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[bookmark: foreword][bookmark: _Toc203548845]Foreword
[bookmark: spectype3]This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In the present document, modal verbs have the following meanings:
shall	indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should	indicates a recommendation to do something
should not	indicates a recommendation not to do something
may	indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can	indicates that something is possible
cannot	indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will	indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not	indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: _Toc203548846]Introduction
New and updated use cases, as well as potential requirements, are emerging for managing 5G networks and services utilizing Network Digital Twin (NDT). This document captures the corresponding potential enhancements to the NDT as introduced in TS 28.561.
[bookmark: scope][bookmark: _Toc203548847]
1	Scope
The present document describes use cases, potential requirements, and potential solutions aimed at enhancing the Network Digital Twin (NDT) defined in TS 28.561, with aspects on interaction and collaboration between NDT and network functions/automation functions, multiple NDT collaborations, data collection requirements to support NDTs and any other new use cases. It also presents conclusions and recommendations regarding the next steps in the 3GPP standardization process.
[bookmark: references][bookmark: _Toc203548848]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	3GPP TS 28.312: " Management and orchestration; Intent driven management services for mobile networks".
[3]	3GPP TS 28.561: " Management and orchestration; Management aspects of Network Digital Twins".
[4]	3GPP TS 28.532: "Management and orchestration; Generic management services".
[5]	3GPP TS 38.300: "NR; NR and NG-RAN Overall description; Stage-2"

[bookmark: definitions][bookmark: _Toc203548849]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc203548850]3.1	Terms
For the purposes of the present document, the terms given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc203548851]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc203548852]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
NDT	Network Digital Twin
IHF	Intent Handling Function
<ABBREVIATION>	<Expansion>

4	Concepts and background
The concepts and overview described in TS 28.561[3] are applicable in this study. Network Digital Twin (NDT) is used as a replica of a mobile network, to learn how an actual mobile network would behave in certain scenarios, without causing any changes to the actual mobile network. To provide meaningful results, an NDT needs to model the behaviour of the mobile network, so that the result of the operations on the virtual replica is a good approximation to the result of similar operations on the actual network.
The NDT management capabilities specified in TS 28.561[3] are applicable in this study, which include:
- Control and life cycle management of NDTs
- NDT support for network automation
- NDT support for verification
- NDT support for data generation
- Advanced NDT capabilities
Editor’s note: This clause provides a description of concepts and background.

[bookmark: _Toc89691178][bookmark: _Toc81513697]5	Use cases
5.1	Use Case #1: NDT support intent pre-evaluation
5.1.1	 Description
TS 28.312 [1] introduces the intent pre-evaluation which includes Intent Feasibility check and Intent Exploration. Intent feasibility check enables the MnS consumer to check if the proposed intent can be supported by the MnS producer. Intent exploration enables the MnS consumer and the MnS producer to find the intent for fulfilment that is best aligned with MnS producer's capabilities. NDTF can be used to support for intent pre-evaluation. 
The relation between NDTF and Intent Handling Function follows the relation between NDTFs and network automation functions defined in TS 28.561 clause 4.3. An adaption figure based on Figure 4.3-1 in TS 28.561 is shown below.
[image: ]
Figure 5.X.1-1: Relation between NDTF and Intent Handling Function
In the scenario of radio network/service intent pre-evaluation, the MnS consumer may request to obtain the best values for a given target or context, e.g., the number of terminal devices. NDTF can support intent handling function to evaluate the number of terminal devices (e.g., UE) given certain simulation conditions, such as intent objects scope (e.g., area scope, cell lists, civic address, etc), intent object type (e.g., radio service, radio network, etc). IHF requests NDTF to simulate the network performance under various conditions, NDTF simulates the network performance and reports to IHF with simulation results.
This use case proposes to enhance the description related to network automation in TS 28.561 to capture the relationship between NDT and IHF and specify that NDT can support network automation capability including intent pre-evaluation.
5.1.2	Potential requirements
No new requirements
5.1.3 	Potential solutions
This solution proposes following updates in TS 28.561[3]:
1. In clause 4.3, add Intent Handling function as one additional example of network automation functions.
2. In clause 5.2.2.1, add the text below:
“NDT can support for Intent Handling Function enabling intent handling capability, e.g., feasibility check and exploration capability. For example, in the scenario of radio network/service intent feasibility check and exploration, the MnS consumer may request to obtain the best values for a given target or context, e.g., the number of terminal devices. NDTF can support intent handling function to evaluate the number of terminal devices (e.g., UE) given certain simulation conditions, such as intent objects scope (e.g., area scope, cell lists, civic address, etc), intent object type (e.g., radio service, radio network, etc). IHF requests NDTF to simulate the network performance under various conditions, NDTF simulates the network performance and reports to IHF with simulation results.”

5.1.4 	Evaluation of potential solutions
Only one potential solution provided in clause 5.1.3 is identified. This potential solution proposes enhancing the existing text description in TS 28.561 [3] clause 4.3 and 5.2.2.1 respectively. It is a feasible solution.

5.2	Use Case #2: Improvement of data generation
5.2.1	Description
TS 28.561 clause 5.4.2.2 [3] introduces the data generation capability provided by NDT to enable ML training. For different ML models, the preferences of its training data are different, which can vary in the dimension of data source object, data type, data quantity. The data source object is used to specify the simulated object from which the synthetic ML training data is collected. It is the subset of the NDT synchronization objects. The data quantity is used to specify how many data needs to be reported by NDT for ML training. 
[bookmark: MCCQCTEMPBM_00000104]The existing solution of NDT NRMs can support the data generation by specifying data source objects and data type to be collected. The data source objects can be specified by the managedEntitiesScope defined in ScopeDefinition <<choice>> which represents the synchronization scope. The data type can be specified by the simulationData defined in SimulationDataDescriptor <<dataType>>. However, the existing solution cannot satisfy the data generation scenario where the requested data source objects are the subset of the synchronized network objects with specific data quantity.
5.2.2	Potential requirements
REQ-NDTDG-01: The 3GPP management system should support a capability to allow an authorized MnS consumer to express data generation preferences on data source object, data type, and data quantity.
5.2.3	Potential solutions
This solution aims to enhance NDT NRMs as shown below:
1. Enhancement for NDTJob IOC
- Add new attribute “nDTDataGenObject” which represents the data source object from which the synthetic data is collected. This attribute allows the MnS consumer to express data generation preferences on data source objects. 
- Add new attribute “dataQuantity” which represents the requested synthetic quantity of data used for ML training. This attribute allows the MnS consumer to express data generation preferences on data quantity. This attribute can either be an integer which represent the collection times for the synthetic data, or be a combination of time window and frequency which implicitly represents the data quantity.
5.2.4	Evaluation of potential solutions
Only one potential solution provided in clause 5.2.3 is identified. This potential solution proposes to enhance existing NDTJob IOC with two new attributes which allow the MnS consumer to express data generation preferences on data source objects and data quantity. It is a feasible solution to satisfy the requirement in clause 5.2.2.

5.3	Use case #3: Collaborate with ML training Producer to generate data
5.3.1	Description
In 3GPP TS 28.561 [3], the existing use case and requirements for using NDT to generate ML training data is described in clause 5.4.2.2. However, using NDT alone to generate data may be insufficient to support the following scenarios: 
-	Due to the coverage limitations of the physical network simulated by NDT, some extreme scenario data (such as sudden traffic peaks or unforeseen equipment failures) may not be generated.
-	NDT-based data generation depends on complex procedures such as simulating network topology and device interactions, making it time-consuming when generating large volumes of data. 
Therefore, for scenarios requiring extreme data generation or large-scale data generation, it is considered to introduce AI-based data generation models, generated by the ML training Producer, into NDT to enable rapid, batch, and comprehensive data generation. 
As shown in the Figure 5.3.1-1, the MnS Consumer can request the MnS producer to create an NDT instance for generating data with an indication of simulation object, data type, and data requirements, etc. Data requirements may specify large-scale data, extreme data requirements. The MnS producer creates an NDT instance based on the request and sends a response to the MnS consumer. The MnS producer can act as an ML training consumer to send a request to the ML training producer for generating a data generation model. Subsequently, the MnS producer executes simulation based on the NDT instance to obtain simulation data (e.g.,the generated UE throughput data), which is then sent to the ML training producer. This simulation data is used as training data to update and train the data generation model. The MnS producer can act as an ML inference function to receive the updated model from the ML training producer, execute it to obtain the final generated data, and send this data to the MnS consumer.
[image: ]
Figure 5.3.1-1 Collaborate with ML training Producer to generate data
Through this method, after the ML training producer completes ML model training and updates based on the initial NDT simulation data, it only needs to perform AI inference for subsequent data generation, which can reduce certain resource consumption.
5.3.2	Potential requirements
REQ-NDTDG-AI-1: The 3GPP management system should support a capability that enables an authorized MnS consumer to obtain the enabler information of the NDT data generation.
5.3.3 	Potential solutions
This solution aims to enhance the NDTReport IOC in 3GPP TS 28.561 [3] to support the reporting of enabler information of the NDT data generation. Details are as shown below:
Add a new attribute “NDTDataGenEnaInfo” representing the enabler information of the NDT data generation, specifying whether AIML is used or not, with the attribute type set to ENUM (allowed values: AIML-based, non-AIML-based).
5.3.4 	Evaluation of potential solutions
There is only one solution for clause 5.3, which is feasible.

[bookmark: _Hlk210083082]5.4	Use Case #4: Enhancement for multiple NDT collaborations
5.4.1	Description
[bookmark: _Hlk210084568]In 3GPP TS 28.561 [3], the existing use case and requirements for collaboration between NDTs are described in clause 5.5.2.1 and the requirement in clause 5.5.3. The 3GPP management system should support a capability enabling an authorized MnS consumer to configure the relationship between NDTs during simulation/emulation. However, there are no specific solutions to support this scenario, and there are no further details regarding the collaboration of multiple NDTs. 
Therefore, the scenario needs the further investigate, a single NDT Function might not be able to fulfil a task by itself and may depend on or need to use the service or outputs of another NDT Function during the simulation/emulation activity. This require the 3GPP management to support the capabilities and report the relationships between NDTs regarding the collaboration of multiple NDTs.
5.4.2	Potential requirements
REQ-NDT-Colla-1: The 3GPP management system should support a capability that enables an authorized MnS consumer to request a report on the relationships between NDTs regarding the collaboration of multiple NDTs.
5.4.3	Potential solutions
This solution aims to enhance NDTReport IOC and NDTFunction IOC in 3GPP TS 28.561 [3], to support the reporting of multiple NDT collaboration relationships and update the corresponding definition in clause 6.2.1.3. Details are as shown below:
1. Enhancement for NDTReport IOC
· Add new attributes “NDTCollaborationInfoList”, which is the list of “NDTCollaborationInfo” <<dataType>>. The <<dataType>> represents the collaboration with one NDTFunction. It supports MnS consumer to obtain the characteristics of NDTFunctions. It includes the following attributes:
· Reuse the “nDTFunctionRef”, which represent the DN of collaborating NDTFunction instances.
2. In clause 5.5.2.1 Collaboration between NDTs, add the text below to the use case to express the example of multiple NDT collaboration:
“For example, the collaborations between NDTs can be hierarchical and/or peer-to-peer, within the same management domain or between different management domains (e.g., the 5GC management domain, and the RAN management domain) to achieve the final goal(s). The P2P coordination occurs when cross the different management domains NDTs collaborate for end to end NDT jobs, while hierarchical coordination applies usually within a single domain, e.g., for the RAN energy saving purposes may rely on 2 NDTs - "DT-1" that models network traffic but relies on another DT that models user movement "DT-1" and "DT-2" that models the active equipment of the cell.”

5.4.4	Evaluation of potential solutions
There is only one solution for this use case, which proposes to enhance the existing NDT IOCs. This solution is feasible and can serve as the baseline for normative work.

5.5	Use Case #5: Enhancement on NDT reporting method
5.5.1	Description
In TS 28.561 [3], the reporting method of NDT output is notification based reporting. The NDT MnS consumer receives an NDT report from NDT producer by invoking generic provisioning management service operations and notifications in TS 28.532 [4]. However, different NDT job may have different requirement on reporting method. For example, in the scenario of signalling storm, it is more appropriate to use streaming data reporting service to timely report the simulation/emulation information on potential network impact. 
It is proposed to enable the NDT MnS consumer to select the reporting method of simulation/emulation output based on different requirement. In addition to notification based reporting, streaming data reporting service also need to be supported for NDT output reporting.
5.5.2	Potential requirements
REQ-NDTRM-01: The 3GPP management system should support a capability to allow an authorized MnS consumer to request NDT report to be provided by streaming data reporting service.
REQ-NDTRM-02: The 3GPP management system should support a capability for NDT MnS producer to support delivery of NDT report by streaming data reporting service.
5.5.3	Potential solutions
It is proposed to make the following changes to TS 28.561 [3] clause 6.2.1.3.2:
- update the NDTJob IOC attribute to add a new optional attribute reportingMethod, which can be used to indicate the required reporting method of NDT report, the allowed values of reportingMethod can include streaming and notification. The new attribute can only be used when the requested NDTFunction supports the capability that allow a MnS consumer to indicate the reporting method. 

5.5.4	Evaluation of potential solutions
Only potential solution #1 is proposed, the requirements are satisfied and this solution is feasible for normative work.
5.6	Use Case #6: Capability Discovery of NDT in NDT Collaboration
5.6.1	Description
NDT collaboration among different NDTFunctions located in different domain is critical to enable end to end use cases, In Rel-19 the supported domain of NDT is represented by NDTFunctionScope attribute. Then, the NDTFunction that triggers the collaboration can involve NDT(s) that supports modelling of different domain.
When simulating end-to-end user experience data generation, the consumer may want to specify diverse traffic model and UE distribution for different scenarios. For example, major event such as sporting events, the UE distribution and user’s communication behaviour is quite different, in which the uplink traffic will increase significantly. Therefore, if consumers want to trigger NDT collaboration for E2E user experience data generation, they should know which candidate NDT supports the simulation of different traffic. Therefore, NDTFunction needs further enhancement to expose more detailed capability information (e.g., capability of supporting UE distribution model and traffic model). Then, the consumers can accurately identify and select appropriate collaboration participants as NDT component, ensure cross-domain traffic consistency, and effectively validate end-to-end scenario continuity.
5.6.2	Potential requirements
	REQ- NDTAUT-01
	The 3GPP management system should support a capability enabling authorized MnS Consumer to discover detailed capability of candidate NDT components for NDT collaboration.


5.6.3	Potential solutions
Add a new the GenericModellingCapabilites <<dataType>> with the following new attributes to support modelling capability discovery of NDT in NDT collaboration:
· EnviromentModelling, it represents the NDTFunction supports to model the network topology and network infrastructure.
· UETrafficModelling, an ENUM, which indicates the capability of traffic modelling supported by the  NDTFunction and may include the following values:
1) FixedUEModel, it represents that the NDTFunction supports to model the location of the UE. It means that the NDT can support to model the traffic of a single UE. The information of specific UE is unknown for the NDFFunction.
2) MovingUEModel, it represents that the NDTFunction supports to model the trajectory of the moving UE. It only means that the NDT can support to model the traffic of a moving UE. The information of specific UE is unknown for the NDTFunction.
3) DistributedUEsModel, it represents that the NDTFunction supports to model the distribution of UEs.
· ServiceModelling, an ENUM, which represents the service that the NDTFunction supports, e.g., URLLC,
5.6.4	Evaluation of potential solutions
Only one solution has been identified, which is feasible.
TBD

5.7	Use Case #7 Defining the Lifecycle and Runtime Behaviour of NDT Jobs
5.7.1	Description
The NDTJob lifecycle is not clear, there are some items open to interpretation and some items missing which are described below.
Issue#1: The MnS Consumer should have a method to know which configuration of NDTJob has produced a given report. In the current specification NDTReport refer to the NDT job (i.e NDTJobRef). In the existing specification, it is possible to modify the NDTJob which may result in the different NDTReport. This will result in loosinglosing the link between produced NDT Report and the original NDT Job. The MnS Consumer would benefit from understanding the implications of reconfiguring the NDTJob. At the moment, the NDTReports refer to the DN of the NDTJob – if a NDTJob is reconfigured, this means the same DN is applied to each report, even if the simulation has changed. Likewise, there is no clear procedure described in Clause 6.4, despite the “Modify” use-case being possible for the NDTJob Instances.
Excerpt: Table 6.2.1.3.8.2-1 describes the attributes associated with the NDTReport <<IOC>>
[image: A table with text and numbers
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Excerpt: From 6.3 Attribute definitions, the explanation of the ndtJobRef of the NDTReport <<IOC>> refers to
[image: A screenshot of a computer
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5.7.2	Potential requirements
REQ-DTLCM-XX: The MnS Producer should provide a mechanism for the MnS Consumer to distinguish between different configurations of the same NDTJob instance that may exist over time as a result of modify operations. 

5.7.3	Potential solutions
5.7.3.1 Solution1: New attribute to the ndtJob and ndtReport to maintain the version information
An NDTJob MOI represents the job request and configuration provided by the MnS Consumer, including the network scenario, synchronization scope, and execution requirements.
To enable unambiguous correlation between NDTReports and the configuration used during NDTJob execution:
· A new read-only attribute (e.g. ndtJobSnapshotId) is added to the NDTJob IOC.
· The attribute identifies the NDTJob configuration information used when an NDTJob execution is started.
· The ndtJobSnapshotId added to the NDTJob is maintained solely by the MnS Producer.
The identifier may be implementation-specific (e.g. internal reference) but shall uniquely identify the configuration used for execution.
Association with NDTReport
· The same new read-only attribute (e.g. ndtJobSnapshotId) is added to the NDTReport IOC.
· The MnS Producer shall populate this attribute with the ndtJobSnapshotId identifier corresponding to the NDTJob execution that produced the NDTReport.
· The ndtJobSnapshotId added to the NDTReport is maintained solely by the MnS Producer.
This ensures that each NDTReport can be correlated both to:
· the NDTJob request (ndtJobRef), and
· the configuration information (ndtJobSnapshotId) used during execution.
5.7.3.2 Solution2: MnS Consumer maintains the configuration change information as required.
The MnS Consumer(s) of the ndtJob maintain the ndtJob configuration identity information.
They can do this by subscribing to the notification regarding modification of the ndtJob MOI. If it receives a notification that the simulation related attributes of the ndtJob MOI have been modified, then it can internally maintain a version/configuration reference for that ndtJob.
This allows the MnS Consumer to determine when it receives multiple ndtReports produced by the same ndtJob (e.g. same ndtJob DN on multiple reports), whether the ndtReports have been produced by different configurations of the same ndtJob.
5.7.4	Evaluation of potential solutions
Both solutions are feasible, however, to keep aligned with common behaviour in 3GPP SA5, the recommendation is to move forward with solution 2 as in clause 5.7.3.2. 
Solution 2 has no normative impacts.

5.8	Use Case #8: Using external data for NDT modelling
5.8.1	Description
As defined in TS 28.561[3], Network Digital Twin (NDT) is used as a replica of a mobile network, in order to learn how an actual mobile network would behave in certain scenarios, without causing any changes to the actual mobile network. To provide meaningful results, an NDT needs to model the behaviour of the mobile network, so that the result of the operations on the virtual replica is a good approximation to the result of similar operations on the actual network. The accuracy of the approximation relies on how much the NDT modelling mimics the live network, which is further impacted by the data collected for NDT modelling. 
Especially in the case of RAN domain NDT, the RAN communication performance may be additionally impacted by the environment, such as environmental buildings, weather, etc. NDT can make use of such external data for NDT modelling to provide a more accurate approximation of the physical network. The existing solution of NDT NRMs can specify the NDT job synchronization scope which is either the DN(s) of managed entities or the geographical area information. How the external data can by specified by NDT MnS consumer is to be addressed.
5.8.2	Potential requirements
REQ-NDTDG-01: The 3GPP management system should support a capability to allow an authorized MnS consumer to specify external data information used for NDT modelling.
5.8.3	Potential solutions
TS 28.622 defines the ExternalDataType IOC which specifies a type of external management data and the associated meta data. This solution aims to enhance NDTJob IOC and NDTFunction IOC by reusing ExternalDataType IOC to carry the NDT MnS consumer’s external data preference for an NDT job and show the supported external data of NDT Function used for NDT modelling. Details are as shown below:
1. Enhancement for NDTJob IOC
- Add new attribute “externalDataTypeRefList” representing the NDT Job is associated with one or more other ExternalDataType MOIs that are used for NDT modelling.
2. Enhancement for NDTFunction IOC
- Add new attribute “supportedExternalDataList” for NDTFunction IOC which represents the external data supported by the NDTFunction for NDT modelling.
5.8.4	Evaluation of potential solutions
Only one potential solution provided in clause 5.8.3 is identified. This potential solution proposes enhancing existing NDTJob IOC and NDTFunction IOC by reusing ExternalDataType IOC to carry the NDT MnS consumer’s external data preference for an NDT job and show the supported external data of NDT Function used for NDT modelling. The reuse of ExternalDataType IOC reduces the implementation complexity and is a feasible solution to satisfy the requirement in clause 5.8.2.

5.9	Use Case #9: NDT for Non-Terrestrial Network (NTN) Performance and Optimization Evaluation
5.9.1	Description
According to 3GPP 38.300 [5] a Non-Terrestrial Network (NTN) is defined as an NG-RAN consisting of gNBs, which provide non-terrestrial NR access to UEs by means of an NTN payload embarked on an airborne or space-borne NTN vehicle and an NTN Gateway. NTN Gateway is an earth station located at the surface of the earth, providing connectivity to the NTN payload using the feeder link which is a wireless transport link between the NTN Gateway and the NTN payload. NTN payload is a network node, embarked on board a satellite or high-altitude platform station, providing connectivity functions, between the service link and the feeder link.
Compared with terrestrial networks, NTNs exhibit unique characteristics such as high mobility of nodes, dynamic topologies, long propagation delays, and variable link conditions. These aspects make planning, optimization, and management challenging for mobile network operators.

This use case proposes using Network Digital Twin (NDT) technology to simulate, analyze, and optimize the behavior of NTNs. For example, the NDT can create a virtual representation of the satellite constellation, NTN Gateways, and user terminals to predict network conditions and support decision-making for service continuity and QoS/QoE management.

The NDT framework for NTN can be used for example to:
· Predict and mitigate handover failures during satellite transitions for NTN entities' constellations.
· Optimize beam management and power allocation based on user distribution and traffic demand.

Synchronization between NDT and with the real NTN object that is modelled (e.g., satellite) is extremely challenging since the feeder link between the NTN payload and the NTN Gateway adds additional delay.
NDT objects and related NDT jobs require of computational resources, which could be located at different locations, when considering an NTN system, such as Cloud, edge, on-board satellite, and ground station.
For an NTN system, this decision matters because a) the NDT needs real-time synchronization with its physical counterpart (the satellite or network segment), b) the satellite’s latency, connectivity, and energy profile strongly affect how feasible it is to host or update a digital twin close to or far from the physical system, and c) regulations may require data to be stored or processed within a specific region.
NOTE: From operators’ point of view NTN is considered a critical infrastructure, and operators need to be able to leverage mechanisms that can be used for NDT deployment management. NDT deployment management aspects are not investigated in this version of the document.
5.9.2	Potential requirements
No new requirements are identified.

5.9.3	Potential solutions
5.9.3.1	Solution update NDTFunctionScope 
This solution proposes to update the NDTFunctionScope with a new attribute named nDtNTNScope. nDTNTNScope can be used to indicate that the NDT concerns to NTN and further indicate the scope of the NTN that can be modelled by the NDT MnS Producer. 
5.9.3.2	Solution update supported NDTCapabilities
This solution proposes to update the allowed values of supportedNDTCapabilities which indicate the different types of scenario specific capability which the NDT MnS Producer is capable of undertaking, with a new value named “NTN_PERFORMANCE_PREEVALUATION”. 

5.9.4	Evaluation of potential solutions
Solution 1 is feasible since it reuses the existing NDT framework specified in TS28.561 and provides an NRM extension needed by the NDT MnS Producer to be aware of the NTN scope when considering NTN.
Solution 2 is feasible since it reuses the existing NDT framework specified in TS28.561 and provides an NRM extension needed by the NDT MnS Producer to be aware of the supported capabilities when considering NTN. 

5.10	Use Case #10: Clarification of NDTJob Modification Behaviour
5.10.1	Description
The MnS Consumer requires clarity on the conditions and procedures for modifying an existing NDTJob instance. At the moment, the specification leaves this open to interpretation, even though there are clear limitations associated with different implementation techniques for NDTJobs. For instance, if an NDTJob is implemented as a script that performs calculations based on input from the MnS Consumer and the replicated network, modifying such a script during execution would effectively mean rerunning the script with new parameters as resumption of certain scripts would be impossible. On the other hand, if the implementation is utilising a technology which can enable modification during runtime, then modification during the initial stages—or at specific points within the runtime—may still be possible.
Currently, the specification does not allow for clear modelling of the different potential stages executed during an NDTJob. As a result, modification of an NDTJob will be inconsistent across implementations, making MnS Consumer integration bespoke to specific NDTs. 
The current specification does not define a procedure or consequences of the modification of an NDTJob. TS 28.561 [3] Clause 4.4 (“NDT life-cycle management”) states that “the NDT job instance can be configured by the MnS Consumer at any time”, yet no guidance is provided on permissible modification timing, allowable attribute changes, or the expected system behaviour when an NDTJob is already under execution.
This ambiguity raises questions such as:
· When, during the NDTJob lifecycle, modification requests are acceptable.
· Whether modification during execution affects job consistency or results.
· How the MnS Producer should report modification status or failures.
A clearer model describing NDTJob state transitions and management conditions would help ensure consistent interpretation across implementations. Such a model could make it explicit when an NDTJob is in a state that permits modification and when it is not.
5.10.2	Potential requirements
REQ-DTLCM-XX: The MnS Producer should expose the execution status of each NDTJob instance.
REQ-DTLCM-XX: The MnS Producer should allow for modification of the NDTJob.

5.10.3	Potential solutions
To ensure predictable behaviour across different NDTJobs, the NDTJob IOC should be extended with an attribute to expose its current lifecycle status. The proposed statuses of an NDTJob are as follows:
ACKNOWLEDGED: The NDTJob is accepted and checked for its validity. The consumer sends “createMOI (NDTJob)” request to the producer. Producer checks for the validity and create the NDTJob MOI i.e instantiate the NDTJob IOC.
IN-EXECUTION: The NDTJob execution is started. The consumer send “modifyMOIAttributes” request for ndtJobAdminState attribute setting its value to “UNLOCKED”.
The “ndtJobAdminState” is added as a part of Use Case #11: Create and Execute NDT Job found in clause 5.11 of the present document. 
SUSPENDED: The NDTjob is temporarily suspended. The consumer send “modifyMOIAttributes” request for ndtJobAdminState state attribute setting its value to “LOCKED”.
COMPLETED: The NDTJob has resulted in all the expected NDTReport(s). All simulation has ended in the NDTJob.
This requires introducing an attribute called “ndtJobStatus” in NDTJob IOC as follows:
	Attribute Name
	Description
	Attribute Properties

	ndtJobStatus
	It describes the NDTJob state, which enables:
MnS Consumer to monitor the lifecycle status of the NDTJob state.

allowedValues: “ACKNOWLEDGED”, "SUSPENDED", “IN-EXECUTION”, “COMPLETED”
	type: Enum
multiplicity: 1
isOrdered: N/A 
isUnique: N/A
defaultValue: None
isNullable: False


The NDTJob cannot be updated when NDTJob instance is in IN-EXECUTION or COMPLETED state. To support consistent decision-making regarding when an NDTJob can be locked for modification, the MnS Producer should expose the execution status of the NDTJob via a status monitoring attribute (e.g. ndtJobStatus). The MnS Producer should update this attribute throughout the NDTJob lifecycle. 
[image: ]
Figure 1: ndtJob State transition
	Transition Number
	State Transition Events
	ndtJobStatus after event

	(1)
	The ndtJob is created with ndtJobAdminState set to LOCKED.
	ACKNOWLEDGED

	(1.1)
	The ndtJob is created with ndtJobAdminState set to UNLOCKED.
	IN-EXECUTION

	(2)
	The ndtJob in “ACKNOWLEDGED” is modified to set ndtJobAdminState from “LOCKED” to “UNLOCKED”.
	IN-EXECUTION

	(3)
	The ndtJob in “IN-EXECUTION” state is modified to set ndtJobAdminState from “UNLOCKED” to “LOCKED”
	SUSPENDED

	(4)
	The ndtJob in “SUSPENDED” state is modified to set ndtJobAdminState from “LOCKED” to “UNLOCKED”
	IN-EXECUTION

	(5)
	The ndtJob in “IN-EXECUTION” state finishes executing and produces the final ndtReport associated with the ndtJob.
	COMPLETED



5.10.4	Evaluation of potential solutions
Only one potential solution has been identified, which is feasible.

5.11	Use Case #11: Create and Execute NDT Job
5.11.1	Description
The MnS Consumer requires clarity on whether the creation and execution of an NDTJob are distinct phases or a single combined procedure.
By having creation of an NDTJob separate to the execution of the NDTJob, it means certain MnS Consumers can define the NDTJob, and other MnS Consumers could execute the NDT jobs. This is beneficial to the MnS Consumers as users with different roles can create the NDTJob such as subject matter experts, then a different set of users can execute the simulation, which creates a clear separation of responsibilities.
In the current specification, the relationship between these phases is inconsistent across clauses:
· Clause 4.4 (NDT Life-cycle Management) describes “NDT job instantiation” as including both creation and execution within a single step, suggesting automatic execution upon creation.
· Clause 6.4 (Procedures for NDT operations) depicts separate interactions between the MnS Consumer and MnS Producer for creation and execution, implying that execution follows a distinct request.
· Clause 7.1 (RESTful HTTP-based solution set) defines only the createMOI operation for NDTJob creation, with no corresponding operation for initiating execution.
This discrepancy makes it unclear how an MnS Consumer can prepare an NDTJob configuration and decide when to initiate its execution.
5.11.2	Potential requirements
REQ-DTLCM-XX: The 3GPP management system should allow an authorized MnS consumer to create an NDTJob without immediate execution.

5.11.3	Potential solutions
This solution resolves the inconsistency across clauses by formalising that creation and execution of an NDTJob are two distinct phases, and by leveraging ndtJobAdminState to clearly indicate when an NDTJob is permitted to run. 
Administrative state indicates whether a process is permitted by management to run.
· locked: The process is administratively prevented from running.
· unlocked: The process is administratively permitted to run (subject to system conditions).
The below solution also indicates when the “ndtJobStatus” which is reporting the progression state of the ndtJob.The “ndtJobStatus” and corresponding states is added as a part of Use Case #10: Clarification of NDTJob Modification Behaviour found in clause 5.10 of the present document.
· NDTJob creation and ndtJobAdminState initial value
· When the MnS Consumer creates an NDTJob via createMOI, the ndtJobAdminState attribute of the NDTJob shall be writable by the MnS Consumer, if no attribute supplied the default shall be “LOCKED”.
· A NDTJob in a LOCKED ndtJobAdminState is not running and the “ndtJobStatus” moves to “ACKNOWLEDGED” state.
· Creation therefore does not imply execution initiation. 
· This preserves the current REST / managed object creation semantics while ensuring the job is non-executing until explicitly authorised.
· Explicit execution trigger via ndtJobAdminState transition
· Execution of a LOCKED NDTJob is initiated only when the MnS Consumer performs a modifyMOI that changes: NDTJob’s ndtJobAdminState from LOCKED to UNLOCKED.
· When the ndtJobAdminState state becomes UNLOCKED., the MnS Producer  shall start execution of the NDTJob and the “ndtJobStatus”  moves to “IN-EXECUTION” state.
· If the job configuration is invalid, incomplete, or violates constraints, the MnS Producer shall reject the modify request with an appropriate error response.
· Consistent treatment across all clauses
· To remove ambiguity:
· Clause 4.4 should define NDTJob instantiation as creation of the MOI only (in ndtJobAdminState =  LOCKED). It should not imply automatic execution without explicitly stating this is wanted by the MnS Consumer (ndtJobAdminState = UNLOCKED ).
· Clause 6.4 should specify execution as procedure triggered by a modifyMOI request. 
· Clause 7.1 should rely solely on the existing RESTful modifyMOI mechanism (HTTP PATCH/PUT) for execution initiation; no need for an additional REST operation is needed.
· Operational behaviour
· The authorized consumer that is responsible for job creation (e.g., subject-matter expert) prepares and validates the configuration while the job remains locked.
· A different authorized consumer triggers execution by setting the job to unlocked.

5.11.4	Evaluation of potential solutions
Only one potential solution has been identified, which is feasible.

5.12	Use Case #12: Clarification of Suspension and Resumption Capabilities for NDTJobs
5.12.1	Description
The MnS Consumer requires clarity on whether an NDTJob can be suspended and subsequently resumed, when such capabilities are supported by the NDT MnS Producer.
The MnS Consumer should have the capability to suspend NDTJobs such as an optimization activity in order to free up resources to prioritize different NDTJobs such as those surrounding faults, otherwise the NDT MnS Producer may not have the available capacity to execute multiple NDTJobs in parallel.
The current specification references the suspension and resumption of NDTJobs in multiple clauses but provides no corresponding procedures, state descriptions, or information model attributes. This creates ambiguity regarding:
· Whether suspension and resumption are supported capabilities or illustrative examples;
· How the MnS Consumer is expected to request suspension or resumption;
· What the expected lifecycle state transitions are following suspension or resumption;
· How results or reports are handled when an NDTJob is suspended.
The capability to suspend and resume NDTJobs should remain optional, dependent on MnS Producer implementation. However, explicit clarification in the specification would help ensure consistent behaviour and interface expectations across implementations.
5.12.2	Potential requirements
REQ-DTLCM-XX: The MnS Producer should support a mechanism for the MnS Consumer to suspend and resume NDTJobs.

5.12.3	Potential solutions
Information model alignment
· The NDTJob IOC shall support using the ndtJobAdminState introduced in clause 5.11, for suspension and resumption of the NDTJob. 
· The attribute shall be exposed by the MnS Producer only if suspension/resumption is supported for the corresponding NDTJob.
Suspension and resumption procedure
· The MnS Consumer requests suspension of an NDTJob by setting ndtJobAdminState equals to LOCKED on the NDTJob instance. The MnS Producer updates the ndtJobStatus to “SUSPENDED” as a result.
· The MnS Consumer requests resumption of a suspended NDTJob by setting ndtJobAdminState equals to UNLOCKED. The MnS Producer updates the ndtJobStatus to “IN-EXECUTION” as a result.
[bookmark: _Hlk221715899]The “ndtJobStatus” is added as a part of Use Case #10: Clarification of NDTJob Modification Behaviour found in clause 5.10 of the present document.
Lifecycle state clarification
· When ndtJobAdminState is set from UNLOCKED to LOCKED on an running NDTJob:
· The MnS Producer should transition the job into a suspended state, during which no further execution progress is made. The NDTJob IOC currently possesses no state monitoring, please refer to the solution in clause 5.10.3 in the present document for the proposed introduction of NDTJob state monitoring.
· When ndtJobAdminState is set from  LOCKED to UNLOCKED:
· The MnS Producer should resume execution from the suspended point, unless implementation-specific constraints require restart or partial re-execution.

5.12.4	Evaluation of potential solutions
Only one potential solution has been identified, which is feasible.

6	Conclusions and Recommendations
6.X	Use case #<X>: <use case title>
Editor's note:	This clause provides conclusions and recommendations for the corresponding use case.
6.1	Use Case #1: NDT support intent pre-evaluation
The use case of NDT support intent pre-evaluation is described in clause 5.1 and no new requirement is identified. The potential solution is to update text description for NDT supporting intent pre-evaluation in TS 28.561[3]. It is recommended to use the solution in clause 5.1.3 as baseline for normative work.
6.2	Use Case #2: Improvement of data generation
The use case of data generation improvement is described in clause 5.2 and requires the management capability to allow MnS consumers to express data generation preferences on data source object, data type, and data quantity. 
It is recommended to enhance information model of NDTJob IOC defined in TS 28.561, using the solution in clause 5.2.3 as baseline for normative work.

6.3	Use case #3: Collaborate with ML training Producer to generate data
The use case description, potential requirements and a potential solution for collaborating with the ML training Producer to generate data are introduced in clause 5.3. This use case clarifies the data generation where the AI-based data generation models generated by the ML training Producer are introduced into NDT, and defines the requirement for the 3GPP management system to support reporting of such enabler information of the NDT data generation.
It is recommended to enhance the existing NDTReport IOC defined in 3GPP TS 28.561 [3] to support collaboration with the ML training Producer for data generation. The potential solution described in clause 5.3 can serve as the baseline for normative work.
6.4	Use Case #4: Enhancement for multiple NDT collaborations
The use case description, potential requirements and a potential solution for the multiple NDT collaborations are introduced in clause 5.4. This use case clarifies the collaborative scenario where a single NDTFunction may not independently fulfil a simulation/emulation task and needs to rely on the services or outputs of other NDT Functions, and defines the requirement for the 3GPP management system to support reporting of such multiple NDT collaboration relationships.
It is recommended to enhance the existing NDTReport IOC and update use case description defined in 3GPP TS 28.561 [3] to support the collaboration between multiple NDTs. The potential solution described above satisfies the requirement identified in clause 5.4.2 (REQ-NDT-Colla-1), which can be used as the baseline for normative work.

6.5	Use case #5: Enhancement on NDT reporting method
The use case, requirements and solution for Use case: Enhancement on NDT reporting method is described in clause 5.5. It is recommended to add new attribute in NDTJob IOC to support a choice of streaming or notification for the NDT reporting method in TS 28.561 [3]. The detailed solution is described in clause 5.5.3.
6.6	Use case #6: Capability Discovery of NDT in NDT Collaboration
It is recommended to enhance the information model of NDT as per the potential solution in the clause 5.6.3 to support above identified management capabilities.

6.7	Use case #7: Defining the Lifecycle and Runtime Behaviour of NDT Jobs
The use-case and solution as proposed in clause 5.7.3.2 explains how the MnS Consumer can achieve the use-case, by monitoring the modification of the ndtJob and tracking which version of the ndtJob has produced which ndtReport.
No new normative work is expected as a result of this solution.
6.8	Use Case #8: Using external data for NDT modelling
The use case of using external data for NDT modelling is described in clause 5.8 and requires the management capability to allow MnS consumers to specify external data information used for NDT modelling.
It is recommended to enhance information models for NDT management defined in TS 28.561, using the solution in clause 5.8.3 as baseline for normative work.
6.9	Use Case #9: NDT for Non-Terrestrial Network (NTN) Performance and Optimization Evaluation
The use case of NDT for Non-Terrestrial Network (NTN) Performance and Optimization Evaluation described in clause 5.9 is not introducing additional requirements. Solutions described in 5.9.3.1 and 5.9.3.2 are used to enable support for NTN networks and are related to existing requirements in TS 28.561.
It is recommended to use the solutions described in clause 5.9.3 as baseline for normative work.

6.10	Use case #10: Clarification of NDTJob Modification Behaviour 
The use-case and solution as proposed in clause 5.10 provides for the MnS Consumer the capability to monitor the state of the ndtJob. This allows the MnS Producer of the ndtJob the capability to indicate when modification of a ndtJob is possible based on the state of the ndtJob using states “ACKNOWLEDGED” and “SUSPENDED”. The introduction of ndtJob states improves clarity regarding the applicability of management operations (e.g. modify) on the ndtJob MOI. By exposing the current state, the MnS Producer enables the MnS Consumer to determine when such operations are supported, thereby facilitating more predictable and robust system integration.
The recommendation will be to perform the normative work based on the solution in TS 28.561[3].
6.11	Use case #11: Create and Execute NDT Job
The use-case and solution as proposed in clause 5.11 provides for the MnS Consumer the capability to create and then later execute the ndtJob (simulations). The main motivation was to allow different users with different levels of access to perform the individual actions (e.g. create, execute).
The recommendation will be to perform the normative work based on the solution in TS 28.561[3].

6.12	Use case #12: Clarification of Suspension and Resumption Capabilities for NDTJobs 
The use-case and solution as proposed in clause 5.12 provides for the MnS Consumer, the capability to suspend and resume the ndtJob (simulations). The main motivation was to allow the temporary release of resources via suspension to prioritize the execution of critical ndtJobs (e.g. fault related).
The recommendation will be to perform the normative work based on the solution in TS 28.561[3].
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Table 6.2.1.3.8.2-1

Attribute Name Support isReadable | isWritable isInvariant isNotifyable
Qualifier
nDTJoboutputData M T F F T
Attribute related roles
ndtJobRef M T F F T
ndtFunctionRef M T F F T
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