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Overview of FR Test Cases

Category Cross-Border Issues m Tests Cases & Scenarios

Handover using an NSA

NSA Roaming Interruption network

Telecom & Session & Service : : Single-SIM and Multi-SIM Connectivity
. . Multi-modem / multi-SIM o :
Application  Continuity nodem with different technologies & networks

Low Coverage Area . :
9 Use of satellite solution

User Story: Infrastructure -assisted

Telecom mmWave Appplicability mmWave 5G NSA network 2elvEnEae alitlng

4G [5G sub 6GHz [ ;G mmWave

QoS adaptation to performances

Application Dynamic QoS Continuity Predictive QoS changes due to roaming/handover
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Results of Multi-SIM Connectivity
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Multi-SIM Connectivity Solution

e Connected Vehicle with intelligent router

e Simultaneous connection with two 5G
Networks

¢ Reduction (suppression) of the delay
associated with roaming/handover

e Aggegration of multiple connexions
¢ Increase of throughput

e MEC/Cloud Server
e Fusion of the received data

e Reodering of packets send to
applications.
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Tests In France
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FR-TS Seamless handover test
Transmitted video Received video




Test In Spain-Portugal Cross-Border
Corrldor SP network m-gse;work

(Telefonica

e CVisinstalled with an intelligent router
which interfaces double SIM 5G OBU: the
first SIM from Telefonica, and the second
SIM from NOS.

Experimental networks with low
e CV are sends UDP flows to a server at 10Mbps coverage at the border

to a data fusion server installed in France

¢ Results [

¢ Multi-sim connectivity with link aggregation S0 I
provides the highest performance for service
continuity S oo -

¢ Given good network conditions, multi-sim ¢ S P
connectivity can ensure service availability LN

¢ Important impact related to the location of the ¥ ¢
monitoring server on the delay [T T .
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Usage of satellite technology

e Iridium Certus LEO Constellation
e Thales Iridium Certus-350 Land Mobile (up to 500 kbps) &1 |
¢ Worldwide coverage almost 100 % (inc. Polar regions) =

¢ Vehicle with on-board equipment
¢ 5G on-board unit
¢ Satellite terminal
¢ Intelligent router

¢ Results

¢ Satellite communication should be used in a back-up
solution when terrestrial 5G technology is not available

¢ Higher latency (few hundreds ms) and some packets
loss have been experienced

¢ When used with multi-SIM modem, connectivity with
VPN server can be maintained
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User Story: Infrastructure -assisted advanced

driving
e Scenario

- 1 CAV driving on main road
- Send CAM /| CPM to MEC installed in infrastructure

- 1Vehicle on insertion lane
. Detected by roadside sensor
- V2X applications installed in MEC to assist
CAV in driving tasks

- Fusion of data messages and assessment of
situation and lane merging

- MEC sends trajectory recommendation to
CAV via MCM

- Indicated lane change when conflicts detected
with other vehicle

RoadSide sensors

.

cv cav <
1 V2X App server  Data fusion Risk assessmen t
~ Periodic CAM, CPM
3 Periodic CAM
"4
~ Sensor data
&/
Sensor data
™~
- p)

MCM
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Performance in end-to-end latency

¢ 4G Technology
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Time [s]
e Average: 29.07 ms

e Median: 28 ms

e Standard Deviation: 9.37 ms

Potential improvement to come (SA, slicing, URLLC, spectrum with mmWave)
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QoS adaptation to performances changes due
to roaming/handover

e Predictive QoS modules ’é@

Network notifies CAV about

¢ Installed in MECat FRTS e

e Predict communication performances based on
modeled learned from dataset collected in open road

e Request users to adapt their behavior via anticipated
QoS notification (IQON)

CAV is notified in advace V2X application takes
appropriate actions

MEC

application

- Data
collection

- Data fusion

- Risk analysis

Predictive QoS Module

Data Qos Notification
acquisition » prediction module

module module
) Edge level

ﬁ Road level
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Data acquisition

e Location
e Versailles
e Paris
e Guyancourt

¢ Modems
¢ SIMCOM OBU 5G
¢ Telephone Samsung S21

e Content
e Timestamps, location, speed
e Access, network, application
KPlIs

MEC
application

idei Cloud MEC Data
Roaside infra P .
— collection
- Data fusion
- Risk analysis

Predictive QoS Module

MEC
application
- Data Data QoS Notification
collection | acquisition ‘ prediction module
- Datafusion module module
- Riskanalysis /
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Vehicle B o o
application F&\
- Data Road level
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Data analysis
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e QoS prediction do not rely on a parametric model with a unique parameter

e Combined impact of multiple parameters need to be conisdered
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Model learning

e Multiple supervised learning models
used

¢ Based on RMSE score, random forest
provides higher performances

e Fine tuning of model needed

RMSE score

Real throughput [Mbps] |Predicted throughput [Mbg

35
3
25 6,9% 6,21526
: 10,574 9,28
15
148 1,04

1
0s 13,89 13,06
’ Linear regression Decision tree Random forest Support vector Support vector

machine (linear) machine (RBF)

21,519 17,34
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QoS Notification

¢ Notification of predecited QoS
using IQN message specified in FR
TS

¢ What can be controled?
¢ V2X messages: low transmission rate

¢ Video: required fine adaptation of
transmission parameters

Transmission rate [Bytes/s]

1000 1500 2000 2500

500

Element

value

Description

Header

Destination Port #

Destination vehicle/end user
port number

Src Port #

Source Predictive QoS centre
port number

Destination Port #

Destination vehicle/end user IP
add

Src Port #

Source Predictive QoS centre
IP address

Payload

Action ID

INT

:unknown
: data rate
: speed

Action Element

INT

:unknown

: application Id

: vehicle control unit
3: XXX

o
1
2
3 : XXX
[0}
1
2

Action Value MIN

Min Double

If Action ID= 1 {min data rate in
bps)

If Action ID = 2 {min speed in
m/s)

Action value MAX

MAX double

If Action ID= 1 {max data rate
in bps)

If Action ID = 2 {max speed in
m/s)

Action start time

time

Start time of the action

Actional end time

time

End time of the action

Action ID

Action Element

INT

INT

0 : unknown
1: data rate
2 :speed

3 : XXX

0 : uknown
1 : application ID

2 : vehicle control unit

3: XXX

Action Value MIN Min Double If Action ID= 1 {min data rate in
bps)
If Action ID = 2 {min speed in
m/s)

Action value MAX MAX double If Action ID= 1 {max data rate
in bps)
If Action ID = 2 {max speed in
m/s)

Action start time time Start time of the action

Actional end time time End time of the action
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Camera data: 2Mbps-6Mbps
Lidar data: 20|Mbps — 60 Mbps

CAM

CPM
Message type
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[op
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position
position
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position
position
position
position
position
position
position
position
position
position
position
position
position
position
position
position
position
position
position
position
position
position
position
position
position
position
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.7861,
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.7869,
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.7861,
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2.08908), timestamp=1650459485, IQN received, data rate adaptation to 11 Mbps
2.08933), timestamp=1650459486, IQN received, data rate adaptation to 10 Mbps
2.08945), timestamp=1650459487, IQN received, data rate adaptation to 11 Mbps
2.0897), timestamp=1650459488, IQN received, data rate adaptation to 11 Mbps
2.08983), timestamp=1650459489, IQN received, data rate adaptation to 11 Mbps
2.0901), timestamp=1650459490, IQN received, data rate adaptation to 9 Mbps

2.09037), timestamp=1650459491, IQN received, data rate adaptation to 11 Mbps
2.
2
2
2
2
2
2
2

0905), timestamp=1650459492, IQN received, data rate adaptation to 11 Mbps

.09077), timestamp=1650459493, IQN received, data rate adaptation to 11 Mbps
.0909), timestamp=1650459494, IQN received, data rate adaptation to 11 Mbps
.09117), timestamp=1650459495, IQN received, data rate adaptation to 10 Mbps
.0913), timestamp=1650459496, IQN received, data rate adaptation to 11 Mbps
.09157), timestamp=1650459497, IQN received, data rate adaptation to 10 Mbps
.0917), timestamp=1650459498, IQN received, data rate adaptation to 11 Mbps
.09197), timestamp=1650459499, IQN received, data rate adaptation to 11 Mbps
.786, 2.09222), timestamp=1650459500, IQN received, data rate adaptation to 11 Mbps
.786, 2.09235), timestamp=1650459501, IQN received, data rate adaptation to 11 Mbps

2.09262),
2.09275),
2
2
2
2

09302),

.09315),
.08703),
.08712),
.787, 2.08732), timestamp=1650459508, IQN received, data rate adaptation to 11 Mbps
.08753),
.08765),
.08792),
.08805),
.08832),
.08845),

timestamp=1650459502,
timestamp=1650459503,
timestamp=1650459504,
timestamp=1650459505,
timestamp=1650459506,
timestamp=1650459507,

timestamp=1650459509,
timestamp=1650459510,
timestamp=1650459512,
timestamp=1650459512,
timestamp=1650459513,
timestamp=1650459515,

IQN
IQN
IQN
QN
IQN
QN

IQN
IQN
IQN
QN
IQN
IQN

received,
received,
received,
received,
received,
received,

received,
received,
received,
received,
received,
received,

data
data
data
data
data
data

data
data
data
data
data
data

rate
rate
rate
rate
rate
rate

rate
rate
rate
rate
rate
rate

adaptation
adaptation
adaptation
adaptation
adaptation
adaptation

adaptation
adaptation
adaptation
adaptation
adaptation
adaptation

Mbps
Mbps
Mbps
Mbps
Mbps
Mbps

Mbps
Mbps
Mbps
Mbps
Mbps
Mbps

2
2
2
2
2
2
2.0887), timestamp=1650459515, IQN received, data rate adaptation to 11 Mbps
2.08883), timestamp=1650459517, IQN received, data rate adaptation to 11 Mbps
2.08908), timestamp=1650459517, IQN received, data rate adaptation to 11 Mbps
2.0892), timestamp=1650459518, IQN received, data rate adaptation to 11 Mbps
2.08945), timestamp=1650459519, IQN received, data rate adaptation to 11 Mbps
2.
2
2
2
2
2
2
2
2
2
2
2

0897), timestamp=1650459521, IQN received, data rate adaptation to 11 Mbps

.08983), timestamp=1650459521, IQN received, data rate adaptation to 11 Mbps
.0901), timestamp=1650459523, IQN received, data rate adaptation to 11 Mbps
.09023), timestamp=1650459523, IQN received, data rate adaptation to 11 Mbps
.0905), timestamp=1650459525, IQN received, data rate adaptation to 11 Mbps
.09063), timestamp=1650459525, IQN received, data rate adaptation to 10 Mbps
.0909), timestamp=1650459526, IQN received, data rate adaptation to 11 Mbps
.09117), timestamp=1650459527, IQN received, data rate adaptation to 11 Mbps
.0913), timestamp=1650459529, IQN received, data rate adaptation to 11 Mbps
.09157), timestamp=1650459529, IQN received, data rate adaptation to 11 Mbps
.0917), timestamp=1650459530, IQN received, data rate adaptation to 11 Mbps
.09197), timestamp=1650459532, IQN received, data rate adaptation to 10 Mbps
.786, 2.09208), timestamp=1650459532, IQN received, data rate adaptation to 11 Mbps
.786, 2.09235), timestamp=1650459534, IQN received, data rate adaptation to 11 Mbps
.786, 2.09248), timestamp=1650459534, IQN received, data rate adaptation to 11 Mbps
.7859, 2.09275), timestamp=1650459535, IQN received, data rate adaptation
L7859, 2.09302), timestamp=1650459537, IQN received, data rate adaptation
L7859, 2.09315), timestamp=1650459537, IQN received, data rate adaptation
.7872, 2.08703), timestamp=1650459539, IQN received, data rate adaptation
L7871, 2.08712), timestamp=1650459539, IQN received, data rate adaptation
.787, 2.08732), timestamp=1650459540, IQN received, data rate adaptation to 9 Mbps

11 Mbps
9 Mbps
11 Mbps
10 Mbps
8 Mbps
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Conclusion

NSA Roaming Handover using an NSA
Interruption network
Intelligent combination of multiple technologies
Telecom & : : : : : .
Application Session & Service Multi-modem / multi- can be used to ensure service continuity for
PP Continuity SIM modem vehicle applications
Low Coverage Area Use of satellite solution
5G mmWave has potential be used in dedicated
ST X applicati
Telecom e A e sl mmWave 5G NSA areas to support V2X applications
network
Only initial experimentation could be done
Important to collect data at high resolution with
: their geolocation
Application Dynamic Qo5 Predictive QoS

Continuity Adaptation of application configuration to the

radio environment can become possible
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