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Essential patents 
IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The information pertaining to these essential IPRs, if any, is publicly available for ETSI members and non-members, and can be found in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETSI in respect of ETSI standards", which is available from the ETSI Secretariat. Latest updates are available on the ETSI Web server (https://ipr.etsi.org).
Pursuant to the ETSI IPR Policy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web server) which are, or may be, or may become, essential to the present document.
Trademarks
The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners. ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.
[bookmark: _Toc455504135][bookmark: _Toc481503673][bookmark: _Toc482690122][bookmark: _Toc482690599][bookmark: _Toc482693295][bookmark: _Toc484176723][bookmark: _Toc484176746][bookmark: _Toc484176769][bookmark: _Toc487530205][bookmark: _Toc527985990][bookmark: _Toc19025619][bookmark: _Toc105688820]Foreword
[bookmark: For_tbname]This Group Specification (GS) has been produced by ETSI Industry Specification Group Zero Touch Network and Service Management (ZSM).
[bookmark: _Toc455504136][bookmark: _Toc481503674][bookmark: _Toc482690123][bookmark: _Toc482690600][bookmark: _Toc482693296][bookmark: _Toc484176724][bookmark: _Toc484176747][bookmark: _Toc484176770][bookmark: _Toc487530206][bookmark: _Toc527985991][bookmark: _Toc19025620][bookmark: _Toc105688821]Modal verbs terminology
In the present document "shall", "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and "cannot" are to be interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal forms for the expression of provisions).
"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.




[bookmark: _Toc455504139][bookmark: _Toc481503677][bookmark: _Toc482690126][bookmark: _Toc482690603][bookmark: _Toc482693299][bookmark: _Toc484176727][bookmark: _Toc484176750][bookmark: _Toc484176773][bookmark: _Toc487530209][bookmark: _Toc527985994][bookmark: _Toc19025623][bookmark: _Toc105688822]1	Scope
This report will describe the Network Digital Twin concept, investigate its applicability for automation of zero-touch network and service management and introduce existing, emerging and future scenarios that can benefit from it. 
Principles and functionality needed to support and utilize the Network Digital Twin for zero-touch network and service management will be introduced, considering also state of the art. 
The report will outline recommendations of additional capabilities needed in the ZSM framework to support Network Digital Twins. 
The report will identify existing specifications and solutions (both ETSI and external ones) that can be leveraged to maximize synergies. Collaboration with other SDOs (e.g. in IRTF NMRG, ITU-T SG13) will be recommended when appropriate.
Editor’s note: TODO: update scope description as document matures.

[bookmark: _Toc455504140][bookmark: _Toc481503678][bookmark: _Toc482690127][bookmark: _Toc482690604][bookmark: _Toc482693300][bookmark: _Toc484176728][bookmark: _Toc484176751][bookmark: _Toc484176774][bookmark: _Toc487530210][bookmark: _Toc527985995][bookmark: _Toc19025624][bookmark: _Toc105688823]2	References
[bookmark: _Toc455504141][bookmark: _Toc481503679][bookmark: _Toc482690128][bookmark: _Toc482690605][bookmark: _Toc482693301][bookmark: _Toc484176729][bookmark: _Toc484176752][bookmark: _Toc484176775][bookmark: _Toc487530211][bookmark: _Toc527985996][bookmark: _Toc19025625][bookmark: _Toc105688824]2.1	Normative references
References are either specific (identified by date of publication and/or edition number or version number) or non‑specific. For specific references, only the cited version applies. For non-specific references, the latest version of the referenced document (including any amendments) applies.
Referenced documents which are not found to be publicly available in the expected location might be found at https://docbox.etsi.org/Reference.
NOTE:	While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee their long term validity.
The following referenced documents are necessary for the application of the present document.
[1]	<Standard Organization acronym>  <document number>: "<Title>".
[2]	<Standard Organization acronym>  <document number>: "<Title>".
[bookmark: _Toc455504142][bookmark: _Toc481503680][bookmark: _Toc482690129][bookmark: _Toc482690606][bookmark: _Toc482693302][bookmark: _Toc484176730][bookmark: _Toc484176753][bookmark: _Toc484176776][bookmark: _Toc487530212][bookmark: _Toc527985997][bookmark: _Toc19025626][bookmark: _Toc105688825]2.2	Informative references
References are either specific (identified by date of publication and/or edition number or version number) or non‑specific. For specific references, only the cited version applies. For non-specific references, the latest version of the referenced document (including any amendments) applies.
NOTE:	While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee their long term validity.
The following referenced documents are not necessary for the application of the present document but they assist the user with regard to a particular subject area.
[i.1]	<Standard Organization acronym> <document number><version number/date of publication>: "<Title>".
[i.2]	etc.
[bookmark: _Toc451532925][bookmark: _Toc527985998][bookmark: _Toc19025627][bookmark: _Toc105688826][bookmark: _Hlk527028731]3	Definition of terms, symbols and abbreviations
[bookmark: _Toc451532926][bookmark: _Toc527985999][bookmark: _Toc19025628][bookmark: _Toc105688827]3.1	Terms
For the purposes of the present document, the [following] terms [given in ... and the following] apply:
Editor’s note: TODO: where needed, provide definition of terms aligned with terminology used in industry and literature.

[bookmark: _Toc455504145][bookmark: _Toc481503683][bookmark: _Toc482690132][bookmark: _Toc482690609][bookmark: _Toc482693305][bookmark: _Toc484176733][bookmark: _Toc484176756][bookmark: _Toc484176779][bookmark: _Toc487530215][bookmark: _Toc527986000][bookmark: _Toc19025629][bookmark: _Toc105688828]3.2	Symbols
[bookmark: _Hlk527022222]For the purposes of the present document, the [following] symbols [given in ... and the following] apply:

[bookmark: _Toc455504146][bookmark: _Toc481503684][bookmark: _Toc482690133][bookmark: _Toc482690610][bookmark: _Toc482693306][bookmark: _Toc484176734][bookmark: _Toc484176757][bookmark: _Toc484176780][bookmark: _Toc487530216][bookmark: _Toc527986001][bookmark: _Toc19025630][bookmark: _Toc105688829]3.3	Abbreviations
For the purposes of the present document, the [following] abbreviations [given in ... and the following] apply:


[bookmark: _Toc455504147][bookmark: _Toc481503685][bookmark: _Toc482690134][bookmark: _Toc482690611][bookmark: _Toc482693307][bookmark: _Toc484176735][bookmark: _Toc484176758][bookmark: _Toc484176781][bookmark: _Toc487530217][bookmark: _Toc527986002][bookmark: _Toc19025631][bookmark: _Toc105688830]4	Introduction of Network Digital Twin 
Editor’s Note: This clause introduces the concept of Network Digital Twin (NDT).
It describes how the NDT can help with the automation of network and service management and explains the connections to autonomous networks and other related topics.
[bookmark: _Toc105688831]4.1	Concept of Network Digital Twin 
Editor’s Note: This clause introduces the concept of network digital twin and show how the definition has evolved over time.  
It adds references to other SDOs, which as detailed in Annex A.
It concludes with a definition that fits the scope of ZSM
[bookmark: _Toc105688832]4.2	Benefits of Network Digital Twin
Editor’s Note: This clause introduces generic benefit that can be obtained by using the NDT.  

[bookmark: _Toc105688833]4.3	Industry progress of Network Digital Twin 
Editor’s Note: This clause describes the state of the art in NDT.  

[bookmark: _Toc105688834]5	Automation scenarios using NDT 
[bookmark: OLE_LINK4]Editor’s Note: This clause introduces existing, emerging and future scenarios that can benefit from the NDT. References to and more or less detailed description of related work may be part of the sub-clauses of the scenarios, and the principles and functional requirements will be recommended base on existing service or service extensions.
Editor’s note: This clause also introduce new scenarios that can benefit from NDT, may include (not limited to): 
Big data playback, 
Simulation verification, 
Intelligent prediction.



[bookmark: _Toc105688835]6	NDT for zero-touch Network and Service management
[bookmark: _Hlk60780230].
[bookmark: _Toc105688836]6.1	Principles
Editor’s note: Principles and functionality needed to support and utilize the Network Digital Twin for zero-touch network and service management will be introduced in this section

[bookmark: _Toc105688837]6.2	Adopting NDT based on ZSM architecture
Editor’s note: This clause describes requirements and recommendations needed on the NDT in order to be used by the ZSM architecture

[bookmark: _Toc105688838]6.3	Potential new ZSM Capabilities to support the NDT
Editor’s Note: This clause introduces where the use of network digit twin can be applied in the context of ZSM framework.
The report will outline recommendations of additional capabilities needed in the ZSM framework to support Network Digital Twins.
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Editor’s Note: The report will identify existing specifications and solutions (both ETSI and external ones) that can be leveraged to maximize synergies. Collaboration with other SDOs (e.g. in IRTF NMRG, ITU-T SG13) will be recommended when appropriate.
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