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Abstract: Solution of Key Issue #7 about how to enhance the enhance QoS sustainability analytics.
1. Introduction/Discussion
This contribution is related to Key Issue #7: Enhancements on QoS Sustainability analytics.
The QoS Sustainability Analytics ID has been introduced in Rel. 16 to provide information regarding the QoS change statistics for an Analytics target period in the past in a certain area or the likelihood of a QoS change for an Analytics target period in the future in a certain area (TS 23.288). QoS Sustainability analytics is useful for various use cases and especially V2X-related use cases that 5GAA is working on e.g., Tele-operated Driving, Tele Operated Support, Automated intersection crossing, HD maps etc.
However, enhancements of QoS Sustainability are needed. For instance, the current version of the QoS Sustainability analytics provides outputs only at a cell or TA level. And this leads to QoS change prediction results that are not accurate enough, since the different parts or streets of a cell most probably will have different QoS performance. Hence, it would be useful to investigate if the extension of Input data that are used for QoS Sustainability calculation could lead to more accurate estimations as well as how to provide outputs that go beyond to a cell level accuracy.
Based on the LS from 5GAA (S2-2108993) in SA2#148E this requirement has been also highlighted and the following statements where made:
	From our point of view, more precise (in terms of space) prediction of the QoS is important, especially for safety related use cases. A cell level QoS prediction that is provided, according to our understanding, from the current QoS Sustainability solution (section 6.9 in 3GPP TS 23.288) will not be accurate enough for any UE within the cell. Since in specific parts of a cells (i.e., streets) the experienced QoS will be less or higher than the current cell-level QoS prediction. The QoS of two different UEs within the same cell can be different also because of various factors, such as the type of the UE (e.g., number of antennas, design of the radio modules, etc.), subscription data (e.g., PCC rules and configured QoS profiles). Therefore, QoS predictions need to be able to consider those aspects, for instance, by extending the required input data or the Analytics Filter Information that is used by the consumer when analytics are requested etc.



To provide more accurate QoS Sustainability (i.e., below cell level), firstly it is necessary the QoS information and (required) input parameters that are used by NWDAF for QoS Sustainability analytics, to be associated with the location of the UE (i.e. location of monitoring) that has established a PDU session. And for which the QoS information and input parameters in the requested finer granularity area (i.e., below cell level) are provided from RAN to the OAM. Alternatively, if it is difficult to collect information in the finer granularity area from the RAN/OAM, additional input data from LMF, AMF, SMF and/or PCF can be collect to support the QoS sustainability analytics in the finer granularity area. Then it will be feasible to train a QoS Sustainability model with more precise location information and consequently at the inference phase to generate predictions (and statistics) outputs with granularity below a cell level. This means that for a requested path of interest, a QoS Sustainability response can provide different QoS Sustainability outputs in the context of the same cell if different parts of the path have different behavior. 
Proposal 1: More accurate QoS Sustainability outputs requires QoS and input parameters to be associated with more accurate location information, when input information is collected at the RAN side, and reported to the OAM.
Proposal 2: It is proposed to liaise with RAN and/or SA5 colleagues to receive feedback about the level of location granularity that RAN monitoring information can be reported to the OAM (and consequently to be used as inputs to NWDAF).
Also, in order to improve the correctness and accuracy of QoS sustainability output, it would be useful to extend the Input data used for QoS Sustainability calculation. For instance, radio resource utilization (e.g., PRB used for data traffic, Number of Active UEs), performance measurements for transfer over the UP etc, that are provided by OAM (TS 28.552) could be used to extend the input features. This would help to have more realistic indications for QoS metrics, even combined with Retainability metrics. For instance, low load level at the BS can has completely different impact on Retainability metrics, comparing to a high load BS.
Proposal 3: It is proposed to extend the list of input features by adding information on radio resource utilization and performance measurements for transfer over the UP to improve the correctness and accuracy of QoS sustainability output.
In addition, limited QoS parameters are predicted, especially for V2X use cases i.e., RAN UE Throughput and QoS flow Retainability are currently supported. For instance, for the ToD use case the DL latency and DL reliability are also important QoS parameters that prediction notifications would be helpful and is not available. Hence, additional QoS parameters should be considered by the QoS Sustainability analytics e.g., delay, packet loss rate. This requirement has been also indicated by the 5GAA LS (S2-2108993). To extend the list of considered QoS parameters, this requires to extend the list of Input Data by including e.g., Average delay UL/DL air-interface, UL/DL packet delay GTP, packet drop rate etc, provided by the OAM, as defined in the TS 28.552.
Proposal 4: Additional QoS parameters (delay, packet loss rate) should be considered by the QoS Sustainability analytics and additional inputs for these QoS parameters are needed as inputs to the QoS Sustainability analytics.
At the inference phase, the “QoS Sustainability” request includes location information, which is mandatory field. The location information can be in the form of a) an area or b) a path of interest. In the case that a path of interest is provided, then the QoS Sustainability response will be based on the requested path of interest and how accurate the model has been trained.
But in the case that the QoS Sustainability request an area is provided then the NWDAF does not know the required granularity by the analytics consumer (e.g., AF). Hence, in this case the Area should describe the expected granularity. It is proposed to extend the “Area” location information by indicating the granularity levels e.g., in the form of different predefined zones.
Proposal 5: In case that an area of interest is provided in the QoS Sustainability request message by an analytics consumer then the necessary granularity of the area of interest should be provided in the request message.
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700.81.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc97546137][bookmark: _Toc97057838][bookmark: _Toc97052784][bookmark: _Toc97052456][bookmark: _Toc97057911]6.X	Solution #X: Enhanced QoS Sustainability Analytics
[bookmark: _Toc97052785][bookmark: _Toc97052457][bookmark: _Toc500949099][bookmark: _Toc97546138][bookmark: _Toc97057839][bookmark: _Toc97057912]6.X.1	Description 
[bookmark: _Toc500949101][bookmark: _Toc97052786][bookmark: _Toc97057913][bookmark: _Toc97052458][bookmark: _Toc97057840]QoS Sustainability analytics is an important analytics service, especially for V2X-related or safety related applications, since it helps to handle the impact of a sudden change of the QoS and thus avoid a harsh application adjustment, which could affect safety and efficiency. However, there is the need to enhance the granularity and the accuracy of the QoS Sustainability analytics as well as to extend the QoS parameters that the QoS Sustainability notification can be provided. The latter will help to increase the usefulness of the specific analytics ID as well as to support the requirements of various use cases (e.g., V2X related). 
More accurate QoS Sustainability outputs needs QoS and input parameters to be associated with more accurate location information, when input information is monitored at RAN. Also, the list of input features of the QoS Sustainability analytics ID should be extended by adding information on radio resource utilization and performance measurements for transfer over the UP to improve the correctness and accuracy of QoS sustainability output.
Additional QoS parameters (delay, packet loss rate) should be considered by the QoS Sustainability analytics and additional inputs for these QoS parameters are needed as inputs to the QoS Sustainability analytics. Finally, in the case that an area of interest is provided in the QoS Sustainability request message by an analytics consumer then the necessary granularity of the area of interest should be indicated. 
The outputs of the QoS Sustainability analytics (statistics and predictions), should be provided for more granular location, according to the request with an area or a path of interest.
[bookmark: _Toc97546139]6.X.2	Procedures
[bookmark: _Toc91144532][bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc97057914][bookmark: _Toc97052459][bookmark: _Toc97546140][bookmark: _Toc97052787][bookmark: _Toc97057841]6.X.2.1	General
According to the description in section 6.9 in TS 23.288 [5] the consumer of QoS Sustainability analytics may request the NWDAF analytics information regarding the QoS change statistics for an Analytics target period in the past in a certain area or the likelihood of a QoS change for an Analytics target period in the future in a certain area or path of interest, which is smaller than a cell.
Editor's note: If the AF cannot provide the certain area or path of interest, which is smaller than cell, it is FFS how the NWDAF determines an area smaller than cell for the QoS sustainability analytics.
The area is described in the request message (either of a Subscribe-Notify model or of a Request-Response model) via Location information (mandatory): 
· a path of interest: The location information could reflect a list of waypoints;
· an area: The location information could reflect expected granularity levels of the requested area
[bookmark: _Toc91144533]6.X.2.2	Input data
The table with input data of the QoS Sustainability analytics (TS 23.288 [5]) should be updated by adding information on radio resource utilization and input related to other QoS parameters (e.g., delay, packet error rate).
Table 6.X.2.2-1: Data collection for "QoS Sustainability" analytics (TS 23.288 [5])
	Information
	Source
	Description

	RAN UE Throughput
	OAM TS 28.554 [10]
	Average UE bitrate in the Area or path of Interest (Payload data volume on RLC level per elapsed time unit on the air interface, for transfers restricted by the air interface), per timeslot, per cell, per 5QI and per S-NSSAI.

	QoS flow Retainability
	OAM TS 28.554 [10]
	Number of abnormally released QoS flows during the time the QoS Flows were used per timeslot, per cell, per 5QI and per S-NSSAI.

	RAN status, load and performance information
	OAM
	Statistics on RAN status (up/down), load (i.e. Radio Resource Utilization) and performance in the Area or path of Interest as defined in TS 28.552

	Packet Delay
	OAM
	Statistics on RAN delay measurements (e.g., Average delay UL/DL air-interface), Round-trip GTP Data Packet Delay, packet delay between NG-RAN and PSA UPF in the Area or path of Interest as defined in TS 28.552

	Packet Loss and/or Drop
	OAM
	packet loss (UL/DL) information in the NG-RAN in the Area or path of Interest as defined in TS 28.552



NOTE 1:	The timeslot is the time interval split according to the time unit of the OAM statistics defined by operator.
NOTE 2:	Whether the information listed in Table 6.X.2.2-1 can be collected in requested Area or path of Interest from AF should be dependent on RAN3/SA5.
With the OAM data per finer granularity area in Table 6.X.2.2-1, the NWDAF derives the "QoS Sustainability" statistics on the finer granularity area.
Alternatively, if the information listed in Table 6.X.2.2-1 can be collected from the OAM in requested Area or path of Interest, additional input data for the QoS Sustainability analytics is shown in Table 6.X.2.2-2.
Note that the NWDAF should firstly determine the Cell list or TA list where requested area or path of Interest is included before the data collection from LMF, AMF, SMF and PCF.
[bookmark: OLE_LINK1]Editor's note: How NWDAF gets the UE list located in the finer granularity area is FFS.

Table 6.X.2.2-2: Additional data collection for "QoS Sustainability" analytics
	Information
	Source
	Description

	Timestamp
	
	A time stamp associated with the collected information.

	UE ID
	LMF, AMF
	SUPI

	UE locations (1..max)
	LMF, AMF
	UE positions located in the Cell or TA where requested area or path of Interest is included

	 >UE location
	
	Geodetic Location that the UE is located 

	 >Timestamp 
	
	A time stamp when the LMF calculates the UE is located in this location

	QoS Notification Control of the QoS profiles or Alternative QoS Profiles
	SMF/PCF
	QNC or AQP events from SMF/PCF to indicate that the GFBR, the PDB or the PER of the QoS profile cannot be fulfilled or can be fulfilled again.

	QoS profiles 
	SMF/PCF
	QoS profiles corresponding to the QNC or AQP

	> GFBR
	
	Flow bit rate can be or cannot be guaranteed in RAN

	> PDB
	
	Packet delay can be or cannot be guaranteed in RAN

	> PER
	
	Packet error rate can be or cannot be guaranteed in RAN



NOTE:	The new input about QoS profile from SMF/PCF corresponding to the QNC or AQP will not trigger new RAN measurement
Editor's note:	How NWDAF uses the QoS profiles when QNC/AQP="GFBR can no longer be guaranteed" is FFS.
[bookmark: _GoBack]Editor's note:	It is FFS how the SMF/PCF knows whether PER, PDB or GFBR cannot be fulfilled from the QNC/AQP="GFBR can no longer be guaranteed" event.
Editor's note:	How to reduce the signalling pressure between RAN and CN during the QNC/AQP events collection by NWDAF is FFS.
NWDAF subscribes to the network data from AMF in the Table 6.X.2.2-2 by invoking Namf_EventExposure_Subscribe (Event IDs = Location Changes, Area of Interest=Cell list or TA list).
Editor's note:	How to collect the UE location from LMF is FFS and the cooperation with FS_eLCS_Ph3 is needed.
NWDAF subscribes the network data from SMF/PCF in the Table 6.X.2.2-2 by using the services provided by SMF/PCF together with the Cell list or TA list.
[bookmark: OLE_LINK2]Editor's note: Whether the network data collection from data sources should be considered except from SMF/PCF, e.g. UPF, OAM(MDT), is FFS.
The correlation information in clause 6.2.4 of TS 23.288 [5] are re-used to correlate the data from LMF, AMF and SMF/PCF.
With the CN data per UE in the finer granularity area in Table 6.X.2.2-2, the NWDAF derives the "QoS Sustainability" statistics on the finer granularity area. For example, the NWDAF can derives the analytics as follows:
-	how many percent of the UE’s bit rate/packet delay/packet error rate which can be or cannot be guaranteed on the finer granularity area (below cell level); or
-	Average bit rate/packet delay/packet error rate can be or cannot be guaranteed on the finer granularity area (below cell level).

[bookmark: _Toc91144534]6.X.2.3	Output analytics
The NWDAF outputs the QoS Sustainability analytics, which should be provided according to the analytics request area of path of interest granularity. The provided granularity depends also on collected monitoring data (e.g., that the model has been trained).
Also, the Crossed Reporting Threshold(s) should be indicated for QoS parameter: Throughput, Delay, Packet loss.
Table 6.X.2.3-1: "QoS Sustainability" statistics
	Information
	Description

	List of QoS sustainability Analytics (1..max)
	

	>Applicable Area
	the Location information that the analytics applies to, the Area or path of Interest according to the analytics request

	>Applicable Time Period
	The time period within the Analytics target period that the analytics applies to.

	>Crossed Reporting Threshold(s)
	The Reporting Threshold(s) for each QoS parameter that are met or exceeded or crossed by the statistics value or the expected value of the QoS KPI.



Table 6.X.2.3-2: "QoS Sustainability" predictions
	Information
	Description

	List of QoS sustainability Analytics (1..max)
	

	>Applicable Area
	the Location information that the analytics applies to, the Area or path of Interest according to the analytics request

	>Applicable Time Period
	The time period within the Analytics target period that the analytics applies to.

	>Crossed Reporting Threshold(s)
	The Reporting Threshold(s) for each QoS parameter that are met or exceeded or crossed by the statistics value or the expected value of the QoS KPI.

	>Confidence
	Confidence of the prediction.



6.X.2.4	Procedures
The procedure in Figure 6.9.4-1 of TS 23.288 [5] is re-used with additional data collection step from LMF, AMF, etc.
Editor's note:	The procedure will be added when the service operation for LMF data collection is defined.
6.X.3	Impacts on Existing Nodes and Functionality
TBD
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