure 33. Radar chart for UC5 eMBB - Distributed video production network requirements.
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4.3.5.3 Updated sequence diagram

L

= @ =

4xvideoencoder + 56 SendiceLayer Metwork i ver g Lu- Direcor Mixer|Contrdl
t ter Infr astructure Centralin the cloud

2 Cameraman ready
The camearamen connact their AV squipmet to the Livell cameraman ready
fiald unit and infarm the awent director that they are =
ready (via regular smartphones)

3. Service setup JRzguestSerie
The direcor asks the 56 platf rom to bring-up the servia;
oould be done in advanoe or automatical by without

diredar intersention Ja AR wlLLC Slice art Request
The service isbrough up induding the relevant Sice; the
field units Slkts are moved to that slios Shee amnfigured

reEvant S

assigned bo Sice

Slice Management
3
Service 0K o

5. Action Starts
Directar instructs the camaramen via the produdion HActicn

intermm system over the return |FB channelin the Livell
solution
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7. Service ends: topsanice

Diirector or 5G6-Tours team istructs the 56 platfanm to stop)
the service Serviee stops, shoe s freed-up

Legend: - LiweU &Y flows in orange Nobe: There "n® playersin the field, each of them having its own transmitting unil, @meraman, elc
- Black used for controlling the 5G shia Therefore, “n” video streams are uplinked simultaneously.
- Mue forman-man fhow. Ml videostreams have the same strict Qod/senvice and are synchronizedin time tothe same latency.

Figure 34. UC5 sequence diagram.
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Isolation level

Location Based Message Delivery

Maximum Supported Packet Size

Mission critical support

MMTel Support

NB-loT Support

NSC Network Functions

Number of connections
Number of terminals

Performance Monitoring

Performance Prediction

Positioning Support

o o)
D2.3 Technical requirements of the use cases, economic and deployment implications Foue -
Subparameter URLLC eMBB Additional info
Availability 99.9999% 99.9999%
IT
Area of Service
Region specification TO, Piedmont
Delay Tolerance Not supported
Availability Not supported
Deterministic Communication
Periodicity NA
Guaranteed 360Mbps 200Mbps Calculated like:
Guaranteed Downlink Throughput
. L Per User * number of users / ter-
Downlink throughput per network slice in- minals available for trial
stance Maximum 500Mbps NA
We also assume concurrent usage
#bakpacks is expected to be 2
Guaranteed 180Mbps 100Mbps
Downlink Throughput Per User
Maximum 250Mbps NA
Network slice energy efficiency NA
Energy Efficiency
Time frame of the measurement NA
Group Communication Support Not supported

Isolation

Logical Isolation

Physical Isolation

NA

Logical Isolation

Virtual resource isolation

NA
1500 Bytes
URLLC: Somehow borderline. It is
. Non- not as critical as health applica-
. - Mission- Lo . . Lo
Mission critical support ;. mission- tions, yet video production is ex-
critical ;. : o
critical pensive and hence this is a rather
critical slice
Mission critical capability Inter-user NA URLLC: Pre-emption is probably
support prioritization not required, but prioritization is
Mission critical service support MCVideo NA
Not supported
Not supported
Note: this is not strictly a network
Video server function but may be run at the
edge
2(1) URLLC: 1 per backpack. There will
2(1) probably be 2 backpacks
Availability NA
Monitoring NA
Availability Not supported
Prediction Not supported
Availability NA
Prediction NA
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Radio Spectrum

Root Cause Investigation
Session and Service Continuity Support

Simultaneous use of the network slice

Slice Quality of Service

Support for Non-IP traffic

Supported Device Velocity

Synchronicity

Terminal Density

Uplink Throughput Per network slice in-

stance

Uplink Throughput Per User

User Management Openness

User Data Access

V2X communication mode

ency fi PF to App Server

Network Slice Specific Authentication and

Authorization (NSSAA)

Subparameter

Accuracy

URLLC eMBB

NA

Additional info

800 MHz (B20), 1800 MHz
(B3) and 2600 MHz (B7) for
E-UTRA and 3700 MHz (n78)
for NR

Not supported

SSC mode 1

Confirmed with 5G-EVE Turin

Cannot be used simultane-
ously with any another net-
work slice

3GPP 5Ql

Custom

Resource Type

Delay critical GBR

Priority Level 1
Packet Delay Budget (PDB) 1ms
Packet Error Rate (PER) 10
4ms
Jitter
Maximum Packet Loss Rate 10°
Not supported

10 km/h Pedestrian

URLLC: 3km/h

Availability NA Being a TDD system, 5G supports
synchronicity as per radio inter-
face specifications; this is not any-

Accuracy NA way related to the UC but to the
5G system behaviour itself.
2 devices/Km?

Guaranteed 360Mbps 200Mbps | pownlink Throughput Per User *

Maximim 500Mbps NA maximum number of users

Guaranteed 180Mbps 200Mbps

Maximum 250Mbps NA

Not supported

Data access

Termination in the private

Tunnelling mechanisms used not

network really relevant
Tunnelling Mechanism NA
Not supported
1ms, max. Note that these refer to end-to-
1ms
5ms end delay
Supported
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5 The Safe City
5.1 The Platform

The use cases in the “Safe City” work package (WPS5) will be trialed in Rennes, using the mobile network
infrastructure of Orange and Nokia at BCOM’s and CHU premises. Two mobile network deployments are on-
going for 5G NR:
1. Outdoors: at the BCOM premises, for the connected ambulance, as shown in Figure 35. The Nokia 5G
NR antenna will be installed on the roof of the BCOM building, using primarily the 26 GHz frequency
band.

2. Indoors: at the Wireless Operating Room at CHU Rennes, we are using 26 GHz for data transmission
and 2.6 GHz as the anchor frequency band (Figure 36) to provide high-speed, low-latency wireless
access for medical imaging equipment.

Transmission
Beam

Figure 36. 5G-TOURS 5G NR wireless coverage in the Wireless Operating Room at CHU.

At the BCOM premises, the 5G base station with a local virtual User Plane Function (UPF), part of the so-called
“Wireless Edge Factory” (WEF) is currently being tested and integrated. Similarly, there will be a WEF UPF at
the hospital that connects to the WEF core network hosted in the BCOM datacentre through a dedicated VPN
backbone. This is depicted in Figure 37. This will enable the setting of end-to-end network performance KPIs
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and the prioritization of data traffic between the ambulance and the hospital to guarantee the required quality of
service. Furthermore, the WEF Core Network deployed in BCOM datacenter will manage the WEF UPF at the
hospital to connect the 5G terminals of the Wireless Operating Room.

In addition, for the non-critical overall network orchestration and automatic deployment of the WEF core net-
work, Orange provides an ONAP orchestrator in their Chétillon datacenter as part of their 5G-EVE infrastruc-
ture. ONAP enables the user or the experimenter to deploy and configure the WEF Core Network on demand.
It could also be used to deploy the user plane part of the WEF.

The Orange datacenter has already been connected to the BCOM datacenter in the scope of the 5G-EVE project.
This is also shown in Figure 37.

...... cortrol NOKIA
.......... Data
Regulztor
= -9
P WOR
¥
Learning
Theater
et e ORAMNGE FR
o Flixible Hetiab 5 EVE
P i AWA
A - ._ CHATILLON
'.H) . e e ... = Plugi
. \ﬁ lubernetes - m
< (=)
10T+
oD o

Figure 37. Overall network architecture and physical deployment of network equipment and functions.

5.2 Deployment implications

The Core Control Plane is part of the WEF solution developed by BCOM. It supports NSA mode. At the radio
level, the 5G mmwave frequency (26Ghz) and the 2.6Ghz frequency for 4G are used. All medical equipment is
connected to the 5G network using a mmwave device capable (CPE Askey RTL0300) supporting the n257 and
B41 combination. Note that the use cases supported by the platform will have a separate user plane as specified
in Figure 38.
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ucs
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5G Eve Portal ‘ ‘C;\'

5G Eve
Inter-working Layer

I
I
I
I
I
I
I Rennes site Facility
I
I
I
L
I
I

ICT-17
Al ONAP —
& - El'\.'/ LI
- | 1aas B-COM (5G-CORE CP) ;
. AMFE NRF PCF uoM MNSSF .
]
NEF AUSF SMF AF I
Devices ¢ e e s S ]
N3 N4 N4 N3
RAN (PNF) laaS CHU/UPF laaS B-COM/UPF +—+¢  RAN (PNF) T—o’ﬁ
Monitor NG N6l P
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AR Platform [’.

Figure 38. Integration of safe city use cases with the platform

5.3 UCs

5.3.1 UC6 - Remote health monitoring and emergency situation notification
5.3.1.1 High level description

This UC addresses solutions for remote health monitoring of people, especially when already diagnosed with a
critical disease still compatible with home care (e.g.: some form of cardiovascular disease, hypertension, diabe-
tes, etc.). The main features offered by this UC involve:

o remote health monitoring services,

e quick, reliable notifications to nearby ambulances, medical professionals, and family members in case
of a health incident or a health emergency prediction; and

e the possibility to set up a video call between the medical specialist and the patient to monitor the pa-
tient's condition till the ambulance arrives.

The UC leverages wearable devices tracking a patient’s vital signs and having them aggregated inside an IoT
based platform named STARLIT (SmarT living plAtform powered by aRtificial Intelligence & robusT loTcon-
nectivity). STARLIT offers a dashboard for medical professionals enabling them to monitor the vital signs and
status of several patients at the time. It also provides the option of setting up a video call with a patient. Alarms
are raised notifying of current or potential future issues.
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= STARLIT e P Eu
84 Patients on the map &+ Add new patient
Subscribed patients P Notifications
Kason Frye John Smith Mary Jones Jahn Smith systolic blood pressure is over 135
t@ Female, 77 Male, 88 @ Female, 40 and diastolic blood pressure is over 85
1
\lert: 0 Pending Alert: 8 Pending ert: 2 Pending
O Lcart Rate: 74 bpm P cart Rate: 80 bpm O Lot Rate: 65 bpm
e e e John Smith systolic blood pressure is over 135
and diastolic blucd pressure is over 85
2021,10:24:52 AM
(Q\ Ron Swanson @ Portia Darnell (Q‘ Oxygen Murray
Male, 71 Female, 55 Male, 55 John Smith heart rate is lower than 95
p 13, 2021, 12620 A
\lert: 0 Pending Alert: 0 Pending \lert: 0 Pending
d Pressure: 114 £ Jahn Smith systalic blood pressure is aver 72
'V‘ 63 mmkli‘;_;‘ . 'V” Heart Rate: 75 bpm 'V‘ Heart Rate: 77 bpm a"f’ d‘ias.tu:i( bl‘uud ;-Jressule is over 81

Figure 39. STARLIT Remote Health Monitoring (patients view).
5.3.1.2 UC specific User and Network Requirements

John Smith heart rate is lower than 99

For the implementation of this UC, the requirements defined in Table 24 are needed from the user perspective.

Low latency and high reliability are required to guarantee timely interactions and delivery of data. In the case
of a health incident, it is critical to ensure the timely communication between the relevant actors (healthcare and

hospital staff, first responders).

The mapping of the above user requirements into network requirements are illustrated in Table 25, where the

vertical use case requirements for this use case are shown.

The corresponding radar charts of general requirements against the 4G/5G networks capabilities are shown in

Figure 40, Figure 41, and Figure 42.
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Table 24. User requirements for UC6 — Remote health monitoring and emergency situation notification.

5G-Tours Use case name: UC6 - Remote health monitoring and emergency situation notification

a/a User Requirements Description

Metrics

Values and Units

Content User Requirements

Video Reception:

Yes/No no of UEs

1 x medical specialist to mobile phone WebRTC video
1280x720 vp8 codec at 30 fps : 2 Mbps (compressed) -
(reviewed)

Video Transmission:

Yes/No no of Channels

Smart glasses WebRTC video to medical specialist
1280x720 vp8 codec at 30 fps : 2 Mbps (compressed)
Mobile phone video to medical specialist 1280x720 vp8
codec at 30 fps : 2 Mbps (compressed) - (reviewed)

Voice Communication:

'WebRTC voice communications during video call : 100

3 Vel kbps (reviewed)
4  |Data Reception (DL): High/Medium/Low Medium
5 |Data Transmission (UL) : High/Medium/Low Medium

Functional User
Requirements

Mobility:

High Speed / Medium Speed / Walking-Running Speed /
Stationary

Can range from Stationary to walking speed to all of the
metrics. The user has a wearable that is always on in all
situations (user at home, user walking, user in a car, etc.)
(reviewed)

7 Location Information:

High / Medium / Low Accuracy

Low (reviewed)

8 Fast Response (Low Latency): Slow / Fast / Very Fast Very Fast
9 Reliability/Availability: high / medium / low High
10 |Security / Privacy: Baseline /Medium /High / Ultra-High grade High

Composite User
Requirements

Service / Traffic Type:
11

Sustained High/medium/Low data rate
Bursty High/medium/Low, burst-size
Sporadic High/medium/Low msg/s

Sustained Medium

Interactivity & Space Dependency:
12

Dense High/Medium/Low
Medium Density High/Medium/Low
Sparse High/Medium/Low

Low Density Medium

Structural User
Requirements

Edge Computing :
13

Yes/No

Yes

Edge Storage :
14

Yes/No

Service Specific
(Examples)

Battery Life:
15

High /Medium/ Low

other
16

User specified

5G-Tours - Use Cases: direct specific Technical requirements

(reviewed) - UC6 —Remote health

Table 25. Remote health monitoring and emergency situation notification network requirements.

____--_

12

Latency (in milliseconds) - round trip - Min/Max
RAN Latency (in milliseconds) - one way

Throughput (in Mbps ) - Min/MAX - sustained demand

Reliability (%) - Min/Max

Availability (%) - Min/Max

Mobility (in m/sec or Km/h) - Min/Max
Broadband Connectivity (peak demand)

Network Slicing (Y/N) - if Y service deployment time (min)

Security (Y/N) - if Y grade i.e. "Carrier Grade"
Capacity (Mbps/m? or Km?)

Location Accuracy

monitoring and emergency Range
situation notification
URLLC mMTC eMMB
msec 10 100 100 High 100
msec 5 10 10 High 5 10
Mbps 1< 50 High 1 50
% 99,99% 99,99% 99,99% High
% 99,99% 99,99% 99,99% High
Km/h High ~ 5Km/h* 100 Km/h
Y/N or Gbps No 0,1 High 0,1 0,1
Y/N Y Y Medium 1 1
Y/N Y (baseline) Y Medium  N/A N/A
Mbps/m’ 12 12
Dev/Km? N/A N/A
m 5 5 High 5 5

(*) Although walking speeds can vary greatly depending on many factors such as height, weight, age, terrain, surface, load, culture,
effort, and fitness, the average human walking speed at crosswalks is about 5 km/h. The use case considers that monitored people may
be walking or they can be moving with some sort of vehicle (e.g. bicycle, car, etc.). Hence, we start from an average walking speed (5
Km/h) for the minimum speed and consider up to the speed of a moving vehicle on a highway (100K m/h).
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5G-Tours: 4G/5G capabilities and UC6 - URLLC Requirements

Network Latency e2e (ms) —e— 4G
—e—5G
—#—UC6 - URLLC
RAN Latency (ms)

Location Accuracy (m)y.

Data Rate
(Throughput - Mbps)

(N/A)

Capacity !
(Mbps/m?)
(N/A)

Broadband Connectivity
(Peak - Gbit/s)

(N/A)

(if yes -> Service deployment time - min)

Mobility (N/A)
(Km/h)

Figure 40. Radar chart for UC6 - Remote health monitoring and emergency situation notification network re-
quirements (URLLC).

5G-Tours: 4G/5G capabilities and UC6 - mMTC Requirements

Network Latency e2e (ms) —e—4G

—&—5G
. /

—8—UC6- mMTC
30

10

1

Location Accuracy (m)

RAN Latency (ms)

Data Rate
(Throughput - Mbps)

(Devices/Km?) 9 : ; 000

(N/A) & .
>
ey
\\ 4\
*m

Broadband Connect

Capacity !
(Mbps/m?)

(N/A)

(Peak - Gbit/s) 500 y300 (if yes -> Service deployment time - min)
(N/R) Mobility
(Km/h)

Figure 41. Radar chart for UC6 - Remote health monitoring and emergency situation notification network re-
quirements (IMMTC).
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5G-Tours: 4G/5G capabilities and UC6 - eMBB Requirements

Network Latency e2e (ms)

Location Accuracy (m)

(N/A)

Capacity
(Mbps/m?)

Broadband Connectivity
(Peak - Gbit/s)

300

5004300

Mobility
(Km/h)

—e— 4G
—e—5G
—®—UC6 - eMBB
RAN Latency (ms)

Data Rate
(Throughput - Mbps)

400 .
\ Network Slicing y/n

(if yes -> Service deployment time - min)

Figure 42. Radar chart for UC6 - Remote health monitoring and emergency situation notification network re-
quirements (eMBB)

As already indicated, the user and derived network requirements are to be verified as part of the evaluation of
the performance of the UCs. Reliability of 4 nines (99,99%), Low RAN and Networks Latencies for the URLLC,
and Slicing (60s) are the primary requirements of the Remote Health Monitoring use case that indicate the need

of a highly Reliable 5G Network.

In addition to the above, Capacity requirement, in some cases (for eMBB), stretches the 5G Network require-
ments to the limit (12). Therefore, for a successful implementation of this UC, careful planning of the 5G NR
gNBs and dimensioning of the network resources should be performed. Since the required capacity should also
be delivered in well-defined and confined spaces, even the stringent Capacity requirement can be achieved with

5G technology.
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5.3.1.3 Updated sequence diagram

Patient

1. Patient registration Registration to

A patient registers to the Remote Health Remote Health Service request MMTC slicerequest
Monitoring service of the WINGS STARLIT Monitoring Service notification Sliceestablished d
platform.The WINGS STARLIT platform requests service <

a mMTCslice from the Service layer and this is
established on the 5G-TOURS infrastructure.

3. Emergency Incident Emergency

In case an emergency is identified by the notification Emergency

STARLIT platform (e.g. due to one or more of the notification Emergency
monitored vital signs or parameters exceeding notification

a predefined threshold or indicating a

problem), the WINGS STARLIT platform issues . URLLC slice

an emergency notification to the family Service request request |
members, the Medical specialist and the < Sliceestablished
Hospital Dispatch Center. Following the Service notification

emergency identification a URLLC sliceis r

established.

5. Live video streaming Video connection
eMBB sliceis used for live video streaming

and observation of the patient until and

ambulance arrives.

7. Arrival of Patient at Hospital

Once the Ambulance has delivered the patient Terminate use of services
to the emergency department the use of the Slices release
network slices is terminated.

Figure 43. UC6 sequence diagram.
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5.3.1.4 NEST

Subparameter URLLC Additional info
Availability 99.99%
GR
Area of Service
Region specification GR-I
Delay Tolerance Supported
Availability Not supported
Deterministic Communication
Periodicity NA
Guaranteed 10Mbps 10Mbps 20Mbps Calculated like:
Guaranteed Down-
link Throughput Per
User * number of us-
ers / terminals availa-
ble for trial
Downlink throughput per network slice We also assume con-
instance Maximum 50Mbps 50Mbps | 1000Mbps current usage
Number of users in
the trial = 10 (mMTC,
URLLC)
Number of users in
the trial = 2 (eMBB)
Guaranteed 1Mbps 1Mbps 10Mbps
Downlink Throughput Per User
Maximum 5Mbps 5Mbps 50Mbps
Network. s.llce energy NA
efficiency
Energy Efficiency
Time frame of the measure- NA
ment
Group Communication Support Single Cell Point to Multipoint (SCPTM)
Isolation Logical Isolation
Isolation level Physical Isolation NA
Logical Isolation Virtual resource isolation
Location Based Message Delivery NA
Maximum Supported Packet Size 1500 Bytes
Mission critical support Mission-critical
- N Mission critical capability Local Control
Mission critical support support
Mission critical service .
MCData MCData MCVideo
support
MMTel Support NA
NB-loT Support NA
NSC Network Functions UPF, AUSF
Number of terminals 10 2
I RTT latency, Service availability, Service relia-
AT bility, Throughput (UP/DL)
Performance Monitoring
L Metric Collection Per 5seconds, Metric
Monitoring - .
Monitoring Per Minute
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“ Sprarameter

Performance Prediction

Positioning Support

Radio Spectrum

Root Cause Investigation

Session and Service Continuity Support

Simultaneous use of the network slice

Slice Quality of Service

URLLC Additional info
Availability NA
Prediction NA
Availability OTDOA (LTE and NR)
Prediction Per second
Accuracy im
NB-loT bands + 5G bands (at 3.5GHz)
Not supported
SSC mode 1
Can be used simultaneously with any network
slice
3GPP 5Ql 70 82 80
Resource Type Non-GBR DiLa:yG(JBr';ti— Non-GBR
Priority Level 55 19 68
Packet Delay Budget (PDB) 200ms 10ms 10ms
Packet Error Rate (PER) 10 10* 10

< 1/10 of Latency = 30 ms BUT preferably be-

Support for Non-IP traffic

Jitter tween 5-6 ms
Maximum Packet Loss Rate 10 10* 10
Not supported

Supported Device Velocity

120 km/h Vehicular

Synchronicity

Terminal Density

Uplink Throughput Per network slice in-
stance

Uplink Throughput Per User

User Management Openness

Availability Between BS and UE
Accuracy 2s
10 devices/Km? 2 devices/Km?
Guaranteed 10Mbps 10Mbps 20Mbps Downlink Throughput
Per User * maximum

Maximum 50Mbps 50Mbps 1000Mbps number of users
Guaranteed 1Mbps 1Mbps 10Mbps

Maximum 5Mbps S5Mbps 50Mbps

Not supported

Data access

Direct Internet access

User Data Access

Tunnelling Mechanism

NA

V2X communication mode

Not supported

Latency from UPF to App Server

<0,150s preferably between 25 -30ms

Network Slice Specific Authentication
and Authorization (NSSAA)

Not supported

5.3.2 UCT - Teleguidance for diagnostics and intervention support

5.3.2.1 High level description

The goal of this use case is to 1) improve emergency care and, in particular, the communication between care
givers in the ambulance / near the patient, the medical regulator, remote experts and emergency department staff
to save the life of more patients; 2) improve the outcome for patients on the short and longer term as well as
their wellbeing; 3) reduce the workload and stress for all care providers and improve their effectiveness; and 4)
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reduce the overall cost of care on the short and longer term so that patients can participate fully in society again
after a quick recovery. To save lives and improve outcomes for patient, it is essential to realize fast and precise
diagnosis of life-threatening conditions in order to be able to give patients the necessary lifesaving treatment as
quickly as possible to reduce irreversible health damage as much as possible. Ultrasound is a highly versatile
diagnostic tool in these cases, enabling rapid and quantitative examination of a variety of organs. A major draw-
back is that correct placement of an ultrasound probe is difficult, for the acquisition of images of diagnostic
quality and for the interpretation of these images. Ultrasound has, therefore, limited usefulness without an expert
doing the probe handling and the image interpretation. Thanks to 5G technology that will provide higher band-
width and data transfer rate, in addition to a lower latency compared to 4G, remote collaboration scenarios are
possible between care providers, where an expert guides a remote doctor or paramedic in performing an ultra-
sound exam or an ultrasound guided intervention with telesonography solutions.

The solution developed for this use case is built on streaming live video, live ultrasound images, in addition to
voice communication, leveraging the capability of new 5G cellular networks to give the high-quality video and
reliable medical feeds to the emergency care regulators for best decision making.

5.3.2.2 UC specific User and Network Requirements

For the implementation of this UC, the following requirements from the user perspective are needed:

Table 26. User requirements for UC7 — Teleguidance for diagnostics and intervention support.

5G-Tours Use case name: UC7 - Teleguidance for diagnostics and intervention support

a/a User Requirements Description Metrics Values and Units

Video Reception: Yes
2 streams from hospital to ambulance

2 x Hospital to mobile phone WebRTC video 1280x720 vp8 codec at

1
30 fps : 2 Mbps ( compressed) (reviewed)

Video Transmission:
Smart glasses WebRTC video to hospital 1280x720 vp8 codec at 30

fps : 2 Mbps ( compressed)

Yes WebRTC Video screensharing of ultrasound mobile application to
3 streams from ambulance to hospital hospital 1280x720 vp8 codec at 30 fps : 2 Mbps ( compressed)

Mobile phone video to hospital 1280x720 vp8 codec at 30 fps : 2
Mbps ( compressed) (reviewed)

WebRTC voice communications during video call (except for
screensharing) : 5 x 100 kbps (reviewed)

Voice Communication: hes

Content User Requirements

Data Reception (DL): High: for AR type applications
4 Medium for EMR transmission
Low for live patient vitals duch as ECG

Ultrasound Webrtc data reception : 30 Mbps (reviewed)

Data Transmission (UL): Reception and transmission are reversed between

5 ambulance and hospital Ultrasound Webrtc data tr

: 30 Mbps (revi d)

Medium Speed: driving ambulance
Stationary: Ambulance at the point of incident

Mobility: 130 km/h and 0 km/h (reviewed)

§ g 7 Location Information: Low Accuracy 50 m

T E Fast Response (Low Latency): Fast: for AR

2 = 8 Medium: for hand-eye coordination when moving 10 ms

§ 5 ultrasound probe

= 9  |Reliability/Availability: High MTBF: > 1 Month (reviewed)

10  |Security / Privacy: Ultra-High grade medical grade

Service / Traffic Type: Sustained High data rate; video, AR
11 Bursty Low: patient vitals, probe commands
Sporadic High: EMR transmission

12

Composite User
Requirements

Interactivity & Space Dependency:

Dense High/Medium/Low
Medium Density High/Medium/Low
Sparse High/Medium/Low

Few devices in an emergency area of ~200m2
Interaction emergency staff and distant medical regulator and
medical experts (reviewed)

Edge Computing :

5 @ . . .

] £ 13 Yes/No: Edge could be relevant if located in the No (reviewed)

B ambulance

E o

3£ .

§ z Edge Storage:: Yes/No: Edge could be relevant if located in the .

] 14 No (reviewed)

&« ambulance

ig — 15 Battery Life: Low Smart glasses and ultrasound are connected to a battery powered
M

§ %_ 5G smartphone (reviewed)

"
£

g other

E ] 16 User specified

"

The mapping of the above user requirements into network requirements are illustrated in Table 27, where the
use case requirements are shown.
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Table 27. UC7 — Teleguidance for diagnostics and intervention support network requirements.

Revi d) - UC7 — Teleguid fi
5G-Tours - Use Cases: direct specific Technical requirements (, ewew.e )-u . € egfn ance for Priority Range
diagnostics and intervention support

URLLC mMTC eMMB Min Max
General Vertical/Use Case Requirement | [ [ | | | | |
1 Latency (in milliseconds) - round trip - Min/Max msec 50 50 100
RAN Latency (in milliseconds) - one way msec 10 10 25
3 Throughput (in Mbps ) - Min/MAX - sustained demand Mbps 150 150 1000
4 Reliability (%) - Min/Max % 99,999% 99,00%  99,999%
5 Availability (%) - Min/Max % 99,999% 99,00%  99,999%
6 Mobility (in m/sec or Km/h) - Min/Max Km/h 140 0 140
7 Broadband Connectivity (peak demand) Y/N or Gbps 1,5 1000 1500 Mbps
8 Network Slicing (Y/N) - if Y service deployment time (min) Y/N Y 1 5
9 Security (Y/N) - if Y grade i.e. "Carrier Grade" Y/N Y Y Y
10 Capacity (Mbps/m? or Km?) Mbps/m? 6 150 6000
11 Device Density Dev/Km? 24 5 30
12 Location Accuracy m 5 5 25

The corresponding radar chart of general requirements against the 4G/5G networks capabilities is shown in
Figure 44 below.

5G-Tours: 4G/5G capabilities and UC7 (URLLC) Requirements

Network Latency e2e (ms) ——4G
—®—5G
—e—Uuc?
Location Accuracy (m)y; RAN Latency (ms)

. . Data Rate
Device Density ,,, (Throughput - Mbps)

(Devices/Km?)

Capacity
(Mbps/m?)

Mobility
{Km/h)

Figure 44. Radar chart for UC7 - Teleguidance for diagnostics and intervention support network requirements.

From the ten primary requirements of the Teleguidance use case, 6 requirements such as Device Density, Lo-
cation accuracy, Network and RAN latencies and Mobility can be satisfied with 4G. All the rest (Broadband
Connectivity, Capacity, Reliability, and Network Slicing) indicate that a 5G Network is needed to successfully
implement the use case.
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Figure 45. UC7 sequence diagram.
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Subparameter URLLC Additional info
Availability 99.9999%
FR
Area of Service
Region specification Rennes
Delay Tolerance Not supported
Availability Not supported
Deterministic Communication
Periodicity NA
Guaranteed 300Mbps Calculated like:
Downlink throughput per network slice in- Downlink Throughput Per User *
stance Maximum 2000Mbps number of users
Number of users in the trial = 2
Guaranteed 150 Mbps
Downlink Throughput Per User
Maximum 1000Mbps
Network slice energy efficiency NA
Energy Efficiency
Time frame of the measurement NA
Group Communication Support Not supported
Isolation Logical Isolation
Isolation level Physical Isolation NA
Logical Isolation Tenant / Service isolation
Location Based Message Delivery NA
Maximum Supported Packet Size 1500 Bytes
Mission critical support Mission-critical

Mission critical capability

Local control
support

Mission critical support

Mission critical service support MCData

MMTel Support Not supported

NB-loT Support Not supported

WEF (core network)
RAN (from Nokia)
NSC Network Functions Video server
AR platform
AMA's XpertEye

Number of connections 2

Number of terminals 2

Availability Not supported This UC will require a deployment
Performance Monitoring of new infra that extends 5GEVE,
Monitoring NA S0 no monitoring
Availability NA
Performance Prediction
Prediction NA
Availability NA
Positioning Support Prediction NA
Accuracy NA
Spectrum 26GHZ (mmWave)

Root Cause Investigation Not supported
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Session and Service Continuity Support SSC mode 1

Cannot be used simultane-

Simultaneous use of the network slice ously with any another net-
work slice
3GPP 5Ql 70 Mission Critical Data
Resource Type Delay Critical GBR
Priority Level 1 Very high priority
Slice Quality of Service Packet Delay Budget (PDB) Min. 1ms, Max. 5ms
Packet Error Rate (PER) Min. 102- Max. 10®
Jitter 10ms
Maximum Packet Loss Rate Min. 102- Max. 10°®

Support for Non-IP traffic Not supported
Supported Device Velocity 120 km/h - Vehicular

Between BS and UE & UE

Availability

Synchronicity and UE
Accuracy 10 seconds
Theoretically, as provided in net-
Terminal Density 2 devices/Km? work requirements, 24 de-
vices/Km?
Uplink Throughput Per network slice in- Guaranteed 270,000 Kbps Uplink Throughput Per User*max-
stance NI 270,000 Kbps imum number of users
Guaranteed 135,000 Kbps One of the devices in the setup us-
Uplink Throughput Per User ing compression (a minimal value
Maximum 135,000 Kbps from a partner)
User Management Openness Not supported

Termination in the private
Data access

User Data Access network
Tunnelling Mechanism VPN Tunnel
V2X communication mode Not supported
Latency from UPF to App Server Min.: 1 ms, Max.: 5 ms
Network Slice Specific Authentication and Not supported

Authorization (NSSAA)

5.3.3 UCS8 - Wireless operating room
5.3.3.1 High level description

The goal of the use case is to demonstrate the impact of 5G inside the operating room. This use case will face
very low latency requirements and important amount of video data to be transferred. The scenario for the trial
corresponding to this use case considers a situation where a patient must undergo a cardiac intervention proce-
dure based on live, simultaneous X-Ray and ultrasound imaging.

The procedure follows an accident that was in fact due to an acute heart failure happening to the tourist patient
secondary to a rupture from an acute heart rhythm dysfunction. The interventional procedure starts with a 3D
Angiography X-Ray acquisition enabling the doctors to obtain the 3D volume of the heart auriculum. Then, a
radiofrequency ablation is performed, guided by fluoroscopy, complemented by Doppler ultrasound to estimate
the blood flow, and superimposed on the fluoroscopy image, using advanced segmentation and matching algo-
rithms with an Augmented Reality application that generates a guidance image displayed on a monitor, which

- 5G-TOURS - ICT-19-2019 — G.A:856950 94



D2.3 Technical requirements of the use cases, economic and deployment implications 7 £

is 5G connected. The use of complementary imaging sources is justified to limit the use of X-Ray and contrast
product at the minimum.

The tourist patient has previously undergone a surgery in his country, Italy, by a cardiologist who is able to
interact with his Rennes colleague to improve the quality of the procedure, via a teleconference performed using
smart glasses. During the patient intervention, this cardiologist is travelling in Athens for business, and he is
able to follow the cardiac intervention and interact with the cardiologist from Athens.

Finally, a HD camera captures the cardiologist’s hands to help the scrub nurses to prepare the instruments and
to enable students to follow the operation in the amphitheater close to the TherA-Image room.

The videos of the ultrasound probe, the smart glasses and live medical imaging are transferred as wireless video
over IP, thanks to the recent DICOM-RTYV standard, enabling synchronized real-time communication of video
and associated metadata. However, the data stream from the X-Ray, which is a fixed device in the Operating
Room and can’t move from different operating rooms inside the hospital, will be wired connected to the AR
platform.

5.3.3.2 UC specific User and Network Requirements

For the implementation of this UC, the following requirements from the user perspective are needed (see Table
28):
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Table 28. User requirements for UC8 — Wireless operating room.

5G-Tours Use case name: UC8 - Wireless Operating Rooms
a/a User Requirements Description Metrics Values and Units
2 a Video Reception: - Remote physician WebRTC video to mobile phone : 1280x720 vp8
g codec at 30 fps : 2 Mbps ( compressed) (reviewed)
[
'g_ 2 Video Transmission: Ve Smart glasses WebRTC video to remote physician : 1280x720 vp8
3 codec at 30 fps : 2 Mbps ( compressed) (reviewed)
§ 3 Voice Communication: Yes WebRTC voice communications during video call : 100 kbps
t (reviewed)
£ 4 Data Reception (DL): None
o - -
© 5 |Data Transmission (UL) : None
6 Mobility: Stationary
7 Location Information: None
g g Fast Response (Low Latency): No specific constraint here. Latency on AR glasses flows shall allow
t_=u g 8 Slow for a smooth interaction between the surgeon and the remote
.g 5 physician: 100ms one-way latency
ST
5e 9 |Reliability: high / medium / low MTBF: > 1 Month
9 Availability: high / medium / low 99,99%
10 Security / Privacy: High Integrity protection and Ciphering shall be supported
§ @ Service / Traffic Type: Sustained High/medium/Low data rate
3 - 11 Bursty High/medium/Low, burst-size Continuous traffic, see bitrate values above
= qE) Sporadic High/medium/Low msg/s
o = a0
s 3 Interactivity & Space Dependency: ) ) Few devices packed in an operating of ~100m2
g @ 12 Medium Density Low X .
S x Interaction between surgeon and remote physician
g 2 Edge Computing :
35 13 No
E 5
23 Edge Storage :
29 14 No
-
L Battery Life:
'g 73‘ 15 Low Smart glasses are connected to a battery powered 5G smartphone
& s
o E
eg other
E o 16 User specified
v
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The mapping of the above user requirements into network requirements are illustrated in the following Table
29, where the vertical use case requirements are shown.

Table 29. UC8 — Wireless operating room network requirements.

Reviewed) - UC8 — Wireless
5G-Tours - Use Cases: direct specific Technical requirements (Reviewed) . ! Priority Range
Operating Room

URLLC mMTC eMMB Min Max
General Vertical/Use Case Requirement | | | | | [ |
1 Latency (in milliseconds) - round trip - Min/Max msec 20 10 30
2 RAN Latency (in milliseconds) - one way msec 5 2 7
3 Throughput (in Mbps ) - Min/MAX - sustained demand Mbps 800 600 2000
4 Reliability (%) - Min/Max % 99,999%
5 Availability (%) - Min/Max % 99,999%
6 Mobility (in m/sec or Km/h) - Min/Max Km/h 0
7 Broadband Connectivity (peak demand) Y/N or Gbps 0,8
8 Network Slicing (Y/N) - if Y service deployment time (min) Y/N Y (5)
9 Security (Y/N) - if Y grade i.e. "Carrier Grade" Y/N N
10 Capacity (Mbps/m? or Km?) Mbps/m? N/A
11 Device Density Dev/Km? N/A
12 Location Accuracy m N/A

The corresponding radar chart of general requirements against the 4G/5G networks capabilities is shown in
Figure 46 below.

5G-Tours: 4G/5G capabilities and UC8 (URLLC) Requirements

—8—A4G
—8—5G
—®—UC8
RAN Latency (ms)

Network Latency e2e (ms)

Location Accuracy (m)

(N/A)

Data Rate
Device Density (Throughput - Mbps)
(Devices/Km?)

(N/A)

1000

99,999
B0% Reliability (%)
93,999

Capacity
(Mbps/m?)
N/A
(N/A) 50
300
"4 m e
Broadband Connect ork Slicing y/n
(Peak - Gbit/s) 500 (if yes -> Service deployment time - min)
Mobility
(Km/h)

Figure 46. Radar chart for UC8 — Wireless operating room network requirements.

The Wireless Operating Room use case focuses primarily on the High Reliability of 5 nines (99.999%). This
together with the Network Latency (20 ms), RAN Latency (5 ms), Data Rate (800Mbs), Reliability (5 “nines”),
and demand for Network Slicing (in 5sec), clearly indicate the need for a 5G Network infrastructure.
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5.3.3.3 Updated sequence diagram

[ ]
s s [ .- ] [ ]
[0 °) o= o [0 °] o
. Medical Medical TV / Ultra Sound : Network Augmented Reality AMA WebRTC Remote Medical Remote Learning
Service Layer -
Patient Specialist Display Probe Master Clock v Infrastructure (AR ) Platform Server Specialist Theater

2. Cardiologist is able to perform his intervention PTP messages

thanks to the AR view, displayed in the medical TV Video transfer established Compressed video with
3

| DICOM format

PTP v

Processing of
Video transfer of the AR view to the WOR

| Video with DICOM
Video Transfer of the AR view | format

4. End of the intervention and US and glasses services

Intervention stops|

End of US services request

Request OK

End of smartglasses service request URLLC slice

release request

End of service notification URLLC slice

release OK

Figure 47. UC8 sequence diagram.
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Subparameter URLLC Additional info
Availability 99.9999%
FR
Area of Service
Region specification Rennes
Delay Tolerance Not supported
Availability Not supported
Deterministic Communication
Periodicity NA
Guaranteed 600Mbps Calculated like:
Downlink Throughput Per User *
. s number of users
Downlink through:tm;;zzr network slice in- UC8 will support only one UE in
Maximum 2000Mbps downlink path (i.e., from the AR
platform to the monitor through
one CPE) and two for uplink path.
Guaranteed 6000 Mbps
Downlink Throughput Per User
Maximum 2000Mbps
Network slice energy efficiency NA
Energy Efficiency
Time frame of the measurement NA

Group Communication Support

Single Cell Point to Mul-
tipoint (SCPTM)

Isolation

Logical Isolation

Isolation level

Physical Isolation

NA

Logical Isolation

Virtual Resource isolation

Location Based Message Delivery

NA

Maximum Supported Packet Size

1500 Bytes

Mission critical support

Mission-critical

.. " Mission critical capabilit
Mission critical support P ¥

Local control

MMTel Support

NB-loT Support

NSC Network Functions

support
Mission critical service support MCData
Not supported
Not supported
RAN

UPF (User Plane function)
WEF (core network)

Number of connections

Assumption: Number of connec-

2(4) tions = Number of terminals
Total of 2 devices (and may be 2
Number of terminals 2(4) backup devices if needed) with
CPE equipment
Availability NA This UC will require a deployment
Performance Monitoring of new infra that extends 5GEVE,
Monitoring NA 50 no monitoring
Availability Not supported
Performance Prediction
Prediction Not supported
Availability NA
Positioning Support
Prediction NA
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Accuracy NA

Radio Spectrum Band B38/B41 and N257
Root Cause Investigation Not supported

Session and Service Continuity Support SSC mode 1

Cannot be used simultane-

Simultaneous use of the network slice ously with any another net-
work slice
3GPP 5Ql 70 Mission Critical Data
Resource Type Delay Critical GBR
Priority Level 1 Very high priority
Slice Quality of Service Packet Delay Budget (PDB) Min. 1ms, Max. 5ms
Packet Error Rate (PER) Min. 102-Max. 10®
Jitter 10ms
Maximum Packet Loss Rate Min. 102- Max. 10®

Support for Non-IP traffic Not supported
Supported Device Velocity Stationary

Availability Between BS and UE

Synchronicity
Accuracy 10 seconds

2 CPE, 1 smartphone (if available
Terminal Density 3 devices/Km? with the frequency), will be used
in the operating room

Guaranteed Downlink Throughput

. L. Sl 60Mbps Per User*maximum number of
Uplink Throughput Per network slice in- users
Slanct Maximum 100Mbps
2 devices for uplink path
Guaranteed 30Mbps
Uplink Throughput Per User

Maximum 50Mbps

User Management Openness Not supported

Network Local Traffic (no in-

Data access
ternet access)

User Data Access

Tunnelling Mechanism VPN Tunnel
V2X communication mode Not supported
Latency from UPF to App Server Min.: 1 ms, Max.: 5 ms
Network Slice Specific Authentication and
Not supported

Authorization (NSSAA)

5.3.4 UC9 - Optimal ambulance routing
5.3.4.1 High level description

As the next step following the health monitoring use case (UC6), this use case shows how city sources can be
exploited towards real-time vehicle navigation taking into consideration the live status of the city, especially a
touristic one with lots of cultural events being organized. This use case addresses real time navigation of the
ambulance, both to the site of the emergency, to ensure that medical help will be provided as quickly as possible,
as well as from the site of emergency to the hospital, as soon as possible once the patient has been stabilized on
the emergency location. WINGS’s platform, STARLIT, is exploited in order to calculate the optimal route both
from the ambulance dispatch location to the emergency location as well as from the emergency location to the
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nearest (or in another way most appropriate) hospital, while taking into account relevant patient data. Infor-
mation taken into consideration in this respect refers to traffic conditions, regulations and other mobility related
factors. Moreover, for the optimization procedure, it will be taken into account if the patient’s condition de-
mands rich data exchange, in which case, a steady 5G coverage during the journey is needed (e.g., in case that
the patient needs an on-the-fly treatment through a high-definition video streaming).

5.3.4.2 UC specific User and Network Requirements
For the implementation of this UC the following requirements in Table 30 are needed from the user perspective.

Table 30. User requirements for UC9 — Optimal ambulance routing.

5G-Tours Use case name: UC9 - Optimal ambulance routing
afa User Requirements Description Metrics Values and Units
Video Reception: Yes 1 x medical specialist to mobile phone WebRTC video
" 1 Yes/No no of UEs 1280x720 vp8 codec at 30 fps : 2 Mbps ( compressed)
E (reviewed)
E Video Transmission: Yes 2 streams Smart glasses WebRTC video to medical
5 specialist 1280x720 vp8 codec at 30 fps : 2 Mbps (
E 2 Yes/No no of Channels compressed)
5 Mobile phone video to medical specialist 1280x720 vp8
3 codec at 30 fps : 2 Mbps ( compressed) (reviewed)
£ Voice Communication: Yes WebRTC voice communications during video call : 100
3 3 Yes/No .
3 kbps (reviewed)
© 4 Data Reception (DL): High/Medium/Low Medium
5 |Data Transmission (UL) : High/Medium/Low Medium
= 6 Mobility: High Speed / Medium Speed / Walking-Running Speed /|Can range from Stationary (when ambulance is stopped)
% £ Stationary to High Speed (reviewed)
= E 7 Location Information: High / Medium / Low Accuracy Medium
c o
25 8 Fast Response (Low Latency): Slow / Fast / Very Fast Very Fast
§ E 9 Reliability/Availability: high / medium / low High
fid
10 |Security / Privacy: Baseline /Medium /High / Ultra-High grade Medium
5w Service / Traffic Type: Sustained High/medium/Low data rate
3 § 11 Bursty High/medium/Low, burst-size Sustained Medium
2 5 Sporadic High/medium/Low msg/s
P . . . .
25 Interactivity & Space Dependency: Dense High/Medium/Low
5 g 12 Medium Density High/Medium/Low Low Density Medium
hd Sparse High/Medium/Low
5 2 Edge Computing :
35 13 Yes/No Yes
T
23 Edge Storage :
29 14 Yes/No No
8 x
2 Battery Life:
k- ‘5 15 High /Medium/ Low Low
S a
€
g3 other
an o 16 User specified
w

The mapping of the above user requirements into network requirements are illustrated in Table 31.

Table 31. UC9- Optimal ambulance rooting room network requirements.

Revi d) - UC9 — Optimal Ambulance
5G-Tours - Use Cases: direct specific Technical requirements “ (L) Routi:gl " M

URLLC mMTC eMMB

____--_

1 Latency (in milliseconds) - round trip - Min/Max msec 100 High 100

2 RAN Latency (in milliseconds) - one way msec 5 25 High 5 25

3 Throughput (in Mbps ) - Min/MAX - sustained demand Mbps 50 High 10 50

4 Reliability (%) - Min/Max % 99,99% 99,99% High

5 Availability (%) - Min/Max % 99,99% 99,99% High

6 Mobility (in m/sec or Km/h) - Min/Max Km/h >=50Km/h >=50Km/h High 10 50

7 Broadband Connectivity (peak demand) Y/N or Gbps Y (1) Y (1) High 1 1

8 Network Slicing (Y/N) - if Y service deployment time (min) Y/N Y Y High 1 1

9 Security (Y/N) - if Y grade i.e. "Carrier Grade" Y/N Y Y Medium

10 Capacity (Mbps/m? or Km”) Mbps/m’ n/a n/a

11 Device Density Dev/Km? n/a n/a

12 Location Accuracy m 5 5 High 5 5

The corresponding radar chart of general requirements against the 4G/5G networks capabilities is shown in
Figure 48 and Figure 50.
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5G-Tours: 4G/5G capabilities and UC9 - URLLC Requirements

Network Latency e2e (ms) 46
10410 ——5G

—=®—UC9 - URLLC

Data Rate
(Throughput - Mbps)

{Devices/Km?) (N/A)

(N/A) ‘, / ‘ | ’ o
AT

Capacity .
{Mbps/m?) % S‘S‘E,Rellablhty (%)

(N/A)

i 400 ¥
1
Broadband Connect ork Slicing y/n

(Peak - Ghit/s) 500 §300 (if yes -> Service deployment time - min)
Mobility
(Km/h)

Figure 48. chart for UC9 — Optimal ambulance rooting network requirements (URLLC).

5G-Tours: 4G/5G capabilities and UC9 - eMBB Requirements

—e—A4G
—e—5G
—&®—UC9 -eMBB
RAN Latency (ms)

Network Latency e2e (ms)

Location Accuracy (m)y.1

Data Rate
Device Density {Throughput - Mbps)
(Devices/Km?)

(N/A)

Capacity
(Mbps/m?)
(N/A)

1

" 400 “
Broadband Connectoark slicing y/n
(Peak - Gbit/s) 500 (if yes -> Service deployment time - min)
Mobility

(Km/h)

Figure 49. chart for UC9 — Optimal ambulance rooting network requirements (eMBB).
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For the Optimal Ambulance Routing use case — URLLC, the following requirements Network Latency, RAN
Latency, Reliability, and dedicated Network Slice indicate the need for 5G technology. All the other can be
covered by 4G. Moreover, for eMBB slice, the two latencies are also relaxed to 100ms and 25ms, since initially
were overestimated, so they can be fulfilled also from a 4G network.
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5.3.4.3 Updated sequence diagram

D ﬁ

————

Hospital Dispatch
Center

XN
K om g
Medical WINGS STARLIT
Vehicle +staff Platform

% 9

Data sources

~~
-~

oI
CIE.
——

Service Layer Network

Infrastructure

/S

Medical Center

2. Commit Ambul; to specific medical center

Ambulance personnel requests for optimal routing to
patient location and from there to Medical Center. Patient
and ambulance locations and patient status are send to
the WINGS STARLIT platform. If the patient status requires
on-the-fly treatment through high-definition video
streaming, then a route having a steady 5G coverage is
selected. A uRRLC network slice is requested.

Request for optimal routingto Medical Centre
Current location & patientstatus sentto STARLIT

Service request

URLLC Slicerequest

>

Service notification

Sliceestablished g

4. Notification to Medical center

Medical center is notified on the incident and receives
updates on the ETA of the Ambulance.

Notify Medical Center for the incident
1

4. Ambulance reaches the medical center

Once the Ambulance has delivered the patient to the
emergency department the use of the network slices is
terminated.

Terminate use of services

Figure 50. UC9 sequence diagram.

Slices release

‘ Slices released
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Subparameter URLLC eMBB Additional info
Availability 99.99% 99.99%
GR
Area of Service
Region specification GR-I
Delay Tolerance Not supported
Availability Not supported
Deterministic Communication
Periodicity NA
Guaranteed 10Mbps 20Mbps Calculated like:
Guaranteed Downlink Throughput
. L. Per User * number of users / ter-
Downlink throughput per network slice in- minals available for trial
stance Maximum 50Mbps 100Mbps
We also assume concurrent usage
Number of users in the trial = 2
Guaranteed S5Mbps 10 Mbps
Downlink Throughput Per User
Maximum 25Mbps 50Mbps
Network slice energy efficiency NA
Energy Efficiency
Time frame of the measurement NA

Group Communication Support

Single Cell Point to Mul-
tipoint (SCPTM)

Isolation

Logical Isolation

Isolation level

Physical Isolation

NA

Logical Isolation

Virtual resource isolation

Location Based Message Delivery

Maximum Supported Packet Size

NA
1500 Bytes
. - Mission- Mission-
Mission critical support - "
critical critical

Mission critical support

Mission critical capability

Local control

MMTel Support

NB-loT Support

NSC Network Functions

Number of connections

Number of terminals

support
Mission critical service support MCData MCVideo
NA
Supported
UPF, AUSF
2
2

RTT latency, Service availa-

Performance Monitoring

Performance Prediction

Positioning Support

Availability bility, Service reliability,
Throughput (UP/DL)
Metric Collection Per
Monitoring 5seconds, Metric
Monitoring Per Minute
Availability NA
Prediction NA
Availability OTDOA (LTE and NR)
Prediction Per second
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Accuracy im
NB-loT bands + 5G bands (at
Radio Spectrum 3.5GHz)
The performance diagnosis mod-
Root Cause Investigation Passive investigation ule will inform the NSC, so it is pas-
sive, no active
Sess Service Continuity Sup SSC mode 1
Simultaneous use of the network slice can F)e used S|multane.ously
with any network slice
3GPP 5Ql 70 80
Resource Type Non-GBR Non-GBR
Priority Level 55 68
Packet Delay Budget (PDB) 200ms 10ms
Slice Quality of Service
Packet Error Rate (PER) 10 10
< 1/10 of Latency = 30ms
Jitter BUT preferebly between 5-
6ms
Maximum Packet Loss Rate 10°
Support for Non-IP traffic Not supported
Supported Device Velocity 120 km/h - Vehicular
Availability Between BS and UE
Synchronicity
Accuracy 2s
Terminal Density 2 devices/Km?
Uplink Throughput Per network slice in- Guaranteed 10 Mbps 20 Mbps Downlink Throughput Per User *
stance Maximim 50 Mbps 100 Mbps maximum number of users
Guaranteed 5 Mbps 10 Mbps
Uplink Throughput Per User
Maximum 25 Mbps 50 Mbps
User Management Openness Not supported
Data access Direct Internet access
User Data Access
Tunnelling Mechanism NA
V2X communication mode Not supported
Latency from UPF to App Server <0,150s preferably between
25 -30s
Network Slice Specific Authentication and Not subported
Authorization (NSSAA) PP
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6 The Mobility Efficient City
6.1 The Platform

The main objective of WP6 is to carry out the implementation of the mobility-related use cases trials taking
place in the node of Athens. The aim of these use cases is to demonstrate how 5G is expected to enhance
applications related to mobility within a city covering various set-ups, such as the improvement of airport lo-
gistics by means of video-enhanced ground vehicles, the evacuation of the airport in case of an emergency,
smart parking applications, or the constructive mobility of students for education purposes. As it happens with
the rest of the use case specific WPs, while the foreseen use cases are presented from a touristic-oriented/cultural
perspective, the underlying functionality addresses the needs of both tourists and citizens.

In the context of the implementation of the Mobility Efficient City of 5G-TOURS project, the node of Athens
is developed as an extension of the existing 5G-EVE Greek Site infrastructure. 4 UCs are implemented at the
AIA premises, relying on the extended 5G-EVE network which comprises by the following components:

On site H/W installations and integrations at OTE premises:

o A fully functional 5G network installed and configured by NOKIA-GR that is up and running.

¢ An Orchestrator (OSM) installed and configured by WINGS that is also up and running.

e The OSM Orchestrator is fully interconnected with the Interworking Layer of the Turin 5G-EVE site
through a secure tunnel and the portal of the 5G-EVE.

o A Kafka bus server, for the needs of keeping the metrics of the KPlIs, is installed and interconnected
with central Kafka server.

On-site H/W installations and integrations at AIA premises:

e 2 outdoor and 4 indoor antennas designed and installed by NOKIA, that utilise the spectrum band of
3450-3500MHz, 40MHz bandwidth.

¢ All the antennas are connected via optical fibre with the NOKIA’s Base Band Units (BBU) at the air-
port.

e OTE L2/L3 switch is interconnected to the OTE IP Core, using a 10 Gbps capacity line, in order to
interconnect 5G-EVE Greek site infrastructure located at OTE Labs in Psalidi-Attika with AlA.

e Smart devices are used, and specific innovative applications developed for the implementation of the 4
UCs (Smartphones, tablets, AR/VR headsets, IP-cameras, 10T chipsets and sensors, etc.).

e Also, KPI measuring probes are installed between antennas and the BBU, as well as between the BBU
and OTE’s Core-switch (at AIA). Finally, a probe is also be placed before NOKIA’s platform (EPC) at
OTE-Labs. These probes are used for measuring network performance and service layer metrics in real
time in order to validate KPIs of the network.
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| 5G-EVE infrastructure ‘
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|
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Figure 51. Mobility Efficient City Platform — Athens Node.

The deployment of the Mobility Efficient City platform at the Athens node is depicted in Figure 51, while the
probes installed in Athens node are depicted in Figure 52.
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Figure 52. Probes installed to Athens node.

The four UCs that are implemented at the AIA premises are the following:
e UC10 - Smart airport parking management.
e UCI11 - Video-enhanced ground-based moving vehicles.
o UC12 - Emergency airport evacuation.
e UC13 - Excursion on an AR/VR-enhanced bus.
Two more use cases from WP5 will be hosted in the Greek Site — Athens node:
e UC 6 - Remote Health Monitoring.

- 5G-TOURS - ICT-19-2019 — G.A:856950 108



D2.3 Technical requirements of the use cases, economic and deployment implications

ne=

5G

e UC9 - Optimal Ambulance Routing

NOKIA

BBU 2 @ BBU 1
In In

B11 Building

ACTA probe

5G-TOURS
(Athens AIA)

NOKIA Data
Plane IPs
172.17.43.0/25

1G

1VLAN

't“)

B2 Building 5G-TOURS
AIA Streaming (Athens AIA) N:Kll\?::a
ane
Server 172.17.43.0/25
* _________________________________ T cmccmee ey
RF OD RF OD '
ln.Bll In Bg In Sratgllte ((v))) ) NOKIA
Building Building Buildin i\ _ RFID BBU2
((~))3 () &) In 3
( A ( )) (( )) lr.‘ 8.1 B11 Building
' : Building ' 3
i : 4 (exhibition) 1 oL
P —— ' Remote Health Optimal Ambulance
a5 o Monitoring g
—
—\ "~ In 811 U? e
) Q Emergency  ARAVRenhanced AR/VR enhanced BUAINg B e
Smart Parking o oveee Dors Evacuation BUS excursion B | | 2 smmsermomeccomesscossnsommoeenmmnes
uc1o uci1 UC12  UC13a(AR)  UC13b (VR)

Figure 53. The extended Athens node in Athens International Airport and the six UCs.

6.2 Deployment implications

The trial platform is a virtual 4G/5G Core Network compatible with the 5G NSA standard. The UCs experi-
mentation will not implement any slicing features (e.g.: slices onboarding, slices management, etc.) at the CN
and/or radio access levels, since these are not supported by the Rel-15 network devices. Nevertheless, the de-
ployed platform provides a real pre-commercial implementation of the UCs, demonstrating how a 5G network
supports the technical and performance requirements posed by the Mobility Efficient City use cases. Deploy-
ment to 5G Stand Alone (SA) network is planned in a later step for experimental purposes.

6.3 UCs

6.3.1 UC10 - Smart airport parking management

6.3.1.1 High level description

The AIA area accommodates three short and long-term parking lots for AIA visitors and travellers, altogether
occupying an area of around 13 km?2. The parking process at AlA can be very time-consuming and, therefore,
stressful, especially when time until flight departure is limited. At the same time, purposeless and untargeted
driving does not favour the environment from an emission perspective.

This use case will allow the AlA parking users to obtain real time information on available and occupied spaces.
This will be achieved by the installation of 5G-enabled (i.e., communicate using a 5G technology) parking
sensors. This way, the drivers will be able to locate the available parking spaces directly through a mobile
application and will be guided there via the optimal route. The smart parking management will contribute to the
emission reduction by decreasing unnecessary vehicle movements to locate a free parking space.

Situation example: On a peak day for AIA, approximately 20 vehicles can become congested in the parking
facility of the B17 building. It would appear, that upon arrival, to park within the facility, the vehicles begin to
search for an adequate parking spot, ideally near the entrance. Unfortunately, this, with so many vehicles sim-
ultaneously in search of the ideal spot and rushing to park, inevitably causes congestion. A vehicle driving in
the wrong direction, by accident or to get a spot before another vehicle gets to it first, can end up colliding with
the second vehicle, which had been driving in the correct direction.
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The developed service aims to minimize the time spent finding an available parking spot within the parking
facility of AIA, simultaneously optimizing the management and monitoring of the facility from the side of the
respective authority. Specifically, an app-based service has been developed, which enables the user of the app
to inspect the available parking places within the respective parking facility and get a recommendation for a
parking slot, according to the specified criteria (e.g., the one closest to the entrance of the facility).

6.3.1.2 UC specific User and Network Requirements

The user requirements presented in Table 32are required for the implementation of this UC, while the mapping
those user requirements into network requirements are illustrated in Table 33.

Table 32. User requirements for UC10 — Smart airport parking management.

5G-Tours Use case name: UC10 - Smart Airport parking management

a/a User Requirements Description Metrics Values and Units
— 1 Video Reception: Yes/No no of UEs No
§ g 2 Video Transmission: Yes/No no of Channels No
£ 3 |Voice Communication: Yes/No No
§ g’ 4 Data Reception (DL): High/Medium/Low High (reviewed)

5 |Data Transmission (UL) : High/Medium/Low Low
. . Mobility: High Speed / Medium Speed / Walking-Running Speed / Medium Speed
o E - - St‘atlonary : i
= E 7 Location Information: High / Medium / Low Accuracy High
.§ % 8  |Fast Response (Low Latency): Slow / Fast / Very Fast Fast (reviewed)
§ E 9 Reliability/Availability: high / medium / low High

10 |Security / Privacy: Baseline /Medium /High / Ultra-High grade Medium (reviewed)
5w Service / Traffic Type: Sustained High/medium/Low data rate
3 'ﬂé; 11 Bursty High/medium/Low, burst-size Sporadic Medium
% E Sporadic High/medium/Low msg/s
g3 Interactivity & Space Dependency: Dense High/Medium/Low
§ E 12 Medium Density High/Medium/Low Medium Density Medium

Sparse High/Medium/Low

. Edge Computing :

g g 13 Yes/No No
§3 Edge Storage :

‘::- 2 14 Yes/No No
° Battery Life:

5 T 15 High /Medium/ Low Medium
Q

25

2 E

e g other

§ e 16 User specified

Table 33. Smart airport parking management network requirements.

Reviewed) UC 10 — Smart
5G-Tours - Use Cases: direct specific Technical requirements “ ( R ) M Range
parking management

URLLC mMTC eMBB

__-_--_
1 Latency (in milliseconds) - round trip - Min/Max msec 100 100 High 10 100
2 RAN Latency (in milliseconds) - one way msec 5 10 High 5 10
3 Throughput (in Mbps ) - Min/MAX - sustained demand Mbps 10 50 High 10 50
4 Reliability (%) - Min/Max % 95,00%  99,99% Medium 95 99
5 Availability (%) - Min/Max % 95,00% 99,99%  Medium 95 99
6 Mobility (in m/sec or Km/h) - Min/Max Km/h 50 High 5 50
7 Broadband Connectivity (peak demand) Y/N or Gbps 0,1 0,1 High 0,1 0,1
8 Network Slicing (Y/N) - if Y service deployment time (min) Y/N Y Y Medium 1 1
9 Security (Y/N) - if Y grade i.e. "Carrier Grade" Y/N Y Y Medium
10 Capacity (Mbps/m? or Km?) Mbps/m? 0,1 12 Medium 0,1 12
11 Device Density Dev/Km? 100K High 1K 100K*
12 Location Accuracy m (n/a) (n/a) High 5 5

(*) 1 parking space = 10m? => 1 Km? = 100.000 parking spaces

The corresponding radar charts of general requirements against the 4G/5G networks capabilities are shown in
Figure 54 and Figure 55 below.

- 5G-TOURS - ICT-19-2019 — G.A:856950 110



5G

ne=

D2.3 Technical requirements of the use cases, economic and deployment implications

#

5G-Tours: 4G/5G capabilities and UC10 - mMTC Requirements

Network Latency e2e (ms) .
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Figure 54. Radar chart for UC10 — Smart airport parking management network requirements (mMTC).

5G-Tours: 4G/5G capabilities and UC10 - eMBB Requirements
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Figure 55. Radar chart for UC10 — Smart airport parking management network requirements (eMBB).
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For UC10, Reliability and Availability requirements are being relaxed compared with the previous values in
D2.2. Speed is, in general, limited in and out of parking area, however, the mobility KPI maximum value could
be increased to 40 - 50 Km/h. Moreover, Latency is also 10-100 ms. Throughput is 10-50 Mbps for a single
device and Broadband connectivity is 0.1 Gbps (i.e.: 200 Mbps for whole area).

Although with respect to E2E latency, Throughput, Mobility, Reliability, Broadband Connectivity, Capacity
and Device Density for mMTC and E2E and RAN latency, Throughput, and Broadband Connectivity for eMBB
even existing 4G/LTE and 4G+ technology/network will suffice; when it comes to RAN latency and Slicing
(for mMTC), and Reliability and Slicing (for eMBB) a 5G network is required.

In addition to the above, Capacity requirement in some cases (for eMBB) stretches the 5G Network require-
ments to the limit (12). Therefore, for a successful implementation of this UC, careful planning of the 5G NR
gNBs and dimensioning of the network resources should be performed. Since the required capacity should also
be delivered in well-defined and confined spaces, even the stringent capacity requirement can be achieved with
5G technology.
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6.3.1.3 Updated sequence diagram

o e — o

o ] oz o
U

I — [ p— ——  —
Driver Parking administrartor WINGSPARK WINGSPARK Service Layer Network
Sensors Platform Infrastructure
1. Establish Network Service
An mMTC slice is established viathe 5G-TOURS
infrastructure servicereqguest N mMTC slicerequest
»|
servicenatification | Slice established
2. Incident and establish Network Service spotavailiability MBEB
A driver inside AlA parking searchesfor an empty parking request . servicerequest - slice request
spot. The driver requeststhe parking spot availability
from the WINGSPARK platform viathe WINGSP ARK app. spot availisbility service
Thesmat paking service and eMBEB slice are established. aNSWer o notif ication slice established
The WINGSPARK plaform calculates and returns the
parking spot availability
3. Locate available parking spot optimal routing
request
A request for calculating the optimal route to the
suggested spot issent to the WIN GERARK platform viathe| optimal routing
WINGSPARK app, which calculaes the optimal route and aNSWEr
returns the navigation instructions to the driver
3. Driver parks to the recommend spot
The sensor sendsthe change of its statusto the updae spotoCCUpancy request
WIMN GSPARK platform and a request to update the SEMEOr Status
oocupancy issent. updaterequest
update spot update spot
" CCCupancy answer |, COCCUpancy answer SEMsor staus update
4.a. Parking ad ministrator sensor monitoring, scenario 1 spat occupancy
Parking administrator requeststhe overall parking request
occupancy of the parking facility. WINGSPARK platform SpOt oCCUpaEncy
calkulatesthe overal parking occupancy at the desired answer
granularity (day, month, year) and returns the
information viathe WINGSPARK dashboard
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4.b. Parking administrator sensor mon itoring, scenario 2 requestfor
Parking administrator reques s statistics regarding parkin statistics »
eventsor occupancy either for a specific sensor, ora answerfor
group of sensors, or all sensorsfor aspecifictime period staistics

14, WINGSPARK platform calculatesthe desired statistics

Figure 56. UC10 sequence diagram.
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Subparameter eMBB mMTC Additional info
Availability 99.99% 95.99%
GR
Area of Service
Region specification GR-I
Delay Tolerance Supported
Availability Not supported
Deterministic Communication
Periodicity NA
Guaranteed 300 Mbps 10Mbps Calculated like:
Guaranteed Downlink Throughput
Per User * number of users / ter-
minals available for trial
Downlink throughput per network slice in- We also assume concurrent usage
stance :
Maximum 1.5Gbps 500Mbps Number of users in the trial = 30
(eMBB)
Number of users in the trial = 50
NB-loT board (mMTC)
Guaranteed 10Mbps 0.2Mbps
Downlink Throughput Per User
Maximum 50Mbps 10Mbps
Network slice energy efficiency NA
Energy Efficiency
Time frame of the measurement NA

p Communication Support

Single Cell Point to Mul-
tipoint (SCPTM)

Isolation

Logical Isolation

Isolation level

Physical Isolation

NA

Logical Isolation

Virtual resource isolation

Location Based Message Delivery

NA

Maximum Supported Packet Size

1500 Bytes

Mission critical support

MMTel Supp
NB-loT Support

Mission critical support

Non-mission-critical

Mission critical capability

NSC Network Functions

Number of connections

Number of terminals

support NA
Mission critical service support NA
Not supported
supgz:ted Suported
UDM
30 100
30 100

RTT latency, Service availa-

Performance Monitoring

Performance Prediction

Availability bility, Service reliability,
Throughput (UP/DL)
Metric Collection Per
Monitoring 5seconds, Metric
Monitoring Per Minute
Availability NA
Prediction NA
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“ Subparameter eMBB mMTC Additional info

Availability NA
Positioning Support Prediction NA
Accuracy NA
NE-1o bands
The performance diagnosis mod-
Root Cause Investigation Passive investigation ule will inform the NSC, so it is pas-

sive, no active

Session and Service Continuity Support SSC mode 1

. . Can be used simultaneousl
Simultaneous use of the network slice . R v
with any network slice

3GPP 5Ql 5 7
Resource Type Non-GBR Non-GBR
Priority Level 10 70
Slice Quality of Service Packet Delay Budget (PDB) 0.1 0.1
Packet Error Rate (PER) 10 103
Jitter 0.01
Maximum Packet Loss Rate 10° 103

Support for Non-IP traffic Not supported

. . 120 km/h 0 km/h
Supported Device Velocity Vehicular Stationary

Availability NA
Synchronicity
Accuracy NA
1 .
Terminal Density 30 UE/Km? 00 i:—:;:/zlces/
Uplink Throughput Per network slice in- Guaranteed 300 Mbps 20 Mbps Downlink Throughput Per User *
stance Maximim 1.5 Gbps 100 Mbps maximum number of users
Guaranteed 10 Mbps 10 Mbps
Uplink Throughput Per User
Maximum 50 Mbps 50 Mbps
User Management Openness Not supported
Data access Direct Internet access
User Data Access
Tunnelling Mechanism NA

V2X communication mode Not supported

Latency from UPF to App Server ;(5)’_1358: preferably between

Network Slice Specific Authentication and
Authorization (NSSAA)

Not supported

6.3.2 UC11 - Video-enhanced ground-based moving vehicles
6.3.2.1 High level description

In respect to the issues and concerns of the follow-me vehicles (efficiency of provisions for aircraft during their
arrival and departure from parking positions, staff’s misdemeanours, such as exceeding the speed limit or smok-
ing, safety hazards such as fuel spillages, etc.), 5G technologies, via the installation of high definition cameras
on the follow-me vehicles, will be utilized to transmit live video feeds from the area where the incident is taking
place not only to the Airport Services Operations Centre (ASOC), but also to other concerned third parties and
stakeholders such as Police, Civil Protection, HCAA (Hellenic Civil Aviation Administration ), Fire Brigade
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operation centres, etc. This will most certainly coordinate and expedite the response to needs and emergencies
as they occur and will maintain the safety of the Apron area.

This use case will be implemented via the installation of high-definition cameras on the follow-me vehicles,
which will feed live video feeds to the ASOC as well as to other concerned third parties and stakeholders.
Enhancing the ground-based moving vehicles with technologies that provide real time notification on the Apron
situation at any given time is of great value to the airport in sustaining an efficient and safe operation, for the
customers (Airlines) for whom, safety and avoiding flight delays is vital, as well as other stakeholders (emer-
gency resource personnel — Police, Ambulance Services, Fire Brigade) in efficiently responding to emergencies.

Situation example: On September 10™, 2021, during the night shift at 01:20 hours, an Airside Monitoring In-
spection Specialist (AMIS) is driving northbound on the Apron and encounters two vehicles which have just
collided, and the drivers appear to be slightly injured. The AMIS proceeds to notify the ASOC to summon the
assistance of the necessary emergency resource personnel. As the AMIS continues to carry out its duties and is
driving along the airside service road, she notices that there is a fuel spillage on the tarmac near parking position
B3. At the same time, there is a ground services employee who is about to light a cigarette and the AMIS
proceeds to promptly inform this employee that smoking is prohibited on the tarmac. During the peak morning
hours at approximately 04:30 — 07:30, where there are several arrivals and departures that the AMIS must fa-
cilitate, thus the AMIS are unable to accommodate all arriving and departing aircrafts by inspecting their posi-
tions which results in aircraft departure delays. The late departure of aircraft from Aircraft parking stands delays
also, the arriving aircraft as their parking position has not been vacated.

The follow-me vehicles also access on-demand service and provide the follow-me services for aircraft, which
leads aircraft to their parking position. 5G technologies will be used to provide, on-demand and/or live video
streaming or upload recorded data later in order to monitor and oversee the activity at the airport airside area,
and attend incidents, emergencies and critical events.

This will result in a dramatic increase of the situational awareness of the stakeholders responsible for the running
of the airport operations. Moreover, in case of an emergency or a developing incident, the ASOC or other op-
erating centres will be able to have an immediate overview and decide the required mitigation actions in a timely
manner, regardless of the area of the airport where the incident is taking place, and irrespectively of whether
the ASOC has direct viewing capability of the area or not.

6.3.2.2 UC specific User and Network Requirements

For the implementation of this UC, the requirements in Table 34 from the user perspective are needed. Note
that no updates have been made to the UC11 user requirements with respect what presented in deliverable D2.2.

The mapping of the user requirements into network requirements are illustrated in the following Table 35 and
the corresponding radar chart of general requirements against the 4G/5G networks capabilities is shown in Fig-
ure 57.

- 5G-TOURS - ICT-19-2019 — G.A:856950 117



D2.3 Technical requirements of the use cases, economic and deployment implications

ne=

5G

#ip

Table 34. User requirements for UC11 — Video-enhanced ground-based moving vehicles.

5G-Tours Use case name: UC 11 - Video Enhanced Ground Based Vehicles

a/a User Requirements Description Metrics Values and Units
_— 1 |Video Reception: Yes/No no of UEs Yes
§ g 2 Video Transmission: Yes/No no of Channels No
£ 3 |Voice Communication: Yes/No No
5 % 4  |Data Reception (DL): High/Medium/Low High
c= 5 |Data Transmission (UL) : High/Medium/Low
. g Mobility: Higr? Speed / Medium Speed / Walking-Running Speed / High Speed
2 E i . St.atlonary : i
= E 7 Location Information: High / Medium / Low Accuracy High
.§ § 8 Fast Response (Low Latency): Slow / Fast / Very Fast Fast
£ g 9 |Reliability/Availability: high / medium / low High
B 10 |Security / Privacy: Baseline /Medium /High / Ultra-High grade High
Service / Traffic Type: Sustained High/medium/Low data rate
11 Bursty High/medium/Low, burst-size Bursty High

Sporadic High/medium/Low msg/s

Interactivity & Space Dependency: Dense High/Medium/Low
12 Medium Density High/Medium/Low
Sparse High/Medium/Low

Sparse Medium

Composite User
Requirements

Edge Computing :
13 Yes/No No

Edge Storage :

14 Yes/No Yes

Structural User
Requirements

Battery Life:

15 High /Medium/ Low High

other
16 User specified

Service Specific
(Examples)

Table 35. UC11 - Video enhanced ground based moving vehicles network requirements

(Reviewed) UC 11 - Video-enhanced
ground-based moving vehicles

5G-Tours - Use Cases: direct specific Technical requirements Priority

Range

URLLC mMTC eMBB Min Max
General Vertical Use cases requirements | [ | | [ | |
1 Latency (in milliseconds) - round trip - Min/Max msec 100 100 500
RAN Latency (in milliseconds) - one way msec 50 50 100
3 Throughput (in Mbps ) - Min/MAX - sustained demand Mbps 50 10 50*
4 Reliability (%) - Min/Max % 99,99 99,9 99,99
5 Availability (%) - Min/Max % 99,999 99,99 99,999
6 Mobility (in m/sec or Km/h) - Min/Max Km/h 150 80 150
7 Broadband Connectivity (peak demand) Y/N or Gbps 0,25 25 Mbps 250 Mbps
8 Network Slicing (Y/N) - if Y service deployment time (min) Y/N 30 60 30
9 Security (Y/N) - if Y grade i.e. "Carrier Grade" Y/N Y Y
10 Capacity (Mbps/m?” or Km?) Mbps/m’ 0.00256 1Gbps/Km? 2,5 Gbps/Km? **
11 Device Density Dev/Km? 50 5 50 ***
12 Location Accuracy m 1 5 1
(*) per vehicle 50 Mbps video stream is transmitted
(**) assume 50 vehicles at 50 Mbps/vehicle in one Km?= 2,5Gbps/Km2 = 0,00256Mbps/m2
(***) 50 vehicles
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5G-Tours: 4G/5G capabilities and UC 11 (eMBB) network requirements

Network Latency e2e (ms) 4G
—8—5G
—8—UC11
Location Accuracy (m)1 1 1¢RAN Latency (ms)
Data Rate
Device Density 100060 , (Throughput - Mbps)

Capacity o 00%/ 99,999
(Mbps/m?) %' 7 ™ Reliability (%)

400 -
Network Slicing y/n

Broadband Connectivity
(Peak - Gbit/s) 500 (if yes -> Service deployment time - min)
Mobility
(Km/h)

Figure 57. Radar chart for UC11 — Video-enhanced ground-based moving vehicles network requirements.

Although, Reliability and Availability requirements could be flexible, they remain critical for the coordination
and awareness in critical situations in the Control Room of the airport. So, the four nines of reliability are the
adequate value. UC11 should benefit from the additional capabilities of 5G with regards to Reliability, Location
Accuracy, and Network Slicing requirements.

For this UC only Reliability, Network Slicing and Location accuracy can easily be satisfied by a 5G network.
The remaining requirements are covered normally by 4G/LTE technology. So, this UC11 can potentially serve
as an example of a utilisation of a service that, although it does not strictly require 5G, verticals benefit from
such deployed capabilities as a marginal cost increment for their high utility benefit.
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6.3.2.3 Updated sequence diagram

XD - - ] [--- ]
XD XD [--- ]
Airside Monitoring ASOC WINGS Web AIA Medi Network
. L e edia .
Inspection Specialist/ Follow me Administrator Dashboard Server Service Layer Infrastructure

Service Service configuration
configuration

Slice established and service configured

Service
configuration

video streaming
Video Streaming Request request
The ASOC administrator has direct viewing

capability of the area that the incident is taking

place.

The service finishes

Stop service

Slice release N

Slice released

Figure 58. UC11 sequence diagram.
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Subparameter eMBB Additional info
Availability 99.999%
GR
Area of Service Athens International Airport (AIA)
Region specification GR-l dedicated area for 5G-TOURS fol-

low me car resting

Delay Tolerance Subported Based on [12], it must be <300ms,
Y PP preferably 50-60 ms

Availability Not supported
Deterministic Communication
Periodicity NA
M Th ill - i hicl
Downlink throughput per network slice in- GUalaieed 6 Mbps ere YVI be 3 6 mow.ng venicies
stance that will transmit HD video to the
Maximum 12 Mbs Airport Control Centre

Guaranteed 1 Mbps The traffic will mainly be up-

stream. The downstream will
mainly be Control traffic (Control

Downlink Throughput Per User

Mg 2 Mbps Signals for the Cameras, Voice In-
structions  for Drivers, etc.)
Assumption 1 Mbps per Vehicle
Network slice energy efficiency Not supported
Energy Efficiency
Time frame of the measurement Not supported
. Single Cell Point to Mul-
(c] C tion S t o
tipoint (SCPTM)
Isolation Logical Isolation
Isolation level Physical Isolation NA
Logical Isolation Tenant/Service Isolation

Location Based Message Delivery NA

Maximum Supported Packet Size 1500 Bytes

Mission critical support Non-mission-critical
.. . Mission critical capabilit NA
Mission critical support P ¥
support
Mission critical service support NA

It will depend on how the Voice
Communication to the Drivers
from the Control Centre will be im-

MMTel Support Not supported plemented. Via IMS/Voice using
UE terminals or via Dedicated
Channel within the Service Appli-
cation

NB-loT Support Supported

NSC Network Functions No s;?eaal NF deployed for
this specific Use Case

Number of connections 3/6 There will be a 5G Router per Ve-

hicle (3 Vehicle = 3 Routers > 3
Terminals). In each router a Cam-
era (that provides situation aware-
ness) will be connected (via Ether-
Number of terminals 3 net cable). Furthermore, a Smart
Phone will be connected to teach
Router (via Wi-Fi). This will allow
bidirectional communication with
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Subparameter eMBB Additional info

the driver in each vehicle. So, if we
consider the connection as single
one (one per 5G router), then we
have 3 devices and 3 connections.
If we consider 2 connections per
5G-Router (1-Camera + 1 smart
phone), each supplying different
service per connection, we have 6
connections. It is a matter of

definition.
RTT latency, Currently, Nokia’s AMF doesn’t
Availabilit Service availability, provide Control Plane KPIs per sec-
¥ Service reliability, ond - special configuration needed
Throughput (UP/DL) to stream out KPI(s).
Performance Monitorin For the needs of the tests, a set of
2 Metric Collection Per 2 sec- | monitoring probes deployed by
onds (configurable) ACTA will be used. The probes can
Monitoring ) o capture metrics/KPls with high
M§tr|c Mon|t9r|ng Per and configurable granularity (sec-
Minute (configurable) onds/minutes).
Availability NA
Performance Prediction
Prediction NA
Availability OTDA (LTE & NR)
Positioning Support Prediction Per second
Accuracy 1 meter

Radio Spectrum NR @3,5 GHz (band n78)

Root Cause Investigation Not supported

Session and Service Continuity Support SSC mode 1

Can be used simultaneously

Simultaneous use of the network slice ) R
with another network slice

3GPP 5Ql 3
Resource Type Non-GBR
Priority Level 30
Packet Delay Budget (PDB) 50 ms
Slice Quality of Service
Packet Error Rate (PER) 10
< 1/10 of Latency = 30ms
Jitter
Preferably between 0.5-1ms
Maximum Packet Loss Rate NA

Support for Non-IP traffic Not supported

Supported Device Velocity Vehicular up to 120 km/h

Availability Not supported

Synchronicity
Accuracy Not supported

The number of devices that will
participate in the trials will be
Terminal Density 50 devices/km2 fewer than 50. 6 Devices with SIM
cards will participate: 3x5G-rout-
ers and 3xSmartphones.

Guaranteed Downlink Throughput
Per User*maximum number of
users

Guaranteed 60 Mbps

Uplink Throughput Per network slice in-

stance Maximum 132 Mbps

2 devices for uplink path
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“ Sprarameter eMEs Additional info

Guaranteed 10 Mbps
This can exceed 300 Mbps but it is
Uplink Throughput Per User limited by the channel bandwidth
Maximum 50 Mbps to be used. Although we initially
asked for 100 MHz channel, even-
tually a 40 or 60 MHz
User Management Openness Not supported

Local traffic ONLY (no inter-

Data access
net access)

User Data Access
VPN Tunnel Label based

Tunnelling Mechanism .
g routing or IPsec Tunnel

V2X communication mode Not supported

< 0,150s, preferably

Latency from UPF to App Server between 25 -30ms

Network Slice Specific Authentication and
Authorization (NSSAA)

Not supported

6.3.3 UC12 - Emergency airport evacuation

6.3.3.1 High level description

The main goal of this use case is to exploit the 5G capabilities for assisting current evacuation plans in large
crowded indoor public spaces and, thus, reduce the possibility or magnitude of casualties. The idea of this sce-
nario is to support occupants to be safely guided to the nearest exit, after an unattended item is left, for example,
at Gate A36 of the STB and based on the current protocols an evacuation is deemed necessary.

The overall objective is to validate whether the 5G capabilities can complement existing processes and capabil-
ities by providing automated guidance for the evacuation route to residents and regular users of the facility to
visitors, travellers, and possible vulnerable people who are not aware of the facility. Real time data such as
numbers of evacuees within an area, persons trapped, assistance to impaired people, visualization of real-time
flows of people will be evaluated to assess the impact of 5G technology.

The evacuation of an Airport Terminal in case of an emergency is fundamental for ensuring the protection of
human lives and reducing as much as possible, the number of casualties. The elements of panic that may ensue
during an evacuation process may result in unnecessary and severe repercussions. In previous incidents where
evacuation procedures were initiated and handled with the use of simple technologies such as tetra and tele-
phone, uncontrolled evacuees have been found scattered beyond the designated muster areas.

In respect to efficient and rapid evacuation in cases of security emergencies (security threats, threatening phone
calls, etc.) or other related emergencies (fire, natural disaster, etc.), 5G technologies may enhance the evacuation
process and, thus, reduce the possibility or magnitude of casualties. Evacuating ina quick and organized fashion
by automated dynamic emergency routes from the affected area up to the muster areas, is of the utmost im-
portance. 5G provides the capability to obtain real-time data from the emergency environment which is to be
evacuated, such as numbers of occupants within the area, persons trapped in isolated areas of the building and
about the real-time flow management of the evacuees.

Furthermore, this use case can accommodate for incidents that have complex and dynamic evacuation require-
ments such as a fire spreading or a terrorist attack, that require dynamic information to be conveyed to evacuees.

Airport terminals are very large and complex public venues with many travellers, visitors and employees. Air-
port evacuations in general, are currently based on pre-established plans and procedures to be executed during
the emergency.

AlA is the main gateway to Athens and Greece in general. On a daily basis, AIA serves approximately fifty to
sixty thousand passengers travelling through the airport, while, during the peak traffic days, this number can
reach approximately one hundred thousand or even more, including visitors and employees.
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The Airport’s objective is to process this crowd in an efficient and safe manner, while, at the same time, have
in place the relevant plans, tools and processes required to mitigate any emergency. An efficient and effective
evacuation is one of the mitigation measures that are of particular importance in security incidents or even in
the case of fire, gas leakage, etc.

This scenario describes the way airports (in general) and other large-scale public infrastructures, can exploit 5G
capabilities to bring in place an effective evacuation plan where personalized, dynamic, and smart instructions
can be provided in a reliable, instantaneous and massive-scale manner. In the context of this use case, a section
of AIA will be provided, and around 50-60 volunteers (actors) will participate in an evacuation exercise. Natu-
rally, such an emergency situation will call for low latency communications with high reliability of being real-
ized, which means that a URLLC slice will have to be allocated so as to ensure that all travellers and AIA
personnel are notified and guided to the most appropriate exit immediately. A detailed 3D digital model of the
section to be evacuated along with all objects contained therein (such as seats, desks, and monitors) is already
developed and fed into the evacuation support system. Emergency exits will all be recorded and fed into the
system supporting the evacuation procedure along with information on their exact location as well as their ca-
pacity, if they are accessible, etc.

Initially, the Evacuation use case participants will be notified with a message to their mobile device about the
emergency situation, while from that point on, they will be receiving further notifications on regular time inter-
vals. Guidance will be provided in a personalized manner, taking into consideration the design of the physical
space, any obstacles that might exist, the current occupancy, the capacity of the evacuation routes and the trav-
ellers’ individual needs and limitations, such as their age, health status and mobility capabilities, etc. The loca-
tion of the travellers will be also tracked to provide more targeted guidance especially for evolving events such
as a fire spreading or an evacuation route becoming unavailable. The system can also be explored for early
detection of passenger movement anomalies that can signify evolving emergency and timely alarm airport re-
sponse units. Enhanced location services will be made available through the 5G network.

6.3.3.2 UC specific User and Network Requirements
For the implementation of this UC, from the user perspective the requirements in Table 36 are needed.
The mapping of those user requirements into network requirements are illustrated into the following Table 37.

- 5G-TOURS - ICT-19-2019 — G.A:856950 124



5G

ne=
#

D2.3 Technical requirements of the use cases, economic and deployment implications

Table 36. User requirements for UC12 — Emergency airport evacuation.

5G-Tours Use case name: UC 12 - Emergency airport evacuation

a/a User Requirements Description Metrics Values and Units

52 1 Video Reception: Yes/No no of UEs No
3 é 2 Video Transmission: Yes/No no of Channels No
£g 3 |Voice Communication: Yes/No No
g §' 4 Data Receptic_m _(DL): High/Medfum/Low High

5 Data Transmission (UL) : High/Medium/Low No
_— 3 Mobility: High Speed / Medium Speed / Walking-Running Medium Speed
a *S' ! ! S?eed / StaT:lonary :
T E 7 Location Information: High / Medium / Low Accuracy High
2 3 8 Fast Response (Low Latency): Slow / Fast / Very Fast Fast
g g 9 |Reliability/Availability: high / medium / low High
- 10 Security / Privacy: Baseline /Medium /High / Ultra-High grade High

Service / Traffic Type: Sustained High/medium/Low data rate
11 Bursty High/medium/Low, burst-size Bursy High

Sporadic High/medium/Low msg/s

Interactivity & Space Dependency: Dense High/Medium/Low
12 Medium Density High/Medium/Low
Sparse High/Medium/Low

Dense Medium

Composite User
Requirements

Edge Computing :
13 Yes/No No

Edge Storage :
14 Yes/No No

Structural User
Requirements

Battery Life:

15 High /Medium/ Low Mediun *

other
16 User specified

Service Specific
(Examples)

(*) The battery life refers to the Samsung S20 mobile phones. Based on average battery consumption from the mobile application during
the evacuation, it is supposed that the “Medium” value is the suitable one. The user’s anticipated needs for battery life were noted by
UC analysts. The motivation for a medium consumption may be derived from experiences of location-based services on mobiles which
can drain power from batteries and, as the users” mobiles becomes critical for survival in this UC, this could have translated into a desire
to ensure batteries do not fail during evacuation.

Table 37. UC12 — Emergency airport evacuation network requirements.

(Reviewed) UC 12 - Emergency

5G-Tours - Use Cases: direct specific Technical requirements . . Priority
airport evacuation
URLLC mMTC eMBB
__-_-__

1 Latency (in milliseconds) - round trip - Min/Max msec 100

RAN Latency (in milliseconds) - one way msec 10 10 20
3 Throughput (in Mbps ) - Min/MAX - sustained demand Mbps 500 100 500 *
4 Reliability (%) - Min/Max % 99,9999 99,999 99,9999
5 Availability (%) - Min/Max % 99,99 99,99 99,99
6 Mobility (in m/sec or Km/h) - Min/Max Km/h 10 0 10%**
7 Broadband Connectivity (peak demand) Y/N or Gbps 10 1 10
8 Network Slicing (Y/N) - if Y service deployment time (min) Y/N 0 high 1 5
9 Security (Y/N) - if Y grade i.e. "Carrier Grade" Y/N Y Y
10 Capacity (Mbps/m? or Km?) Mbps/m? 20 2 20%**
11 Device Density Dev/Km? 1000K 1000K  1000K*****
12 Location Accuracy m <1 1 0,3

(*) Total per UE
(**) 10 km/h running speed of a peson evacuating
(***) 2 persons per m?at 10 Mbps/person

(*****) 1 or 2 persons per m?

The corresponding radar chart of general requirements against the 4G/5G networks capabilities is shown in

Figure 59 below.
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5G-Tours: 4G/5G capabilities and UC12 - URLLC network requirements

—e— 4G
—®—5G
—®—UC12 - URLLC

Network Latency e2e (ms)

. . Data Rate
Device Density 1000096 _ , (Throughput - Mbps)

(Devices/Km?)
100000Q

1000

Capacity 2°§ o : Ygo.0009
(Mbps/m?) 99,ngsellablllty (%)

Broadband Connectivity
(Peak - Gbit/s) 500

Mobility
(Km/h)

Figure 59. Radar chart for UC12 URLLC - Emergency airport evacuation network requirements.

Evacuation is an emergency situation so the relevant Network Slice would be always available. This means that
service deployment time should be near to zero and the priority for network slicing can be high.

For UC12, a 4G/LTE network will only be able to satisfy the RAN Latency, and Mobility. Advanced 5G Net-
work should be well utilized with respect to Broadband Connectivity, Throughput, Device Density, Reliability,
Network Slicing, E2E Latency, Location Accuracy, and Capacity.

It is interesting to observe that the UC12 Capacity requirements (for URLLC traffic) stretch the 5G Network
requirements to the limit. Therefore, for a successful implementation of this UC, careful planning of the 5G NR
gNBs and dimensioning of the Network resources should be performed. Since the required capacity should also
be delivered in well-defined and confined spaces of the AlA, even the stringent capacity requirement can be
achieved with 5G technology.

Moreover, ultra-high Reliability of 6 “nines” exceeds the 5G Network requirements more than the limit. This is
due to the very critical and emergent service of evacuation in the Athens International Airport. This service
must be always up and running. In addition to that, the corresponding URLLC slice must be continuously de-
ployed. This means that a slice should be pre-defined in order to be used when needed (slicing requirement to
“0s”).
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6.3.3.3 Updated sequence diagram

o ’é) 090 e
@ - H Pﬁr&

Passenger Airport Security Threat Evaluation WINGS Network

] i Service Layer
Operation Center Committee (TEC) Alrpg:rignner:srncy Platform Y Infrastructure

il

Personalised evacuation procedure
1. Notification sent to passenger about evacution. Notificationabout the emergency situation
Push notification to mobile phone from WINGS
platform stored in the user's account in the mobile
app.

2. Passenger's data collected Passenger's Data Sent

Location tracking
1
RSRP Values from tower cells

3. Each Passenger's exact location calculated. Based on
the info collected from the 3 indoor cells - Still under
discussion depends on the antennas installation.

Passenger's Location
] ]

| | |
Evacuation Guidance request

4. Optimal, personalised evacuation route sent to each
passenger's phone. Passenger's position monitored

during evacuation Personalised Evacuation Guidance Answer

Figure 60. UC12 sequence diagram.
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6.3.3.4 NEST

“ Sprarameter PRLEC Additional info
Availability 99.999%
GR
Area of Service Athens International Airport (AIA)
Region specification GR-l dedicated area for 5G-TOURS fol-
low me car resting
Based on [12], it must be <300ms,
Delay Tolerance Not supported preferably 50-60ms
Availability Not supported
Deterministic Communication
Periodicity NA
Downlink throughput per network slice in- Guaranteed 10000 Mbps
Sl Maximum NA
Guaranteed 500 Mbps
Downlink Throughput Per User
Maximum NA
Network slice energy efficiency Not supported
Energy Efficiency
Time frame of the measurement Not supported
Group Communication Support Multicast

Isolation

Logical Isolation

Isolation level

Physical Isolation

NA

Logical Isolation

Virtual resource isolation

Location Based Message Delivery

NA

Maximum Supported Packet Size

1500 Bytes

Mission critical support

Mission-critical

Mission critical capability

Mission critical support
support

Local control

Mission critical service support

MCData

Supported, not needed

MMTel Support
NB-loT Support

Supported, not needed

NSC Network Functions

UPF, AUSF

Number of connections

20

Number of terminals

20

Availability

RTT latency,
Service availability,
Service reliability,
Throughput (UP/DL)

Performance Monitoring

Monitoring

Metric Collection Per 5 sec-

onds (configurable)

Metric Monitoring Per
Minute (configurable)

Availability

NA

Performance Prediction
Prediction

NA

Availability

OTDA (LTE & NR)

Positioning Support Prediction

Per second

Accuracy

1 meter
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Radio Spectrum

Root Cause Investigation

Session and Service Continuity Support

Simultaneous use of the network slice

Slice Quality of Service

Subparameter URLLC Additional info
NB-IoT bands + 5G bands
(at 3.5GHz)
Not supported
SSCmode 1
Can be used simultaneously
with another network slice
3GPP 5Ql 70
Resource Type Non-GBR
Priority Level 55
Packet Delay Budget (PDB) 200 ms
Packet Error Rate (PER) 10®

< 1/10 of Latency = 30ms

Support for Non-IP traffic

Jitter
Preferably between 5-6ms
Maximum Packet Loss Rate 10
Not supported

Supported Device Velocity

10 km/h - Pedestrian

Synchronicity

Terminal Density

Uplink Throughput Per network slice in-

stance

Uplink Throughput Per User

User Management Openness

Availability Between BS and UE
Accuracy 1
8 devices/km2 20*0,2 =8 UE/Km2
Guaranteed 10000 Mbps
Maximum NA
Guaranteed 500 Mbps
Maximum NA
Not supported

Data access

Local traffic ONLY (no inter-
net access)

User Data Access

Tunnelling Mechanism

NA

V2X communication mode

Not supported

Latency from UPF to App Server

<0.100s,
between 10-15s

preferably

Network Slice Specific Authentication and
Authorization (NSSAA)

Not supported

6.3.4 UC 13 - Excursion on an AR/VR-enhanced bus
6.3.4.1 High level description

This UC aims at demonstrating the value of the 5G technology for groups of people travelling (e.g., on a bus)
to visit a site of interest, enabling the provision of good quality digital experiences to the travellers both during
the transportation to and from the destination and during the visit.

In concrete, the UC focuses on a group of 20-25 students from Ellinogermaniki Agogi (EA) school travelling
by bus to Athens International Airport (AIA) to visit an exhibit that will be hosted in the public arrivals area of
the airport. The target customer in this use case is primarily the school, and, by extension, more generally anyone
who transports groups of people visiting a site of interest — most notably actors in the tourism industry.

The demonstration of this UC can be divided into three main steps:
1. Students travelling to the Athens Airport
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On a school bus, students will be traveling to the Airport, where they will visit an exhibit in the arrivals
area. On their way, students will use the end-user devices (5G mobile phone + VR) to enter a 3D VR
space, where they will be able to explore and interact with various digital assets. The duration of the pre-
visit VR experience is about 5-10 minutes and is comprised of the following parts:

a. Profiling minigame, whose purpose is to offer personalized experiences to each student. Each
student will be asked 3-4 questions, which will be disguised in a mini game. The answers will
condition the way the app will work for that user.

b. Video introducing the visit experience. The students will watch a video introducing what they
will see and learn about during their visit to the Myrtis exhibit. The duration of the video will
be about 3-5 minutes.

C. Video introducing the gamified aspects. With a short video, students will be informed that,
after the visit, during their bus journey back to school, they will participate in a game-based test
of what they have seen and learned during the exhibit. The video will explain the purpose and
rules of the game. It will encourage the students to be careful to collect information and evi-
dence during the visit, so that later they can show their achievements and win relevant
prizes/emblems. The duration of the video will be around 1-2 minutes.

2. Students in the Athens Airport: the AR-enhanced visit experience

In the public area of the arrivals” hall in Athens airport, there will be a big poster (3m height - 1,5 m wide)
which will include the image of Myrtis and augmented reality tags for the travelers arriving in Athens.
There, students will use the end-user devices to point to different parts of the banner and so trigger AR
content on their screens. The AR content offered to each user will be personalized on the basis of the input
the user will have provided in the profiling minigame. The duration of the AR experience will be approxi-
mately of 10-15 minutes and is comprised of the following parts:

d. Rich information about Myrtis and Athens through AR. A number of different areas with
short texts and other visual elements will appear on the exhibit banner. Some of these items
will act as triggers of AR experience, popping up a panel with additional information when
looked through the end-user device.

e. Gamified AR experience: While exploring the exhibit, students will receive alerts in the AR
environment encouraging them to pay attention to some details or trivia that they will later on
find useful in a knowledge quiz (in the post-visit experience).

f.  The treasure hunt: The AR application will also organize a hunting game, in which the stu-
dents will be asked to find certain items by following tips that will be given. Once a student
finds the object, they will point their device to it, the app will recognize it and register it on the
student’s list. This will unlock the next tip leading to the next object.

3. Students travelling back from the Athens Airport: the VR-enhanced post-visit experience

On the school bus once again, traveling back to their school after their visit to the exhibit in the airport,
students will use the end-user devices to enter a 3D VR space, where they will be able to interact with
various digital assets. The duration of the post-visit VR experience is about 5-10 minutes and it is comprised
of the following parts:

g. The knowledge quiz. In the VR environment, students will participate in a game-based test of
what they have noted and learned during their trip to the exhibit. This will be a knowledge quiz
in the form of a “Who wants to be a millionaire?” game. Using the information and evidences
they will have collected during the visit (including the trivia and hunted items from the AR
experience), they will provide their answers to multiple-choice questions. To answer some of
the questions, students will have to interact with digital assets, e.g.: by exploring details of a
3D model or watching a short video.

h. Recognition of achievements. After the completion of the knowledge quiz, the VR application
will present each student with their achievements during the whole experience, in the form of
prizes, badges, other emblems, etc.
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6.3.4.2 UC specific User and Network Requirements

For the implementation of this UC the following requirements, from the user perspective are needed (see Table
38):

Table 38. User requirements for UC13 — Excursion on an AR/VR-enhanced bus.

5G-Tours Use case name: UC13 - AR/VR enhanced excursion

a/a User Requir ts Description Metrics Values and Units
1 Video Reception: Yes/No no of UEs Yes (3D AR/VR content) - high
Video Transmission: i isiti it vi
5 g 2 Ves/No no of Channels No (optionally, students wsmng can tn:ansmlt video to
Ea} remote students, but not a basic requirement)
13
=
§ .g 3 Voice Communication: Ves/No No (optionally, students visiting can communicate with
§ S remote students, but not a basic requirement)
-3

4 Data Reception (DL): High/Medium/Low High

5 |Data Transmission (UL) : High/Medium/Low Medium

. Mobility: High Speed / Medium Speed / Walking-Running Speed /|VR on the bus Medium speed, of AR exhibition Walking-
ﬁ K] Stationary Running spped/Stationary
o c
= 2 7 Location Information: High / Medium / Low Accuracy No
c
2 % 8 Fast Response (Low Latency): Slow / Fast / Very Fast Fast (reviewed)
5 g 9 |Reliability/Availability: high / medium / low 99.99%

10 |Security / Privacy: Baseline /Medium /High / Ultra-High grade Medium - Restricted (children's personal data)
5w Service / Traffic Type: Sustained High/medium/Low data rate Bursty high for AR/VR 3D content
3 ‘é 11 Bursty High/medium/Low, burst-size
2 § Sporadic High/medium/Low msg/s
P . . " .
23 Interactivity & Space Dependency: Dense High/Medium/Low
g g 12 Medium Density High/Medium/Low Dense high 1-2 UE/m2
o

Sparse High/Medium/Low

Edge Computing :
13 Yes/No Yes

Edge Storage :
14 Yes/No Yes

Structural User
Requirements

Battery Life:
15 High /Medium/ Low Medium (reviewed)

other
16 User specified

Service Specific
(Examples)

The mapping of the above user requirements into network requirements are illustrated into the following Table
39, where the vertical use case requirements for this use case are shown.

Table 39. UC13 — Excursion on an AR/VR enhanced bus network requirements.

(Reviewed) - Use case 13 —

5G-Tours - Use Cases: direct specific Technical requirements Excursion on an AR/VR- Priority Range
enhanced bus
URLLC mMTC eMBB Min Max
(General Vertical Use cases requiements | [ [ [ | |
1 Latency (in milliseconds) - round trip - Min/Max msec 100 100 500
2 RAN Latency (in milliseconds) - one way msec 25 25 50
3 Throughput (in Mbps ) - Min/MAX - sustained demand Mbps 120 80 120
4 Reliability (%) - Min/Max % 99,99 99,9 99,99
5 Availability (%) - Min/Max % 99,99 99,9 99,99
6 Mobility (in m/sec or Km/h) - Min/Max Km/h 100 4 100
7 Broadband Connectivity (peak demand) Y/N or Gbps 0,01 2 10 *
8 Network Slicing (Y/N) - if Y service deployment time (min) Y/N Y 30 5
9 Security (Y/N) - if Y grade i.e. "Carrier Grade" Y/N N
10 Capacity (Mbps/m? or Km?) Mbps/m? 10 1 10 **
11 Device Density Dev/Km? 1000 10K 1000K***
12 Location Accuracy m >=1 <4 >=1

(*) 10 Mbps per VR device downstream = 0,01 Gbps
(**) 1 device per m?
(***) 1 or 2 students per m? = 1000K devices (AR/VR gogles) per Km?

UC13 network requirements have not changed with respect to the ones presented in deliverable D2.2.
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The corresponding radar chart of general requirements against the 4G/5G networks capabilities is shown in
Figure 61 below.

5G-Tours: 4G/5G capabilities and UC 13 (eMBB) network requirements

—e— 4G
—8—5G
—e—UC13
Location Accuracy l(m)1 RAN Latency (ms)

Network Latency e2e (ms)

. . Data Rate
Device Density , (Throughput - Mbps)

(Devices/Km?)

Capacity I ¥
(Mbps/m?) *°

Broadband Connect

(Peak - Ghit/s)

Mobility
(Km/h)

Figure 61. Radar chart for UC13 — Excursion on an AR/VR enhanced bus network requirements.

Half of 5G-TOURS UC13 requirements need a 5G network for the service implementation. The following re-
quire 5G networks: Location Accuracy, Device Density, Capacity, Network Slicing, and Reliability.

The remaining requirements can be currently implemented even with existing 4G/LTE. Nevertheless, as AR/VR
devices acquire higher resolution and quality, the required Broadband Connectivity (0,01Gbps), Latency (both
E2E network latency (100ms) and RAN (25ms)) as well as Throughput (120 Mbps) will stretch existing 4G/LTE
networks to their limits. It is only a matter of time before even rudimentary AR/VR applications / services will
be unable to provide the expected user experience over current 4G networks.
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6.3.4.3 Updated sequence diagram
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Figure 62. UC13 sequence diagram.
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6.3.4.4 NEST

Availability

Area of Service

Delay Tolerance

Deterministic Communication

Downlink throughput per network slice in-

stance

Downlink Throughput Per User

Energy Efficiency

Group Communication Support

Subparameter eMBB Additional info
99.99%
GR
Athens International Airport (AIA)
Region specification GR-l dedicated area for 5G-TOURS fol-
low me car resting
Not supported
Availability Not supported
Periodicity NA
Guaranteed 2240 Mbps
Number of users = 30
Maximum 3600 Mbps
Guaranteed 80 Mbps
Maximum 120 Mbps
Network slice energy efficiency NA
Time frame of the measurement NA
NA

Isolation

Logical Isolation

Isolation level

Physical Isolation

NA

Logical Isolation

Virtual resource isolation

Location Based Message Delivery

NA

Maximum Supported Packet Size

1500 Bytes

Mission critical support

Non-mission-critical

Mission critical support

Mission critical capability

MMTel Support
NB-loT Support

NSC Network Functions

Number of connections

Number of terminals

Performance Monitoring

Performance Prediction

Positioning Support

NA
support
Mission critical service support NA
NA
Not supported
NA
30
30
RTT latency,
Availability SerV|Fe ava.llat?l'llty,
Service reliability,
Throughput (UP/DL)
Metric Collection Per 2 sec-
onds (configurable)
Monitoring
Metric Monitoring Per
Minute (configurable)
Availability Not supported
Prediction Not supported
Availability NA
Prediction NA
Accuracy NA
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Radio Spectrum
Root Cause Investigation
Session and Service Continuity Support

Simultaneous use of the network slice

Slice Quality of Service

Support for Non-IP traffic

Supported Device Velocity

Synchronicity

Terminal Density

Uplink Throughput Per network slice in-

stance

Uplink Throughput Per User

User Management Openness

User Data Access
V2X communication mode

Latency fi UPF to App Server

work Slice Spe

Subparameter eMBB Additional info
NR @3,5 GHz (band n78)
Not supported
SSC mode 1
Can be used simultaneously
with another network slice
3GPP 5Ql 80
Resource Type Non-GBR
Priority Level 68
Packet Delay Budget (PDB) 0.01
Packet Error Rate (PER) 10°®
Jitter NA
Maximum Packet Loss Rate NA
Not supported

Vehicular up to 120 km/h

Availability Not supported
Accuracy NA
30 devices/km2
Guaranteed <300 Mbps
Maximum <300 Mbps
Guaranteed <10 Mbps
Maximum <10 Mbps
Not supported

Data access

Direct internet access

Tunnelling Mechanism

NA

Not supported

NA

hentication and
Authorization (NSSAA)

Not supported
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7 Economic drivers for 5G-TOURS use cases in commercial de-
ployments

This chapter reports the quantification of benefits and economic drivers for the 5G-TOURS use cases.

7.1 Framework for understanding economic and commercial poten-
tial of 5G-TOURS use cases

The benefits analysis and economic drivers for the 5G-TOURS use cases has been undertaken within WP2 of
5G-TOURS and specifically T2.3. Figure 63 shows the connection between T2.3 and the other work package 2
tasks also reported in this deliverable. T2.1, 2.2 and 2.4 all define the service requirements for each of the use
case and investigate the implications that these service requirements may have on network deployment. Based
on these service definitions, T2.3 then considers who might use and benefit from these services in commercially
deployment networks.

Service definitions per Deployment
use case implications

Benefits quantification Deployment options
Legend:
Benefits realisation and . - T2.1,72.2and 2.4
0 Deployment costs per option
willingness to pay () 1233ndwes
: 123
Business model assessment per -
evaluation case - WPg

Figure 63. Relationship between tasks within WP2 and WPS.

T2.3 is different from the other tasks in WP2 in that it must consider the services provided under the 5G-TOURS
use cases beyond the project testbeds. Instead, T2.3 must consider where the 5G-TOURS use cases and their
related services would be deployed in large scale commercial networks and who, in these settings, would use
and benefit from these.

There is a close relationship between T2.3 and the commercial exploitation and business model analysis threads
of work in WP8. Any business model requires quantification of revenues and costs. Revenues will be linked to
willingness of users to pay for a service which in turn are linked to the benefits derived from that service. In this
way, T2.3 feeds into the business model analysis. Additionally, the service requirements and deployment im-
plications developed by the other parts of WP2 will feed into the network dimensioning and cost analysis aspect
of the business model work in WP8.

7.2 Evaluation cases used for assessing benefits and commercial ex-
ploitation

As highlighted in the previous section, T2.3 must consider the 5G-TOURS use cases in the context of large-
scale commercial networks rather than the limited context of the testbeds. This is also the case for WP8 consid-
ering the business models applicable to the use cases. For this purpose, we have defined 5 different “evaluation
cases”. Each evaluation case is based around a specific geographic setting that some combination of the 5G-
TOURS use cases might realistically be delivered within. This gives a practical scenario to quantify the number
of users impacted, potential benefits generated, willingness to pay and revenues against. It also allows a network
dimensioning exercise to be performed against which costs can be attributed for different deployment ap-
proaches.
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These are all crucial elements of the business model analysis of WP8 and in understanding the return on invest-

ment of different wireless strategies.

The evaluation cases have been developed considering:

e The coverage areas of different use cases, with some being more localised than others.

e The most likely physical setting where the use cases will be used (i.e., a museum, airport, city, or hos-

pital).

e The potential to deliver multiple use cases from a single infrastructure set and maximise the return on

investment for the deploying party.

Figure 64 maps the 5G-TOURS use cases to the geographic coverage area and setting that these use cases are
most likely to be consumed in. Some use cases have the potential to be delivered and consumed in different
settings. For example, AR guides could be supported on a wireless network specific to an individual museum
and only accessible to visitors to that venue. However, AR guides could also be delivered on a city-wide network
via a wider area wireless network covering part or all the city. This citywide network might also be used to
deliver other 5G-TOURS use cases such as remote video production, high quality video distribution, smart

ambulance, and remote health services.

More recipients of benefits, less clear cut who pays for the infrastructure and how value can flow

between these to ensure networks and benefits materialise.

AR guides and
AR/VR smart
bus

Increase in scale of benefits

’

)

i

i

: Srnart parking

: Video enhanced follow-me

] cars

'L Alrport evacuation h
.

Quite clear who gains benefits
and hence who needs to fund
infrastructure (i.e. directly or

- via solution provider) .

— 11 mMNno
: driven
Remote i| solutions
and !
| distributed | o eclicoesses c=ze
video Smart
Jproduction | __ .| smbuanse | .
and g
High Remote : Hybrid
quality health | network
video 'l solutions
distribution i
1
1
Private
network
solutions

Figure 64. Mapping of 5G-TOURS use cases to physical settings and evaluation cases.

Table 40. Summary of evaluation cases.

Physical setting

Use cases considered

Evaluation case 1 Athens airport

Smart airport parking management
Video-enhanced ground-based moving vehicles
Emergency Evacuation

Evaluation case 2 Museums in Turin

Telepresence
XR immersive museum experience
Robot-assisted museum guide and monitoring

Evaluation case 3 Rennes Hospital

Wireless operating theatre

Evaluation case 4 City of Turin

XR immersive city tour experiences
Excursion on an AR/VR-enhanced bus
Remote healthcare

Smart ambulances

Remote video production

High quality video distribution

Evaluation case 5 Italy

Remote healthcare

Smart ambulances

Remote video production
High quality video distribution

Five evaluation cases are considered in our analysis of benefits and reported on in the remainder of this chapter.

These evaluation cases are summarised on Table 40.
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7.2.1 Underlying 5G take-up forecasts in the Evaluation cases

We adopt a common approach across the use cases to calculating the economic benefits. We:

o Identify the key sources of value for each use case.

o Estimate the maximum scope for efficiency gains (or the addressable market) related to each source of
value. For example, the wireless operating theatre can reduce the rate of surgical complications which
in turn reduces mortality and the rate of subsequent readmissions to hospital.

o Estimate the proportion of the potential efficiency gain that the use case can deliver.

o Apply a 5G take-up forecast for each use case which may vary according to the revenue stream.

The 5G take-up forecast for each revenue stream depends on whether the service in question is:
o Business to Business (B2B), e.g.: the purchaser of 5G connectivity is a vertical (hospital, airport, broad-
caster) or city;
e or Business to Business to Consumer (B2B2C) where the purchaser of 5G connectivity is the final
consumer, e.g.: of an immersive tourism experience.

To aid comprehension of the approach, we set out the family of 5G take-up forecasts we use in Figure 65 below.

5G take-up projections

100% 100%
90% 90%
80% 80%

(@]

@ 70% 70% o

o o

L 60% 60% @

2 50% 50% S

v ()

< 40% 40% 2

i

Q 30% 30% ©
20% 20%
10% I 10%

0% 0%

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

I B2B Health: Wireless Operating Theatre B2B Health: Smart Ambulance
B2B Broadcast: Remote production m B2B Tourism & Culture: Museums
I B2B Airports ==@==B2B2C: All use cases

Figure 65. 5G take-up projections: B2B2C and B2B services (campus or citywide).

The B2B take-up curves assume that the business has decided there is a viable business case for 5G and it
subsequently takes 5 years to roll out the service (with specified reliability, latency, 10T device support etc. as
required) across its relevant sites. The year in which rollout starts varies according to the perceived need for 5G
solutions and any logistical issues brought out in our discussions with industry stakeholders. Evaluation case 5
covers national forecasts for two selected use cases (smart ambulance and remote video production). Here, we
projected a slower take-up to reflect potential differences across the vertical in the perceived need for 5G.

B2B2C take-up is informed by previous consumer take-up of 3G and 4G, 5G take-up in 2020 and market fore-
casts of 5G take-up in 2025 [13]. We fit a saturation curve based on this data.

7.3 Evaluation case 1 — benefits in an airport setting

This section summarises the assumptions and results of our economic benefits analysis for use cases taking
place in an airport environment which are part of the Mobility Efficient City Platform. The excursion on an
AR/VR-enhanced bus is also part of the Mobility Efficient City platform, but for the economic analysis, we
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placed it in Evaluation case 4, which looks at applications in a city setting, due to its links to the tourism use
cases also covered in Evaluation case 4.

The key sources of value are a mixture of offering additional convenience to passengers, airport efficiency and
safety. Given the airport operators’ already tight focus on safety and operational efficiency, many of the benefits
we identified are incremental rather than transformational. However, even relatively small percentage increases
in financial benefits may be welcome for airport operators if they outweigh the costs. The use cases and the
sources of value that we estimate are as follows:
e Smart airport parking management.
- Additional spending in the terminal building.
- Premium charge for more convenient parking.
¢ Video-enhanced ground-based moving vehicles.
- Reduction in average flight delays reduces the impact of delays on airport revenues.
- Reduction in the costs associated with accidents on the airport apron.
e Emergency Evacuation.
- Faster re-opening of airport, reduces the cost of airport downtime.

We also recognise that the 5G applications make the airport more attractive for passengers and airlines, hence
we estimate the potential impact on AIA’s market share as an alternative, higher level approach.

There are further potential sources of value that may influence airport operators’ decisions on the use of these
services. In particular, international roaming fees from consumers using 5G in the airport terminal are a poten-
tially important and lucrative source of revenue for mobile operators. This represents an opportunity for airport
operators to gain income through revenue shares or rental fees for Mobile Network Operator (MNO) cell sites
in the airport.

We also consider the wider socio-economic benefits to society associated with these use cases:
e Time savings for airport users from smart parking?.
e Reduction of costs to airlines due to a reduction in flight delays.

The evacuation use case also generates social benefits through improving safety hence reducing the risk of loss
of life and injury. Currently, we do not have sufficient information to estimate this, but we note the additional
upside it should bring.

7.3.1 Key assumptions and methodology

We classify the “Smart Parking” and “Video-enhanced ground-based vehicles” use cases as B2B. The airport
would use 5G to support the I0T sensors that enable smart parking, whereas passengers do not necessarily need
5G to use the service. We classify emergency evacuation as B2B2C because a significant part of the service
relies on ultra-reliable communications to passengers through their handsets.

There is little data available from existing trials on the possible impact of these use cases. Hence, we formed
our own hypotheses of the relevant business issues —these cover revenue objectives such as increasing passenger
spend in the airport terminal or efficiency objectives such as improving safety and reducing airside accidents.

We estimate the total potential revenues and cost savings using industry data on the business issues. Given the
data limitations, we take a conservative approach and attribute a moderate impact of 5G to each source of value.
We assume low, central, and high values of 2.5%, 5% and 7.5% respectively, except for the case of additional
fees from smart parking. Here the low, central, and high values are 5%, 10% and 15% respectively. Here the
central case of 10% is based on a study of the impact of smart parking in Lisbon [15].

For our alternative measure based on boosting the airport’s attractiveness, the approach is much simpler. We
apply an estimate of the market share impact based on benchmarks from competition analysis that a 5-10%

1 Gatwick airport reports roughly 40% of passengers arrive by private vehicle and hence use its parking services [14]

- 5G-TOURS - ICT-19-2019 — G.A:856950 140



ne=

5G

#

D2.3 Technical requirements of the use cases, economic and deployment implications

change represents a significant market impact?. AIA’s current share of the Greek aviation market is about 45%,
so we consider that an impact of this size (i.e., reducing to 42.75-40.5%) is plausible. This impact is then applied
to the airport’s revenues.

Table 41 below summarises our assumptions for estimating the maximum potential or addressable market.

Table 41. Assumptions for applications in the airport setting.

Central Low High

Smart parking

Assumed moderate change Auv. spending/passenger: AIA

i i i 0, 0, 0,
Extra spending in terminal 5% 2.5% 7.5% 2.66 annual report [16]
. . . Time savings from smart park- Parking revenue/passenger:

0, 0, 0,
Direct fee: premium 10% 5.0% 15.0% ing (Lisbon) [15] 0.56 AIA annual report
Video-enhanced ground-based vehicles
Reduced flight delays 506 250 75% Assumed moderate change 122 Cost of delay_per flight [17],

allocated to airport
_ Assumed moderate change Auv. cost of airport ramp inci-
Reduced cost of apron ac 5% 25%  75% 324 dents: Flight Safety Founda-
cidents 5
tion [18]
Emergency Evacuation
F_(educed terminal down- 506 250 750 Assumed moderate change 615,781 Impact of 12-hour shutdown
time on total AlA revenues
Alternative holistic approach
S Competition analysis bench- Total revenue/passenger, AIA

0, 0, 0,

Maintain market share 10% 5% 15% mark 19.8 annual report [16]
Social benefits
L . Time savings from smart park- Value per passenger of time

0, 0, 0,
Smart parking time saving 10% 5% 15% ing (Lisbon) 24 saved [15]
Airline savings: reduced 0 0 0 Assumed moderate change Cost of delay per flight [17]
flight delays 5% 2.5% 1.5% 683 (allocated to airline)
Reduced human cost apron Assumed moderate change

accidents

7.3.2 Results

Figure 66 below shows our results for the airport use cases. We note that emergency evacuation has the smallest
direct benefit to the airport. However, the wider benefit to society from avoiding injuries and fatalities, which
does not accrue to the airport, may be significant given the high value society places on human life. Similarly,
the social value from reducing injuries and fatalities through the ground-based video-enhanced vehicle could be
substantial. In both cases, the information on potential injuries was not available to allow such an estimation.

Our alternative estimate based on boosting the attractiveness of the airport (i.e., increasing the market share of
flights and passengers as the airport is seen as offering an improved passenger experience compared to other
airports due to investment in advanced wireless for passengers and airlines) has an economic benefit five times
greater than the more granular approach of identifying specific, direct benefits. It is difficult to say which ap-
proach is more appropriate. Identifying specific direct benefits has the disadvantage that we may not have cap-
tured all the individual impact on efficiency and new revenue streams from the use cases. On the other hand,
while we consider a market share effect to be very plausible, we found less evidence to substantiate the effect.
Hence, these two approaches should be seen as outlining a range for the potential benefits, from a pessimistic
lower bound to a more optimistic upper bound.

2 The hypothetical monopolist or Small but Significant Non-transitory Increase in Prices (SSNIP) test takes 5-10% as the scale of a
significant change that can indicate whether a set of services can be defined as the relevant market when assessing possible distortions
of competition. If the hypothetical monopolist can sustain a price rise of 5% for a sustained period, then the services concerned do
constitute a market.
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Figure 66. Economic benefits for airport use cases, Athens International Airport.

Finally, Table 42 below presents our estimates of the social benefits associated with the use cases. The social
benefits fall at the lower end of the range we estimated for the private benefits, providing a moderate to signif-
icant improvement in the overall business case, depending on the level of optimism over the private benefits.
Other potential social benefits which we have not been able to estimate, such as improvements to safety of life
from smart evacuation, would also add to the total benefits as mentioned above.

Table 42. Social benefits from airport use cases (€ millions).

Time savings for smart parking users 0.6 1.2 1.9 25 2.6 2.6 2.7 2.7 2.8 2.8
Reduced costs of delays for airlines 1.9 3.9 5.8 7.7 7.7 7.7 7.7 77 77 7.7
Total social benefits 2.0 42 6.4 8.7 11.0 11.2 11.3 114 115 11.6

7.4 Evaluation case 2 — benefits in a museum setting

This section summarises the key assumptions and results for the use cases on immersive experiences in a mu-
seum setting which form part of the Touristic City platform. The other use cases in the Touristic city platform
—augmented tourism and broadcasting — are covered in Evaluation cases 4 and 5 (benefits in the city and national
settings). This is because they provide services across wider locations, outdoors and indoors, as opposed to
enclosed indoor sites in the case of museums.

We estimate economic benefits for the museums in the commune of Turin taken together rather than for a single
museum which gives us a broader perspective than considering just one museum. The use cases we consider,
and the corresponding sources of value are as follows:
e Touristic City — Telepresence.
- Direct charge for immersive remote access to museum collections.
e Touristic City — XR immersive museum experience.
- Increase in visitors because the immersive experience makes the visit more attractive.
- Direct charge to the user.
e Touristic City — Robot-assisted museum guide and monitoring.
- Direct charge for guiding service.
- Museum security after closing hours.

- 5G-TOURS - ICT-19-2019 — G.A:856950 142



e
o
‘

D2.3 Technical requirements of the use cases, economic and deployment implications

The museum sector is one of the more promising verticals for XR for two reasons. There is already significant
familiarity with immersive experiences across the sector. A growing number of museums [2] have introduced
XR experiences for selected exhibitions including, the Louvre [19] and the Rijksmuseum [20]. Furthermore,
Covid-19 has accelerated digitalisation, virtual 360° viewer apps and streamed curated tours as museums have
sought to reach out to the public while they were closed for health reasons.

Finally, increasing reach and access for underrepresented groups, which is an objective for many museums, is
another benefit of these services. We have not been able to measure its scale though it is of value to society.

7.4.1 Key assumptions and methodology

We follow the same general approach as described in section 7.2.1. We assume that the museum purchases the
5G connectivity for the immersive museum experience and robot guide. Hence these have a B2B 5G take-up
profile. The telepresence remote museum visit is a B2B2C service, so we use the consumer 5G take-up profile.

Table 43 below summarises our assumptions for the maximum potential efficiency savings or addressable mar-
ket. For each benefit stream we have a low, central, and high scenario.

Table 43. Assumptions for museum and culture applications.

Central Low High

Evidence is limited, Design Museum’s online tour
take-up of 8% [21] informs central scenario

Bath tourism trial [22]: public is more likely to visit
10% 5% 15% (but not quantified). Assume effect is same scale as
telepresence

High scenario®: computer game users are proxy for
max. take-up - 40% [23] but 30% of this relates to
the XR app and 10% to robot guide reducing this
category to 20%

High scenario: different segment to XR app, e.g.,
Robot guide: sales to existing visitors 13% 7% 20% older & disabled visitors: 10% are game-literate (as
above) 10% are not

5G efficiency gains predicted generally for industry
(apply to cost savings) [24]

Telepresence: remote museum visits 10% 5% 15%

Immersive museum experience (XR): increase in
visits

Immersive museum experience (XR): sales to ex-

N 20% 10% 30%
isting visitors

Robot guide: security cost savings 25% 12.5% 37.5%

Trials of immersive experiences for museums and heritage sites show that there is demand for such services,
but not the extent of that demand. However, there is some pertinent evidence from initiatives museums have
taken during the Covid-19 pandemic such as curated online tours. This suggests there is demand for remote
museum visits (notwithstanding the context of the pandemic) and informs our estimate of potential demand. For
example, the Design Museum saw 8%+ take-up of a recent online curated tour compared to normal expected
visitors as noted in the table. This is also used as a proxy for the impact of the XR museum experience on
increasing visitor numbers.

The potential for immersive experiences to increase the visitor numbers is underscored by 5G trials. For exam-
ple, a city of Bath tourism trial [22], found that over 90% of visitors surveyed would be likely to visit the Roman
Baths more often because of immersive applications.

For sales to existing visitors of the immersive experiences and robot-guide, we use the proportion of the popu-
lation that has used a video game (40%) [23] as a proxy for the addressable market for the two sources of value
combined, i.e., 30% and 10% of existing visitors respectively. As the robot guide also targets separate categories
of visitors to the immersive experience, e.g., older, and disabled visitors by providing extra assistance in navi-
gating the museum, we assume this increases the robot guide addressable market to 20%. We consider these the
maximum outcomes, so we apply them to the high scenario and adjust the other scenarios accordingly.

Table 44 below sets out our assumptions for the average revenue per museum visitor.

3 We set a fixed ratio between the low, central, and high cases of 1:2:3. For this source of value, our evidence on the potential impact
of the application relates to the high case, hence the other two cases are adjusted according to this ratio.
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Table 44. Revenue assumptions for museum and culture applications.

Telepresence: remote museum visits 85 Curated online tour prices: e.g., UK National Gallery [25]
Immersive museum experience (XR): increase in 13.0 Average ticket revenue per visitor* plus assumed immersive ex-
visits ) perience price (€7)
Immersive museum experience (XR): sales to ex- 70 In between audio-guide prices [26] and online tours
isting visitors ’
Robot guide: sales to existing visitors 70 In between audio-guide prices and online tours
Number of security guards per visitor® (assume 50% are night-
Robot guide: security cost savings 0.61 time) x typical museum security salary [27]+ employer’s social
security (30%)

7.4.2 Results

Figure 67 sets out the economic benefit results for immersive museum applications and places them in the
context of the total ticket revenues for museums in Turin. We estimated total ticket revenues by scaling up ticket
revenues (including memberships) for the leading museums (Museo Egizio, Museo del Cinema and Fondazione
Torino Musei).
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Total 5G revenue as a % of existing ticket revenues

H Telepresence: remote museum visits
B Current ticket revenues

—8=—9% increase 5G-TOURS

Figure 67. Estimated benefits for museum and culture use cases, Turin.

The graph shows that, in total, the 5G-TOURS augmented museum experiences could have a significant finan-
cial impact — 74% higher revenue at the end of the modelling period in 2031 compared to revenues from existing
ticket revenues (central scenario). This is considerably more than audio-guides and guided tour revenues which,
for example, currently equal 4-5% of ticket revenues for the Fondazione Torino Musei. This relies on our pre-
dictions for 5G take-up across museums and consumers being fulfilled and museums being able to reach all the
addressable market.

4 Average of Museo Egizio, Museo del Cinema and the Fondazione Torino Musei [28]. This is lower than the headline ticket price
because of discounts for members, students, etc.

5 We take the number of security guards from two representative museums: Metropolitan Museum, New York (474) and the British
Museum (300) [29] to estimate the number of guards per visitor
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Sales of the XR immersive experience to existing visitors and its impact on visitor numbers (either new or more
frequent visitors) are the largest potential revenue streams, followed by the robot guide and remote museum
visits. The potential savings in security costs from the robot guide are much smaller in comparison — €700,000
by 2031 — but not negligible.

7.5 Evaluation case 3 — benefits in a hospital setting

This section summarises the approach and results for our assessment of the economic benefits of one specific
healthcare use case in a hospital setting, the wireless operating theatre. The results for the other healthcare use
cases, remote healthcare and smart ambulance are covered in Evaluation cases 4 and 5 which look at healthcare
in a city/national rather than a hospital setting.

The sources of value we assessed are grounded in the quadruple aims of health [30], particularly patient expe-
rience/better outcomes, population health, reducing costs and team well-being. Those accruing to the hospital
are as follows:

e Cost savings from reduced surgical complications (also promoting team well-being by expert back-up

through telepresence)

e Cost savings from a reduction in 30-day emergency readmissions post-surgery

o Greater efficiency through faster operating theatre set-up

e Cost savings and improved training and education through telepresence.

In addition to the sources of private value to the hospital, wider social benefits arise from the potentially con-
siderable impact on patient quality of life from: reduced surgical complications; and a reduction in post-opera-
tive readmissions to hospital.

An alternative approach is to investigate sources of value in treating individual medical conditions. Such a level
of detailed investigation was not possible within the scope of this project, but it could be a viable avenue for
future research.

The hospital is the purchaser of 5G connectivity in this use case, therefore a B2B take-up profile is applied. We
note the challenges of deploying such solutions given the conservative approach to introducing new technology
that the need for safety in the health sector engenders, the need for staff training, data management issues and
coordination with other providers.

7.5.1 Key assumptions and methodology

Table 45. Assumptions for wireless operating theatre applications.

Central Low High

Incidence of complications (17%) x %
4% of complications not needing further 25% | 12.5% | 37.5%
intervention (25%) [31] [32]
Rate of readmissions to emergency B % o, Emergency care excl. am-
care NHS England [33] 2 | A S bulance costs
Little e\{ldence S0 we assume a small 506 25% = 7.5% Costof surgery
change in relevant costs
Education and training with Little evidence so we assume a small

0, 0, 0, 1 ini
teleguidance n/a change in relevant.costs 5% | 25% 7.5% Education and training
Social benefits

Emergency and non-elec-
tive inpatient care

Efficiency: fewer surgical
complications

Efficiency: lower 30-day

o 14%
emergency readmissions

Faster theatre set-up n/a

. : Post-operative death rate 3.2% [34] x # of CHU operations x
Ee;tr?i;i?/gur:r?onr]; S“tI; wer post 0.6% (rate of readmissions + complications 25%  125% 37.5% Value of human life
P 19%) (€1.4mn) [15]

The methodology for the healthcare use cases discussed here in Evaluation case 3 (and in cases 4 and 5), is
slightly different to that for the other use cases. We estimate the maximum potential efficiency gain for each
source of value. This is largely based on clinical issues/healthcare activities where the 5G applications can bring
improvements such as lowering the rate of re-admissions to hospitals after operations due to better patient out-
comes, which reduces emergency care costs. In Evaluation case 4, some data from trials for remote health use
cases are also available.
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We then apply three scenarios for the extent to which the 5G application contributes to maximum potential
efficiency gain. The limited direct data that we found on trial usage of AR in industry [31] show productivity
increases of 25%-30% (at Boeing and General Electric). We also took account of McKinsey studies attributing
productivity impacts of 15-35% for loT across a wide range of industries [24]. However, we note that the impact
of immersive wireless technologies might be significantly greater than that of 10T. For the faster operating
theatre set-up, and education and training cost savings, we assume for the maximum efficiency gain (5%) be-
cause there is less relevant direct evidence. Our assumptions are set out in Table 45 above.

7.5.2 Results

Figure 68 sets out our results for the wireless operating theatre. It shows both the private benefit to the hospital
and the wider social benefits from better patient outcomes, both in absolute terms and as a percentage of the
CHU Rennes budget. Although in percentage terms the benefit is relatively low, it compares favourably with
current spending on IT in UK healthcare which is currently 2% [35]. The social benefit (which is itself an
underestimate as it relates only to strokes) is considerably larger. We decided to focus on stroke outcomes
because they are one of the most significant medical conditions — in terms of impact on the population and
healthcare — where the wireless operating theatre could make a significant difference to patient outcomes. More-
over, obtaining data on the potential impact of the wireless operating theatre on patient welfare for other medical
conditions, proved difficult. We note that this could be an important future step for research in conjunction with
hospital providers.
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Figure 68. Socio-economic benefits for wireless operating theatre, CHU Rennes.

The results indicate that the wireless operating theatre could generate significant social value in addition to the
private value to hospitals; this would accrue to government (acting on behalf of the public and the wider health
system). However, societal benefits from better patient outcomes etc. are not monetizable. Moreover, the private
benefits to the hospital may not be fully monetizable — for example the balance between the greater number of
patients that may be treated (which increases revenue) and reduction in hours of treatment per patient (reduces
billed revenue) is not clear.

As a result, it is possible that the wireless operating theatre may not be financially viable from the hospital’s
perspective and society could forego these substantial additional benefits even though total public and private
value might easily exceed the costs. The risk is all the higher because the social benefits are large in comparison
to the private benefits to the hospital. And we note that the cost includes not only the 5G service/network, but
also significant work needed to update hospital equipment and facilities to support the wireless operating theatre.
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To summarise, unless governments allocate and distribute specific funding to hospitals, wireless operating the-
atres might not be deployed despite net benefits to the economy and society.

7.6 Evaluation cases 4 and 5 — benefits across a city and nationally for
tourism, health, and broadcast industries

This section summarises the economic benefit assumptions and results for the 5G-TOURS tourism, broadcast-
ing, and healthcare use cases requiring wide area coverage across a city (as opposed to more local coverage in
evaluation cases 1 to 3). In the related network cost analysis in WP8, we shall assume that these services are
delivered across a common city area, though they can be provided by different organisations. These services are
all covered in Evaluation case 4, focusing on city scale benefits, whereas Evaluation case 5, indicating benefits
at a national level, only covers the broadcasting and healthcare use cases. Between these two evaluation cases
we scale up the city level benefits to a national level based on population and households.

Table 46 below gives an overview of the use cases and the sources of value we investigate for Evaluation Cases

4 and 5.

Remote, distributed broad-

cast/video production
Broadcast/video content

distribution

Augmented tourism

Excursion on an AR/VR-

enhanced bus

Remote healthcare

Smart ambulance

Table 46. Overview of Evaluation Cases 4 and 5.

Touristic City

Touristic City

Touristic City

Mobility Efficient

City

Safe City

Safe City

Wireless camera and video

transmission enabling remote di-

rection and editing

Wireless distribution of video
content to consumers, comple-
mentary to existing broadcast
services

Self-guided walking city tour or
equivalent, AR/VR enabled

Enhanced coach/bus tours
within the city or touristic area

Remote monitoring, surveil-
lance, and diagnostics to help
citizens manage chronic condi-
tions®: in the home and across
the city

Teleguidance for better patient
assessment and initial treatment
on arrival or in transit.

Smart routeing for faster ambu-
lance journeys

Cost savings (net of additional
costs) in equipment, transport,
and personnel

Advertising; subscription ser-
vices; and

licence fee payments

Direct payment for immersive
XR applications,

Advertising on immersive XR
applications

Direct payment included in
overall excursion fee.
Advertising mixed in with con-
tent

Better patient outcomes: re-
duced General Practitioner (GP)
appointments

Better patient outcomes: re-
duced outpatient appointments
Fewer missed appointments
Cost savings: delaying the aver-
age time of entering residential
care

Greater efficiency and cost sav-
ings in domiciliary (home-
based) care

Better patient outcomes: reduc-
tion in subsequent re-admission
for emergency patients

Cost savings/greater efficiency:
reduced patient transfer times to
hospital

N/A

Public Service Broadcasting
(PSB) value associated with the
video content

Local economy benefits as it en-
hances the city as an attractive
tourism destination

Local economy benefits as it en-
hances the city as an attractive
tourism destination

Value of shorter travel time to
appointments for chronic illness
patients

Better outcomes: reduction in
mortality from better and faster
treatment

Savings in CO? from reduced
patient to hospital transport
times.

We note that Evaluation Case 4 focuses solely on the commune of Turin, except for the two healthcare use cases
where results are presented for both the commune of Turin and Haute-Bretagne in France, the catchment area
for CHU Rennes. CHU Rennes is one of the testbed partners in 5G-TOURS for the wireless operating theatre,
hence it seemed sensible to provide results for the other healthcare use cases to give additional context. We
scale the results based on population to go from Haute-Bretagne to Turin.

6 We focus on chronic illnesses such as diabetes, cardiovascular disease, and age-related problems, because this is where remote health
services are likely to have the greatest impact (improving people’s ability to live independently). In addition, these are the areas on
which remote health trials have focused.
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7.6.1 Key assumptions and methodology

We follow the same general approach as set out in section 7.2.1. i.e., estimate the maximum potential cost
savings or addressable market, estimate the proportion of this maximum that the 5G application can deliver, and
apply a relevant 5G take-up forecast.

7.6.1.1 Touristic City — Broadcast/video content distribution and production

We modelled video content distribution as a complement to terrestrial broadcasting and not a substitute. We
expect one of the key drivers to be watching live video content on the move as opposed to the on-demand
streaming video available today. Sport, concerts, theatre, and news are key drivers. A sporting event, for exam-
ple, could offer a package of pre-prepared competitor information, multiple camera angles, live match analysis,
and stadium information.

Broadcasters are already beginning to use remote production, particularly in the light of Covid-19, For example,
BT Sport sees significant potential [36]. The “Live + Wild” project led by Candour Productions, a trial of 5G
enabled remote production focusing on documentary making in “extreme” locations, under the aegis of the
UK’s 5G CREATE programme, also illustrates broadcasting interest in remote production [37].

Table 47. Assumptions for remote production and video content distribution applications.

Central = Low | High
ADL study on net cost

Remote production 15% 7.5% | 22.5% | savings from remote nla nla

broadcasting [38]

Maintaining reach: Subscription revenues
Content distribu- ® ® o based on benchmark per household, UK [39]
tion: subscription L 4 L from competition analy- )

sis
Content distribu- 0 0 o As above Advertising revenues It-
tion: advertising 10% 5% 15% 128 aly [40]
C_Zon.te_nt distribu- 10% 50 15% As above 9 Current licence fee in
tion: licence fee Italy [41]

As above Econometric study on
Social benefit: PSB 10% 5% 15% 216 the value of PSB from

UK [42]

Our assumptions for remote production and content distribution in broadcasting are presented in Table 47 along
with the socio-economic benefits from expanding public service broadcasting through video content distribu-
tion. We note that the three content distribution value streams represent different market segments. All TV
households should pay the licence fee in Italy. Subscription service users are a subset of TV households and
pay directly for the channels included in their bundle. Advertising revenues are generated from channels where
advertising is possible and are paid by companies and organisations.

The maximum impact for remote production is based on an Arthur D Little study [38] which found a 10-20%
net cost saving from remote production (equipment, transport, and personnel costs). This is applied directly to
our estimate of broadcast production costs in Italy.

Our assessment of the maximum impact for video content distribution is based on the view that it will help to
reverse the decline in terrestrial broadcasting’s reach (this fell 7.6% from 95% in 2012 to 87.4% in 2019) [43].
This assumption is also supported by economic analysis, where a 5-10% change is an indicator of a potential
competitive advantage as mentioned above in Evaluation case 1.

We estimate the average revenue per household for content distribution based on the total revenues from the
three market segments relating to subscriptions, advertising, and the licence fee in Italy.

7.6.1.2 Touristic City — Augmented tourism applications

By augmented tourism, we envisage services provided by providers of tourism services, using XR (most likely
AR) technology to provide an enriched experience to the visitor. AR tourism apps have been available for a
while on 4G, as we noted in 5G TOURS Deliverable D2.2 [2], initially adapted from existing tours and more
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latterly formats mixing gaming and interactive elements are beginning to emerge. 5G offers the potential to
deliver a richer, more immersive experience which could bring a step change for end-users.

Table 48 summarises our key assumptions for the augmented tourism benefit streams. It includes the private
and the wider socio-economic benefit from the applications. We note that the two private benefit streams for
augmented tourism are mutually exclusive alternatives and should not be added. Furthermore, the assumptions
on the addressable market for augmented tourism (using video-game take-up as a proxy) are consistent with the
immersive museum application assumptions in Evaluation case 2.

Table 48. Assumptions for augmented tourism applications.

Central Low High

Direct payment: aug- High sc_enario. base_d on % of Assume 20% (based on_Airbnb
mented tourism. 27% 13% 40% population using videogames 22.5 platform fee [44]) of prices for a
sample of Italian city tours
Advertising funded: aug- High scenario based on % of Social media CPMs’ assuming
. ’ 27% 13% 40% population using videogames 0.14 10 adverts/hour for a 2-hour tour
mented tourism [45]
Use benchmark from competi- Average spending per interna-

Social benefit — impact
on wider local economy

tion analysis (5-10%) as proxy
for the significant reduction in
market share avoided *

tional tourist in Italy [46]

10% 5% 15% 471

* Actual evidence on the impact of XR on tourism is limited, however the VR experience at Amsterdam’s
Central Station lends support to the existence of such effects: Amsterdam Marketing reported an increase in
tourists arriving by train of between 15% and 20% at three of the six sites involved [47].

7.6.1.3 Mobility Efficient City — Excursion on an AR/VVR-enhanced bus

We modelled this service as a B2B2C offering, accessed over the passenger’s own handset (though the bus
could provide its own terminals) with the content provided by either a bus operator, tour company or educational
provider. We believe that this use case has much in common with the augmented tourism use case discussed in
section 7.6.1.2 above, in terms of the end-user value. Although the experience takes place on a bus rather than
at a tourist site or walking around a city, a similar mix of storytelling, information and multimedia content can
be provided to the visitor.

Table 49. Assumptions for AR/VR bus application

Central Low High

Alternative 1: Direct High scenario based on % us- 2 x price of curated online tour:

0, 0, 0,
revenue 27% 13% 40% ing videogames 7 e.g., National Gallery [25]
Alternative 2: Ad- o o ® As above Cost per thousand impressions for
vertising revenue 2 LA 0 D Facebook/Google [45]
. " ) Market share impact, competi- Av. coach passenger spend per
Wider benefit to lo 10% 5% 15% tion analysis benchmark 143 night (ANAV) [48] minus transport

| nom
cal economy costs

Table 49 summarises the assumptions for this use case. Similarly, to augmented tourism walking tour, we iden-
tify the addressable market based on the proportion of the population having used videogames. The potential
direct charge per visitor is based on charges for curated online museum tours multiplied by two because we
expect the duration over the course of a day trip to be longer than the online tour. Advertising revenue is based
on industry cost per thousand impressions (CPMs) for social media and 10 adverts per hour.

We apply these assumptions to the number of passengers arriving by coach in Turin. This is based on data for
coach passengers arriving in Florence from ANAYV (Italian National Association of Bus Passenger Transport)
adjusted by the relative number of tourists overall in Turin and Florence [48].

7 Cost per thousand impressions (or views)
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The use case may also have a potential wider impact on the local economy, i.e., spending in shops, hotels, and
businesses other than tourist venues. As before we take the benchmark from competition analysis as the basis
for the potential increase in the city’s “market share” of tourism as a result of the increased attractiveness due
to AR/VR bus services.

7.6.1.4 Safe City — Remote healthcare and smart ambulance

The methodology for the two healthcare use cases is slightly different to that for the other Evaluation Case 4
use cases and more like the wireless operating theatre in Evaluation case 3. As described in more detail in
Evaluation case 3, we estimate the maximum potential efficiency gain for each benefit stream and the potential
of 5G to secure these efficiency gains. As before, the sources of value are also grounded in the quadruple aims
of health.

Table 50. Assumptions for remote healthcare and smart ambulance applications.

Cen- .
tral Low High

Remote healthcare

Liverpool 5G healthcare trial (re- Primary care (x % for

i 0, 0, 0, 0,
Reduced GP appointments 17% mote sensor app) [50] 25% = 12.5% 37.5% chronic illness)
R_educed outpatient admis: 40% Liverpool 5G healthcare trial (re 2506 12.5% 375% Out patients (x % for
sions mote sensor app) [50] chronic illness)
Fewer missed apoint- Survey on missed appointments Primary care & outpa-
ot PP 7.5% in France [51] 250  125%  37.5% tients (x % for chronic ill-
ness)
Later entry & lower costs 0 Tunstall Home elderly care trials, o 0 o Residential care home
in residential care 25% UK and Spain [52] [53] 25% 12.5% 37.5% costs
Reduced domiciliary care Liverpool 5G remote medication Domiciliary care costs
ry 19% assistance [50] & remote moni- 25% = 12.5% 37.5%

costs toring trial, Kent [54]

Smart Ambulance

Better'ou_tcome, reduced 14% Rate of 30-day readmissions to 2506 12.5% 37.5% Ambulance related emer-
readmissions emergency [33] ) ' gency costs
Eff_lmency—savmg: faster 120 Reduced travel time for Intelli- 2506 | 12.5% | 37.5% Ambglance costs excl. call
patient transfer gent Transport Systems [55] handling

Social Benefits

Faster ambulance transfer: o Ambulance transfer time & mor- o o o .

lower mortality 8% tality study [56] 25% | 125% | 37.5% | Value of human life saved
Better ambulance care: re- 90-day disability rate (slight to QALYS® lost per stroke
duction in disability post 48% moderate) post stroke [57] 25% = 12.5% 37.5%  [56] x value of QALY
stroke * France [49]

* Similar to benefits of Mobile Stroke Units in Berlin and US

We see considerable support in principle for these type of applications as evidenced by a significant number of
5G trials in these areas and because Covid-19 has accelerated the use and patient acceptance of existing appli-
cations (particularly remote health) using wired and 4G connections. Moreover, for smart ambulances, 5G Heart
[49] has reported that 5G delivers a step change compared to 4G in the quality of medical images and video that
can be shared from an ambulance to remotely sited colleagues. This could facilitate significant benefits for
patient treatment and staff empowerment. The full list of assumptions is set out in Table 50.

7.6.2 Results for Evaluation case 4
7.6.2.1 Touristic City — Broadcast/video content distribution and remote production

Figure 69 below presents our results for the broadcasting use cases which suggest that the direct benefits are
significant. By 2031, the direct benefits could be equivalent to c. 10% of broadcasting revenues (scaled to the

8 Quality Adjusted Life Years (QALYS) are a measure of the impact of a medical procedure on the number and quality of additional
years for the patient. QALY's can aim to give a standardised measure of health impact across different interventions.
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population of Turin). Remote production will also bring forward new creative opportunities, enriching the ser-
vices offered to viewers over traditional broadcast and 5G networks. This is difficult to quantify but the value
of future innovations could be significant. Furthermore, there may be synergies in using 5G to support remote
production and video content distribution at venues such as sports stadia where wireless cameras add consider-
able value and spectators may value access to video content — replays, different camera angles — in addition to
the events unfolding on the field of play.
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Figure 69. Economic benefits for broadcasting applications, Turin.

The social benefits associated with video content distribution provide an important additional benefit, though
unlike many other use cases, they are smaller than the direct benefits we estimated. Hence, there is a much
stronger case in broadcasting that the private sector can deliver the necessary investment unaided (than in tour-
ism for example) since the private benefits outweigh the public benefits. Furthermore, media and entertainment
services are a natural target for wireless service providers due to the digital nature of the product and the prox-
imity of the consumer market to telecoms services.

7.6.2.2 Touristic City — Augmented tourism walking tour

Figure 70 below presents our results for augmented tourism to support walking tours of the city of Turin. The
direct benefits to tourism operators are significant, though the potential wider impact on the local economy is
several times greater.

We note that, in direct revenue terms, advertising funded services bring in little revenue and directly charging
the end-user appears to be a better route to market for tourism businesses. However, from the city’s perspective,
it should receive the spin-off impact on local tourism regardless of whether tourism operators take the advertis-
ing or direct charging approach.

Given the potential size of the spin-off benefits to the wider city, there may be a debate to be had as to how to
fund schemes that might accelerate the roll out of wireless infrastructure to support such tourism related appli-
cations. Tour operators alone are likely to be too small individually to provide the investment needed to stimu-
late infrastructure roll out for these more immersive applications.
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Figure 70. Economic benefits for augmented tourism, Turin.

7.6.2.3 Mobility Efficient City — Excursion on an AR/VR-enhanced bus

Figure 71 below presents the results of our benefit assessment for the AR/VR-enhanced bus use case. Direct
charging appears to be a much more considerable source of benefit than an advertising funded service, similar
to the augmented tourism city walking tour use case. However, the advertising funded service could still gener-
ate significant wider economic benefits to the city if the AR/VR service became important in maintaining Tu-
rin’s attractiveness as a tourist destination.

10 0.9% 0-9%  1.0%
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Private and social benefits as a % of all
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mmmm AR/VR Bus Alt 2: advertising funded
mmmm Wider benefit: impact on local economy
=@=Private benefits to coach operators as a % of all tourism spending

=@==Benefits to wider local economy of AR/VR Bus as a % of all tourism spending

Figure 71. Economic benefits for AR/VR bus applications, Turin.
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The potential private benefits to coach tour operators are readily monetizable and double the wider economic
benefits to local businesses in Turin. Hence, we would expect coach tour operators to take the lead in paying
for services once the network capabilities were in place. However, given the large number of coach tour opera-
tors that may serve Turin, a question mark remains over how the initial network investment would be stimulated
since it would be unrealistic for several hundred coach operators to coordinate on this.

On the other hand, the wider benefits to the local economy are still significant. Therefore, the city of Turin could
be justified in using public funding to encourage the development of infrastructure to provide the capacity en-
hanced bus services would need if it made the business case more viable.

7.6.2.4 Safe City — Remote healthcare and smart ambulance

Table 51. Estimated benefits for remote healthcare and smart ambulance (€ mn), Rennes.

Reduced GP appointments

s Smart Ambulance

Social benefit of faster ambulance transfer on mortality

Reduced outpatient admissions 0.5 0.8 13 2.1 2.9 3.7 45 5.0 5.3 55
Fewer missed appointments 0.1 0.2 0.3 0.5 0.7 0.9 11 1.3 1.3 1.4
Ic_ggfsr entry to residential care/ lower 01 01 02 03 04 06 07 07 08 08
Reduced domiciliary care costs 0.2 0.4 0.6 0.9 13 1.6 1.9 22 2.3 24
Remote Healthcare - Total 1.0 1.6 2.7 4.1 5.7 7.4 8.8 9.9 10.5 10.9
R_eductlon in 30-day emergency admis- 00 05 09 14 18 23 23 23 23 23
sions (ambulance patients)
Smart routeing: efficiency saving 0.0 0.3 0.5 0.8 11 13 13 1.3 1.3 1.3
Reduction in 90-day disability 0.0 1.0 2.0 3.0 4.0 5.0 5.0 5.0 5.0 5.0
Smart Ambulance — Total 0.0 1.7 35 5.2 6.9 8.6 8.6 8.6 8.6 8.6
Better patient outcome: Faster ambu- 0 26 53 79 105 131 131 131 131 131
lance transport time
Reduction in 90-day disability (QALYs 0 16 33 49 65 82 82 82 82 82
lost to stroke)
Social Benefits — Total 0 43 85 128 170 213 213 213 213 213
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Figure 72. Socio-economic benefits for remote health and smart ambulance, Rennes.
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Table 51 and Figure 72 show our results for the remote healthcare and smart ambulance use cases. These results
are initially calculated for the Rennes area since CHU Rennes is a consortium partner participating in the
healthcare testbed. Hence this provides a consistent healthcare set of results in conjunction with those for the
wireless operating theatre. To put them in context, we present the benefits in absolute terms and as a percentage
of overall health spending (scaled down from France to Rennes/Haute-Bretagne according to population). Over-
all health spending includes primary and secondary healthcare services, and ambulances.

However, we have also calculated results for the commune of Turin in Table 52 and Figure 73. This allows for
a consistent comparison of the Evaluation case 4 results across one location, i.e., Turin. It will also enable a
consistent evaluation of the business case when the economic benefits are combined with our network cost
modelling in WP8.

Table 52. Estimated benefits for remote healthcare and smart ambulance (€ mn), Turin.

Reduced GP appointments

mmmm Smart Ambulance

Social benefit of faster ambulance transfer on mortality

Reduced outpatient admissions 0.4 0.8 1.2 1.9 2.7 35 4.1 4.6 49 5.1
Fewer missed appointments 0.1 0.2 0.3 0.5 0.7 0.9 1.0 12 12 1.3
Later entry to residential care/ lower 0.2 04 0.6 1.0 14 18 21 23 25 26
costs
Reduced domiciliary care costs 0.2 0.3 0.5 0.8 1.2 15 1.8 2.0 21 22
Remote Healthcare - Total 1.0 1.8 29 44 6.3 8.1 9.6 10.7 115 11.9
Reduction in 30-day emergency admis-
sions (ambulance patients) 0.0 04 0.8 1.3 1.7 2.1 2.1 21 2.1 2.1
Smart routeing: efficiency saving 0.0 0.2 0.5 0.7 1.0 1.2 1.2 1.2 1.2 1.2
Reduction in 90-day disability 0.0 0.9 1.9 2.8 3.7 4.6 4.6 4.6 4.6 4.6
Smart Ambulance — Total 0.0 1.6 3.2 4.8 6.4 8.0 8.0 8.0 8.0 8.0
Better patient outcome: Faster ambu- 0 24 48 73 97 121 121 121 121 121
lance transport time
Reduction in 90-day disability (QALYs
lost to stroke) 0 15 30 45 60 75 75 75 75 75
Social Benefits — Total 0 39 79 118 157 196 196 196 196 196
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Figure 73. Socio-economic benefits for remote health and smart ambulance, Turin.
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As with the wireless operating theatre results in Evaluation case 2, although the direct benefits from greater
efficiency in healthcare for the elderly and chronic illness sufferers, and ambulance services are significant in
absolute terms they are relatively small compared to the overall health budget. However, the benefits of better
patient outcomes, which benefit society and the health system as a whole, are much larger.

7.6.3 Results for Evaluation case 5

Figure 74 and Figure 75 below show the results for remote healthcare, smart ambulance, remote video produc-
tion and video content distribution at a national level for Italy. We have extrapolated the results from the city-
wide analysis in Evaluation case 4 by scaling based on relative population sizes and we have applied a different
5G take-up rate for 5G for the B2B services. In both healthcare and broadcasting, we assume, take-up will be
slower across these verticals nationally than for B2B2C consumers. This is because many companies may decide
to be “followers” in terms of 5G adopters than pioneers as assumed in Evaluation case 4, replacement cycles
for equipment that needs to be 5G enabled will vary across companies and we are not assuming a national
coordination across these sectors. As a result, we have assumed that the B2B take-up nationally will follow the
same evolution as for B2B2C services but delayed by 2 years.
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Figure 74. Socio-economic benefits for remote health and smart ambulance, Italy.
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Figure 75. Economic benefits for broadcasting applications, Italy.

7.7 Key findings from benefits analysis across evaluation cases

Looking at results across each of the evaluation cases, we make the following high-level conclusions per eval-
uation case:
e Evaluation case 1 — Athens airport scenario

- The private benefits to the airport could grow to 2% of existing revenues by 2030, using our
more pessimistic approach to benefits modelling in this scenario.

- Inan industry where revenues are already highly regulated, this level of benefit could well be
enough to interest airports in investing in improved connectivity in and around their facilities.

- Keeping pace with other airports on connectivity and passenger experience might also be a
further motivation to avoid loss of market share.

e Evaluation case 2 — Turin museums

- The direct benefits to museums from offering immersive experiences could be significant.

- Revenues from immersive experiences, such as the use cases suggested by 5G-TOURS, could
add as much as 74% to existing museum revenues from ticket sales.

- This additional revenue comes partially from existing visitors but also from encouraging a
wider demographic to avail of such venues.

e Evaluation case 3 — Rennes hospital

- Unlike the previous two evaluation cases, the calculated social benefit of the wireless operating
theatre is 5 times higher than the direct cost savings that the hospital would likely benefit from.

- It is uncertain whether direct cost savings to individual hospitals of improved connectivity
would be realized by the hospital in practice or would rather result in a reduced budget or in-
creased volume of patients being treated.

- For this evaluation case, it is less clear that individual hospitals would have the resources and
motivation of direct benefits to invest in advanced connectivity that the previous two vertical
groups of an airport or museum might have.

- This suggests that finance for improved connectivity in hospitals may need to be funded more
centrally to ensure that the larger social benefits of such use cases are realized.

e Evaluation case 4 — City of Turin

- This shows that investment in wireless infrastructure in a city will bring significant socio-eco-

nomic benefits to businesses and citizens in the area.

- 5G-TOURS - ICT-19-2019 — G.A:856950 156



D2.3 Technical requirements of the use cases, economic and deployment implications 7 £

- Supporting improved connectivity and more immersive experiences could help a city to differ-
entiate itself from other tourist destinations. Any protection of existing market share or even
increase in market share will bring indirect benefits to the city which will greatly outweigh the
direct benefits in terms of revenues for charging for such experiences.

- Cities stand to gain indirect social benefits in the order of 9.5% of existing spend on healthcare
by 2031 if they invest in supporting remote health and smart ambulance services in their region.

- Potentially local authorities investing in wireless infrastructure in their area will be able to ben-
efit from economy of scale effects of reusing the same infrastructure to deliver a range of ser-
vices such as the more immersive touristic services and connected health services identified
above.

e Evaluation case 5 — Italy

- Much larger social benefits are expected from nationwide connected healthcare services than
private benefits. This suggests that centralized public sector investment may be required to
stimulate the rollout of infrastructure to support such services at a nationwide level.

- Incontrast, the direct benefits associated with providing broadcast related connectivity services
are calculated to be much greater than the social benefits. This suggests that investment in
infrastructure supporting services of this nature is more likely to come direct from the broadcast
and entertainment industry than from more centralized public funding.

The evaluation cases analyzed show that it is not always obvious where the investment in advanced wireless
infrastructure should come from for any given use case or scenario. Instead, an analysis of the direct benefits
against the wider socio-economic benefits is required to understand where the strongest motivation and willing-
ness to invest in infrastructure and connectivity solutions is likely to come from. These observations will be
built upon in WP8 in the analysis of business model options for the above set of evaluation cases.
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8 Conclusions

This document defined a standard framework for the description of the diversity of use cases being addressed
by the 5G-TOURS project. For each of the thirteen different use cases being implemented, it provided:

o final description of its functionality, result of the continuous refinement of the use case during the first
30 months of the project lifetime;

e updated sequence diagram(s) enriching such descriptions via the definition of the flow of events and
interactions of the key actors with the 5G-TOURS infrastructure;

o final user and network requirements and corresponding analysis;

e GSMA network slice types, a more standardized way for verticals to provide their technical require-
ments to network operators.

A total of 22 radar charts have been created and included in this deliverable for the analysis of the network
requirements. One of the main conclusions that we can make from their analysis is that most of the UCs require
a 5G network in order to deliver the prescribed service in a satisfactory way, with the most demanded 5G
capabilities being Reliability and Network Slicing. In some cases, the requirements provided even stretch some
of the 5G capabilities in terms of Reliability, Capacity and Location Accuracy. An evaluation of these require-
ments is currently being performed in WP7; the results will be documented in the next deliverable of this WP.

Regarding the network service / slice types, the three core slice categories, URLLC, mMTC, and eMBB, are
required according to the analysts’ views. The highest demand is for URLLC (9 UCs), followed by eMBB (8
UCs) and mMTC (4 UCs).

The use cases also derived some system requirements that helped the project identify how the 5G-EVE platform,
over which the 5G-TOURS use cases are being deployed, had to be improved in order to support the demand
of the project’s use cases. Al Enhanced orchestration and Broadcast support are just some examples of the
extended functionality being developed as part of WP3 because of those system requirements.

The deployment of the 5G-TOURS UCs over the 5G-EVE infrastructure also required from the consortium to
understand this project’s E2E operational model, roles and the use of its blueprints. The dependencies with 5G-
EVE, the interactions and the deployment implications were also analysed in this deliverable.

The 5G-EVE EZ2E facility is composed of different interconnected sites, and this is also reflected in the 5G-
TOURS deployments. The 5G-TOURS uses cases, grouped in three themes, are being implemented in three of
these sites, each theme in a different trial site: 1) Turin, the touristic city; 2) Rennes, the safe city; and 3) Athens;
the mobility-efficient city. This document also described the main functionalities and peculiarities of each of
these three sites with respect to the other two and analysed their deployment implications.

Finally, the economic drivers for the commercial deployment of 5G-TOURS use cases are analysed. This de-
liverable introduced the framework for understanding the economic and commercial potential of the use cases
being implemented by the project, as well as evaluation cases used for assessing benefits and commercial ex-
ploitation. Then the approach and results for our assessment of the economic benefits of different specific set-
tings were presented, including the key findings from benefits analysis across evaluation cases. The results
showed that it is not always evident where the investment in 5G infrastructure should come from and that an
analysis of the direct benefits against the wider socio-economic benefits is required to understand where the
strongest motivation and willingness to invest could come from. WP8 will extend this analysis via the elabora-
tion of business models for the set of evaluation cases introduced in this deliverable.
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Appendix A — User requirements definition

Table 53. Content based user requirements.

should be protected. Access also to the User Data & information should be
controlled to the degree of security desirable (i.e. public, restricted,
confidential, or military/top-secret).

a/a User Requirements Description Metrics and Units
Video Reception: Indicates the need to receive high definition Video (4K,8K) |It is a Boolean value. The expected response is Yes or No. If the answer is
on his/her device, TV/monitor or VR/AR end device. This need can be yes, then some explanation(s) can be expected in terms of the nature of
interpreted into a network requirement for download bandwidth needs the video stream (i.e. format) and the number of simultaneous
i depending on the video format (HD, 4K etc.) and also the number of channels |[streams/channels that are being received. In case more details can be
that must be simultaneously be received (i.e. 2 in the case of a provided the indicative bitrates for different video formats are:
stereoscopic/3D end device).
Video Transmission: Indicates the user need to transmit video information of |Similarly, to the previous user requirement, the expected answer is Yes or
) different formats and definitions/resolutions and frame rates (i.e. 4K or 8K or [No. In the case of a positive answer more can details should be given
< 2 even 3600). This user requirement influences he upload bitrates to be regarding the format of video stream and/or the number of streams.
g provided in the Mobile Access Network. The indicative bitrates for different
E video formats are similar to the ones of the previous requirement (Video
§_ Voice Communication: Indicates the need to have voice interactive This is another Boolean requirement whose expected answer is Yes or No.
(Y] communication - real time full duplex between end-users of the network or |From the Network point of view this means the delivery of Voice Switching
E between end user a Voice Service Platform. This communication can be one- [Capabilities and the demand for 128 Kbps bidirectional traffic on demand
g 3 to-one, one-to-many or many-to-many (call-conference). with reasonably short Latency of 50-200 msec. In addition, this value can
=) be used in order to evaluate if the 5G infrastructure providers would need
E additional components in the Mobile Core, such as IMS VNFs.
'E Data Reception (DL): Indicates the need to receive any kind of data The value of this requirement is provided in a qualitative manner by
8 (Download - DL) from the network at various speeds/bitrates. This selecting High/Medium/Low representing values of 1 Gbps / 100 Mbps / 10
4 requirement together with the nature of the data traffic (mentioned as Mbps (or less) respectively. If these values are not adequate, the vertical
Service/ Traffic Type requirement) directly influences the dimensioning of the |can also indicate Ultra High which represents a data stream of 10 Gbps.
Data Transmission (UL): Indicated the need to transmit different types of|The metrics for this requirement are the same as the one above
data (Upload - UL) from the user end device to the network and/or other|(High/Medium/Low) with the only difference being the direction of the
5 users. Together with the Service/Traffic Type requirement (explained further|traffic from the User towards the Network.
below), this requirement guides the network planners to correctly size not
only the uplink bandwidth but also the backhauling capacity of the network.
Table 54. Functional based user requirements.
Mobility: Indicates the user need to receive and transmit information (any of |The metric of this requirement is the moving speed of the user and/or end-
the previous types, Video, Data and Voice) while moving (at low-walking device. Since this can be varying the range is given as High Speed (300-500
and/or high speeds-train/car/airplane). Indicate speeds are 5 Km/h for km/h), Medium Speed (50-200 Km/h), Walking/Running Speed (5-10 Km/h)
walking, 50-150 km/h for automobile and 300-500 Km/h i.e for Fast Trains. If |and Stationary (0 Km/h).
6 the end-user or device are stationary there is no mobility requirement and
the moving speed is set to 0 km/h. All speeds and speed ranges should be
supported by the network, but when planning how to best support a use
case it is very useful to know the expected speed of motion of the end-device
so as to i.e. define the hand-over specifications accordingly.
Location Information: Indicates the need to make available and provide Boolean (Yes/No) response is expected. In the case of Yes then
location (within certain accuracy) information of the end-device/user. For approximate accuracy should be given rated as High / Medium / Low
2 certain services (i.e. navigation of moving vehicle, autonomous driving, representing accuracies of +/- 0.5 / 4 & 50 meters respectively.
qt, 7 localization of a patient, etc.) it is very important to know the location of the
E end-device (and therefore the end-user) possibly in 3 dimensions. The
g accuracy needed it will also depend on the application and can be a few tens
g‘ Fast Response (Low Latency): The time between issuing a request (i.e. change |The requirement can be defined as Slow/Fast and Very Fast representing
& direction) or transmitting of a piece of information (i.e. an alarm happened), |network latencies around 100, 25 and 5 ms respectively.
a and receiving a response is received should be as short as possible.
‘:” 8 Technology wise this is the end-to-end Latency of a Telecommunication
-~ Network also referred to as round-trip-delay. A simple measurement of this
E is done via the ICMP protocol with the “ping” command.
'.%
g Reliability/Availability: Indicates whether the Service is to be provided 24/7 |This requirement can be valued as High/Medium or Low representing
3 (24 hours/day 7days/week continuously) without interruption or small reliability of 99.99999% / 99.999% / 99.99% (7 nines, 5 nines and 4 nines).
w interruptions can be acceptable (i.e. if a communication attempt fails, it can
9 be repeated without consequences after xx amount of seconds). Reliability
and Availability are different but from the user point of view is the
perception of having service everywhere and all the time and how sensitive is
the service to communications’ brief disruption. It is usually measured as
Security / Privacy: Last but not least this requirement indicates the need to  |The metrics for this requirement are None-public / Baseline /Medium /High
protect the usability and integrity of user data, equipment and network. / Ultra-High grade for no security all the way to military type
10 Furthermore, it indicates that the Privacy of User Identity and Information security/encryption levels.
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Table 55. Composite user requirements.

Service / Traffic Type: This user requirement describes the traffic
characteristics that the end-users (as a whole) receive and/or generate. It
indicates whether there is a need for large volume of traffic to be sustained

According to the description of this requirement, the possible metrics are
Sustained (continues data traffic) / Bursty (traffic in bursts) and Sporadic
(at regular or irregular intervals). Each data flow type can then be defined

&
<
)
E 11 |over long periods of time, or large pieces of information/data to be received |as High/Medium or Low and indicative values are i.e for sustained 1 Gbps /
= or transmitted within a brief period of time (impulses/bursts), or maybe 100 Mbps and 10 Mbps (for high/medium and low) respectively. Similarly,
§. small amount of information must be exchanged at certain (regular or representative values for the other traffic values can be found in Table 2
& irregular) time intervals (i.e. like in the case of IoT or control signals). bellow.
a Interactivity & Space Dependency: This user requirement, is a measure of the [The metric of this requirement is Dense (High Density), Medium Density,
S spatial distribution of the end-users/devices. It indicates the ability to issue |Sparse (Low Density) representing >1 UE per m2 / 1 UE per 25 m2 / <1 UE
o commands (or even send data/video) and requests and receive per 100 m2 respectively. For each density, the interaction with the
-E,' 1 acknowledgement of execution and/or reaction (that can be in the form of network/service can be characterized as High/Medium and Low
=] data/video) within a very short period of time (in the msec order of representing 1.000 / 100 / 1 transaction per second.
g‘ magnitude) from a large number of “collocated” end user/devices etc.
8 (example is gaming and or guidance for emergency evacuation, transaction
stock/financial markets or the more common request for a Web Page).
Table 56. Structural user requirements.
Edge Computing : For certain applications and/or Services there is a need to |[It is a Boolean value (Yes or No)
) have computing power / CPU at close proximity with the end device. For
< example, collision avoidance for a fast moving industrial robot might require
g complex analysis and calculations to be performed (using the robot sensors
E 13 |and camera input) within a very short time, and then a command to i.e.
5 change course should be given at the shortest possible latency. The
8 simultaneous demand of High CPU power and very low latency can only be
'3 achieved by placing Computing Power at close proximity to the end-device
t (next to the gNB).
s Edge Storage : Similarly, to the previous user requirement, the simultaneous |It is a Boolean value (Yes or No)
E need to store and retrieve large amount of information with the least
E possible delay for storage and retrieval actions indicate that Edge Storage
'Sl 14 |Capabilities to be provided. Examples of such situations are surveillance
S using swarms of drones that need to upload real-time HD-Video, which will
“ quickly dictate emergency actions, or an autonomous vehicle that downloads
detailed maps in real time while moving.
Table 57. Service specific user requirements.
Battery Life: Service provisioning depends on battery power (i.e. remote
sensors) and battery life (energy efficient operation) is very important due to
Q 15 Ithe high OPEX associated with battery monitoring and replacement High /Medium/ Low
T 7
g 3
“w
m E
o S
T 16 |other user specified
(7

For the user requirements presented above, there is a metric and value that the end user should define or select.
The value indicates the need and/or the level of importance for each requirement. For some of the user require-
ments a numeric value range is also given in order to provide an indication of the related network parame-
ter/specification for the more technically inclined end-users.

Video Reception: It is a Boolean value. The expected response is Yes or No. If the answer is yes, then
some explanation(s) can be expected in terms of the nature of the video stream (i.e. format) and the
number of simultaneous streams/channels that are being received. In case more details can be provided
the indicative bitrates for different video formats are:

* HD Video

up to 15 Mbps

* 4K Video low frame rate

15-45 Mbps

* 4K Video high frame rate

45-70 Mbps
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2. Video Transmission: Similarly, to the previous user requirement, the expected answer is Yes or No. In
the case of a positive answer more can details should be given regarding the format of video stream
and/or the number of streams. Indicated values are:

15 Mbps/channel or stream

3. Voice Communication: This is another Boolean requirement whose expected answer is Yes or No.
From the Network point of view this means the delivery of Voice Switching Capabilities and the de-
mand for 128 Kbps bidirectional traffic on demand with reasonably short Latency of 50-200 msec. In
addition, this value can be used in order to evaluate if the 5G infrastructure providers would need addi-
tional components in the Mobile Core, such as IMS VNFs. Indicative values are:

128 Kbps UL/DL full duplex

4. Data Reception (DL): the value of this requirement is provided in a qualitative manner by selecting
High/Medium/Low representing values of 1 Gbps / 100 Mbps / 10 Mbps (or less) respectively. If these
values are not adequate, the vertical can also indicate Ultra High which represents a data stream of 10
Gbps. Indicative values are:

100 <high<=1.000, 10<medium<=100, low<=10 Mbps
(Max for Ultra High is 10 Gbps)

5. Data Transmission (UL): the metrics for this requirement are the same as the one above (High/Me-
dium/Low) with the only difference being the direction of the traffic from the User towards the Net-
work. Indicative values are:

100<high<=1.000, 10<medium<=100, low<=10 Mbps

(Max for Ultra High is 10 Gbps)
6. Mobility: The metric of this requirement is the moving speed of the user and/or end-device. Since this
can be varying the range is given as High Speed (300-500 km/h), Medium Speed (50-200 Km/h), Walk-
ing/Running Speed (5-10 Km/h) and Stationary (0 Km/h). Indicative values are:

200<high speed<=500, 50<medium speed<=200, 5<walking-running speed<=50, (stopped) 0 Km/h
7. Location Information: Boolean (Yes/No) response is expected. In the case of Yes then approximate
accuracy should be given rated as High / Medium / Low representing accuracies of +/- 0.5/ 4 & 50
meters respectively. The location information can be both for indoor and outdoor environments. Indic-
ative values are:

High <=1, 1 <medium<=25, low >25 meters

8. Fast Response (Low Latency): The requirement can be defined as Slow/Fast and Very Fast representing
network latencies around 100, 25 and 5 ms respectively.

Slow >=100, 25<=fast<100, very fast<25 msec

9. Reliability/Availability: this requirement can be valued as UHigh/High/Medium or Low representing
reliability of 99.99999% / 99.999% / 99.99% (7 nines, 5 nines and 4 nines). Indicative values are:

ultra high = 99.99999%, high =99.9999%, medium =99.999%, low = 99.99%

10. Security / Privacy: the metrics for this requirement are None-public / Baseline /Medium /High / Ultra-
High grade for no security all the way to military type security/encryption levels. Indicative values are:

Public/restricted/Confidential/top-Secret-Military grade
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11. Service / Traffic Type: According to the description of this requirement, the possible metrics are Sus-
tained (continues data traffic) / Bursty (traffic in bursts) and Sporadic (at regular or irregular intervals).
Each data flow type can then be defined as High/Medium or Low and indicative values are i.e for
sustained 1 Gbps / 100 Mbps and 10 Mbps (for high/medium and low) respectively. Indicative values
are:

e Sustained 100<high<=1,000 / 10<medium<=100/ low<=10 Mbps
e Bursty 10<high<=1,000 / 0.0l1<medium<=10 / low<=0.01 MByte bursts
e Sporadic 10<high<=1,000 /0.01<medium<=10 / low<=0.01 packets/sec

12. Interactivity & Space Dependency: The metric of this requirement is Dense (High Density), Medium
Density, Sparse (Low Density) representing >1 UE per m?/ 1 UE per 25 m? / <1 UE per 100 m? respec-
tively. For each density, the interaction with the network/service can be characterized as High/Medium
and Low representing 1.000 / 100 / 1 transaction per second. Indicative values are:

e Dense>1UE/m? and 100<high<=1,000 / 1<medium<=100 / low<=1 trans-
actions/sec

e Medium Dense = 1 UE/25m* and 100<high<=1,000 / l<medium<=100/ low<=1
transactions/sec.

e Sparsity of < 1 UE/25m? and 100<high<=1,000 / 1<medium<=100 / low<=1
transactions/sec

13. Edge Computing: It is a Boolean value (Yes or No) and depends on user perception (derived from
Latency and traffic type)

14. Edge Storage: It is a Boolean value (Yes or No) and depends on user perception (derived from Latency
and traffic type)

15. Battery Life: This requirement can be valued High/Medium/Low. Indicative values are:
Duration in years: Low< lyear, 1 year<Medium<9 Year, High > 10 years

16. Other: These requirements are user specified. If the users have extra requirements not covered already,
they can specify them here providing also a brief description.
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Appendix B — Network requirements definition

Latency (also end-to-end or E2E Latency) - round trip:
o Latency (also end-to-end or E2E latency): Measures the duration between the transmission of a small
data packet from the application layer at the source node and the successful reception at the application
layer at the destination node plus the equivalent time needed to carry the response back.

Radio Access Network Latency - one way:

o Radio Access Network (RAN) Latency is defined as the time it takes for a source (UE / mobile phone)
to send a packet of data to a receiver at the Radio Network Base Station (i.e.: e/gNB). RAN Latency is
measured in milliseconds. Taking account of the uplink direction is enough for the purposes of require-
ments analysis at this level of abstraction from the network and is most commonly used.

Throughput:
e Throughput (data rate): It is set as the minimum user experienced data rate required for the user to get
a quality experience of the targeted application/UC (it is also the required sustainable date rate).

Reliability:
e The amount of sent packets successfully delivered to the destination within the time constraint required
by the targeted service, divided by the total number of sent packets. NOTE: the reliability rate is eval-
uated only when the network is available.

Availability:
e The network availability is characterized by its availability rate X (ETSI, 2018), defined as follows: the
network is available for the targeted communication in X% of the locations where the network is de-
ployed and X% of the time (see Table 58 below for different levels of availability).

Table 58. Different levels (%) of Availability.

Downtime per

Downtime per Downtime per

Availability % year month* week
90% 36.5 days 72 hours 16.8 hours
95% 18.25 days 36 hours 8.4 hours
98% 7.30 days 14.4 hours 3.36 hours
99% 3.65 days 7.20 hours 1.68 hours
99.5% 1.83 days 3.60 hours 50.4 minutes
99.8% 17.52 hours 86.23 minutes 20.16 minutes
99.9% (“three nines”)  8.76 hours 43.2 minutes 10.1 minutes
99.95% 4.38 hours 21.56 minutes 5.04 minutes
99.99% (“four nines”)  52.6 minutes 4.32 minutes 1.01 minutes
99.999% (“five nines”)  5.26 minutes 25.9 seconds 6.05 seconds
99.9999% (“six nines”)  31.5 seconds 2.59 seconds 0.605 seconds

Mobility:

e Mobility refers to the system’s ability to provide seamless service experience to users that are moving.
In addition to mobile users, the identified 5G UCs show that 5G networks will have to support an in-

*month = 30 days

creasingly large segment of static and nomadic users/devices.

Broadband connectivity:

e High data rate provision during high traffic demand periods (It is also a measure of the peak data rate

required).

8a. Network Slicing:

o A network slice, namely “5G slice”, supports the communication service of a particular connection type
with a specific way of handling the Control- and User- plane for this service. To this end, a 5G slice is
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composed of a collection of 5G network functions and specific Radio Access Technology (RAT i.e.,
WiFi, LTE, etc.) settings that are combined for the specific UC or business model.

8b. Slice/Service Deployment Time:

e In the context of 5G Networks, Slice Deployment time is the amount of time it takes for a Slice to be
established end-to-end after the initial triggering has occurred to create (if new) or activate (if prede-
fined). The Slice Deployment time is measured in minutes (min) i.e. < 90 minutes (<3 minutes for
planned/predefined slice).

Security:

o Network resilience against signalling-based threads which could cause malicious or unexpected over-
load. Provision of basic security functions in emergency situations, when part of the infrastructure may
be destroyed or inaccessibly. Protection against malicious attacks that may intend to disrupt the network
operation.

Capacity:

e Capacity is measured in Mbit/s/m? is defined as the total amount of traffic exchanged by all devices
over the considered area. The KPI requirement on the minimum Traffic Volume Density / Areal Ca-
pacity for a given UC is given by the product: [required user experienced data rate] x [required connec-
tion density].

Device Density:
e Up to several hundred thousand simultaneous active connections per square kilometre shall be sup-
ported for massive sensor deployments. Here, active means the devices are exchanging data with the
network. Device density is measured in Dev/Km?.

Location Accuracy:

e Location Accuracy refers to the "degree closeness™ of a measured end-user device location (by means
of the communication network infrastructure/technologies) to the real location of the device at the time
of the measurement. Location Accuracy is measured in meters (m). Location accuracy can be measured
in the horizontal as well as in the vertical direction. For the need of the 5G-TOURS only horizontal
accuracy is considered.
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