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1.
Introduction

The Key Issue 6 is to study how NWDAF can assist traffic routing in 5GS.
	5.2.6
Key Issue 6: NWDAF assisting traffic routing

5.2.6.1
Description

To satisfy the identified use case #3 and #7, following issues need to be studied:

-
which information the NWDAF should have access to for analytics purpose in assisting of traffic routing;

-
which information the NWDAF can provide to PCF/SMF to assist them making more accurate decision on how to select DNAI for traffic routing with applying appropriate PCC rule(s).


There are two solutions, solution 11 and solution 20. In the following, the key points of these two solutions are compared with respect to the description of eNA Key Issue 6. The advantages, disadvantages and impacts to standard are also compared.

2.
Solution Evaluation

2.1
Evaluation Criteria

In order to meet the objectives of Key Issues 6, the following evaluation criteria are applied to the solutions.

Criterion 1: The solution describes the input data for the NWDAF to perform traffic routing analytics.

Criterion 2: The solution describes the analytic output of NWDAF for traffic routing.
Criterion 3: How to collect input data and standard impacts.
Criterion 4: How the outputs are delivered to the consumer and standard impacts.
Criterion 5: Backward compatibility with Rel. 15.
2.1 
Solution 11
Main features:
1.
Data to be collected to for the NWDAF to analyse UE behaviour and traffic load patterns in the network.

2.
Services that NWDAF can provide to other NFs: using existing Request/Response, Subscribe/Notification services specified in Rel. 15.
- The input parameters that NFs (e.g. SMF) can provide NWDAF in the service request or subscribe messages in order to obtain analytical data for S-NSSAI, DNN, individual UE, UE group, .

- The output analytic information that can be produced by the NWDAF that correspond to the input parameters in the service request or subscribe message of NF: UPF selection information includes list of UPF, weight/cost factor associated with UPF, List of DNAIs and associated weight/cost factors, UPF load statistics. Additional information may include S-NSSAI, DNN, Internal Group ID, UE IDs, Application ID, Time of the day, days of the week, Location. 
3.
The consumer SMF may request NWDAF to provide UE communication pattern, UE mobility pattern, and UPF load pattern during PDU Session Establishment procedure.

Solution Evaluation
-
Criterion 1: Solution 11 meets the criterion 1 on input data to be collected. The input data is described in Table 6.11.1.2.1-1. 
-
Criterion 2: Solution 11 meets the criterion 2 on which information the NWDAF can provide to other NFs. The output information includes list of UPFs and associated information (e.g. weight/cost factors, load information, DNAI, Time information, UE Location information). Other information includes UE Communication pattern and UE mobility information.
-
Criterion 3: Solution 11 describes where the input data can be provided, such as CP functions, OAM, AF. Detailed procedures for data collection are described in other solutions that address data collection.

-
Criterion 4: Solution 11 meet criteria 4, where the NWDAF uses existing NWDAF services to deliver analytic information to other NFs. The existing NWDAF services need to be extended to include the NWDAF output information for traffic routing assistance.
-
Other aspects of Solution 11 are related to the UE Communication pattern, UE Mobility pattern, and UPF Load information. If the SMF sends request to NWDAF for UE information during PDU Session Establishment procedure, this interaction causes additional connection setup delay. It is optional that during PDU Session Establishment procedure, the SMF may request the NWDAF for UE Communication pattern and UE Mobility pattern. It is implementation issue.
-
The SMF may request UPF Load information during PDU Session Establishment. This step causes additional PDU session establishment delay due to SMF and NWDAF interaction for individual UEs. In fact, the SMF may subscribe or request NWDAF for UPF load pattern for many UEs, among other general information outside PDU Session Establishment procedure to avoid communication establishment delay..

-
Standard impacts:

- The SMF needs to subscribe or request NWDAF for UPF selection information. 
- The NWDAF need to provide analytic information to SMF for traffic routing.
-
Criterion 5: Solution 11 is backward compatible.
2.2
Solution 20

Main features 
1.
During PDU Session establishment, the SMF may request NWDAF for UE mobility information.
2.
During PDU Session establishment, the SMF may obtain UPF load information from the NRF. If the SMF already subscribe for UPF load statistics or prediction, the SMF does not need to get UPF load information from NRF.

Solution Evaluation
- 
Criterion 1: Solution 20 does not describe input data to be collected for traffic routing assistance.
-
Criterion 2: The output form NWDAF include UPF load information to be sent to the NRF, and mobility information to be sent to the consumer SMF during UPF selection.

- 
Criterion 3: Solution 20 does not describe how to collect input data. Other solutions of the TR address data collection issues.

-
Criterion 4: Solution 20 proposes to use existing services of NWDAF to deliver analytic information to NRF and SMF. During PDU Session establishment:
-
The SMF performs UPF selection. The SMF requests NWDAF for UE mobility information.
-
The SMF may discover UPF by requesting NRF, including UE mobility information. The NRF provides UPF information, including UPF load. 

-
Standard impacts:

-
The NRF and SMF need to subscribe to NWDAF services at the same time.
- 
The NWDAF needs to provide analytic information to provide UE mobility analytic information to SMF, and UPF load information to NRF. 

-
During PDU Session Establishment procedure, the SMF requests the NWDAF for UE mobility information, and requests the NRF for a list of UPFs. This interaction causes additional delay to this procedure.

-
During PDU Session Establishment procedure, the SMF may request NRF for UPF information. The SMF sends UE mobility information to the NRF for UPF discovery and selection. This step causes additional delay
-
Criterion 5: Backward capability is supported.

3.
Proposal
From the above analysis, it is proposed to approve the following proposal for normative phase.

1. Proposal 1: Approve the data to be collected described in Solution 11, section 6.11.1.2.1 as the basis for the normative phase. 
2. Proposal 2: Approve the traffic routing assistance services of NWDAF described in Solution 11, Sections 6.11.1.2.2, 6.11.1.2.3, and 6.11.1.2.4 as the basis for the normative phase.

· The SMF may request or subscribe UPF selection information, which is applicable to S-NSSAI, DNN, DNAI, Application ID, UE IDs, Internal Group ID, Time of the day, Day of the week, Location.
· The NWDAF services, e.g. Nnwdaf_EventsSubscription_Subscribe/Notify and Nnwdaf_AnalyticsInfo_Request/Response shall be extended to provide traffic routing assistance service to the SMF.
3. Proposal 3: It is optional that during PDU session establishment, the SMF may request UE Communication pattern and UE Mobility pattern from the NWDAF. The UPF selection information in Proposal 2 already accounts for the individual UEs.
The following updates are proposed for TR 23.791.
* * * * Start of 1st Change * * * * 
6.11
Solution 11: UPF selection based on output from NWDAF
6.11.1
Description

6.11.1.1
General

This solution is for key issue 6# NWDAF assisting traffic routing.

To enable the efficient traffic routing, the proper UPF selection is required. The SMF may use data analytics services of NWDAF to support UPF selection for important traffic types, which is applicable to several UEs or individual UEs. The NWDAF collects data related with UPF selection from various sources, and provides the analytic result to the SMF. During UPF selection, SMF considers the UE's communication, mobility, UPF's load level patterns and other information from the NWDAF.
The communication patterns has been defined in TS 23.682 [5] clause 5.10.1. The mobility pattern has been defined in TS 23.501 [2] clause 5.3.4.2.

According to communication patterns and mobility pattern analytics of UE and UPF's network performance pattern (i.e. estimated load in a network area at a given time and date) from NWDAF, the SMF can select a proper UPF for the UE. Example, for a college student, an UPF near the campus may be selected according to the communication patterns and mobility pattern of the UE and network performance pattern. But for a business man, a higher UPF may be selected.

During the PDU session establishment, the SMF sends the DNN and S-NSSAI for this PDU session to the NWDAF. The NWDAF perform analysis and response the communication patterns and mobility patterns and network performance pattern to SMF. SMF select the UPF for the UE according to the analytics.

During UE mobility, the SMF can insert the proper UPF according to above information.

The SMF can use the solution in the 6.1 to request the analytics from NWDAF.
6.11.1.2
Data Analytics-Based UPF Selection for Many UEs

6.11.1.2.1
Input Information for the support of NWDAF assisting traffic routing
The information to be collected for the NWDAF can be divided into four groups, network data from the NFs, service data from the AF, edge computing topology data from the AF, and management data from the OAM. The data to collect from NFs, from OAM and AF is defined in Table 6.11.1.3.1-1.
Table 6.11.1.2.1-1: Collecting Data for analysing traffic characteristics

	Information
	Source
	Description

	Location Info
	AMF or SMF
	The location information of UE.

	Application ID
	SMF
	Provided by the SMF, used to identify the application.

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

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

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

	Traffic volume
	SMF
	The consumed traffic volume for the application identified by the Application Id.

	QoS profile
	PCF or SMF
	To extract the required QoS level of PDU sessions.

	Internal Group ID
	SMF
	To identify UE group if available

	PDU Session Type
	SMF
	To identify PDU Session type

	UE ID
	AMF or SMF
	To identify UE

	Network Topology
	OAM
	Describe logical and physical connections between any two network functions, including CP and UP functions. (e.g. capacity of physical and logical link)

	NF resource status
	OAM/NRF
	The status of assigned resources such as CPU and memory

	NF load
	OAM/NRF
	The load of specific NFs

	Service experience
	AF
	User or service provide feedback on service experience such as MOS

	Communication and mobility patterns
	AF
	To characterize the communication and mobility patterns for the service, as specified in TS 23.682 [5]


NOTE:
The correlation of analysed traffic information per DNN, per Slice, per service, per group of UE is dependent on usage of the information. Timestamp can be used to correlate the collected data from different entities.

6.11.1.2.2
Input Information from the SMF to request/subscribe for UPF selection related information

The SMF (or another CP function) may subscribe or request UPF selection related information from the NWDAF by providing one or more of following parameters DNN, S-NSSAI, Application ID, (R)AN Address, Internal Group ID, UE IDs, DNAI, time(s) of the day(s).

6.11.1.2.3
Output Information from the NWDAF for UPF selection

The NWDAF may notify or response to the SMF request with the a list of UPFs (including UL CL) and associated information such as costs or weight factors, average load and/or peak load of UPF. In case of edge computing applications, the NWDAF may also send to the SMF a list of DNAIs and corresponding costs or weight factors. An example of associated information for UPF selection related information is shown in Table 6.11.1.2.3-1.

Table 6.11.1.2.3-1: Associated Information for UPF Selection from the NWDAF

	Associated Information
	Presence
	Description

	Cost/weight factors of each UPF
	M
	Weight to select one UPF in the UPFs.

	UE location
	O
	RAN address(es) that the UPF selection information is applied.

	Time information
	O
	Time of the day, day of the week that the UPF selection information is applied.

	Load information
	O
	Expected load of each UPF and associated N3, N6, N9 interface during the time described in Time information.

	DNN
	O
	The DNN(s) that the UPF selection information is applied.

	S-NSSAI
	O
	The S-NSSAI(s) that is applied to UPF selection information.

	Application ID
	O
	The Application ID(s) that the UPF selection information is applied.

	PDU Session Type
	O
	Type of PDU Session (IPv4, IPv6, Ethernet, unstructured) that the UPF selection information is applied.

	DNAI
	O
	The DNAI(s) that can be connected to one UPF in the list of UPFs. Each DNAI has a weight or cost to select.

	Internal Group ID
	O
	The Internal Group ID(s) that the UPF selection information is applied.

	UE ID
	O
	The UE ID(s) that the UPF selection information is applied.


6.11.1.2.4
Procedure

Procedure 6.11.1.3.3-1 is used for SMF or other CP functions to obtain data analytics to select UPF for many UEs before the PDU Session is established.
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Figure 6.11.1.3.4-1: Procedure to support NWDAF assisting traffic routing

1.
The SMF requests to obtain NWDAF analytic information. Two information consuming strategies are possible; subscription/notification and request/response according to TS 23.502 [3], clause 5.2.11. If the SMF wants to obtain analytic information from NWDAF periodically or conditionally, then Nnwdaf_EventsSubscription service is applicable. If SMF needs to obtain analytic information immediately, then SMF requests the analytic information through Nnwdaf_AnalyticsInfo service.

The SMF may provide the following information:

-
DNN: if the SMF wants to have analytic information for specific DNN(s), and service(s) as an optional part of DNN;

-
S-NSSAI: if the SMF wants to have analytic information for a specific network slice instance(s);

-
Internal Group ID: if the SMF wants to have analytic information for specific UE Group(s);

-
Application ID: if the SMF wants to have analytic information for specific application;

-
UPF ID: if the SMF wants to have analytic information for specific UPF(s);

-
DNAI: if the SMF wants to have analytic information for specific DNAI(s);

-
UE ID: If the SMF wants to have analytic information for a specific UE (e.g. what UPF(s), DNAI(s), and network slice instance(s) are used by the UE).

2.
The NWDAF analyses the traffic characteristics based on the collected data from NFs and external entities. The example of collected data is defined in Table 6.11.1.2.1-1.
3.
The NWDAF notifies/responses to the SMF with the result of the collected data analysis as described in the clause 6.11.1.2.3. An event notification can be delivered to SMF periodically or conditionally according to the SMF's subscription request. An event response should be delivered immediately when the NWDAF's analysis processing is finished.


The traffic analytic information may include DNN, S-NSSAI, RAN Address(es), time information (time of the days, days of the week), PDU Session Type, a list of UPFs (including UL CL) and corresponding costs or weight factors, average load and/or peak load of each UPF, list of DNAIs and corresponding costs or weight factors and latency/load scores (for edge computing applications). The time of the days could be certain periods, for example 8:00 - 10:00 AM, 19:00 - 23:00 PM.

The SMF may take into account data analytics information from NWDAF to make a decision on UPF (including UL CL) selection/re-selection/modification/removal and utilize existing procedures in TS 23.502 [3].
6.11.2
Impacts on Existing Nodes and Functionality

NWDAF: The NWDAF should be able to collect data from NFs, AFs, and OAM, and should implement internal logic to analyse UPF, including UL CL, related information.

SMF: The SMF should have an interface to interact with the NWDAF to obtain the analytic information. Internally, the SMF may implement UPF, including UL CL, control decision mechanism based on the analytic information from the NWDAF.

6.11.3
Solution Evaluation


1.
This solution addresses the requirements of key issue 6, and it describes the data to be collected for traffic routing in clause 6.11.1.2.1. The solution defines the analytic source data for traffic routing from various sources. The output analytic data to SMF in clause 6.11.1.2.3 with a rich set of associated information, rather than providing a stereo typed output. The output analytic data can be utilized by the consumer SMF to assist traffic routing decision. 

2.
The solution for the SMF to request or subscribe UPF selection information described in clause 6.11.1.2.2, 6.11.1.2.3, and 6.11.1.2.4. The Release 15 NWDAF services, e.g. nwdaf_EventsSubscription_Subscribe/Notify and Nnwdaf_AnalyticsInfo_Request/Response shall be extended to provide traffic routing assistance service to the consumer SMF.
3.
To realize this solution, the expected impacts to NFs are describe in clause 6.11.3.  Basically, the solution requires the extension of the existing NWDAF operation, but not modification. Therefore, the solution can provide backward compatibility with release-15 NFs.

* * * * End of 1st Change * * * *
* * * * Start of 2nd Change * * * * 
6.20
Solution 20: NWDAF analytics usage for UPF selection 

6.20.1
Description

6.20.1.1
General
This is a solution to Key Issue #6: NWDAF assisting traffic routing.

For UPF selection, SMF is considering different parameters, among which the UE location information and the UPF dynamic load. UPF selection can be enhanced with NWDAF functionality. For example, SMF can use mobility information for the UE, such as analytics but also predictions. SMF can also consider UPFs load predictions coming from NWDAF.

6.20.1.2
Procedures
The procedure is based on both SMF and NRF using NWDAF outputs. Current description reuses mechanisms as proposed in solution #1 for SMF and NRF to retrieve analytics from NWDAF, but any framework solution adopted for key issue #1: Analytic Information Exposure to 5GS NF can be reused.

In this procedure, the SMF only has to contact the NWDAF once for UE mobility information, the UPF load information will be provided to the SMF via NRF.
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Figure 6.20.1.2-1: UPF selection based on NWDAF outputs

1.
NRF subscribes towards NWDAF to be notified about UPF load information.

2.
NWDAF accepts the subscription and provides already information available on UPFs load, which can be statistics (e.g. which NWDAF could get from e.g. OAM) or predictions.

3.
During PDU session establishment, UPF selection is needed. 

4.
SMF request NWDAF for mobility information for the UE, e.g. analytics or predictions or both.

5.
NWDAF returns UE mobility information to the SMF. The information is based on e.g. information which NWDAF retrieved previously from other NFs such as AMF.

6.
Based on UE mobility information provided by the NWDAF, the SMF select appropriate target location for the UPF (e.g. TAI) and triggers discovery of UPFs towards NRF, if information is not already available in the SMF.
7.
The result of the discovery is provided to SMF, including information in UPF load, e.g. statistics or predictions.
NOTE:
Steps 6 and 7 are not needed if SMF has already subscribed to notifications for UPFs.

8.
SMF proceeds with UPF selection.

6.20.2
Impacts on Existing Nodes and Functionality

Impacts to NFs:

-
NRF: Support new functionality to discover UPF based on UE mobility and UPF load information.

- 
Subscribe NWDAF for UPF load information; 

-
Provide SMF with UPF load information and 

-
UPF selection based on UE mobility information.

-
SMF: Support UPF selection with UE mobility information and UPF load information.

-
Request NWDAF for UE mobility information during PDU session establishment;

-
Provide NRF with UE mobility information for UPF discovery during PDU session establishment.
6.20.3
Solution Evaluation


This solution requires the following standard support:

1.
The NRF subscribes for UPF load information in order to provide SMF with UPF load information during PDU Session Establishment. 

2.
The SMF requests the NWDAF for UE mobility information that during the PDU session establishment. 

* * * * End of 2nd Change * * * *
* * * * Start of 3rd Change * * * * 
7
Overall Evaluation

Editor's note:
This clause will provide evaluation of different solutions.
7.X
Solution Evaluation for Key Issue 6

-  To fulfil the requirements of key issues 6, the input data to be collected for traffic routing analytics is described in solution 11, section 6.11.1.2.1. 

-  For the output of the NWDAF for key issue 6, solution 11 describes that the NWDAF may provide UPF selection analytics, including UPF load information, weight/cost associated with UPF, S-NSSAI, DNN, DNAI, Application ID, UE IDs, Internal Group ID, Time of the day, Day of the week, Location. Solution 20 proposed to have UPF load information to the NRF, and UE mobility information to the SMF. The output of NWDAF in Solution 11 is a super set of the solution 20’s output. 

- 
The procedures to provide traffic routing assistance services from NWDAF to NFs are described in solution 11 and solution 20. In solution 11, the NWDAF and the consumer SMF are involved in the procedure, and the NWDAF services, e.g. Nnwdaf_EventsSubscription_Subscribe/Notify and Nnwdaf_AnalyticsInfo_Request/Response shall be extended to provide traffic routing assistance service to the SMF. In the solution 20, the NWDAF, the NRF, and the consumer SMF are involved, and it is required to extend the interfaces of NWDAF as solution 11 does. To enable solution 20, it requires two-staged procedure: (1) obtaining UE mobility information from the NWDAF, and (2) obtaining UPF load information from the NRF. It may cause additional delay on the PDU session establishment procedure.

-  Solution 11 can provides a rich set of the associated information for routing decision including the output of solution 20. Moreover, solution 11 allows that the NWDAF can provides UE Communication pattern, UE Mobility pattern, and traffic load pattern to the consumer SMF.

* * * * End of 3rd Change * * * *
* * * * Start of 4th Change * * * * 
8 
Conclusions

Editor's note:
This clause is intended to list conclusions that have been agreed during the course of the study item activities. This should also capture the guiding principles and documentation approach for creating CRs to normative specifications within the responsibility of SA WG2.
For key issue 6, assisting traffic routing, solution 11 is selected as a basis for the normative phase.
* * * * End of 4th Change * * * *
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