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Abstract of the contribution: This contribution proposes a solution for KI#3, in particular for data rate control per network slice.
1. Proposal

It is proposed to adopt the following solution in TR.23.700-40 for KI #3.   
*** 1st 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

	X
	Data rate control per network slice per UE
	3


*** 2nd change (all new text) ***
6.X
Solution #<X>: Data rate control per network slice per UE
6.X.1
Introduction

This solution addresses the Key Issue #3 in the perspective of supporting per slice data rate limitation for a UE.
6.X.2
High-level Description

A network slice (identified by S-NSSAI) is allowed to be used when the UE has a valid UE subscription. GSMA further defines maximum uplink/downlink throughput per UE and indicates that these parameters could be used to offer different contract qualities in NG.116 [3]. Therefore, this solution assumes that the maximum uplink/downlink throughput for a network slice can be different for each UE based on UE subscription. 
A subscribed S-NSSAI of the UE can be associated with per Slice Maximum Bit Rate (Slice-MBR). The subscribed Slice-MBR is stored in the UDM as UE subscription and provided to the SMF. The PCF may provide the authorized Slice-MBR to the SMF.
The Slice-MBR limits the aggregate bit rate that can be expected to be provided across all GBR and Non-GBR QoS Flows for all PDU sessions associated with a same S-NSSAI. The SMF or PCF (if dynamic PCC is used) allocates the Slice-MBR to the GBR QoS Flows and the remaining bit rate of the Slice-MBR to the Non-GBR QoS Flows. Figure 6.X.2-1 shows the example of Slice-MBR shared among multiple PDU sessions associated to the same S-NSSAI.
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Figure 6.X.2-1: Slice-MBR shared among multiple PDU sessions associated to the same S-NSSAI
The AMF selects the same SMF for all PDU sessions to the same S-NSSAI. The selected SMF determines Session-AMBR for each PDU session with consideration of Slice-MBR and status of each PDU session associated with the same S-NSSAI. The Session-AMBR determined by the SMF for each PDU session is signalled to RAN and UPF accordingly. In addition, Slice-MBR can be also provided to the RAN along with Session-AMBR. Figure 6.X.2-2 shows data rate control per network slice at RAN and UPF with the consideration of Slice-MBR. For downlink/uplink data rate control per network slice at RAN, the RAN performs UE-AMBR enforcement, taking Slice-MBR and Session-AMBR into account. For downlink data rate control per network slice at UPF, the UPF performs Session-AMBR enforcement. As the SMF takes Slice-MBR into account when it determines Session-AMBR for each PDU session, interaction among different UPFs for each PDU session (UPF#1 and UPF#2 in the figure) is not required in order to share Slice-MBR properly. 
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Figure 6.X.2-2: Slice-MBR shared among multiple PDU sessions associated to the same S-NSSAI
To maximize the usage of Slice-MBR and share the available data rate across all PDU sessions associated with the same S-NSSAI, the Session-AMBR for Non-GBR QoS Flows can be adjusted based on the status of PDU Sessions, e.g. session established/released, UP connection activated/deactivated, etc. during the lifetime of a PDU session. For example, if UP connection of a PDU session becomes deactivated, the SMF may determine to allocate the amount of the Session-AMBR used for the PDU session whose UP connection is deactivated to the other active PDU sessions. To apply the changed Session-AMBR and deliver the changed Session-AMBR to RAN and UPF, the SMF triggers PDU Session Modification procedure. 
6.X.3
Procedures
6.X.3.1
Slice data rate control at PDU Session Establishment procedure
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Figure 6.X.3.1-1: Slice-MBR control at PDU Session Establishment

1. Same as specified in TS 23.502.
2. The AMF checks if the UE subscription data indicates that the same SMF is required for multiple PDU Sessions, and if required, the AMF checks if any SMF is already selected for the same S-NSSAI, if so, the same SMF will be used for the additional PDU Session. 
3. Same as specified in TS 23.502.
4. If data rate control for the S-NSSAI is required, the UDM stores subscribed Slice-MBR per S-NSSAI. SMF gets subscribed Slice-MBR from UDM as UE subscription data. If SMF receives subscribed Slice-MBR from UDM, it explicitly means to the SMF that the S-NSSAI requires data rate control per network slice. 
5. If dynamic PCC is used, the SMF selects the same PCF for multiple PDU sessions associated to the same S-NSSAI. The SMF checks if any PCF is already selected for the same S-NSSAI, if so, the same PCF will be used for the additional PDU Session. 
Otherwise the SMF uses subscribed Slice-MBR from the UDM, and step 6 and 7 are skipped.

6. Subscribed Slice-MBR is included in Npcf_SMPolicyControl_Create/Update Request. 
7. The PCF may determine authorized Slice-MBR and authorized Session-AMBR for the PDU session with consideration of subscribed Slice-MBR received from AMF or authorized Slice-MBR and status of each PDU session associated with the same S-NSSAI. Authorized Slice-MBR and authorized Session-AMBR are included in Npcf_SMPolicyControl_Create/Update Response. To be notified of PDU Session status change (i.e. new PDU session is established, UP connection of existing PDU session is activated/deactivated, or existing PDU session is released), the PCF also includes PCRF (Policy Control Request Trigger) for the change of PDU session status.
8. If dynamic PCC is used, the SMF uses authorized Session-AMBR received from the PCF.
Otherwise, the SMF changes subscribed Session-AMBR based on subscribed Slice-MBR received from UDM and status of each PDU session associated with the same S-NSSAI to set the Session-AMBR for the PDU session.
9. Same as specified in TS 23.502. 
10. The SMF provides Slice-MBR to the AMF in order to forward it to the RAN along with the Session-AMBR. 
11. The N2 messages includes Slice-MBR along with the Session-AMBR. The RAN performs UE-AMBR enforcement for capping data traffic.   
NOTE:
It is up to RAN whether Slice-MBR is needed for RAN operation, e.g. to set the UE-AMBR value.

12. Same as specified in TS 23.502.

6.X.3.2
Slice data rate sharing across PDU sessions

To maximize the usage of Slice-MBR and share the available data rate across all PDU sessions associated with the same S-NSSAI, the Session-AMBR for Non-GBR QoS Flows can be adjusted based on the status of other PDU Sessions. 
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Figure 6.X.3.2-1: Slice-MBR sharing across PDU sessions 

1. PDU Session 1 and PDU Session 2 have been established as specified in clause 6.X.3.1.

2. The SMF detects the change of PDU session 2 status as specified in TS 23.502. 

3. If PCF has subscribed to the event notification for the PDU session status as specified in clause 6.X.3.1, the SMF sends notification message to the PCF.

4. SMF/PCF re-evaluates Session-AMBR for the PDU Session 1, considering the status of PDU Session 2. 
5. SMF initiates PDU Session Modification procedure to deliver the changed Session-AMBR to RAN and UPF1 serving the PDU Session 1. UPF performs data rate control based on the changed Session-AMBR for the PDU Session 1. RAN may re-evaluate UE-AMBR based on the changed Session-AMBR.
6.X.4
Impacts on existing services and interfaces

AMF: 
· Selects the same SMF for all PDU sessions to the same S-NSSAI.
UDM:

· Stores indication whether the same SMF for multiple PDU Sessions to the same S-NSSAI is required.

· Stores subscribed Slice-MBR per S-NSSAI as UE subscription data.
PCF:


-
Provides authorized Slice-MBR on request from SMF.

-
Subscribes to event notification for the change of PDU Session status.

SMF:

· Selects the same PCF for all PDU sessions to the same S-NSSAI.
· Determines Session-AMBR for the PDU session with consideration of Slice-MBR and status of each PDU session associated with the same S-NSSAI, and provides Slice-MBR to RAN.
*** End of the changes ***
3GPP
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5. SMF initiated PDU session modification procedure 
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RAN
AMF
PCF
SMF
UPF 1
UE
3.Event notification 
(the change of PDU session 2 status)
2. SMF detects the change of PDU session 2 status.
UPF 2
Enforce
the changed Session-AMBR
1. PDU Session 1 and PDU session 2 are established for the same S-NSSAI.
4. SMF/PCF re-evaluates Session-AMBR for PDU session 1, considering PDU session 2 status.
Enforce
UE-AMBR



