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Abstract of the contribution: This p-CR proposes a new solution for Key Issue #5, “Dynamic adjustment to meet the limitation of data rate per network slice in UL and DL”. The UPFs are notified to enforce the share of bitrate allowed to transfer. The bitrate quota for each UPF is distributed by slice PCF. The slice PCF periodically adjusts the quota allocation between UPFs according to service distribution within the slice.
1
Discussion

When maximum UL/DL throughput limitation is imposed on the network slice, the slice data rate quota can be distributed to each of the involved UPFs. Each UPF can get an allowed bitrate to transfer according to the latest service distribution within the slice. The SMF provides S-NSSAI of each PDU Session to UPF in N4 session. The UPF enforces the bitrate quota across all GBR and Non-GBR QoS Flows of the PDU Sessions. Some packets will be dropped by the UPF based on QoS enforcement. 
Through SMF, the UPFs report the actual data rate in N6 interface per S-NSSAI to the master PCF of the slice (i.e. slice PCF). The slice PCF will adjust the bitrate quota allocation between the UPFs and notify the new quota.
2
Proposal

This contribution proposes to implement the following updates to TR 23.700-40 v0.3.0.

* * * Start of Change 1 * * *

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
	Slice data rate enforcement and dynamic adjustment
	5


* * * Start of Change 2 (all text new) * * *

6.x
Solution #X: Slice data rate enforcement and dynamic adjustment
6.x.1
Introduction

This solution is for Key Issue #5, “Dynamic adjustment to meet the limitation of data rate per network slice in UL and DL”. 
6.x.2
High-level Description

The main idea of the solution is that UPFs get quotas of UL/DL bitrate allowed to transfer and enforce them to meet the limitation of the slice. The master PCF of the slice (i.e. Slice PCF) collects the actual bitrate in N6 interface per S-NSSAI from the UPFs and periodically adjusts the bitrate quota allocation according to the latest service distribution within the slice.

The SMF provides S-NSSAI of the PDU Sessions to UPF in N4 session. The UPF enforces the UL/DL bitrate quota across all GBR and Non-GBR QoS Flows of the PDU Sessions with the S-NSSAI as follows:

1) The UPF shall ensure that the traffics of GBR QoS Flows do not exceed the sum of GFBR value of the respective QoS Flows. Whenever a GBR QoS Flow is established or modified, the UPF shall check if the sum of the GFBR values (including the new/modified QoS Flow) is larger than the bitrate quota value of the S-NSSAI. If so, the UPF rejects the new/modified QoS Flow, and then SMF may try to pre-empt any existing GBR QoS Flow within the slice based on the ARP values or rejects the new/modified QoS Flow. 
2) The UPF shall ensure that the aggregated bitrate across all GBR and Non-GBR QoS Flows is not exceeding the UL/DL bitrate quota value of the S-NSSAI by shaping the traffic of non-GBR QoS Flows and/or dropping packets exceeding the GFBR from GBR QoS Flows with MFBR>GFBR. The details of the UL/DL bitrate quota enforcement are implementation-specific.

NOTE: Existing queue management mechanisms will handle the packet dropping. The ratio of packet shaping and packet dropping is up to operator configuration.
6.x.3
Procedures

The following figure represents a high-level procedure of the solution.
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Figure 6.x.3-1: A high-level procedure of the solution

1. During N4 association setup or update, the UPF which terminates N6 interface indicates the S-NSSAIs it supports to SMF. The SMF checks whether slice bitrate enforcement is necessary. If so, the SMF asks the UPF to do the throughput measurement and reporting for the indicated S-NSSAI periodically. 
2. The UPF measures the N6 interface UL/DL throughputs for the indicated S-NSSA and reports the average N6 interface UL/DL bitrate per S-NSSAI and the PDU session number of the slice to the Slice PCF via the SMF.
3. The Slice PCF allocates UL/DL bitrate quota of the slice to the involved active UPFs for the S-NSSAI if it is needed.
NOTE1: The 1st time allocation of the bitrate quota of the slice to the UPF can be delayed until the 1st PDU Session is established via this UPF.
4. A PDU Session within the slice has been established/modified. 
5. During the PDU Session establishment procedure, for the N4 interaction to configure the related N4 rules, the SMF provides the S-NSSAI of the PDU Session to the UPF. The UPF checks if the sum of the GFBR values (including the new/modified QoS Flow) is larger than the bitrate quota value of the S-NSSAI. The UPF also enforces the UL/DL date rate allowed to transfer through the N6 interface within the slice by shaping the traffic of related non-GBR QoS Flows and/or dropping packets exceeding the GFBR from related GBR QoS Flows with MFBR>GFBR.
NOTE 2: The UL data rate enforcement could be more relaxed based on operator’s policy as the received UL packet has already consumed the radio resources. 
6. The Slice PCF collects the actual bitrate and PDU session number report of each involved UPF in the slice periodically (e.g. per 10 minutes). 

7. The Slice PCF makes adjustments on the bitrate quota allocation between involved active UPFs. Because of the PDU session number reported, the Slice PCF may avoid allocating excessive bitrate quota to a UPF with very large throughput but few PDU Sessions.
8. If need, the Slice PCF updates the bitrate quota allocated to each involved UPF according to the latest service distribution within the slice.  
6.x.4
Impacts on services, entities and interfaces

PCF:

-
If bitrate control is needed for the slice, the Slice PCF allocates UL/DL bitrate quota to each of the involved active UPFs for the S-NSSAI.
-
The Slice PCF collects the actual UL/DL bitrate of the slice from each involved UPF and updates the bitrate quota allocation to each active UPF according to the latest service distribution within the slice.
SMF:

-
Provide S-NSSAI in each N4 session establishment procedure to enable the UPF to associate the traffic to a slice.
-
Relay quota allocation and actual bitrate report messages between the UPF and the Slice PCF.

-
Configure the UPF to periodically report the actual UL/DL bitrate of the slice.
UPF:

-
Enforce the bitrate quota allowed to transfer across all GBR and non-GBR QoS Flows per S-NSSAI.

-
Measure the N6 interface UL/DL throughputs of per S-NSSAI.

-
Provide the actual UL/DL bitrate per S-NSSAI to the SMF per SMF instruction.

-
Check if the sum of the GFBR values (including the new/modified QoS Flow) is larger than the bitrate quota of the S-NSSAI.
* * * End of Changes * * *
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