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Abstract of the contribution:

This contribution provides an editorial correction, resolves two editor’s notes on the use of the PCF, and adds an evaluation to the solution.
Discussion

This contribution proposes the following update to Solution #3 Backhaul triggered QoS adaptation:
· Editorial correction: Solution #3 is solution to Key Issue #5.

· Resolving editor’s notes related to the use of PCF. The solution assumes that the SMF can adapt – to a certain extent – the PCC rule binding provided by the PCF.

· Adding evaluation of the solution. This solution should be compared to Solution #5 which also aims at Key Issue #5.

Proposal

**** Start of Changes ****
6.3.
Solution #3: Backhaul triggered QoS adaptation
6.3.1
Description

This a solution for Key Issue #5: QoS with satellite backhaul.

This solution is comprised of the following components:
-
UPFs are aware of QoS limitations of user plane connections attached to their end-points. For instance, a UPF may have a satellite connection to a gNB attached to its N3 interface. This connection could have a QoS limitation with respect to latency, i.e. the connection will have a minimum latency largely determined by the latency caused by the satellite connection. The awareness of the UPF may be pre-provisioned, or it may be dynamically determined, e.g. by monitoring the QoS properties of a connection. QoS limitations can sometimes change dynamically, e.g. because of fading of satellite connections. The dynamic determination of QoS limitations is left for implementation.

-
An SMF can become informed about the QoS limitation known by UPFs via the N4 interface before PDU Session Establishment or after PDU Session Establishment.

-
At PDU Session Establishment an SMF can use information about the QoS limitation of UPFs for the selection of UPFs and after selection of one or more UPFs the information can be used to adapt (if necessary) the initial choice of QoS Profile to be sent to the AMF and to the AN.

-
At PDU Session Modification an SMF can use the information about the QoS limitation of UPFs for the adaptation of UE requested QoS, or dynamically changing QoS limitation in the UPF can be a trigger for starting a QoS Update resulting in a PDU Session Modification.

6.3.2
Procedures

A UPF can inform an SMF about the QoS limitations of connections attached to its end-points via the N4 Node Level Procedures as described in TS 23.502 [3], clause 4.4.3. For instance, the N4 Association Setup Procedure can be used: the information from the UPF can be provided in the N4 Association Setup Response (see figure 6.3.2-1).
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Figure 6.3.2-1: N4 association setup procedure

After an association the UPF can provide update to QoS limitations via the UPF initiated N4 Association Update Procedure in the N4 Association Update Request (see figure 6.3.2-2).
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Figure 6.3.2-2: UPF initiated N4 association update procedure
During the PDU Session Establishment Procedure the SMF can use the information on QoS limitations of UPFs during the selection of UPFs in step 8 in Figure 6.3.2-3 from TS 23.502 [3] clause 4.3.2.2. Depending on the chosen UPF(s) the SMF may adapt the QoS information (i.e. QFI(s), QoS Profile) sent to the AMF in step 11 and sent to (R)AN in step 12.
When dynamic PCC is to be used for the PDU session, the PCF may provide the SMF with dynamic PCC rules in step 7 or in step 9 in Figure 6.3.2-3 from TS 23.502 [3] clause 4.3.2.2. A PCC rule associates a service data flow template to an authorized QoS, which is used in the SMF to bind a service data flow to a QoS Flow. The authorized QoS shall include a 5QI which, among others, identifies the authorized QoS parameters. The standardized set of 5QIs also maps to a standardized set of QoS characteristics (such as Packet Delay Budget).
In case PCF is deployed, the SMF is aware of the QoS limitation of UPFs, and the SMF is not able to comply to the PCC rules provided by the PCF, the SMF shall inform the PCF about this situation using a Policy Control Request Trigger during step 9 in Figure 6.3.2-3 from TS 23.502 [3] clause 4.3.2.2. The Policy Control Request Trigger shall state which part of the PCC rule provided by the PCF cannot be guaranteed. It is up to the PCF to handle this notification from the SMF.
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Figure 6.3.2-3: UE-requested PDU Session Establishment for non-roaming and roaming with local breakout

During PDU Session Modification the SMF can use the information on QoS limitations of UPFs to adapt the UE requested QoS in step 1a in figure 6.3.2-4. Dynamically changed QoS limitations can also be used as a trigger for the UPF to let the SMF initiate a PDU Session Modification Procedure (see the new information flows 1f and 1g).
When PCF is deployed during PDU Session Modification the SMF may inform the PCF about QoS limitations in a similar way as during PDU Session Establishment.
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Figure 6.3.2-4: UE or network requested PDU Session Modification (for non-roaming and roaming with local breakout)
1f.
(UPF initiated modification) The UPF initiates the PDU Session Modification procedure by the transmission of an N4 Association Update Request (QoS limitations list).

1g.
In case of UPF initiated modification, the SMF shall respond to the UPF with an N4 Association Update Response.

3b.
For SMF requested modification or UPF initiated modification, the SMF invokes Namf_Communication_N1N2MessageTransfer (N2 SM information (PDU Session ID, QFI(s), QoS Profile(s), Session-AMBR), N1 SM container (PDU Session Modification Command (PDU Session ID, QoS rule(s), QoS Flow level QoS parameters if needed for the QoS Flow(s) associated with the QoS rule(s), QoS rule operation and QoS Flow level QoS parameters operation, Session-AMBR))).


If the UE is in CM-IDLE state and an ATC is activated, the AMF updates and stores the UE context based on the Namf_Communication_N1N2MessageTransfer and steps 4, 5, 6 and 7 are skipped. When the UE is reachable e.g. when the UE enters CM-CONNECTED state, the AMF forwards the N1 message to synchronize the UE context with the UE.
6.3.3
Impacts on existing nodes and functionality

The solution has impact on:

-
UPF: this function is enhanced with information on QoS limitations of connections attached to its interfaces; QoS limitations can be minimum latency, maximum throughput, minimum packet error rate, etc.

-
SMF: this function is enhanced with functionality to obtain information on QoS limitations from UPFs, to choose UPFs based on QoS limitations, and to adapt QoS sent to AMF and (R)AN based on the information on QoS limitations;

6.3.4
Solution Evaluation
Benefits of the solution are:

· -  
The solution enables the use of (high-latency) satellite backhaul connections in combination with the standardized 5GS UPF selection mechanism and the standardized 5GS QoS mechanism.
· - 
The solution enables a mixture of UPFs with varying QoS limitations thereby supporting other (non-satellite specific) deployment scenarios.
· - 
The solution enables deployment of various scenarios involving terrestrial or satellite backhauls, or a combination of both.
· - 
The solution does not require changes to the functionality of the PCF and communication between SMF and PCF.
· - 
The solution does not assume that control plane and user plane are both using the same backhaul, e.g. the control plane may use a traditional (low-latency) backhaul connection whereas the user plane may use the satellite (high-latency) backhaul connection.
Drawbacks of the solution are:
- 
The solution requires extension of the protocol used over the N4 interface.

-
The solution requires additional functionality in the UPFs and in the SMF.
· 
· 
· 

**** End of Changes ****
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