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Abst ract

Thi s docunent describes the applicability of Conputing-Aware Traffic
Steering (CATS) to Intelligent Transportation Systens (ITS). CATS
provi des the steering of packets of a traffic flow for a specific
service request toward the correspondi ng service instance at an edge
conputing server at a service site. CATS are applicable for
Conputing-Aware I TS including (i) Context-Aware Navigati on Protocol
(CNP) for Terrestrial Vehicles and Unmanned Aerial Vehicles (UAVY),
(ii) Edge-Assisted Custer-Based MAC Protocol (ECMAC) for Software-
Defined Vehicles, and (iii) Self-Adaptive Interactive Navigation Tool
(SAINT) for O oud-Based Navigation Services, and (iv) C oud-Based
Drone Navigation (CBDN) for Efficient Drone Battery Charging.
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1. Introduction

Nowadays, various networked services are provided by |everagi ng edge
conmputing infrastructure. Either a closest or a |lightest edge
computing server (sinply called an edge server) can be selected to
serve a request service. |In this trend, Conputing-Aware Traffic
Steering (CATS) is standardized to provide the steering of packets of
atraffic flow for a specific service request toward the
correspondi ng service instance at an edge server at a service site
[I-D.ietf-cats-usecases-requirenents][I-D.ietf-cats-franework].

Thi s docunent proposes four use cases about the applicability of CATS
for Conputing-Aware Intelligent Transportation Systems (ITS). They
are (i) Context-Aware Navigation Protocol for Terrestrial Vehicles
and Unmanned Aerial Vehicles (UAV) [ CNP-Vehicle] [CNP-UAV], (ii)
Edge- Assi sted C uster-Based MAC Protocol for Software-Defined
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Vehicles (SDV) [ECMAC], (iii) Self-Adaptive Interactive Navigation
Tool (SAINT) for C oud-Based Navigation Services [SAINT], and (iv)
Cl oud- Based Drone Navigation (CBDN) for Efficient Drone Battery
Char gi ng [ CBDN] .

2. Term nol ogy

Thi s docunent uses the term nol ogy described in
[I-D.ietf-cats-usecases-requirenents] and [I-D.ietf-cats-franmework].
In addition, the following terns are defined bel ow

* Context-Aware Navigation Protocol (CNP): It is an application
protocol that enables either terrestrial vehicles (i.e., ground
vehi cl es) or Unmanned Aerial Vehicles (UAV) to nove in road
networks or fly in the sky to maneuver safely w thout collisions,
respectively [ CNP-Vehi cl e] [ CNP- UAV] .

* Edge- Assi sted C uster-Based MAC Protocol (ECVAC): It is a Media
Access Control (MAC) protocol that enabl es Software-Defined
Vehicles (SDV) to communicate with each other using Software-
Defi ned Vehi cul ar Networks with edge conputing servers [ ECVAC] .

* Self-Adaptive Interactive Navigation Tool (SAINT): It is an
application protocol that guides terrestrial vehicles to navigate
efficiently towards their destination through the interaction
bet ween the vehicles and the vehicul ar cloud for navigation
services [ SAINT].

* (C oud-Based Drone Navigation (CBDN): It is an application protocol
for efficient drone battery charging in drone networks by finding
gl obally coordinated drone routes that minimze the total traffic
delay in a drone network while reducing the overall Quick Battery-
Char gi ng Machi ne (QCM congestion | evel [CBDN .

3. Vehicular Network Architecture

This section explains a vehicular network architecture for vehicles
in Conmputing-Aware |TS.

Sof t war e- Defi ned Vehicles (SDV) include terrestrial vehicles and
Unmanned Aerial Vehicles (UAV). The standardi zation and

i mpl ementation of SDVs are perforned by AUTOSAR [ AUTCSAR], Ecli pes
SDV [ Ecli pse-SDV], and COVESA [ COVESA]. These SDVs need to
comruni cate with each other to avoid collisions or accidents.
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Figure 1 shows a Vehicular Network Architecture for Software-Defined
Vehi cl es (SDV) such as terrestrial vehicles and Unnanned Aeri al
Vehicles (UAV). This vehicular network architecture is based on the
vehi cul ar network architecture for |IPv6 Wreless Access in Vehicul ar
Envi ronnments (I PWAVE) in [ RFC9365].
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Figure 1: Vehicular Network Architecture for Software-Defined
Vehi cl es
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4. Use Cases

Thi s section explains four use cases about the applicability of CATS
to Conputing-Aware |TS.

4.1. Context-Aware Navigation Protocol

A connected network of automated vehicles on roads can increase the
driving safety of driverless vehicles (i.e., autononous vehicles).
The critical |evel of dangerous situations on the road while driving
can be increased by the speed, orientation, and traffic density of
the vehicles involved. Therefore, there is a need for a naneuvering
mechani smt hat handl es both the current driving vehicle and the
onconi ng vehi cl es headed toward an emnergency zone (e.g., road hazard
and road acci dent spot).
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Figure 2: The Illustration of Context-Aware Navigator Protoco
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Cont ext - Awar e Navi gati on Protocol (CNP) enhances the safety of
vehicles driving in urban roads [ CNP-Vehicle] [ CNP-UAV]. Firstly, CNP
includes a collision avoi dance nodul e that builds on both vehicul ar
net wor ks and on-board sensors to track vehicles’ behaviors, and this
nmodul e anal yzes the driving risks to deternine the necessary
maneuvers in dangerous situations. Secondly, CNP establishes a
collision mtigation strategy that limts the severity of collision
damages in hazardous road during non-maneuverabl e scenarios. Through
a theoretical analysis as well as extensive sinulations, the

ef fectiveness of CNP is shown in terns of the reduction of both
commruni cation overhead and the risk of road collisions.

To use CNP, vehicles need to report their nobility information (e.qg.,
vehicle identifier, destination, current position, direction, and
speed) to a central cloud or an edge cloud for a CNP-based vehicle
col lision avoi dance service as shown in Figure 2. Service instances
at either the edge cloud or the central cloud need to work for the
vehicles. The packets with the nobility information per vehicle need
to steered to an appropriate service instance for CNP. The service

i nstance needs to provide a appropriate maneuver direction to each
vehi cl e novi ng on the roadway.

Since the vehicle is noving along the roadway, to serve the vehicle
for collision avoidance, a new service instance needs to be selected
for it, considering the network del ay between the vehicle and service
i nstance and al so conputing resources for the service instance. For
the service instances to continue to conpute the maneuvers snoothly,
they need to exchange the nobility information as context while the
vehi cl es are noving and change their service instance over tine.

That is, the context mgration should be supported in the CATS
infrastructure having the central clouds and the edge clouds to
foster service instances.

4.2. Edge-Assisted Custer-Based MAC Protoco

Vehi cul ar networks have energed as a promsing neans to nmitigate
safety hazards in nodern transportation systens. On hi ghways,
energency situations associated with vehicles necessitate a reliable
Medi a Access Control (MAC) protocol that can provide tinely warnings
of possible vehicle collisions.
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An Edge- Assi sted C uster-Based MAC Protocol (ECMAC) is a vehicul ar
MAC protocol for reliable and fast packet dissenmi nation in software-
defined vehi cul ar networks [ ECMAC]. To reduce the control messaging
overhead for clustering, ECMAC separates the cluster control plane
(i.e., managing cluster formation) fromthe data plane (i.e., actua
data transmi ssion and forwardi ng) by using a software-defined network
controller in a cellular network edge server as illustrated in

Fi gure 3.

For transmitting packets effectively and efficiently, ECMAC tries to
channel interference mninzation anbng adj acent clusters by using a
joint optimzation of channel assignnent and a tine slot scheduling.
The joint optimzation consists of two phases such as the channe
assi gnnent phase and the tine slot allocation phase. 1n the first
phase for the channel assignnent, ECMAC all ocates different wrel ess
channel s to the adjacent channels by minimzing the total inter-
cluster interference by reusing the avail able channels. |In the
second phase for the tinme slot allocation, ECMAC uses a tine-division
mul tiple access (TDMA) schedul e algorithmto guarantee a high
reliability and a low latency. The TDMA schedule in ECMAC i s
determned by a joint optimzation process in the cellul ar edge,
which is fornulated as a binary integer |inear progranm ng problem
and sol ved by a heuristic approach based on the divide-and-conquer
paradigm This joint optimzation process mnimzes the signa
interference by jointly considering channel assignment and tinme slot
al | ocation, thereby ensuring reliable communication. Through
extensive sinul ations, the effectiveness of ECMAC i s denpnstrated a
hi gher delivery ratio of energency packets than the | egacy data
del i very approaches.
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Figure 3: The Illustration of Edge-Assisted C usterer-Based MAC
Pr ot ocol

In ECMAC, the cellular network edge server can be inplenented as a
service instance in the CATS infrastructure. In the same way with
CNP, service instances need to efficiently performthe context
mgration (e.g., nobility informati on and cl uster menbership) of
vehicles so that they can continue to formclusters of vehicles,

all ocate wirel ess channels to the vehicles, and assign tinme slots to
the vehicles over tine.
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4.3. Self-Adaptive Interactive Navigation Tool for C oud-Based
Navi gati on

Efficient navigation services are inportant in Intelligent
Transportation Systens because they all ow vehicles to nove towards
destinations quickly. For this efficient navigation, vehicles need
to interact with a central cloud or an edge cloud in real tine.

Sel f- Adaptive Interactive Navigation Tool (SAINT) is a cloud-based
navi gati on gui dance systemfor vehicular traffic optimzation in road
networks [SAINT]. The | egacy navigation systens guide vehicles to
take their navigation paths with real-time traffic statistics in road
maps w t hout considering the navigation paths of other vehicles.

Thi s uncoordi nated navigation planning may incur traffic congestion
in certain areas in the road networks.
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Figure 4: The Illustration of Self-Adaptive Interactive Navigation
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On the other hand, SAINT uses a virtual metric called congestion
contribution that estimates traffic congestion in each road segnent
in the current tine and near-future tine by considering the planned
navi gation paths of the vehices in the target road network. SAINT
gui des each vehicle to have a certain-level detour in order to nmake
the whol e road network have spread vehicular traffic and | essen
possible traffic congestion in certain road segnments or

i ntersections.

For this cooperative navigation in SAINT, while vehicles are noving
al ong the roadways, they need to send their periodic navigation
queries and their nobility information to appropriate service
instances in a central cloud or an edge cloud in the CATS
infrastructure. The service instances need to process their

navi gation queries and reply to themw th good navi gati on pat hs,
considersing the road-wide traffic optimzation as depicted in
Figure 4. Due to the novenent of the vehicles, the switching froma
service instance to another service instance shoul d be perforned
efficiently, considering the network del ay between the service

i nstance and each vehicle and the conputing resources of the service
i nst ance.

SAI NT can support the efficient delivery of energency vehicles such
as anbul ance and fire engine to a road accident spot by the
managenment of a congestion contribution matrix in a target road
network [SAINTplus]. It can not only guide vehicles within the

acci dent spot, but al so can detour vehicles approaching the acci dent
spot. This version of SAINT is called SAI NT+.

4.4. doud-Based Drone Navigation (CBDN) for Efficient Battery Charging
in Drone Networks

The growi ng popul arity of Unmanned Aerial Vehicles (UAV) cones with a
need to charge their battery at Quick Battery-Chargi ng Machi nes
(QCMs5) due to their limted battery capacity. Wthout drone

coordi nation, a drone’s choice for its QCM may | ead to congestion
resulting fromnultiple drones selecting the same QCM thus

i ncreasing the drones’ battery-charging delay due to the queuei ng day
at the QCM This battery-charging delay | eads to a long travel del ay
for each drone at the QCM A C oud-Based Drone Navi gati on ( CBDN)
efficiently deternmines drone routes to nminimze the overall QCM
congestion level for all QCMs in a target drone network [CBDN. It
finds gl obally coordinated drone routes that mnimze the total

travel delay in a drone network by reducing the overall QCM
congestion | evel
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Figure 5: The Illustration of C oud-Based Drone Navigation

An edge cloud in the CATS infrastructure with conputing and storage
resources need to conpute the trajectories of the drones (i.e., drone
routes), along with their average speeds, source positions, and
destination positions, as well as the battery charing | oads at the
CMs. The wirel ess comruni cati ons between drones and infrastrucure
nodes (e.g., edge server) can be either 5G and beyond 5G or wirel ess
LAN, as illustated in Figure 5. Drones interact with the edge server
to conpute navigation paths regarding the drone network-w de traffic
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optinization of all drones in the drone network. To decrease battery
consunption, the drones only once report their nmobility information
(i.e., current position, destination, direction, and speed) to the
edge conputing decice to acquire their navigation paths.

Upon the comencenent of the drone service, each drone reports its
mobility information to the edge server. A drone’s QCMreservation
for battery charging acquires the nost efficient shortest path
regardi ng the drone-network-wi de traffic optimzation of all the
drones in the drone network. For this drone-network-wide traffic
optinization, a drone sends its nobility information to the edge
server before its departure, and the edge server conputes an opti nal
navi gation path to the drone and notifies the drone of the path in
run time.

5. Requirenents

This section specifies the requirenents for the applicability of CATS
to I TS use cases in Section 4.

* R1l: Dynam c mapping between a required service and a service
instance. Both network delay and conputing delay are consi dered
over tine.

* R2: Run-tinme context mgration of vehicles between edge servers
(i.e., service instances). Each vehicle' s context (e.g., mobility
i nformati on, conmuni cations paraneters (e.g., channel, time slot))
is transferred to an appropriate service instance along with its
nmovenent over tine.

* R3: Proactive | oad bal anci ng anong service instances considering
the required Quality of Service (QS) and Quality of Experience
(QE) for vehicles. The trajectories of vehicles are considered
for such | oad bal anci ng.

* R4: Dynamic clustering of geographically adjacent vehicles.
Clusters of vehicles are dynamically reconstructed over time.

* R5: Dynam c network configuration for vehicles and network
forwarding entities (e.g., base stations and sw tches/routers).
In wirel ess networks, network resources (e.g., channel and tine
slot) per vehicle are dynanmically configured by base stations. In
wired networks, a network slice froma base station to a service
i nstance are dynam cally adjusted for each vehicle.
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* R6: Differentiated packet scheduling for service types. Packets
of real-time services (e.g., autononous driving) and packets of
non-real -time services (e.g., infotainnent) are handl ed
differently.

6. | ANA Consi derations
Thi s docunent does not require any | ANA acti ons.
7. Security Considerations

The sane security considerations for Conputing-Aware Traffic Steering
(CATS) are applicable to the use cases for the Conputing-Aware I TS
[I-D.ietf-cats-usecases-requirenents] [I-D.ietf-cats-framework].
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Appendi x A.  Changes fromdraft-jeong-cats-its-use-cases-04

The foll owi ng changes are nade fromdraft-jeong-cats-its-use-cases-
04:

* This version updates the figures in this draft by changing the |IP-
RSUs to gNBs to suite the 5G and beyong conmuni cati on
architecture.
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