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Draft new Technical Report ITU-T YSTR. SemGenAl

Framework for Semantic Communication Pipe-line with Generative Al-based
Reconstruction

Summary

This document presents a framework for integrating a Semantic Communication (SemCom)
pipeline with Generative Al (GenAl) powered regeneration of the source input at the receiving end-
point while indicating the key entities and capabilities that the underlying network service needs to
enable for realization of such a framework. It presents the interaction among major entities
including the multiple levels of Knowledge Bases (KB), KB orchestration, local edge computing,
model tuning, etc. It recommends the requirements to be satisfied by the underlying network
service. This document also provides a few example application scenarios that benefits from such
integration of GenAl based reconstruction capability with a SemCom pipeline.
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Draft new Technical Report ITU-T YSTR.SemGenAl

Framework for Semantic Communication Pipe-line with Generative Al-based
Reconstruction

1  Scope

The scope of this Technical Report is to identify the network service-level requirements for a
framework integrating Generative Al (GenAl) into the semantic communication pipeline. Based on
the requirements, a framework is specified along with suggestive flow of operation amongst different
key entities enabled by the network service to support such integration.

The Technical Report is going to cover the following:

e Application scenarios to indicate the utility of integrating a SemCom pipeline with a GenAl-
based regeneration.

e Requirements of the framework to integrate GenAl with Semantic Communication

e The framework for integration of GenAl into the semantic communication pipeline with a
suggestive flow of information exchanges amongst different entities provided by the
network service.

e The sequence of operations and the APIs for connection establishment and semantic transfer
for end-to-end connection setup and semantic communication flow to the GenAl engine.

2  References

The following ITU-T Recommendations and other references contain provisions, which, through
reference in this text, constitute provisions of this Recommendation. At the time of publication, the
editions indicated were valid. All Recommendations and other references are subject to revision;
users of this Recommendation are therefore encouraged to investigate the possibility of applying the
most recent edition of the Recommendations and other references listed below. A list of the currently
valid ITU-T Recommendations is regularly published. The reference to a document within this
Recommendation does not give it, as a stand-alone document, the status of a Recommendation.

3 Definitions

3.1 Terms defined elsewhere
This Technical Report uses the following terms defined elsewhere:
3.1.1  Non-public Network [b-3GPP TS 22.261]: Network intended for private use.

3.2 Terms defined in this Technical Report
This Technical Report defines the following terms:
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4  Abbreviations and acronyms

This Technical Report uses the following abbreviations and acronyms:

5 Conventions

In this Technical Report, requirements are classified as follows:

. The keywords “is required to” or “are required to” indicate a requirement/ requirement,
which must be strictly followed and from which no deviation is permitted if conformance to
this document is to be claimed;

. The keywords “is recommended” indicate a requirement, which is recommended but which
is not absolutely required. Thus, such requirements need not be present to claim
conformance; and

. The keywords “optionally” or “may” indicate an optional requirement which is permissible,
without implying any sense of being recommended. These terms are not intended to imply
that the vendor’s implementation must provide the option; it means the vendor may
optionally provide the feature and still claim conformance with the specification.

6 Overview

Semantic communication goes beyond the purview of information-centric conventional
communication. It aims to transmit and receive the ‘inference’ drawn from the ‘information’ at source.
That ‘inference’ is presented ‘semantically’ to the transmission pipe which then encodes it and
transmits over the conventional communication channel used to transfer information. The receiver
then ‘infers’ the actual information from the semantics received through the channel. Fig. 1 provides
a basic semantic communication chain.
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Figure 1 Semantic Communication and GenAl based live remote disaster tracking.

This Technical Report studies the network service requirements for a framework for integration of a
GenAl system with a semantic communication pipeline for transfer and generation of semantically
relevant information. Such communication is particularly useful for constrained/ unreliable network
conditions. More details on practical deployment experiences for SemCom and different aspects of
GenAl integration may be accessed in existing literatures like [b-SemCom][ b-Ren]. Realizability of
such integration framework depend on Al native capabilities made available by the underlying
telecommunication network service on top of which the framework is to be built. The document
presents the framework with a high-level interaction among major entities and the requirements
regarding the capabilities and infrastructures to be enabled as part of the Al native service from the
network service provider, including the multiple levels of Knowledge Bases (KB), KB orchestration,
local edge computing, model tuning, etc. It also includes suggestive flow of information exchange
for end-to-end connection set up and transfer of semantic information to GenAl based regeneration.

Below we provide some application scenarios which benefit from such integration framework.
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Editor’s note: the following sub-clauses have not been reviewed in detail.

6.1 Disaster management: Remote visual tracking under disaster situation

Let us consider an example scenario of a massive disaster (like flood) over a vast area, the terrestrial
cellular connectivity may get severely damaged and hence may not provide enough reliability and
bandwidth. Even it may get destroyed to a level such that it does not even operate. This jeopardizes
the ability of remote instantaneous visual tracking of the disaster site by the central control room. An
alternative might be that a local first responded team transmits the visuals from the disaster sight
using geostationary satellite backhaul from the rescue boat. (Note: Low earth orbit satellites are not
considered as they have several privacy and security issues due to their vicinity to earth and mobility.
It also gives rise to many challenges due to the handover requirements and inter-satellite link
congestion. [b-Yue]). In any case, reasonably real-time transmission of images / videos of the disaster
sight to the distant control room becomes difficult or impossible.

To mitigate such constraints, a futuristic disaster tracking system as in Fig. 3 is conceived using
SemCom based transmission integrated with GenAl based rendering at the control room. In this case
a non-public network (NPN) is set up with non-terrestrial backbone. The network access point is
installed on the floating large boat acting as the base unit of the recue party. The base is equipped
with backhaul connection, either through a satellite or through existing constrained terrestrial
connectivity. The rescue party roams around in a small boat equipped with 6G user equipment (UE)
which captures the live visuals and transmits to the base unit edge computing service. The semantic
encoder residing in the edge computer extracts the relevant scene understanding and creates a
semantic description against each visual. The encoded semantic information demands much less
bandwidth compared to transmission of the full video or the image and can be transmitted over the
constrained backhaul much quicker with reliability. The decoded semantic information may either be
directly consumed by the control station, or it can be fed to a GenAl server with local knowledge base
to predictively recreate a scene corresponding to the received semantics. If low semantic noise is
ensured, then such a system can provide efficient remote visualization of disaster sites. More on this
use case and some initial implementation trial details may be accessed from [b-SemCom][b-AI4G].
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Figure 2 Semantic Communication and GenAl based live remote disaster tracking.

6.2  Rural healthcare: Remote Visual Tracking Using Semantic Scene Understanding and
GenAl-based Predictive Rendering Under Disaster Situation

During tele-medicine consultation in regions with poor public network coverage (like rural areas in
many developing nations), transmitting high-fidelity medical imagery (like X-rays, MRIs, or
dermatological scans) to a specialist is often limited by poor network infrastructure. Traditional
transmission methods struggle with resolution degradation, latency, and data loss. A semantic
communication pipeline may encode only the semantic meaning of medical images (e.g., the presence
of anomalies like tumors, lesions, or hair-line fractures, etc.) based on relevant medical KB made
available a priori. On the receiver side (specialist doctor’s device), GenAl regenerates high-resolution
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medical imagery conditioned on the semantic features received, using contextually tuned generative
models (e.g., diffusion models fine-tuned on medical datasets).

In a typical operational setting, a nomadic network may be set up as an NPN at a rural site for
organizing a telemedicine consultation session. The network installation may be equipped with the
necessary edge-computing and storage facilities. A local representative may use her/his mobile
camera to capture images of the patient as well as the medical reports associated with the patient and
send them to the semantic encoding pipeline. Which then performs the transmission and
reconstruction as mentioned in the previous paragraph. Fig. 3 depicts the scenario.
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Figure 3 Semantic Communication and GenAl based live telemedicine consultation.

6.3 Telerobotics: Live feed from robot operating in a remote area with constrained
connectivity

In a telerobotics session an operator maneuvers a robot in a remote environment based on the live
real-time visual feed from the robot. But connectivity constraints, bandwidth fluctuations in the
network may create poor delivery of the real-time feed which degrades the quality of experience and
utility of the application. This may be typical case for scenarios where the robot is operated in remote
mines, etc. However, a similar integration of SemCom and GenAl may be used for smoother
operation. Suppose the robot is remotely asked to move to some coordinates. Rather than sending the
live feed to the operator, the robot may only send a semantic scene representation (e.g. scene graph)
over the semantic communication pipe which is then converted into a live digital twin by the GenAl
service at the receiving end.
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Figure 4 Semantic Communication and GenAl based telerobotic operation

7 Requirements
The network service requirements are as below.

The must-have requirements:
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REQ-001: The network service is required to support strict latency bound for Knowledge
Base (KB) synchronization traffic

REQ-002: The network service is required to provide traffic prioritization based on
criticality of the KB update requests

REQ-003: The network service is required to create QoS policies to prioritize KB
exchange traffics

REQ-004: The network service is required to provide a low-latency control-plane for
management signalling exchange during KB synchronization

REQ-005: The network service is required to provide novel protocol state-machines to
handle not just packet-loss, but also out-of-synch KB updates/ mismatched KB updates
REQ-006: The network service is required to create new QoS metrics concerning model
tuning latency, bandwidth cost for on-the-fly model tuning, traffic overhead due to model
synchronization and tuning.

REQ-007: The network service is required to provide in network caching mechanism for
frequently accessed knowledge graphs, model weights, etc. for low-latency syncing.
REQ-008: The network service is required to provide updated error-control mechanisms
to minimize control-overhead during KB transfer and synching.

REQ-009: The network service is required to provide new stateful resource-locating
mechanism to fetch/ update KB or incremental updates.

REQ-010: The network service is required to provide new stateful resource-locating
mechanism to fetch/ update KB or incremental updates.

REQ-011: The network service is required to support native edge computing capable of
providing strict computation latency (<10ms) for semantic extraction

REQ-012: The network service is required to support native edge computing capable of
providing strict computation latency (<50ms for interactive applications) for content
generation on the receiver side

REQ-013: The network service is required to support mechanisms for dynamic and agile
estimation of channel resources for KB transfer and create new slicing categories.
REQ-014: The network service is required to deploy interim compression mechanisms
during knowledge exchange/ update

REQ-015: The network service is required to provide adequate security mechanisms to
protect from adversarial attacks during KB transfer / local updates / model tuning
REQ-016: The network service is required to provide adequate privacy preservation
during transit of knowledge components

REQ-017: The network service is required to support distributed infrastructure for edge-
cloud synchronization for smooth federated learning and adequate fallback mechanism in
case of failure in local tuning and KB updates.

The optional requirements:

<TBD>

The framework

<Editor’s note: This section provides the generic structure of the GenAl integrated Semantic
Communication pipeline with necessary interactions to connect the different parts.>

The framework for the desired integration of GenAl in the SemCom pipeline is shown in Fig.5
along with the necessary sequence of interactions amongst the entities. The dotted arrows indicate
control-plane operation and the solid arrows indicate data-plane operations. The key components
and the description are as below:

TX end-point: The input source capturing the real-time event.
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TX-side Edge-computing : Comprises of the local KB and Semantic Encoder

KB-orchestrator : An intermediate network component which performs the resource location
service for KB queries and also combines the KB segments in the desired format and
schema suitable for the present task and updates the local KBs

Shared KB : The global KBs. Each may cater to a particular domain. For tasks requiring
cross-domain knowledge, multiple KBs may contribute partially.

RX-side Edge-computing : Serves the local KB for the RX-end and the semantic decoder.

Local GenAl service : It is the RX-end local GenAl service responsible for final
regeneration of the source contents. This can co-exist with the RX-side edge or may be an
independent node. It is responsible for task-specific on-the fly tuning, generation of the final
output, as well as also handling the end-user QoE feedback which needs to back-propagate
along the communication pipeline and contribute to federated learning of the local, as well
as global KBs.

Rx end-point: The final consumer of the information. This node is also responsible to
initiate the semantic QoE feedback back to the communication pipe-line and indirectly
affecting the federated learning of the KBs involved.
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Figure 5 The overall framework

Editor’s note: considerations to be given at least to figure simplification and associated

descriptions

8.1

End-to-end connection set up and flow of information
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Figure 6 The sequence of operation and the APIs for connection establishment and semantic
transfer.

Editor’s note: considerations to be given to associated descriptions of the figure.

9 KPIs

<Editor’s note: This section will provide the KPlIs that the network service may consider to
maintain the end-user experience.>
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Purpose and Scope (defines the intent or object of the Technical Report and the aspects covered, thereby indicating the
limits of its applicability):
This Technical Report studies the network service-level requirements for a framework integrating Generative Al (GenAl)
into the semantic communication pipeline. Based on the requirements, a framework is specified along with suggestive flow
of operation amongst different key entities enabled by the network service to support such integration. The document is
going to cover the following:
e Application scenarios to indicate the utility of integrating a SemCom pipeline with a GenAl-based regeneration.
e Requirements of the framework to integrate GenAl with Semantic Communication
e The framework for integration of GenAl into the semantic communication pipeline with a suggestive flow of
information exchanges amongst different entities provided by the network service.
The sequence of operations and the APIs for connection establishment and semantic transfer for end-to-end
connection setup and semantic communication flow to the GenAl engine.

Summary (provides a brief overview of the proposal):

This Technical Report presents a framework for integrating a Semantic Communication (SemCom) pipeline with Generative
Al (GenAl) powered regeneration of the source input at the receiving end-point while indicating the key entities and
capabilities that the underlying network service needs to enable for realization of such a framework. It presents the interaction
among major entities including the multiple levels of Knowledge Bases (KB), KB orchestration, local edge computing, model
tuning, etc. It recommends the requirements to be satisfied by the underlying network service. This document also provides
a few example application scenarios that benefit from such integration of GenAl based reconstruction capability with a
SemCom pipeline.e
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