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Abstract of the contribution: This contribution proposes a solution for KI #11 on enhancing existing mechanisms to reduce signalling and data collection load avoiding a non-representative sampling of UE subsets when NF service consumer request to apply a sampling ratio. 

[bookmark: _Hlk514274591][bookmark: _Hlk520730635]1		Discussion
KI #11 'Increasing efficiency of data collection' in TR 23.700-91 describes issues that need to be solved to increase efficiency of NWDAF data collection. Among others, the KI proposes to investigate whether mechanisms are needed to reduce signalling load for data collection.
Observations:
-	An existing method to reduce signaling and data collection load when NWDAF collects data targeting a group of UEs or any UE is sampling ratio, as specified in TS 23.288 clause 6.2.1 and TS 23.502 clause 4.15.1.
-	When sampling ratio is applied, a UE subset is randomly selected from the population of UEs which is the target of the analytics, as specified in TS 23.502 clause 4.15.1:
"Sampling ratio is applicable to subscription targeting a group of UEs or any UE. When a sampling ratio is provided, a random subset is selected among the target UEs according to the sampling ratio and only the events related to this subset are reported. A UE remains selected until it is not managed by the event provider NF any more. A UE newly managed by the NF may become selected." 
-	Simple random sampling does not guarantee that a particular subset selected is a perfect representation of the entire population. This, in the Machine Learning (ML) environment, could lead to the following problems:
-	A misclassification could occur, i.e., an error in the inference leading to wrong conclusion about all UEs (as an example the NWDAF could detect a false abnormal behavior, or wrong network performance analytics, or wrong observed service experience information).
-	Training an ML model utilizing a non-representative subset could lead to biased ML algorithms which learned wrong statistics and then provides biased analytics.
-	Selecting a representative subset of UEs is not trivial since NWDAF has no a-priori knowledge about UEs statistics.
Proposal: This contribution proposes a mechanism avoiding a non-representative sampling of UE subsets when NWDAF requests to apply a sampling ratio when collecting UE related data from NFs for a group of UEs or for any UE. This solution represents an enhancement of an already existing feature to reduce signaling and data collection load, thus bringing improvements to data collection as required by KI #11.

2	Proposal
It is proposed to update TR 23.700-91 as follows.


*** Start Change – all new text ***
[bookmark: _Toc22147504][bookmark: _Toc23409917][bookmark: _Toc25416988][bookmark: _Toc25417343][bookmark: _Toc25417811][bookmark: _Toc25740478][bookmark: _Toc26861903][bookmark: _Toc519004414][bookmark: _Toc31096564][bookmark: _Toc30694650]6.X	Solution X: Representative UEs sampling for data collection
6.X.1	Introduction
This solution addresses aspects of KI #11: Increasing efficiency of data collection. The solution avoids that a non-representative sampling of UE subsets is selected when NWDAF requests to apply a sampling ratio to reduce signaling and data collection load. 
6.X.2		Functional Description
This solution proposes to introduce partition criteria as a new Event Reporting Information parameter in the Nnf_EventExposure_Subscribe message and a new mechanism for UE selection when sampling ratio is applied by NWDAF.
When an NWDAF service consumer (e.g. Network Functions (NFs) or OAM) specifies a group of UEs or any UE (i.e., all UEs) as target of the requested analytics, the NWDAF subscribes at the service producer (NF) to collect events related to the targeted group of UEs or all UEs. To alleviate the potential heavy signalling and data collection load, sampling ratio is applicable as Event reporting information. When sampling ratio is provided, the targeted NF selects a random subset among the group of UEs targeted or among all the UEs, according to the sampling ratio, and only the events related to this subset are reported to the NWDAF.
Simple random sampling is a well-known probability sampling technique, to retrieve statistics from a subset of individuals chosen from the total population. Simple random sampling however does not guarantee that a particular subset selected is a perfect representation of the entire population. This, in a Machine Learning (ML) environment, could lead to the following problems:
-	A misclassification could occur, i.e., an error in the inference leading to wrong conclusion about all UEs (as an example the NWDAF could detect a false abnormal behavior, or wrong network performance analytics, or wrong observed service experience information).
-	Training an ML model utilizing a non-representative subset could lead to biased ML algorithms which learned wrong statistics and then provides biased analytics.
With the partition criteria parameter, NWDAF informs the target NF (the one managing the targeted UEs data) to create strata from all UEs, grouping the UEs based on a-priori service or network data information (e.g. Application ID, TAC, UE communication information such as traffic volume, and UE mobility information such as geographical partitioning or roaming status or mobility type). In this way, it is possible to obtain a representative sample of the entire population. 
When receiving a subscription message containing the partition criteria parameter, the NF groups the targeted UEs (i.e., a group of UEs or any UE) based on the partition criteria value (service or network information related to UE such as TAC, Application ID, UE communication information or UE mobility information), thus creating sub-populations/strata of UEs. From each stratum, the NF selects a subset of UEs by sampling randomly from each sub-population according to the sampling ratio specified. This means that each sub-population/stratum has the same sampling ratio regardless of the size of the sub-population/stratum. Thus, the number of UEs selected from each sub-population is proportional to sub-population size. Only notifications regarding selected UEs are sent to the NWDAF. 
There can be multiple partition criteria in a single request from NWDAF.
6.X.3	Procedures
The procedure as per figure 6.x.3-1 illustrates how partition criteria can be used by NWDAF and the NF during data collection for a group of UEs or for any UE. 


 
Figure 6.X.3-1: Representative UEs sampling for data Collection from NF 
1.	The NWDAF Service Consumer subscribes to / requests analytics information by invoking the Nnwdaf_AnalyticsSubscription_Subscribe / Nnwdaf_AnalyticsInfo_Request service operation. The NWDAF Service Consumer provides among others input parameters (as detailed in TS 23.288 clause 6.1.3) the Target of Analytics Reporting that indicates the objects for which Analytics information is requested, such as a group of UE(s) or any UE (i.e., all UEs).
2.	The NWDAF sends a request to NRF/UDM/BSF to determine which NF(s) is/are managing the UEs. 
3.	The NWDAF subscribes to the NF (e.g. AMF or SMF) event exposure. To alleviate the signaling and data collection load, the NWDAF provides as Event Reporting Information in the Event Exposure service a sampling ratio to the NF, together with the "partition criteria" parameter. This is to inform the NF how to group the UEs before applying the sampling ratio. Depending on the analytics required by the NWDAF Service Consumer and based on local configuration, the NWDAF sets the value of the "partition criteria" to service or network information related to UEs (e.g. Type Allocation Code, Application ID), and specifies a sampling ratio. There can be multiple partition criteria in a single request from NWDAF.
4.	The NF groups the targeted UEs (i.e., creates sub-populations/strata) based on the partition criteria parameter.
5.	From each sub-population/stratum, the NF selects a subset of UEs by sampling randomly from each sub-population according to the sampling ratio. This means that each sub-population/stratum has the same sampling ratio regardless of the size of the sub-population/stratum. 
6.	The NF sends only the notifications regarding the selected UEs to the NWDAF.
7-8.	Based on collected data, the NWDAF derives analytics and responds to the request from the NWDAF service consumer.
NOTE:	The procedure above can also be used if a data collection coordination function is introduced between NWDAF and NFs acting as data sources for data collection. The NWDAF provides partition criteria to the data collection coordination function, and the data collection coordination function relays the partition criteria to the NFs acting as data sources for data collection.
[bookmark: _Toc326248712]6.X.4	Impacts on services, entities and interfaces
Impacts to NF Event Exposure services: In order to enable the usage of partition criteria together with sampling ratio, the Event Reporting information parameters in Table 4.15.1-1 TS 23.502 need to be extended to include a "partition criteria". 
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