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Abstract of the contribution: This contribution proposes a solution for KI#3 and KI#5 using the existing QoS model defined in 23.501.
1. Discussion

In this document, a solution to Key issue#3 is developed first and then explained how the same solution can be used to address Key issue#5 as well.

Key issue #3 requires studying solutions to cover the following topic:

-
Whether and how to limit the data rate of UE for a Network Slice, ensuring that the aggregate of the PDU sessions that use the slice are rate limited to the rate defined for the Network Slice in DL and UL, including:

-
How to signal the rate limits.

-
Impact on subscription data.

-
Any RAN impacts shall be identified and alignment with RAN WGs shall be pursued if any impacts are identified.

This solution proposes to reuse the existing QoS model and ensuring that none of the following QoS parameters exceed the Maximum throughput UL/DL per UE within an S-NSSAI.:

· the aggregated MBR of the SDFs of a UE within an S-NSSAI.

· the aggregated Session-AMBR of all PDU sessions of a UE within an S-NSSAI

· the UE-AMBR of a UE.

The proposal is that the PCF calculates the MBR per SDF, the Session-AMBR and UE-AMBR so that none of the 3 listed values above exceeds the Slice-MBR per S-NSSAI and UE that is configured by OAM in the PCF.
An example of how the PCF may assign these values follows, 
· For each PCC Rule, the PCF calculates the MBR value for a SDF template and the accumulated MBR for all SDFs of a UE per S-NSSAI. 

· if the accumulated MBR per S-NSSAI is not greater than the Slice-MBR, then the PCF provides the MBR value in the PCC rule to the SMF for enforcement. Note that the PCF may take other input into account, such as predictions on the number of PDU session established for a UE to calculate the MBR value for a SDF or prioritize allocation of MBR values for SDFs with GBR 5Qis over non GBR 5QIs. 

· if the accumulated MBR per S-NSSAI is greater than the Slice-MBR, then the PCF takes an action to ensure the Slice-MBR is not surpassed. 

· For each PDU session, the PCF calculates the Authorized Session-MBR for a PDU Session and the accumulated Session-AMBR for all PDU sessions per S-NSSAI.

· if the accumulated Session-AMBR per S-NSSAI is not greater than the Slice-MBR, then the PCF provides the Authorized Session-AMBR value to the SMF for enforcement. 
· if the accumulated Session-AMBR per S-NSSAI is greater than the Slice-AMBR, then the PCF takes an action to ensure the Slice-AMBR is not surpassed. 
In addition, the PCF may have taken into account that the some PDU sessions may have UP deactivated in order to increase the Session-MBR value provided by OAM.

Two methods are described for both when the same PCF is selected to serve all PDU sessions within a S-NSSAI and when there are different PCFs serving each PDU session within a S-NSSAI.

The same solution is applied for Key issue#5 that defines a maximum data rate supported by the network slice for all UEs, although different values may exist to e.g. define a maximum data rare per network slice for e.g. bronze users.
3. Proposal
It is proposed to adopt the following solution for Key issue#3 and Key issue#5 into 23.700-40.
*** First change ***
6.0
Mapping Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues

	Solution#'s
	Solution Titles
	Key Issue#'s

	1
	PCF measurement based Network Slice SLA control for Maximum Number of UEs parameter
	1

	2
	Max number of UEs per Network Slice control at registration
	1

	3
	AMF/NSSF based counting of UEs in a Network Slice
	1

	4
	NWDAF enhancements for supporting of network slice quota on the maximum number of UEs
	1

	5
	NWDAF enhancements for supporting of network slice quota on the maximum number of PDU Sessions
	2

	6
	PCF-based counting of PDU Sessions in a Network Slice
	2

	7
	Support of Network Slice SLA for Maximum Number of PDU sessions parameter
	2

	8
	AMF and O&M based solution
	1, 2 & 4

	9
	Monitoring multiple quotas of number of UEs/PDU Sessions per S-NSSAI at NWDAF
	1, 2 & 4

	10
	Max number of PDU Sessions per Network Slice control via NSQ function
	2

	11
	Handling maximum number of sessions using NF status
	2

	W
	Reusing existing QoS model to ensure that to limit the Maximum throughput UL/DL in a Network slice is not exceeded
	3, 5


*** Next change ***
6.X
Solution #W: Reusing existing QoS model to ensure that to limit the Maximum throughput UL/DL in a Network slice is not exceeded
6.X.1
Introduction

This solution proposes to reuse the existing QoS model and that the PCF calculates the MBR per SDF, Session-AMBR,  and UE-AMBR taking into the Slice-MBR per S-NSSAI and UE configured by OAM in the PCF or stored in the UDR (KI#3) or the Slice-MBR per S-NSSAI configured by OAM in the PCF (KI#5).
In KI#3, the Slice-MBR (i.e. UE Slice-MBR) limits the bitrate of UE in a S-NSSAI ensuring that the aggregated MBR for all SDFs of the PDU sessions (and therefore all QoS flows) of a UE that use the slice do not exceed the Slice-MBR value.
Similarly, for KI#5, the Slice-MBR (i.e. Total Slice-AMBR) limits the bitrate in a S-NSSAI ensuring that the aggregate MBR of the SDFs of the PDU sessions of all UEs that use the slice do not exceed the Slice-MBR value. 

Two solution alternatives are described both when the same PCF is selected to serve all PDU sessions of a UE within a S-NSSAI (KI#3) or to serve all PDU sessions within a S-NSSAI (KI#5) and when there are different PCFs serving each PDU session within a S-NSSAI.
6.X.2
High-level Description
An example of how the PCF may assign the MBR per SDF of a PCC Rules or the Session-AMBR follows, note that the exact mechanism in PCF is upto implementation.
· For each PCC Rule, the PCF calculates the MBR value per SDF and the accumulated MBR for all SDFs per S-NSSAI. A similar action can be taken as for the calculation of the Authorized Session-AMBR value.

· if the accumulated MBR per S-NSSAI is not greater than the Slice-MBR, then the PCF provides the MBR value in the PCC rule to the SMF for enforcement. Note that the PCF may take other input into account, such as predictions on the number of PDU session established for a UE to calculate the MBR value for a SDF or prioritize allocation of MBR values for SDFs with GBR 5Qis over non GBR 5QIs. 

· if the accumulated MBR per S-NSSAI is greater than the Slice-MBR, then the PCF takes an action to ensure the Slice-MBR is not surpassed. 

· For each PDU session, the PCF calculates the Authorized Session-MBR for a PDU Session and the accumulated Session-AMBR for all PDU sessions per S-NSSAI.

· if the accumulated Session-AMBR per S-NSSAI is not greater than the Slice-MBR, then the PCF provides the Authorized Session-AMBR value to the SMF for enforcement. 

· if the accumulated Session-AMBR per S-NSSAI is greater than the Slice-AMBR, then the PCF takes an action to ensure the Slice-AMBR is not surpassed. 
In addition, the PCF may have taken into account that the some PDU sessions may have UP deactivated in order to increase the Session-MBR value provided by OAM.

6.X.2.1
Method 1: Same PCF selected to serve all DNNs to the same S-NSSAI.
In this method, PCF discovery and selection are performed by the SMF as defined in 23.501, clause 6.3.7.1, the SMF considers local policies that assigns either the same PCF for all PDU sessions of a UE of a S-NSSAI (KI#3) or the same the same PCF for all PDU sessions of all UEs of a S-NSSAI (KI#5).
The PCF stores the accumulated values for the Session-AMBR and the MBR for all SDFs of all PDU session of a UE within the S-NSSAI (KI#3) or the Session-AMBR and the MBR for all SDFs of all PDU session of all UE within the S-NSSAI (KI#5).
6.X.2.2
Method 2: PCF selected to serve each PDU session in a S-NSSAI.
This method allows to select a PCF serving each PDU session, then the PCF read and store:

· the accumulated Session-AMBR and MBR per SDF per SUPI, and S-NSSAI in the UDR (KI#3)

· the accumulated Session-AMBR and MBR per SDF per S-NSSAI in the UDR (KI#5)

6.X.3
Procedures
6.X.3.1
Slice-AMBR and MBR per PCC Rule enforcement (Method 1)

[image: image1.emf]SMF PCF

1. Npcf_SMPolicyControl_Create Request

2. Npcf_SMPolicyControl_Create Response

OAM

Configuration of Slice-MBR


Figure 6.X.3.1-1 SM Policy Association establishment – Slice-AMBR enforcement

The PCF is configured via OAM about Slice-MBR per UE (KI#3) or Total-Slice-MBR (KI#5). 
Step 1. The PCF discovery and selection by the SMF as described in TS 23.501 clause 6.3.7.1 using the local policies that indicates which PCF to select for all PDU sessions within the S-NSSAI. The SMF request to provide Policy control data for this PDU session to the PCF, the PCF calculates the Session MBR and the MBR per PCC Rule taking the per UE Slice-AMBR (or Total Slice-MBR) into account and the accumulated values. The PCF may decide to e.g. terminate a PDU session for a bronze user if there is a total Slice-MBR for a S-NSSAI.
Step 2. The PCF provides the Session-AMBR, and PCC Rules for the PDU session as defined in 23.502 clause 4.16.4. 
Note that the accumulated values are kept in the PCF then used in the calculation of the authorized Session-AMBR, and MBR per SDFs for other PDU sessions for the UE within the same S-NSSAI. An example of how to calculate the Authorized Session-AMBR or the MBR per SDF is described in 6.x.2.
6.X.3.2
Slice-AMBR and MBR per PCC Rule enforcement (Method 2)

[image: image2.emf]SMF PCF

1. Npcf_SMPolicyControl_Create Request

4. Npcf_SMPolicyControl_Create Response

UDR

2. Nudr_DM_Query Request

3. Nudr_DM_Query Response

5. Nudr_DM_Update Request

6. Nudr_DM_Update 

Response


Figure 6.X.3.2-1 SM Policy Association establishment – Slice-AMBR enforcement

Each PCF within the S-NSSAI is configured via OAM about per UE Slice-AMBR per UE (KI#3) or Total Slice-AMBR (KI#5). The Policy Control Subscription data in the UDR stores the accumulated Slice-AMBR and MBR per SDF per UE, S-NSSAI. 
Step 1. The SMF request to provide Policy control data for this PDU session to the PCF,

Step 2 and 3. The PCF retrieves Policy Control Subscription Data for the S-NSSAI from the UDR, as defined in 23.502 clause 4.16, including the accumulated Session-AMBR and the accumulated MBR per SDF for the SUPI, S-NSSAI (KI#3) or the accumulated Session-AMBR and the accumulated MBR per SDF for the S-NSSAI (KI#5).
Step 4. The PCF calculates the Session AMBR and the MBR per PCC Rule taking the accumulated values retrieved from UDR, that is provided to the SMF.
Step 5 and 6. the new accumulated values are stored in the UDR, these values take into account if a PDU session is active or inactive.
6.X.4
Impacts on existing services and interfaces
PCF:
· It is configured by OAM with the per UE Slice-MBR per UE (KI#3) or Total Slice-MBR (KI#5). Different value may exist per user category. 
· Considers the per UE Slice-MBR (KI#3) or Total Slice- MBR (KI#5 to calculate Authorized Session-AMBR, MBR per SDF in a PCC Rule or UE-AMBR.

· Calculates the accumulated values of the Session-AMBR, MBR for SDFs, and UE-AMBR.

· In method 2, when different PCFs may be selected for each PDU session of a UE and per each UE in a S-NSSAI., stores the accumulated values in UDR
UDR: For method 2.

· The UDR stores the accumulated Session-AMBR and the accumulated MBR per SDFs for all PDU sessions of a UE within a S-NSSAI (KI#3), 
· The UDR stores the accumulated Session-AMBR, and the accumulated MBR per SDFs for all PDU sessions of all UEs within a S-NSSAI and the accumulated UE-AMBR in a S-NSSAI (KI#5), 

SMF:

· In method 1, it is configured to select the same PCF serving all PDU sessions of a UE within a S-NSSAI for KI#3 or the same PCF serving all PDU sessions within a S-NSSAI for KI#5.

6.x.5
Evaluation

This solution study those aspects required by:

· the Key issue #3 description with no need to signal the rate limits, and limits the impacts to the PCF only (method 1) 
· Provides a solution that works for both KI#3 and #5.

*** End of changes ***
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