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1. Introduction
Rel-16 has introduced the concepts of NF set and NF service sets, i.e. sets of functionally equivalent and inter-changeable NFs or NF service instances. The NFProfile and NFService data types were merely extended with NF Set ID and NF Service Set ID attributes. This pCR proposes a solution to the NRF APIs to reduce signalling overhead by using the NF (service) Set concepts.
2. Reason for Change
The existing concept of NF sets and NF service sets may be used to optimize NRF APIs
3. Conclusions
<Conclusion part (optional)>
4. Proposal
It is proposed to agree the following changes to 3GPP TR 29.831 v0.1.0.

* * * First Change * * * *
6.2	Solution#2: <S#2>Support of NF (Service) Set Profiles
6.2.1	Description
6.2.1.1	General
This solution is to address Key Issue #2: Support of NF (Service) Set Profiles.
This solution proposes optional optimizations to the Nnrf_NFManagement and Nnrf_NFDiscovery APIs to be controlled by a new feature "NF Set Profile Support". 
Consumers of the Nnrf_NFManagement service should discover the NRF's support of the new feature "NF Set Profile Support" using the HTTP OPTION method as already defined in 3GPP TS 29.510 [2] clause 5.2.2.2.2. 
Consumers of the Nnrf_NFDiscovery service shall indicate in discovery request messages whether they support the new feature "NF Set Profile Support".
This solution proposes two alternative options with regard to NF Set profile provisioning at the NRF:
A) NF Set profiles are registered at the NRF by any NF instance that belongs to the corresponding NF set.
B) NF Set profiles are configured at the NRF by OAM.
It is a PLMN operator choice to deploy option A) or B).
This solution proposes two alternatives with regard to NF discovery:
1) The NF Set profile is conveyed from NRF to the consumer within the discovery response message that conveys NF instance profiles which contain the corresponding NF Set Profile ID.
2) The NF Set profile is separately retrieved by the NRF consumer when needed.

6.2.1.2	NFManagement API Resources
This solution proposes to extend the NFManagement API with new resources "nf-set" allowing NF consumers to retrieve (applicable only for alternative 2, see clause 6.2.1.1) NF Profile Set information from the NRF. In addition (only for option A, see clause 6.2.1.1) the new resource "nf-set" allows NF consumers (i.e. NF instances belonging to an NF Set) to register NF Set profile information (i.e. profile information common to all NF instances belonging to the set) at the NRF using the PUT method. Modification of the resource's representation using PATCH and deletion of the resource using DELETE will also be supported.
Proposed modifications to the URI structure of the NFManagement API are shown in red in figure 6.2.1.2-1:



Figure 6.2.1.2-1
Proposed modifications to the Resource and Methods overview are shown in red in table 6.2.1.2-1:
	Resource name
	Resource URI
	HTTP method or custom operation
	Description

	nf-instances
(Store)
	/nf-instances
	GET
	Read a collection of NF Instances.


	
	
	OPTIONS
	Discover the communication options supported by the NRF for this resource.

	nf-instance
(Document)
	/nf-instances/{nfInstanceID}
	GET
	Read the profile of a given NF Instance.


	
	
	PUT
	Register in NRF a new NF Instance, or replace the profile of an existing NF Instance, by providing an NF profile.


	
	
	PATCH
	Modify the NF profile of an existing NF Instance.


	
	
	DELETE
	Deregister from NRF a given NF Instance.


	nf-set
(Document)
	/nf-sets/{nfSetID}
	GET
only for alternative 2
	Read the profile of a given NF Set.

	
	
	PUT
only for option A
	Register in NRF a new NF Set, or replace the profile of an existing NF Set, by providing an NF set profile.

	
	
	PATCH
only for option A
	Modify the NF set profile of an existing NF Set.

	
	
	DELETE
only for option A
	Deregister from NRF a given NF Set.

	subscriptions
(Collection)
	/subscriptions
	POST
	Creates a new subscription in NRF to newly registered NF Instances.


	subscription
(Document)
	/subscriptions/{subscriptionID}
	PATCH
	Updates an existing subscription in NRF.


	
	
	DELETE
	Deletes an existing subscription from NRF.


	Notification Callback
	{nfStatusNotificationUri}
	POST
	Notify about newly created NF Instances, or about changes of the profile of a given NF Instance.



Table 6.2.1.2-1

6.2.1.3	NF-Instance Registration
For option A, the NF-Set profile can be registered (is so needed) by any NF instance from the NF Set during NF-Instance registration as shown in figure 6.2.1.3-1. (It is assumed that all NF instances belonging to the same NF Set share some common data e.g. using UDSF. The NF-Set profile would be part of these common data.)
For option B, NF-Set profiles are configured at the NRF by OAM and need not be conveyed from the registering NF instance to the NRF.



Figure 6.2.1.3-1
1. NF instance of a particular NF set sends a PUT request to register the NF instance profile at the NRF by creating a resource with a URI representing the NF Instance ID. The variable nfInstanceID represents the identifier of the registering NF instance. The registering NF instance registers only its NF Set ID and NF instance specific attributes, and not the entire NFSet profile. 

2. On receipt of PUT request, if the NRF determines that there is no corresponding NF Set profile already registered (option A) or configured (option B) for the NF Set ID in the NRF, it replies with an error message 400 Bad Request (Problem details: missing NF Set Profile). 

However, this step and also steps 3, 4 and 5 are skipped if on receipt of PUT request in step 1, NRF determines that there is already a registered or configured NF Set profile for the NF Set ID of the registering NF instance, e.g. in case another NF instance belonging to the same NF set already registered to the NRF or the NF set profile was configured by OAM at the NRF i.e. as per the steps explained in 3 and 4.

3. In case NF instance receives error message in step 2, with details ‘missing NF Set Profile’, 
for option A: NF instance sends a PUT request to the NRF to register the NF Set Profile, by creating a resource representing the NF set profile with a URI identifying the NF set id e.g. …/nf-sets/{nfSetID} (NF Set Profile). For example, this may be the case if this is the first NF instance in this NF set registering to the NRF. 
for option B: NF instance reports an error to OAM, and the NF instance should retry registration with its full NF instance profile, i.e. not making use of the "NF Set Profile Support" feature.

4. On success, NRF replies with "201 Created". The payload body of the PUT response contains the representation of the created resource (NF set profile) and the "Location" header contains the URI of the created resource.

5. Same as 1.  

6. On success, NRF replies with "201 Created". The payload body of the PUT response contains the representation of the created resource (NF profile) and the "Location" header contains the URI of the created resource.

7. Other NF instance(s) of the particular NF set sends a PUT request to register its NF instance, as defined in step 1.

8. On success, in response to the above step 7, NF instance(s) of the particular NF set receives NRF replies with "201 Created". 

6.2.1.4	NF Discovery
6.2.1.4.1	Alternative 1
NF service consumer indicates "Set Profile support" in the NF discovery request in order for NRF to provide optimal response, including the NF Set profile. Figure 6.2.1.4.1-1 shows an example call flow. 


Figure 6.2.1.4.1-1: NF Discovery Request by NF Service Consumer supporting NF Set Profile

1. The NF Service Consumer sends GET request to the resource URI "nf-instances" collection resource. The input filter criteria for the discovery request are included in query parameters. It provides “Set Profile Support” indicating to the NRF that it supports the "NF Set Profile Support" feature. 

2. Based on the received input of “NF Set Profile Support”, the NRF determines that the NF service consumer supports NF set profiles and that requested NFInstance(s) belong to a particular NF Set e.g. NF Set 1.

3. On success, "200 OK" is returned. In its response, the NRF includes an array of NF Profile objects, that satisfy the search filter criteria e.g., all NF Instances offering a certain NF Service name, and additionally includes the NF Set Profile data. NRF does not provide NF Set profile attributes in each of the NF Instance Profile, but instead it indicates NF Set ID in each NF Instance profile.

6.2.1.4.2	Alternative 2
NF service consumer indicates "Set Profile support" in the NF discovery request in order for NRF to provide optimal response, but not including the NF Set profile.
Figure 6.2.1.4.2-1 shows an example call flow, where the NRF does not return the NF Set Profile data in the NF Discovery Response. If the NF consumer does not already have the NF Set Profile corresponding to the NF Set ID indicated in the returned NF profiles, the NF service consumer separately requests to get it from NRF.



Figure 6.2.1.4.2-1: NF Discovery Request by NF Service Consumer supporting NF Set Profile (variant)

1. Same as in Figure 6.2.1.4.1-1.

2. Same as in Figure 6.2.1.4.1-1. 

3. On success, "200 OK" is returned. In its response, the NRF includes an array of NF Profile objects, that satisfy the search filter criteria e.g., all NF Instances offering a certain NF Service name. NRF does not provide NF Set profile attributes in each of the NF Instance Profile, but instead it indicates NF Set ID in each NF Instance profile. Here (i.e. in this alternative approach) the NRF does not return the NF set profile (as it might already be available to the NRF consumer from previous requests).

4. On receipt of NRF response in step 3, NF Service consumer determines that it does not already have any stored information about NF Set 1 ID. 

5. NF Service consumer sends a request to get NF Set profile corresponding to NF Set 1 ID. As a further optimization retrieval of the NF Set profile and subscription to profile change notifications may be done with a single request (POST).

6. On success, "200 OK" is returned, along with NF Set 1 profile 


6.2.1.5	NF Set profile subscription
After having received the NF Set profile (see step 3 in figure 6.2.1.4-1 or step 6 in figure 6.2.1.4-2) the NF service consumer may want to subscribe to NF Set Profile Change Notifications, see figure 6.2.1.5-1.


figure 6.2.1.5-1
1. NF Service Consumer subscribes by sending a POST request to the resource URI representing the "subscriptions" collection resource, with subscription data identifying the NF status changes to be notified, e.g. identifying the need to notify NF status changes affecting the NF service producers of a given NF set.

2. On receipt of the request with NF Set profile support indication in step 1, NRF determines that NF service consumer supports NF set profiles and stores the subscription (including the indication that the subscribing NF supports NF set profiles).

3. On success, "201 Created" is returned to the NF Consumer. 

Note: NF Set Profile retrieval and subscription to change notifications can be optimized using a single request message (POST). See clause 6.2.1.4 step 5.
6.2.1.6	NF Set profile modification / deletion
Figure 6.2.1.6-1 describes the procedure to modify/delete the NF set profile of NF instances already registered in the NRF (only applicable for option A, see clause 6.2.1.1). Modification is done by providing the updated NF set profile to the NRF. The update operation may apply to the whole NF set profile i.e. complete replacement of the existing profile by a new profile using PUT, or it may apply only to a subset of the parameters of the NF set profile i.e. including adding/deleting/replacing attributes of the registered NF set profile using PATCH. Deletion is done by using DELETE. 

The procedure in figure 6.2.1.6-1 also enables the NRF to notify subscribed NF consumers supporting NF Set profiles of changes (modification or deletion) done to an NF set profile (applicable to both options A and B). 


figure 6.2.1.6-1 

1.	A NF instance from Set 1 performs an update / deletion of the NF Set Profile by sending a PATCH or PUT or DELETE request to the resource URI representing the NF set profile. For update, it provides the changes corresponding to the NF Set Profile.
2.	On success, "200 OK" or "204 No Content" is returned.
3.	Triggered by steps 1-2 (for option A) or by OAM provisioning (for option B) the NRF determines that it needs to send NFStatusNotify to subscribed NF Service Consumer(s) as shown in figure 6.2.1.5-1. 
4.	NRF sends NFStatusNotify to subscribed NF Service Consumer(s) (see clause 6.2.1.5) with changes to NF set profile data with update attributes / delete indication.

6.2.2	Impacts on services, entities and interfaces
NRF:
- Extend the Nnrf_NFManagement and Nnrf_NFDiscovery APIs with the new feature "NF Set Profile Support"
- Support a new resource "nf-set" and offer methods to NRF consumers to read and subscribe (only alternative 2), and (only option A) to register, modify, and delete the new resource.
- Support sending of change notifications to consumers having subscribed
- Mediate between supporting NF consumers registering (and modifying) NF SET profiles and non supporting NF consumers discovering (and subscribing) registered profiles.
NRF consumer:
- Support the new feature when consuming Nnrf_NFManagement or Nnrf_NFDiscovery services
- Register /Update / Delete NF Set Profile at the NRF when needed (only option A).
- Retrieve and subscribe to NF Set profiles
OAM procedures:
- Configuration impacts to enable provisioning of NF Set profiles at NF instances.
- Configuration impacts to enable provisioning of NF Set profiles at the NRF (option B only).

Description of <S#2> 
* * * End of Change * * * *
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