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Abstract

The ever-energi ng new services are inposing nore and nore highly
demandi ng requirenents on the network. However, the current

depl oynents could not fully accommodate those requirenents due to
limted capabilities. For exanple, it is difficult to utilize the
traditional centralized depl oyment nmode to nmeet the | ow I atency
demand of sone | atency-sensitive applications. Mreover, the total
anmount of centralized service data is growi ng exponentially, which
brings great pressure on the network bandwi dth. There has been a
clear trend that decentralized sites conprising of conputing and
storage resources are deployed at various |locations to provide
services. In particular, when the sites are deployed at the network
edge, i.e. the Edge Conputing, it can better handl e the business
needs of the users nearby, which provides the possibilities to
provide differentiated network and conputing services. In order to
achieve the full benefits of the edge conputing, it actually inplies
a precondition that the network shoul d be aware of the applications’
requirenents in order to steer their traffic to the network paths
that can satisfy their requirements. Application-aware networking
(APN) ains to accommpdate the edge services' needs, fully rel easing
the benefits of the edge conputing.

Thi s docunent describes the various application scenarios in edge
computing to which the APN can be beneficial, including augnented
reality, cloud gam ng and renote control, which enpowers the video
busi ness, users interaction business and user-device interaction
business. I n those scenarios, APN can identify the specific

requi renents of edge conputing applications on the network, process
close to the users, provide SLA guaranteed network services such as
low | atency and high reliability.
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The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOWMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC 2119 [ RFC2119].

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute
wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunents valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."

This Internet-Draft will expire on 14 May 2026.
Copyright Notice

Copyright (c) 2025 | ETF Trust and the persons identified as the
docunment authors. Al rights reserved.

Thi s docunent is subject to BCP 78 and the | ETF Trust’s Lega
Provisions Relating to | ETF Docunents (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these docunents carefully, as they describe your rights
and restrictions with respect to this docunment. Code Conponents
extracted fromthis docunment nmust include Revised BSD License text as
described in Section 4.e of the Trust Legal Provisions and are

provi ded without warranty as described in the Revised BSD License.
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1. Introduction

Edge conputing is to deploy service sites near the user side to
provide users with better network and conputing services. The
services of edge conputing can not only be inplenented in the edge
data center, but also be integrated in the network equi pnent, which
brings the possibility for the convergence of network and conputing,
and al so puts forward the requirenents for the technol ogy conbining
of different industries. On the one hand, the demand of different
applications for the network need to be exposed; on the other hand,
the network needs to be aware of conputing power and steers the
traffic along the appropriate path towards the suitable sites.

The existing network can only identify the application demands in a
coarse granularity. Wen the application demand is high causing the
heavy network load, it usually fails to guarantee the |atency and
reliability of the applications especially the mssion-critica
applications. Application-aware networking (APN) faciliates service
provisioning in a fine granularity, and then either steer the
corresponding traffic onto the appropriate network path (if exist)
that can satisfy these requirements or establish an excl usive network
pat h which woul dn’t be influenced by other applications’ traffic

fl ow.

2. Edge Conputing and APN

In a whol e edge conputing network, there are user termnal, edge
gateway and edge data center. The edge gateway can be the UPF In 5G
network. Edge data center is usually close to users and serves a
limted group of users, the network and conputing tasks perforned by
edge conmputing are nore specific and custom zed. Both conputing
resources and network resources need to be able to provide fine-

grai ned service guarantee. The goal of APNis to provide fine-

grai ned network service, including latency, jitter, reliability and
others, which can be well matched with edge conputi ng.
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Appi l i cati on-aware networking includes the app-aware edge (APN Edge),
app- awar e process head-end (APN Head), app-aware process m d-point
(APN- M dpoi nt) and app-aware process end-point (APN- Endpoint). A
user’'s request is sent fromthe client, and then passes through all
the nodes of the APN network to the server. The function of APN- Edge
can be deployed in the edge gateway, so the request traffic of client
can be distingui shed by the edge gateway/ APN- Edge and sent to the
edge data center through the APN. In sone cases, the reply of the
edge data center will not return to the original client, and may be
sent to another client through the APN. The APN network can use the
exsiting technol ogi es such as deterninistic network, network slicing,
SR policy, etc. which could coordinate well with the APN-Edge to
garantee the network service by encapsul ating the requirenent
information in the packets.

+o-m - - + S + S + R +
| | | Edge Gateway/ | | APN | | Edge
|dient|<-->] | <-->] | <-->| Data

| | | APN- Edge | | Net wor k | | Center
Fom e e - - + oo o - + o m e e e oo - + B +

Figure 1: Edge Conputing and APN
3. Usage Scenarios of APN in edge conputing
This section presents several typical scenarios which require edge
computing to interconnect and to co-ordinate with APN to neet the
service requirenments and ensure user experience.
3.1. Augnented Reality (AR
3.1.1. Use Case Description

Augnented reality is a relatively new application that pronotes the
integration of real world information and virtual world information

content. It includes several technol ogies, such as track
regi stration, display, virtual object generation, interaction and
mer gi ng.

3.1.2. Augnented Reality Today

AR gives users an inmersive experience. It is widely used in the
consumer industry presently, and may al so be applied in industria
fields such as health care and education in the future. The genera
process of AR/ VR is as follows:

* | mage acqui sition equi pment (such as canera) collects inmage or
video information and sends it to data center
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* Data center carries out identification, feature extraction and
tenpl ate rendering, and sends themto AR term nal

* The AR term nal plays the synthesized information.

Consi deri ng the user experience, AR usually needs a hi gh bandwi dth of
100nmbps due to nulti-channel acquisition of image or video data, and
a low end-to-end latency less than 60ms. Wth centralized

depl oynent, the network transm ssion distance is too |ong, so the

| at ency demand can’'t be net; the large volune of traffic load al so

i mposes hi gh chal |l enge on the network bandw dt h.

3.1.3. Augmented Reality with Edge Conputing and APN

If the depl oynent node of edge conputing is adopted, the follow ng
functions can be realized:

* The collected image or video informati on can be encoded/ decode and
conmpressed by the edge equi prent to reduce the bandw dth requirenents
of data transm ssion.

* The edge data center can process the collected i mage or video data
nearby and send it to the AR term nal equi pnent, which reduces the
di stance of network transnission and greatly reduces the | atency.

Al t hough edge conputing can reduce the overall l|atency of services
and reduce the demand for network bandwidth, it still needs
differentiated network services to provide the ultinmate guarantee for
application with high SLA requirenments. APN can achieve

* Edge device obtains and encapsul ates AR application feature
information and sends it to the headend node.

* Headend node in the APN identifies the AR data flow and steers it
into a specific transmi ssion path according to the demanded
bandwi dth, latency and reliability.

* Md point in the APN forwards the data stream along the specific
pat h.

* End point in the APN receives AR data streamand forwards it either
to Data Centre for processing or to the AR player for playing.

In the whol e process, because APN identifies the traffic of AR

application, it can provide correspondi ng network services to provide
custom zed high reliability, low |l atency and ot her SLA guarantee.
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+o-m- - + Canera +o-m- - +
| Sour ce| -> AR |
| data |-\ [ | Player|
+o-m - - + +----- + AR, + R + AR, + +o-m - - +

\->| APN | |  APN | | Edge | |  APN |-/

| - | -->] |--> Data |-->| I

/ ->| Edge | | Net wor k| | Center | | Net wor k| -\
F-- - - - +| +----- + B S, + B S + B S, + \ F-- - - - +
| Source| -/ \' | AR |
| data | ->| Pl ayer
t------ + Canera t------ +

Figure 2: Augnented Reality with Edge Conmputing and APN
3.2. doud Gam ng
3.2.1. Use Case Description

Cloud gaming is to deploy the ganme application in the data center,
and realize the functions includes the |ogical process of game
command control, as well as the tasks of gane accel eration, video
rendering and other tasks with high requirenents for chips. |In this
way, the terminal is a video player. Users can get a good gane
experience wi thout the support of high-end system and chi ps.

Conpared with the traditional game node, there are several advantages
of cloud gane, such as no installation, no upgrade, no repair, quick
to play and reduce the termnal cost, so it will have stronger

pronoti on.

3.2.2. doud Gaming Today

The biggest feature of cloud ganmes is that users interact with each
other through the network. The general process is as follows:

* The data center sends gane video streaming information to the
term nal, including game background picture, characters, etc.

* The user nmkes correspondi ng operation instructions according to
the received gane video streaminformation and sends themto the data
center.

* The data center constantly updates the video stream and other data
of the gane according to the user’s operation instructions.

Gane users usually pursue consunption experience. Currently, nobst

users are willing to spend extra noney in order to obtain better user
experience. Cenerally speaking, the network latency of gane is
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required to be less than 30nms. For conpetitive game, the |atency
will be required to be |less than 10ms, because professional players
usual ly can feel the mllisecond |evel latency difference. Wth
centralized depl oynent, the network transm ssion distance is too

| ong, which is a huge challenge to the network | oad, so the |atency
demand can't be net; the large volune of traffic |oad al so i nposes
hi gh chal |l enge on the network bandw dt h.

3.2.3. Cdoud Gaming with Edge Conputing and APN

If the depl oynent of edge conputing is adopted, the follow ng
functions can be realized with the depl oynent of edge data center

* The edge data center sends the gane video streaminformation to the
termnal, and receives the user’s control instruction information for
processi ng.

* users can nake correspondi ng operation instructions according to
the received video streaminformation, and get quick response

Edge conputing can reduce the |latency of game data transm ssion as a
whol e, but it should be noted that cloud ganmes usually have multiple
pl ayers playing a gane together, which requires the determnistic

| atency of multi-party network path, which needs to be realized with
APN:

* Multiple edge devices obtain and encapsul ate cl oud ganme application
feature information and send it to the head end node.

* Headend node in the APN identifies the data flow of cloud ganes
(maybe the same gane), and steers it into a specific transm ssion
path according to its requirements for bandw dth, delay, reliability,
etc., which needs to ensure that the latency of nulti-user contro
instructions arriving at the edge data center is consistent.

* Mdpoint in the APN forwards game data stream according to the
predet ernni ned pat h.

* The endpoint in the APN receives the cloud gane data stream and
steers it either to the data center for processing the users’ contro
instruction or to the user for playing.

The whol e process requires APN not only to identify the cl oud gane
traffic and provi de custom zed network forwardi ng services for it,
but also to ensure the deterministic latency of nmulti-user in the
sanme ganme and provi de better gane experience
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Cient A
S +
| Garre dat a|
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| <->] APN- | - A-| APN | - A-| |
| Edge A | | Network A | | |
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| APN | | APN | |
| <->] Edge B |-B-| Network B |-B-| |
S +-/ S + S + S +
| Garre dat a|
S S +
Client B

Figure 3: Coud Gam ng with Edge Conputing and APN

3.3. Renote control of industry

.3.1. Use Case Description

Industrial remote control refers to the renote control of field

equi pnent in areas that are not convenient for nmanual field control,
such as high-tenperature and high-risk areas. |In the past, signaling
was usually transmitted through industrial private networks and
protocols. Wth the devel opnent of industrial Internet, the industry
al so gradual ly has the demand of network interconnection. |Its
network tends to adopt L3 protocol and flat architecture, which nmakes
it possible for cross distance renpte control service.

3.3.2. Rempte control of industry Today

In the process of renote control, workers constantly make contro
instructions according to the received image or video information of
field equi pnent, which requires interaction between personnel and
equi prent through the network. Because the field environment that
needs renmpte control is generally poor, it is also a challenge for
the security of the operation equipnment. |If the latency is too |arge
or the reliability is not enough, it may cause the operation failure,
equi pnent damage and ot her serious consequences. Therefore, the
renote control service requires low latency and high reliability.

The general process of renote control is as follows:

* Field equipnent (such as canera) collects inmage or video
information and sends it to data center

* The data center receives the field information of the equi pnent and
sends it to the workers in the office.

Liu, et al. Expires 14 May 2026 [ Page 8]



I nternet-Draft APN i n Edge Conputing Noverber 2025

* Workers send control instructions and control equi pnent according
to the received field information

Many industrial enterprises rent public cloud resources to construct
their own data center, but the long distance of network transni ssion
is not conducive to the tinmely transnission of imge / video data
stream which will cause large |l atency and packet | oss.

3.3.3. Rempte control of industry with Edge Conputing and APN

If the depl oynent node of edge conputing is adopted, and the data
center and edge conputing access equi pnent (such as gateway) are
deployed in a location or enterprise park close to the business site,
the follow ng functions can be realized:

* The collected inage or video informati on can be encoded/ decoded
and conpressed by edge access equi pnent to reduce the bandwi dth
requirenents.

* The control instruction information can be identified by the edge
equi prent, so as to provide exclusive network transm ssion service.

* The forwarding path of inmage / video and control information is
shortened, which can greatly reduce the | atency.

Al t hough edge conputing can reduce the overall delay of services and
reduce the demand of network bandwi dth, it still needs to achieve
differentiated network services through APN to provide the ultimte
networ k guarantee for the services with the hi ghest network
requirenents.

For users, APN can realize those functions.

* Edge device obtains and encapsul ates the image or video information
of the renpote field device, then sends it to the headend node.

* Headend in the APN identifies the information and steers the flow
into a specific transm ssion path according to its requirements for
bandwi dth, delay, reliability, etc.

* Mdpoint in the APN forwards al ong the specific path.

* Endpoi nt receives inmage or video data stream of field equi prent and
forwards it to users.

For field equipnent, APN can realize those functions.
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* Edge devi ce obtains and encapsul ates the control instruction
informati on and sends it to the head end node.

* Headend in the APN identifies the control data flow and steers into
a specific transm ssion path according to the demand for bandwi dth,
latency and reliability.

* Mdpoint in the APN forwards al ong the specific path.

* Endpoi nt receives control information and forwards to the field
equi pnent .

In the whol e process, APN identifies the traffic of renote control
service, which can provide custom zed high reliability, |ow latency
and ot her network guarantee.

Wor ker

. +
| Control data|

S +-\ Fomm e e e oo + o m e e e - + o m e e e - +

| <->] APN- | - W>| APN | - W>| |

| Edge A |<-C| Network A |<-C| |

AR + Fomemm oo + | Edge Data |

R + R + | Center |

| APN | -G >| APN | -G >| |

Caner a | <->] Edge B |<-W| Network B | <-W| |

R +-/ S + S + S +
| Video data |
S +

On-site Device
Figure 4: Renote control of industry with Edge Conputing and APN

4. Concl usion

APN enabl es | ow | atency and high reliability network services in

various edge conputing scenarios such as AR cloud gani ng, renote

i ndustrial control, etc.
5. Security Considerations

TBD.
6. | ANA Consi derations

TBD.

7. Normative References
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