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Abstract: This contribution proposes a solution for Key Issue #3 – Limitation of data rate per network slice in UL and DL per UE in TR 23.700-40.


Key issue #3 is about to study 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.
* * * * Start of Changes * * * *
[bookmark: _Toc23326074][bookmark: _Toc23517595][bookmark: _Toc23519154][bookmark: _Toc25971111][bookmark: _Toc25971356][bookmark: _Toc26360280][bookmark: _Toc26360349][bookmark: _Toc30639994][bookmark: _Toc31274598]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
	[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
	Limitation of data rate per network slice in UL and DL per UE without RAN involvement
	3



* * * * Next Change (all new text) * * * *
6.X	Solution #X: Limitation of data rate per network slice in UL and DL per UE without RAN involvement
[bookmark: _Toc25971119][bookmark: _Toc25971363][bookmark: _Toc26360287][bookmark: _Toc26360356]6.X.1	Introduction
This solution addresses the Key Issue #3: limitation of data rate per network slice in UL and DL per UE.
It is based on the assumption that the data rate limit per network slice in UL and DL per UE, defined as maximumUESliceAMBR, is stored in the UDM and can be retrieved by other NFs when needed.
In this solution, actualUESliceAMBR is defined as the accumulated session AMBR across all the established active PDU sessions associated with the same network slice per UE + accumulated MFBR across all active GBR flows across all the established PDU sessions associated with the same network slice per UE.

[bookmark: _Toc25971120][bookmark: _Toc25971364][bookmark: _Toc26360288][bookmark: _Toc26360357]6.X.2	High-level Description
In this solution, the enforcement happens each time when whenever:
1. Aa new PDU Session associated with the network slice is being established; or
2.	 An existing PDU session associated with the network slice is undergoing PDU Session Modification to add or delete GBR flows, or to modify the session-AMBR value.  
. The maximumUESliceAMBR is compared with the actualUESliceAMBR (by including the session-AMBR and MFBR for the PDU session/GBR flows to be established). If the actualUESliceAMBR exceeds the maximumUESliceAMBR in either UL or DL: 
Step 1: Session-AMBR for the new PDU session shall be reduced to such that actualUESliceAMBR does not exceed the maximumUESliceAMBR. If actualUESliceAMBR still exceeds maximumUESliceAMBR after reducing session AMBR to minimum value, then
Editor’s note: It is FFS how and which entity to determine the minimum value of the Session AMBR.  
Step 2: MFBR for the GBR flows shall be reduced until it reaches GFBR such that actualUESliceAMBR does not exceed the maximumUESliceAMBR. If there are multiple GBR flows, the GBR flows shall be chosen in the order of ARP as candidates for reduction in MFBR. If actualUESliceAMBR still exceeds maximumUESliceAMBR then
Step 3: The ongoing PDU Session establishment or modification procedure shall be rejected with cause ‘Insufficient Resources for Specific Slice’
In this solution, the ongoing active flow bit rate (i.e. actual UL/DL throughput) need not be considered at any moment. The UE and UPF shall be responsible for session-AMBR and MFBR enforcement in UL and DL respectively. This solution does not require any RAN or UE impacts.
[bookmark: _GoBack]Editor’s note: It is FFS whether release of a PDU Session needs to be notified to a SMF which is serving other ongoing PDU sessions.
[bookmark: _Toc25971121][bookmark: _Toc25971365][bookmark: _Toc26360289][bookmark: _Toc26360358]6.X.3	Procedures
Since a network slice may include multiple PDU Sessions per UE, and different SMFs and UPFs may be selected to serve different PDU Sessions involved in a slice, in this solution AMF shall handle comparison between maximumUESliceAMBR and actualUESliceAMBR, and provide the feedback to the SMF.
The following changes to the existing procedures are necessary:
6.x.3.1	Registration Procedure


Figure 6.X.3.1-1: TS 23.502 Figure 4.2.2.2.2-1 Registration procedure
Step 14a-c: In addition to the existing registration procedure defined in 3GPP TS 23.502 [6] Figure 4.2.2.2.2-1, AMF shall retrieve the maximumUESliceAMBR for all subscribed NSSAIs from UDM in step 14.

6.x.3.2	PDU Session Establishment procedure


Figure 6.X.3.2-12: TS 23.502 Figure 4.3.2.2.1-1 UE-requested PDU Session Establishment for non-roaming and roaming with local breakout 
7c.	At this new step, during PDU Session establishment procedure, SMF shall provide the Session-AMBR for the PDU session as well as the MFBR for the GBR flows associated with the PDU session to the AMF. AMF shall compare the maximumUESliceAMBR with the actualUESliceAMBR (by including the session-AMBR and MFBR for the PDU session/GBR flows to be established). If the actualUESliceAMBR exceeds the maximumUESliceAMBR in either UL or DL, AMF shall inform this back to SMF, and also indicate the difference between actualUESliceAMBR and maximumUESliceAMBR for UL and DL.
Based on the feedback from AMF, SMF shall then:
Step 1: Reduce the Session AMBR for the new PDU session such that actualUESliceAMBR is less than or equal to maximumUESliceAMBR. If actualUESliceAMBR still exceeds maximumUESliceAMBR after reducing session AMBR to the minimum value, then 
Step 2: Reduce the MFBR for the GBR flows until it reaches GFBR such that actualUESliceAMBR is less than or equal to maximumUESliceAMBR. If actualUESliceAMBR still exceeds maximumUESliceAMBR, then
Step 3: The ongoing PDU Session establishment procedure shall be rejected with cause ‘Insufficient Resources for Specific Slice’.

6.x.3.3	PDU Session Modification Procedure







Figure 6.X.3.3-1: TS 23.502 Figure 4.3.3.2-1 UE or network requested PDU Session Modification (for non-roaming and roaming with local breakout)
Step 1A: If there is modification to session-AMBR value, or if there are any new additional GBR flows to be created as part of the PDU Session Modification procedure, then right after step 1, but before step 2, SMF shall provide the modified Session-AMBR for the PDU session as well as the MFBR for the newly created GBR flows associated with the PDU session to the AMF. AMF shall compare the maximumUESliceAMBR with the actualUESliceAMBR (by including the session-AMBR and MFBR for the PDU session/GBR flows to be established). If the actualUESliceAMBR exceeds the maximumUESliceAMBR in either UL or DL, AMF shall inform this back to SMF, and also indicate the difference between actualUESliceAMBR and maximumUESliceAMBR for UL and DL.
Based on the feedback from AMF, SMF shall then:
Step 1: Reduce the Session AMBR for the new PDU session such that actualUESliceAMBR is less than or equal to maximumUESliceAMBR. If actualUESliceAMBR still exceeds maximumUESliceAMBR after reducing session AMBR to the minimum value, then 
Step 2: Reduce the MFBR for the GBR flows until it reaches GFBR such that actualUESliceAMBR is less than or equal to maximumUESliceAMBR. If actualUESliceAMBR still exceeds maximumUESliceAMBR, then
Step 3: The ongoing PDU Session modification procedure shall be rejected with cause ‘Insufficient Resources for Specific Slice’.
In this solution, anytime a PDU Session associated with the network slice is released, or if GBR flow associated with the PDU session is deleted, the actualUESliceAMBR shall be adjusted (i.e. reduced to consider only the currently active PDU sessions).

[bookmark: _Toc25971122][bookmark: _Toc25971366][bookmark: _Toc26360290][bookmark: _Toc26360359]6.X.4	Impacts on existing entities and interfaces
-	UDM: Store the maximumUESliceAMBR value for all the subscribed NSSAIs per UE. Provide this information to AMF.
-	AMF: Retrieve the maximumUESliceAMBR value from UDM during Registration procedure. Interacts with each SMF to indicate whether a new PDU session to be established will cause the maximumUESliceAMBR to be exceeded.
-	SMF: According to the indication from AMF, SMF needs to apply reduction in the session-AMBR and/or MFBR. SMF may also need to reject the PDU Session establishment procedure based on feedback from AMF.
[bookmark: _Toc25971123][bookmark: _Toc25971367][bookmark: _Toc26360291][bookmark: _Toc26360360]6.X.5	Evaluation
Editor's note:	This clause provides an evaluation of the solution.
* * * * End of Changes * * * *
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