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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.
Some stage 2 changes are also included to clarify deleting an attribute (removing all values for an attribute which allows zero as multiplicity).

	
	

	Consequences if not approved:
	Data change notifications are not available in the YANG_Netconf solution set.
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	Other comments:
	See also S5-221039 as background information.

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 receiver can determine the type of notification (Netconf_YANG v. OpenApi) from the format of the path paramater.
3) The path parameter does not need to be globally unique only locally for the producer. The notifyMOIChanges notification already contains a systemDN parameter that identifies the producer.
4) Addressing individual values in a multivalue attribute is by keys in YANG and 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
d. Addressing by index has dangers if multiple clients interact concurrently.
5) The path format is based on YANG Instance-Identfiers but RestConf resource-identifiers could also be used (without the http or the /restconf/data preamble). See rfc8040#section-3.5.3. They are functionaly similar one need to be selected. The proposal is to use to instance-identifiers.
6) In cases where the MOI is the addressed entity, the top level data node(s) could be the list entry, all entries within the list  or the attributes container. All would work, but one needs to be specified. The proposal is to use the list entry.
7) In a consumer handling both YANG and OpenApi based producers mapping between OpenApi style address and the proposed YANG style addresses is possible. 
a. YANG module names need to be derived form knowledge of the YANG models
b. For multivalue attributes tanslation between keys and indexes can be done if the client keeps an up-to-date mirror of the producers NRMs instances. If the mirror is not available or out-of-sync the information conveyed by indexes is unreliable.


	
	

	This CR's revision history:
	




First change
[bookmark: _Toc44001147][bookmark: _Toc51580746][bookmark: _Toc52356009][bookmark: _Toc55227579][bookmark: _Toc74328842][bookmark: _Hlk90485240]11.1.1.11.2	Input parameters
	Parameter Name
	S
	Information Type / Legal Values
	Comment

	objectClass
	M
	See clause 11.1.1.7.2
	This parameter specifies the class name of the local root in the MIB

	objectInstance
	M
	See clause 11.1.1.7.2
	This parameter specifies the instance of the local root in the MIB

	notificationId
	M
	See clause 11.1.1.7.2
	See clause 11.1.1.7.2

	notificationType
	M
	const string “notifyMOIChanges”
	See clause 11.1.1.7.2

	eventTime
	M
	See clause 11.1.1.7.2
	See clause 11.1.1.7.2

	systemDN
	M
	See clause 11.1.1.7.2
	See clause 11.1.1.7.2

	mOIChanges
	M
	SEQUENCE OF SET {
  notificationId (M),
  correlatedNotifications (O),
  additionalText (O),
  sourceIndicator (O),
  path (M),
  operation (M),
  value (CM)
}
	This parameter describes the NRM updates to be reported.

The notificationId is an identifier of one MOI change.

The path specifies the MOI created or deleted, or the MOI with replaced attribute values. The path may also identify also an attribute or parts of an attribute in case the attribute is a structured data type.

[bookmark: _Hlk90482353]The operation specifies the type of operation that has been applied to the MOI specified by the path. It can have the values "CREATE", "DELETE" and "REPLACE". "CREATE" and "DELETE" refers to a MOI creation or deletion, respectively. "DELETE" may also refer to the deletion of an attribute or part of an attribute. "REPLACE" refers to the replacement of a complete attribute value of an existing MOI, or parts thereof in case the attribute is a structured data type.

When a MOI creation is reported, the value carries an (optional) complete MOI representation.

When a MOI deletion is reported, the value carries an (optional) complete MOI representation.

When the replacement of the value of one or more attributes of a MOI is reported, the value carries the MOI representation without the attributes not changed.

When the replacement of the value of a part of an attribute is reported, the value carries the new value of that part.

When arrays are modified (by e.g. adding an array item, removing an array item or replacing an array item) the complete array shall be included in value.

The reported MOI changes is an ordered list, since the creation of parent objects needs to be reported before the creation of child objects, and, vice versa, the deletion of child objects needs to be reported before the deletion of parent objects.




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

[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 YANG_Netconf 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.
Attributes set using YANG default values, but not explicitly set by the consumer, are also reported. This may be the result of an MOI creation, or deletion of an attribute (part).
"value" shall be mapped to a JSON snippet according to RFC 7951. 

Case 1: Creation of an MOI is reported with:
· operation: CREATE
· path: YANG Instance-identifier pointing to the list entry representing the MOI
· value: a complete MOI representation including the id attribute and any other attributes created starting with the "list" data node of the MOI encoded according to RFC7951.
[bookmark: _Hlk90495798]For example, the following instance of a "moiChanges" array item reports an object creation:
{
  "notificationId": 123456789,
  "path": "/me3gpp:ManagedElement[me3gpp:id='node3']/meas3gpp:PerfMetricJob[meas3gpp:id='job1']",
  "operation": "CREATE",
  "value": {
    "_3gpp-common-measurements:PerfMetricJob": [
       {
         "id": "job1",
         "attributes": {
           "jobId": "9865",
           "fileReportingPeriod": "30"
         }
       }
     ]
   }
}

[bookmark: _Hlk90482509]Case 2: Deletion of an MOI is reported with:
· operation: DELETE
· path: YANG Instance-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:
{
  "notificationId": 123456789,
  "path": "/me3gpp:ManagedElement[me3gpp:id='node3']/meas3gpp:PerfMetricJob[meas3gpp:id='job1']",
  "operation": "DELETE"
}

Case 3: Replacement of the value of one or more (complete) attributes of a MOI is reported as follows. This is applicable for attributes with a multiplicity “0..1”, “1”, or multiplicity greater than one. The operation removes all existing values and replaces them with the values provided in the “value” parameter:
· operation: REPLACE
· path: YANG Instance-identifier pointing to the list entry representing the MOI
· value: carries the MOI representation excluding unchanged attributes starting with "list" data node of the MOI encoded according to RFC7951. 
When creating or changing a multivalue attribute is reported (represented either by a YANG list or leaf-list), e.g. adding, removing, replacing or moving individual items, the complete multivalue attribute shall be included in value. When changing a multivalue attribute, attribute values not listed in "value" are deleted.
[bookmark: _Hlk90496379]For example, the following instance of a "moiChanges" array item reports creating the granularityPeriod attribute and changing the fileReportingPeriod attribute:
{
  "notificationId": 123456789,
  "path": "/me3gpp:ManagedElement[me3gpp:id='node3']/meas3gpp:PerfMetricJob[meas3gpp:id='job1']",
  "operation": "REPLACE",
  "value": {
    "_3gpp-common-measurements:PerfMetricJob": [
       {
         "id": "job1",
         "attributes": {
           "granularityPeriod": "30",
           "fileReportingPeriod": "90"
         }
       }
     ]
   } 
}

Case 4:  Deleting a complete attribute is reported with (removing all values of an attribute):
· operation: DELETE
· path: YANG Instance-identifier pointing to the attribute 
When deleting a multivalue attribute is reported (represented either by a YANG list or leaf-list), the last Xpath predicate(s) representing the leaf-list value or the key(s) to the list entries are omitted
· value: not present
For example, the following instance of a "moiChanges" array item reports deletion of all values in the objectInstances multivalue attribute:
{
  "notificationId": 123456789,
  "path": "/me3gpp:ManagedElement[me3gpp :id='node3']/meas3gpp:PerfMetricJob[meas3gpp:id='job1']/meas3gpp:attributes/meas3gpp:objectInstances",
  "operation": "DELETE"
}


Case 5: Creation or replacement of part of an attribute value reported as follows (only used for structured data types represented by a list or container in YANG) :
· operation: REPLACE
· path: YANG Instance-identifier pointing to the attribute part. For multivalue attributes the individual value shall be addressed. (Other individual values are unchanged.)
· value: carries value of the attribute part.This value will replace the complete value pointed by path, which might result in deletion of some sub-parts. 
[bookmark: _Hlk90496408]For example, the following instance of a "moiChanges" array item reports the change of the "hysteresis" sub-attribute of the multivalue attribute "thresholdInfoList":
{
[bookmark: _Hlk90498222]  "notificationId": 123456789,
  "path": "/me3gpp:ManagedElement[me3gpp :id='node3']/meas3gpp:ThresholdMonitor[meas3gpp:id='job1']/meas3gpp:attributes/meas3gpp:thresholdInfoList[meas3gpp:idx='thr1']/meas3gpp:hysteresis ",
  "operation": "REPLACE",
  "value": "191"
}

Case 6: Deleting part of an attribute value is reported as follows (only used for structured data types represented by a list or container in YANG):
· operation: DELETE
· path: YANG Instance-identifier pointing to the attribute or part of an attribute. For multivalue attributes the individual value shall be addressed. (Other individual values are unchanged.)
· value: not present
For example, the following instance of a "moiChanges" array item reports deletion of the "hysteresis" sub- attribute of the multivalue attribute "thresholdInfoList":
{
  "notificationId": 123456789,
  "path": "/me3gpp:ManagedElement[me3gpp :id='node3']/meas3gpp:ThresholdMonitor[id='job1']/meas3gpp:attributes/meas3gpp:thresholdInfoList[meas3gpp:idx='thr1']/meas3gpp:hysteresis ",
  "operation": "DELETE"
}


End of  changes

