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Abstract of the contribution: This document proposes a solution to KI#2 Multiple NWDAF instances. It proposes a distributed NWDAFs deployment together with an aggregation function which may be collocated with a Central NWDAF. 
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Discussion
TR 23.700 v0.4.0 includes multiple solutions to KI#2 "multiple NWDAF instances". These solutions have different architectures, e.g., hierarchical, distributed, and co-located. In this document we propose a solution to multiple NWDAF deployments, with below design considerations:

· Distributed NWDAFs architecture.
· Aggregation function which may be provided by one or more NWDAF (also referred as Central NWDAF) that groups multiple Output Analytics received from multiple distributed NWDAFs to form a single Output Analytics using an "aggregation function" such as average, count, max, min, range, stddev.
· Analytics metadata to be exchanged between distributed NWDAF(s) and Central NWDAF to allow central NWDAF to do proper aggregation (see description below).
· NWDAF instances (distributed NWDAFs as well as Central NWDAF) may belong to an NWDAF Set.
· Each NWDAF provides one or more Output Analytics or Analytics IDs (as in Rel-16).
· Each NWDAF serves certain geographic area i.e Area of Interest or TAI(s) (as in Rel-16).

· For each Analytics ID, at least one Central NWDAF is covering the whole PLMN in order to be able to address any analytics request in case it cannot be covered by any of the distributed NWDAFs.
· NWDAF instance registration and discovery work as in Rel-16 with certain enhancements.
· Procedures for data collection and analytics exposure work as in Rel-16 with certain enhancements. 

In order for the Central NWDAF to do proper aggregation of the different Output Analytics coming from one or more distributed NWDAFs, the Central NWDAF needs to receive additional analytics metadata related to the received Output Analytics, for example: timestamp of analytics generation, number of samples used to generate analytics, applied model to generate analytics, specific configuration of the applied Analytics function or model, etc. Such metadata is necessary for the Central NWDAF to create a single Output Analytics using an "aggregation function" like average, count, max, min, range, stddev and so on. As an example, in order to derive the "mobility performance" (see clause 6.6.3 of 3GPP TS 23.288 [5]) for the whole PLMN, the Central NWDAF needs to calculate the weighted average based on the mobility performance statistics provided by the distributed NWDAFs, i.e., in order to derive the ratio of successful handovers in the whole PLMN, the number of handovers per area subset as provided by the distributed NWDAFs needs to be taken into account when calculating the overall ratio.
*** Start Change (all new content) ***

6.X
Solution for KI#2: Distributed NWDAFs deployment and Aggregation Function 
6.X.1
Introduction

This solution addresses KI #2: Multiple NWDAF instances.

In a multiple NWDAF deployment scenario, NWDAF instances are specialized to provide Analytics for one or more Analytics IDs, and each of the NWDAF instances serves a certain Area of Interest or TAI(s). Additionally, these NWDAF instances may belong to an NWDAF Set. These distributed NWDAFs are expected to work as in Release-16 with some additional enhancements to registration and discovery procedures, data collection and analytics exposure, as explained in below sub-clauses.

There is a need to address cases where an NF Consumer may require Output Analytics for an Area of Interest that is not covered by any single distributed NWDAF instance and, thus, requires multiple NWDAFs that collectively serve the requested Area of Interest for the particular Analytics ID. To support such requests, it is proposed to introduce an NWDAF with aggregation function. An NWDAF with aggregation function is also referred to as "Central NWDAF". This aggregation function aggregates Data and/or Output Analytics specific to one or more Analytic IDs coming from multiple Data Sources
, i.e., from one or more distributed NWDAFs and/or from NFs. "Aggregation Function" may require additional data, i.e., metadata 
along with analytics output data provided by multiple NWDAFs in order to create a single Output Analytics. T
his is in addition to regular NWDAF behaviour such as collecting data from data sources to be able to generate its own output analytics.
6.X.2
Functional Description 

The solution proposes a deployment where multiple NWDAFs (also referred to as "Distributed NWDAF" or "Distr.NWDAF") exist, whereby some of the NWDAFs are enhanced with an "aggregation functionality" (also referred to a "Central NWDAF"). Figure 6.X.2-1 shows an example deployment. 
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Figure 6.X.2-1: Example of distributed NWDAFs deployment with Central NWDAFs
Distributed NWDAF:

-
Is a "regular" NWDAF with functionality as specified in 3GPP TS 23.288 [5]. Additionally, some or all of the distributed NWDAF(s) may support providing additional information referred to as "aggregation analytics metadata", that is related to the generation of Output Analytics by the distributed NWDAF and is needed by the Aggregation functionality of the Central NWDAF to aggregate the Output Analytics from different NWDAFs
, e.g., in those cases where it is not simply adding together output analytics received from multiple NWDAF instances in order to generate a requested single Output Analytics. The support to provide aggregation analytics metadata is indicated by an "analytics metadata provisioning capability" parameter in the NF Profile in the NRF.
-
Distributed NWDAF may belong to an NWDAF Set, with NF Set functionalities as defined in Rel-16.
Central NWDAF:
-
Is an NWDAF instance with additional capabilities to aggregate 
Output Analytics provided by other Data Sources, e.g. other NWDAFs. T
his is in addition to regular NWDAF behaviour such as collecting data from data sources to be able to generate its own output analytics.
-
Central NWDAF may belong to an NWDAF Set, with NF Set functionalities as defined in Rel-16.
NOTE 1:
The Central NWDAF, like other NWDAFs, is also able to produce Output Analytics based on Input Data from one or more Data Sources. That is, in case no distributed NWDAF instance exists to cover a specific Analytics Id for a specific Area of Interest, it may generate the corresponding Output Analytics by itself.
-
Has "aggregator functionality indication" in its profile registered to the NRF. This parameter indicates that it is a Central NWDAF.
-
Includes "aggregation analytics metadata request" 
indication in the Nnwdaf_AnalyticsInfo_Request or Nnwdaf_AnalyticsSubscription_Subscribe request message sent to other NWDAFs requesting additionally to provide aggregation analytics metadata related to the produced Output Analytics.
NOTE 2:
It is assumed that per Analytics ID at least one Central NWDAF exists which is covering the entire PLMN. This is to ensure that there is at least one NWDAF in the PLMN that can provide the Output Analytics for a particular Analytics ID for any requested Area of Interest.

NRF:

-
Stores the NF Profile of the NWDAF instances, including "analytics metadata provisioning capability" parameter for distributed NWDAF and "aggregator functionality" indication for central NWDAF.
-
Returns the NWDAF(s) matching attributes in the Nnrf_NFDiscovery_Request, as in Release-16. 
NOTE 3:
 According to the assumption that the Central NWDAF covers the whole PLMN, at least the Central NWDAF will be returned in case no other NWDAF matches the requested parameters.
Analytics Consumer:
-
Requests or subscribes to receive Analytics for one or more Analytic IDs in a given Area of Interest, as per Release-16 specified behaviour.
6.x.3. Procedures

6.X.3.1
NWDAF registration procedure

Figure 6.X.3.1-1 provides the procedure of NWDAF registration to the NRF.
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Figure 6.X.3.1-1: NWDAF registration procedure

1.
NWDAF 1 is one of the distributed NWDAFs, and it registers its NF Profile with NRF. This is similar to the existing procedure, e.g., as defined in 3GPP TS 23.502 [5], but with an additional indication, if supported by this NWDAF instance, indicating "analytics metadata provisioning capability". This indicator is used by NWDAF Service Consumer, for example a Central NWDAF, to request Output Analytics, and if needed, aggregation analytics metadata by including the indicator "aggregation analytics metadata request" in the request message.
2.
NRF on receipt of the registration request in the above step 1, stores NF Profile of this NWDAF instance.

3.
NRF confirms successful registration to NWDAF 2 with Nnrf_NFManagement_NFRegister Response message.
4.
Aggregator Function, i.e., Central NWDAF 1, registers with NRF and sends Nnrf_NFManagement_NFRegister request to NRF. In the request the Central NWDAF 1 provides Supported Analytics ID(s), Service Area or TAI(s) = PLMN and "aggregator functionality indication" (i.e., indication that it additionally provides aggregation functionality). 

5.
NRF stores the NF Profile for the Central NWDAF 1, along with "aggregator functionality indication", indicating that NWDAF‑C can be used as "aggregation function" or "Central NWDAF". NF Profile of Central NWDAF 1 also indicates corresponding "Set_ID" in case this Central NWDAF belongs to a Set.

6.
NRF confirms successful registration to Central NWDAF 1.

7.
NWDAF 2 is one of the distributed NWDAFs, and it registers its NF Profile with NRF. This is similar to the existing procedure, e.g., as defined in 3GPP TS 23.502, but with an additional indication, if supported by this NWDAF instance, indicating "analytics metadata provisioning capability". This indicator is used by NWDAF Service Consumer, for example a Central NWDAF, to request Output Analytics, and if needed, aggregation analytics metadata by including indicator "aggregation analytics metadata request" in the request message.
8.
NRF on receipt of the registration request in the above step 7, stores NFProfile of this NWDAF instance. If indicated by this NWDAF instance, NRF also stores "analytics metadata provisioning capability" in the NFProfile for this NWDAF instance.

9.
NRF replies to NWDAF 2 with Nnrf_NFManagement_NFRegister Response message.  

6.X.3.2
NWDAF discovery procedure

Figure 6.X.3.2-1 provides the procedure of an NF Consumer discovering a NWDAF with NRF.
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Figure 6.X.3.2-1: NWDAF discovery procedure

1-3.
NF Consumer 1 is interested in Analytics ID 1 over Area of Interest TAI-1, and so it sends a Nnrf_NFDiscovery_Request to NRF. After having authorized the request, NRF determines 
that NWDAF 1 can provide Analytics for the requested Analytics ID 1 and serving area TAI-1. As usual NRF behaviour, NRF returns one or more matching NF Profile(s) in the corresponding response. This is following existing procedure as defined in 3GPP TS 23.502 [5]. 

4-6.
NF Consumer 2 is interested in Analytics ID 3 over Area of Interest TAI-2, and so it sends a Nnrf_NFDiscovery_Request to NRF. After having authorized the request, NRF determines 
that NWDAF 2 can provide Analytics for the requested Analytics ID 3 and serving area TAI-2. NRF then returns the NF Profile of distributed NWDAF 2 and the central NWDAF in the corresponding response. This is also following existing procedure as defined in 3GPP TS 23.502 [5].
N
OTE:
If the NF consumer receives both a central NWDAF and a distributed NWDAF, preference can be given to a distributed NWDAF during the NWDAF selection, via the "aggregator functionality indication".

7-9.
NF Consumer 3 is interested in Analytics ID 1 and areas of interest as TAI-1, TAI-2, TAI-n. On receiving this request, NRF finds out there is no single distributed NWDAF serving the requested areas of interest, and so it responds back with Central NWDAF profile, which is configured as "aggregator functionality indication" for the requested Analytic ID. Aggregator functionality indication is included in the NF Profile of the Central NWDAF. 

6.X.3.3
Procedure for analytics exposure
Figure 6.X.3.3-1 provides the procedure of NF consumer / Analytics Consumer request and/or subscription to get the Analytics ID of its interest.
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Figure 6.X.3.3-1: Procedure to support Network Data Analytics
1.
This is the discovery procedure, whereby the example is based on the procedure shown in figure 6.X.3.2-1. In this example, NRF will return the Central NWDAF profile as there is no single distributed NWDAF that can cover the request.

2.
NWDAF Service Consumer sends Analytics information request to Central NWDAF. In the request, NWDAF Service Consumer provides the requested Analytics ID(s), e.g. UE mobility analytics with Analytics ID 1, along with the requested area of interest, e.g., TAI-1, TAI-2, TAI-n.

3.
On receiving the request in step 2, Central NWDAF
, based on previous queries to NRF or configuration, and
 based on the request from NWDAF service consumer (e.g. analytics filter information) knows which other NWDAF instances to request related Output Analytics. Alternatively, Central NWDAF sends discovery request to NRF and in response gets from NRF a list of distributed NWDAF(s) that can provide Output Analytics needed to generate the requested Analytics ID for the requested area TAI-1, TAI-2, TAI-n.

NOTE:
In the discovery request sent to NRF, Central NWDAF indicates "analytics metadata provisioning capability"
, thus, requesting to NRF to reply back with, if available, those NWDAF instance(s) which also supports "analytics metadata provisioning capability" functionality as indicated during particular NWDAF instance registration procedure.

4-5.
Central NWDAF sends Analytics information request or Analytics subscription request to each of the Data Sources discovered/determined in step 3, i.e., to NWDAF 1 and NWDAF 2 in the example in figure 6.X.3.3-1. T
his request may indicate "aggregation-metadata request" to the Data Source(s) (i.e. to NWDAF 1 and NWDAF 2), e.g. when the NWDAF 1 and/or NWDAF 2 support providing such analytics metadata, indicating that the Output Analytics provided by these NWDAFs needs to be aggregated by the Central NWDAF and so the "aggregation analytics metadata" is also requested, along with usual analytics output data. 
6-7.
Distributed NWDAFs reply or notify with the requested Output Analytics along with "aggregation analytics metadata" information required for the aggregation.

8.
Central NWDAF aggregates received 
Analytics information, i.e., generates a single Output Analytics based on the multiple Analytics outputs and aggregation analytics metadata information received from NWDAF 1 and NWDAF 2. In this example, the central NWDAF also takes its own analytics for TAI-n into account for the aggregation.
9.
Central NWDAF replies to NWDAF Service Consumer the Output Analytics for the requested analytics ID.

6.X.4
Impacts on services, entities and interfaces

NWDAF:
-
Introduction of a NWDAF providing the capability to aggregate Output Analytics (referred to as Central NWDAF).
-
Enhancement to distributed NWDAFs to provide "aggregation analytics metadata" related to the Output Analytics. This may be supported by only subset of the distributed NWDAFs.

-
Enhancement to NWDAFs
 to request "aggregation analytics metadata" by providing "aggregation analytics metadata request" indication in the request message.
NRF:
-
NFProfile for Central NWDAF is extended to indicate "aggregator functionality indication".
-
NFProfile for NWDAFs 
is extended to indicate "analytics metadata provisioning capability" for those NWDAFs which support such additional functionality.
NWDAF service consumer:
-
During NWDAF discovery, preference is given to a distributed NWDAF over a central NWDAF.

*** End Change ***
�Good to clarify that aggregation happens per analytics ID


�Can you provide some examples please on meta data?.
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�So a central NWDAF may request for “metadata” from distributed NWDAFs but a central NWDAF does not have analytics metadata provisioning capability by itself. Is that correct?


�The procedure is similar to release 16. The only difference is per distributed NWDAF a new parameter called “analytics metadata provisioning capability” and per central NWDAF a new parameter called “aggregator functionality indication” is registered in NRF. Is that correct? Any other differences?


�Why NRF determines here? NRF may return one or more matching NWDAF profiles but it is up to NF consumer to select.


�As above
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�Why NRF does not provide both options to NF consumer to decide? It seems NRF has extra intelligence in this proposal compared with Rel-16. Is that correct?
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�This should be “aggregation analytics metadata request" �indication. Right? Not the capability
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�To address Ericsson's comment.


�To central NWDAFs only?


�Distributed NWDAFs only?


�Why? 
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