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6.X
Solution #X for Key Issue #7: Automatic GBR service recovery after handover

6.X.1
Description
This solution applies to key Issue #7 "Automatic GBR service recovery after handover".
At Xn or N2 handover, the target NG-RAN applies admission control and if it cannot support the required GBR QoS, the target NG-RAN does not establish that QoS Flow. The QoS Flow that was not accepted in the target NG-RAN, i.e. its establishment was failed, is informed to the SMF during the handover procedure.
In this solution, for the non-accepted GBR QoS Flow(s), the SMF requests the target NG-RAN to enable QoS Notification Control (QNC) which is called "QNC for GBR Service Recovery". This request can be made during Xn or N2 handover procedure or PDU Session Modification procedure after the handover is complete. The SMF shall request this QNC when the QoS Notification Control parameter is set in the PCC rule (received from the PCF) that is bound to the non-accepted QoS Flow. 
Regarding whether the UE and how the UE's NAS layer is informed that GBR radio resource has not been allocated for the GBR QoS Flow not-accepted in the target NG-RAN, two options are proposed as below:

Option 1) Notification to the UE is not needed.

Option 2) Notification to the UE by using a NAS message from the SMF.
In Option 2), the SMF may inform the UE that GBR radio resource has not been allocated for the GBR QoS Flow not-accepted in the target NG-RAN by using a NAS message after the handover procedure. 
During the Xn or N2 handover procedure, the target NG-RAN does not send a notification informing the SMF that the GFBR cannot be guaranteed for the non-accepted GBR QoS Flow(s).
The proposed QNC is not for GBR QoS Flow successfully established but for non-accepted GBR QoS Flow which means no specific DRB associated with the QoS Flow is set in the target NG-RAN to fulfil the QoS requirements and is to recover the non-accepted GBR QoS Flow fast and in a signal-effiecient way when the target NG-RAN is considered to establish the QoS Flow, e.g. due to congestion resolved.
When the target NG-RAN receives the request about "QNC for GBR Service Recovery" for any non-accepted QoS Flow from the SMF, the NG-RAN performs the following:

-
stores and maintains QoS parameters related to the QoS Flow targeted for QNC for GBR Service Recovery only for QNC purpose (e.g. QoS Flow level QoS parameters),
-
enables QNC for the QoS Flow, and
-
sends a notification informing the SMF that the GFBR can be guaranteed for the QoS Flow when the NG-RAN determines that the GFBR can be guaranteed for the QoS Flow.
When the SMF receives the notification related to "QNC for GBR Service Recovery" from the NG-RAN, the SMF requests the NG-RAN to establish radio resource for the QoS Flow, by triggering a PDU Session Modification procedure. At this time, the SMF provides the UE with a PDU Session Modification Command if needed. This SMF operation may be based on interaction with PCF. When the NG-RAN receives the request from the SMF, the NG-RAN establishes radio resource for the QoS Flow, i.e. associates the QoS Flow with a DRB of the PDU session.

6.X.2
Procedures

6.X.2.1
QNC request for GBR Service Recovery during handover
Figure 6.X.2.1-1 shows that a request related to QNC for GBR Service Recovery is made by the SMF during handover. 
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Figure 6.X.2.1-1: QNC request for GBR Service Recovery during handover
1.
During the Xn based inter NG-RAN handover without UPF re-allocation procedure, steps 1-5 from clause 4.9.1.2.2 in TS 23.502 [3] are performed. The figure only shows one of Xn based handover procedures and other Xn based handover procedures in TS 23.502 [3] apply.
OR

All steps of the Inter NG-RAN node N2 based handover, Preparation phase procedure defined in clause 4.9.1.3.2 of TS 23.502 [3] are performed and during the inter NG-RAN node N2 based handover, execution phase procedure, steps 1-10 from clause 4.9.1.3.3 of TS 23.502 [3] are performed.

2.
When sending Nsmf_PDUSession_UpdateSMContext Response to the AMF, the SMF requests the target NG-RAN to enable QNC for GBR Service Recovery for the non-accepted GBR QoS Flow(s) with the QoS Flow(s)' QoS parameters as described in clause 6.X.1. The SMF maintains context for the QNC requested GBR QoS Flow(s) only for QNC purpose (e.g. QoS Flow level QoS parameters).
NOTE:
If the SMF does not request the target NG-RAN to enable "QNC for GBR Service Recovery" for the non-accepted GBR QoS Flow(s), the handover procedure is same to existing handover procedure specified in TS 23.502 [3].
3.
The QNC request for GBR Service Recovery is transferred to the target NG-RAN.
4.
Steps 8-9 of Xn based inter NG-RAN handover without UPF re-allocation procedure defined in clause 4.9.1.2.2 of TS 23.502 [3] are performed.
OR

Steps 12-15 of inter NG-RAN node N2 based handover, execution phase procedure defined in clause 4.9.1.3.3 of TS 23.502 [3] are performed.
5.
At some point after the handover, the NG-RAN determines that the GFBR can be guaranteed for the QoS Flow bounded to the QNC for GBR Service Recovery.
6.
The NG-RAN sends a notification informing the SMF that the GFBR can be guaranteed for the QoS Flow.
7.
The SMF triggers PDU Session Modification procedure to establish radio resource for the QoS Flow.
6.X.2.2
QNC request for GBR Service Recovery after handover
Figure 6.X.2.2-1 shows that a request related to QNC for GBR Service Recovery is made by the SMF after handover.
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Figure 6.X.2.2-1: QNC request for GBR Service Recovery after handover

1.
Xn or N2 handover procedure is performed as specified in TS 23.502 [3].

2.
For the non-accepted GBR QoS Flow(s) in the target NG-RAN as a result of handover, the SMF initiates PDU Session Modification procedure in order to request the NG-RAN to enable QNC for GBR Service Recovery for the non-accepted GBR QoS Flow(s) with the QoS Flow(s)' QoS parameters as described in clause 6.X.1. Therefore, the SMF includes the request in Namf_Communication_N1N2MessageTransfer. The SMF maintains context for the QNC requested GBR QoS Flow(s) only for QNC purpose (e.g. QoS Flow level QoS parameters).
3.
The QNC request for GBR Service Recovery is transferred to the target NG-RAN.
4.
The rest of the PDU Session Modification procedure is performed.
5.
At some point, the NG-RAN determines that the GFBR can be guaranteed for the QoS Flow bounded to the QNC for GBR Service Recovery.

6.
The NG-RAN sends a notification informing the SMF that the GFBR can be guaranteed for the QoS Flow.

7.
The SMF triggers PDU Session Modification procedure to establish radio resource for the QoS Flow.
6.X.3
Impacts on Existing Nodes and Functionality

SMF
-
For the non-accepted GBR QoS Flow(s) in the target NG-RAN as a result of handover, 
-
the SMF requests the target NG-RAN to enable QNC for GBR Service Recovery and maintains context for the QNC requested GBR QoS Flow(s) only for QNC purpose (e.g. QoS Flow level QoS parameters).
-
if Option 2) described in clause 6.X.1 is taken, the SMF may inform the UE that GBR radio resource has not been allocated for this GBR QoS Flow by using a NAS message after the handover procedure.
-
When the SMF receives the notification from the NG-RAN for the QoS Flow bounded to QNC for GBR Service Recovery, the SMF triggers PDU Session Modification procedure to establish radio resource for the QoS Flow.
NG-RAN
-
For the non-accepted GBR QoS Flow(s) as a result of handover, the NG-RAN enables QNC for GBR Service Recovery per request from the SMF. For this, the NG-RAN maintains context for the QNC requested GBR QoS Flow(s) only for QNC purpose (e.g. QoS Flow level QoS parameters). 
-
When the NG-RAN determines that the GFBR can be guaranteed for the QoS Flow bounded to the QNC for GBR Service Recovery, the NG-RAN sends a notification informing the SMF about that.
UE

-
If Option 2) described in clause 6.X.1 is taken,
-
the UE may be informed from the SMF that GBR radio resource has not been allocated for the GBR QoS Flow not accepted in the target NG-RAN.
6.X.4
Solution Evaluation

With this solution, non-accepted GBR QoS Flow(s) in the target NG-RAN as a result of handover can be recovered fast and in a signal-effiecient way when the NG-RAN is considered to establish the QoS Flow, e.g. due to congestion resolved. As the SMF requests the NG-RAN to enable "QNC for GBR Service Recovery" for non-accepted GBR QoS Flow(s), the SMF can identify when radio resource for the QoS Flow can be established in the NG-RAN based on the notification from the NG-RAN.
* * * * End of Changes * * * * 
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