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Discussion
A Data Collection Coordination Function (DCCF) as described in Solution #9: Data Management Framework for 5GC  may be used to keep track on where the different Analytics are performed and stored. The DCCF may request UDM info on what NWDAF does per UE analytics. 

This contribution introduces how NWDAF may assist an NWDAF to make us of another NWDAF’s service in a mixed deployment. Also how DCCF can assist in transfer of statistics is introduced.
*** Start of changes ***
6.10
Solution 10: Handling of mixed and distributed NWDAF deployments
6.10.1
High-level Description
This is a solution for Key Issue #2, Multiple NWDAF instances, and Key Issue #11: Increasing efficiency of data collection.

Key Issue #2: Multiple NWDAF instances says that multiple NWDAFs may be deployed in a PLMN. 

For mixed deployment, when multiple NWDAFs are deployed in a network it is beneficial if the analytics performed in one distributed NWDAF can be shared with a central NWDAF, so that the latter is relieved from collecting data and computing analytic reports computed by the former. An example is when an NWDAF performs the analytics for specific Analytics IDs for the UEs in a serving area that can be consumed by an NWDAF performing either the same Analytics on slice level or used to create new insights. Since there are even more consumers of analytics (e.g. PCF) than a central NWDAF, the consumer of analytics is hereby referred to as the NWDAF service consumer.

In order to allow the NWDAF service consumer to discover the NWDAF serving a UE, the NWDAF serving the UE is registering it in UDM, using the Nudm_UECM_Registration service operation, and then NWDAF service consumers can use UDM to discover it and then request Analytics using the Nudm_UECM_Get service operation.

For PCF, since it is not using UDM services, a solution utilizing existing messages extending it with data indicating the NWDAF instance, which is currently serving the UE, is introduced.

For Key Issue #11: Increasing efficiency of data collection it is important to reduce signalling load for data collection and achieve communication efficiencies in large networks consisting of many NF instances and NWDAF instances.

In a mixed deployment, a distributed NWDAF may collect data close to the data source to reduce signaling over large distances to either perform analytics for local use or to perform Analytics for a central NWDAF service consumer to achieve communication efficiency. To circumvent large amount of storage far out in the network, a distributed NWDAF may not store statistics for a long time period for each UE it has served. It may purge the data and statistics shortly after a UE is no longer served by the distributed NWDAF. If statistics for a UE is needed an NWDAF service consumer, such as a central NWDAF, may subscribe to statistics to or request statistics from the distributed NWDAF. In this way statistics can be reused by the NWDAF service consumer over longer time periods. The NWDAF service consumer may not make use of the statistics immediately, but rather collects it for later use. 

A NWDAF service consumer can subscribe to or request statistics from a distributed NWDAF. To allow for an NWDAF service consumer to collect statistics over a long time period for later use, it is proposed to extend the usage of the “Time when analytics information is needed” to NWDAF Analytics subscription (currently, TS 23.288 [5] specifies the “Time when analytics information is needed” only for one-time requests). If this parameter is set for an Analytics subscription it gives the flexibility for the distributed NWDAF to send statistics when feasible, which may be when signaling in the network is low (usually during night) or at least before the UE is purged from the distributed NWDAF.

NOTE: 
An NWDAF is found via NRF and the consumer uses the associated Serving Area information and other parameters present in the NF profile to select it. If there exists multiple NWDAFs that has the same or overlapping Serving Area, the locality, load, capacity, or similar parameter in the NFProfile (described in TS 29.510 [11] clause 6.2.6.2.3) is preferably used.

6.10.2
Procedures

6.10.2.1
Registration of the NWDAF serving the UE procedure

In this solution, distributed NWDAFs register with NRF. The NF utilize the NRF to discover the NWDAF unless NWDAF information is available by other means, e.g. locally configured in the NF. In addition to the regular registration, the distributed NWDAFs serving particular UEs for UE related Analytics register with UDM. This registration in UDM includes the UE ID it is serving, NWDAFs FQDN or IP address, NWDAF instance ID, and the Analytics IDs it is able to produce for such UE. This registration may take place at the time the NWDAF receives a subscription or request to provide Analytics on UE Analytics for a target SUPI. 
Below the diagram for Analytics subscription is shown in Figure 6.10.1.1-1.
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Figure 6.10.1.1-1: Registration of NWDAF serving a UE in UDM with an Analytics subscription
1. A NF such as an SMF or AMF is elected to serve a UE identified by its SUPI. This can be part of, e.g., a registration procedure, AMF re-allocation, PDU session establishment, etc.

2. The NF (i.e. AMF, SMF) requests UE related Analytics for this UE.

3. The NWDAF accepts the request.

4. The NWDAF invokes Nudm_UECM_Registration (SUPI, NWDAF FQDN, NWDAF instance ID, Analytics ID, S-NSSAI, Serving Area).

5. UDM acknowledges the registration.
Note that NWDAF serving the UE may change e.g. when the UE registers in a new AMF. Then a new NWDAF may be selected by the new AMF and then registered in UDM. De-registration in UDM is e.g. done when the requesting NF unsubscribes to the Analytics subscription.

Below the diagram for Analytics request is shown.
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Figure 6.10.1.1-2: Registration of NWDAF serving a UE in UDM with an Analytics request
1. A NF such as an SMF or AMF is elected to serve a UE identified by its SUPI. This can be part of, e.g., a registration procedure, AMF re-allocation, PDU session establishment, etc.

2. The NF (i.e. AMF, SMF) requests UE related Analytics for this UE.

3. If the NWDAF doesn’t have the immediate report available, the NWDAF invokes Nudm_UECM_Registration (SUPI, NWDAF FQDN, NWDAF instance ID, Analytics ID, S-NSSAI, Serving Area).

4. UDM acknowledges the registration.

5. The NWDAF send a response to the request.

6. The NWDAF invokes Nudm_UECM_Deregistration.

7. UDM acknowledges the deregistration.

Editor´s note: The procedure to show how the deregistration from UDM is performed in case the NF consumer subscribes to analytics is FFS.
Editor´s note: Which data set the NWDAF id and information is stored in he UDR profile, e.g. AM or SM subscription data is FFS.

6.10.2.2
Discovery the NWDAF serving the UE via UDM

When an NWDAF service consumer (e.g. an NWDAF on slice level) is instructed to produce UE related Analytics, it may well benefit from existing analytic reports produced by NWDAFs that already produce these analytics. The NWDAF service consumer first needs to discover if an NWDAF is producing UE related Analytics for a specific Analytics IDs. The procedure is illustrated in Figure 6.10.1.2-1.
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Figure 6.10.1.2-1: Discovery of NWDAF via UDM
1. An NWDAF service consumer, e.g. NWDAF on slice level, due to a request for collecting analytic reports for a UE, starts a data collection and analytics collection procedure for such UE.

2. The NWDAF services consumer discovers the UDM that is serving the UE by invoking the procedures specified in 3GPP TS 23.501 [2] clause 6.3.8, e.g., making a query to the NRF based on SUPI. As a result, NWDAF services consumer obtains the address of the UDM NFs serving this UE. 

3. The NWDAF services consumer selects a UDM NF and sends a Nudm_UECM_Get request (NWDAF type, SUPI, Analytics ID, S-NSSAI, Serving Area).

4. The NWDAF service consumer obtains the address of the NWDAF serving the UE for that UE related Analytics. The NWDAF services consumer subscribes to changes of the NWDAF serving the UE.

5. The NWDAF services consumer requests analytics from the NWDAF serving the UE. The NWDAF service consumer may add the parameter “Time when analytics information is needed” for NWDAF Analytics subscription or request. If this parameter is set for an Analytics subscription it gives the flexibility for the distributed NWDAF to send statistics when feasible, which may be when signaling in the network is low (usually during night) or at least before the UE data and Analytics is deleted in conjunction with the UE stopped being served by the distributed NWDAF.

Editor´s Note: how a consumer NF knows that the discovered UDM can provide the required NWDAF profile, since Rel-16, the consumer will consult NRF to discover the NWDAF instance is FFS
If a DCCF is deployed and when an NWDAF does not have the data available for the intended Analytics ID, it may in the same request, to DCCF for Data also add the Analytics ID. Sending the Analytics ID in the request is a way for the requesting NWDAF to allow another NWDAF to perform the calculation to derive the Analytics. Then DCCF may decide to let another NWDAF (possibly distributed) do the Analytics on behalf of the requesting NWDAF. The Analytics is then forward to the requesting NWDAF.
The procedure is illustrated in Figure 6.10.1.2-2.
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Figure 6.10.1.2-2: Discovery of NWDAF via DCCF
1. An NWDAF, e.g. NWDAF on slice level, due to a request for collecting analytic reports for a UE, starts a data collection and analytics collection procedure for such UE.

2. The NWDAF sends a request for data to DCCF, including the Analytics IDs. 

3. If the DCCF has no knowledge of if the requested Analytics IDs are produced, the NWDAF services consumer selects a UDM NF and sends a Nudm_UECM_Get request (NWDAF type, SUPI, Analytics ID, S-NSSAI, Serving Area).

4. The NWDAF service consumer obtains the address of the NWDAF serving the UE for that UE related Analytics. The NWDAF services consumer subscribes to changes of the NWDAF serving the UE.

5. Using the knowledge that the Analytics IDs are produced, the DCCF requests analytics on behalf of the requesting NWDAF towards the distributed NWDAF.
6. The distributed NWDAF starts sending data via notifications to the requesting NWDAF.
6.10.2.3
Providing the information of the NWDAF serving the UE to consumers

An NWDAF service consumer may discover the NWDAF serving the UE as defined in Figure 6.10.2.1. Alternatively, the NF serving the UE may provide the NWDAF serving the UE to the NWDAF service consumer without explicit request. This solution shows how the AMF or the SMF provides the NWDAF serving the UE to the PCF at AM or SM Policy establishment.
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Figure 6.10.1.3-1: AM and SM Policy Association Establishment including NWDAF serving the UE
1. AMF or SMF includes the NWDAF serving the UE identified by the NWDAF instance Id, the NWDAF FQDN or IP address. Per NWDAF service instance. The Analytics ID(s) and its serving area is also included.

2. The PCF stores the NWDAF and its information, then send a response to the AMF or SMF, including a new Policy Control Request Trigger to subscribe to change of NWDAF serving this UE.

3. The PCF evaluates operator policies, if any policy decision depends on UE related, the PCF checks if the a NWDAF provides these Analytics, then steps 4 and 5 take place, otherwise the PCF performs NWDAF discovery and selection using NRF to find the NWDAF instance to subscribe to provide the analytics needed for the operator policies.

4. PCF subscribes to NWDAF as defined in TS 23.288 [5] for an NF to request analytics. Examples are Analytics on UE Mobility or UE Communication or Expected UE behaviour or Abnormal UE behaviour.

5. PCF receives the analytics.

For those scenarios where the PCF serving the AMF and the SMF are different, the AMF informs the SMF of their NWDAF at the PDU session establishment or modification (if the NWDAF serving the UE changes, due to AMF relocation) and the SMF informs the AMF of the NWDAF serving the UE at the PDU session establishment response or modification.

The AMF includes the subscription to change of NWDAF serving the UE to the AM Policy Association in the UE Context transferred to the target AMF. 

6.10.2.4
Selection of distributed NWDAF and transfer of statistics 

A source AMF using a distributed source NWDAF may send the source NWDAF ID in the UE context transfer to the target AMF. The target AMF decides whether to use the source NWDAF or a new target NWDAF. If the target AMF decides to use the source NWDAF, it may subscribe to the source NWDAF and it communicates in the response to the source AMF, I am done. Source AMF unsubscribes to source NWDAF. Source NWDAF deletes subscription from old AMF. If target AMF has already subscribed, that subscription is kept, with all the inherited data. If target AMF decides to use a new target NWDAF, it may subscribe to target NWDAF, including the source NWDAF ID. The target NWDAF requests UE related statistics from the source NWDAF, and it communicates in the response to the target AMF, I am done. Target AMF communicates in the response to source AMF, I am done. Source AMF unsubscribes to source NWDAF. Source NWDAF deletes subscription from old AMF when statistics has been transmitted to the source NWDAF.
The procedure is illustrated in Figure 6.10.2.4-1.
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Figure 6.10.2.4-1: Selection of distributed NWDAF and transfer of UE related statistics
1. A new (target) AMF starts serving the UE.

2. Target AMF requests UE context from source AMF.

3. Source AMF sends UE context to target AMF, including the NWDAF ID used by the source AMF for UE related Analytics, and may also include some relevant parameters from the NF Profile.

4. Target AMF may utilize the NRF service to discover NWDAFs.

5. Target AMF selects an NWDAF. In this example, the Target AMF selects a new Target NWDAF.

6. Target AMF subscribes to the selected Target NWDAF.

7. If the selected NWDAF is a new Target NWDAF, it requests the UE related statistics from the source NWDAF

8. The source NWDAF sends the UE related statistics.

9. The Target NWDAF responds, indicating it has started to retrieve statistics from the source NWDAF

10. The Target AMF sends a RegistrationStatusUpdate to the source AMF, indicating that the source AMF can unsubscribe from source NWDAF.

11. The Source AMF unsubscribes from the source NWDAF

12. The Source NWDAF purges statistics when all statistics has been sent to target NWDAF 

Editor´s note: Whether the figure 6.10.1.2-1 above needs to be updated to include UDM, because target NWDAF has to update the NWDAF profile stored in the UDM, is FFS.
If a DCCF is deployed it may be used to support the transfer of statistics.

The procedure is illustrated in Figure 6.10.2.4-2.
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 Figure 6.x.1.2-2: Selection of distributed NWDAF and transfer of UE related statistics using DCCF
0.
Source NWDAF has registered into UDM what UEs and Analytics IDs it supports respectively.
DCCF requests info from UDM so it is updated on which NWDAF supports what UEs and Analytics IDs respectively or it receives it via data requests.
1a.
A new (target) NF starts serving the UE.

1b. The Source NF will unsubscribe to the Source NWDAF. The Statistics is kept during a pre-defined time or until the statistics is forward.

1c. The Source NWDAF will unsubscribe from UDM

1d.
The UDM acknowledges the registration
1e. If Source NWDAF has used DCCF, the Source NWDAF unsubscribes to data

1f. The DCCF keeps in memory, for a pre-defined time, the NWDAF and Analytics IDs for the UE
1g.
The Source NWDAF responds to the unsubscribe request

2.
Target NF may utilise the NRF service to discover NWDAFs
3.
Target NF selects an NWDAF. In this example, the Target NF selects a new Target NWDAF.

4. Target NF subscribes to the selected Target NWDAF.

5. The Target NWDAF invokes Nudm_UECM_Registration.

6.
UDM acknowledges the registration.

7. Target NWDAF requests Data for the UE via the DCCF. The NWDAF may add the Analytics IDs as well
8. The DCCF has the knowledge of the earlier used NWDAF and Analytics IDs for this UE. The DCCF adds the Source NWDAF ID and Analytics IDs in the response.

9. If the Analytics IDs where not added in data request, the DCCF sends a Nudm_UECM_Get request.

10.
The UDM responds with the UE’s target NWDAF and its related Analytics IDs.

11.
If the selected NWDAF is a new Target NWDAF, it requests the UE related statistics from the source NWDAF

12. The source NWDAF sends the UE related statistics.

13. The Target NWDAF responds to the request

14.
The Source NWDAF purges statistics when all statistics has been sent to target NWDAF or when the pre-defined time has passed.
15. The DCCF purge the Source NWDAF when received the Ndccf_DataSubsciption or pre-defined time has passed
6.10.3
Impacts on Existing Nodes and Functionality
NWDAF: Additional registration into UDM for UE related Analytics for a SUPI.
NWDAF: Add Analytics ID in a request towards DCCF.

DCCF: Receiving Analytics ID in a request and decide if another NWDAF shall forward the Analytics to the requesting NWDAF.
NWDAF service consumer: Discovery of NWDAF serving the UE and Analytics ID.

UDM: Enhanced Nudm_UECM procedure with new data set for storing NWDAF registrations.

PCF: Extend Npcf_AMPolicy Control and Npcf_SMPolicyControl to report the NWDAF serving the UE from the AMF or SMF.

AMF: Report the NWDAF serving the UE to the PCF at SM Policy Association Establishment and to the SMF at PDU session establishment or modification.

SMF: Report the NWDAF serving the UE to the PCF at SM Policy Association Establishment and to the SMF at PDU session establishment or modification.
*** End of changes ***
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