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Abstract: This contribution discusses the needs to support multi-QoS profile during UE mobility and the required enhancement.  
1. Background
[bookmark: _Toc519004414]Multi-QoS profile is supported from Rel. 16, [TS 23.501] specifies: 
“In additional to QoS Profile, Alternative QoS Profile(s) can be optionally provided for a GBR QoS Flow with Notification control enabled. “
“When the NG-RAN sends a notification to the SMF that the QoS profile cannot be guaranteed, the NG-RAN may 
include the reference to the Alternative QoS profile(s) to indicate the QoS that the NG-RAN can guarantee.” 
SA2 sent a LS to RAN2/3 asking about feasibility to support multi QoS profile from RAN perspectives. Both RAN2/3 responses are positive. In addition, the response from RAN3#105 (R3-194795 Reply LS on Enhancements to QoS Handling for V2X Communication Over Uu Reference Point) states:  
“2) handover aspects may need further consideration. The current concept of the CN being in control of all QoS changes may not currently work well for handover as it is likely to lead to the GBR flow being released by a congested cell. The flow’s RAN-priority would then be dropped from “flow maintenance” to “new flow” (which is likely to lead to a long interruption time in the congested cell).”
In the alignment SA2 Telco on Nov.5th, the following were agreed.
Agreement 1: At Xn/N2 handover, the target RAN node shall be informed of the ordered list of QoS Profiles
Agreement 2: Depending on radio conditions, the Target RAN Node may change to a worse or better Alternative QoS Profile (AQP) from the Set of QoS profiles
Agreement 3: If the handover is completed and the QoS Profile is changed, then the NG-RAN informs the 5GC of the new QoS Profile along with (for Xn handover) the Path Switch Request or (for N2 handover), the Handover Notify using the extended handover message. 
Agreement 4: Some solutions are needed to mitigate the issue of Xn/N2 handovers in case of heterogeneous support of the feature in RAN nodes. 
2. Discussion
In the current release, only one QoS profile is considered for the admission control. 
TS 23.501 states:“During a handover, the Source NG-RAN does not inform the Target NG-RAN about whether the Source NG-RAN has sent a notification that the GFBR for a QoS Flow can no longer be guaranteed. The Target NG-RAN performs admission control rejecting any QoS Flows for which resources cannot be permanently allocated.” 
If the QoS profile for a GBR QoS flow cannot be fulfilled, the target RAN will reject that QoS flow even if an AQP could be fulfilled. This will reduce the service availability of the user.   
On the other hand, if the handover QoS flow is using the AQP in the source RAN, the target RAN may admit the QoS flow considering only this AQP (even if the radio resource situation gets better after a HO, and a better QoS profile can be fulfilled). This may result in a continuous downgrade during UE mobility and affect the UE service experience. 
Observation 1: lack of multi-QoS profile support during UE mobility affects the service availability and UE service experience. 
Proposal 1: NG-RAN shall perform admission control based on multi-QoS profiles during UE mobility (if received from 5GC and support by NG-RAN). This maps to agreement 2.
To perform admission control based on multi-QoS profile(s), the QoS profile as well as alternative QoS profile(s) should be provided to Target RAN during the mobility procedure, which includes both Xn based handover case and NG based handover case.
Proposal 2: QoS profile and alternative QoS profile(s) should be provided to NG-RAN for admission control if supported by NG-RAN. This maps to agreement 1.     
After the HO, the RAN should notify the 5GC on the current admitted alternative QoS profile if it is different from the supported one at the source RAN and, the 5GC may need to further notify the AF. If not, the 5GC/AF are not able to timely adjust the QoS profile/requirements after a UE HO. It is agreed in the pre SA2 meeting telco that such information should be included in the extended handover procedure considering both Xn based handover and N2 based handover. 
Proposal 3: NG-RAN shall notify 5GC on the can be fulfilled alternative QoS profile or QoS profile, if it changes due to the HO.  This maps to agreement 3. 
Proposal 3a: For Xn based handover, this notification should be included in N2 SM container in the N2 Path Switch Request message. AMF further passes this to SMF using Nsmf_PDUSession_UpdateSMContext Request message.  
Proposal 3b: For N2 based handover, this notification should be included in N2 SM container in the N2 Handover Request Acknowledge message. AMF further pass this to SMF using Nsmf_PDUSession_UpdateSMContext Request message.   
NG-RAN node can be either a gNB or an ng-eNB. 5GC can be connected to both types of NG-RAN node. Multi-QoS profile is a rel. 16 feature which is not supported by NG-eNB. In this case, when a UE moves from a gNB to an ng-eNB and again back to a gNB, it may lost the alternative QoS profiles (e.g., due to the UE context transfer during Xn based handover) and could not fully benefit from the multi-QoS profile support. 5GC shall consider heterogeneous NG-RAN support of the multi-QoS Profile and provide the solution considering both Xn based handover and N2 based handover. 
Proposal 4: 5GC shall consider the heterogeneous NG-RAN support of the multi-QoS Profile and provide the solution considering both Xn based handover and N2 based handover.   This maps to agreement 4.
The figures below shows the modifies handover procedures to address the above mentioned agreeements.

[image: ]
Figure 2-1: Xn handover modified to support Alternative QoS Profiles
Figure 2-1 describes the modified Xn handover to support the exchange of Alternative QoS Profiles (AQPs) between Source and Target RAN nodes and the notifications towards Source RAN and CN of the Fulfilled Alternative QoS Profile (FAQP).
If both the S-RAN and the T-RAN support AQPs:
-	S-RAN provides AQPs to T-RAN during HO preparation
-	The FAQP is provided to the S-RAN during HO preparation and to the SMF in steps 1b and 2
If the S-RAN does NOT support AQPs and T-RAN supports AQPs:
-	The SMF provides AQPs to T-RAN in steps 6/7 to support the feature in the T-RAN, including also subsequent handovers.
[image: F5636AEE-4E78-4EB7-8E0A-EC009614034D]
Figure 2-2: N2 handover preparation modified to support Alternative QoS Profiles
[image: 6F70A729-B753-41F0-9A71-D24AA44E1B5B]
Figure 2-3: N2 handover execution modified to support Alternative QoS Profiles
Figures 2-2 and 2-3 describe the modified N2 handover preparation and execution, respectively.
-	In steps 7 and 9 of the preparation procedure, the SMF, on behalf of the S-RAN, provides the T-RAN with the AQPs. Since the provisioning of the AQPs is done by the CN, the T-RAN will receive the AQPs independently of whether the S-RAN supports the feature or not.
-	The T-RAN transparently provides the FAQP to S-RAN in steps 10, 12 of the preparation phase and in step 1 of execution phase.
-	The FAQP is forwarded also to the SMF in step 11a of the preparation phase together with all other QoS flow related information.
-	After the reception of step 7 of the execution phase, the SMF updates its status and forwards the FAQP to PCF to update application.
3. Conclusion and proposal(s)
Proposal 1: NG-RAN should perform admission control based on multi-QoS profiles during UE mobility (if received from 5GC and support by NG-RAN). 
Proposal 2: QoS profile and alternative QoS profile(s) should be provided to NG-RAN for admission control if supported by NG-RAN.    
Proposal 3: NG-RAN shall notify 5GC on the can be fulfilled alternative QoS profile or QoS profile, if it changes due to the HO.  
Proposal 3a: For Xn based handover, this notification should be included in N2 SM container in the N2 Path Switch Request message. AMF further passes this to SMF using Nsmf_PDUSession_UpdateSMContext Request message.  
Proposal 3b: For N2 based handover, this notification should be included in N2 SM container in the N2 Handover Request Acknowledge message. AMF further pass this to SMF using Nsmf_PDUSession_UpdateSMContext Request message.    
Proposal 4: 5GC shall consider the heterogeneous NG-RAN support of the multi-QoS Profile and provide the solution considering both Xn based handover and N2 based handover.   
Proposal 5: It is proposed to agree the CRs vs. TS 23.501 and TS 23.502 in S2-1911546 and S2-1911547.
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