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Abstract of the contribution: This paper proposes to update the solution #12 by modifying the NWDAF profile for NRF registration and discovery to support inter-NWDAF instance cooperation.

[bookmark: _Hlk514274591]1		Introduction
In order to support scalable system for handling 5G network analytics, alternative deployment options with multiple NWDAF instances in the single PLMN were introduced and are being studied in Rel-17. In order to support the deployment options, KI#1, #2, and #11 of FS_eNA_Ph2 were derived, and the Solution #12 "Support for NWDAF interactions within SBA framework" was proposed to deal with these key issues.
The Solution #12 provides the NWDAF instance registration and discovery mechanisms via NRF to support inter-NWDAF instance cooperation. The current solution exploits NF Profile with an additional parameter, i.e., the list of NF IDs for target NFs co-located (or associated) with a NWDAF instance. This information is maintained by NRF in run-time so that a NWDAF instance may discover the other NWDAF instance(s) to collect analytics information of target NF(s) from them.
This paper proposes to further update the solution #12 by modifying the NWDAF profile with additional parameters other than a list of NFs to support registration and discovery of a NWDAF instance with its split functional capabilities (as per KI#1) and/or its association (or co-located) target (as per KI#2).

2	Discussion
[bookmark: _Hlk520730635]In TR 23.700-91 v0.4.0, there are several solutions addressing KI#1 and KI#2 with different approaches. The main ideas of the approaches can be categorized as follows:
· Logical decomposition of NWDAF to data collection (e.g., DCCF, DCNF), data storage (e.g., DSRF, NWDAFdsf), and model provisioning/training other than analytics data generation.
These split functionalities can be deployed in a separate NF per each, where it introduces new NFs and services defined in 5GC. In the other way, they can be deployed in a separate NWDAF service per each, where it does not incur any changes to 5GC architecture so that it could minimize impact to the Rel-16 systems. 
At the latter case, a NWDAF instance may register itself to NRF with specifying its services supported (e.g., data collection, data storage, and model provisioning/training) so that a NWDAF instance may discover the other NWDAF instance(s) which provide the expected NWDAF services by contacting NRF and interact with them.
· Support for interactions of multiple NWDAF instances associated (or co-located) with different target entities (e.g., NFs, NF sets, UEs) in a distributed manner or a hierarchical manner.
No matter how the multiple NWDAF instances are organized, there needs a means to discover a NWDAF instance which is associated (or co-located) with a target entity specified. While a NWDAF instance may manage the registration (or configuration) of association information of the other NWDAF instances, it may cause extra burden and new NWDAF services defined to maintain the association information. 
As an alternative way, NRF may be exploited by specifying the association information in the NF profile so that a NWDAF instance can register itself or discover the others with the associated target entities.
For example, assuming that NWDAF-2 (associated={NF1, NF2}), NWDAF-3 (associated={NF3}) are registered in NRF and NWDAF-1 can provide analytics data of {NF1, NF2, NF3} as an aggregation point by discovering NWDAF-2 and NWDAF-3 with NRF and interacting with them. Then NWDAF-1 (associated={NF1, NF2, NF3}) can be registered in NRF. At this case, a NF consumer (including NWDAF) may discover and interact with NWDAF-1 to obtain analytics data of {NF1, NF2, NF3}. 
Note that this approach does not preclude hierarchical management of NWDAF instances: how to manage the hierarchy of the NWDAF instances is up to the consumer NWDAF instance (NWDAF-1 in the example above) at this stage. NRF may support the hierarchical management of NWDAF instances with additional parameters in NWDAF profile (e.g., AP_ID of Solution #14) but FFS.
Based on the discussion above, the following design principle is derived:
· In 5GC, multiple NWDAF instances may be deployed and cooperate with each other.
· Each NWDAF instance may provide the following:
· a different set of NWDAF services (e.g., data analytics, data collection, data storage, model provisioning/training) to support the logical decomposition of NWDAF functionalities. (as per KI#1)
· a different set of analytics information associated with a specific slice, NFs, NF sets, serving areas, etc. (as per KI#2)
· Each NWDAF instance needs to register itself to NRF with its NWDAF profile (i.e., NWDAF-specific NF profile) to publish its supported services and associated target entities.
· A NWDAF instance (or a NF consumer) may discover the other NWDAF instance(s) by contacting NRF with specifying the NWDAF profile.
Based on this principle, this paper proposes to update the solution #12 by modifying the NWDAF profile for NRF registration and discovery to support inter-NWDAF instance cooperation.

3		Proposal
It is proposed to modify the Solution #12 of TR 23.700-91 v0.4.0 as follows.

1st CHANGE
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This solution addresses KI#2, KI#11 by utilizing the SBA framework to support the interactions among multiple NWDAF instances in an efficient manner of data collection with their cooperation. 
This solution is based on the following design principle or assumption:
· In 5GC, multiple NWDAF instances may be deployed and cooperate with each other.
· Each NWDAF instance may provide the following:
· a different set of NWDAF services (e.g., data analytics, data collection, data storage, model provisioning/training) to support the logical decomposition of NWDAF functionalities. (as per KI#1)
· a different set of analytics information associated with a specific slice, NFs, NF sets, serving areas, etc. (as per KI#2)
· Each NWDAF instance needs to register itself to NRF with its NWDAF profile (i.e., NWDAF-specific NF profile) to publish its supported services and associated target entities.
· A NWDAF instance (or a NF consumer) may discover the other NWDAF instance(s) by contacting NRF with specifying the NWDAF profile.
This solution provides the following functionalities to support the principle aforementioned:
· Registration of NWDAF's services supported: An NWDAF instance registers itself to NRF with its supported services (e.g., data analytics, data collection, data storage, model provisioning/training)
· Registration of NWDAF's target entity information: An NWDAF instance registers itself to NRF with additional information about the target entities (i.ee.g.,., NF(s), NF set(s)) currently associated. 
· 
For the registration of NWDAF's services supported, the NWDAF instance needs to publish its relevant services supported for data analytics including data collection and data storage as studied in Rel-17 using the 'Names of supported services' parameter of NF profile.
For the registration of NWDAF's target entity information, the NWDAF instance needs to keep the target entity information updated in NRF at run-time. Using this information, the other NWDAF instances may reduce the data collection operations for the same target entities by aggregating the analytics already being processed that is discovered from NRF.

To support the registration and discovery of multiple NWDAF instances 's target entity informationfor their cooperation, the each NWDAF instance needs to register itself with the following parameters of NF profile in Nnrf_NFManagement_NFRegister/NFUpdate:
· NWDAF profile:
· -	S-NSSAI, Analytics ID(s), NWDAF Serving Area information as specified in Rel-16,
· Names of supported services (e.g., for data analytics, data collection, data storage, model provisioning/training).
· -	additionally in Rel-17, list of NF IDs, for target NFs co-located (or associated) with the NWDAF instance
· any other target entity information currently associated (or co-located) with the NWDAF instance (e.g., list of NF Set ID),
· 
Note: the list and detailed information of supported NWDAF services and associated target entities may vary depending on the conclusion of the corresponding solutions.
Note that the NWDAF instance needs to update its registration information in NRF by invoking Nnrf_NFManagement_NFUpdate as per change of supported services and target entitiesy for analytics associated being currently performed.
The following figure illustrates an example of the NWDAF interactions for analytics data aggregation from multiple NWDAF instances associated with different NFs.




Figure 6.12.1.1-1: NWDAF interactions for analytics data aggregation
The following figure illustrates an example of NWDAF interactions where each NWDAF instance provides different service and associated target entities.



Figure 6.12.1.1-2: NWDAF interactions with functionality decomposition

Editor's note:	It is FFS to support the indirect communication among NWDAF instances (i.e., via SCP) for analytics data aggregation.
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Editor's note:	It is FFS for NRF to maintain more of NWDAF's analytics target entities, e.g., range of SUPIs for a group of UEs.
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The following figure presents an example procedure of NWDAF interactions for analytics data aggregation for multiple NFs exploiting the NWDAF's target entity information registered in NRF.


Figure 6.12.1.2-1: An example procedure for NWDAF registration and interactions for analytics data aggregation
1-2.	NWDAF-2 registers itself to NRF with its serving Analytics ID(s), TAI(s). NWDAF-2 also registers the NF-2 which is its analytics target currently being monitored.
3-4.	NWDAF-3 registers itself to NRF with its serving Analytics ID(s), TAI(s). NWDAF-3 also registers the NF-3 which is its analytics target currently being monitored.
5.	NWDAF-14, which is an analytics consumer for NF-2 and NF-3, discovers the other NWDAF instance(s) which are currently performing the analytics of NF-2 and NF-3 by contacting NRF.
6.	NRF responds with NWDAF-2 for NF-2 and NWDAF-3 for NF-3.
7-8.	NWDAF-14 invokes a request or a subscription to NWDAF-2 to obtain the analytics data of NF-2.
9-10.	NWDAF-14 invokes a request or a subscription to NWDAF-3 to obtain the analytics data of NF-3.
11.	NWDAF-14 aggregates the collected analytics data. It may consume the data or forward it further to the other consumer.

The following figure presents an example procedure of NWDAF interactions for an NWDAF instance providing data analytics functionality to collect data from the other NWDAF instances providing data collection functionality by exploiting the NWDAF's supported services registered in NRF.


Figure 6.12.1.2-2: An example procedure for NWDAF registration and interactions with functionality decomposition
1-2.	NWDAF-2 registers itself to NRF specifying NWDAF profile with 'data collection' as its supported service and 'NF-2' as its associated target entity.
3-4.	NWDAF-3 registers itself to NRF specifying NWDAF profile with 'data collection' as its supported service and 'NF-3' as its associated target entity.
5.	NWDAF-1, which provides data analytics service, discovers the other NWDAF instance(s) which are available for collecting data of NF-2 and NF-3 by contacting NRF.
6.	NRF responds with NWDAF-2 for NF-2 and NWDAF-3 for NF-3.
7-8.	NWDAF-1 invokes a request or a subscription to NWDAF-2 to obtain the data of NF-2.
9-10.	NWDAF-1 invokes a request or a subscription to NWDAF-3 to obtain the data of NF-3.
11.	NWDAF-1 generates analytics data with the data collected. It may consume the data or forward it further to the other consumer.
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NWDAF: 
-	needs an extension to NF registration and update operations to NRF
-	needs an extension to NF discovery operations for the other NWDAF instances
-	needs an additional capability for aggregation of analytics data and collecting data from other NWDAF instances
NRF: 
-	needs an extension to NF registration and discovery service interfaces with additional parameters of NWDAF profilefor registration of NWDAF's target entity information

END OF CHANGES
1

image1.emf
NWDAF-2

NWDAF-1 NRF

NWDAF-3

NF-2

NF-3

collecting

NF data

collecting

NF data

register-update:

- associated target (NF-2) 

register-update:

- associated target (NF-3) 

NWDAF 

discovery

providing

analytics

collecting

analytics info

collecting

analytics info


Microsoft_Visio_Drawing.vsdx
NWDAF-2
NWDAF-1
NRF
NWDAF-3
NF-2
NF-3
collecting NF data
collecting NF data
register-update:
- associated target (NF-2)
register-update:
- associated target (NF-3)  
NWDAF  discovery
providing analytics
collecting analytics info
collecting analytics info



image2.emf
NWDAF-2

NWDAF-1 NRF

NWDAF-1

NF-2

NF-3

collecting

NF data

collecting

NF data

analytics target (NF-2) 

register-update

analytics target (NF-3) 

register-update

NWDAF 

discovery

providing

analytics

collecting

analytics info

collecting

analytics info


Microsoft_Visio_Drawing1.vsdx

image3.emf
NWDAF-2

NWDAF-1

NRF

NWDAF-3

NF-2

NF-3

collecting

NF data

collecting

NF data

register-update:

- service (data collection)

- associated target (NF-2) 

NWDAF 

discovery

providing

analytics

collecting

NF-3 data

collecting

NF-2 data

data collection

data collection

data analytics

register-update:

- service (data collection)

- associated target (NF-3) 


Microsoft_Visio_Drawing2.vsdx
NWDAF-2
NWDAF-1
NRF
NWDAF-3
NF-2
NF-3
collecting NF data
collecting NF data
register-update:
- service (data collection)
- associated target (NF-2)
NWDAF  discovery
providing analytics
collecting NF-3 data
collecting NF-2 data
data collection
data collection
data analytics
register-update:
- service (data collection)
- associated target (NF-3)



image4.emf
NWDAF-1

(Consumer)

NRF

NWDAF-2

(Producer)

NWDAF-3

(Producer)

1. NF Registration request (Analytics 

ID(s), TAI(s), target=NF-2)

2. NF Registration response

3. NF Registration request 

(Analytics ID(s), TAI(s), target=NF-3)

4. NF Registration response

5. NF Discovery request 

(Analytics ID(s), TAI(s), target={NF-2, NF-3})

6. NF Discovery response

7. Analytics request / subscription

(Analytics ID, target=NF-2)

8. Analytics response / notification

9. Analytics request / subscription

(Analytics ID, target=NF-3)

10. Analytics response / notification

11. Analytics data aggregation


Microsoft_Visio_Drawing3.vsdx

image5.emf
NWDAF-1

(data analytics)

NRF

NWDAF-2

(data collection)

NWDAF-3

(data collection)

1. NF Registration request 

(service=collection, target=NF-2)

2. NF Registration response

3. NF Registration request 

(service=collection, target=NF-3)

4. NF Registration response

5. NF Discovery request 

(service=collection, target={NF-2, NF-3})

6. NF Discovery response

7. Data request / subscription

(Event ID(s), target=NF-2)

8. Data response / notification

9. Data request / subscription

(Event ID(s), target=NF-3)

10. Data response / notification

11. Analytics data generation


Microsoft_Visio_Drawing4.vsdx
NWDAF-1 (data analytics)
NRF
NWDAF-2 (data collection)
NWDAF-3 (data collection)
1. NF Registration request (service=collection, target=NF-2)
2. NF Registration response
3. NF Registration request  (service=collection, target=NF-3)
4. NF Registration response
5. NF Discovery request  (service=collection, target={NF-2, NF-3})
6. NF Discovery response
7. Data request / subscription (Event ID(s), target=NF-2)
8. Data response / notification
9. Data request / subscription (Event ID(s), target=NF-3)
10. Data response / notification
11. Analytics data generation



