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Abstract: This contribution proposes a solution for dynamic adjustment of data rate for a slice by a new network function - NSQ (Network Slice Quota) introduced in solution in Solution#10 of 23.700-40.
1. Introduction
As highlighted in this key issue, while it is possible for a PLMN to support per slice data rate limitation e.g. by configuration, In order to adhere to the GST parameters, the network may need to make adjustment to network to control aggregate traffic in UL and DL across the slice. e.g. trigger fairness across UE data rates in the PLMN when this limit of data rate is reached.
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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

	X
	NSQ assisted dynamic adjustment of data rate per slice via user plane adjustment
	5
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6.X	Solution #x: NSQ assisted dynamic adjustment of data rate per slice via user plane 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". The solution takes the baseline network function NSQ from Solution#10.
The solution is based on the following architectural assumptions:
-	NSQ shall be configured with maximum allowed Slice-AMBR by the operator via OAM or AF.
	Actual Slice-AMBR = Aggregate of Session-AMBR of active PDU sessions + Aggregate of MFBR of active GBR flows.
-	NSQ shall subscribe to SMF to get notified of any changes to Session-AMBR or MFBR of the existing PDU sessions.
-	AMF/SMF shall subscribe to NSQ to get notified when the actual slice-AMBR has reached the maximum allowed slice-AMBR or if a certain threshold has been met, e.g. 90% of maximum allowed slice-AMBR has been reached.

6.X.2	High Level Description
-	NSQ keeps track of the actual slice-AMBR for a S-NSSAI.
-	During PDU session establishment procedure, SMF updates the NSQ with Session-AMBR of the PDU session that is being established and MFBR of any GBR flows which shall be established and requests if Slice-AMBR for a S-NSSAI is available.
-	NSQ adds the Session-AMBR and MFBR value to the actual Slice-AMBR value. 
- 	If the actual Slice-AMBR has not hit the maximum allowed slice-AMBR, NSQ responds to SMF to proceed with PDU session establishment procedure with the existing Session-AMBR and MFBR values 
- 	If the actual Slice-AMBR has hit the maximum allowed Slice-AMBR, NSQ responds to SMF to dynamically adjust the session-AMBR and MFBR values of the existing PDU session by a certain threshold. Alternatively, the NSQ may respond to AMF/SMF to reject the PDU session establishment with an appropriate cause code.
-	Dynamic adjustment of existing PDU sessions can be performed via user plane adjustment:
- 	User plane adjustment at network side: initiated by SMF to inform UPF and NG-RAN to reduce the Session-AMBR/MFBR for the downlink, while the UE is not notified of the changes. For uplink user plane data from the UE, the NG-RAN enforces the updated Session-AMBR values received from SMF and forwards to UPF.
- 	SDAP method: as part of the downlink IP packet sent to the user, 5GC shall modify the QFI in the DRB associated with the slice specific PDU session. QFI has 1:1 association with the MFBR and GFBR, as part of the QoS rules configured by the network in initial PDU Session Establishment Accept message. Thus, utilizing this procedure, we reduce the excessive signalling over the control plane, and leverage the data plane for efficient QoS modification.

6.X.3	Procedures	
The procedure in Figure: 6.X.3-1 shows a signalling flow in which NSQ performs dynamic adjustment of data rate for a slice when Slice-AMBR limit has been reached. 


Figure 6.X.3-1: NSQ assisted dynamic adjustment of data rate for a slice
As a pre-condition for this call flow, UE(s) 2..n have a PDU session successfully established with the network. 
NSQ keeps track of the Slice-AMBR for the S-NSSAI. 
1. 	UE1 initiates a PDU Session Establishment Request for a S-NSSAI to SMF. 
2.	SMF sends the Nnsq_PDUCount_Availability_Check_Request message to SMF and includes the SMF-ID, S-NSSAI, PDU Session ID, Session-AMBR (or) MFBR depending on non-GBR or GBR session respectively. 
3.	NSQ performs the following checks:
-	whether PDU session count quota available (KI#2);
-	whether Slice-AMBR limit has not been reached after adding the Session-AMBR (or) MFBR received at step 2.
If PDU session count quota is not available, NSQ informs SMF to reject the PDU session establishment request with an appropriate cause code. If PDU session count quota is available, NSQ informs SMF to successfully create the PDU session. This procedure is described in solution #10.
If Slice-AMBR limit is available after adding the Session-AMBR (or) MFBR from step 2, NSQ informs SMF to successfully create the PDU session. If Slice-AMBR limit is not available, NSQ informs SMF to dynamically adjust data rates of the existing PDU sessions (in a fair manner) or may inform SMF to reject the PDU session establishment request with an appropriate cause code.
In this example, the PDU session count quota is available but Slice-AMBR maximum limit has been reached.
4.	NSQ initiates a new request informing all SMF(s) which have active PDU session(s) associated with the same S-NSSAI to dynamically adjust the data rates of all the PDU sessions active for the S-NSSAI via Nnsq_DataRate_Update_Request service. NSQ includes the S-NSSAI, an appropriate cause code, and the percentage of the data rate to be reduced for PDU Session ID(s) of UE (2..n).
NOTE 1: 	The cause code can be an existing cause code, e.g. "Insufficient resources for specific slice or DNN". Alternatively, a new cause code can be defined to be specific to Slice-AMBR.
NOTE 2:	The amount of data rate to be reduced has to be fair among the different contract qualities. Hence, a percentage approach could be taken by NSQ. For example, NSQ could request 5% or 10% reduction of data rate. However, at any given point for GBR sessions, MFBR might not go as low as GFBR after reduction of data rate. In general, the adjustment of data rate decision is implementation specific.  
NOTE 3: 	NSQ is not mandated to include a percentage of data rate to be reduced. In this case, the SMF can take a decision, however, in a network with multiple SMFs, a common network function, i.e. NSQ is in a better position to make the decision.
5.	SMF initiates the PDU Session Modification procedure as defined in TS 23.502 [6] clause 4.3.3.2 to reduce the Session-AMBR (and/or) MFBR for non-GBR and GBR flows. Step 1(b-d) to step 8 of the procedure in clause 4.3.3.2 is performed, and step 5 is not performed. SMF informs UPF and NG-RAN to reduce the Session-AMBR for the downlink, while the UE is not notified of the changes. The uplink values are not modified. When the UE sends the uplink user plane data to NG-RAN, the NG-RAN enforces the uplink data rate limitation as per the updated Session-AMBR values received from SMF and forwards the user plane data to UPF.
Alternatively, just for GBR sessions, Reflective QoS based QFI modification may be initiated by the network. As part of the downlink IP packet sent to the user, network may update the QFI in the DRB associated with the PDU session(s) of interest. Via this procedure, the signalling over control plane is minimized and user plane is leveraged for efficient QoS modification.
NOTE 4: 	SMF shall first reduce the Session-AMBR of PDU Session first, followed by reduction of MFBR of GBR flows.
6.	SMF completes the dynamic adjustment of data rate to a S-NSSAI and provides the acknowledgment of completion via Nnsq_DataRate_Update_Response message with the PDU session ID(s) and the corresponding Session-AMBR (or) MFBR values.
7.	NSQ updates the Slice-AMBR value based on the received updated Session-AMBR and MFBR values received in step 6. With the updated Slice-AMBR value, NSQ will check if it can suffice the new PDU session establishment request in step 2. In some cases, NSQ will also decrement the PDU count (KI#2) quota by 1 if the updated Slice-AMBR value can suffice the request at step 2.
8.	In cases when the updated Slice-AMBR value has not reached the limit after reducing the Session-AMBR or MFBR value received in step 2, the NSQ provides a success code to SMF for establishing the new PDU session from UE1.
9. 	SMF sends PDU Session Establishment Accept message to UE1. 

6.X.4	Impacts on existing entities and interfaces
-	NSQ should be provisioned with the Slice-AMBR value for a S-NSSAI.
-	NSQ should have the capability to provide the percentage of data rate (to be adjusted or reduced) to the SMF.
-	New cause code may need to be defined specific to Slice-AMBR.

6.X.5 	Evaluation
Editor's note:	This clause provides an evaluation of the solution.

End of CHANGES

image1.emf
UE1 NG-RAN AMF UPF NSQ

3. Trigger Condition:

Slice-AMBR 

Max limit reached

5. SMF requested PDU Session modification of UE(s) with updated QoS values, Session-AMBR (or) 

MFBR as defined in 23.502, 4.3.3.2, Steps 1(b-d) to Step 8, except step 5.

1. PDU Session Establishment Request

(S-NSSAI)

9. PDU Session Establishment Accept

(S-NSSAI, Session-MBR (or) MFBR)

UE ;Ϯ͙n)

7. NSQ performs the below functions: 

- Decrement available PDU count by 1 (KI#2)

- Update the Slice-AMBR value 

4. Nnsq_DataRate_Update_Request 

(SMF-ID, S-NSSAI, Cause= Slice-AMBR Max Data Rate limit reached, 

reduce x% of QoS for PDU Session ID(s) of UE (2..n))

6. Nnsq_DataRate_Update_Response 

(S-NSSAI, PDU Session ID(s) for UE (2..n), Session-

AMBR (or) MFBR))

2. Nnsq_PDUCount_AvailabilityCheck_Request 

(S-NSSAI,PDU Session ID, 

Session-AMBR (or) MFBR)

8. Nnsq_PDUCount_AvailabilityCheck_Response 

(S-NSSAI,Success Code)

SMF


Microsoft_Visio_Drawing.vsdx
UE1
NG-RAN
AMF

UPF
NSQ
3. Trigger Condition:Slice-AMBR Max limit reached
5. SMF requested PDU Session modification of UE(s) with updated QoS values, Session-AMBR (or) MFBR as defined in 23.502, 4.3.3.2, Steps 1(b-d) to Step 8, except step 5.
1. PDU Session Establishment Request
(S-NSSAI)
9. PDU Session Establishment Accept
(S-NSSAI, Session-MBR (or) MFBR)
UE (2…n)
7. NSQ performs the below functions: 
- Decrement available PDU count by 1 (KI#2)
- Update the Slice-AMBR value
4. Nnsq_DataRate_Update_Request 
(SMF-ID, S-NSSAI, Cause= Slice-AMBR Max Data Rate limit reached, 
reduce x% of QoS for PDU Session ID(s) of UE (2..n))
6. Nnsq_DataRate_Update_Response 
(S-NSSAI, PDU Session ID(s) for UE (2..n), Session-AMBR (or) MFBR))
2. Nnsq_PDUCount_AvailabilityCheck_Request 
(S-NSSAI,PDU Session ID, 
Session-AMBR (or) MFBR)
8. Nnsq_PDUCount_AvailabilityCheck_Response 
(S-NSSAI,Success Code)
SMF



