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The following updates are proposed to be added to Solution #21 in TR 23.700-40 0.4.0.
* * * * Start of Changes * * * *
[bookmark: _Toc43397108][bookmark: _Toc43483504][bookmark: _Toc43483798]6.21	Solution #21: Limitation of data rate per network slice in UL and DL per UE without RAN involvement
[bookmark: _Toc43397109][bookmark: _Toc43483505][bookmark: _Toc43483799]6.21.1	Introduction
This solution addresses the Key Issue #3: limitation of data rate per network slice in UL and DL per UE.
It is based on the assumption that the data rate limit per network slice in UL and DL per UE, defined as maximumUESliceAMBR, is stored in the UDM or OAM and can be retrieved by other NFs when needed.
In this solution, actualUESliceAMBR is defined as the accumulated session AMBR across all the active PDU sessions associated with the same network slice per UE + accumulated MFBR across all active GBR flows across all the established PDU sessions associated with the same network slice per UE.
[bookmark: _Toc43397110][bookmark: _Toc43483506][bookmark: _Toc43483800]6.21.2	High-level Description
In this solution, the enforcement happens whenever:
1.	A new PDU sSession associated with the network slice is being established; or
2.	An existing PDU session associated with the network slice is undergoing PDU Session Modification to add, modify or delete GBR flows, or to modify the session-AMBR value. 
The maximumUESliceAMBR is compared with the current actualUESliceAMBR (by including the session-AMBR and MFBR for the PDU session/GBR flows to be established). If the current actualUESliceAMBR exceeds the maximumUESliceAMBR in either UL or DL:
Step 1: Session-AMBR for the PDU session shall be reduced such that actualUESliceAMBR does not exceed the maximumUESliceAMBR. If actualUESliceAMBR still exceeds maximumUESliceAMBR after reducing session AMBR to a minimum value (e.g. 0 (i.e. no non-GBR flows shall be allowed on this PDU session), then
Editor’s note: 	It is FFS how to determine the minimum value of the Session AMBR.  
Editor’s note: 	Whether and how session-AMBR of existing PDU sessions can be adjusted when GBR flow(s) on new PDU session is being established is FFS.
Step 2: MFBR for the GBR flows being established or modified for this PDU Session shall be reduced until it reaches GFBR such that actualUESliceAMBR does not exceed the maximumUESliceAMBR. If there are multiple GBR flows, the GBR flows shall be chosen in the order of ARP as candidates for reduction in MFBR. If actualUESliceAMBR still exceeds maximumUESliceAMBR, then
Step 3: The ongoing PDU Session establishment or modification procedure shall be rejected with cause ‘Insufficient Resources for Specific Slice’.
In this solution, the ongoing active flow bit rate (i.e. actual UL/DL throughput) does not need to not be considered at any moment. The UE and UPF shall be responsible for session-AMBR and MFBR enforcement in UL and DL respectively. This solution does not require any RAN or UE impacts.
Editor’s note: 	It is FFS whether release of a PDU Session needs to be notified to a SMF which is serving other ongoing PDU sessions.
[bookmark: _Toc43397111][bookmark: _Toc43483507][bookmark: _Toc43483801]6.21.3	Procedures
Since a network slice may include multiple PDU sSessions per UE, and different SMFs and UPFs may be selected to serve different PDU Sessions involved in a slice, in this solution NSQ shall handle comparison between maximumUESliceAMBR and actualUESliceAMBR, and provide the feedback to the SMF. While the UE is registered, the NSQ shall maintain the current actualUESliceAMBR, which is essentially the accumulated session AMBR across all the active PDU sessions (across all SMFs) associated with the same network slice per UE + accumulated MFBR across all active GBR flows across all the established PDU sessions (across all SMFs) associated with the same network slice per UE.
NOTE:	NSQ has been described in Solution#10.
The following changes to the existing procedures are necessary:

[bookmark: _Toc43397112][bookmark: _Toc43483508][bookmark: _Toc43483802]6.21.3.1	PDU Session Establishment procedure
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Figure 6.21.3.1-1: Limitation of data rate per network slice per UE during PDU Session Establishment procedure 
1.	NSQ is pre-provisioned with the maximumUESliceAMBR by OAM or UDM.
2.	UE initiates PDU Session Establishment procedure, including S-NSSAI ‘a’.
3.	SMF sends Nnsq_PDUSession_DataRate_Check_Request to NSQ, and includes the S-NSSAI ‘a’, UE-ID, PDU Session ID, Session-AMBR and MFBR values for all the GBR flows to be established.
4.	NSQ compares the maximumUESliceAMBR with the [current actualUESliceAMBR + session-AMBR + MFBR values received in step 3]. 
5a.  If the current actualUESliceAMBR + session-AMBR + MFBR is within the maximumUESliceAMBR in both UL and DL, NSQ sends Nnsq_PDUSession_DataRate_Check_Response to SMF, and includes a success cause code. Steps 5b and 6/7 are not executed.
5b. If the current actualUESliceAMBR + session-AMBR + MFBR exceeds the maximumUESliceAMBR in either UL or DL, NSQ sends Nnsq_PDUSession_DataRate_Check_Response to SMF, and includes the difference between actualUESliceAMBR and maximumUESliceAMBR for UL and/or DL (i.e. deltaUESliceAMBRuL and deltaUESliceAMBRdL). Additionally, NSQ includes cause code ‘MaximumUESliceAMBR reached’. 
6. 	Based on the response from NSQ, if NSQ includes cause code ‘MaximumUESliceAMBR reached’, SMF shall then:
Step 1: If session-AMBR value is greater than or equal to deltaUESliceAMBR, reduce the Session AMBR for the new PDU session by deltaUESliceAMBR and skip steps 2 and 3 below. Else, reduce session-AMBR to minimum possible value (e.g. 0).
Step 2: Reduce the MFBR for the GBR flows such that cumulative reduction in session-AMBR done in step 1 and reduction in MFBR done in step 2 is greater than or equal to deltaUESliceAMBR. Reduction in MFBR per GBR flows shall only be done until it reaches GFBR associated with the GBR flow. If there are multiple GBR flows, the GBR flows shall be chosen in the order of ARP as candidates for reduction in MFBR. 
7. If, at end of previous step, SMF is still unable to reduce the bit rates by deltaUESliceAMBR, then SMF shall send PDU Session Establishment Reject to UE and include cause code ‘Insufficient Resources for network slice’. Subsequent steps shall not be executed.  
8. SMF updates NSQ with the adjusted session-AMBR value for the PDU Session as well as adjusted MFBR values for the GBR flows associated with the PDU session. SMF includes the S-NSSAI ‘a’, PDU Session ID, UE-ID, and specifies the ‘Addition’ operation.
9. NSQ checks if it already has a previous session-AMBR and/or MFBR values associated with the same PDU Session ID for this UE. If yes, the previous session-AMBR and MFBR values shall be subtracted from the current actualUESliceAMBR, i.e.:
current actualUESliceAMBR = current actualUESliceAMBR – (old session-AMBR + old MFBR values for PDU Session id for this UE-ID)
NSQ then updates actualUESliceAMBR such that:
actualUESliceAMBR = current actualUESliceAMBR + session-AMBR + MFBR values received in step 8.
current actualUESliceAMBR = actualUESliceAMBR
10. NSQ responds back to SMF with success cause code, and includes the S-NSSAI ‘a’, PDU Session ID, UE-ID.
11. SMF proceeds with the PDU Session establishment procedure.

6.21.3.2	PDU Session Modification Procedure

UE or network triggered PDU Session Modification procedure may be initiated to add, delete or modify QoS flows. The signalling flow below is applicable to addition or modification. 
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Figure 6.21.3.2-1: Limitation of data rate per network slice per UE during PDU Session Modification procedure
1.	NSQ is pre-provisioned with the maximumUESliceAMBR by OAM or UDM.
2.	UE or network initiates PDU Session modification procedure to add or modify QoS flows associated with existing PDU Session for S-NSSAI ‘a’.
3.	SMF sends Nnsq_PDUSession_DataRate_Check_Request to NSQ, and includes the S-NSSAI ‘a’, UE-ID, PDU Session ID, Session-AMBR and MFBR values for all the GBR flows to be established or modified.
4.	NSQ shall compare the maximumUESliceAMBR with the [current actualUESliceAMBR + session-AMBR + MFBR values received in step 3]. 
5a. If the current actualUESliceAMBR + session-AMBR + MFBR is within the maximumUESliceAMBR in both UL and DL, NSQ sends Nnsq_PDUSession_DataRate_Check_Response to SMF and includes a success cause code. Steps 5b and 6/7 are not executed.
5b. If the current actualUESliceAMBR + session-AMBR + MFBR exceeds the maximumUESliceAMBR in either UL or DL, NSQ sends Nnsq_PDUSession_DataRate_Check_Response to SMF, and includes the difference between actualUESliceAMBR and maximumUESliceAMBR for UL and/or DL (i.e. deltaUESliceAMBRuL and deltaUESliceAMBRdL). Additionally, NSQ includes cause code ‘MaximumUESliceAMBR reached’. 
6.	Based on the response from NSQ, SMF shall then:
Step 1: If session-AMBR value is greater than or equal to deltaUESliceAMBR, reduce the Session AMBR for the new PDU session by deltaUESliceAMBR and skip steps 2 and 3 below. Else, reduce session-AMBR to minimum possible value (e.g. 0).
Step 2: Reduce the MFBR for the GBR flows such that cumulative reduction in session-AMBR done in step 1 and reduction in MFBR done in step 2 is greater than or equal to deltaUESliceAMBR. Reduction in MFBR per GBR flow shall only be done until it reaches GFBR associated with the GBR flow. If there are multiple GBR flows, the GBR flows shall be chosen in the order of ARP as candidates for reduction in MFBR. 
7.	If, at end of previous step, SMF is still unable to reduce the bit rates by deltaUESliceAMBR, then SMF shall send PDU Session Modification Reject to UE (in case of UE initiated PDU session modification procedure), and include cause code ‘Insufficient Resources for network slice’. Subsequent steps shall not be executed.  
8.	SMF updates NSQ with the adjusted session-AMBR value for the PDU Session as well as adjusted MFBR values for the GBR flows associated with the PDU session. SMF includes the S-NSSAI ‘a’, PDU Session ID, UE-ID, and specifies the ‘Addition’ operation.
9.	NSQ checks if it already has a previous session-AMBR and/or MFBR values associated with the same PDU Session ID for this UE-ID. If yes, the previous session-AMBR and MFBR values shall be subtracted from the current actualUESliceAMBR, i.e.:
current actualUESliceAMBR = current actualUESliceAMBR – (old session-AMBR + old MFBR values for PDU Session id for this UE-ID)
NSQ then updates actualUESliceAMBR such that:
actualUESliceAMBR = current actualUESliceAMBR + session-AMBR + MFBR values received in step 8.
current actualUESliceAMBR = actualUESliceAMBR
10.	NSQ responds back to SMF with success cause code, and includes the S-NSSAI ‘a’, PDU Session ID, UE-ID.
11.	SMF proceeds with the PDU Session modification procedure.
The following signalling flow is applicable to scenarios when QoS flows are deleted by UE or network:
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Figure 6.21.3.2-2: Update of actualUESliceAMBR during PDU Session Modification procedure
1.	NSQ is pre-provisioned with the maximumUESliceAMBR by OAM or UDM.
2.	UE or network initiates PDU Session modification procedure to delete QoS flows associated with existing PDU Session for S-NSSAI ‘a’.
3.	SMF updates NSQ with the session-AMBR value for the PDU Session as well as MFBR values for the GBR flows associated with the PDU session which are still valid (i.e. not deleted). SMF includes the S-NSSAI ‘a’, PDU Session ID, UE-ID, and specifies the ‘Addition’ operation.
4.	NSQ checks if it already has a previous session-AMBR and/or MFBR values associated with the same PDU Session ID for this UE-ID. If yes, the previous session-AMBR and MFBR values shall be subtracted from the current actualUESliceAMBR, i.e.
current actualUESliceAMBR = current actualUESliceAMBR – (old session-AMBR + old MFBR values for PDU Session id for this UE-ID)
NSQ then updates actualUESliceAMBR such that:
actualUESliceAMBR = current actualUESliceAMBR + session-AMBR + MFBR values received in step 3.
current actualUESliceAMBR = actualUESliceAMBR
5.	NSQ responds back to SMF with success cause code, and includes the S-NSSAI ‘a’, PDU Session ID, UE-ID.
6.	SMF proceeds with the PDU Session modification procedure.

6.21.3.3	PDU Session Release Procedure
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Figure 6.21.3.3-1: Update of actualUESliceAMBR during PDU Session Release procedure
1.	NSQ is pre-provisioned with the maximumUESliceAMBR by OAM or UDM.
2.	UE or network initiates PDU Session release procedure for the PDU Session associated with S-NSSAI ‘a’.
3.	SMF updates NSQ with the session-AMBR value for the PDU Session as well as MFBR values for the GBR flows associated with the PDU session. SMF includes the S-NSSAI ‘a’, PDU Session ID, UE-ID, and specifies the ‘Deletion’ operation.
4.	NSQ then updates actualUESliceAMBR such that:
actualUESliceAMBR = current actualUESliceAMBR - session-AMBR - MFBR values received in step 3.
current actualUESliceAMBR = actualUESliceAMBR
5.	NSQ responds back to SMF with success cause code, and includes the S-NSSAI ‘a’, PDU Session ID, UE-ID.
6.	SMF proceeds with the PDU Session release procedure.
6.21.3.4	Deregistration procedure

When a UE or network initiated de-registration procedure is initiated, AMF shall update NSQ as described in Solution 2. NSQ shall additionally reset the actualUESliceAMBR to 0.
[bookmark: _Toc43397116][bookmark: _Toc43483512][bookmark: _Toc43483806]6.21.4	Impacts on services, entities and interfaces
-	UDM: Store the maximumUESliceAMBR value for all the subscribed NSSAIs per UE. Provide this information to NSQ.
-	NSQ: Retrieve the maximumUESliceAMBR value from UDM. Applies comparison and update between actualUESliceAMBR and maximumUESliceAMBR.
-	SMF: According to the response from NSQ, SMF needs to apply reduction in the session-AMBR and/or MFBR for the GBR flows. SMF may also need to reject the PDU Session establishment procedure based on feedback from NSQ.
[bookmark: _Toc25971123][bookmark: _Toc25971367][bookmark: _Toc26360291][bookmark: _Toc26360360]6.21.5	Evaluation
Editor's note:	This clause provides an evaluation of the solution.

* * * * End of Changes * * * *
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