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1	Introduction
This contribution analyses the RAN3 enhancements to support the PDU Set based QoS handling in NR XR.
2	Discussion
[bookmark: _Ref146552114]2.1	PDU Set based QoS handling
Last RAN3 meeting discussed how a node (e.g. SMF) know/detect the peer node (e.g. NG-RAN) node support PDU Set based QoS handling. This type of detection is needed in following scenarios, for example,
· Scenario 1: During Initial PDU Session Resource setup procedure, SMF need to whether NG-RAN support PDU Set based QoS handling.
· Scenario 2: During Path Switch Request procedure, the SMF need to know whether target NG-RAN support PDU Set based QoS handling.
· Scenario 3: During the NG-HO preparation procedure, the target SMF need to know whether target NG-RAN support PDU Set based QoS handling.
· Scenario 4: During the Xn HO preparation procedure, the source NG-RAN need to know whether target NG-RAN support PDU Set based QoS handling.

Last meeting discussed two options:

· Option 1: the peer node (e.g. NG-RAN) send a support indication to the node (e.g. SMF)
The indication is similar to the MBS Support Indicator IE in NGAP, which is used to indicate whether MBS is supported for the NG-RAN node. In this option, the NG-RAN node includes a Support indication (e.g. PDU Set QoS Support Indicator IE) in the SMF-related response IE over NGAP, e.g. the PDU Session Resource Setup Response Transfer IE, to inform SMF to support Scenario 1, 2 and 3. This indication is similar to the MBS Support Indicator IE. 
In case of Xn HO preparation procedure, this indication is included in the XnAP HANDOVER REQUEST ACKNOWLEDGE message to support Scenario 4. 

· Option 2: use RACS-like method. 
This option is described in contribution ([3]). This option is based on a Request (query) and Response. For example, the SMF sends a Request IE including the PDU Set QoS IE, and NG-RAN reply with a Response IE indicating the PDU Set QoS IE is supported in the NG-RAN. 
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Figure 1: SMF query of RAN support during PDU Session resource Setup/Modify procedures
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Figure 2: SMF query of RAN support during the establishment of PDU Session resources in the course of a CN based HO

The RACS-like method works in Scenario 1 and 3 that the NGAP procedure is initiated by AMF where SMF first includes the Request IE in the DL NGAP message, and the NG-RAN reply a Response IE. Similar for Scenario 4.  But it may have issue for Scenario 2. In Scenario 2, the Path Switch Request procedure is initiated by target NG-RAN. This requires target NG-RAN to send an indication without the SMF first send a Request IE to target NG-RAN.  

Observation 1-1: in Path Switch Request procedure, the target NG-RAN need to send the indication without the request from the SMF. This makes RACS-like method not workable in Path Switch Request procedure. 

To support Scenario 2 (i.e. providing an indication to the SMF during the Path Switch Request procedure), only Option 1 is workable. Due to this reason, we prefer Option 1 that the NG-RAN node send a PDU Set QoS Support Indicator IE to the SMF.  In detail, Option 1 requires following enhancements:
· For NGAP, a new PDU Set QoS Support Indicator IE needs to be added in following SMF related IEs:
· 9.3.4.2	PDU Session Resource Setup Response Transfer
· 9.3.4.4	PDU Session Resource Modify Response Transfer
· 9.3.4.8	Path Switch Request Transfer
· 9.3.4.11	Handover Request Acknowledge Transfer

· For XnAP, a new PDU Set QoS Support Indicator IE needs to be added in PDU Session Resources Admitted List IE. 

Proposal 1-1: When the NG-RAN node support PDU Set based QoS handling, the NG-RAN node send a PDU Set  QoS Support Indicator IE to SMF. 

Proposal 1-2: When the target NG-RAN node support PDU Set based QoS handling, the target NG-RAN node send a PDU Set QoS Support Indicator IE to source NG-RAN node during the Xn Handover Preparation procedure. 

Based on the above proposals, an example for the overall procedure is as below:
· Step 1: For the 1st QoS Flow to be established, AMF/SMF initiate PDU Session Resource Setup procedure. The REQUEST message includes “normal” QoS.
· Step 2: The NG-RAN node accepts the QoS flow establishment. The NG-RAN node indicates PDU Set based handling is supported. 
· Step 3: AMF/SMF initiate PDU Session Resource Modify procedure to use the PDU Set QoS.
· Step 4: 
· Successful operation: The NG-RAN node accepts the Modify procedure. -> The QoS flow is modified to use PDU Set QoS. 
· Unsuccessful operation: The NG-RAN node reject the Modify procedure, e.g. due to no enough resource to support the PDU Set QoS. -> No changes to the established QoS flow. The QoS Flow is still established with normal QoS. 

After the above Step 2 is performed, the SMF can know whether NG-RAN support PDU Set based handling. For further establishment of QoS Flow with PDU Set QoS, the SMF can directly include the PDU Set QoS, e.g. Skip above Step 1 and Step 2. For example, to establish a further QoS Flow, 
· Step 3: AMF/SMF initiate PDU Session Resource Setup procedure. The REQUEST message includes the PDU Set QoS.
· Step 4: 3 possible outcomes
· Successful operation - 1: The NG-RAN node accept PDU Set QoS and the Setup procedure. -> The QoS flow is setup based on PDU Set QoS. 
· Successful operation - 2: The NG-RAN node can support the normal QoS, but cannot support the PDU Set QoS due to no enough resource to support the PDU Set QoS. -> The QoS flow is setup based on normal QoS. 
· Unsuccessful operation: NG-RAN cannot accept the PDU Set QoS or the normal QoS. -> The QoS Flow is failed to setup. 

It is necessary for SMF to know whether a QoS Flow is successfully established based on the PDU Set QoS, or the normal QoS. In case the QoS Flow is established with the PDU Set QoS, the SMF need to request the UPF to add the PDU Set parameters in the NG-U. 

Observation 1-2: For a successfully established QoS Flow, SMF need to know whether the QoS Flow is successfully established based on PDU Set QoS, or based on normal QoS. 

Considering a legacy NG-RAN node does not support any enhancement and only indicates whether the QoS Flow is established or failed to establish, so a “positive indication” is needed to inform SMF that the QoS Flow is successfully setup with PDU set based QoS handling. 

Proposal 1-3: For a QoS Flow successfully established based on PDU Set QoS, the NG-RAN node send a positive indication to SMF. 

Regarding the Stage-3 design, current PDU Session Resource Setup Response Transfer IE only include the QoS Flow Failed to Setup List IE, which means a QoS Flow is considered to be successfully established if it is not in the QoS Flow Failed to Setup List IE. In order to inform SMF that a QoS Flow is successfully established with PDU Set based QoS handling, a new IE (e.g. QoS Flow with PDU Set Handling Setup Response List  IE) needs to be added. By combing the existing IE (i.e. QoS Flow Failed to Setup List IE) and the new IE, it is possible to inform SMF for following outcomes of a QoS Flow setup request
· In case the QoS Flow ID is included in the existing QoS Flow Failed to Setup List IE, it means the QoS Flow is failed to setup.   (Same as legacy)
· In case the QoS Flow ID is included in the new QoS Flow with PDU Set Handling Setup Response List IE, it means the QoS Flow is successfully setup with PDU Set based QoS handling.
· Otherwise (i.e. the QoS Flow ID is neither in existing QoS Flow Failed to Setup List IE nor the new QoS Flow with PDU Set Handling Setup Response List IE), the QoS Flow is successfully setup with normal QoS handling. 

The handling for Handover Request Acknowledge Transfer IE is similar to PDU Session Resource Setup Response Transfer IE.

Proposal 1-4: Introduce a new IE (e.g. QoS Flow with PDU Set Handling Setup Response List IE) in PDU Session Resource Setup Response Transfer IE, and Handover Request Acknowledge Transfer IE

Current PDU Session Resource Modify Response Transfer IE includes QoS Flow Add or Modify Response List IE indicating the successfully added/modified QoS flow, and QoS Flow Failed to Add or Modify List IE. To indicating a QoS Flow successfully added/modified with PDU Set based QoS handling, it may be better to add a flag in the QoS Flow Add or Modify Response List IE, rather introduce a new IE as used in PDU Session Resource Setup Response Transfer IE. 

Proposal 1-5: Introduce a new Flag IE (e.g. PDU Set QoS parameters accepted IE) in PDU Session Resource Modify Response Transfer IE

2.2	New Container or existing Container
To convey the PDU Set parameters/EoDB over user plane, last RAN3 meeting discussed whether introduce a new Container, or modifying existing container. 
Contribution ([3]) propose to use a new container to support the scenario when source NG-RAN node support, but target NG-RAN node does not support PDU Set based QoS handling. More specifically, “this would entail that the XR User Plane has to be designed in a way that a node receiving PDU Set  Information within the user plane packets is able to cope with protocol additions without being forced to discard the whole User Plane packet, so that data forwarding from source to target NG-RAN node is possible  in case the source node is supporting “PDU set based QoS handling” while the target is not.”
Before performing a further analysis, it is worthy to first discuss this scenario. 
· Source NG-RAN node support PDU Set based QoS handling, and already have one QoS Flow established with PDU Set QoS for a UE. 
· UE is handover to target NG-RAN node that does not support PDU Set QoS handling. 
During the Xn Handover Preparation procedure, the source NG-RAN node can know whether target NG-RAN node support PDU Set based QoS handling, e.g. either via an indication in the HANDOVER REQUEST ACKNOWLEDGE message, or via RACS-like method as described in Section 2.1. If target NG-RAN node does not support the PDU Set based QoS handling, there is no need for source NG-RAN node to send a Xn-U packet including the PDU Set parameters and then need to be discarded by target NG-RAN node. This is actually similar to NG, i.e. UPF should not send PDU Set parameters to NG-RAN node if the NG-RAN node does not support PDU Set based QoS handling. 
Proposal 2-1: in case target NG-RAN node does not support PDU Set based QoS handling, source NG-RAN node should not send the PDU Set parameters to target NG-RAN node. 
If Proposal 2-1 is agreed, then the issue mentioned by Contribution ([3]) will disappear. 
It is also worthy to note that current specification (e.g. TS38.415) already enhance the DL PDU SESSION INFORMATION (PDU Type 0) Format in Rel-16 and Re-17 by adding the new IE at the end of the PDU.
Rel-15 :
	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	[bookmark: _Hlk519776334]PDU Type (=0)
	Spare
	1

	[bookmark: _Hlk519776214]PPP
	RQI
	QoS Flow Identifier 
	1

	PPI
	Spare
	0 or 1

	Padding 
	0-3



Figure 5.5.2.1-1: DL PDU SESSION INFORMATION (PDU Type 0) Format
Rel-16 :
	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=0)
	QMP
	SNP
	Spare
	1

	PPP
	RQI
	QoS Flow Identifier 
	1

	PPI
	Spare
	0 or 1

	DL Sending Time Stamp
	0 or 8

	DL QFI Sequence Number
	0 or 3

	Padding 
	0-3



Figure 5.5.2.1-1: DL PDU SESSION INFORMATION (PDU Type 0) Format
Rel-17 :
	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=0)
	QMP
	SNP
	MSNP
	Spare
	1

	PPP
	RQI
	QoS Flow Identifier 
	1

	PPI
	Spare
	0 or 1

	DL Sending Time Stamp
	0 or 8

	DL QFI Sequence Number
	0 or 3

	DL MBS QFI Sequence Number
	0 or 4

	Padding 
	0-3



Figure 5.5.2.1-1: DL PDU SESSION INFORMATION (PDU Type 0) Format
Observation 2-1: RAN3 already enhance existing container/PDU type in Rel-16 and Rel-17, by adding the new IE at the end of the PDU. There is no issue to enhance existing container.
Proposal 2-2: enhance existing container to support the PDU Set Parameters and EoDB

2.3	Non-homogeneous support 
There are two cases to be considered for non-homogeneous deployment. 
· Case 1: Source NG-RAN node does not support PDU Set based QoS handling, but target NG-RAN node support PDU Set based QoS handling. 

SA2 has agreed following:
At NG-RAN Xn handover and N2 handover, the target NG-RAN provides to the SMF with an indication of whether the target NG-RAN node supports PDU Set based handling, as specified in TS 38.413 [34]. Based on the NG-RAN indication, the SMF may, upon completion of the handover procedure, initiate the PDU Session modification procedure to provide PDU Set QoS parameters to NG-RAN and configure the PSA UPF to activate/deactivate the PDU Set identification and marking. 
The required enhancement in RAN3 is: the target NG-RAN node send a PDU Set QoS Support Indicator IE to SMF via the Path Switch Request Transfer IE, so the SMF initiate the PDU Session Resource Modify procedure to transfer the PDU QoS to target NG-RAN node. This can be covered by Proposals in Section 2.1	PDU Set based QoS handling

Observation 3-1: the required enhancement can be covered by the proposals in Section 2.1	PDU Set based QoS handling.

For PDUs belonging to a specific PDU Set, target NG-RAN node may receive some DL PDUs in the normal Xn-U format without PDU Set parameters from source NG-RAN node, and other DL PDUs with the PDU Set parameters from the UPF after the path switch request procedure is completed. It is up to target NG-RAN node’s implementation to handle the mix of PDUs. 

Proposal 3-1: it is up to target NG-RAN node’s implementation to handle the mixed DL PDU(s) with PDU Set parameters and DL PDU(s) without PDU Set parameters. 

· Case 2: Source NG-RAN node support PDU Set based QoS handling, but target NG-RAN node does not support PDU Set based QoS handling. 

The source NG-RAN node includes the PDU Set QoS parameters in the Xn HANDOVER REQUEST message, but the target NG-RAN node does not provide a PDU Set QoS Support Indicator IE to source NG-RAN node in the XnAP HANDOVER REQUEST ACKNOWLEDGE message. After knowing target NG-RAN node’s capability, the source NG-RAN node does not include the PDU Set parameters in Xn-U packet. 

During Path Switch Request procedure, the SMF does not receive the PDU Set QoS Support Indicator IE, so the SMF know the target NG-RAN node does not support PDU set based QoS handling. The SMF can then inform UPF to not include the PDU Set Parameters in the DL NG-U packet to target NG-RAN node.

Proposal 3-2: no additional enhancements is needed to support Case 2 that Source NG-RAN node support PDU Set based QoS handling, but target NG-RAN node does not support PDU Set based QoS handling.
2. 4	QFI in the F1-U and Xn-U 
The QFI is currently only included in the NG-U DL PDU SESSION INFORMATION (PDU Type 0), but not in F1-U or Xn-U DL USER DATA (PDU Type 0). RAN3 already agreed the PDU Set parameters are transferred over Xn-U and F1-U. To enable the PDU Set based QoS handling in the gNB-DU, it is necessary to add the QFI in the F1-U DL USER DATA (PDU Type 0). Similarly, for the Xn HO case, the QFI needs to be added in the Xn-U to support the PDU Set based QoS handling in target NG-RAN node. 
Proposal 4-1: add QFI in Xn-U/F1-U DL USER DATA (PDU Type 0).

3	Conclusion
In this contribution, we briefly analyzed the required enhancements in RAN3 to support NR XR. Our proposals are:
Observation 1-1: in Path Switch Request procedure, the target NG-RAN need to send the indication without the request from the SMF. This makes RACS-like method not workable in Path Switch Request procedure. 
Proposal 1-1: When the NG-RAN node support PDU Set based QoS handling, the NG-RAN node send a PDU Set  QoS Support Indicator IE to SMF. 
Proposal 1-2: When the target NG-RAN node support PDU Set based QoS handling, the target NG-RAN node send a PDU Set QoS Support Indicator IE to source NG-RAN node during the Xn Handover Preparation procedure. 
Observation 1-2: For a successfully established QoS Flow, SMF need to know whether the QoS Flow is successfully established based on PDU Set QoS, or based on normal QoS. 
Proposal 1-3: For a QoS Flow successfully established based on PDU Set QoS, the NG-RAN node send a positive indication to SMF. 
Proposal 1-4: Introduce a new IE (e.g. QoS Flow with PDU Set Handling Setup Response List IE) in PDU Session Resource Setup Response Transfer IE, and Handover Request Acknowledge Transfer IE
Proposal 1-5: Introduce a new Flag IE (e.g. PDU Set QoS parameters accepted IE) in PDU Session Resource Modify Response Transfer IE

Proposal 2-1: in case target NG-RAN node does not support PDU Set based QoS handling, source NG-RAN node should not send the PDU Set parameters to target NG-RAN node. 
Observation 2-1: RAN3 already enhance existing container/PDU type in Rel-16 and Rel-17, by adding the new IE at the end of the PDU. There is no issue to enhance existing container.
Proposal 2-2: enhance existing container to support the PDU Set Parameters and EoDB

Observation 3-1: the required enhancement can be covered by the proposals in Section 2.1	PDU Set based QoS handling.
Proposal 3-1: it is up to target NG-RAN node’s implementation to handle the mixed DL PDU(s) with PDU Set parameters and DL PDU(s) without PDU Set parameters. 
Proposal 3-2: no additional enhancements is needed to support Case 2 that Source NG-RAN node support PDU Set based QoS handling, but target NG-RAN node does not support PDU Set based QoS handling.
Proposal 4-1: add QFI in Xn-U/F1-U DL USER DATA (PDU Type 0).

The draft NGAP TP can be found in ([5]).
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