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Abstract of the contribution: This contribution proposes a new solution for KI#10 on user plane optimization via NWDAF analytics.
1. Background 
This contribution proposes a new solution for KI#10 on user plane optimization via NWDAF analytics to optimize the inactivity timer associated to a PDU session by leveraging enhanced UE Communication and (optionally) Network Performance Analytics.  
2. Text Proposal

It is proposed to adopt the following text within the TR.  
*** Start of the change (all new text) ***
6.X
Solution #X: User plane session inactivity timer optimization 
This solution addresses key issue #10: NWDAF Assisted UP Optimization.

6.X.1 Description

This solution describes the utilization of NWDAF analytics to optimize user plane performance by enhancing the selection of user plane connection inactivity timer associated to each PDU Session. Figure 6.X.1-1 shows the overall solution consisting of data sources, NWDAF, analytics consumer, and UPF. The internal NWDAF architecture shown follows general principles, but the decision on NWDAF decomposition is made in KI#1. 
Figure 6.X.1-1 illustrates the input data sources required for NWDAF to provide analytics related to the inactivity timer value. In order to respect the Rel-16 framework already agreed and frozen in 3GPP, the proposed design may only require supported 5GC entities (i.e. SMF, UPF, AMF), AFs, and OAM to provide input data. However, other entities could provide required input data to NWDAF currently not supported in the standard, namely NG-RAN (in addition to OAM) and the UE (in addition to AMF). The required input data can be mapped to TS 23.288 [5] in the context of UE communication data (including start and end time stamps, uplink and downlink data rates, traffic volume, etc.), cell load measured in number of activated PDU sessions, and UE information..

With respect to the output analytics provided by NWDAF, the design also complies with the Rel-16 NWDAF framework by proposing the generation of data analytics in the form of statistics and predictions for the session inactivity timer that can be directly fed to the SMF. The data analytics delivered by NWDAF are then used by SMF to i) activate or deactivate PDU sessions when needed, and ii) update the timer value using the NWDAF predictions and inform UPF of such update. Both actions can be easily performed by SMF by following the standardized procedures for PDU session activation and deactivation, as well as user plane management, defined in TS 23.502 [3].
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Figure 6.X.1-1: Solution sketch for user plane session inactivity timer optimization
6.X.1.1 General

To enable the proposed user plane connection optimization based on PDU session timer, the following existing NWDAF analytics as defined in [5] are required, but they need to be extended to support this solution. Hence, we propose an extension to the current definitions, as described below.
6.X.1.2 Input data 
UE Communication analytics

Input data for UE Communication analytics are defined in Table 6.7.3.2-1 of TS 23.288 [5].
Additional new input data to Table 6.7.3.2-1 of TS 23.288 [5] is required for this solution, as shwon in Table 6.x.1.2-1. All input data shown below can be collected as part of the UE communication service data (i.e. per application) or as independent entries per PDU session. 
Table 6.X.1.2-1: New input data for UE Communication analytics
	Additional input data
	Source
	Description

	(>) PDU Session ID (1…max)
	SMF
	Identification of PDU Session

	> N4 Session ID
	SMF, UPF
	Identification of N4 Session

	> Inactivity detection time
	SMF, UPF
	Value of session inactivity timer 

	> PDU Session status 
	SMF
	Status of the PDU Session (activated, deactivated)

	UE CM state 
	AMF
	UE connection management state (e.g. CM-IDLE)


Network Performance Analytics

Optionally, network performance analytics could be also leveraged by the service consumer (e.g. SMF) to optimize the performance of the user plane. In particular, SMF could use these analytics in addition to UE communication analytics to derive timer values that optimize not only the performance of the individual UEs but also the network in general. However, no additional input data is required for Network Performance analytics.
6.X.1.3 Output analytics

UE Communication analytics

To enable the optimization of the inactivity timer associated to the user plane connection, UE Communication output analytics defined in Tables 6.7.3.3-1 and 6.7.3.3-2 of TS 23.288 [5] could be expanded with Table 6.X.1.3-1
Table 6.X.1.3-1: New output analytics for UE Communication
	Additional Information
	Description

	N4 Session ID (1…max)
	Identification of N4 Session

	> Inactivity detection time
	Value of session inactivity timer (average, variance)


Network Performance Analytics
Additions to the Network Performance output analytics can include information on the radio resource usage of the gNB as well as a measure of the gNB outage, i.e. a measure of the PDU sessions that were not served in the gNB.
Table 6.X.1.3-2: New output analytics for Network Performance Analytics
	Information
	Description

	> gNB resource usage
	Average usage of assigned resources (radio, CPU, memory, disk)

	> gNB outage
	Measure of the PDU sessions that were not served in the gNB during analytics target period


6.X.1.4 Procedures
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Figure 6.X.1.4-1: Procedure for NWDAF-assisted session inactivity timer optimization
Figure 6.X.1.4-1 shows the procedure supporting NWDAF-based user plane optimization. The steps are detailed as follows: 

0. A PDU Session gets established. A corresponding user plane connection needs to be activated for data transmission. During the course of the procedure the user plane connection may get deactivated if the inactivity timer expires, and activated if new data traffic is available.

1. SMF subscribes to UE communication analytics from NWDAF.  

2. [OPTIONAL] SMF subscribes to network performance analytics from NWDAF.

Input data collection: Two alternatives are possible for data collection related to N4 Session. Alternative 1 uses SMF and its corresponding service exposure framework to retrieve the required input data described in the invention while Alternative 2 relies on implementation-specific mechanisms for UPF input data retrieval.

Alternative 1 [ALL MESSAGES OPTIONAL]: SMF based N4 session data collection

3a. NWDAF requests N4 Session related input data to SMF as defined in Table 2. It may also request  other UE communication data with SMF as source NF, as specified in TS 23.288 [2] and Table 2.

3b. SMF requests a N4 Session Level report to UPF.

3c. UPF provides the requested N4 Session Level report to SMF according to clause 4.4.2.2 in TS 23.502 [4].

3d. SMF provides the requested N4 Session related input data to NWDAF.

Alternative 2: UPF based N4 session data collection

4. [OPTIONAL] NWDAF collects N4 Session related input data directly from UPF via implementation-specific mechanisms. 

5. NWDAF collects the remaining input data required to produce the requested analytics according to TS 23.288 [2].

6. NWDAF may provide UE Communication analytics to SMF as defined in TS 23.288 [2] and Table 4.

7. [OPTIONAL] If step 2 is performed, NWDAF provides network performance analytics to SMF as specified in TS 23.288 [2]. It may also add output analytics data shown in Table 7.

8. While SMF continues its task of activating and deactivating PDU Sessions, SMF also processes the received analytics provided by NWDAF.

9. Based on its analysis of NWDAF analytics, SMF may decide to update the user plane inactivity timer of certain PDU Session(s) associated to corresponding N4 Session(s).

10. SMF triggers a N4 Session modification procedure according to clause 4.4.1.3 in TS 23.502 [4] to inform UPF of the inactivity timer update..
6.X.2
Impacts on Existing Nodes and Functionality
NWDAF:

-
Enhancements to provide extended UE Communication analytics and Network Performance analytics.

SMF:

-
Enhancements to allow SMF to subscribe to UE Communication analytics and Network Performance analytics and internally use the analytics to select session inactivity timer.

-
Support of event exposure to provide requested data from NWDAF for extended UE Communication analytics.

AMF:

-
Support of event exposure to provide requested data (e.g. UE CM state) from NWDAF for extended UE Communication analytics.

*** End of the change ***
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