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	Reason for change:
	The YANG_Netconf solution set is not complete, it lacks important functionality: a method to report data changes. This document provides that functionality.

Define the mapping of the notifyMOIChanges to a "YANG-in-Rest" format to be used for reporting data changes of the YANG_Netconf solution set.
This format uses the current Rest based notification with YANG based data in the path and value parameters.

	
	

	Summary of change:
	Define the mapping of the notifyMOIChanges to a "YANG-in-Rest" format.


	
	

	Consequences if not approved:
	Data change notifications are not available in the YANG_Netconf solution set.
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	Other comments:
	After a number of offline meetings the following considerations are added:

1) Producers are not likely to support both Netconf_YANG and OpenApi solution sets in parallel. No need to update NtfSubscriptionControl to indicate the type of notification.
2) The href parameter will be encoded just as an FDQN of the producer e.g. mynode.vodafone.uk See stage 2 CR.
3) YANG based notifyMOIChanges notification will use the http header: "Content-Type: application/yang-data+json"
4) We are using the definitions from the stage 2 CR.
5) Addressing individual values in a multivalue attribute is by keys in YANG and in some cases index by OpenApi. YANG does not use the concept of address by index. Addressing by index also has disadvantages:
a. Clients that don't maintain a full mirror of the provider's configuration/state will not be able to understand a change notification based on index.
b. Clients that are temporarily out-of-sync in mirroring might  misunderstand a change notification based on index.
c. If the order of changes in notifyMOIChanges does not preserve the order of changes on the producer the notification may become incorrect
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First change

[bookmark: _Toc20494337][bookmark: _Toc26975357][bookmark: _Toc35856230][bookmark: _Toc44001088][bookmark: _Toc51580687][bookmark: _Toc52355950][bookmark: _Toc55227520][bookmark: _Toc90024412]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 28.526: "Telecommunication management; Life Cycle Management (LCM) for mobile networks that include virtualized network functions; Procedures".
[3]	3GPP TS 28.541: "Management and orchestration ; 5G Network Resource Model (NRM); Stage 2 and stage3".
[4]	ITU-T Recommendation X.733 (02/92): "Information technology - Open Systems Interconnection - Systems Management: Alarm reporting function".
[5]	3GPP TS 28.531: "Management and orchestration ; Provisioning; ".
[6]	3GPP TS 28.554: "Management and orchestration ; 5G end to end Key Performance Indicators (KPI)".
[7]	3GPP TS 22.261: "Technical Specification Group Services and System Aspects; Service requirements for the 5G system; Stage 1".
[8]	3GPP TS 23.501: "Technical Specification Group Services and System Aspects; System Architecture for the 5G System; Stage 2".
[9]	3GPP TS 23.003: "Technical Specification Group Core Network and Terminals; Numbering, addressing and identification".
[10]	ETSI GS NFV-IFA 013 V2.4.1 (2018-02) "Network Function Virtualization (NFV); Management and Orchestration; Os-Ma-nfvo Reference Point - Interface and Information Model Specification".
[11]	3GPP TS 28.622: "Telecommunication management; Generic Network Resource Model (NRM) Integration Reference Point (IRP); Information Service (IS)".
[12]	ETSI GS NFV-IFA 015 (V2.4.1): "Network Function Virtualisation (NFV); Management and Orchestration; Report on NFV Information Model".
[13]	3GPP TS 28.533: "Management and orchestration; Architecture framework"
[14]	ITU-T Recommendation X.734 (1992): "Information technology - Open Systems Interconnection - Systems management: Event report management function".
[15]	3GPP TS 32.158: "Management and orchestration; Design rules for REpresentational State Transfer (REST) Solution Sets (SS)".
[16]	3GPP TS 32.302:	 "Telecommunication management; Configuration Management (CM); Notification Integration Reference Point (IRP); Information Service (IS)".
[17]	3GPP TS 32.401: "Telecommunication management; Performance Management (PM); Concept and requirements".
[18]	3GPP TS 28.552: "Management and orchestration; 5G performance measurements".
[19]	3GPP TS 32.401: "Telecommunication management; Perfomance Measurement (PM); Concept and requirements".
[20]	ISO 8601:2004: "Data elements and interchange formats – Information interchange – Representation of dates and times".
[21]	Void.
[22]	Void.
[23]	Void.
[24]	Void.
[25]	3GPP TS 32.300: "Telecommunication management; Configuration Management (CM); Name convention for Managed Objects ".
[26]	W3C REC-xmlschema-0-20010502: "XML Schema Part 0: Primer".
[27]	W3C REC-xmlschema-1-20010502: "XML Schema Part 1: Structures".
[28]	W3C REC-xmlschema-2-20010502: "XML Schema Part 2: Datatypes".
[29]	W3C REC-xml-names-19990114: "Namespaces in XML".
[30]	Void.
[31]	3GPP TS 32.111-2: " Telecommunication management; Fault Management; Part 2: Alarm Integration Reference Point (IRP): Information Service (IS)".
[32]	IETF RFC 6241 "Network Configuration Protocol (NETCONF)".
[33]	3GPP TS 32.160 " Management and orchestration; Management service template ".
[34]	IETF RFC 7950 "The YANG 1.1 Data Modeling Language".
[35]	OpenAPI: "OpenAPI 3.0.1 Specification", https://github.com/OAI/OpenAPI-Specification/blob/master/versions/3.0.1.md.
[36]	IETF RFC 6902: "JavaScript Object Notation (JSON) Patch".
[37]	IETF RFC 7396: "JSON Merge Patch".
[38]	3GPP TS 32.422: "Telecommunication management; Subscriber and equipment trace; Trace control and configuration management".
[39]	3GPP TS 32.423: "Telecommunication management; Subscriber and equipment trace; Trace data definition and management".
[40]	IETF RFC 6455: "The WebSocket Protocol".
[41]	IETF RFC 793: "Transmission Control Protocol".
[42]	3GPP TS 28.550: "Management and orchestration; Performance assurance".
[43]	ITU-T Recommendation X.733 (02/92): "Information technology - Open Systems Interconnection - Systems Management: Alarm reporting function".
[44]	3GPP TS 28.623: "Telecommunication management; Generic Network Resource Model (NRM) Integration Reference Point (IRP); Solution Set (SS) definitions".
[45]	Text Attribution: Creator: ONAP, under Creative Commons Attribution 4.0 International License, https://creativecommons.org/licenses/by/4.0/, URI to access the text: https://github.com/onap/vnfrqts-requirements/blob/05f26fac2b941513a7d0e856b99fd8c61d688299/docs/Chapter8/ves7_1spec.rst#resource-structure.
[46]	3GPP SA5 FORGE OpenAPI definitions: https://forge.3gpp.org/rep/sa5/MnS/tree/Rel-16/OpenAPI.
[47]	3GPP TS 32.404: "Performance Management (PM); Performance measurements; Definitions and template".
[48]	IETF RFC 6901: "JavaScript Object Notation (JSON) Pointer".
[aa]	IETF RFC 8040: "RESTCONF protocol".
[bb]	IETF RFC 7951: " JSON Encoding of Data Modeled with YANG".

Next change
[bookmark: _Toc20494616]12.1.3.X	Mapping of notifications
[bookmark: _Toc20494617]12.1.3.X.1	Introduction
The notifications "notifyMOICreation", "notifyMOIDeletion" and "notifyMOIAttributeValueChanges" should not be used in the YANG_Netconf solution set as "notifyMOIChanges" provides the same functionality.

[bookmark: _Toc26975725][bookmark: _Toc35856598][bookmark: _Toc44001484][bookmark: _Toc51581085][bookmark: _Toc52356348][bookmark: _Toc55227918][bookmark: _Toc74329172]12.1.3.X.2	Notification notifyMOICreation
The notification is not mapped to the NETCONF/YANG solution.

[bookmark: _Toc26975726][bookmark: _Toc35856599][bookmark: _Toc44001485][bookmark: _Toc51581086][bookmark: _Toc52356349][bookmark: _Toc55227919][bookmark: _Toc74329173]12.1.3.X.3	Notification notifyMOIDeletion
The notification is not mapped to the NETCONF/YANG solution.

[bookmark: _Toc26975727][bookmark: _Toc35856600][bookmark: _Toc44001486][bookmark: _Toc51581087][bookmark: _Toc52356350][bookmark: _Toc55227920][bookmark: _Toc74329174]12.1.3.X.4	Notification notifyMOIAttributeValueChange
[bookmark: _Toc74329175]The notification is not mapped to the NETCONF/YANG solution.

12.1.3.X.5	Notification notifyMOIChanges
The NETCONF/YANG solution set uses the same mapping as the RESTful HTTP-based solution set as described in clause 12.1.1.2.5 with the changes and additions described below.
- Any changes reported are based on the YANG NRM definitions, even though the RESTful notification mapping is reused.
- The media type as specified by the "Content-Type" header in the HTTP POST request shall be "application/yang-data+json" and not "application/json".
- 

The value of “path” shall be a RESTCONF data resource identifier (RFC 8040 [aa], clause 3.5.3).
- The "path" includes the YANG module name.
- The "#" character before "/attributes" in "path" is not present. NETCONF/YANG does not differentiate between the stage 2 concepts of object and attribute, hence there is no need for a delimiter.
- The value of "value" shall follow the JSON encoding of YANG (RFC 7951 [bb]).
- Attribute elements are identified by their value (in case of a YANG "leaf-list") or by the values of keys (in case of a YANG "list"). In JSON Patch, attribute elements are identified based on their index, i.e. based on the position in the array.
- 
Note, in case no key is defined for a YANG "list" it is not possible to report the creation, deletion or replacement of individual list entries. In this case, whenever the list is modified, the replacement of the complete attribute or attribute field (the complete list with all list enties) shall be reported.
- 
YANG default values shall be handled as follows:
- 
Attributes with default values, for which no value is specified in the object creation request, shall be included in the object creation report with their default values.
- 
Attributes with default values, that are deleted and consequently set to their default value, shall be included in attribute replacement reports.
Note all following use-cases use JSON expressed in YAML notation.

Case 1: Creation of an MOI is reported with:
· operation: add
· path: YANG resource identifier pointing to the list entry representing the MOI
· value: a complete MOI representation, represented by the "id" node and the "attributes" container  but exluding the list entry itself encoded according to RFC7951.
[bookmark: _Hlk90495798]For example, the following instance of a "moiChanges" array item reports an object creation:
href: node1.lichtenberg.de
…
notificationId: 123456001
path: "/3gpp-common-managed-element:ManagedElement=node3/3gpp-common-measurements:PerfMetricJob=job1"
operation: add
value:
  id: job1
  3gpp-common-measurements:PerfMetricJob:attributes:
    jobId: 9865
    fileReportingPeriod: 30

[bookmark: _Hlk90482509]
Case 2: Deletion of an MOI is reported with:
· operation: remove
· path: YANG resource identifier pointing to the list entry representing the MOI
· value: not present
[bookmark: _Hlk90495922]For example, the following instance of a "moiChanges" array item reports an object deletion:
href: node1.charlottenburg.de
…
notificationId: 123456002
path: "/3gpp-common-managed-element:ManagedElement=node3/3gpp-common-measurements:PerfMetricJob=job1"
operation: remove

Case 3: Creating a (complete) attribute is reported as follows. (Setting the value(s) of an attribute that had no value before the change):
· operation: add
· path: YANG resource identifier pointing to the leaf/leaf-list/container/list representing the attribute. If the attribute is represented by a list or leaf-list, then for this last data node the equal sign, the key value(s) or leaf-list value is omitted, only the list/leaf-list name shall be present
· value: the content of the leaf/leaf-list entry(s)/container/list entry(s) representing the created attribute encoded according to RFC7951 [bb]. In case of attribute represented by a container/list the child data nodes are encoded only,the container/list itself is not.
For example, the following instance of a "moiChanges" array item reports setting the values of the performanceMetrics simple, multivalue attribute:
href: node1.spandau.de
…
notificationId: 123456003
path: "/3gpp-common-managed-element:ManagedElement=node3/3gpp-common-measurements:PerfMetricJob=job1/attributes/performanceMetrics"
operation: add
value:
- inOctets
- inPackets
- outPackets

· Case 4: Deleting all values of a complete attribute is reported with 

· operation: remove
· path: Same as in case 3.
· value: not present
For example, the following instance of a "moiChanges" array item reports deleting all values of the performanceMetrics attribute:
href: node1.pankow.de
…
notificationId: 123456004
path: "/3gpp-common-managed-element:ManagedElement=node3/3gpp-common-measurements:PerfMetricJob=job1/attributes/performanceMetrics"
operation: remove

Case 5: Replacing a (complete) attribute is reported as follows. (Removing all previous values of the attribute and setting new value(s)):
· operation: replace
· path: Same as in case 3.
· value: Same as in case 3.

Case 6: Adding a new value to a multivalue attribute (an attribute with multiplicity upper bound greater than 1) is reported as follows. (This does not imply any change to exisiting values): 
· operation: add
· path: YANG resource identifier pointing to a leaf-list/list entry representing an attribute element(value). In case of adding a new element to an attribute with the property isOrdered=True the new element/value is inserted before the pointed element(value), unless the "insert" subparameter specifies differently.
· value: the leaf-list/list entry representing the new attribute value encoded according to RFC7951 [bb]. In case of a list the child data nodes are encoded the list-entry itself is not.
· insert: an additional input subparameter is added to the moiChange input parameter. This indicates whether the new element/value was added before or after the element/value specified in path. The subparameter is only valid in case of attributes with the property isOrdered=True. It can take the values "before", "after". If missing it defaults to "before".
For example, the following instance of a "moiChanges" array item reports adding a new element/value to the "performanceMetrics" attribute before the outPackets element.:
notificationId: 123456006
path: "/3gpp-common-managed-element:ManagedElement=node3/3gpp-common-measurements:PerfMetricJob=job1/attributes/performanceMetrics/performanceMetrics=outPackets"
operation: add
insert: before
value: outOctets

Case 7: Deleting a single element/value from a multivalue attribute is reported as follows. (This does not imply any change to any other elements):
· operation: remove
· path: Same as case 6
· value: not present

Case 8: Replacement of a single value for a multivalue attribute is reported as follows. (This implies removing the old value; in case of a structured attribute removal all its subparts. This does not imply any change to any other values):
· operation: replace
· path: Same as case 6
· value: Same as case 6
For example, the following instance of a "moiChanges" array item reports replacing an element/value of the "thresholdInfoList" structured attribute:
notificationId: 123456008
path: 3gpp-common-managed-element:ManagedElement=node3/3gpp-common-measurements:ThresholdMonitor=job1/attributes/thresholdInfoList=thr1
operation: replace
value:
- idx: thr1
  thresholdDirection: UP
  thresholdValue: '4.5'

Case 9: Adding afield (subpart) of an attribute value is reported as follows (only used for structured attributes represented by a list or container in YANG):
· operation: add
· path: YANG Resource Identifier pointing to the leaf/leaf-list/container/list representing the attribute field. If the attribute field is represented by a list or leaf-list, the field has multiplicity upper bound greater than 1, with the property isOrdered=True the new element/value is inserted before the pointed element(value), unless the "insert" subparameter specifies differently.
· value: the leaf/leaf-list/container/list representing the new attribute field values encoded according to RFC7951. In case of a list/container representing the attribute field, value shall contain only the child data nodes, but not the container/list-entry itself.
· insert: In case the field has multiplicity upper bound greater than 1 and has the property isOrdered=True, the subparameter is used similarly as in case 6.
[bookmark: _Hlk102157877][bookmark: _Hlk102157838]For example, the following instance of a "moiChanges" array item reports adding a value to the " hysteresis " attribute subpart:
notificationId: 123456009
path: 3gpp-common-managed-element:ManagedElement=node3/3gpp-common-measurements:ThresholdMonitor=job1/attributes/thresholdInfoList=thr1/hysteresis
operation: add
value: '10'

Case 10: Deleting a field (subpart) of an attribute is reported as follows. (only used for structured attributes represented by a list or container in YANG):
· operation: remove
· path: Same as case 9
· value: Not present
For example, the following instance of a "moiChanges" array item reports deleting all values of the "hysteresis" attribute field:
notificationId: 123456010
path: 3gpp-common-managed-element:ManagedElement=node3/3gpp-common-measurements:ThresholdMonitor=job1/attributes/thresholdInfoList=thr1/hysteresis
operation: remove

Case 11: Replacement of a field (subpart) of an attribute is reported as follows. This implies removing previous value(s). (only used for structured attributes represented by a list or container in YANG):
· operation: replace
· path: Same as case 9
· value: Same as case 9


End of  changes
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