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1	Introduction
This contribution analyses the RAN3 enhancements to support NR XR.
2	Discussion
2.1	PDU Set based QoS Handling
· NG-C (NGAP): 
To support the PDU set based QoS handling, the SMF provides the PDU Set QoS parameters to NG-RAN, and NG-RAN indicates whether the PDU Set QoS parameter is accepted or not, during the NGAP PDU Session Resource Setup/Modify procedure. The following PDU Set QoS parameters are specified in TS23.501:
· PDU Set Delay Budget (PSDB).
· PDU Set Error Rate (PSER).
· PDU Set Integrated Handling Information (PSIHI).

All parameters are optional, but at least one PDU Set QoS Parameter shall be sent to the NG-RAN to enable PDU Set based QoS handling. The PDU Set QoS parameters can be added in the QoS Flow Level QoS Parameters IE, which is further included in the PDU Session Resource Setup Request Transfer IE and PDU Session Resource Modify Request Transfer IE for establishing new QoS flow. 

During the NG-HO, the AMF send the PDU Set of QoS parameters to target NG-RAN via the Handover Request Transfer IE (Containing the PDU Session Resource Setup Request Transfer IE). 

A feedback indication is needed to inform SMF when a QoS Flow is successfully established with PDU Set based QoS handling. The NG-RAN indicates whether it supports the PDU Set QoS parameters to SMF via the SMF-related IE during the PDU Session Resource Setup procedure, PDU Session Resource Modify procedure, Handover Resource Allocation procedure, and Path Switch Request procedure.  

· XnAP: 
To support the target NG-RAN node (or S-NG-RAN node) to perform the PDU Set QoS based handling, the PDU Set of QoS parameters need to be transferred to target NG-RAN during the Xn HO procedure, and the Xn Retrieve UE Context Procedure

Similar to NGAP, the PDU Set QoS parameters can be added in the QoS Flow Level QoS Parameters IE. 

After the Xn HO, Target NG-RAN indicates whether it supports the PDU Set QoS parameters to SMF via the SMF-related IE, i.e. Path Switch Request Transfer IE, during the NGAP path switch request procedure.
 (This also applies to the path switch procedure after UE performs re-establishment in target NG-RAN)

· F1AP: 
Current QoS info for each QoS Flow is transferred to gNB-DU, so it is preferred the PDU set QoS parameter may also need to be transferred to gNB-DU.  

TS23.501 defines:
The PDU Set Error Rate (PSER) defines an upper bound for the rate of PDU Sets that have been processed by the sender of a link layer protocol (e.g. RLC in RAN of a 3GPP access) but that are not successfully delivered by the corresponding receiver to the upper layer (e.g. PDCP in RAN of a 3GPP access). Thus, the PSER defines an upper bound for a rate of non-congestion related PDU Set losses. The purpose of the PSER is to allow for appropriate link layer protocol configurations (e.g. RLC and HARQ in RAN of a 3GPP access).
So it is reasonable that gNB-CU provide the PDU Set QoS parameters to gNB-DU, and gNB-DU indicates whether it supports the PDU Set QoS parameters to gNB-CU, during the F1AP UE Context Setup/Modify procedure. Similar to NGAP and XnAP, the PDU Set QoS parameters can be added in the QoS Flow Level QoS Parameters IE. 

· E1AP: 
Current QoS info for each QoS Flow is transferred to gNB-CU-UP via E1, so it is preferred the PDU set QoS parameter may also need to be transferred to gNB-CU-CP.  

· NG-U: 
TS23.501:
The PDU Set based QoS handling by the NG-RAN is determined by PDU Set QoS parameters specified in clause 5.7.7 and PDU Set information provided by the PSA UPF as described in clause 5.37.5.2. 

UPF includes the PDU Set Information and Identification in the NG-U header.  The information includes following:
· PDU Set Sequence Number.
· Indication of End PDU of the PDU Set.
· PDU Sequence Number within a PDU Set.
· PDU Set Size in bytes.
· PDU Set Importance, which identifies the relative importance of a PDU Set compared to other PDU Sets within a QoS Flow.

· Xn-U and F1-U:
This is related to the XnAP/F1AP enhancement for PDU Set QoS parameters. The PDU Set QoS handling is based on the PDU Set QoS parameters received over Control Plane, and PDU Set Information received over User Plane. So it is necessary that the PDU Set Information need to be sent to the target NG-RAN node over Xn-U, and to gNB-DU over F1-U. 

Proposal 1-1: RAN3 consider and study following enhancements to NGAP, XnAP, F1AP and E1AP:
· Add the PDU Set QoS Parameters in the QoS Flow Level QoS Parameters IE. 
· For NGAP, add the feedback to inform the SMF that a QoS flow is successfully established with PDU Set based QoS Handling. 
· For F1AP, add the feedback to inform the gNB-CU that a QoS flow is successfully established with PDU Set based QoS Handling. 

Proposal 1-2: RAN3 consider and study following enhancements to NG-U, Xn-U and F1-U:
· PDU Set Information and Identification in the GTP-U header.  The information includes following:
· PDU Set Sequence Number.
· Indication of End PDU of the PDU Set.
· PDU Sequence Number within a PDU Set.
· PDU Set Size in bytes.
· PDU Set Importance, which identifies the relative importance of a PDU Set compared to other PDU Sets within a QoS Flow.

2.2	ECN marking in NG-RAN
TS23.501 defines:
In 5G System, ECN marking for L4S may be supported. ECN marking for L4S is enabled on a per QoS Flow basis in the uplink and/or downlink direction and may be used for GBR and non-GBR QoS Flows. ECN marking for the L4S in the IP header is supported in either the NG-RAN (see clause 5.37.3.2 and TS 38.300 [27]), or in the PSA UPF (see clause 5.37.3.3).
In the case of ECN marking for L4S by PSA UPF, the NG-RAN is instructed to perform congestion information monitoring.
…
In the case of inter NG-RAN UE mobility, if the ECN marking for L4S has been enabled on source NG-RAN, but the target NG-RAN does not support ECN marking for L4S, then the SMF may, if supported, enable ECN marking for L4S in PSA UPF as defined in clause 5.37.3.3.
In case of ECN marking performed in NG-RAN, the following enhancements are needed:
· NGAP: 
· SMF informs NG-RAN on the QoS flow(s) requiring ECN marking.
The ECN marking is per QoS Flow. The SMF can request the ECN marking via a new ECN Marking Request IE in the QoS Flow Level QoS Parameters IE.

Up to the deployment, the ECN marking can be performed in the NG-RAN node or in the UPF. In case the NG-RAN node does not support ECN marking, SMF can enable ECN marking in UPF. So SMF need to be aware whether the XR QoS Flow is established with ECN marking, during the QoS flow establishment procedure. 

· During NG/Xn-HO, target NG-RAN node informs SMF whether ECN marking is supported in target NG-RAN.

The required NGAP change to inform SMF is similar to the indication related to PDU Set QoS parameters.

In a summary, following NGAP enhancements are needed:
· Add the ECN Marking Request in the NGAP QoS Flow Level QoS Parameters IE. 
· For NG-RAN node to indicate whether the XR QoS Flow is established with ECN marking, RAN3 adopt similar method as the indication to indicate the QoS Flow is successfully established with PDU Set QoS handling.

· XnAP: 
· During NG/Xn-HO, source NG-RAN informs target NG-RAN on the QoS flow(s) requiring ECN marking
· During Xn Retrieve UE Context procedure, source NG-RAN informs target NG-RAN of the QoS flow(s) requiring ECN marking

To support ECN marking in NG-RAN, RAN3 consider and study following enhancements to XnAP:
· Add the ECN Marking Request in the XnAP QoS Flow Level QoS Parameters IE. 

· F1-C (F1AP)  
The impact to F1 depends on which node performs the ECN marking. 
For uplink:
When the ECN marking is performed in NG-RAN, there are two options on which node performs the ECN marking.
· Option 1: ECN marking is performed in gNB-CU-UP, based on the congestion info from gNB-DU.
· Option 2: ECN marking is performed in gNB-DU (in F1-U IP header or F1-U GTP-U header, then gNB-CU-UP copy it to the NG-U)

Option 1 has the benefit that the gNB-CU-UP has the better knowledge, e.g. based on the congestion information received from the gNB-DU via F1-U, and the buffer status in the gNB-CU-UP. 

Option 2 may be complex since the gNB-DU need to convey the ECN marking to the gNB-CU-UP. There may be two further options. 1) gNB-DU add the ECN marking in the F1-U header, then the gNB-CU-UP performs the ECN marking. Or 2) gNB-DU add the ECN marking in the IP header of the F1-U packet, then the gNB-CU-UP copy it when gNB-CU-UP performs the ECN marking. 

It may simpler that the gNB-DU convey the congestion information to gNB-CU-UP, then the gNB-CU-UP performs the ECN marking.  For the congestion information provided from gNB-DU to gNB-CU, it can be same as the one used in the network exposure of 5GS information.

For downlink:
It may be similar as uplink. The gNB-DU report the congestion information to gNB-CU-UP, then the gNB-CU-UP performs ECN marking in the PDU IP header of the DL packet. 

To support ECN marking in NG-RAN, RAN3 consider and study following enhancements to F1AP:
· Add the Congestion Monitoring Request in the F1AP QoS Flow Level QoS Parameters IE. 

· F1-U: 
After a QoS flow is established with ECN marking, gNB-DU informs gNB-CU of the congestion information (i.e. a percentage of packets that NG-RAN uses for ECN marking for L4S), then the CU-UP makes the ECN marking. 

To support ECN marking in NG-RAN, RAN3 consider and study following enhancements to F1-U:
· The gNB-DU report the per QoS Flow congestion indication to gNB-CU.

· E1AP
The gNB-CU-UP need to know whether it needs to perform the ECN marking, so it is necessary that the gNB-CU-CP informs the gNB-CU-UP when a QoS flow requiring ECN marking is to be established. One possible option is to add the ECN Marking Request in the E1AP QoS Flow Level QoS Parameters List IE.

To support ECN marking in NG-RAN, RAN3 consider and study following enhancements to E1AP:
· Add the ECN Marking Request in the E1AP QoS Flow Level QoS Parameters List IE. 
· Add the feedback indication to inform gNB-CU-CP when a QoS flow is established with ECN marking in gNB-CU-UP.

Proposal 2-1: RAN3 consider and study following enhancements to NGAP, XnAP, F1AP and E1AP:
· Add the ECN Marking Request in the QoS Flow Level QoS Parameters IE. 
· For NG-RAN node to indicate whether the XR QoS Flow is established with ECN marking, RAN3 adopt similar method as the indication to indicate the QoS Flow with PDU Set QoS parameters is accepted.
· Add the feedback indication to inform gNB-CU-CP when a QoS flow is established with ECN marking in gNB-CU-UP.

Proposal 2-2: gNB-DU report the per QoS Flow congestion indication to gNB-CU via F1-U, so the gNB-CU performs ECN marking. 

2.3	ECN marking in UPF
In case of ECN marking performed in UPF, the following enhancements are needed:
· NGAP: 
· SMF informs NG-RAN on the QoS flow requiring congestion information reporting.
· During NG/Xn-HO, NG-RAN informs SMF that congestion information reporting is not supported in target NG-RAN.
The required NGAP change is similar to the PDU Set QoS parameters.

· XnAP: 
· During NG/Xn-HO, source NG-RAN informs target NG-RAN on the QoS flow(s) requiring congestion information reporting
· During Xn Retrieve UE Context procedure, source NG-RAN informs target NG-RAN on the QoS flow(s) requiring congestion information reporting.

· F1-C (F1AP)  
· gNB-CU informs gNB-DU on the QoS Flow(s) requiring congestion information reporting.

· F1-U: 
· gNB-DU informs gNB-CU on the congestion information (i.e. a percentage of packets to be ECN marked). GNB-CU then forwards the congestion information to the UPF in NG-U.


· E1AP
The gNB-CU-UP need to know whether it needs to provide the congestion indication to UPF, so it is necessary that the gNB-CU-CP informs the gNB-CU-UP when a QoS flow requiring Congestion Monitoring is to be established. One possible option is to add the Congestion Monitoring Marking Request in the E1AP QoS Flow Level QoS Parameters List IE.

· NG-U: The NG-RAN provide the UL and/or DL QoS Flow congestion information to the UPF (i.e., a percentage of congestion level for exposure or ECN marking by the UPF) 

Proposal 3-1: To support ECN marking in UPF, RAN3 consider and study following enhancements to NGAP, XnAP, F1AP, and E1AP:
· Add the Congestion Monitoring Request in the QoS Flow Level QoS Parameters IE. 

Proposal 3-2: To support ECN marking in UPF, RAN3 consider and study following enhancements to NG-U and F1-U: add the per QoS Flow congestion indication in NG-U and F1-U.

2. 4	Network information exposure
TS23.501 states:
For the UL and/or DL congestion information monitoring (see clause 5.45.3), based on the PCC rule from PCF, the SMF requests the NG-RAN to report the information via GTP-U header to PSA UPF This NG-RAN reported information is common to support congestion information exposure and to support ECN marking for L4S in PSA UPF as described in clause 5.37.3.3. 
This requires following enhancements to RAN3 interfaces:
· NGAP
The SMF may request the NG-RAN node to report the congestion information. This maybe similar to the ECN marking in the UPF which requires the NG-RAN to report the congestion information.  

Similar to ECN marking, the target NG-RAN node need to know the request for congestion information during the NG-handover. 

· NG-U
The NG-RAN node needs to report the congestion information via GTP-U. This maybe similar to the ECN marking in the UPF which requires the NG-RAN to report the congestion information.  

· XnAP
Similar to ECN marking, the target NG-RAN node need to know the request for congestion information during the Xn handover preparation procedure or Xn Retrieve UE Context Procedure. 

· F1AP
The gNB-CU can request the gNB-DU to report the congestion information. This maybe similar to the ECN marking in the NG-RAN or UPF which requires the gNB-DU to report the congestion information.  

· F1-U
The gNB-DU node needs to report the congestion information via GTP-U to gNB-CU-UP. This maybe similar to the ECN marking in the NG-RAN or UPF which requires the gNB-DU to report the congestion information.  

· E1AP
The gNB-CU-CP can request the gNB-CU-UP to report the congestion information to UPF via GTP-U. This maybe similar to the ECN marking in the UPF which requires the gNB-CU-UP to report the congestion information.  
The required enhancement in RAN3 is same as the required enhancement to support ECN marking in UPF. 
Proposal 4-1: To support network information exposure, the required enhancements is the same as the required enhancement to support ECN marking in UPF.

2.5	UE power saving management
TS23.501: 
The following traffic assistance information may be provided by the CN to NG-RAN in order to configure UE power saving management scheme for connected mode DRX:
-	UL and/or DL Periodicity;
-	N6 Jitter Information associated with the DL Periodicity;
-	Indication of End of Data Burst.
The UL and/or DL Periodicity and N6 Jitter Information associated with the DL Periodicity are provided by the CN to NG-RAN via TSCAI.
TS23.501 ([2]) clarifies “TSCAI can be provided for both GBR and non-GBR QoS flows.” However, in current NGAP, TSCAI is only for GBR. 
	>>TSC Traffic Characteristics
	O
	
	9.3.1.130
	This IE may be present in case of GBR QoS flows and is ignored otherwise.
	YES
	ignore



So NGAP need to be enhanced with following
· Add the N6 jitter information associated with the DL Periodicity in TSCAI
· clarify TSCAI can also be used for non-GBR. One possible option is to delete the semantics description, or use same semantics description to align with XnAP/F1AP/E1AP
XnAP: 
	>>>>TSC Traffic Characteristics
	O
	
	[bookmark: _Hlk44431505]9.2.3.114
	
	YES
	ignore



F1AP: 
	>>>>>>TSC Traffic Characteristics
	O
	
	9.3.1.141
	Traffic pattern information associated with the QFI. Details in TS 23.501 [21].
	YES
	ignore



E1AP:
	>>TSC Traffic Characteristics
	O
	
	9.3.1.75
	Traffic pattern information associated with the QFI. Details in TS 23.501 [20].
	YES
	ignore



XnAP/F1AP/E1AP need to be enhanced to add the N6 jitter information associated with the DL Periodicity in TSCAI.
Proposal 5-1: Enhance NGAP TSCAI to include the N6 Jitter information associated with DL Periodicity, and clarify TSCAI can also be used for non-GBR.
Proposal 5-2: Enhance XnAP/F1AP/E1AP TSCAI to include the N6 Jitter information associated with DL Periodicity.

TS23.501:
An indication of End of Data Burst may be provided to the NG-RAN by the UPF, e.g. to configure UE power management schemes like connected mode DRX.
…
NOTE: There can be some packets from the Data Burst received by NG-RAN after the PDU with End of Data Burst Indication if packets are received out of sequence.
The EoDB can be used by the gNB-DU, e.g. send a DRX MAC CE to terminate UE’s DRX active time (the detail on how EoDB is used pends on RAN2 discussion). Then the question is how the gNB-DU can know the EoDB. The gNB-CU-UP may have to forward the EoDB to the gNB-DU via F1-U. 
The Xn-U may have the same impact, e.g. during the Xn-handover, the DL packet is forwarded from source NG-RAN node to target NG-RAN node before path switch is performed. 
Proposal 5-3: NG-U GTP-U header, Xn-U GTP-U header and F1-U GTP-U header need to be enhanced to indicate End of Data Burst.
3	Conclusion
In this contribution, we briefly analyzed the required enhancements in RAN3 to support NR XR. Our proposals are:
For PDU Set handling:
Proposal 1-1: RAN3 consider and study following enhancements to NGAP, XnAP, F1AP and E1AP:
· Add the PDU Set QoS Parameters in the QoS Flow Level QoS Parameters IE. 
· For NGAP, add the feedback to inform the SMF that a QoS flow is successfully established with PDU Set based QoS Handling. 
· For F1AP, add the feedback to inform the gNB-CU that a QoS flow is successfully established with PDU Set based QoS Handling. 

Proposal 1-2: RAN3 consider and study following enhancements to NG-U, Xn-U and F1-U:
· PDU Set Information and Identification in the GTP-U header.  The information includes following:
· PDU Set Sequence Number.
· Indication of End PDU of the PDU Set.
· PDU Sequence Number within a PDU Set.
· PDU Set Size in bytes.
· PDU Set Importance, which identifies the relative importance of a PDU Set compared to other PDU Sets within a QoS Flow.

For ECN marking in NG-RAN:
Proposal 2-1: RAN3 consider and study following enhancements to NGAP, XnAP, F1AP and E1AP:
· Add the ECN Marking Request in the QoS Flow Level QoS Parameters IE. 
· For NG-RAN node to indicate whether the XR QoS Flow is established with ECN marking, RAN3 adopt similar method as the indication to indicate the QoS Flow with PDU Set QoS parameters is accepted.
· Add the feedback indication to inform gNB-CU-CP when a QoS flow is established with ECN marking in gNB-CU-UP.

Proposal 2-2: gNB-DU report the per QoS Flow congestion indication to gNB-CU via F1-U, so the gNB-CU performs ECN marking. 

For ECN marking in UPF:
Proposal 3-1: To support ECN marking in UPF, RAN3 consider and study following enhancements to NGAP, XnAP, F1AP, and E1AP:
· Add the Congestion Monitoring Request in the QoS Flow Level QoS Parameters IE. 

Proposal 3-2: To support ECN marking in UPF, RAN3 consider and study following enhancements to NG-U and F1-U: add the per QoS Flow congestion indication in NG-U and F1-U.

For support network information exposure:
Proposal 4-1: To support network information exposure, the required enhancements is the same as the required enhancement to support ECN marking in UPF.

For UE power saving management:
Proposal 5-1: Enhance NGAP TSCAI to include the N6 Jitter information associated with DL Periodicity, and clarify TSCAI can also be used for non-GBR.
Proposal 5-2: Enhance XnAP/F1AP/E1AP TSCAI to include the N6 Jitter information associated with DL Periodicity.
Proposal 5-3: NG-U GTP-U header, Xn-U GTP-U header and F1-U GTP-U header need to be enhanced to indicate End of Data Burst.
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