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Abstract of the contribution: this paper proposes to add a NWDAF based solution to support the limitation of data rate per network slice in UL and DL per UE to solve KI #3 of TR 23.700-40.
Discussion
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]The intention of KI#3 is to support the limitation of data rate per network slice in UL and DL per UE. In this solution, the current UE-AMBR control and notification control mechanisms are re-used with following differences:
-	UE-AMBR control:
-	UE-Slice-AMBR limits the aggregate bit rate that can be expected to be provided across all non-GBR QoS flows and GBR QoS flows of a network slice of a UE.
-	Each (R)AN shall set its UE-Slice-AMBR to the sum of the Session-AMBR and GFBR of all GBR QoS flows of all PDU Sessions with active user plane to this (R)AN up to the value of the received UE-Slice-AMBR from AMF.
-	The UE-Slice-AMBR is a parameter provided to the (R)AN by the AMF based on the value of the subscribed UE-Slice-AMBR retrieved from UDM or dynamic serving network UE-Slice-AMBR retrieved from PCF.
-	Notification control:
-	When the UE-Slice-AMBR can no longer be guaranteed, the (R)AN first limits the aggregate bit rate to be provided across all non-GBR QoS flows. This action may lead to the aggregate bit rate across all non-GBR QoS flows is reduced to zero which means that the UE-Slice-AMBR just includes the aggregate bit rate of GBR traffic.
-	When the UE-Slice-AMBR just includes the aggregate bit rate of GBR traffic, if the (R)AN can not guarantee the GFBR of a QoS flow, (R)AN sends a N2 message which includes S-NSSAI and an indication that the UE-Slice-AMBR cannot be fulfilled to AMF. AMF forwards the notification the PCF. The PCF may update the UE-Slice-AMBR or UE policy (e.g. to steer network slice traffic to non-3GPP access)
Proposal
It is proposed to add a new solution for KI#3: limitation of data rate per network slice in UL and DL per UE.
First change
[bookmark: _Toc22214907][bookmark: _Toc26173019][bookmark: _Toc26516327]6.0	Mapping of 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
	[bookmark: _Toc25971112]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
	UE-Slice-AMBR support based on UE-AMBR control and notification control mechanism
	3



Second change
6.X	Solution #X: UE-Slice-AMBR support based on UE-AMBR control and notification control mechanism
6.X.1	Introduction
This solution addresses KI#3: limitation of data rate per network slice in UL and DL per UE.
[bookmark: _Toc25971120][bookmark: _Toc25971364][bookmark: _Toc26360288][bookmark: _Toc26360357][bookmark: _Toc30640002][bookmark: _Toc31274606]6.X.2	High-level Description
The intention of KI#3 is to support the limitation of data rate per network slice in UL and DL per UE. In this solution, the current UE-AMBR control and notification control mechanisms are re-used with following differences:
-	For UE-AMBR control:
-	UE-Slice-AMBR limits the aggregate bit rate that can be expected to be provided across all non-GBR QoS flows and GBR QoS flows of a network slice of a UE.
-	Each (R)AN shall set its UE-Slice-AMBR to the sum of the Session-AMBR and GFBR of all GBR QoS flows of all PDU Sessions with active user plane established in the network slice to this (R)AN up to the value of the received UE-Slice-AMBR from AMF.
-	The UE-Slice-AMBR is a parameter provided to the (R)AN by the AMF based on the value of the subscribed UE-Slice-AMBR retrieved from UDM or dynamic serving network UE-Slice-AMBR retrieved from PCF.
-	For notification control:
-	When the UE-Slice-AMBR can no longer be guaranteed, the (R)AN first limits the aggregate bit rate to be provided across all non-GBR QoS flows. This action may lead to the aggregate bit rate across all non-GBR QoS flows is reduced to zero which means that the UE-Slice-AMBR only includes the aggregate bit rate of GBR traffic.
-	When the UE-Slice-AMBR only includes the aggregate bit rate of GBR traffic, if the (R)AN can not guarantee the GFBR of a QoS flow, (R)AN sends a N2 message which includes S-NSSAI and an indication that the UE-Slice-AMBR cannot be fulfilled to AMF. AMF forwards the notification the PCF. The PCF may update the UE-Slice-AMBR or UE policy (e.g. to steer network slice traffic to non-3GPP access).

6.X.3	Procedures
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]6.X.3.1	UE-Slice-AMBR Control
In order to control UE-Slice-AMBR, the impacts to the existing procedures are as follows:
-	Extension to the Registration procedure in clause 4.2.2.2.2 in TS 23.502 as follows:
-	Step 14: AMF receives the subscribed UE-Slice-AMBR from UDM.
-	Step 21: AMF sends the UE-Slice-AMBR to (R)AN.
-	Extension to the UE Triggered Service Request procedure in clause 4.2.3.2 in TS 23.502 as follows:
-	Step 12: AMF includes the UE-Slice-AMBR in the N2 Request message.
-	Extension to the AM Policy Association Establishment with new Selected PCF in clasue 4.16.1.2 in TS 23.502 as follows:
-	Step 2: AMF includes the subscribed UE-Slice-AMBR in the Npcf_AMPolicyControl_Create message.
-	Step 3: (V)-PCF includes the UE-Slice-AMBR in the Npcf_AMPolicyControl_Create response message.
-	Step 4: AMF sends the UE-Slice-AMBR to (R)AN.
6.X.3.2	Notification Control for UE-Slice-AMBR


Figure 6.x.3.2-1: Notification Control for UE-Slice-AMBR
1.	RAN detects that the UE-Slice-AMBR cannot be fulfilled and the UE-Slice-AMBR notification control is activated, RAN sends a N2 message to AMF. The message includes an indication that the UE-Slice-AMBR cannot be fulfilled.
2.	The AMF updates AM Policy Association and provides information (i.e. the UE-Slice-AMBR cannot be fulfilled) to the PCF by invoking Npcf_AMPolicyControl_Update.
3.	The PCF stores the information received in step 1 and makes the policy decision.
4.	The PCF responses to the AMF of the updated UE-Slice-AMBR.
5.	The AMF sends N2 message (UE-Slice-AMBR) to (R)AN.
6.	The PCF may also decide to update UE policy to reduce the network slice traffic via 3GPP access, e.g. steer network slice traffic to N3GPP access by setting the N3GPP access as preferred access type . The PCF invokes the Npcf_UEPolicyControl_UpdateNotify to AMF.
7.	The AMF responses the PCF.
8.	The PCF triggers UE Configuration Update procedure in clause 4.2.4.3 in TS 23.502 to sends the UE policy container to the UE. When the UE receives the new UE policy, it re-evaluates the UE policy. If the re-evaluation leads to a change of the application to PDU Session association, e.g. the application is to be associated with another PDU session or a new PDU session needs to be established, the UE may enforce such changes immediately.
6.X.4	Impacts on Existing Nodes and Functionality
RAN: 
-	Receives UE-Slice-AMBR from AMF and enforces the parameter.
-	Reports the event of UE-Slice-AMBR cannot be fulfilled to AMF.
AMF: reports the event of UE-Slice-AMBR cannot be fulfilled or can be fulfilled again to PCF.
-	Receives the subscribed UE-Slice-AMBR from UDM.
-	Sends the subscribed UE-Slice-AMBR to PCF and receives the UE-Slice-AMBR from PCF.
-	Sends the UE-Slice-AMBR to (R)AN.
-	Reports the event of UE-Slice-AMBR cannot be fulfilled to PCF.
PCF: 
-	Receives the subscribed UE-Slice-AMBR from AMF and decides the UE-Slice-AMBR.
[bookmark: _GoBack]-	Updates UE-Slice-AMBR and/or UE policy when the event of UE-Slice-AMBR cannot be fulfilled is received.
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