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Abstract of the contribution: This contribution proposes a solution to address the Key Issue #7: Enhancements on QoS Sustainability analytics.
1. Discussion
5GAA (within WG2 NESQO and eNESQO Work Items) have investigated aspects of QoS prediction and its use in V2X use cases and has identified potential areas of improvement that could be considered for Enhancements on QoS Sustainability Analytics. Six areas of improvements already captured in S2-2002800 have been identified which could be of interest for SA2 (and possibly SA6 as well). 
In particular, the proposed solution below for Key Issue #7 would address one area of improvement mentioned by 5GAA while focusing mainly on Throughput KPIs. 
Extract of Area of improvement 2 from 5GAA:
Currently, NWDAF can provide Cell level QoS Sustainability analytics but does not specify prediction for the following End-to-end KPIs:
· Latency for GBR or Non-GBR QoS Flows;
· Uplink Throughput for GBR QoS Flow and Non-GBR QoS Flows (Prediction for the partial metric RAN UE Throughput is currently supported only for Non-GBR QoS Flows); 
· Downlink Throughput for GBR QoS Flow and Non-GBR QoS Flows (Prediction for the partial metric RAN UE Throughput is currently supported only for Non-GBR QoS Flows);
NOTE: “End-to-end” has to be considered considering measurement points available in the 3GPP System.
NOTE 2: For GBR QoS Flows, a prediction could be relevant for the time intervals for which it is predicted that GBR may not be guaranteed. This would enable the consumer to know more about the type of potential QoS change that may occur.
Furthermore, when it comes to application-level predictions, 5GAA proposed in [1] a prediction framework using Machine Learning models based on time series and supervised learning. The framework includes forecasting of UE location based on trajectory models and of radio conditions at a precise time and location. The QoS is predicted as a mapping process that takes as input the results of these two parallel forecasting processes. The ‘training’ of the mapping process can be performed either with measurements taken on the vehicle devices or with collection of data from operator Network Management Systems and probes. For that matter, MNOs could deploy several endpoints (measurement points) to monitor specific paths in the network, helping with troubleshooting and collecting real network metrics used for QoS prediction during the Machine Learning (ML) model training phase.
Active/Passive/Hybrid Testing is a common approach to measure different network metrics like throughput, latency and jitter between two IP nodes. Those nodes or measurement points could be either at the E2E side (UE and V2X AS) or some nodes in the path. 
Concerning network metrics, Network Performance measurements at IP-layer have been defined by ITU-T [2] and IETF [3]. In particular ITU-T defined the IP metrics below that may be relevant to include as additional input data depending on measurement points available in the 3GPP System for each IP link used:
· IP-layer bits transferred (or IP-layer Bits from IETF)
· IP-layer section capacity (or IP-type-P Link Capacity from IETF)
· IP-layer used section capacity (or IP-type-P Link Usage from IETF)
· IP-layer section utilization (or IP-type-P Link Utilization from IETF)
· IP-layer available section capacity (or IP-type-P Available Link Capacity from IETF)
Additionally, an end-to-end IP network or path also called NSE (Network Section Ensemble) by ITU-T could have his own metrics such as: 
· IP-layer NSE capacity (or IP-type-P Path Capacity from IETF) 
· IP-layer available NSE capacity (or IP-type-P Available Path Capacity from IETF)

For packet delay latency KPI, the solution proposes to reuse the existing measurements defined in clause 5.33.3 QoS Monitoring to Assist URLLC Service of TS 23.501 serving as input data for the Redundant Transmission Experience related analytics. 
Current solution for Redundant Transmission Experience related analytics (see TS 23.288 clause 6.13) using packet delay GTP as input data is described below:
	Information
	Source
	Description

	UL/DL packet drop GTP
	OAM 
	UL/DL packet drop rate measurement on GTP path on N3


	UL/DL packet delay GTP
	UPF 
	End-to-End measurements from UE to UPF

	UL/DL packet delay GTP
	OAM
	UL/DL packet delay measurement round trip on GTP path on N3 



For Uplink/ Downlink Throughput KPI, the solution proposes to extend the measurements related to QoS Monitoring and defined in TS 23.501 and TS 28.552 to include the IP-layer section capacity and IP-layer available section capacity between UE, NG-RAN and UPF at GTP level.
Proposed additional input data:
	Information
	Source
	Description

	UL/DL capacity GTP between UPF and NG-RAN 
	OAM (NOTE 3)
TS 28.552
	UL/DL capacity measurement from UPF to NG-RAN based on GTP path. The capacity measurement corresponds to the IP-layer section capacity definition from ITU-T [Y.1540]

	UL/DL capacity GTP between UPF and UE
	OAM (NOTE 3)
TS 28.552 
	UL/DL capacity measurement from UE to UPF based on GTP path. The capacity measurement corresponds to the IP-layer section capacity definition from ITU-T [Y.1540]

	UL/DL available capacity GTP between UPF and NG-RAN 
	OAM (NOTE 3)
TS 28.552
	UL/DL available capacity measurement from UPF to NG-RAN based on GTP path. The available capacity measurement corresponds to the IP-layer available section capacity definition from ITU-T [Y.1540]

	UL/DL available capacity GTP between UPF and UE
	OAM (NOTE 3)
TS 28.552 
	UL/DL available capacity measurement from UE to UPF based on GTP path. The available capacity measurement corresponds to the IP-layer available section capacity definition from ITU-T [Y.1540]


NOTE 1:	UL/DL packet drop GTP and UL/DL packet latency are already available at GTP level
NOTE 2:	NWDAF could also collect the information from UPF 
NOTE 3:	New performance measurement should be defined for capacity measurement in addition to clause 5.1 of TS 28.552 [8] for the performance measurement in NG-RAN and clause 5.4 1 of TS 28.552 [8] for the performance measurement in UPF. In addition, Annex A of TS 28.552 [8] describes various performance measurements.
NOTE 4:	The NWDAF data collection request/subscription will not activate the measurements for QoS Monitoring. When QoS Monitoring is activated the measurements are triggered according to existing procedures. When QoS Monitoring is not activated SMF may per configuration activate measurements for QoS Monitoring at least at the same time as it requests Analytics.


IP-layer section capacity definition from ITU-T:
For a given population of interest, the IP-layer section capacity is:

where n0 is the highest number of IP-layer bits that can be transferred over a basic section generating successful IP packet transfer outcomes at the egress measurement point during a specified time interval [t, t + Δt].

IP-layer used section capacity definition from ITU-T:
For a given population of interest, the IP-layer section capacity is:

where n is the actual number of IP-layer bits transferred over a basic section generating successful IP packet transfer outcomes at the egress measurement point during a specified time interval [t, t + Δt].

IP-layer available section capacity definition from ITU-T:
For a given population of interest, the IP-layer available section capacity, A(t, Δt), is the unused portion of the IP-layer section capacity during a time interval [t, t + Δt]. This can be calculated as the difference between the IP-layer section capacity and the IP-layer used section capacity. That is: 


References:
[1] 5GAA A-200055 TR: 5GS Enhancements for Providing Predictive QoS in C-V2X
[2] ITU-T Rec. Y.1540: “Internet protocol data communication service – IP packet transfer and availability performance parameters”
[3] IETF RFC 5136: “Defining Network Capacity”



2.	Proposal
It is proposed to include the following text into the TR 23.700-81. 
[bookmark: _Toc463016657][bookmark: _Toc484168145][bookmark: OLE_LINK5][bookmark: OLE_LINK6]* * * * Start of changes (all new text) * * * *
6.Y	Solution #Y: GTP metrics for QoS Sustainability analytics 
[bookmark: _Toc326248710][bookmark: _Toc20147942][bookmark: _Toc20730728][bookmark: _Toc23409919][bookmark: _Toc25416990][bookmark: _Toc25417345][bookmark: _Toc25417813][bookmark: _Toc25740480][bookmark: _Toc26861905]6.Y.1	Description
This solution addresses the Key Issue #7: Enhancements on QoS Sustainability analytics.
In Rel-17, the NWDAF supporting QoS Sustainability analytics collects UE QoS flow Retainability KPI and RAN UE Throughput KPI from OAM (see TS 23.288 [5] clause 6.9.2).
This solution proposes that the NWDAF additionally collects the following input (see Table 6.Y.2-1) according to existing measurements defined in TS 23.501 [2] clause 5.33.3 (QoS Monitoring to Assist URLLC Service).
In order to extend to Network Performance measurements following IP-layer section capacity and IP-layer available section capacity definition from ITU-T Y.1540 [X], the NWDAF should also collect capacity metrics based on GTP path (see Table 6.Y.2-2) between UPF, NG-RAN and UE.
NOTE: How OAM can perform capacity measurements is to be determined by SA5.  
6.Y.2	Input data
Table 6.Y.2-1: Packet drop and/or packet delay measurement at GTP level
	Information
	Source
	Description

	UL/DL packet delay GTP
	SMF or UPF (NOTE 2)
	End-to-End measurements from UE to UPF

	UL/DL packet delay GTP
	OAM (NOTE 3)
	UL/DL packet delay measurement round trip on GTP path on N3 

	NOTE 2:	Direct collection from UPF depends on the outcome of FS_UPEAS.
NOTE 3:	Refer to TS 28.552 [Z] clause 5.1 for the performance measurement in NG-RAN and TS 28.552 [Z] clause 5.4 for the performance measurement in UPF. In addition, Annex A of TS 28.552 [Z] describes various performance measurements, especially, Annex A.61 "Monitoring of one way delay between PSA UPF and NG-RAN" indicates that the measurements on the one way DL and UL delay between PSA UPF and NG-RAN can be used to evaluate and optimize the DL and UL user plane delay performance between 5GC and NG-RAN. Whether the mentioned RAN measurements are needed or even available per UE will be looked into in normative phase.
NOTE 4:	The NWDAF actions will not activate the measurements for QoS Monitoring. When QoS Monitoring is activated, the measurements are triggered according to existing procedures. When QoS Monitoring is not activated SMF may per configuration activate measurements for QoS Monitoring at least at the same time as it requests Analytics.



The following new data collection proposes to extend the measurements related to QoS Monitoring and defined in TS 23.501 [2] and TS 28.552 [Z] to include the IP-layer section capacity and IP-layer available section capacity between UE, NG-RAN and UPF at GTP level
Table 6.Y.2-2: New Data collection for QoS Sustainability analytics
	Information
	Source
	Description

	UL/DL capacity GTP between UPF and NG-RAN 
	OAM (NOTE 3)
TS 28.552
	UL/DL capacity measurement from UPF to NG-RAN based on GTP path. The capacity measurement corresponds to the IP-layer section capacity definition from ITU-T Y.1540 [X]

	UL/DL capacity GTP between UPF and UE
	OAM (NOTE 3)
TS 28.552 
	UL/DL capacity measurement from UE to UPF based on GTP path. The capacity measurement corresponds to the IP-layer section capacity definition from ITU-T Y.1540 [X]

	UL/DL available capacity GTP between UPF and NG-RAN 
	OAM (NOTE 3)
TS 28.552
	UL/DL available capacity measurement from UPF to NG-RAN based on GTP path. The available capacity measurement corresponds to the IP-layer available section capacity definition from ITU-T Y.1540 [X]

	UL/DL available capacity GTP between UPF and UE
	OAM (NOTE 3)
TS 28.552 
	UL/DL available capacity measurement from UE to UPF based on GTP path. The available capacity measurement corresponds to the IP-layer available section capacity definition from ITU-T Y.1540 [X]

	NOTE 1:	UL/DL packet latency is already available at GTP level.
NOTE 2:	NWDAF could also collect the information from UPF, depending on the outcome of FS_UPEAS. 
NOTE 3:	New performance measurement needs to be defined by SA5 for capacity measurement in addition to clause 5.1 of TS 28.552 [Z] for the performance measurement in NG-RAN and clause 5.4 1 of TS 28.552 [Z] for the performance measurement in UPF. In addition, Annex A of TS 28.552 [Z] describes various performance measurements.
NOTE 4:	The NWDAF data collection request/subscription will not activate the measurements for QoS Monitoring. When QoS Monitoring is activated, the measurements are triggered according to existing procedures. When QoS Monitoring is not activated, SMF may per configuration activate measurements for QoS Monitoring at least at the same time as it requests Analytics.



[bookmark: _Toc98843572]6.Y.3	Procedures
The procedure for "QoS Sustainability" analytics provided by NWDAF specified in TS 23.288 [5] clause 6.9.4 is enhanced by adding data collection from SMF or UPF in step 2.
NOTE: Direct data collection from UPF depends on the outcome of FS_UPEAS.
[bookmark: _Toc50023966][bookmark: _Toc57201543][bookmark: _Toc50021453][bookmark: _Toc50022022][bookmark: _Toc50022732][bookmark: _Toc50023381][bookmark: _Toc50579766][bookmark: _Toc54770367][bookmark: _Toc54779719][bookmark: _Toc54786679][bookmark: _Toc50310034][bookmark: _Toc57641581][bookmark: _Toc59101934]6.Y.3	Impacts on services, Existing Nodes and Functionality 
NWDAF:
-	Consume UL/DL packet delay
-	Consume UL/DL new capacity metrics between UPF and UE and between UPF and NG-RAN
-	Consume UL/DL new available capacity metrics between UPF and UE and between UPF and NG-RAN
UPF:
-	Perform the measurements described in clause 6.Y.2.
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