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Abstract: This contribution clarify concepts on consumers using AOG mode parameter at the subscription. 
1. Introduction/Discussion
 
	Topic
	Reason
	Proposal of Changes

	Clarification of relationship between AOG mode parameter and the consumers of NWDAF services
	During SA2#140E email discussion there was a discussion about which consumers of NWDAF services are allowed to invoke NWDAF services with the AOG Mode.  
	1. Modifying Section 6.17.1 including the possibility of only authorized consumers that are not NWDAF (e.g., DCCF) to use the AOG Mode in the subscription.
2. Modify text of step 1 in Section 6.17.2.1, 6.17.2.2, 6.17.2.3, 6.17.2.4 to include the possibility of the authorized consumers to include AOG mode in the request.




2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-91
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This solution is proposed for Key Issue 2: Multiple NWDAF instances.
As defines by TS 23.288 [5], 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.
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:
-	No fixed number for the hierarchy levels. In the solution, three-levels are used as an example of a possible hierarchy configuration.
-	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 [2] 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 (according to TS 23.501 [2] 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.
-	NWDAFs are configured with the supported AOG per analytics ID.
-	The AOG mode is an input parameter of NWDAF services (subscription/request for analytics or request for data collection) for analytics ID generation only used when the consumer of such NWDAF services is another NWDAF. . When the consumer of NWDAF services is not an NWDAF and requires only the analytics output as per R16, the NWDAF consumer in R17 does not need to indicate the AOG mode. In case a consumer of NWDAF services is not another NWDAF, only authorized consumers, such as DCCF,are allowed to use the AOG mode in the services
-	An NWDAF receiving a request from another NWDAF (or authorized consumer) with the AOG mode, will apply the same AOG mode for the indicated analytics ID to any interactions with further NWDAFs.
-	An NWDAF  receiving a request with a non-supported AOG mode will rejected such request.
-	The NF, AFs, OAM are not allowed to include the AOG mode in the subscription to analytics IDs, if not authorized by operator. The NWDAF that received a request for analytics generation from NFs, AFs, OAM without an AOG mode that identifies the need to interact with other NWDAFs, also determines the appropriated AOG mode to be used in the NWDAFs interactions for the generation of the requested analytics ID.
-	The discovery of NWDAFs in the different levels of the hierarchy shall be based on NWDAF Serving area and analytics IDs information exposed in NWDAF NF Profile. An NWDAF is configured with the hierarchy information. The hierarchy information defines TAs belonging to each level of the hierarchy, as well as the level of the hierarchy associated with the configured NWDAF. Based on the hierarchy information, an NWDAF in a level of the hierarchy interacts with NRF to discover NWDAFs associated with the upper and lower levels of the hierarchy.
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.
The criteria to determine the appropriate AOG mode is dependent on the operator's needs. For instance:
-	If operators cannot share collected data in a certain area of their network with other areas due to privacy issues (e.g., operator has a network spanning two different countries), the operator might use the AOG #3 with analytics aggregation, in order to avoid disclosing the collected events among NWDAFs in different regions.
-	If operators want to reduce as much as possible to volume of data exchanged among NWDAFs, the operators should chose the AOG #3 (analytics aggregation) or AOG#2 (aggregated collected data) or AOG#4 (Mixed Collected Data) for analytics generation.
-	If operators want to generate analytics that can consider high level of variability in the data sample, operators should use AOG#1 to collect the plain data.
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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. The NWDAF that received the consumer request identifies the AOG mode #1 has to be used for interactions with NWDAF for the generation of the requested 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.


Figure 6.17.2.1-1: 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. If the consumer is authorized, it may include the AOG mode #1 in the subscription.
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. The request for further NWDAFs includes the AOG mode #1, that has be used for any further NWDAF-to-NWDAF interactions for the analytics IDs generation.
3.	(a,b) The process of requesting collected data from lower levels of NWDAF is recursively performed (if the NWDAF does not has the data in the 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 the collected data from all NWDAFs necessary for the analytics calculation and will generate the analytics based on such collected data.
7.	NWDAF that received the consumer request for analytics generation notifies the consumer of such analytics.
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The analytics ID generation is performed at the NWDAF that received the 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. The NWDAF that received the consumer request identifies the AOG mode #2 has to be used for interactions with NWDAF for the generation of the requested 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.


Figure 6.17.2.2-1: 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. If the consumer is authorized, it may include the AOG mode #2 and the definition of sets of input data types to be collected as aggregated in the subscription.
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. The request for further NWDAFs includes the AOG mode #2 that has to be used for any further NWDAF-to-NWDAF interactions for the analytics IDs generation.
3.	(a,b) The process of requesting collected data from lower levels of NWDAF is recursively performed (if the NWDAF does not has the data in the 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 the aggregated data from all NWDAFs 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.
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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. The NWDAF that received the consumer request identifies the AOG mode #3 has to used for interactions with NWDAFs for the generation of the requested 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.


Figure 6.17.2.3-1: 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. If the consumer is authorized, it may include the AOG mode #3 in the subscription.
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. The request for further NWDAFs includes the AOG mode #3, that has be used for any further NWDAF-to-NWDAF interactions for the analytics IDs generation.
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) notify/respond notify the upper level NWDAF that requested such analytics ID.
6.	The NWDAF that received the request from the consumer will receive the multiple analytics IDs from the NWDAFs, and aggregates the multiple analytics IDs in to a single analytics ID according to a rule configured by operators.
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.
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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). The NWDAF that received the consumer request identifies the AOG mode #4 has to used for interactions with NWDAFs for the generation of the requested analytics ID. The NWDAF, based on operator configuration, defines which types of data input related to the analytics ID have to be collected using plain data collection (AOG#1) and the ones to be collected using aggregated data (AOG#2). This information is included in the requests that NWDAF sends to other NWDAF when AOG#4 mode is used. Operator may define this differentiation of data collection of input data based on, for instance, analytics ID, type of input data, or per consumer of 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.


Figure 6.17.2.4-1: 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. If the consumer is authorized, it may include the AOG mode #4 and the definition of sets of input data types to be collected as plain or aggregated in the subscription.
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 collected and/or aggregated data from such level, according with the definition of how the types of input data should be collected, i.e., as plain data (AOG#1) or aggregated data (AOG#2). The request for further NWDAFs includes the AOG mode #4 and the definition of sets of input data types to be collected as plain or aggregated. Such information has be used for any further NWDAF-to-NWDAF interactions for the analytics IDs generation.
3.	(a,b) The process of requesting collected data from lower levels of NWDAF is recursively performed (if the NWDAF does not has the data in the 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.	(a) The NWDAFs in lower levels send to the upper level NWDAF their  collected data according with the indication of using plain or aggregation for each type of requested input data.
(b) NF/OAM send their plain collected data to the requesting 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 prepare the data (aggregating data from lower levels and/or related collected data NF/OAMs if required per type of requested input data) and send such prepared data to the NWDAF at the upper level that requested it.
6.	The NWDAF that received the request from the consumer will receive the requested data from all NWDAFs necessary for the analytics calculation and will generate the analytics based on such received data.
7.	NWDAF that received the request for analytics generation notifies the consumer of such analytics.
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NWDAF:
-	Extensions of NWDAF configuration and NWDAF subscription services to allow proper interactions among NWDAFs for analytics generation.
-	Definition of new NWDAF service to support interactions related to data collection (not analytics consumption) 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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