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Introduction
Solutions for QoS Monitoring are concluded in SA2 to support two methods, as described in the CRs [1] and [2], to perform QoS Monitoring on different levels of granularities, i.e. per QoS Flow per UE level, or per node level. Selection between these two methods is subject to the operators’ configuration, 3rd party application request, and/or PCF policy control for the URLLC services.
Also the LS [3] from SA2 ask RAN3 to consider the specification work on support of QoS monitoring for URLLC.
In this contribution, we will analyse the impacts on RAN to support per QoS Flow per UE level NG-U delay measurement.  
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
For URLLC QoS Monitoring, Per QoS Flow per UE QoS Monitoring is defined in 3GPP TS 23.501. Per QoS Flow per UE QoS Monitoring includes two aspects, the NG-RAN and the PSA UPF are time synchronised or not time synchroinsed. For both scenarios, the NG-RAN would measure the uplink packet delay and downlink packet delay in Uu interface and sends to the PSA UPF via the uplink user plane packet.
Time synchronized
Measurement for the one way packet delay is supported if the NG-RAN and the PSA UPF are time synchronized. Time stamp of sending service packet shall be included in the GTP-U header by NG-RAN for sending the uplink service packet or by the PSA UPF for sending the downlink service packet. Then the packet receiver can calculate the one way packet delay according to the time stamp it receives the service packet and the time stamp included the GTP-U header of the service packet.
Measurement for the round trip packet delay is also supported if the NG-RAN and the PSA UPF are time synchronized. NG-RAN calculates the one way downlink packet delay based on the time stamp it receives the downlink service packet and the time stamp included the GTP-U header of the downlink service packet. The NG-RAN sends the uplink service packet to the PSA UPF including the one way downlink packet delay and the time stamp of sending uplink service packet.


Figure 1. NG-RAN and the PSA UPF are time synchronized
In order to support Per QoS Flow per UE QoS Monitoring when the NG-RAN and the PSA UPF are time synchronised, the GTP-U header shall be extended to include:
· Tdl-send: time stamp of the PSA UPF when sending the downlink service packet;
· Tul-send: time stamp of the NG-RAN when sending the uplink service packet;
· Ddl: one way downlink delay between PSA UPF and NG-RAN;
· Duu-ul: one way uplink delay between UE and NG-RAN;
· Duu-dl: one way downlink delay between UE and NG-RAN.

For one way downlink packet delay between NG-RAN and PSA UPF measurement:
· Tdl-send, included by the PSA UPF in the downlink packet;
· Ddl, calculates by the NG-RAN and included in the uplink packet, it is the one way downlink packet delay between NG-RAN and PSA UPF.
[bookmark: OLE_LINK45]For one way uplink packet delay between NG-RAN and PSA UPF measurement:
· Tul-send, included by the NG-RAN in the uplink packet;
· Dul, calculates by the PSA UPF, it is the one way uplink packet delay between NG-RAN and PSA UPF.
For one way downlink packet delay between UE and PSA UPF measurement:
· Tdl-send, included by the PSA UPF in the downlink packet;
· Duu-dl, included by the NG-RAN in the uplink packet;
· Ddl, calculates by the NG-RAN and included in the uplink packet;
One way downlink packet delay between UE and PSA UPF will be Ddl + Duu-dl.
For one way uplink packet delay between UE and PSA UPF measurement:
· Tul-send, included by the NG-RAN in the uplink packet;
· Duu-ul, included by the NG-RAN in the uplink packet;
One way downlink packet delay between UE and PSA UPF will be Dul + Duu-ul, Dul is calculated by the PSA UPF.
For round trip packer delay between UE and PSA UPF measurement:
· Tdl-send, included by the PSA UPF in the downlink packet;
· Ddl, calculates by the NG-RAN and included in the uplink packet;
· Duu-dl, included by the NG-RAN in the uplink packet;
· Duu-ul, included by the NG-RAN in the uplink packet;
· Tul-send, included by the NG-RAN in the uplink packet;
Round trip packer delay between UE and PSA UPF will be Ddl + Duu-dl + Duu-ul + Dul, Dul is calculated by the PSA UPF.
Time not synchronized
Measurement for the round trip packet delay is supported if the NG-RAN and the PSA UPF are not time synchronized. The one way uplink packet delay and the one way downlink packet delay between the NG-RAN and the PSA UPF is assumed the same as half of the round trip packet delay. PSA UPF remembers the local time of sending the downlink service packet to the NG-RAN, local time that the NG-RAN receiving the downlink service packet and the NG-RAN sending the uplink service packet shall be included in the GTP-U header of the uplink service packet.


Figure 2. NG-RAN and the PSA UPF are not time synchronized
In order to support Per QoS Flow per UE QoS Monitoring when the NG-RAN and the PSA UPF are not time synchronised, the GTP-U header shall be extended to include:
· Tdl-receive: local time of the NG-RAN when receiving the downlink service packet;
· Tul-send: local time of the NG-RAN when sending the uplink service packet;
· Duu-ul: one way uplink delay between UE and NG-RAN;
· Duu-dl: one way downlink delay between UE and NG-RAN.

Round trip packet delay between UE and PSA UPF will be RTT = (Tdl-receive - Tdl-send) + (Tul-receive - Tul-send) +Duu-dl + Duu-ul.
One way downlink or uplink packet delay between UE and PSA UPF will be RTT/2.
In addition, the downlink service packet and the uplink service packet shall have the same sequence number, in order to match the related uplink service packet in the PSA UPF, and calculate the delay. And the NG-RAN shall also be indicated whether the received service packets is used for QoS Monitoring or not by the QoS Monitoring Indicator.
NG-U
In order to support above requirements in GTP-U, there are two available solutions:
Solution 1: Define a new GTP-U extension header type.
Solution 2: Extend the existing GTP-U extension header, e.g. PDU Session Container.
As the QoS monitoring information need to be carried in GTP-U header are transmitted between the PSA UPF and the NG-RAN for the granularity of QoS Flow, the QFI shall be transmitted within the QoS monitoring service packet. Solution 2 extends the existing GTP-U extension header (the QoS Monitoring information and the QFI are included in the same PDU Session Container extension header) will be more efficient than solution 1 which includes those information in the different GTP-U extension headers. And also there is no strong demand to define a new GTP-U extension header for QoS monitoring.
CT4 has discussed the support in GTP-U, and mentioned in the reply LS [3] that extending the current PDU Session Container extension header to include the information for packet delay measurement together with the QFI, e.g. timestamp of NG-RAN/UPF, delay value on Uu interface, is a preferred way forward. Therefore RAN3 is suggested to consider updating the definition of PDU Session Container extension header accordingly.
Proposal 1: It is proposed to reuse the existing PDU Session Container extension header to support the QoS monitoring information required by the Per QoS Flow per UE QoS Monitoring solution.
NG-C
According to the attachments in the LS [4], SMF activates the end to end UL/DL packet delay measurement between UE and PSA UPF for the QoS Flow during the PDU Session Establishment or Modification procedure. The AMF sends a QoS Monitoring request to the NG-RAN via N2 signalling to request the QoS monitoring between PSA UPF and NG-RAN. Therefore a new QoS Monitoring Request IE should be defined in TS 38.413, and sent by the AMF to RAN within the QoS Flow Setup Request Item IE in the PDU Session Resource Setup Request Transfer IE of the PDU SESSION RESOURCE SETUP REQUEST message, or in the QoS Flow Add or Modify Request Item IE in the PDU Session Resource Modify Request Transfer IE of the PDU SESSION RESOURCE MODIFY REQUEST message.
The QoS Monitoring Request IE represents whether UL, DL or Both UL and DL packet delay of Uu interface should be measured by RAN, which could be defined as following:
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	QoS Monitoring Request
	O
	
	ENUMERATED (UL, DL, Both)
	Indicates RAN should initiates UL, DL or Both packet delay measurement on Uu interface.



Proposal 2: Introduce a new IE named QoS Monitoring request over NG interface to support per QoS Flow per UE level QoS Monitoring.
E1/F1
The RAN part of DL and UL packet delay is measured by gNB and UE at DRB level, respectively. In reporting to UPF, the delay may be provided to QoS flow level by gNB with the assumption that all QoS flows mapped to one DRB get the same QoS treatment.
The RAN part of packet delay measurement includes UL delay and DL delay. The UL delay consists of D1 and D2 as illustrated in Figure 6.2.2.2.1-1 in TR 3.816. 
· D1 is the PDCP queuing delay in the UE and reported to gNB in RRC. 
· D2 is the rest of the delay, including HARQ (re)transmission delay, RLC delay, F1 delay and PDCP re-ordering delay in gNB. 
The RAN part of UL delay is measured by the following mechanism: 
· UE measures D1 and reports the average of D1 to gNB in RRC; 
· gNB measures the D2 and derives UL delay as D1+D2. 



Figure 6.2.2.2.1-1 in TR 3.816: RAN part of UL delay
In disaggregated gNB architectre, the PDCP re-ordering delay and F1 delay are measured by the CU-UP. The HARQ (re)transimission delay and RLC delay are measured by the DU. In our understanding, the operators want to know the whole RAN part of UL packet delay. The network needs to calculate the whole RAN part of UL packet delay. Therefore, it is better for one concentrate entity to combine the delay results from all the entities. In other words, other entities needs to send the measurement results to the concentrate entity. In our understanding, the concentrate entity is the CU-CP or the CU-UP. We think the concentrate entity is the CU-CP based on the following reasons:
· For the delay in DU, we think it is better to use the control plane to report the results. Then we think the concentrate entity is the CU-CP, otherwise the CU-CP need forward the delay of DU to the CU-UP again.
· If the CU-CP knows the combine delay results, the CU-CP can optimize some configuration. For example the mapping of qos flow to DRB. 
Proposal 3: The CU-UP sends the UL delay measurement results including the average delay in CU-UP and F1-U delay to the CU-CP
Proposal 4: The DU sends the UL delay in DU to the CU-CP.
For the RAN part of DL packet delay measurement, the DL delay includes the average delay in CU-UP, the average delay on F1-U and the average delay DL in gNB-DU. Same to the above discussion of UL delay, we think it is better for the CU-CP to calculate the whole RAN part of DL packet delay. The DU sends the average delay DL in gNB-DU to the CU-CP. The CU-UP sends the average delay in CU-UP and the average delay on F1-U to the CU-CP   
Proposal 5: The DU sends the average DL delay in DU to the CU-CP.
Proposal 6: The CU-UP sends the average delay in CU-UP and the average delay on F1-U to the CU-CP.
In order to calculate the whole RAN part of delay, it is better that the measurement period of different entities are the same. There is not control interface between CU-UP and DU, therefore we think it is better for the CU-CP to decide the measurement period. 
Proposal 7: The CU-CP sends the UL and DL delay measurement period to the CU-UP and the DU.
Also according to the LS [3], SA2 has agreed that the UL packet delay is provided to the UPF via the N3 interface. Therefore we think the CU-CP provides the whole RAN part of DL and UL packet delay to the CU-UP.   
Proposal 8: The CU-CP sends the whole RAN part of DL and UL packet delay to the CU-UP in order to satisfy the requirement from SA2.
In the last meetings, RAN3 has agreed the trace function in the E1 and F1. In our understanding, E2E latency measurement has nothing to do with the trace. It is better to decouple these two functions. For the UL and DL delay measurement period, the CU-CP can use the existing message to configure. In F1, the CU-CP can use the UE Context Setup Request, UE Context Modification Request message. In E1, the CU-CP can use the Bearer Context Setup Request, Bearer Context Modification Request message.
Proposal 9: In F1, the measurement period are configured via the UE Context Setup Request, UE Context Modification Request message. In E1, the measurement period are configured via the Bearer Context Setup Request, Bearer Context Modification Request message.
For the measurement results reporting, we think we can use the Class 2 message. After checking the existing message, we think we can define one new Class 2 message.
Proposal 10: In F1, define one new Class 2 message from the DU to the CU-CP in order to transmit the UL and DL delay measurement results of DU.
Proposal 11: In E1, define one new Class 2 message from the CU-UP to the CU-CP in order to transmit the UL and DL delay measurement results of CU-UP. Define one new Class 2 message from the CU-CP to CU-UP in order to transmit the whole RAN part of UL and DL delay measurement results.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]Conclusion
In this contribution, we discussed the enhancements to RAN to support per UE per QoS Flow level QoS Monitoring. We has the following proposal:
Proposal 1: It is proposed to reuse the existing PDU Session Container extension header to support the QoS monitoring information required by the Per QoS Flow per UE QoS Monitoring solution.
Proposal 2: Introduce a new IE named QoS Monitoring request over NG interface to support per QoS Flow per UE level QoS Monitoring.
Proposal 3: The CU-UP sends the UL delay measurement results including the average delay in CU-UP and F1-U delay to the CU-CP
Proposal 4: The DU sends the UL delay in DU to the CU-CP.
Proposal 5: The DU sends the average DL delay in DU to the CU-CP.
Proposal 6: The CU-UP sends the average delay in CU-UP and the average delay on F1-U to the CU-CP.
Proposal 7: The CU-CP sends the UL and DL delay measurement period to the CU-UP and the DU.
Proposal 8: The CU-CP sends the whole RAN part of DL and UL packet delay to the CU-UP in order to satisfy the requirement from SA2.
Proposal 9: In F1, the measurement period are configured via the UE Context Setup Request, UE Context Modification Request message. In E1, the measurement period are configured via the Bearer Context Setup Request, Bearer Context Modification Request message.
Proposal 10: In F1, define one new Class 2 message from the DU to the CU-CP in order to transmit the UL and DL delay measurement results of DU.
Proposal 11: In E1, define one new Class 2 message from the CU-UP to the CU-CP in order to transmit the UL and DL delay measurement results of CU-UP. Define one new Class 2 message from the CU-CP to CU-UP in order to transmit the whole RAN part of UL and DL delay measurement results.
We also provide the TP for TS 38.413 in the Annex. And the corresponding CRs for 38.415/38.463/38.473 are provided in [5]~[7].
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Figure 8.2.1.2-1: PDU session resource setup: successful operation
The AMF initiates the procedure by sending a PDU SESSION RESOURCE SETUP REQUEST message to the NG-RAN node.
The PDU SESSION RESOURCE SETUP REQUEST message shall contain the information required by the NG-RAN node to setup the PDU session related NG-RAN configuration consisting of at least one PDU session resource and include each PDU session resource to setup in the PDU Session Resource Setup Request List IE.
Upon reception of the PDU SESSION RESOURCE SETUP REQUEST message, if resources are available for the requested configuration, the NG-RAN node shall execute the requested NG-RAN configuration and allocate associated resources over NG and over Uu for each PDU session listed in the PDU Session Resource Setup Request List IE. 
If the RAN Paging Priority IE is included in the PDU SESSION RESOURCE SETUP REQUEST message, the NG-RAN node may use it to determine a priority for paging the UE in RRC_INACTIVE state.
For each requested PDU session, if resources are available for the requested configuration, the NG-RAN node shall establish at least one DRB and associate each accepted QoS flow of the PDU session to a DRB established. 
For each PDU session successfully established the NG-RAN node shall pass to the UE the PDU Session NAS-PDU IE, if included, and the value contained in the PDU Session ID IE received for the PDU session. The NG-RAN node shall not send to the UE the PDU Session NAS PDUs associated to the failed PDU sessions. 
If the NAS-PDU IE is included in the PDU SESSION RESOURCE SETUP REQUEST message, the NG-RAN node shall pass it to the UE.
For each PDU session the NG-RAN node shall store the UL NG-U UP TNL Information IE included in the PDU Session Resource Setup Request Transfer IE contained in the PDU SESSION RESOURCE SETUP REQUEST message and use it as the uplink termination point for the user plane data for this PDU session.
For each PDU session, if the Additional UL NG-U UP TNL Information IE is included in the PDU Session Resource Setup Request Transfer IE contained in the PDU SESSION RESOURCE SETUP REQUEST message, the NG-RAN node may allocate for this split PDU session resources for an additional NG-U transport bearer for some or all of the QoS flows present in the QoS Flow Setup Request List IE and it shall indicate these QoS flows in the Additional DL QoS Flow per TNL Information IE in the PDU Session Resource Setup Response Transfer IE. In case the Additional DL QoS Flow per TNL Information IE is not included the SMF shall consider the proposed additional UL NG-U UP TNL information as available again.
For each PDU session, if the Network Instance IE is included in the PDU Session Resource Setup Request Transfer IE contained in the PDU SESSION RESOURCE SETUP REQUEST message and the Common Network Instance IE is not present, the NG-RAN node shall, if supported, use it when selecting transport network resource as specified in TS 23.501 [9].
For each PDU session, if the Common Network Instance IE is included in the PDU Session Resource Setup Request Transfer IE contained in the PDU SESSION RESOURCE SETUP REQUEST message, the NG-RAN node shall, if supported, use it when selecting transport network resource as specified in TS 23.501 [9].
For each PDU session, if the PDU Session Type IE included in the PDU Session Resource Setup Request Transfer IE of the PDU SESSION RESOURCE SETUP REQUEST message is set to "ethernet" or "unstructured", the NG-RAN node shall not perform header compression for the concerned PDU session.
[bookmark: OLE_LINK148][bookmark: OLE_LINK149][bookmark: OLE_LINK150][bookmark: OLE_LINK151][bookmark: OLE_LINK152][bookmark: _Hlk509588533]For each PDU session for which the Security Indication IE is included in the PDU Session Resource Setup Request Transfer IE of the PDU SESSION RESOURCE SETUP REQUEST message, and the Integrity Protection Indication IE or Confidentiality Protection Indication IE is set to "required", then the NG-RAN node shall perform user plane integrity protection or ciphering, respectively, for the concerned PDU session. If the NG-RAN node cannot perform the user plane integrity protection or ciphering, it shall reject the setup of the PDU session resources with an appropriate cause value.
If the NG-RAN node is an ng-eNB, it shall reject all PDU sessions for which the Integrity Protection Indication IE is set to "required".
For each PDU session for which the Security Indication IE is included in the PDU Session Resource Setup Request Transfer IE of the PDU SESSION RESOURCE SETUP REQUEST message, and the Integrity Protection Indication IE or Confidentiality Protection Indication IE is set to "preferred", then the NG-RAN node should, if supported, perform user plane integrity protection or ciphering, respectively, for the concerned PDU session and shall notify whether it performed the user plane integrity protection or ciphering by including the Integrity Protection Result IE or Confidentiality Protection Result IE, respectively, in the PDU Session Resource Setup Response Transfer IE of the PDU SESSION RESOURCE SETUP RESPONSE message.
[bookmark: _Hlk521361544][bookmark: _Hlk522727582]For each PDU session for which the Maximum Integrity Protected Data Rate Downlink IE or the Maximum Integrity Protected Data Rate Uplink IE are included in the Security Indication IE in the PDU Session Resource Setup Request Transfer IE of the PDU SESSION RESOURCE SETUP REQUEST message, the NG-RAN node shall store the respective information and, if integrity protection is to be performed for the PDU session, it shall enforce the traffic limits corresponding to the received values, for the concerned PDU session and concerned UE, as specified in TS 23.501 [9].
For each PDU session for which the Security Indication IE is included in the PDU Session Resource Setup Request Transfer IE of the PDU SESSION RESOURCE SETUP REQUEST message: 
-	if the Integrity Protection Indication IE is set to "not needed", then the NG-RAN node shall not perform user plane integrity protection for the concerned PDU session; 
-	if the Confidentiality Protection Indication IE is set to "not needed", then the NG-RAN node shall not perform user plane ciphering for the concerned PDU session.
For each PDU session for which the PDU Session Aggregate Maximum Bit Rate IE is included in the PDU Session Resource Setup Request Transfer IE of the PDU SESSION RESOURCE SETUP REQUEST message, the NG-RAN node shall store the received value in the UE context and use it when enforcing traffic policing for Non-GBR QoS flows for the concerned UE as specified in TS 23.501 [9].
For each PDU session in the PDU SESSION RESOURCE SETUP REQUEST message, if the Additional QoS Flow Information IE is included in the QoS Flow Level QoS Parameters IE in the PDU Session Resource Setup Request Transfer IE of the PDU SESSION RESOURCE SETUP REQUEST message, the NG-RAN node may consider it for the DRB allocation process. It is up to NG-RAN node implementation to decide whether and how to use it.
For each QoS flow requested to be setup the NG-RAN node shall take into account the received QoS Flow Level QoS Parameters IE. For each QoS flow the NG-RAN node shall establish or modify the resources according to the values of the Allocation and Retention Priority IE (priority level and pre-emption indicators) and the resource situation as follows: 
-	The NG-RAN node shall consider the priority level of the requested QoS flow, when deciding on the resource allocation.
-	The priority levels and the pre-emption indicators may (individually or in combination) be used to determine whether the QoS flow setup has to be performed unconditionally and immediately. If the requested QoS flow is marked as "may trigger pre-emption" and the resource situation requires so, the NG-RAN node may trigger the pre-emption procedure which may then cause the forced release of a lower priority QoS flow which is marked as "pre-emptable". Whilst the process and the extent of the pre-emption procedure are operator-dependent, the pre-emption indicators shall be treated as follows:
1.	The values of the last received Pre-emption Vulnerability IE and Priority Level IE shall prevail.
2.	If the Pre-emption Capability IE is set to "may trigger pre-emption", then this allocation request may trigger the pre-emption procedure.
3.	If the Pre-emption Capability IE is set to "shall not trigger pre-emption", then this allocation request shall not trigger the pre-emption procedure.
4.	If the Pre-emption Vulnerability IE is set to "pre-emptable", then this QoS flow shall be included in the pre-emption process.
5.	If the Pre-emption Vulnerability IE is set to "not pre-emptable", then this QoS flow shall not be included in the pre-emption process.
-	The NG-RAN node pre-emption process shall keep the following rules:
1.	The NG-RAN node shall only pre‑empt QoS flows with lower priority, in ascending order of priority.
2.	The pre-emption may be done for QoS flows belonging to the same UE or to other UEs.
For each QoS flow which has been successfully established, the NG-RAN node shall store the mapped E-RAB ID if included in the PDU Session Resource Setup Request Transfer IE contained in the PDU SESSION RESOURCE SETUP REQUEST message and use it as specified in TS 38.300 [8].
For each QoS flow which has been successfully established, if the QoS Monitoring request IE is included in the QoS Flow Setup Request Item IE in the PDU Session Resource Setup Request Transfer IE of the PDU SESSION RESOURCE SETUP REQUEST message, the NG-RAN node shall, if supported, initiate the UL/DL packet delay measurement for the UE.
The NG-RAN node shall report to the AMF in the PDU SESSION RESOURCE SETUP RESPONSE message the result for each PDU session resource requested to be setup: 
-	For each PDU session resource successfully setup, the PDU Session Resource Setup Response Transfer IE shall be included containing:
1.	The NG-U UP transport layer information to be used for the PDU session and associated list of QoS flows which have been successfully established, in the QoS Flow per TNL Information IE.
2.	The list of QoS flows which failed to be established, if any, in the QoS Flow Failed to Setup List IE. When the NG-RAN node reports unsuccessful establishment of a QoS flow, the cause value should be precise enough to enable the SMF to know the reason for the unsuccessful establishment.
-	For each PDU session resource which failed to be setup, the PDU Session Resource Setup Unsuccessful Transfer IE shall be included containing a cause value that should be precise enough to enable the SMF to know the reason for the unsuccessful establishment.
Upon reception of the PDU SESSION RESOURCE SETUP RESPONSE message the AMF shall, for each PDU session indicated in the PDU Session ID IE, transfer transparently the PDU Session Resource Setup Response Transfer IE or PDU Session Resource Setup Unsuccessful Transfer IE to the SMF associated with the concerned PDU session. 
The UE Aggregate Maximum Bit Rate IE should be sent to the NG-RAN node if the AMF has not sent it previously. If it is included in the PDU SESSION RESOURCE SETUP REQUEST message, the NG-RAN node shall store the UE Aggregate Maximum Bit Rate in the UE context, and use the received UE Aggregate Maximum Bit Rate for all Non-GBR QoS flows for the concerned UE as specified in TS 23.501 [9].
Interactions with Handover Preparation procedure:
If a handover becomes necessary during the PDU Session Resource Setup procedure, the NG-RAN node may interrupt the ongoing PDU Session Resource Setup procedure and initiate the Handover Preparation procedure as follows:
1.	The NG-RAN node shall send the PDU SESSION RESOURCE SETUP RESPONSE message in which the NG-RAN node shall indicate, if necessary, all the PDU session resources which failed to be setup with an appropriate cause value, e.g. "NG intra-system handover triggered", "NG inter-system handover triggered" or "Xn handover triggered".
2.	The NG-RAN node shall trigger the handover procedure.
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Figure 8.2.3.2-1: PDU session resource modify: successful operation
The AMF initiates the procedure by sending a PDU SESSION RESOURCE MODIFY REQUEST message to the NG-RAN node.
The PDU SESSION RESOURCE MODIFY REQUEST message shall contain the information required by the NG-RAN node, which may trigger the NG-RAN configuration modification for the existing PDU sessions listed in the PDU Session Resource Modify Request List IE.
Upon reception of the PDU SESSION RESOURCE MODIFY REQUEST message, if the NG-RAN configuration is triggered to be modified and if resources are available for the modified NG-RAN configuration, the NG-RAN node shall execute the configuration modification for the requested PDU session.
If the RAN Paging Priority IE is included in the PDU SESSION RESOURCE MODIFY REQUEST message, the NG-RAN node may use it to determine a priority for paging the UE in RRC_INACTIVE state.
For each PDU session, if the S-NSSAI IE is included in the PDU Session Resource Modify Request Item IE contained in the PDU SESSION RESOURCE MODIFY REQUEST message, the NG-RAN node shall replace the previously provided S-NSSAI by the received S-NSSAI for the concerned PDU session and use it as specified in TS 23.502 [10].
For each PDU session, if the Network Instance IE is included in the PDU Session Resource Modify Request Transfer IE contained in the PDU SESSION RESOURCE MODIFY REQUEST message and the Common Network Instance IE is not present, the NG-RAN node shall, if supported, use it as specified in TS 23.501 [9].
For each PDU session, if the Common Network Instance IE is included in the PDU Session Resource Modify Request Transfer IE contained in the PDU SESSION RESOURCE MODIFY REQUEST message, the NG-RAN node shall, if supported, use it as specified in TS 23.501 [9].
For each PDU session included in the PDU Session Resource Modify Request List IE:
-	For each QoS flow included in the QoS Flow Add or Modify Request List IE, based on the QoS Flow Level QoS Parameters IE, the NG-RAN node may establish, modify or release the DRB configuration and may change allocation of resources on NG or Uu accordingly. The NG-RAN node shall associate each QoS flow accepted to setup or modify with a DRB of the PDU session. The associated DRB for the QoS flow accepted to modify may not change.
-	For each QoS flow included in the QoS Flow to Release List IE, the NG-RAN node shall de-associate the QoS flow with the previously associated DRB.
-	The NG-RAN node shall pass the NAS-PDU IE received for the PDU session to the UE when modifying the PDU session configuration. The NG-RAN node does not send the NAS PDUs associated to the failed PDU sessions to the UE. 
-	The NG-RAN node may change allocation of resources on NG according to the requested target configuration.
-	If the PDU Session Aggregate Maximum Bit Rate IE is included in the PDU Session Resource Modify Request Transfer IE, the NG-RAN node shall store and use the received PDU Session Aggregate Maximum Bit Rate value when enforcing traffic policing for Non-GBR QoS flows for the concerned UE as specified in TS 23.501 [9].
-	If the UL NG-U UP TNL Modify List IE is included in the PDU Session Resource Modify Request Transfer IE, the NG-RAN node shall update the transport layer information for the uplink data accordingly for the concerned transport bearers identified by the DL NG-U UP TNL Information IE included in the PDU Session Resource Modify Request Transfer IE for the concerned PDU session.
-	If the Additional UL NG-U UP TNL Information IE is included in the PDU Session Resource Modify Request Transfer IE, the NG-RAN node may allocate resources for an additional NG-U transport bearer for some or all of the QoS flows present in the QoS Flow Add or Modify Request List IE and it shall indicate these QoS flows in the Additional DL QoS Flow per TNL Information IE in the PDU Session Resource Modify Response Transfer IE. In case the Additional DL QoS Flow per TNL Information IE is not included the SMF shall consider the proposed additional UL NG-U UP TNL information as available again.
-	In case more than one NG-U transport bearers have been set up for the PDU session, if all the QoS flows associated to one existing NG-U transport bearer are included in the QoS Flow to Release List IE in the PDU Session Resource Modify Request Transfer IE, the NG-RAN node and 5GC shall consider that the concerned NG-U transport bearer is removed for the PDU session, and both NG-RAN node and 5GC shall therefore consider the related NG-U UP TNL information as available again.
The NG-RAN node shall report to the AMF, in the PDU SESSION RESOURCE MODIFY RESPONSE message, the result for each PDU session requested to be modified listed in the PDU SESSION RESOURCE MODIFY REQUEST message:
[bookmark: _Hlk513833536]-	For each PDU session which is successfully modified, the PDU Session Resource Modify Response Transfer IE shall be included containing: 
1.	The list of QoS flows which have been successfully setup or modified, if any, in the QoS Flow Add or Modify Response List IE in case the PDU Session Resource Modify procedure is triggered by QoS flow setup or modification.
2.	The list of QoS flows which have failed to be setup or modified, if any, in the QoS Flow Failed to Add or Modify List IE in case the PDU Session Resource Modify procedure is triggered by QoS flow setup or modification.
-	For each PDU session which failed to be modified, the PDU Session Resource Modify Unsuccessful Transfer IE shall be included containing the failure cause.
-	For each PDU session, if the DL NG-U UP TNL Information IE is included in the PDU Session Resource Modify Response Transfer IE in the PDU SESSION RESOURCE MODIFY RESPONSE message, it shall be considered by the SMF as the new DL transport layer address for the PDU session. The NG-RAN also may indicate the mapping between each new DL transport layer address and the corresponding UL transport layer address assigned by the 5GC.
-	For each PDU session, if the Additional NG-U UP TNL Information IE is included in the PDU Session Resource Modify Response Transfer IE in the PDU SESSION RESOURCE MODIFY RESPONSE message, it shall be considered by the SMF as the new DL transport layer address(es) for the PDU session. The NG-RAN also may indicate the mapping between each new DL transport layer address and the corresponding UL transport layer address assigned by the 5GC.
Upon reception of the PDU SESSION RESOURCE MODIFY RESPONSE message the AMF shall, for each PDU session indicated in the PDU Session ID IE, transfer transparently the PDU Session Resource Modify Response Transfer IE or PDU Session Resource Modify Unsuccessful Transfer IE to each SMF associated with the concerned PDU session.
The NG-RAN node shall, if supported, report in the PDU SESSION RESOURCE MODIFY RESPONSE message location information of the UE in the User Location Information IE.
For a PDU session or a QoS flow which failed to be modified, the NG-RAN node shall fall back to the configuration of the PDU session or the QoS flow as it was configured prior to the reception of the PDU SESSION RESOURCE MODIFY REQUEST message.
For a PDU session or a QoS flow which succeeded to be modified, if the QoS Monitoring request IE is included in the QoS Flow Add or Modify Request Item IE in the PDU Session Resource Modify Request Transfer IE of the PDU SESSION RESOURCE MODIFY REQUEST message, the NG-RAN node shall, if supported, initiate the UL/DL packet delay measurement for the UE.

Upon reception of the PDU SESSION RESOURCE MODIFY REQUEST message to setup a QoS flow for IMS voice, if the NG-RAN node is not able to support IMS voice, the NG-RAN node shall initiate EPS fallback or RAT fallback for IMS voice procedure as specified in TS 23.501 [9] and report unsuccessful establishment of the QoS flow in the PDU Session Resource Modify Response Transfer IE or in the PDU Session Resource Modify Unsuccessful Transfer IE with cause value "IMS voice EPS fallback or RAT fallback triggered".
If the User Location Information IE is included in the PDU SESSION RESOURCE MODIFY RESPONSE message, the AMF shall handle this information as specified in TS 23.501 [9].
Interactions with Handover Preparation procedure:
If a handover becomes necessary during the PDU Session Resource Modify procedure, the NG-RAN node may interrupt the ongoing PDU Session Resource Modify procedure and initiate the Handover Preparation procedure as follows:
1.	The NG-RAN node shall send the PDU SESSION RESOURCE MODIFY RESPONSE message in which the NG-RAN node shall indicate, if necessary, all the PDU sessions failed with an appropriate cause value, e.g. "NG intra-system handover triggered", "NG inter-system handover triggered" or "Xn handover triggered".
2.	The NG-RAN node shall trigger the handover procedure. 

--------------------------------------------------------------Next CHANGE --------------------------------------------------------------
2   [bookmark: _Toc14166013]9.3.4.1	PDU Session Resource Setup Request Transfer
This IE is transparent to the AMF.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	PDU Session Aggregate Maximum Bit Rate
	O
	
	9.3.1.102
	This IE shall be present when at least one Non-GBR QoS flow is being setup and is ignored otherwise.
	YES
	reject

	UL NG-U UP TNL Information
	M
	
	UP Transport Layer Information
9.3.2.2
	UPF endpoint of the NG-U transport bearer, for delivery of UL PDUs.
	YES
	reject

	Additional UL NG-U UP TNL Information 
	O
	
	UP Transport Layer Information List
9.3.2.12
	UPF endpoint of the additional NG-U transport bearer(s), for delivery of UL PDUs for split PDU session.
	YES
	reject

	Data Forwarding Not Possible
	O
	
	9.3.1.63
	This IE may be present in case of HANDOVER REQUEST message and is ignored otherwise.
	YES
	reject

	PDU Session Type
	M
	
	9.3.1.52
	
	YES
	reject

	Security Indication
	O
	
	9.3.1.27
	
	YES
	reject

	Network Instance
	O
	
	9.3.1.113
	This IE is ignored if the Common Network Instance IE is included.
	YES
	reject

	QoS Flow Setup Request List
	
	1
	
	
	YES
	reject

	>QoS Flow Setup Request Item
	
	1..<maxnoofQoSFlows>
	
	
	-
	

	>>QoS Flow Identifier
	M
	
	9.3.1.51
	
	-
	

	>>QoS Flow Level QoS Parameters
	M
	
	9.3.1.12
	
	-
	

	>>E-RAB ID
	O
	
	9.3.2.3
	
	-
	

	[bookmark: _Hlk15485104]>>QoS Monitoring Request
	O
	
	9.3.1.xxx
	
	YES
	ignore

	Common Network Instance
	O
	
	9.3.1.120
	
	YES
	ignore



	Range bound
	Explanation

	maxnoofQoSFlows
	Maximum no. of QoS flows allowed within one PDU session. Value is 64.




-------------------------------------------------------------Next CHANGE --------------------------------------------------------------
3   [bookmark: _Toc14166015]9.3.4.3	PDU Session Resource Modify Request Transfer
This IE is transparent to the AMF.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	PDU Session Aggregate Maximum Bit Rate
	O
	
	9.3.1.102
	
	YES
	reject

	UL NG-U UP TNL Modify List
	
	0..1
	
	
	YES
	reject

	>UL NG-U UP TNL Modify Item
	
	1..<maxnoofMultiConnectivity>
	
	
	-
	

	>>UL NG-U UP TNL Information
	M
	
	UP Transport Layer Information
9.3.2.2
	UPF endpoint of the NG-U transport bearer, for delivery of UL PDUs.
	-
	

	>>DL NG-U UP TNL Information
	M
	
	UP Transport Layer Information
9.3.2.2
	Identifies the NG-U transport bearer at the NG-RAN node.
	-
	

	Network Instance
	O
	
	9.3.1.113
	This IE is ignored if the Common Network Instance IE is included.
	YES
	reject

	QoS Flow Add or Modify Request List
	
	0..1
	
	
	YES
	reject

	>QoS Flow Add or Modify Request Item
	
	1..<maxnoofQoSFlows>
	
	
	-
	

	>>QoS Flow Identifier
	M
	
	9.3.1.51
	
	-
	

	>>QoS Flow Level QoS Parameters
	O
	
	9.3.1.12
	
	-
	

	>>E-RAB ID
	O
	
	9.3.2.3
	
	-
	

	>>QoS Monitoring Request
	O
	
	9.3.1.xxx
	
	YES
	ignore

	QoS Flow to Release List
	O
	
	QoS Flow List with Cause
9.3.1.13
	
	YES
	reject

	Additional UL NG-U UP TNL Information
	O
	
	UP Transport Layer Information List
9.3.2.12
	UPF endpoint of the additional NG-U transport bearer(s) proposed for delivery of UL PDUs for split PDU session.
	YES
	reject

	Common Network Instance
	O
	
	9.3.1.120
	
	YES
	ignore



	Range bound
	Explanation

	maxnoofQoSFlows
	Maximum no. of QoS flows allowed within one PDU session. Value is 64.

	maxnoofMultiConnectivity
	Maximum no. of connectivity allowed for a UE. Value is 4. The current version of the specification supports up to 2 connectivity.



[bookmark: OLE_LINK29]--------------------------------------------------------------Next CHANGE --------------------------------------------------------------
[bookmark: _Toc534712007][bookmark: _Toc14165908]9.3.1.xxx	 QoS Monitoring Request
This IE provides information on the QoS Monitoring received from the AMF for RAN to initiate UL/DL packet delay measurement for the UE.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	QoS Monitoring Request
	O
	
	ENUMERATED (UL, DL, Both)
	Indicates RAN should initiate UL, DL or Both packet delay measurement for the UE.




--------------------------------------------------------------Next CHANGE --------------------------------------------------------------

[bookmark: _Toc5694580]9.4.5		Information Element Definitions
-- ASN1START
-- **************************************************************
--
-- Information Element Definitions
--
-- **************************************************************

NGAP-IEs {
itu-t (0) identified-organization (4) etsi (0) mobileDomain (0) 
ngran-Access (22) modules (3) ngap (1) version1 (1) ngap-IEs (2) }

DEFINITIONS AUTOMATIC TAGS ::= 

BEGIN

IMPORTS

[bookmark: _Hlk512952190]	id-AdditionalDLForwardingUPTNLInformation,
	id-AdditionalDLQosFlowPerTNLInformation,
	id-AdditionalDLUPTNLInformationForHOList,
	id-AdditionalNGU-UP-TNLInformation,
	id-AdditionalUL-NGU-UP-TNLInformation,
	id-Cause,
	id-DataForwardingNotPossible,
	id-DL-NGU-UP-TNLInformation,
	id-LastEUTRAN-PLMNIdentity,
	id-MaximumIntegrityProtectedDataRate-DL,
	id-NetworkInstance,
	id-PDUSessionAggregateMaximumBitRate,
	id-PDUSessionResourceFailedToSetupListCxtFail,
	id-PDUSessionResourceReleaseResponseTransfer,
	id-PDUSessionType,
	id-QosFlowAddOrModifyRequestList,
	id-QosFlowSetupRequestList,
	id-QosFlowToReleaseList,
	id-SecondaryRATUsageInformation,
	id-SecurityIndication,
	id-SecurityResult,
	id-S-NSSAI,
	id-UL-NGU-UP-TNLInformation,
	id-UL-NGU-UP-TNLModifyList,
	id-ULForwarding,
	id-ULForwardingUP-TNLInformation,
	id-QosMonitoringRequest,
	maxnoofAllowedAreas,
	maxnoofAllowedS-NSSAIs,
	maxnoofBPLMNs,
	maxnoofCellIDforWarning,
	maxnoofCellinAoI,
	maxnoofCellinEAI,
	maxnoofCellsingNB,
	maxnoofCellsinngeNB,
	maxnoofCellinTAI,
	maxnoofCellsinUEHistoryInfo,
	maxnoofCellsUEMovingTrajectory,
	maxnoofDRBs,
	maxnoofEmergencyAreaID,
	maxnoofEAIforRestart,
	maxnoofEPLMNs,
	maxnoofEPLMNsPlusOne,
	maxnoofE-RABs,
	maxnoofErrors,
	maxnoofForbTACs,
	maxnoofMultiConnectivity,
	maxnoofMultiConnectivityMinusOne,
	maxnoofNGConnectionsToReset,
	maxnoofPDUSessions,
	maxnoofPLMNs,
	maxnoofQosFlows,
	maxnoofRANNodeinAoI,
	maxnoofRecommendedCells,
	maxnoofRecommendedRANNodes,
	maxnoofAoI,
	maxnoofServedGUAMIs,
	maxnoofSliceItems,
	maxnoofTACs,
	maxnoofTAIforInactive,
	maxnoofTAIforPaging,
	maxnoofTAIforRestart,
	maxnoofTAIforWarning,
	maxnoofTAIinAoI,
	maxnoofTimePeriods,
	maxnoofTNLAssociations,
	maxnoofXnExtTLAs,
	maxnoofXnGTP-TLAs,
	maxnoofXnTLAs

FROM NGAP-Constants

	Criticality,
	ProcedureCode,
	ProtocolIE-ID,
	TriggeringMessage
FROM NGAP-CommonDataTypes

	ProtocolExtensionContainer{},
	ProtocolIE-Container{},
	NGAP-PROTOCOL-EXTENSION,
	ProtocolIE-SingleContainer{},
	NGAP-PROTOCOL-IES
FROM NGAP-Containers;

--------------------------------------------------------------Next CHANGE --------------------------------------------------------------
-- Q
----------------skip the unchanged text---------------

QosFlowAddOrModifyRequestList ::= SEQUENCE (SIZE(1..maxnoofQosFlows)) OF QosFlowAddOrModifyRequestItem

QosFlowAddOrModifyRequestItem ::= SEQUENCE {
	qosFlowIdentifier				QosFlowIdentifier,
	qosFlowLevelQosParameters		QosFlowLevelQosParameters									OPTIONAL,
	e-RAB-ID						E-RAB-ID													OPTIONAL,
	iE-Extensions		ProtocolExtensionContainer { {QosFlowAddOrModifyRequestItem-ExtIEs} }	OPTIONAL,
	...
}

QosFlowAddOrModifyRequestItem-ExtIEs NGAP-PROTOCOL-EXTENSION ::= {
	
	{ID id-QosMonitoringRequest	CRITICALITY ignore	EXTENSION QosMonitoringRequest	PRESENCE optional},

	...
}

--------------------------------------------------------------Next CHANGE --------------------------------------------------------------

QosFlowSetupRequestList ::= SEQUENCE (SIZE(1..maxnoofQosFlows)) OF QosFlowSetupRequestItem

QosFlowSetupRequestItem ::= SEQUENCE {
	qosFlowIdentifier				QosFlowIdentifier,
	qosFlowLevelQosParameters		QosFlowLevelQosParameters,
	e-RAB-ID						E-RAB-ID											OPTIONAL,
	iE-Extensions		ProtocolExtensionContainer { {QosFlowSetupRequestItem-ExtIEs} } OPTIONAL,
	...
}

QosFlowSetupRequestItem-ExtIEs NGAP-PROTOCOL-EXTENSION ::= {
	
	{ID id-QosMonitoringRequest	CRITICALITY ignore	EXTENSION QosMonitoringRequest	PRESENCE optional},


	...
}
QosMonitoringRequest ::= ENUMERATED {ul, dl, both}

[bookmark: OLE_LINK32]--------------------------------------------------------------Next CHANGE --------------------------------------------------------------

[bookmark: _Toc5694582]9.4.7		Constant Definitions

------------Skip the unchanged text----------------

	id-RedirectionVoiceFallback								ProtocolIE-ID ::= 146
	id-UERetentionInformation								ProtocolIE-ID ::= 147
	id-S-NSSAI												ProtocolIE-ID ::= 148
	id-PSCellInformation									ProtocolIE-ID ::= 149
	id-LastEUTRAN-PLMNIdentity								ProtocolIE-ID ::= 150
	id-MaximumIntegrityProtectedDataRate-DL					ProtocolIE-ID ::= 151
	id-AdditionalDLForwardingUPTNLInformation				ProtocolIE-ID ::= 152
	id-AdditionalDLUPTNLInformationForHOList				ProtocolIE-ID ::= 153
	id-AdditionalNGU-UP-TNLInformation						ProtocolIE-ID ::= 154
	id-AdditionalDLQosFlowPerTNLInformation					ProtocolIE-ID ::= 155
	id-SecurityResult										ProtocolIE-ID ::= 156
	id-ENDC-SONConfigurationTransferDL						ProtocolIE-ID ::= 157
	id-ENDC-SONConfigurationTransferUL						ProtocolIE-ID ::= 158
	id-OldAssociatedQosFlowList-ULendmarkerexpected			ProtocolIE-ID ::= 159
	id-CNTypeRestrictionsForEquivalent						ProtocolIE-ID ::= 160
	id-CNTypeRestrictionsForServing							ProtocolIE-ID ::= 161
	id-NewGUAMI												ProtocolIE-ID ::= 162
	id-ULForwarding											ProtocolIE-ID ::= 163
	id-ULForwardingUP-TNLInformation						ProtocolIE-ID ::= 164
	id-CNAssistedRANTuning									ProtocolIE-ID ::= 165
	id-CommonNetworkInstance								ProtocolIE-ID ::= 166
	id-NGRAN-TNLAssociationToRemoveList						ProtocolIE-ID ::= 167
	id-TNLAssociationTransportLayerAddressNGRAN				ProtocolIE-ID ::= 168
	id-EndpointIPAddressAndPort								ProtocolIE-ID ::= 169
	id-LocationReportingAdditionalInfo						ProtocolIE-ID ::= 170
	id-SourceToTarget-AMFInformationReroute					ProtocolIE-ID ::= 171
[bookmark: _GoBack]	id-QosMonitoringRequest									ProtocolIE-ID ::= xxx


END
-- ASN1STOP
--------------------------------------------------------------END CHANGE --------------------------------------------------------------
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