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Abstract: This contribution evaluates the solutions of KI#5 and proposes a conclusion.
1. Discussion
KI#5 focuses on how to support data rate limitation per slice. The network needs to make adjustment to control aggregate traffic in UL and DL across the slice. 
There are 8 candidate solutions for KI#5 proposed in the TR. An evaluation for them are provided in table 1, based on some criteria such as impacts on system, whether support dynamic adjustment and so on. 
Table 1  Evaluation of the candidate solutions
	Sol#
	How to control the data rate of a slice
	Impacts on system
	Dynamic adjustment
	Dependency on other solution
	Possible NWDAF assistance

	#12
	NSQ keeps track of Aggregate of Session-AMBR of active PDU sessions + Aggregate of MFBR of active GBR flows.
The control is not based on actual data rate of the slice and so not accurate, and tends to be over-enforced. The data rate of the slice may be treated as exceeding the quota even the actual data rate of the slice is still lower than the quota.
	A New NSQ function.
NSQ is notified of any changes in Session-AMBR or MFBR of each PDU sessions in the slice. 
The centralized NSQ has to check the quota per PDU session. The scalability and reliability of the system are adversely affected by heavy signalling load of centralized NSQ.
	PDU Session modification procedure is initiated by SMF with reduced Session-AMBR/MFBR values, if data rate quota runs out but there is still some session number quota.
This will generate a large amount of NAS signalling to modify existing PDU sessions.
	N/A
	N/A

	#14
	PCF authorizes the UE-Slice-AMBR for each UE. The authorized UE-Slice-AMBR is based on the slice data rate quota, and other factors, such as RAN UE throughput, UE contract quality, and number of UEs. RAN controls the data rate of each UE. The data rate of the slice is controlled based on the authorized UE-Slice-AMBR.
The accuracy of data rate enforcement depends on the accuracy of output from NWDAF. 
	Providing UE-Slice-AMBR to RAN.
	When the number of UE changes and new analytics comes from NWDAF, PCF will initiate a lot of signalling to update UE-Slice-AMBR for each UE.
	Depending on RAN enforcement based solution of KI#3.
	PCF decides UE-Slice-AMBR based on the output from NWDAF.

	#16
	Slice PCF distributes the slice data rate quota per each UPF via the SMF. The UPFs enforce the local slice data rate quota based on the actual data rate of the slice, therefore the control is more accurate.

	Selecting a Slice PCF if there are multiple PCFs.
Slice PCF distributes the quota to UPFs via the SMF.
UPF may drop some UL packets which have already consumed the radio resources.
	Slice PCF can adjust the distribution of quota among UPFs base on the actual data rate reports from UPFs in a frequent time period, e.g. in minutes. The adjustment is per UPF device. 
The signalling load for adjustment is much less than per PDU session or per UE.
	N/A
	The actual data rate reports from UPFs to Slice PCF can be replaced by data collection of NWDAF.
Slice PCF can decide local slice data rate quota for each UPF based on analytics from NWDAF.

	#18
	AMF sums the Slice-MBR of all UEs in Connected mode and denies establishing or activating PDU session if the total data rate exceeds the local quota from SQM.
The control is not based on actual data rate of the slice and so not accurate, and tends to be over-enforced. 
	New SQM function.
SQM determines the local slice quota for each AMF/AMF set.
	N/A
	Depending on a solution of KI#3 in which the Slice-MBR of UE is available in the AMF. 
	SQM can determine the local slice quota for each AMF/AMF set based on the analytics from NWDAF.

	#19
	N/A
There is no detail about KI#5.
	N/A
There is no detail about KI#5.
	N/A
There is no detail about KI#5.
	N/A
There is no detail about KI#5.
	QCF determines the local slice quota based on the analytics from NWDAF.

	#20
	PCF adds up Session-AMBR and MBR per SDF per S-NSSAI and make sure it will not exceed the allowed network slice data rate.
The control is not based on actual data rate of the slice and so not accurate, and tends to be over-enforced.
	Same PCF selected to serve all DNNs to the same S-NSSAI, or the accumulated Session-AMBR and MBR per SDF per S-NSSAI are stored in the UDR shared by multiple PCFs.
	N/A
	N/A
	N/A

	#24
	[bookmark: _GoBack]NSQ keeps track of Aggregate of Session-AMBR of active PDU sessions + Aggregate of MFBR of active GBR flows.
The control is not based on actual data rate of the slice and so not accurate, and tends to be over-enforced. 
	A New NSQ function.
The centralized NSQ has to check the quota per each PDU session. The scalability and reliability of the system are adversely affected by heavy signalling load of centralized NSQ.
	User plane adjustment is initiated by SMF with reduced Session-AMBR/MFBR values if the data rate quota runs out.
There will be a large amount of signalling to adjust the user plane for existing PDU sessions.
	N/A
	N/A

	#25
	PCF decides the UE-NetworkSlice_MBR of UEs with at least one PDU session. RAN enforces the UE-NetworkSlice_MBR.
The control is not based on actual data rate of the slice and so not accurate, and tends to be over-enforced. 
	SMF provides UE-NetworkSlice_MBR to the RAN by indicating it in message transfer.
	Adjusting the UE-NetworkSlice_MBR (UL/DL) of the UEs as more UEs join or leave a network slice with at least one PDU session. 
PCF or SMF will send a lot of signalling to update UE-NetworkSlice_MBR for each UE involved.
	Depending on RAN enforcement based solution of KI#3.
	PCF can decide UE-NetworkSlice_MBR based on the output from NWDAF.



Solution #12, #20, and #24 work in the level of PDU session granularity. The SMF or PCF controls the Session-AMBR for non-GBR flows and MBR of GBR flows per S-NSSAI. The SMF or PCF decides the maximum allowed bitrate for PDU sessions in the slice. The actual bitrate of PDU sessions will not exceed the allowed maximum bitrate. 
Solution #14, #18, #19, and #25 work in the level of UE granularity. In Sol#14, the PCF decides the UE-Slice-AMBR based on the analytics from the NWDAF, the RAN control the actual data rate of each UE per the UE-Slice-AMBR. In Sol#18, the AMF gets slice quota from SQM and sums the Slice-MBR of all UEs in connected mode. AMF decides to reject further PDU session establishment or activation if the sum exceeds the quota. In Sol#25, the PCF makes sure that the sum of Slice-MBR of UEs will not exceed the slice data rate quota. The Slice MBR per UE is controlled by the RAN. Therefore, the total throughput of the UEs in the slice will not exceed the limitation.
NOTE: There is no detail about how to enforce the local quota of data rate in Solution #19.
In all the solutions above, the control is based on the maximum bitrate of each UE or each PDU session. Therefore the data rate of the slice may be treated as exceeding the quota even the actual data rate of the slice is still lower than the quota. There is a little difference with Solution #14, where the accuracy of data rate enforcement depends on the accuracy of output from the NWDAF.
In Solution #16, Slice PCF distributes the bitrate quota to UPFs via the SMF according to the actual bitrate report from each UPF periodically. The UPFs enforce the data rate quota received from the Slice PCF based on the actual data rate of the slice. 
Observation 1: Solution #16 supports more accurate control of the data rate of a slice. 
In Solution #12 and #24, NSQ is notified of any changes in Session-AMBR or MFBR of each PDU sessions in the slice. The centralized NSQ has to check the quota per each PDU session. The heavy signalling load of centralized NSQ adversely affects the scalability and reliability of the system.
As for dynamic adjustments, solution #12 and #24 may need a large amount of signalling to adjust the maximum allowed bitrate for existing PDU sessions. Solution #14 and #25 need to modify the maximum allowed bitrate for UEs when more UEs join or leave a network slice. 
However, different from other UE level or PDU Session level based solutions, the signalling for the actual bitrate report and quota distribution in solution #16 is per UPF. Considering the number of UPFs is much less than the number of involved UEs and PDU Sessions, the signalling load is significantly reduced. It’s also much simpler to implement the accurate control of the slice data rate per UPF than other solutions that are per authorized maximum bitrate of each UE or each PDU session.
Observation 2: Solution #16 has less system impact with per UPF control and restriction, which reduces quite a lot of signalling load for both quota distribution and adjustment, and reduces the complexity of the quota calculation.
For Solution #16, the UPF may drop some UL packets which have already consumed the radio resources. But considering the benefit of more accurate control, less signaling load, and simpler implementation, this drop is not seen as a big issue.
Proposal: It is proposed to conclude on Solution #16 as the basis for the normative work of KI#5.
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-40.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc30640094][bookmark: _Toc31274698][bookmark: _Toc43397179][bookmark: _Toc43483580][bookmark: _Toc43483874]7.X	Evaluation on solutions of KI#5
There are 8 solutions proposed to address KI#5. 
Solution #12, #20, and #24 work in the level of PDU session granularity. The SMF or PCF controls the Session-AMBR for non-GBR flows and MBR of GBR flows per S-NSSAI. The SMF or PCF decides the maximum allowed bitrate for PDU sessions in the slice. The actual bitrate of PDU sessions will not exceed the allowed maximum bitrate. 
Solution #14, #18, #19, and #25 work in the level of UE granularity. In Sol#14, the PCF decides the UE-Slice-AMBR based on the analytics from the NWDAF, the RAN control the actual data rate of each UE per the UE-Slice-AMBR. In Sol#18, the AMF gets slice quota from SQM and sums the Slice-MBR of all UEs in connected mode. AMF decides to reject further PDU session establishment or activation if the sum exceeds the quota. In Sol#25, the PCF makes sure that the sum of Slice-MBR of UEs will not exceed the slice data rate quota. The Slice MBR per UE is controlled by the RAN. Therefore, the total throughput of the UEs in the slice will not exceed the limitation.
NOTE: There is no detail about how to enforce the local quota of data rate in Solution #19.
In all the solutions above, the control is based on the maximum bitrate of each UE or each PDU session. Further, the data rate of the slice may be treated as exceeding the quota even the actual data rate of the slice is still lower than the quota. There is a little difference with Solution #14, where the accuracy of data rate enforcement depends on the accuracy of output from the NWDAF.
Solution #16 works at the level of UPF granularity. The Slice PCF distributes the bitrate quota to UPFs via the SMF according to the actual bitrate report from each UPF periodically. The UPFs enforce the data rate quota received from the Slice PCF based on the actual data rate of the slice.
Furthermore, in Solution #12 and #24, NSQ is notified of any changes in Session-AMBR or MFBR of each PDU sessions in the slice. The centralized NSQ has to check the quota per each PDU session. The heavy signalling load of centralized NSQ adversely affects the scalability and reliability of the system. As for dynamic adjustments, solution #12 and #24 may need a large amount of signalling to adjust the maximum allowed bitrate for existing PDU sessions. 
Solution #14 and #25 need to modify the maximum allowed bitrate for UEs when more UEs join or leave a network slice. 
Different from other UE level or PDU Session level based solutions, the signalling for the actual bitrate report and quota distribution in solution #16 is per UPF. Considering the number of UPFs is much less than the number of involved UEs and PDU Sessions, the signalling load is significantly reduced.
It can be seen that Solution #16 supports more accurate control of the data rate of a slice and has less system impact with per UPF control, which reduces quite a lot of signalling load for both quota distribution and adjustment, reduces the complexity of the quota calculation, and is much simpler for implementation. In Solution #16, the UPF may drop some UL packets which have already consumed the radio resources. But considering the benefit of more accurate control, less signaling load, and simpler implementation, this drop is not seen as a big issue.

* * * * Second change * * * *
8.X	Conclusion on KI#5
Solution #16 is concluded for normative work.

* * * * End of changes * * * *
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