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Abstract: This contribution proposes a solution to Key Issue #2: Multiple NWDAF instances considering the interaction modes among NWDAFs required for the generation of analytics IDs requested for large areas.
1. Discussion
TR 23.700-91 defines KI#2 on the investigation of the support to multiple NWDAFs. Some of the issues to be studied include:

-
Study scenarios where deployment of multiple NWDAFs (or NWDAF instances) is beneficial.

-
Study whether there is a need for architectural and functional changes for the support of multiple NWDAF Instances in one PLMN, including hierarchies, roles and inter-NWDAF instance cooperation.

-
Do the current analytics types, input/output data analytics and / or procedures covered by eNA (Rel-16) require any enhancements/extensions?

-
Study whether data collection and/or analytics generation can be enhanced in multiple NWDAFs case, e.g. whether NWDAFs can cooperate with each other. If yes, study how to achieve a specific data collection and/or analytics generation target (e.g. for specific target UEs or specific area of interest) with multiple NWDAFs.
-
Study any interactions between multiple NWDAFs across multiple slices and how they can be optimized to avoid unnecessary signalling.

This contribution focus on the aspects of enhancements of analytics generation requiring considering multiple NWDAFs. Consumers of analytics IDs might require analytics generation spanning multiple NWDAFs. One example of such case is AF requesting analytics IDs via NEF. As defined in TS 23.288, NEF translates any area of interest information indicate by an AF into the area of interest information understood by the operators network and find the proper NWDAF instance. 

In this situation, multiple NWDAFs might be required for the generation of the same analytics ID required by the AF. 
In this contribution, we identify possible alternatives of NWDAFs interactions also taking into account that such NWDAFs might be organized in an hierarchical deployment as illustrated in the Figure 1. 
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Figure 1  An example of deployment of hierarchical multiple NWDAF instances
The benefit of organizing NWDAFs based on a hierarchical model is to:

· Support NF consumers to identify the proper NWDAF able to generate the proper analytics ID without having to handle the issues of subscribing to multiple NWDAFs as well as keeping compatibility with the definitions of NWDAF discovery and selection defined in R16 (TS 23.501 Clause 6.3.13). 
· Keeping internal mechanisms of multiple NWDAFs interactions transparent for the consumer of analytics. 

Our proposal assumes:

· NWDAFs in higher level are configured to support the same Analytics Ids of the NWDAFs in the lower levels below them.

· When a consumer need to discover the proper NWDAF to subscribe/request the analytics ID, NRF will return the lowest NWDAF in the hierarchy that can support the requested Analytics IDs. This way, the consumer of the analytics interacts only with one NWDAF instance even if the analytics ID for the requested area of interest is related to multiple NWDAFs. 

· Consumers of Analytics IDs can subscribe/request to NWDAFs services at any level of the hierarchy as long as such NWDAFs was identified as the proper NWDAF (via NRF discovery) to provide the analytics ID.  

· There exist 4 Analytics Output Generation (AOG) interaction modes for NWDAFs to interact with each other in order to provide an analytics ID that requires multiple NWDAFs involvement.

· The usage of the AOG mode to be used for analytics generation can be either configured or indicated by the consumer of the analytics ID.  

The Analytics Output Generation interaction modes are:

· Mode #1 - Generation based on Plain Collected Data
· Mode #2 – Generation based on Aggregated Collected Data 

· Mode #3 - Composed/Aggregated Analytics ID
· Mode #4 – Mixed Collected Data

Interaction Mode#1: Generation based on Plain Collected Data
The analytics ID generation is performed by the NWDAF that received the NF consumer request. NWDAF generates such analytics ID based on the collected data from lower level NWDAFs (e.g., in other NWDAFs instances in the hierarch co-located NWDAFs with NFs) and/or NFs related to the requested area by the consumer of the analytics.

Interaction Mode#2: Generation based on Aggregated Collected Data

The analytics ID generation is performed at the NWDAF that received the NF consumer request. NWDAF generates such analytics ID based on aggregated data from lower NWDAF levels and/or collected data from NFs. The data types requested to the lower levels are of the same type of the input data required for the analytics ID. However, the lower levels of NWDAF process or aggregate the data samples, for instance, aggregated (avr, max, min), instead of sending every collected sample for the data type at the lower NWDAFs levels.

Interaction Mode#3: Composed/Aggregated Analytics ID
The analytics ID generation is a result of the composition of multiple analytics outputs of the NWDAFs for the area of interested required by the consumer of the analytics ID. The NWDAF that received the consumer request is the upper NWDAF in the hierarch that can coordinate with the lower level NWDAFs covering the required areas. The upper NWDAFs is responsible for subscribing to all NWDAFs involved in the process of generation of the request analytics, receive the multiple analytics outputs from the NWDAFs and compose, i.e, aggregate the multiple analytics outputs into a single analytics output to be sent to the consumer that requested the analytics ID. 

Interaction Mode#4: Mixed Collected Data

The analytics ID generation is performed by the NWDAF that received the request/subscription from a consumer of analytics. The NWDAF generates such analytics based on information collected from lower level NWDAFs via plain data collected data request (Mode #1), and/or aggregated collected data requests (Mode #2).
2. Text Proposal

It is proposed the following changes to TR 23.700-91 [2].
1st change of TR 23.700-91
6.0
Mapping Solutions to Key Issues

Table 6.0-1: Mapping of Solutions to Key Issues
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2nd change of TR 23.700-91
6.X
Solution for Key Issue #2: Alternatives for Interactions among Hierarchical NWDAFs

6.X.1
Description

As defines by TS 23.288, there exist cases where multiple NWDAFs can be deployed in the network. Such NWDAFs could either provide the same analytics ID or to provide different analytics IDs. Operators thus, need to organize their multiple NWDAFs with supported analytics ID, in such a way that consumers of analytics are able to identify the proper NWDAF instance that can provide such analytics. 

In addition, there exist cases in which the analytics output required by the consumer, might require the involvement of multiple NWDAFs. This is the case, for instance, of AF requesting analytics IDs via NEF. As defined in TS 23.288, NEF translates any area of interest information indicate by an AF into the area of interest information understood by the operators network and find the proper NWDAF instance.

6.X.1.1
General

This solution proposes the organization of NWDAFs based on a hierarchical model to support NF consumers to identify the proper NWDAF able to generate the proper analytics ID without having to handle the issues of subscribing to multiple NWDAFs. This way, the internal mechanisms of the NWDAFs becomes transparent for the consumer of analytics. 

This proposal assumes:

-
NWDAFs in higher level are configured to support the same Analytics Ids of the NWDAFs in the lower levels below them.

-
The same procedure and information defined in TS 23.501 Clause 6.3.13 is used by a consumer that needs to discover the proper NWDAF to subscribe/request the analytics ID. NRF will return the best matching NWDAF in the hierarchy that can support the requested Analytics IDs. This way, the consumer of the analytics interacts only with one NWDAF instance even if the analytics ID for the requested area of interest is related to multiple NWDAFs. 

-
NRF relies on the analytics ID and NWDAF serving area exposed by NWDAF (as per TS 23.501 Clause 6.3.13) to determine the proper NWDAF to be returned to an analytics consumer searching for an NWDAF instance. 

-
Consumers of Analytics IDs can subscribe/request to NWDAFs services at any level of the hierarchy as long as such NWDAFs was identified as the proper NWDAF (via NRF discovery) to provide the analytics ID.  

-
The lower level NWDAFs are co-located with NFs. 

-
There exist Analytics Output Generation (AOG) modes for NWDAFs to interact with each other in order to provide an analytics ID that requires multiple NWDAFs involvement.

-
The usage of the AOG mode to be used for analytics generation can be either configured or indicated by the consumer of the analytics ID. If the consumer requests an AOG not supported by an NWDAF instance, the request will be rejected. 
Editor’s Note: It is FFS how an NWDAF identifies dynamically other NWDAFs in the levels of the hierarchy. 
Editor’s Note: It is FFS to study how to coordinate the use of a determined AOG mode among the multiple NWDAFs.
The Analytics Output Generation interaction modes are:
-
Mode #1 - Generation based on Plain Collected Data 

-
Mode #2 – Generation based on Aggregated Collected Data 

-
Mode #3 - Composed/Aggregated Analytics ID
-
Mode #4 – Mixed
6.X.1.2
Procedures

6.X.1.2.1
Interaction Mode#1: Generation based on Plain Collected Data
The analytics ID generation is performed by the NWDAF that received the NF consumer request. NWDAF generates such analytics ID based on the collected data from lower level NWDAFs (e.g., in other NWDAFs instances in the hierarch co-located NWDAFs with NFs) and/or NFs related to the requested area by the consumer of the analytics.

NOTE:
For simplicity the figure shows only the case when the proper NWDAF identified by NRF is the Top Level NWDAF. However, a consumer can interact directly with any NWDAF of the hierarchy as long as such NWDAF is the proper NWDAF identified by NRF. 
Editor’s Note: It is FFS to decide whether the AOG should be included in the subscription/request to analytics ID. 
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Figure 6.x.1.2.1-1: Procedures for analytics generation based on Interaction Mode #1
0. Consumer of NWDAF analytics interacts with NRF to discover the proper NWDAF instance covering the requested area of the analytics ID to be requested. 

1. Consumer of NWDAF analytics subscribe to the identified NWDAF.

2. If NWDAF does not has the data necessary for generating the requested analytics ID, NWDAF request to the NWDAFs of the lower layers responsible for the areas of the requested analytics ID, the collection of the missing data for the analytics generation. 

3. (a,b) The process of requesting collected data from upper levels of NWDAF is recursively performed (if the NWDAF does not has the data in its area required in the received request from an upper level NWDAF) until reaching the lower level NWDAFs or middle NWDAFs that directly collect from NFs/OAM. 

4. The NWDAFs co-located with 5GC NF in lower levels as well as NF/OAM send their respective collected data to the upper level NWDAF 

5. If there are several middle layer, each NWDAF in a middle layer that receive a request from an upper layer will send the information.

6. The NWDAF that received the request from the consumer will receive all the collected data necessary for the analytics calculation and will generate the analytics based on such collected data

7. NWDAF that received the request for analytics generation notifies the consumer of such analytics. 
6.X.1.2.2
Interaction Mode#2: Generation based on Aggregated Collected Data
The analytics ID generation is performed at the NWDAF that received the NF consumer request. NWDAF generates such analytics ID based on aggregated data from lower NWDAF levels. The data types requested to the lower levels are of the same type of the input data required for the analytics ID. However, the lower levels of NWDAF process or aggregate the data samples, for instance, aggregated (avr, max, min), instead of sending every collected sample for the data type at the lower NWDAFs levels.

NOTE: 
For simplicity the figure shows only the case when the proper NWDAF identified by NRF is the Top Level NWDAF. However, a consumer can interact directly with any NWDAF of the hierarchy as long as such NWDAF is the proper NWDAF identified by NRF. 
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Figure 6.X.1.2.2-1: Procedures for analytics generation based on Interaction Mode #2

0. Consumer of NWDAF analytics interacts with NRF to discover the proper NWDAF instance covering the requested area of the analytics ID to be requested. 

1. Consumer of NWDAF analytics subscribe to the identified NWDAF.

2. If NWDAF does not has the data necessary for generating the requested analytics ID, NWDAF request to the NWDAFs of the lower layers responsible for the areas of the requested analytics ID, the aggregated data from such level. 

3. (a,b) The process of requesting collected data from upper levels of NWDAF is recursively performed (if the NWDAF does not has the data in its area required in the received request from an upper level NWDAF) until reaching the lower level NWDAFs. 

4. The NWDAFs co-located with 5GC NF in lower levels send their respective aggregated data to the upper level NWDAF. 

5. (a,b) If there are several middle layer, each NWDAF in a middle layer that receive a request from an upper layer will aggregated its data (including aggregated data from lower levels) and send such aggregated data.

6. The NWDAF that received the request from the consumer will receive all the aggregated data necessary for the analytics calculation and will generate the analytics based on such aggregated data. 

7. NWDAF that received the request for analytics generation notifies the consumer of such analytics. 
6.X.1.2.3
Interaction Mode#3: Composed/Aggregated Analytics ID

The analytics ID generation is a result of the composition of multiple analytics outputs of the NWDAFs for the area of interested required by the consumer of the analytics ID. The NWDAF that received the consumer request is the upper NWDAF in the hierarch that can coordinate with the lower level NWDAFs covering the required areas. The upper NWDAFs is responsible for subscribing to all NWDAFs involved in the process of generation of the request analytics, receive the multiple analytics outputs from the NWDAFs and compose, i.e, aggregate the multiple analytics outputs into a single analytics output to be sent to the consumer that requested the analytics ID. 

NOTE: 
For simplicity the figure shows only the case when the proper NWDAF identified by NRF is the Top Level NWDAF. However, a consumer can interact directly with any NWDAF of the hierarchy as long as such NWDAF is the proper NWDAF identified by NRF. 
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Figure 6.X.1.2.3-1: Procedures for analytics generation based on Interaction Mode #3

0. Consumer of NWDAF analytics interacts with NRF to discover the proper NWDAF instance covering the requested area of the analytics ID to be requested. 

1. Consumer of NWDAF analytics subscribe to the identified NWDAF.

2. NWDAF identifies that subscription involves multiple NWDAFs in the lower branches of the hierarchy, if NWDAF is not in the lower level (i.e., co-located with 5GC NF ). NWDAF subscribe with the same analytics ID to NWDAFs in the levels below associated with the area of the requested analytics ID by the consumer. 

3. (a,b) The process of requesting the same analytics ID to lower level of the hierarchy is recursively performed until reaching the lower level NWDAFs co-located with 5GC NF or middle NWDAFs that can direct generate the analytics ID. The middle level NWDAF receives the notification of the analytics IDs from the lower level NWDAFs 

4. The middle level NWDAFs aggregate the received analytics IDs into a single analytics ID    

5. Middle level NWDAF(s) notifiy/respond notify the upper level NWDAF that requested such analytics ID.

6. The NWDAF that received the request from the consumer will receive all multiple analytics IDs from the NWDAFs, aggregates the multiple analytics IDs in to a single analytics ID. 

7. NWDAF that received the request for analytics generation notifies the consumer of such analytics with a single analytics output based on the multiple received analytics outputs from NWDAFs of the lower levels of the hierarchy. 
6.X.1.2.4
Interaction Mode#4: Mixed Collected Data

The analytics ID generation is performed by the NWDAF that received the request/subscription from a consumer of analytics. The NWDAF generates such analytics based on information collected from lower level NWDAFs via plain data collected data request (Mode #1), and/or aggregated collected data requests (Mode #2).  

NOTE: 
For simplicity the figure shows only the case when the proper NWDAF identified by NRF is the Top Level NWDAF. However, a consumer can interact directly with any NWDAF of the hierarchy as long as such NWDAF is the proper NWDAF identified by NRF. 
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Figure 6.X.1.2.4-1: Procedures for analytics generation based on Interaction Mode #4

0. Consumer of NWDAF analytics interacts with NRF to discover the proper NWDAF instance covering the requested area of the analytics ID to be requested. 

1. Consumer of NWDAF analytics subscribe to the identified NWDAF.

2. If NWDAF does not has the data necessary for generating the requested analytics ID, NWDAF request to the NWDAFs of the lower layers responsible for the areas of the requested analytics ID, the aggregated data from such level. 

3. (a,b) The process of requesting collected data from upper levels of NWDAF is recursively performed (if the NWDAF does not has the data in its area required in the received request from an upper level NWDAF) until reaching the lower level NWDAFs or middle NWDAFs that directly collect from NFs/OAM. 

4. The NWDAFs in lower levels as well as NF/OAM send their respective aggregated and collected data to the upper level NWDAF 

5. (a,b) If there are several middle layer, each NWDAF in a middle layer that receive a request from an upper layer will aggregated its data (including related aggregated data from lower levels and/or related collected data NF/OAMs) and send such aggregated data to the NWDAF at the upper level that requested it.

6. The NWDAF that received the request from the consumer will receive all the aggregated data necessary for the analytics calculation and will generate the analytics based on such aggregated data. 

7. NWDAF that received the request for analytics generation notifies the consumer of such analytics. 
6.X.2
Impacts on Existing Nodes and Functionality
NWDAF:
- 
Extensions of NWDAF configuration and NWDAF subscription services to allow proper interactions among NWDAFs for analytics generation.   
- 
Extensions of NWDAF services to support interactions related to data collection among NWDAFs.   

NRF: 

-
Identify the lowest possible NWDAF in the hierarchy able to be the entry point for a consumer of analytics ID. 
END OF CHANGES
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