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Abstract: It is to update solution#15 in TR 23700-91.
1. Discussion
It is recommended to add a method of using DCCF. In some architecture, the DCCF can be used to control signaling and receiving/forwarding data, in another architecture, the DCCF is only used to control signaling of data collection.

In the previous architecture, when an NWDAF instance receives a request for data analytics, the NWDAF sends data collection request to the DCCF. The NWDAF may perform NF discovery and selection to select DCCF that can perform data collection service. There are two options to discover the NF that provides data. In the first option, the NWDAF may discover the NFs that provide the required data. If the NWDAF send data collection request to the DCCF including the NF ID of data producer. In the second option, the DCCF may discover the NF that provides data. If the DCCF finds that some of the data types are being collected as requested by some other NWDAF instances, the DCCF may modify existing data subscriptions according to the new data collection request. If the data type has not been collected, the DCCF use event exposure services of the NFs to collect data.

In the latter architecture, when an NWDAF instance receives a request for data analytics, the NWDAF may perform NF discovery and selection to select DCCF that can perform control signaling for data collection service. Then NWDAF sends the parameters of request data to the DCCF. DCCF can base on the profile of collected data (from the other NWDAFs register/update profile), to determine whether the required data has not yet been collected by other NWDAFs (or instance that has data repository function, e.g. Data Repository) or some other NWDAF instance is collecting or has collected the requeste data.

And in case NWDAF is collocated with 5GC NF, the NWDAF will collect the data from the associated 5GC NF directly and shall not unnecessarily send data request to DCCF and consequently DCCF cannot cached the requested data. At the same time, we also should consider the Backward compatibility of the R16 NWDAFs in these two architecture. 
2. Text Proposal

It is proposed the following changes to TR 23.700-91.

* * * * First change * * * *

6.15
Solution #15: Data Collection Coordination

This solution addresses Key Issues 2 and 11.

6.15.1
Description

The architecture to support data collection for multiple NWDAF sets or multiple NWDAFs is shown in Figure 6.15.1-1 and figure 6.15.1-2, respectively. The Data Collection Coordination Function is in charge of data collection for multiple NWDAFs. The DCCF can be a separate network function (NF) or can be a functionality of NWDAF. The DCCF registers in NRF its service area, network slices (S-NSSAIs) and data types it can collect. This is to support distributed network architecture and avoid single point of failure.

As shown in Figure 6.15.1-1, the DCCF plays the role of controlling signaling and receiving/forwarding data. It prevents NWDAF(s) triggering multiple times the data collection of the same data from the same data provider instance. When an NWDAF instance receives a request for data analytics, the NWDAF sends data collection request to the Data Collection Coordination Function (DCCF). The NWDAF may perform NF discovery and selection to select DCCF that can perform data collection service. There are two options to discover the NF that provides data. In the first option, the NWDAF may discover the NFs that provide the required data. If the NWDAF send data collection request to the DCCF including the NF ID of data producer. In the second option, the DCCF may discover the NF that provides data. If the DCCF finds that some of the data types are being collected as requested by some other NWDAF instances, the DCCF may modify existing data subscriptions according to the new data collection request. If the data type has not been collected, the DCCF use event exposure services of the NFs to collect data. The data types to be collected for an analytics ID are individual input data defined in TS 23.288.

If the data type has been collected before by other NWDAF(s), the DCCF will not use the Nnf_EventExposure_Subsribe and instead use Ndccf_EventExposure_Notify to send the cached collected data to the NWDAF(s) that subscribed for this data.

After receiving the data, the DCCF forwards the received data to the NWDAF instances that request this data type.

Please note in case NWDAF is collocated with 5GC NF, the NWDAF will collect the data from the associated 5GC NF directly and shall not unnecessarily send data request to DCCF and consequently DCCF cannot cached the requested data.
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Figure 6.15.1-1: Architecture for data collection by using DCCF
Another architecture, as shown in Figure 6.15.1-2, the DCCF is only used to control signaling of data collection. Comparing with the previous one, in this architecture the required data just be transferred between the data consumer NWDAF and the data provider, which avoids  additional data transfer steps with DCCF.

When a NWDAF instance receives a request for data analytics, the NWDAF may invoke NF discovery service of NRF to select a DCCF that can perform control signaling for data collection service, where NWDAF sends the parameters of request data to the DCCF. Base on the stored data profile provided by other NWDAF(s) or Data Repository(s) in advance, DCCF can determine the status of the required data (e.g. has not been collected, is being collected, has been collected completely). There are may exist three scenarios: . 

In the first scenario, the DCCF discovers the requested data has not been collected yet by other NWDAF(s). Then the DCCF responds to the requesting NWDAF with a message that the query has no result. Consequently, the requesting NWDAF shall subscribe to/request data provider to collect data. Once getting the successful response from the data provider, the requesting NWDAF should register/update the data profile that contains the parameters of collected data to the DCCF. And then it will update the data profile again to the DCCF after completing the procedure of data collection. 

In the second scenario, the DCCF discovers some other NWDAF instance(s) is collecting the requested data, then the DCCF responds to the requesting NWDAF with a message that indicates the ID or address of the NWDAF, which is collecting the required data. Consequently, the requesting NWDAF shall subscribe to/request the indicated NWDAF to collect data. Similar as the first scenario, the NWDAF shall register/update data profile of collected data to the DCCF in different phases. In the third scenario, the DCCF discovers some other NWDAF instance(s) has collected the requested data. The rest of the operations of DCCF and the requesting NWDAF are similar as the ones in the second scenario.
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Figure 6.15.1-2: Architecture for DCCF only used to control signaling for data collection
6.15.2
Procedures
6.15.2.1
Data collection by using DCCF to control signalling and forward data
The procedure for data collection by using DCCF is illustrated in Figure 6.15.2.11-1.
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Figure 6.15.2.1-1: Procedure for data collection by using DCCF

1.
An NF-A sends analytics requests to an NWDAF by using Nnwdaf_AnalyticsInfo_Request or Nnwdaf_AnalyticsSubscription_Subscribe service of the NWDAF.

2.
The NWDAF uses Nnrf_NFDiscovery service of NRF to discover and select DCCF. The information to discover and select a DCCF may include DNN, S-NSSAI, type of data to be collected, service area.

3.
The NWDAF use a service of DCCF, e.g. Ndccf_EventExposure_Subscribe to send the data subscription request to the DCCF. The message may contain one or more of following parameters: the type of data to be collected, and data collection attributes.

4a.
If the data type has not been collected from NF-B before, the DCCF uses an event exposure service, such as Nnf_EventExposure_Subsribe where the NF could be AMF, SMF for example, to subscribe for the required data type. 
If the data is being collected but having different collection attributes, the existing subscription parameters may be updated such as Expiry time, Area of Interest.
If the data type has been collected from NF-B before, the DCCF will not use the Nnf_EventExposure_Subsribe (step 4b will be skipped) and instead use Ndccf_EventExposure_Notify to send the cached data to the NWDAF(s) that subscribed for this data as defined in step 5 directly.
NOTE1:
Either NWDAF or DCCF may discover the NF-B.
NOTE2: The NF-B is a data provider, it may be a NWDAF instance in some scenarios, which can expose the collected data to other entities.
4b.
The NF-B sends data notification to the DCCF, for example by using Nnf_EventExposure_Notify service.

5.
The DCCF uses a service, for example Ndccf_EventExposure_Notify to send the data to the NWDAF(s) that subscribed for this data.

6.
The NWDAF performs data analytics.

7.
The NWDAF sends the analytics results data to the NF-A by using Nnwdaf_AnalyticInfo_Response or Nnwdaf_AnalyticSubscription_Notify service.
6.15.2.2
Data collection by using DCCF to control signalling
The procedure for the DCCF only used to control signaling for data collection is illustrated in Figure 6.15.2.2-1.
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Figure 6.15.2.2-1: Procedure for the DCCF only used to control signaling for data collection

1.
An NF-A (NWDAF consumer) sends analytics requests to an NWDAF by using Nnwdaf_AnalyticsInfo_Request or Nnwdaf_AnalyticsSubscription_Subscribe service of the NWDAF.

2.
The NWDAF (data consumer) uses Nnrf_NFDiscovery service of NRF to discover and select DCCF. The information to discover and select a DCCF may include DNN, S-NSSAI, type of data to be collected and service area. And it also needs to discover NF-B and/or Data Repository. 
3a.
The requesting NWDAF inquires the DCCF for example using the DCCF query service to discover if the data is not collected or is being collected or has been collected by some other NWDAF instance(s). The input parameters for the DCCF query service may contain one or more of following ones: Event ID list, Time period of data collection, Area of Interest.

Scenario 1:

3b-1.
If the data has not been collected from NF-B before by other NWDAF instance(s), the DCCF responds to the requesting NWDAF with a message that the inquiry has no result. 

4-1.
The requesting NWDAF uses Nnf_EventExposure_Subscribe to subscribe for the required data from the NF-B (data provider)(the ID or address of the NF-B is discovered in step 2). The NF-B responds to a successful subscription message.

Scenario 2: 

3b-2.
If the DCCF discovers some other NWDAF instance(s) (the distributed NWDAF) is collecting the requested data, the DCCF responds to the requesting NWDAF with a message that indicates the ID or address of the distributed NWDAF.

4-2.
The requesting NWDAF uses Nnwdaf_EventExposure_Subscribe service to subscribe for the required data from the distributed NWDAF. The distributed NWDAF responds a successful subscription message.
Scenario 3: 

3b-3.
If the DCCF discovers some other NWDAF instance(s) (the distributed NWDAF or the data repository) has collected the requested data, the DCCF responds to the requesting NWDAF with a message that indicates the ID or address of the distributed NWDAF or the data repository. The DCCF decides which one to be interacted with the requesting NWDAF according to their NF load status (NF load status can be queried through NRF). DCCF selects NF with lower load status to achieve load balancing and avoid performance degradation caused by the high load.
4-3.
The requesting NWDAF uses Nnwdaf_EventExposure_Subscribe service to subscribe for the required data from the distributed NWDAF or the data repository. The distributed NWDAF responds a successful subscription message.
5.
Upon receiving the successful subscription response either from the NF-B (in step 4-1) or the distributed NWDAF (in step 4-2 or 4-3), and before starting to collect data, the requesting NWDAF should register the data profile that contains the parameters of collected data to the DCCF, the data profiled may contain one or more of following ones: Event ID list, Time period of data collection, Area of Interest, Data obtaining status (e.g. collecting).

Collect Data: 

According to the subscription from the DCCF, the NF-B (in step 4-1) or the distributed NWDAF (in step 4-2 or 4-3) sends the required data to the requesting NWDAF, for example by using Nnf_EventExposure_Notify service.

6.
After finishing the data collection either from NF-B (in step 4-1) or the distributed NWDAF (in step 4-2 or 4-3), the requesting NWDAF should update the data profile for the collected data to the DCCF, which includes the updated Data obtaining status (e.g. completed) and the validity of the collected data.

7.
The requesting NWDAF performs data analytics based on the collected data.

8.
The NWDAF sends the analytics results data to the NF-A (NWDAF consumer) by using Nnwdaf_AnalyticInfo_Response or Nnwdaf_AnalyticSubscription_Notify service.

9.
The NWDAF can also store collected data and related analysis results to a Data Repository and update the data profile for the collected data and obtained data analytics result again to the DCCF, adding the data storage address or data repository ID(the ID or address of the Data Repository is discovered in step 2). And the Data Repository can reject the NWDAF data storage request, if the data requested for storage is being transmitted or has been stored to the data repository by other NWDAF previously. It can avoid repeated storage of the same data in the Data Repository.
During the storage period, the Data Repository could also register/update the profile that contains the parameters of collected data to the DCCF, similar to steps 4-1c and 6.

NOTE:
This solution also applies to the data collection for the scenario that NWDAF is collocated with 5GC NF, this NWDAF will collect the data from the associated 5GC NF directly and shall not unnecessarily send required data to DCCF. In order to enable data consumer can get the collected data from these collocated NWDAF, they could register/update the profile to the DCCF during/after the procedure of data collection. 

6.15.3
Impacts on services, entities and interfaces
A new DCCF is introduced.
-
Impact on Data collection by using DCCF to control signalling and forward data:

-
The DCCF provides data collection service for other NWDAFs.
-
The NWDAF uses the service of DCCF for data collection.
-
Impact on Data collection by using DCCF to control signalling:
-
The DCCF needs to support NWDAF registration/update the profile of collected data.

-
The DCCF determines whether NWDAF is collecting data according to the profile of collected data by other NWDAFs.

-
The DCCF indicates interacted NWDAF according to the NF load status.

-
The DCCF will delete the corresponding profile after expiration according to the validity of the collected data.
-
The NWDAF registers/updates the profile of collected data in DCCF after receiving the data provider or corresponding NWDAF response request or subscription success, and before data collection starts.

-
After the NWDAF completes collecting data, the the profile of collected data is updated in DCCF.

-
Data and analysis results can be transmitted between NWDAFs.

-
The Data Repository (and/or entity with storage function) determines whether the same data and/or analysis results are being transmitted or stored.
* * * * End of change * * * *
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