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Abstract of the contribution: It proposes a solution to Key Issue #1 (on network slice related quota on the maximum number of UEs), to Key Issue #2 (on network slice related quota on the maximum number of PDU Sessions) and to Key Issue #4 (on network slice quota event notification).
1. Discussion
During 3GPP SA2#136 meeting the solution #4 to KI#1 was agreed describing NWDAF applicability for supporting of network slice quota on the maximum number of UEs.  The principle of using the NWDAF is also deployed in this solution and the aim of this solution is to cover several additional use cases:

A. How to enable the NWDAF to collect information for quota of PDU Sessions for a Network Slice.

B. How to enable multiple quotas of numbers of UEs or PDU Sessions per S-NSSAI to be monitored. For example, one quota can apply for higher charging and another quota can apply to start rejecting new UEs/PDU Sessions. 

a. With respect to charging, different charging rules can apply upon exceeding of particular quota of number of UEs or PDU Sessions based on SLAs between the MNO and Network Slice customer. 
b. For example, different quotas (and thus different "actions" upon quota exceeding) of UEs/PDU Sessions can be applied for 1) roaming UEs, 2) non-roaming UEs and 3) in global UEs. 
C. How the 5GC can notify various quotas of number of UEs or PDU Sessions to an Application Function (AF).

a. The AF can determine an "action" (or limitation) to be applied in the 5GS upon exceeding a particular quota. 
To cover the above use cases, the following enhancements are proposed:
· The NWDAF (or UDM) subscribes with the AMFs to report information about the number of PDU Sessions for a S-NSSAI (in addition to reporting the number of UEs for a S-NSSAI):

· The AMF is aware about the S-NSSAI and DNN for each established PDU Session, therefore, it is possible that the AMF gathers the information how many PDU Sessions are established per S-NSSAI. 

· For roaming UEs, the UDM(s) in the HPLMN gather information from the visited AMFs (vAMFs) and report the data to the NWDAF.

· The AF subscribes with the NWDAF for one or multiple quotas of UEs or PDU Sessions for a particular S-NSSAI. 
· The AF can decide an "action" to be applied upon reach of a quota and the AF can request the network to enforce the "action".

Proposal: a new solution is proposed based on some of the principles of solution #4. 
2. Proposal

It is proposed to add the following new key issue to 3GPP TR 23.700-40.

* * * First Change * * * *

6.X
Solution #X: Monitoring multiple quotas of number of UEs/PDU Sessions per S-NSSAI at NWDAF
6.X.1
Introduction

The solution applies to KI#1 "Support of network slice related quota on the maximum number of UEs", KI#2 "Support of network slice related quota on the maximum number of PDU Sessions" and KI#4 "Support for network slice quota event notification in a network slice".
This solution assumes the following:
-
Multiple quotas of Network Slice attributes (e.g. numbers of UEs or numbers of PDU Sessions) per S-NSSAI may be monitored. 
-
In one example, a lower quota may trigger new (i.e. higher) charging rules and another higher quota may trigger to start rejecting new UEs/PDU Sessions for the S-NSSAI.
-
In another example, one quota of a Network Slice attribute can be applied for roaming UEs, a second quota can be applied for non-roaming UEs and a third quota can be applied for all UEs.
-
A network slice customer (represented by AF) can subscribe with 5GC for notifications when certain quotas of numbers of UEs or PDU Sessions are reached. The AF can determine an "action" (e.g. limitation) to be applied in the 5GS upon exceeding a particular quota.
6.X.2
High-level Description
The solution is based on the principles of solution #4, e.g. NWDAF can subscribe to collect data from AMFs about the number of UEs per S-NSSAI. The term "Networks Slice attribute" used within this solution means either 1) a quota of maximum number of UEs or 2) a quota of maximum number of PDU Sessions. 
This solution proposes the following high-level principles (in addition to the principles of solution #4):

-
UDM, CHF, AF (or other NFs) can be configured with quotas of Networks Slice attribute(s) (e.g. numbers of UEs or numbers of PDU Sessions). These NFs request the NWDAF to collect data analysis for the Networks Slice attribute(s). 
-
The NWDAF subscribes with the AMFs (for non-roaming UEs) and with the UDM(s) (for roaming UEs) to collect data about the Networks Slice attribute(s) for an S-NSSAI.
-
The NWDAF may subscribes with the AMFs to collect data about the number of PDU Sessions for an S-NSSAI. A Rel-16 AMF is aware about the established PDU Sessions associated with an S-NSSAI and the AMF is able to gather and report data about the current number of established PDU Sessions. 
-
For roaming UEs, the UDM(s) in the HPLMN gather information from the visited AMFs (vAMFs) and report the data to the NWDAF.

-
For roaming UEs, the UDM(s) in the HPLMN gather information from the visited AMFs (vAMFs) and report the data to the NWDAF.

-
The AF subscribes with the NWDAF for one or multiple quotas of UEs or PDU Sessions for a particular S-NSSAI.

-
The AF can decide an "action" to be applied upon reach of a quota and the AF can request the network to enforce the "action".
6.X.3
Procedures
6.X.3.1
Monitoring a Network Slice attribute at NWDAF for roaming and non-roaming UEs
The Figure 6.X.3.1-1 shows the signalling flow for monitoring a Network Slice attribute for a particular Network Slice (e.g. S-NSSAIx) for roaming and non-roaming UEs. The Network Slice attribute can be both 1) number of UEs or 2) number of PDU Sessions using the S-NSSAIx.
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Figure 6.X.3.1-1: Signalling flow for monitoring the number of UEs or PDU Sessions using S-NSSAIx
0a.
The UDM is configured with UE quota-U for S-NSSAIx. The UDM shall take actions (e.g. not allow roaming UEs to use S-NSSAI-1) when the UE quota-U is reached. 
0b.
The AMF may be configured with UE quota-A for S-NSSAIx. The AMF shall take actions (e.g. not allow roaming UEs to use S-NSSAI-1) when the UE quota-A is reached.
1a.
The UDM(s) serving the UEs subscribed to S-NSSAIx subscribe for data analytics with the NWDAF.
1b.
[Optionally] If the AMF(s) in the HPLMN (hAMFs) are configured with the quota(s) of UEs or PDU Sessions using S-NSSAIx, then the hAMF(s) can also subscribe for data analytics with the NWDAF.
2a.
The NWDAF subscribes with the UDM(s) to collect data for the [UE, PDU Sessions] using the S-NSSAIx in the roaming scenario. The NWDAF can use the parameters Event Filter [granularity] to indicate how often the UDM should report, e.g., after a predetermined number of changes (e.g., 10 changes) or periodically after a predetermined amount of time (e.g., every 10 minutes).
2b.
(as per Solution #4) The NWDAF subscribes with the hAMF(s) to collect data for the [UE, PDU Sessions] using the S-NSSAIx in the non-roaming scenario. 
3.
A roaming UE registers with a VPLMN via vAMF. 
4.
The UDM determines that UE's Subscribed S-NSSAIs include S-NSSAIx and the UDM subscribes with the vAMF to report the current number of [UEs or PDU Sessions] for S-NSSAIx. 
5.
The vAMF reports the current number [UEs or PDU Sessions] for S-NSSAIx.
6.
The vAMF subscribes for the event when the quota of number of [UEs or PDU Sessions] for S-NSSAIx is reached.
7.
A non-roaming UE registers with a VPLMN via hAMF.

8.
The hAMF reports the current number [UEs or PDU Sessions] for S-NSSAIx as per subscription in step 2b.

9.
The NWDAF collects data for number of [UEs or PDU Sessions] for S-NSSAIx and monitors whether Quota-U or Quota-A are reached
10.
If the NWDAF determines that quota-U is reached, the NWDAF notifies the UDM. 
11. It is assumed that UDM is pre-configured which action to take upon exceeding the quota-U. 

12.
 The UDM sends a notification to all vAMF(s) which has subscribed in step 6. The notification contains an "action ID" indicating to the vAMFs which action to take, e.g. (1) start rejecting the registration of new UEs or (2) rejecting the establishment of new PDU Sessions towards the S-NSSAIx.
If the AMF rejects the PDU Session establishment request due to exceeded quota of PDU Sessions per S-NSSAIx, the AMF may provide an appropriate reject cause value to the UE. At any point later, the AMF may perform an update procedure towards the UE (e.g. UE Configuration Update procedure) to allow again the PDU Session establishment. 
6.X.3.2
AF requests monitoring a Network Slice attribute and determines actions upon exceeded quota
The Figure 6.X.3.2-1 shows the signalling flow for AF requesting the monitoring a Network Slice attribute for a particular Network Slice (e.g. S-NSSAIx). The same procedure applies to both Network Slice attributes: number of UEs or number of PDU Sessions.
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Figure 6.X.3.2-1: AF requesting fore monitoring the number of UEs or PDU Sessions using S-NSSAIx and enforcing actions upon reaching the quota
0a.
The AF is configured with UE quota-W for S-NSSAIx (e.g. limiting Access of UEs to use S-NSSAIx). 

1a.
The AF using the services of S-NSSAIx subscribes for monitoring of event, e.g. whether the number of UEs using the S-NSSAIx has reached the quota-W.
1b.
The NEF discovers the NWDAF and subscribes for data analytics with the NWDAF.
1c.
The NWDAF acknowledges the start of data analytics.
2.
The NWDAF discovers UDM(s), AMF(s) and/or NSSF serving the S-NSSAIx. The NWDAF subscribes for data collection for number of [UEs, PDU Sessions] for S-NSSAIx.
NOTE: The NSSF can be enhanced to subscribe for collecting information from the AMF about the number of [UEs or PDU Sessions] currently using the S-NSSAIx. 
3.
The NWDAF determine that UE quota-W is reached. 
4.
The NWDAF notifies the AF via NEF. 
5.
The AF determine which action to perform upon the exceed of quota-W, e.g. the AF can decide to limit access to S-NSSAIx for further UEs or PDU Sessions.
6.
The AF requests the 5GC to create a new policy, e.g. policy/action ID indicating the limitation of access to S-NSSAIs for further UEs.
8, 9.
Alternative #1: the policy is enforced via UDM. The UDM can inform hAMF and vAMFs to limit the access to S-NSSAIx.

10,11.
Alternative #2: the policy is enforced via PCF. The PCF enforcing rejection of new [UEs, PDU Sessions] for S-NSSAIx. The PCF may modify the Access and Mobility Management policies and provide them to hAMFs and to the vAMFs via the vPCFs.

12.
The NEF responds to AF about the creation of the policy.

13.
The NWDAF determines that number of UEs currently using the S-NSSAIx falls quota-W.

14.
The NWDAF sends notification to NWF/AF about the event of underrun of quota-W.
15: The AF determines to delete the policy of limiting the access to S-NSSAIx.

16. The AF sends a policy delete request to NEF.

17.
If Alternative #1 applies, the policy is deleted in the UDM.
18:
If Alternative #2 applies, the policy is deleted in the PCF.
6.X.3.3
Applying adaptive charging if a quota for a Network Slice attribute is reached
The Figure 6.X.3.3-1 shows the signalling flow for applying adaptive charging for a Network Slice attribute for a particular Network Slice (e.g. S-NSSAIx).  The same procedure applies to both Network Slice attributes: number of UEs or number of PDU Sessions.
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Figure 6.X.3.3-1: Signalling flow for applying adaptive charging for S-NSSAIx depending on the quota of UEs or PDU Sessions
0.
The CHF is configured with UE quotas C1 and C2 for S-NSSAIx. The configuration can be performed via the OAM system. The CHF is aware which charging rates to apply if C1 or C2 are reached.
1a.
The CHF subscribes for data analytics with the NWDAF. The CHF may indicate different quotas C1 and C2 (e.g. by using different Analytics Filters) and to request notification if the number of UEs using the S-NSSAIx has reached the quotas C1 or C2.
2.
The NWDAF discovers the NFs from which data for the analytics can be collected. For example, the NWDAF may subscribe with UDM(s), AMF(s) and/or NSSF for data collection for S-NSSAIx as shown in clause 6.X.3.1 steps 2-8.
3.
The NWDAF determines that UE quota-C1 is reached. 
4.
The NWDAF notifies the CHF about the event that quota-C1 is reached. 
5.
The CHF adapts the charging for S-NSSAIx according to the changed quota-C1.

6.
The NWDAF determines that UE quota-C2 is reached.

7. The NWDAF notifies the CHF about the event that quota-C2 is reached.

8. The CHF adapts the charging for S-NSSAIx according to the changed quota-C2.
6.X.4
Impacts on existing services and interfaces
AMF:

-
Collecting and reporting data about [UEs, PDU Sessions] using S-NSSAIx;

-
The AMF enforces actions (e.g. rejection of new UE or PDU Sessions) upon exceeding the quota of network slice attribute.
UDM:

-
Requests from NWDAF data analytics for network slice attributes (e.g. number of UEs or PDU Sessions for S-NSSAIx), whereas certain UE quota (e.g. quota-U) is included in the request;

-
Requests the AMFs (e.g. vAMFs in the V-PLMNs) to report the current number of [UEs or PDU Sessions] using the S-NSSAIx.
NWDAF:

-
Provide data analytics whether one or multiple quota(s) of maximum number of [UEs or PDU Sessions] for S-NSSAIx is reached;

-
Collecting data from:
-
Serving AMFs in the H-PLMN to report about the number of [UEs or PDU Sessions] in the HPLMN;

-
Serving UDMs to report about the number of [UEs or PDU Sessions] in the VPLMNs.
CHF:

-
Requesting data analytics for the quotas for number of [UEs, or PDU Sessions] for S-NSSAIx. 
-
Applying different charging policies depending on the exceeding of the various quotas for number of [UEs, or PDU Sessions] for S-NSSAIx.

6.X.5
Evaluation
Editor's note:
This clause provides an evaluation of the solution.
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