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Abstract of the contribution: This contribution proposes a solution for KI#1, KI#2, KI#3 and KI#5 using CHF services exposed by Nchf interface.
1. Discussion

In this document, a network slice quota control and enforcement provided by CHF based solution is developed which covers to KI#1, KI#2, KI#3 and KI#5.
The proposal is to rely on the CHF/5G Converged Charging System functionalities encompassing quota management capabilities:
· The CHF is encompassing quota management capabilities also applicable for subscribers when the subscriber is a Service Provider (e.g. a 3rd Party). The subscriber in this context is the Service Provider for which the Network Slice was created/deployed. 

· Slice SLA availability: Under the "Network Slice Management Charging" feature, the CHF will capture assigned values for attributes associated to S-NSSAI(s) (attributes defined in the GST documented in GSMA 5GJA NG.116 [3]): 
· Maximum number of UEs (KI#1)

· Maximum number of PDU sessions (KI#2)

· Maximum downlink/uplink throughput per UE (KI#3)

· Maximum downlink/uplink throughput (KI#5)

· CHF control per UE PDU session establishment within a Network Slice, based on the S-NSSAI received from SMF.
· CHF control per registration based on Allowed S-NSSAI(s) received from AMF.

· CHF spending limit to PCF controlling data rate per UE within a slice or per Slice.  
3. Proposal
It is proposed to adopt the following solution for KI#1, KI#2, KI#3 and KI#5 into 23.700-40.
*** First change ***
6.X
Solution #<X>: Network slice quota control and enforcement provided by CHF based solution 
6.X.1
Introduction

This solution addresses the KI#1, KI#2, KI#3 and KI#5 by leveraging CHF/5G Converged Charging System functionalities encompassing quota management capabilities.
6.X.2
High-level Description

6.X.2.1
General
The following CHF/5G Converged Charging System capabilities are used for this solution:

-
Slice SLA availability.

-
CHF control per new UE PDU session and registration 

-
CHF spending limit to PCF for data rate adjustments.

Slice SLA is made available to CHF under the "Network Slice Management Charging" feature (specified in TS 28.202 [x]): enables charging a Service Provider (considered as the "subscriber" from charging's perspective) for slice(s) creation based on SLA between this Service Provider and the Network Operator. 
The full description of attributes used for Network Slice creation to fulfil the slice SLA are captured by the CHF. They include for each S-NSSAI, associated attributes (defined in the GST documented in GSMA 5GJA NG.116 [3]) such as: 

· Maximum number of UEs (KI#1)

· Maximum number of PDU sessions (KI#2)

· Maximum downlink/uplink throughput per UE (KI#3)

· Maximum downlink/uplink throughput (KI#5)

CHF control per new UE PDU session is specified in TS 32.255 [x]
CHF control per registration is specified in TS 32.256 [x]
CHF spending limit to PCF is specified in TS 23.502 [6] and TS 23.503 [x].

6.X.2.2
CHF based network slice quota management
In this solution the CHF is the enforcement point for slice quota management associated to attributes in the GST defined by GSMA 5GJA NG.116 [3] which are subject to quota management based on available Slice SLA: Maximum number of UEs (KI#1) and Maximum number of PDU sessions (KI#2). 

Slice quota management for "Nb of PDU sessions" is achieved by CHF authorization of UE PDU session based on S-NSSAI received from SMF, and Slice SLA (Max Nb of PDU sessions). 
Slice quota management for "Nb of registered UEs" is achieved by CHF authorization of UE registration in S-NSSAI(s) based on Allowed S-NSSAI(s) received from AMF, and Slice SLA (Max Nb of registered UEs). 

6.X.2.3
CHF based limitation of data rate per network slice in UL and DL per UE.
In this solution the CHF is the enforcement point for slice data rate limitation associated to attributes in the GST defined by GSMA 5GJA NG.116 [3] which are subject to data rate limitations based on available Slice SLA: Maximum downlink/uplink throughput per UE (KI#3).
The slice SLA ("Max-UE-SliceAMBR" in UL and DL) represents the maximum authorized UL/DL Aggregate Maximum Bit Rate (AMBR) per UE within the slice.   
The CHF maintains per UE and per Slice, the "UE-SliceAMBR" representing the actual authorized UL/DL Aggregate Maximum Bit Rate (AMBR) for this UE when served under this Slice. The "Unused-UE-SliceAMBR" representing the "Max-UE-SliceAMBR" decreased by "UE-SliceAMBR" can be derived by CHF and supplied under "Policy counters".    

The PCF retrieves "Policy counters" using the spending limit procedure specified in TS 23.502 [6] and TS 23.503 [x] to get "Unused-UE-SliceAMBR".
Based on the received "Policy counts", the PCF determines per PDU session the "session-AMBR". 

6.X.2.4
CHF based dynamic adjustment to meet the limitation of data rate per network slice in UL and DL.
In this solution the CHF is the enforcement point for slice data rate limitation associated to attributes in the GST defined by GSMA 5GJA NG.116 [3] which are subject to data rate limitations based on available Slice SLA: Maximum downlink/uplink throughput (KI#5).

The slice SLA ("Max-Total-SliceAMBR" in UL and DL) represents the maximum authorized UL/DL Aggregate Maximum Bit Rate (AMBR) per slice.   

The CHF maintains per UE and per Slice, the "Total-SliceAMBR" representing the actual authorized UL/DL Aggregate Maximum Bit Rate (AMBR) for the Slice. The "Unused-Total-SliceAMBR" representing the "Max-Total-SliceAMBR" decreased by "Total-SliceAMBR" can be derived by CHF. The "Unused-Total-SliceAMBR" can be distributed by CHF across multiple PCFs and UEs under "Allocated-Total-SliceAMBR" supplied as "Policy counters".    

The PCF retrieves "Policy counters" using the spending limit procedure specified in TS 23.502 [6] and TS 23.503 [x] to get "Allocated-Total-SliceAMBR" allocated to this PCF.

Based on the received "Policy counts", the PCF determines per PDU session the "session-AMBR". 

6.X.3
Procedures
6.X.3.1
General

The following figure 6.X.3.1-1 represents the high-level entities involved in the solution.
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Figure 6.X.3.1-1 High level functional solution overview  
Slice SLA is obtained by CHF from OAM at NSI creation via the ‘service profile’ per TS 28.202 [x] (clause 5.1.3 ‘Network slice related requirements identified by a service profile’), which includes per S-NSSAI: maximum number of UEs, maximum number of allowed PDU sessions, …  
6.X.3.2
CHF based Network slice quota management 

6.X.3.2.1
Maximum number of PDU Sessions
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Figure 6.X.3.2.1-1: CHF quota management - PDU session establishment  
The steps are per TS 32.255 [x] clause 5.2.2.2.2 (using TS 23.502 [6] figure 4.3.2.2.1.-1 ‘UE-requested PDU Session Establishment for non-roaming and roaming with local breakout’ as the baseline) with the following additions: 

0ch. CHF maintains per S-NSSAI : Slice SLA (Max Nb of PDU sessions) and count for "Nb of PDU sessions".  

9ch-b. CHF checks whether this S-NSSAI is subject to quota management based on Nb of PDU sessions, if so, whether the Slice SLA (Max Nb of PDU sessions) is not exceeded with the new PDU session. If not, the PDU session is accepted and the count for "Nb of PDU sessions" is increased by one, otherwise it is rejected. 
9ch-c. CHF rejects (in case PDU session is rejected) the new PDU session with appropriate cause due to Max Nb of PDU sessions is already reached.
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Figure 6.X.3.2.1-2: CHF quota management - PDU session release  
The steps are per TS 23.502 clause 4.3.4.2 with the following additions (Although no explicit message flows in TS 32.255 [x], the PDU session release scenario is covered): 

0ch. CHF maintains per S-NSSAI : Slice SLA (Max Nb of PDU sessions) and count for "Nb of PDU sessions".  

2ch-b. If this S-NSSAI is subject to quota management based on Nb of PDU sessions, the count for "Nb of PDU sessions" is decreased by one.
6.X.3.2.2
Maximum number of UEs
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Figure 6.X.3.2.2-1: CHF quota management - registration  

The steps are per TS 32.256 [x] clause 5.2.2.2.4 (using TS 23.502 [6] figure 4.2.2.2.2-1 ‘Registration procedure’ as the baseline) with the following additions: 

0ch. CHF maintains per S-NSSAI : Slice SLA (Max Nb of registered UEs) and count for "Nb of registered UEs" with UEs list.  

16ch-b. CHF checks for each allowed S-NSSAI subject to Quota management based on Nb of registered UEs, if the Slice SLA (Max Nb of registered UEs) is not exceeded with the new UE. If not, the count for "Nb of registered UEs" is increased by one, and this UE is added to the list. If the new UE cross the "Max Nb of registered UEs", the S-NSSAI is set to "Not allowed". If the full set of received Allowed S-NSSAI(s) becomes "Not allowed", the registration is rejected.  

16ch-c. CHF provides appropriate answer: either authorizes the registration with an updated list of "Allowed S-NSSAI(s)" or rejects the registration with appropriate cause.
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Figure 6.X.3.2.2-1: CHF quota management - deregistration  
The steps are per TS 32.256 [x] clause 5.2.2.2.8 (using TS 23.502 [6] figure 4.2.2.3.2-1 ‘UE-initiated Deregistration’ as the baseline) with the following additions: 

0ch. CHF maintains per S-NSSAI : Slice SLA (Max Nb of registered UEs) and count for "Nb of registered UEs" with UEs list.  

1ch-b. CHF checks for each allowed S-NSSAI subject to Quota management based on Nb of registered UEs, if this UE was part of the List of registered UEs, if so the UE is removed from the list and the count for "Nb of registered UEs" is decreased by one.
6.X.3.3
CHF based limitation of data rate per network slice in UL and DL per UE
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Figure 6.X.3.3-1: CHF spending limit per UE per Network Slice   

The steps are per TS 32.255 clause 5.2.2.2.2 (using TS 23.502 [6] figure 4.3.2.2.1.-1 ‘UE-requested PDU Session Establishment for non-roaming and roaming with local breakout’ as the baseline) with the following additions: 

0ch. CHF maintains per S-NSSAI : Slice SLA (Max-UE-SliceAMBR), and actual "UE-SliceAMBR" in use. 
7x. Initial spending Limit Report Retrieval procedure per TS 23.502 [6] clause 4.16.8.2 by which the PCF retrieves "Policy Counters" for Policy Decision. The Policy Counters contains for this S-NSSAI the "Unused-UE-SliceAMBR". If the Max-UE-SliceAMBR is already reached (UE-SliceAMBR reached Max-UE-SliceAMBR), the Policy counters contains a particular value indicating "Max-UE-SliceAMBR reached" for Policy decision by PCF. 
9ch-b. CHF checks whether this S-NSSAI is subject to Max-UE-SliceAMBR check: if so, the CHF updates the UE-SliceAMBR with the received Session-AMBR (which was previously authorized).    
6.X.3.4
CHF based dynamic adjustment to meet the limitation of data rate per network slice in UL and DL.
6.X.3.4.1
Data rate per network slice - control at new PDU session   
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Figure 6.X.3.4.1-1: CHF spending limit per Network Slice - new PDU session  

The steps are per TS 32.255 [x] clause 5.2.2.2.2 (using TS 23.502 [6] figure 4.3.2.2.1.-1 ‘UE-requested PDU Session Establishment for non-roaming and roaming with local breakout’ as the baseline) with the following additions: 

0ch. CHF maintains per S-NSSAI : Slice SLA (Max-Total-SliceAMBR), and actual "Total-SliceAMBR" in use. 

7x. Initial spending Limit Report Retrieval procedure per TS 23.502 [6] clause 4.16.8.2 by which the PCF retrieves "Policy Counters" for Policy Decision. The Policy Counters contains for this S-NSSAI, the "Unused-Total-SliceAMBR" (obtained by difference between Total-SliceAMBR and Max-Total-SliceAMBR and split between different other UEs). If the Max-Total-SliceAMBR is already reached, the Policy counters contains a particular value indicating "no Authorized AMBR" for Policy decision by PCF.  
9ch-b. CHF checks whether this S-NSSAI is subject to Max-Total-SliceAMBR check: if so, the CHF updates the Total-SliceAMBR with the received Session-AMBR (which was actually authorized by PCF for the PDU session).    

6.X.3.4.2
Data rate per network slice - adjustment by PCF across PDU sessions    
The same procedure clause 6.X.3.4.1 applies with the following difference:  

 7x. Based on received "Authorized AMBR" for the S-NSSAI within the "Policy counters", the PCF determines the Session-AMBR for this PDU session: The PCF can decide to allocate the entire "Authorized AMBR" for the session-AMBR of this PDU session or adjust the session-AMBR for other PDU sessions.   

6.X.3.4.3
Data rate per network slice - adjustment by CHF across UEs/PDU sessions    
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Figure 6.X.3.4.3-1: CHF spending limit per Network Slice - adjustments   

0ch. CHF maintains per S-NSSAI : Slice SLA (Max-Total-SliceAMBR), and actual "Total-SliceAMBR" in use.
0. UE2 has a PDU session established (SMF2, PCF2, CHF). 

1. UE1 PDU session establishment. 

2. Initial spending Limit Report Retrieval procedure per TS 23.502 [6] clause 4.16.8.2 by which the PCF retrieves "Policy Counters" for Policy Decision. 
3. The CHF determines the distribution of "Unused-Total-SliceAMBR" across UE1 and UE2 by supplying Policy Counters containing for this S-NSSAI, "Allocated-Total-SliceAMBR" for PCF1 and PCF2. "Allocated-Total-SliceAMBR" for PCF1 is provided during 2. 
4. The PCF1 enforces a new session-AMBR calculated "Allocated-Total-SliceAMBR". 
3a. The CHF sends a Spending limit Report to PCF2 to notify the new "Allocated-Total-SliceAMBR".
5. The PCF2 enforces a new session-AMBR calculated "Allocated-Total-SliceAMBR". 
6.X.4
Impacts on services, entities and interfaces

AMF: 
· new reject cause, receiving Allowed S-NSSAI(s) from CHF. 

SMF: 
· new reject cause received from CHF. 

CHF:

· CHF(s) selections by SMF/AMF, CHF(s) managed slice quota distributions  

· define new reject cause, sending Allowed S-NSSAI(s) for AMF 
· define new reject cause for SMF 

*** Next change ***
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

	12
	NSQ assisted dynamic adjustment of data rate per slice via NAS signaling
	5

	13
	Limitation of data rate per network slice in UL and DL per UE
	3

	14
	UE-Slice-AMBR adjustment to meet the limitation of data rate per Network Slice
	5

	15
	Using Back-off timer
	1

	16
	Slice data rate enforcement and dynamic adjustment
	5

	17
	Support of radio spectrum attribute by CN assisted RAN control
	7

	18
	Proactive Slice Quota Management in AMF
	1, 2, 4, 5

	19
	Support of network slice quota control and enforcement
	1, 2 & 5

	20
	Reusing existing QoS model to ensure that to limit the Maximum throughput UL/DL in a Network slice is not exceeded
	3 & 5

	21
	Limitation of data rate per network slice in UL and DL per UE without RAN involvement
	3

	22
	Solution on limitation of data rate per Network Slice in UL and DL per UE
	3

	23
	Network slice quota event notification
	4

	24
	NSQ assisted dynamic adjustment of data rate per slice via user plane adjustment
	5

	25
	Enforcement of MBR UL/DL per S-NSSAI
	5

	26
	Network controlled enforcement of simultaneous usage of network slices based on user preference
	6

	27
	Network slices simultaneous usage incompatibility support
	6

	28
	Constraints on simultaneous use of the network slice
	6

	29
	Providing Operating Band Information in the Configured NSSAI
	7

	30
	Preferred frequency bands in Configured NSSAI
	7

	31
	Steering the UE to a network slice in a different frequency band
	7

	X
	Network slice quota control and enforcement provided by CHF based solution 
	1,2, 3, 5


*** End of changes ***
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Slice SLA obtained at NS creation used for Subscriber’s (i.e. Service provider) Quota Management
Registration Charging Procedure as per TS 32.256 [x] clause 5.2.2.2.4  on General Registration – ECUR
Registration authorized based on Slice SLA (Quota Management based on "Nb of Registered UEs")
PDU session Charging Procedure as per TS 32.255 [x] clause 5.2.2.2.2  on PDU session establishment
UE PDU session  authorised based on Slice SLA (Quota Management based on "Nb of PDU sessions")
Spending Limits per TS 23.502 [6] clause 4.16.8   Procedures on interaction between PCF and CHF for data rate limitation per UE based on Slice SLA ( data rate limitations per UE/Slice)
OAM



