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Abstract of the contribution: This contribution proposes solutions for Key Issue 5: NWDAF-Assisted QoS Profile Provisioning.
1. Discussion
This contribution is to address Key Issue 5: NWDAF-Assisted QoS Profile Provisioning.
At the moment, it is still not clear how to drive the value of the 5G QoS parameter combination, especially for the non-standardized 5QI, though 5GS e.g. PCF may derives the initial 5G QoS parameter combination based on the SLA provided by Vertical/3rd Party. 
Also, the initial mapped 5GS QoS parameters combination could not be accurate:
· For vertical service, the initial mapped 5GS QoS parameters combination could be over-demanding i.e. high network cost but good service performance.
· OTT service has no initial SLA and is delivered over default bearer, which is undemanding i.e. bad service performance but with low network cost.
Application server from vertical/3rd party will measure their own important service i.e. vertical/3rd party is aware of the service experience and therefore if vertical/3rd party have strong requirement to better guarantee/improve their service quality, they should provide service data with service experience to operator, which allows operator to leverage NWDAF to derive the accurate 5G QoS parameter combination (together with Network data)
However, the accurate QoS parameter combination could be more than one due to multi-objective optimization/MCDM (Multiple Criteria Decision Making), which means one single globally best QoS parameter combination may not exist with respect to all the objectives and instead there exists a set of QoS parameter combination(s), which are superior to the rest when considering all the objectives but inferior to the other in one or more objectives:
· For example, with service data from AF and network data from 5GS, the NWDAF is to train and evaluate e.g. a linear model for a given service as follows:


              (1)
In formula (1), 
· h(x) is the service experience requirement for a given service e.g. service MOS > 3 ;
·  is a feature vector, where  is Packet Delay,  is Packet Error Ratio,  is Flow Bit Rate…..  is TCP congestion window size (i.e. all the factors could have impact on the service experience). Please note the  is a constant equals to 1;
·  is a parameter vector, as known as weight vector, where  represents the weight of ith () QoS parameter in the QoS profile which impacts on the service experience;
· Why there exists a set of QoS parameter combination(s)? One example is that, with a given service experience requirement (e.g. Service MOS>3) from vertical, the Packet Delay could conflict with Packet Error Rate i.e. 
· In weak coverage, gNB may transmit the same Packets to UE several times in order to improve Packet Error Loss, which on the contrary increases Packet Delay Budget and may further have an impact on Guaranteed Flow Bit Rate. 
· While in good coverage, gNB does not need to transmit the same Packets to UE several times as both Packet Error Rate and Packet Delay is good enough, which may further relax the requirement of Guaranteed Flow Bit Rate accordingly. 

[bookmark: OLE_LINK1]Therefore, given there exists a set of QoS parameter combination(s), the 5GS e.g. PCF/UPF/gNB will jointly determine the subset of QoS parameters combination per each NF situation per time per UE location per slice per service per DNN as the QoS parameter combination is composed of PCF related QoS parameters and UPF related QoS parameters and gNB related QoS parameters and optionally AF related QoS parameters. 
Please note vertical/3rd party should provide the correct service experience data to operator if they have strong requirement to better guarantee/improve their service quality. However, the operator cannot fully trust/rely on the service experience observed by vertical/3rd party and therefore the operator also need to measure/monitor the service quality and if the service quality observed by operator are very close to the one observed by vertical/3rd party, then it means the trade-off between service quality and network cost is achieved, which is a win-win state for operator and vertical/3rd party.
2 Proposal
This contribution proposes solutions for Key Issue 5: NWDAF-Assisted QoS Profile Provisioning.
* * * * Start of Change * * * * 
6.x	Solution X: QoS Profile Provisioning
6.x.1	Description
This solution is for Key Issue 5: NWDAF-Assisted QoS Profile Provisioning.
At the moment, it is still not clear how to drive the value of the 5G QoS parameter combination, especially for the non-standardized 5QI, though 5GS e.g. PCF may derive the initial 5G QoS parameter combination based on the SLA provided by Vertical/3rd Party. 
Also, the initial mapped 5GS QoS parameters combination might not be accurate:
· For vertical service, the initial mapped 5GS QoS parameters combination could be over-demanding i.e. high network cost but good service performance.
· OTT service has no initial SLA and is delivered over default bearer, which is undemanding i.e. bad service performance but with low network cost.
Application server from vertical/3rd party will measure their own important service i.e. vertical/3rd party is aware of the service experience and therefore if vertical/3rd party have strong requirement to better guarantee/improve their service quality, they should provide service data with service experience to operator, which allows operator to leverage NWDAF to derive the accurate 5G QoS parameter combination (together with Network data)
However, the accurate QoS parameter combination could be more than one due to multi-objective optimization/MCDM (Multiple Criteria Decision Making), which means one single globally best QoS parameter combination may not exist with respect to all the objectives and instead there exists a set of QoS parameter combination(s), which are superior to the rest when considering all the objectives but inferior to the other in one or more objectives:
· For example, with a given service experience requirement (e.g. Service MOS>3) from vertical, the Packet Delay could conflict with Packet Error Rate i.e. 
· In weak coverage, gNB may transmit the same Packets to UE several times in order to improve Packet Error Rate, which on the contrary increases Packet Delay and may further have an impact on Guaranteed Flow Bit Rate. 
· While in good coverage, gNB does not need to transmit the same Packets to UE several times as both Packet Error Rate and Packet Delay is good enough, which may further relax the requirement of Guaranteed Flow Bit Rate accordingly. 

Therefore, given that there exists a set of QoS parameter combination(s), the 5GS e.g. PCF/SMF/PCF/UPF/gNB will jointly determine a subset of QoS parameters combination per each NF situation (i.e. per time, and/or per UE location, and/or per slice, and/or per service, and/or per DNN), because each QoS parameter combination is composed of PCF related QoS parameters and UPF related QoS parameters, and gNB related QoS parameters and optionally AF related QoS parameters. 
Please note that the vertical/3rd party should provide the correct service experience data to operator if they have strong requirement to better guarantee/improve their service quality. However, the operator cannot fully trust/rely on the service experience observed by vertical/3rd party and therefore the operator also need to measure/monitor the service quality and if the service quality observed by operator is very close to the one observed by vertical/3rd party, then it means the trade-off between service quality and network cost is achieved, which is a win-win state for operator and vertical/3rd party.
6.x.1.1  Information for the support of QoS Profile Provisioning
The service data from the AF and the network data from 5GC NFs for QoS profile Provisioning are defined in Table 6.x.1.1-1 and Table 6.x.1.1-2 here below, which allows NWDAF to have a snapshot of service experience for specific UEs as offline reported by AF.
Table 6.x.1.1-1: Service Data from AF
	Information
	Presence
	Source
	Description

	Correlation ID
	M
	AF
	Could be e.g. IP address 5-tuple or newly allocated temporary ID by 5GC , which is used by NWDAF to correlate the service data from AF and the network data from 5GC NF for the service

	Application ID
	M
	AF
	To identify the service and support analytics per type of service in all proposed UCs (the desired level of service)

	Service Experience
	M
	AF
	E.g. Service MOS, MOS or vMOS, to characterize the experience for the service. (The observed level of service by AF)

	Timestamp
	M
	AF
	The timing for the service.

	Communication Pattern parameters
	O
	AF
	To characterize the communication pattern for the service, as specified in TS 23.682 [x], clause 5.10.1.

	RWND (Receiver window) for TCP Window size
	O
	AF
	To determine the Recommended RWND (Receiver Window) per service type per TCP connection per network condition.

	CWND (Congestion Window) for TCP Window size 
	O
	AF
	To determine the Recommended CWND (Congestion Window) per service type per TCP connection per network condition.



NOTE X : Congestion Window is a TCP state variable that limits the amount of data the TCP can send into the network before receiving an ACK. The Receiver Window is a variable that advertises the amount of data that the destination side can receive. Together, the two variables are used to regulate data flow in TCP connections, minimize congestion, and improve network performance. Congestion Window and Receiver Window usually have a high dependence with network condition.
Table 6.x.1.1-2: Network Data from 5GC NF
	Information
	Presence
	Source
	Description

	Correlation ID
	M
	PCF
	Could be e.g. IP address 5-tuple or newly allocated temporary ID by 5GC , which is used by NWDAF to correlate the service data and the network data for the service

	Timestamp
	M
	
	The timing for the service.

	Location Info
	O
	AMF
	The location information for the service.

	PDU Session ID
	O
	SMF
	To identify the PDU Session which contains the QoS flow

	DNN
	O
	SMF/ PCF
	To identify the DNN for the PDU Session which contains the QoS flow

	S-NSSAI
	M
	SMF/AMF
	To identify the S-NSSAI for the PDU Session which contains the QoS flow

	Application ID
	M
	PCF
	Provided by the AF, which is used by NWDAF to identify the application service provider and application for the QoS flow

	IP filter information
	O
	PCF
	Provided by the AF, which is used by NWDAF to identify the service data flow for policy control and/or differentiated charging for the QoS flow

	Media/application bandwidth
	M
	PCF
	Provided by the AF, which is used by NWDAF to know Media/application bandwidth requirements for QoS control for the QoS flow

	QFI
	M
	SMF/UPF
	To identify the QoS flow

	QoS flow Bit Rate
	M
	UPF
	To determine the QoS parameter: GFBR/MFBR

	QoS flow Packet Delay
	M
	UPF
	To determine the QoS parameter: PDB

	QoS flow Packet Error Rate
	M
	UPF
	To determine the QoS parameter: PER



6.x.1.2  Procedure to support QoS Provisioning and Adjustment


Figure 6.x.1.2-1: Procedure to support QoS Profile Provisioning during PDU Session Modification
1. With non-real time data information from AF and 5GS NFs, NWDAF offline derives (e.g. based on the MCDM) a set of E2E QoS parameters combination(s), which is composed of
a) the value of 5GS QoS parameters combination such as 5QI (Packet Delay Budget, Packet Error Rate, Averaging window, Maximum Data Burst Volume), Guaranteed Flow Bit Rate, Maximum Flow Bit Rate, Maximum Packet Loss Rate, etc.
b) an application identifier and/or a DNN and/or possibly slicing information (S-NSSAI) 
c) the value of the application dependent QoS parameters such as TCP Window Size i.e. Recommended CWND(Congestion Window)/ Recommended RWND(Receiver Window)
d) Spatial validity condition
e) Time validity condition
f) NWDAF transaction id. 
This allows the NWDAF to update or remove the NWDAF request to influence QoS profile provisioning.
g) Information on the UE(s). This may correspond to:
-	groups of UEs identified by an External Group Identifier as defined in TS 23.682 [x] when the AF interacts via the NEF, or Internal-Group Identifier (see clause 5.9.7 of 23.501 [2]) when the AF interacts directly with the PCF.
-	any UE the request applies to any UE accessing the combination of DNN, S-NSSAI.
NOTE Y: The non-real time data information from AF includes the service experience data (see Table 6.x.1.1-1), which indicates the service quality during the service lifetime.
2. At a later point in time, when a QoS flow is to be set up for a specific UE, the PDU Session Modification (see TS 23.502 [3], clause 4.3.3) is trigged as follows:
Step 2.1. To create a new request, the AF invokes an Npcf_PolicyAuthorization_Create Request service operation to the PCF via NEF. The request contains an Application ID, IP filter information, Media/application bandwidth, etc. The PCF invokes Npcf_PolicyAuthorization_Create Response service operation to the NWDAF via NEF.
Step 2.2-2.3. Based on PCF request (the Application ID, IP filter information, Media/application bandwidth, S-NSSAI, DNN), the NWDAF provides the data analytics i.e. a set of recommended E2E QoS parameters combination(s) per time and/or per UE location and/or per slice and/or per service per DNN to the PCF. Please note that the call flow only shows a request-response model for the simplicity instead of both request-response model and subscription-notification model.  
Step 2.4. Based on the set of recommended E2E QoS parameters combination(s) provided by NWDAF, the 5GS e.g. PCF /UPF/gNB will jointly determines the subset of QoS parameters combination per each NF situation per time per UE location per slice per service per DNN as the E2E QoS parameter combination is composed of PCF related QoS parameters and UPF related QoS parameters and gNB related QoS parameters and optionally AF related QoS parameters.
Editor’s Note: How the info got from NWDAF are propagated to the other NFs (once arrived at the PCF) and how PCF and other NFs jointly determines the subset of E2E QoS parameters combination are FFS.
Step 2.5. PCF may provide the Recommended CWND/RWND to the AF, which coordinates with the 5GS QoS parameters in use.
3-4. Network Condition change occurs at the NG-RAN, who may initiate notification control procedure (see TS 23.502 [3], clause 4.3.3, 1e) to notify AF that the QoS targets of the QoS Flow cannot be fulfilled, allowing e.g. to change the Recommended CWND/RWND or the service requirement.
5. The AF offline feedbacks the service data (including service experience data) to the NWDAF for further QoS parameter(s) optimization (see Table 6.x.1.1-1).
6.x.2	Impacts on Existing Nodes and Functionality
Editor's note:	Capture impacts on existing 3GPP nodes and functional elements.
6.x.3	Solution Evaluation
Editor's note:	Use this section for evaluation at solution level.
* * * End of Change * * * 
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