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Abstract of the contribution: This contribution proposes conclusions and some updates to the evaluation for KI#5.
Discussion
This contribution updates the evaluation and proposes conclusions to KI#5.

In the evaluation, the following Editor´s Note is included:

Editor's note:
It is FFS for NW Slice Quota Enforcement functionality whether option a) or option b) or both options should be supported.

Option a) defines that when the Total Slice-MBR is reached, some of the UEs in the Slice have their Slice-MBR modified. Option b) defines that when the Total Slice-MBR is reached, new PDU sessions are rejected or new UE registrations are rejected.

The proposal is to remove the Editor´s note to allow for both options, that will depend on operator policies defined in each of the solutions.

Then, the evaluation is updated mainly to discuss on solution#16. 

Conclusions are proposed to simplify the normative work so that the NF that controls the Total Slice-MBR distributes it between each of the UEs within the slice, and then conclusions for KI#3 applies.

Proposal
The following updates are proposed as stated below.
* * * * First change * * * *

7.5
Evaluation on solutions of KI#5

From all 8 solutions proposed for KI#5 (Solution #12, #14, #16, #18, #19, #20, #24, #25), some may have a complete solution and some not. But overall, we can summarize that there are three main functionalities for supporting limitation of data rate per network slice in UL and DL as described below.

- NW Slice max. data rate Storage functionality: This functionality is responsible for storing a NW Slice maximum data rate quota information

- NW Slice Quota Control functionality: This functionality is responsible to check that the aggregated data rate for the S-NSSAI in UL/DL complies with the maximum rate for the S-NSSAI in the UL/DL.

- NW Slice Quota Enforcement functionality: This functionality is responsible to ensure that the data rate per slice is not exceeded. If exceeded actions are taken to a) redistribute the data rates, or b) reject new PDU session establishments or new UE registration or some other action such as report to OAM to log the event.

Table 7.5-1 illustrates the 5GS system impacts for all solutions proposed for KI#5. Moreover, it also compares where to place the afore-mentioned network slice quota functionalities in the 5G system.

Table 7.5-1: Key impacts of the solutions

	
	UE 
	RAN 
	Notes
	

	
	Impact
	Impact
	NW Slice max. data rate Storage
	NW Slice Quota control
	NW Slice Quota Enforcement 
	Amount of signalling for enforcement
	Amount of signalling for adjustment
	Description

	Sol#12
	No
	No
	NSQ


	NSQ
	N/A
	The centralized new NF (per slice) checks the quota per each PDU session. Additional signalling to PDU session est, and modification or when a new QoS is estab/updated/release.

Additional signalling to update PDU session bit rates.
	If the Network Slice max data rate is reached the NSQ contacts all (or a subset) of SMFs in the slice to update Session-AMBR or MFBR for GFBR data flows.
	For each PDU session SMF provides to NSQ the authorized Session-AMBR and MFBR for each GBFR flow. If any updates, the SMF updates the NSQ.



	Sol#14

(depends on KI#3)
	Yes
	Yes
	PCF
	PCF/NWDAF
	RAN
	-
	When the number of UE changes and new analytics comes from NWDAF, PCF adjust UE-Slice-AMBR for each UE.
	PCF decides the UE-Slice-AMBR based on NWDAF analytics on network slice data rate.

PCF provides the UE-Slice-AMBR to AMF. The AMF provides the UE-Slice-AMBR to RAN. RAN controls the UE-Slice-AMBR.



	Sol#16
(NOTE)
	No
	No
	PCF
	PCF
	UPF
	-
	The periodic reporting proposed by UPF/SMF to PCF helps dynamic adjustment of local quota allocation. It increases the amount of signalling between the PCF and SMF and between SMF and UPF.
	The UPFs get quotas of UL/DL bitrate allowed to transfer and enforce them to meet the limitation of the slice. The 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.


	Sol#18

(depend on KI#3)
	No
	No
	SQM
	SQM/ AMF
	AMF
	When SQM standalone, additional signalling for each UE registration to provide a quota per Slice if not available.
	
When the local quota is reached the AMF notifies the SQM for further quota or other actions
	The SQM allocates a quota per Slice and provides it to AMF.

The AMF sums the Slice-MBR of all UEs in Connected mode which have established PDU Session in the network slice and ensures the total data rate does not exceed the allowed value in the quota for the network slice.

SQM is either stand alone or a functionality of PCF, NSSF, NRF, NWDAF, OAM, CHF. 

	Sol#19
	No
	N/A
	QCF
	QEF
	N/A
	-
	The QCF may initiate adjustment of quota distribution among the QEFs when the NDWAF notifies new analytics.
	QCF determines the local slice quota based on the analytics from NWDAF. The QEF enforces the network slice local quota.

	Sol#20
	No
	No
	PCF
	PCF
	N/A
	-
	Additional signalling to update PDU session bit rates.
	The PCF (per slice) aggregates the Session-AMBR and MBR per PCC Rule in the slice and check if the quota is reached.

When the quota is reached the PCF (per slice) decides if a new PDU session is established or if other PDU session needs reconfiguration based on internal policies.

	Sol#24
	No
	No
	NSQ


	NSQ
	N/A
	-
	User plane adjustment is initiated by SMF with reduced Session-AMBR/MFBR values if the data rate quota runs out.
	Similar as solution #12

	Sol#25

(depends on KI#3)
	Yes
	Yes
	PCF
	PCF
	RAN
	-
	Adjusting the UE-Slice-MBR of the UEs as more UEs join or leave a network slice with at least one PDU session.
	The PCF (per slice) allocates a Slice-MBR per UE that is sent to RAN for enforcement.

	NOTE: Service distribution is not defined, and how the PCF knows the service distribution is not defined.


From Table 7.5-1 above, one can derive the following three categories:

-
Category A with enforcement of Slice max bit rate for each UE in RAN (#14, #25).

-
Category B with enforcement of Slice max bit rate in control plane function to control that the accumulate bit rate for all PDU sessions within the Slice do not exceed the Slice max bit rate (#12, #18, #19, #20, #24).

-
Category C with enforcement of slice max bit rate in the user plane by distributing a quota to UPF for enforcement (#16).

For Category A and Category B, the control is based on the authorized maximum bitrate of each UE or each PDU session. Considering that not every UE or every PDU session can reach the maximum data rate allowed simultaneously, the data rate of the slice (i.e. the sum of the data rate of each UE or each PDU session) may be treated as exceeding the quota even the actual data rate of the slice is still lower than the quota. For Category C, it is feasible to implement UPF enforcement than estimating a proper Slice-MBR value for each UE which can make the total actual data rate of the slice close to meeting the quota.

The solutions, both #14 and #25, that propose RAN enforcement are linked to KI#3 and their solutions, as they propose enforcement of UE-Slice-MBR in RAN.

There is no clear benefit that shows if using analytics as input to the decision point adds value for slice quota enforcement as defined in solution#14.

From signalling point of view, the centralized NSQ in Sol#12 and Sol#24, acting as both slice max data rate storage functionality and quota control functionality has to check the quota per each PDU session which brings heavy signalling load of centralized NF. Quota distribution from slice max data rate storage functionality to quota control functionality can avoid the adverse impacts to the scalability and reliability of the system. Introducing a new NF causes increased signalling from AMF/SMF to these new NFs in every PDU session establishment or at new UE registrations. As such, the new functionality for control of the quota is included in an existing NF.

As for dynamic adjustment, considering that the number of NF is much less than the number of involved UEs and PDU Sessions, the signalling load for dynamic adjustment per NF depends on both the number of NFs and the frequency of reporting, and the signalling load per UE or per PDU session depends on the number of UEs or the number of PDU sessions and the average number of updates that are needed. In principle, reporting and provisioning a quota to a UPF generates less signalling than updating the session-AMBR or the MBR per QoS flow for a large amount of UEs, but in order to have some figures, we need to have a traffic model that indicates e.g. how many PDU sessions a UE has, what the operator policies are e.g. update the session-AMBR only to bronze subscribers. .
Category C solution, i.e. solution #16 requires:

· to enforce the slice MBR quota provided by the PCF in the UPF; given that it is quite unlikely that all PDU sessions in a slice are handled in one single processor, any MBR enforcement will impact the performance of UPF.
-
that the PCF knows which quota to distribute to each UPF; since not all the UPFs will handle the same amount of traffic in the slice, this is not known to the PCF. There is no description on how the PCF learns the service distribution in the slice, meaning the amount of traffic that each UPF handles.

-
Alternatively, the PCF may distribute the same quota to each UPF; then those UPFs that handle more traffic may drop packets that should have been forwarded with a more accurate traffic distribution, thus, the enforcement in the UPF will be inaccurate.
Overall Category C solution adds complexity to the UPF, and the PCF, impacts the UPF performance and does not ensure an optimal enforcement of the slice-MBR.
* * * * Next change * * * *

8
Conclusions

Editor's note:
This clause will capture conclusions from the study.
The following principles are agreed for normative work:

· The Total Slice-MBR is distributed among the UEs using the slice, and then solution to KI#3 applies.
· For the distribution of the Total Slice-MBR among the UEs using the slice, an existing NF is used.
* * * * End of changes * * * *
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