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1. Background
As specified in 3GPP TS 29.503, the Nudm_SDM API provides the functionalities of retrieving Session Management Subscription Data of the user, subscription on notification of changes on Session Management Subscription Data of the user. Unfortunately, it has been identified that there is some ambiguity on the specification of SM data subscription/notification. Furthermore, the modelling of SM subscription data and the subs-to-notify mechanism do not work very well with each other. This will be described in detail below.

Data modelling of SM subscription data
· As specified in clauses 6.1.3.8, 6.1.6.2.79 and 6.1.6.2.8, the SM subscription data of user is modelled as an array of "SessionManagementSubscriptionData", where each member of the array represents the SM data related to a specific SNSSAI.

· When retrieving the SM subscription data and subscribing to notification on SM data changes, the target resource is always identified by "…/{supi}/sm-data" and the SNSSAI information is provided in the query parameter (retrieval) or in other attribute of the JSON body (subscription to notification).

Subscription/Notification mechanism on SM subscription data changes
· Subscription: When NF consumer subscribes to notifications on SM subscription data changes, the "monitoredResourceUri" is always set to "…/{supi}/sm-data" and the SNSSAI of interest is included in the "singleNssai" attribute of the "SdmSubscription" data type.

· Notificaiton: When sending notification on changes of SM subscription data, the UDM uses "NotifyItem" data type as defined in TS 29.571 in the notification. For notifications on changes on SM subscription data, the "resourceId" attribute will always be set to "…/{supi}/sm-data". And the array of ChangeItem contains the attributes which have been changed and the target location within the resource on which the change has been applied. 
:
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Table 5.2.4.9-1: Definition of type NotifyItem
	Attribute name
	Data type
	P
	Cardinality
	Description
	Applicability

	resourceId
	Uri
	M
	1
	This IE contains the URI of the resource which has been changed.
	

	changes
	array(ChangeItem)
	M
	1..N
	This IE contains the changes which have been applied on the resource identified by the resourceId attribute.
See NOTE.
	

	NOTE:	There may be more than one way to express a given modification of a resource's representation. E.g. removing one attribute from an object can be done by
a) a change item with op set to "REMOVE" and path pointing to the attribute to be removed, or
b) a change item with op set to "REPLACE" and path pointing to the object, and a newValue of the object i.e. without the attribute that has been removed.
It is up to sending nodes decision to select one of the available ways to express the modification and the receiving node shall support all possible ways.
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Table 5.2.4.8-1: Definition of type ChangeItem
	Attribute name
	Data type
	P
	Cardinality
	Description
	Applicability

	op
	ChangeType
	M
	1
	This IE indicates the operation to be performed on the resource.
	

	path
	string
	M
	1
	This IE contains a JSON pointer value (as defined in IETF RFC 6901 [12]) that references a target location within the resource on which the change has been applied.
(See Note)
	

	from
	string
	C
	0..1
	This IE indicates the path of the source JSON element (according to JSON Pointer syntax) being moved or copied to the location indicated by the "path" attribute.
It shall be present if the "op" attribute is of value "MOVE".
	

	origValue
	Any type
	O
	0..1
	This IE indicates the original value at the target location within the resource specified in the path attribute. This attribute only applies when the "op" attribute is of value "REMOVE", "REPLACE" or "MOVE"
Based on the use case, this attribute may be included.
	

	newValue
	Any type
	C
	0..1
	This IE indicates a new value at the target location within the resource specified in the path attribute.
It shall be present if the "op" attribute is of value "ADD", "REPLACE".
The data type of this attribute shall be the same as the type of the resource on which the change has happened. The null value shall be allowed.
	

	NOTE:	As described in IETF RFC 6901 [12], the value "" (empty JSON string) is the JSON Pointer expression to represent "the whole JSON document"; therefore, when the attribute "path" takes value "" and attribute "op" takes values "ADD" or "REMOVE", this shall be interpreted as the creation or deletion respectively of the resource to which this "ChangeItem" refers to.




Observation-1: The SNSSAI of interest can be subscribed precisely by subscription mechanism, but the notification itself can not clearly identify the SNSSAI to which the SM subscription data has been changed. 

One possible way to obtain the SNSSAI information from notification message is through the path attribute value of "ChangeItem". But it has been identified that there is some ambiguity on the baseline of the notification due to the array data model and may cause some issues.

Given the SM data of the user in UDM/UDR:
[
  {
     "singleNssai": "snssai#1"
     "dnnConfigurations":{ <DNN configurations> }
     <other attributes>
},
  {
     "singleNssai": "snssai#2"
     "dnnConfigurations":{ <DNN configurations> }
     <other attributes>
},
  {
     "singleNssai": "snssai#3"
     "dnnConfigurations":{ <DNN configurations> }
     <other attributes>
}
]

Given the SM data of the user in NF consumer A which is retrieved from UDM:
[
  {
     "singleNssai": "snssai#1"
     "dnnConfigurations":{ <DNN configurations> }
     <other attributes>
},
  {
     "singleNssai": "snssai#3"
     "dnnConfigurations":{ <DNN configurations> }
     <other attributes>
}
]

If the NF consumer A has subscribed to notifications on SM data and receives a notification like:

{
  "notifyItems":[
    {
      "resourceId": "…/imsi-46000123456789/sm-data"
      "changes": [
          {
            "path": "/0/dnnConfigurations"
            <changes>
          }
      ]
    }
  ]
}


Issue-1: There is ambiguity on the baseline of the notification on SM subscription data changes. When subscribing to notifications on SM data changes, the NF consumer may provide specific SNSSAI and/or DNN information (see NOTE2 of table 6.1.6.2.3-1 in TS 29.503), if SNSSAI/DNN is provided the UDM will send notifications only when there are changes subject to the specific SNSSAI/DNN, otherwise UDM will send notifications on any changes of the SM data. However, it is not crystal clear which is the "baseline" of the notification in the above two cases. 

Then how to interpret this notification in the following two cases:
Case1: the NF consumer A did not include singleNssai in the previous subscription request.
Case2: the NF consumer A included "singleNssai:snssai#3" in the previous subscription request.
Whether it mean the changes happened on snssai#1 or snssai#3 in these two cases respectively?


[bookmark: OLE_LINK3]Issue-2: There is ambiguity on the array number appeared in the path value due to some reasons. For example, the consistency of the orders of array members in the retrieved resource and in the notification. Different NF instance may have different array number which represent to the same SNSSAI. 
For the data modelling using array, there is a common issue about the consistency of the orders of array members in the retrieved resource and in the notification. 
A. [bookmark: OLE_LINK1]This is more problematic for SM subscription data since there may be stateless UDM in between of UDR and SMF, the UDM instance handling the data retrieval may use different order of array members than the UDM instance handling the notification.
B. According to the example above, in case the NF consumer A included "singleNssai:snssai#3" in the subscription request. How will the UDM construct the path attribute and send to the NF consumber. Whether it should be "/2/dnnConfigurations" or "/1/dnnConfigurations". How to interpret this notification by the NF consumer A? 

Issue-3: The scope of the changed data may be incorrectly extended to the entire sm-data. As the NOTE above in table 5.2.4.8-1, when the attribute "path" takes value "" and attribute "op" takes values "ADD" or "REMOVE", this shall be interpreted as the creation or deletion respectively of the resource to which this "ChangeItem" refers to. It is not crystal clear how to handle with such notification by the NF consumer when subscribing to notifications on SM data of a specific SNSSAI changes. It may cause unexpected error handling in the following example case: 
· 1. NF consumer A included "singleNssai:snssai#3" in the subscription request. 
· 2. Some changes happened within this specific SNSSAI and the NF consumer received the notification with path set to "".
Then how to interpret this notification in NF consumer A? The deletion may be wrongly applied according to the NOTE since the "resourceId" attribute will always be set to "…/{supi}/sm-data".

Observation-2: The path value is not sufficient enough to specify the SNSSAI to which the SM subscription data has been changed. Such ambiguity may cause several issues on notification interpretation.


2. Discussion

2.1 As illustrated above, it’s obviously that the existing Subscription/Notification mechanism on SM subscription data changes cannot identify the SNSSAI to which the SM subscription data changes applied and may cause issues. So, here list three possible solutions: 

Solution-1: Add a new SM subscription data with map data model. Then each member of the represents SM data related to a specific SNSSAI is key value pair which can be uniquely identified.

[bookmark: _Toc130814366]6.1.6.2.79	Type: SmSubsData
Table 6.1.6.2.79-1: Definition of type SmSubsData as a list of alternatives
	Data type
	Cardinality
	Description
	Applicability

	array(SessionManagementSubscriptionData)
	1..N
	Individual Session Management Subscription Data.
	

	map(SessionManagementSubscriptionData)
	1..N
	Individual Session Management Subscription Data.
	

	ExtendedSmSubsData
	1
	Extended Session Management Subscription Data.
	SharedSmSubsData



[bookmark: _Toc138333497]6.1.6.2.80	Type: ExtendedSmSubsData
Table 6.1.6.2.80-1: Definition of type ExtendedSmSubsData
	Attribute name
	Data type
	P
	Cardinality
	Description
	Applicability

	individualSmSubsData
	array(SessionManagementSubscriptionData)
	O
	1..N
	individual Session Management Subscription Data
(NOTE 1)
	SharedSmSubsData

	individualSmSubsDataMap
	map(SessionManagementSubscriptionData)
	O
	1..N
	individual Session Management Subscription Data.
(NOTE 1)
	SmSubsDataMap, SharedSmSubsData

	sharedSmSubsDataIds
	array(SharedDataId)
	M
	1..N
	Identifier of shared data 
	SharedSmSubsData

	NOTE 1:	A given UE-individual SessionManagementSubscriptionData (within individualSmSubsData or individualSmSubsDataMap) may clash with a shared SessionManagementSubscriptionData (i.e. both have the same singleNssai value). In this case the clashing attributes of the UE-individual SessionManagementSubscriptionData take precedence unless treatment instructions indicate otherwise.




[bookmark: OLE_LINK2]Solution-2: Include the singleNssai attribute to notification on SM subscription data changes if the singleNssai IE is presented in the corresponding subscription.
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Table 6.1.6.2.21-1: Definition of type ModificationNotification
	Attribute name
	Data type
	P
	Cardinality
	Description

	notifyItems
	array(NotifyItem)
	M
	1..N
	

	subscriptionId
	string
	C
	0..1
	A UDM complying with this release of the specification shall include the Subscription ID that was allocated by the UDM when the subscribe request was received. It may be used by the consumer of the UDM to correlate the received notification with the active subscription.

	singleNssai
	Snssai
	O
	0..1
	A UDM complying with this release of the specification shall include the subscribed SNSSAI when the NSSAI is received in the corresponding subscription request. It may be used by the consumer of the UDM to identify the SNSSAI to which the SM subscription data changes applied.



Solution 3: Include the singleNssai attribute to each ChangeItem and identify to which SNSSAI the resource changes applied.
5.2.4.8	Type ChangeItem
Table 5.2.4.8-1: Definition of type ChangeItem
	Attribute name
	Data type
	P
	Cardinality
	Description
	Applicability

	op
	ChangeType
	M
	1
	This IE indicates the operation to be performed on the resource.
	

	path
	string
	M
	1
	This IE contains a JSON pointer value (as defined in IETF RFC 6901 [12]) that references a target location within the resource on which the change has been applied.
(See Note)
	

	from
	string
	C
	0..1
	This IE indicates the path of the source JSON element (according to JSON Pointer syntax) being moved or copied to the location indicated by the "path" attribute.
It shall be present if the "op" attribute is of value "MOVE".
	

	origValue
	Any type
	O
	0..1
	This IE indicates the original value at the target location within the resource specified in the path attribute. This attribute only applies when the "op" attribute is of value "REMOVE", "REPLACE" or "MOVE"
Based on the use case, this attribute may be included.
	

	newValue
	Any type
	C
	0..1
	This IE indicates a new value at the target location within the resource specified in the path attribute.
It shall be present if the "op" attribute is of value "ADD", "REPLACE".
The data type of this attribute shall be the same as the type of the resource on which the change has happened. The null value shall be allowed.
	

	singleNssai
	Snssai
	O
	0..1
	This IE shall be present when the changed resource is the SM subscription data. It may used by the consumer of UDM to identify the SNSSAI to which the SM subscription data changes applied. 
	

	NOTE:	As described in IETF RFC 6901 [12], the value "" (empty JSON string) is the JSON Pointer expression to represent "the whole JSON document"; therefore, when the attribute "path" takes value "" and attribute "op" takes values "ADD" or "REMOVE", this shall be interpreted as the creation or deletion respectively of the resource to which this "ChangeItem" refers to.




Evaluation to solution 1: The solution 1 may cause backwards compatibility issues. But maybe there are several ways to address this problem:
-	make use of the supported feature mechanism, e.g., send map instead of array only when a new feature is supported by consumer and provider.
-	always send both map and array. But this may still lead to interoperable issues when the NF consumer is in Rel-15/Rel-16 and only supports to receive the array data type.
Evaluation to solution 2: It is clearly identified the SNSSAI to which the SM subscription data has been changed in case the "singleNssai" is included in the corresponding subscription. But if "singleNssai" is not included in the subscription, it still cannot clearly identify the SNSSAI due to the inconsistency order of array members in the retrieved resource and in the notification.
Evaluation to solution 3: It is clearly identified the SNSSAI to which the SM subscription data has been changed no matter the "singleNssai" is included in the corresponding subscription or not. But changeItem is a generalised data type defined in 29.571, and solution #3 does change the changeItem data type from a general-purpose type to something that may be more specific.


So, solution #1 with additional method is proposed to be the way forward.


3. Proposals
It is proposed to clarify the issues and the possible solution in clause 2.1 in the specification. See CRs in C4-233244 for solution 1, C4-233245 for solution 2, C4-233246 for solution 3.
