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Abst ract

Thi s docunent describes a content-based nulticast grouping framework
aimed at sinplifying routing control and reduci ng unnecessary traffic
in large-scale networks for real-tinme spatial sensing and contro
applications. The franmework introduces content-based nulticast
groups, which are managed at the local level by routers w thout the
need for global group nenbership tracking. Additionally, a "topic"
concept is introduced, allowi ng routers to nanage nulticast delivery
based on data content. This framework reduces bandw dth consunption
and sinplifies multicast routing while offering flexible data
delivery across various topics.
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I ntroduction
Mul ticast is an efficient data transm ssion nethod for distributing
data to multiple receivers simultaneously. The Internet Protoco
(I'P) multicast service nodel is defined in RFC 1112 [RFC1112]. RFC
5110 [ RFC5110] describes an overview of multicast routing
architectures. However, these traditional multicast frameworks
suffer fromseveral challenges, particularly with gl obal address
managenment and excessive traffic due to group nenbership updates. In
| arge-scal e networks, this can lead to inefficiencies in routing and
bandwi dt h consunption. 1In real-time spatial sensing and contro

applications, efficient data transm ssion and processing are crucial
for achieving | ow |l atency and hi gh accuracy.

Thi s docunent introduces a new approach where nulticast groups are
content-based, and defined locally by routers. It elimnates the
need for global multicast address managenent. Additionally, the
concept of a "topic" is introduced to manage data delivery based on
the content, offering further flexibility and scalability for

mul ticast applications.

Ter m nol ogy

* dobal Milticast Goup: A set of hosts interested in receiving
data fromthe sanme source
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* Content-based Milticast Group: A nulticast group of directly
connected hosts that is content-based and defined and managed by a
| ocal router.

* Topic: A label representing the content of the data being
multicast. A topic may correspond to specific data types.

* Menbership Request: A message sent by a host to its nearest router
to either join or leave a multicast group

* RP: Rendezvous point
3. Milticast Franmework
3.1. Conventional nethod

This section describes the conventional nmethod. Wen a host wants to
receive a transnission through multicast group with a certain group
address, it indicates its interest to its first-hop router. The
router next initiates hop-by-hop forwarding state. The entire
distribution for each group is managed by a RP and the transm ssions
may be optimzed |ater.

3.2. Content-based Milticast

The introduction of the "topic" concept allows routers to nmanage
mul ti cast streans based on the content or purpose of the data, rather
than by the group of hosts interested in receiving the data. Each
topic is associated with a content-based nulticast group, and
mul ti pl e hosts can subscribe to the same topic.

A router forwards nmulticast data based on the active topics, and each
router in the delivery chain is aware of which topics are active
within its local network. Hosts can subscribe to nultiple topics,
and routers dynam cally manage group nenbership per topic.

3.3. Content-based Milticast G ouping

In the franmework, each router is responsible for managi ng mul ti cast
groups for hosts directly connected to it. Unlike traditiona

mul ticast, where routers nust track gl obal group nenberships, routers
inthis franework only maintain the status of their next-hop hosts.
Group addresses can be reused across different |ocal networks,
reduci ng the conplexity of address managenent.

When a host wishes to join a nulticast group (associated with a

topic), it sends a nenbership request to its next-hop router. The
router finds the requested content-based nulticast group. |If the
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group exists, that is, if it is already receiving the desired the
topic data, it adds the host to the content-based nulticast group and
begins forwarding the data to the host via nulticast. Oherw se, the
router creates its own new content-based nulticast group for the
topic, sequentially sends a nenbership request to its upstream
router, and then begins forwarding the data to the new host.

Simlarly, when a host wishes to | eave a nulticast group, it sends a
| eave request to its next-hop router. The router rempves the host
fromthe content-based multicast group. |If no other hosts connected
directly to the router are subscribed to the sane topic, the router
renoves the group, stops forwarding the data stream and sends a

| eave request to its upstreamrouter. The upstreamrouter then

checks its own content-based nmulticast group for the topic. |If there
are no nore |local subscribers, it will cease forwarding the data
streamfor that topic as well. This process ensures that nulticast

traffic is only delivered when there are active subscri bers,
preventing unnecessary bandw dth consunpti on.

4. Exanple Use Case

This section describes an exanple use case based on the network
topol ogy shown in Figure 1.

VS1 EC1 u1
\ | /
Rl---R2---R3
/ \
VS2 w2

Figure 1: Exanpl e network topol ogy

The network consists of three routers (Rl, R2, and R3), two visua
sensors (VS1 and VS2), an edge conmputer (ECl), and two users (Ul and
U2). Visual sensors, such as |light detection and rangi ng (Li DAR) or
cameras, provide real-space data for generating a digital twin on
EC1. The users utilize the digital twin in real time for various
appl i cations, autonomous driving for exanple. The devices are
connected across several subnets: VS1, VS2, and Rl are linked via the
192.168.0.0/ 24 subnet; Rl, R2, and R3 are linked via the

192.168. 1.0/ 24 subnet; EClL and R2 are linked via the 192.168.2.0/24
subnet; and R3, Ul, and U2 are linked via the 192.168. 3. 0/24 subnet.

ECL is assuned to receive information fromvisual sensors to create
the digital twin. VSl sends its acquired data to a nmulticast group
with the address 224.0.0.1 in the 192.168.0.0/ 24 subnet, to which Rl
belongs. Rl forwards the data to a nulticast group with the address
224.0.0.2 in the 192.168.1.0/ 24 subnet, to which R2 bel ongs.
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Subsequently, R2 forwards the data to a rmulticast group with the
address 224.0.0.3 in the 192.168.2.0/24 subnet, allowi ng ECLl to
recei ve the data.

It is also assuned that ECL distributes the digital twin data to UL.
ECl1 sends the digital-twin data to a nmulticast group with the address
224.0.0.4 in the 192.168.2.0/ 24 subnet, to which R2 belongs. R2
forwards the data to a multicast group with the address 224.0.0.5 in
the 192.168.1.0/24 subnet, to which R3 belongs. Finally, R3 forwards
the data to the nulticast group with the address 224.0.0.6 in the
192. 168. 3. 0/ 24 subnet, allowing Ul to receive them

If U2 wishes to access the digital twin data, it notifies its first-
hop router, R3. W2 joins to the multicast group with the address
224.0.0.6 and R3 can receive the data.

If U2 wishes to access visual-sensor data fromVS1, it notifies its
first-hop router, R3. As R3 does not have the data to forward, it
propagates this notification to dowmstreamrouters. Then R3 joins to
the multicast group with the address 224.0.0.2 and R3 can receive the
data. R3 establishes a new nmulticast group with the address
224.0.0.7 in the 192.168.3.0/24 subnet. Finally, U2 joins to the
group and can receive the data.

5. | ANA Consi derati ons

Thi s docunent nakes no request of 1ANA. Note to RFC Editor: this
section may be renobved on publication as an RFC

6. Security Considerations

Security in the multicast framework nust be addressed to prevent
unaut hori zed access to nulticast streans. Routers should inplenent
access control mechanisns to verify whether a host is authorized to
join a specific topic. Encryption of nmulticast traffic should al so
be considered to prevent eavesdroppi ng on sensitive data.

7. Concl usion

The content-based nulticast framework provides a flexible and
efficient solution for multicast comrunication in |arge-scale
networks. By managi ng nul ticast group menbership locally and

i ntroduci ng the topic-based data delivery nodel, the framework
reduces bandw dth consunption, sinplifies routing, and enhances the
scalability of multicast services.
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