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1. Discussion
1.1 Use case analysis

The Use Case 6: NWDAF-Assisted QoS Adjustment raises the issue that the 5GS QoS parameters are set based on SLAs, assuming a fixed relation between a service and the assigned QoS parameters, then it indicates that the network conditions may change and therefore the performance of the network. The conclusion in Use Case #6 is that there is no one single combination of QoS parameters but different combinations that meets the same SLA. These combination of QoS parameters depends on the location or the time of the day.  This use case assumes that the performance of the network is impacted by both the location and the time of the day.

Our understanding of the QoS model is as follows:

QoS parameters (including (delay, loss, bitrate)-tuple) are requirements that the network needs to fulfil under the conditions described in 23.501, these values are defined statistically as indicated below for GBR flows as an example:

· If the bitrate measured over the Averaging Window is below the GFBR, the network guarantees that PDB and PER requirements will be fulfilled. For higher bitrates, congestion-related packet drops and delays may occur.

· PDB shall be interpreted as a maximum delay (not a “current value”) with a confidence level of 98. Even if 2% of the packets are delayed infinitely, the PDB contract is fulfilled.

· PER: It is defined as an upper bound (not a “current value”) for a rate of packet losses.

The QoS parameters defined a contract based on statistics, which means that we need to check what to do to handle changing network conditions. According to 23.501, the network allows for MFBR>GFBR so that at least one of the dimensions in the (bitrate, loss, delay) tuple can be changed, triggered by external conditions. This change of bit rate is triggered by the application and not by the network.
In addition, if the network conditions change so that the GBR flow cannot be maintained, QNC is sent to the application that can either adapt or decide that there is no need to continue the service. 

The QoS model described above implements mechanism to minimize the impact on the service when the performance of the network changes.
Proposal 1: There is no need to provide multiple QoS combinations to PCF depending on network conditions, since the existing QoS solution in 23.501 can deal with changing network conditions today.
1.2 The role of analytics

In this section we discussed on how analytics can assist PCF to determine the mapping from service characteristics to non-standardized QoS parameters, fulfilling the SLA between MNO and ASP.
Our proposal is that the SLA indicates the required Service Experience for an application and it is stored in the PCF. The NWDAF provides both the estimated Service Experience for a given he given application to PCF, which will be taken into account by PCF for the mapping of service characteristics to non-standardized QoS parameters.
The following steps are needed:
1) The PCF initially determines the mapping from service characteristics to the non-standardized QoS parameters based on local policies, that considers the required Service Experience (e.g. Service MOS >3). 
2) In addition, NWDAF monitors and estimates the Service Experience for the same service and provides this estimation to the PCF, indicating how good the used QoS Parameters satisfy the Application SLA. Then, the PCF may adjust the set of QoS parameters combination based on the estimated Service Experience and the operator policies.
For example:
· The SLA indicates the Service Experience for an application should be Service MOS>3.

· NWDAF provides an estimated Service Experience for the same application Service MOS∈[4.0, 5.0], at all times, except between 12:00 PM-13:00 PM peak time that Service Experience degrade to Service MOS∈[3.0, 4.0]. to the PCF. 
· The PCF maps the service characteristics to the initially configured QoS parameters combinations, for example, if the service requirements indicate that latency should be set to 20ms and the estimated Service Experience is Service MOS∈[4.0, 5.0], and that latency should be set to 50 ms and the estimated Service Experience is Service MOS∈[3.0, 4.0], then PCF may decide to assign latency 50 ms at any time or to assign latency 20 ms first and then when the expected Service Experience degrades changes latency to 50 ms.

· After that, the NWDAF monitors and estimates the Service Experience e.g. average Service MoS is 3.3 and then the PCF may decide to update the used QoS parameters combinations e.g. to have higher average Service MoS=4.0
How does analytics calculate the Service Experience (i.e. Service MOS) for an application, is implementation specific but some information that is needed is reporting from UE is needed for those UE´s that support QoE reporting and for other applications PM and KPIs available at Core Network and RAN may be used to determine the Service MOS for a certain application.
Proposal 2: NWDAF collects QoE reports from the UE, and correlates that with corresponding PM measurements from RAN and CN as input data to determine the Service Experience (i.e. Service MOS) for an application. 
Proposal 3: PCF retrieves analytics from NWDAF related to the estimated Service Experience for an application 
Proposal 4: PCF should be able to map service characteristics to 5G QoS parameters taking into account the Service Experience (this can be a range or a single value).
Proposal

Update the existing solution for QoS profile provisioning according to proposal 1, 2, 3 ad 4 above. Alternatively, a new solution can be included in the TR instead.
* * * First Change * * * *

6.3
Solution 3: QoS Profile Provisioning
6.3.1
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 non-standardized 5QI, though 5GS e.g. PCF may derive the initial 5G QoS parameter combination based on operator policies that may take into account the SLA between the MNO and the  Vertical/3rd Party.

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 both service characteristics  and observed service experience to operator, which allows operator to check if the observed service experience is according to the SLA and then  modify the  5G QoS parameter combination (together with Network data). Alternatively, the NWDAF can estimate the Service Experience that can be used to determine if the QoS parameters combination for the service may need to be modified.
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, QoS parameters per Service MOS (e.g. one is for Service MOS∈[3.0, 4.0] and the other is for Service MOS∈[4.0, 5.0]) are initially assigned by PCF, and then if gNB may not be able to comply with the one per Service MOS∈[4.0, 5.0], the gNB sends QNC to notify the that QoS requirements cannot be met any longer.  :
-
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. If gNB finds that the QoS contract cannot be fulfilled it will send a QNC.
-
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, then gNB is able to fulfil the QoS contract. 
Therefore, for the given application, there is no need to provide multiple QoS combinations per the given Service Experience (i.e. Service MOS window) to PCF depending on network conditions, since the existing QoS solution in 23.501 can deal with changing network conditions today. However, the PCF may determine  a set of QoS parameter combination(s) per Service Experience (i.e. Service MOS window), the PCF will determine one QoS parameters combination among them.
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. 
The estimated Service Experience is provided to the PCF that can check how good the used QoS Parameters satisfy the Application SLA.
6.3.1.1
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 6.3.1.1-1 and Table 6.3.1.1-2 here below, which allows NWDAF to have a snapshot of service experience for specific UEs as offline reported by AF.

Table 6.3.1.1-1: Service Data from AF related to the observed service experience
	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. (NOTE 1)

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

	Service Experience
	O
	AF
	E.g. Service MOS, MOS or video MOS as specified in ITU-T P.1203.3 [11], to characterize the experience for the service. (The observed level of service by AF)

	Timestamp
	O
	AF
	A time stamp associated to the observed level of Service Experience provided by the AF, mandatory if the observed Service Experience is provided by the ASP..

	
	
	
	

	NOTE 1: The PCF could newly assign a correlation ID per UE per service, when receiving Npcf_PolicyAuthorization Create Request from AF, and send this correlation ID to AF and 5GC NFs, e.g. SMF, allowing NWDAF to correlate the service data from AF and the network data from 5GC NF as defined in Table 6.3.1.1-2.


Table 6.3.1.1-2: QoS flow level Network Data from 5GC NF related to the QoS profile assigned for a particular service (identified by an Application Id or IP filter information)
	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
	O
	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
	PCF or SMF
	To identify the QoS flow

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

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

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



In addition to QoS flow level Network Data, NWDAF could also collect QoE reports from the UE, PM measurements from RAN and CN as input data to determine the Service Experience (i.e. Service MOS) for an application. Note that the explicit list of input data is not finalised and needs some discussion with SA5 to see what measurements are available and needed. How the QoS flow level Network Data depends on the conclusion on key issue.#3. 
NWDAF is to retrieve the PM measurements data from OAM as the PM measurements is defined by SA5.
NOTE X: QoE reports from the UE is dependent on the discussion outcome of Key Issue 13: UE driven analytics.
6.3.1.2
Procedure to support QoS Provisioning and Adjustment
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Figure 6.3.1.2-1: Procedure to support QoS Profile Provisioning during Trial phase
1d to 1d ~1e and  1e~1h to 1f".
0.  A set of initial QoS parameter combinations per service MoS window (e.g. one is for 4<Service MOS<5) is defined in PCF (e.g. by configuration of operator policies), which could be updated by PCF based on the estimated Service Experience range provided by NWDAF3<Service MOS<4 and the other is for 
1a~1c. NWDAF correlates the network data from 5GC NF(s) as defined Table 6.3.1.1-2 and the service data from AF as defined in Table 6.3.1.1-1 and offline trained a Service MoS Model for the given application. In addition, NWDAF collects QoE reports from the UE, and correlates that with corresponding PM measurements from RAN and CN as input data to train the Service MoS Model, which will be used to determine the Service MOS for an application later on.
NOTE: 
Note that the explicit list of input data is not finalised and needs some discussion with SA5 to see what measurements are available and needed. How the QoS flow level Network Data is retrieved depends on the conclusion on key issue.#3.
1d-1e. PCF send a request (the Application ID, time window, Region area, IP filter information, Media/application bandwidth, S-NSSAI, DNN) to NWDAF and the NWDAF provides the data analytics, i.e. the estimated Service Experience (maybe a range)  to the PCF, indicating how well the used QoS Parameters satisfy the Application SLA:

a)
the estimated Service Experience e.g. average Service MoS .
b)
Spatial validity condition, when the estimated Service Experience applies.

c)
Time validity condition, when the estimated Service Experience applies.

d)
NWDAF transaction id.

For example, time window could be from 20180601 to 20180630, which means PCF requests NWDAF to provide the average Service MoS score from, 20180601 to 20180607.
NOTE: 
The NWDAF service consumed here by the PCF will be decided when a solution to key issue#1 is selected.

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.

1f . Based on the estimated Service Experience (this can be a range) provided by NWDAF, and the operator policies that takes into account the SLA (including the required Service Experience), the PCF updates the used QoS parameters to be applied for the service if PCF determines that application SLA is not satisfied,
NOTE 1:
The non-real time data information from AF includes the service experience data (see Table 6.3.1.1-1), 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 and the PCF determines one QoS parameters combinations among the updated QoS parameters combinations per Service MOS window in step 1 to be applied for the application, based on the operator policies. 

For example, Assuming that there are two the QoS Parameters Combinations per Service MOS window e.g. one is for 4<Service MOS<5 in PCF, the PCF could first determine to use the QoS Parameters Combinations per 4<Service MOS<5 for e.g. the golden user.3<Service MOS<4 and the other is 



Remaining PDU Session Modification Procedure, Step 1b~Step 12 in clause 4.3.3.2 or Step 1~ Step 17 in clause 4.3.3.3.

3.
If radio access network condition changes, 
The NG RAN sends a SM information to the SMF via AMF with a notification indicating that the current target QoS parameters combination cannot be fulfilled, optional, NG RAN can also notify the recommended bit rate.

Upon receiving the notification from NG RAN, if this corresponds to a Policy Control Request Trigger set by the PCF before, the SMF initiates a Session Management Policy Modification procedure to the PCF with the notification and the optional recommended bit rate. Then, based on the notification event and the optional recommended bit rate, the PCF may re-determine a new QoS parameters combination that fulfils the still meets the Service Experience in the SLA,  and sends this new one to the SMF.
For example, if the currently used QoS Parameters Combinations for 4<Service MOS<5 ( for the golden user) and then PCF may re-determine to use QoS parameters combination for 3<Service MOS<4, which consume less network resource and could be accepted by RAN.

6.3.2
Impacts on Existing Nodes and Functionality

NWDAF:
· Collects QoS Flow level network data from 5GC NF(s), service data from AF, PM measurements and QoE data from UE (which is dependent on the discussion outcome of Key Issue 13: UE driven analytics or on the discussions with SA4);

· The NWDAF provides the estimated Service Experience range, indicating how good the used QoS Parameters satisfy the Application SLA. 

PCF:

· Receives the estimated Service Experience range from the NWDAF and decided whether to update the used QoS profile;

· If receiving a notification from NG RAN via SMF that current target QoS parameters combination cannot be fulfilled, the PCF may re-determine a new QoS parameters combination that still meets the Service Experience in the SLA. 
AF: 
·  Provides service data to the NWDAF.
5G NFs (include AMF, SMF, UPF, UDM, and PCF):


Provides QoS Flow level network data to the NWDAF
6.3.3
Solution Evaluation

This solution provides a solution how PCF derives the value of the non-standardized 5QI with assistance information from the NWDAF i.e. the estimated Service Experience range. 
Future release could investigate what information NWDAF could provide to PCF to have a quicker QoS parameters combination updating that meets the Service Experience in the SLA.
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