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1. Introduction
In last RAN3 meeting, some discussions and agreement were made on GTP-U error indication in NG interface while errors in F1 interface were kept untouched. Meanwhile, an LS together with a CR on GTP-U Error Indication was received from CT4 on split PDU session. In this contribution, we make further analysis and provide our proposals accordingly.
2. Discussion
2.1. [bookmark: OLE_LINK16][bookmark: OLE_LINK17]GTP-U Error Indication
2.1.1. NG-U tunnel for split PDU session
Based on the LS from CT4, the SMF may report the GTP-U error for a split PDU session via PDU session resource modification procedure instead of PDU session release procedure as stated below:
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]for a split PDU session, the SMF may report those errors to the NG-RAN using a PDU session resource modification procedure, so that the NG-RAN may allocate a new N3 DL tunnel or move the QoS flows conveyed by the failed GTP-U tunnel to the other healthy GTP-U tunnel
CT4 asked RAN3 to provide feedback on the agreement made in CT4. From our point of view, it is more optimal to switch to a new tunnel than to release the whole PDU session if a GTP-U error happened. Similarly, for a split PDU session, if an GTP-U error indication is received in either the MN or the SN, it is also optimal that the NG-RAN reports the error to the SMF using PDU session resource modification procedure containing the erroneous TNL address so that the SMF can decide to establish a new NG-U tunnel rather than releasing the whole PDU session.
Proposal 1: It is proposed to check with CT4 on the feasibility of allocating a new NG-U tunnel for a split PDU session if a GTP-U error happened in the UPF.
2.1.2. [bookmark: OLE_LINK78][bookmark: OLE_LINK79]Xn-U/F1-U tunnel
The GTP-U tunnels within RAN3 scope where GTP-U Error Indication may occur encompass many types, from per-session NG-U tunnel toward per-DRB Xn-U or F1-U tunnels delivering PDCP PDUs. Therefore we have to find a solution for every case.
One solution may be always indicating such error by a release message. However, we do not consider it necessary since CT4 has agreed to allocate new tunnel for split PDU session. And the text in Section 5.3.3.2 of TS 23.527 itself also suggests that it is possible to avoid releasing:
	[bookmark: _Toc19709732][bookmark: _Toc27253007][bookmark: _Toc44856095][bookmark: _Toc44857983][bookmark: _Toc51840308][bookmark: _Toc161046355]5.3.3.2	GTP-U Error Indication received by another UPF
Upon receipt of a GTP-U Error Indication, the UPF shall identify the related PFCP session and send an Error Indication Report to the SMF, as specified in clause 5.10 of 3GPP TS 29.244 [4].
Upon receipt of an Error Indication Report from the UPF, the SMF shall identify the PDU session for which the Error Indication is received using the remote F-TEID included in the report.
For a GTP-U Error Indication received from another UPF, the SMF shall delete the PFCP session and PDU session, unless the UPF from which the Error Indication was received is controlled by the same SMF and the SMF is able to restore the user plane connectivity of the PDU session (e.g. Error Indication received from an Intermediate UPF controlled by the same SMF).



Observation 1: Releasing is not always necessary when a GTP-U Error Indication occurs, as implied in Section 5.3.3.2 of TS 23.527.
Therefore, for Xn-U or F1-U tunnels delivering PDCP PDUs (which are fully within RAN), we prefer using the modification (required) procedures to indicate such error.
Proposal 2: To use modification (required) procedures, rather than release procedures, to indicate the reception of GTP-U Error Indications for Xn-U and F1-U tunnels delivering PDCP PDUs. The impact is on XnAP, E1AP and F1AP.
2.1.3. MBS session F1-U 
The case in MBS service is similar: both the gNB-CU-UP and the gNB-DU may receive GTP-U Error Indications and are needed to report the event to the gNB-CU-CP.
[bookmark: OLE_LINK117][bookmark: OLE_LINK118]What message to use in E1AP can thus be aligned with unicast service, i.e. indicating the GTP-U error indication in the BC/MC modification procedure. In F1AP, however, there is no gNB-DU initiated context modification procedure. Hence we propose introducing the GTP-U error indication into the BC Transport resource request/ Multicast Context Notification Indication procedure.
[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: _Hlk148034290][bookmark: OLE_LINK25]Proposal 3: To use the gNB-CU-UP initiated BC/MC Modification procedure to indicate the reception of GTP-U Error Indication in E1AP and to use the BC Transport Resource Request/Multicast Context Notification Indication procedure in F1AP.
2.2. User Plane Failure 
2.2.1. Xn-U/F1-U
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Beside “Loss of GTP-U contexts”, there is another type of GTP-U exception: User Plane failure. This type of exception, as specified in Section 5.2.2 of TS 23.527, is detected by missing of Echo Response message. A User Plane failure, unlike a GTP-U error, can be detected by both GTP-U nodes, thus it works that only one end reports failure.
For NG-U paths (i.e. each encompassing every tunnels using the same UDP/IP address, regardless of GTP-U TEID), the management nodes are SMFs, whereas the GTP-U nodes are UPFs and RAN nodes. It was specified that UPFs, rather than RAN nodes, take the responsibility to report GTP-U failures of NG-U paths.
For F1-U paths / Xn-U paths delivering PDCP PDUs, the management nodes are gNB-CU-CPs, whereas the GTP-U nodes are the gNB-CU-UPs and gNB-DUs. Currently there is no means on either E1AP or F1AP/XnAP to report a user plane failure of F1-U paths / Xn-U paths delivering PDCP PDUs, thus we propose adopting a similar solution for NG-U paths, i.e. to enhance E1AP so that gNB-CU-UPs can report GTP-U failures on F1-U paths / Xn-U paths delivering PDCP PDUs.
Likewise, TS 23.527 allows keeping the Control-Plane context temporarily when GTP-U failure occurs. Therefore we propose using modification (required) procedures for such indication.
TS 23.527 also states that, if the UPF detected the recovery of a GTP-U path after failure, it shall report the recovery to the SMF as well. Thus we propose gNB-CU-UP to report such recovery as well for alignment.
Proposal 4: To use modification (required) procedures, rather than release procedures, to indicate either the failure or the recovery (from failure) of the GTP paths used for Xn-U or F1-U tunnels delivering PDCP PDUs. The impact is on E1AP only.
There is no need to consider paths dedicated for data forwarding, since Echo Request / Response is not sent over these paths as specified in Section 7.2.1 of TS 29.281.
2.2.2. MBS session F1-U
For MBS F1-U path failure, we think that a similar mechanism as for unicast service could be adopted, i.e. relying on the gNB-CU-UP to report the failure and also the recovery of user plane paths.
Proposal 5: To use the gNB-CU-UP-initiated BC/MC Modification procedure to inform the gNB-CU-CP of the failure and recovery of user plane paths.
2.3. Signalling design
According to TS 29.244, the UPF reports GTP-U exceptions by the following two types of messages:
· PFCP Node Report Request (7.4.5.1) to report UP failures.
· PFCP Session Report Request (7.5.8) to report reception of Error Indications.
Nevertheless, in RAN3 specs there is no need to introduce two new Elementary Procedures. Adding them as IEs seems sufficient enough—and we may introduce a new structure “GTP-U Report” to contain them collectively. We propose the detail content to be aligned with the design in TS 29.244.
Proposal 6: To introduce a new IE structure “GTP-U Report” into suitable existing RAN3 messages to contain reports of User Plane exceptions. The detail design of reports can be aligned with TS 29.244.
[bookmark: OLE_LINK132][bookmark: OLE_LINK133][bookmark: OLE_LINK130][bookmark: OLE_LINK131]For Broadcast service, gNB-CU-UPs are now only capable to request the release of MRBs, not to modify. To support user plane failure report, E1AP should be enhanced to enable gNB-CU-UPs to report the status of user plane via a new MRB to Modify List.
Proposal 7: To introduce an “MRB to Modify List” IE into the gNB-CU-UP-initiated Broadcast Modification Required message.
3. Conclusion
Proposal 1: It is proposed to check with CT4 on the feasibility of allocating a new NG-U tunnel for a split PDU session if a GTP-U error happened in the UPF.
Observation 1: Releasing is not always necessary when a GTP-U Error Indication occurs, as implied in Section 5.3.3.2 of TS 23.527.
Proposal 2: To use modification (required) procedures, rather than release procedures, to indicate the reception of GTP-U Error Indications for Xn-U and F1-U tunnels delivering PDCP PDUs. The impact is on XnAP, E1AP and F1AP.
Proposal 3: To use the gNB-CU-UP initiated BC/MC Modification procedure to indicate the reception of GTP-U Error Indication in E1AP and to use the BC Transport Resource Request/Multicast Context Notification Indication procedure in F1AP.
Proposal 4: To use modification (required) procedures, rather than release procedures, to indicate either the failure or the recovery (from failure) of the GTP paths used for Xn-U or F1-U tunnels delivering PDCP PDUs. The impact is on E1AP only.
Proposal 5: To use the gNB-CU-UP-initiated BC/MC Modification procedure to inform the gNB-CU-CP of the failure and recovery of user plane paths.
Proposal 6: To introduce a new IE structure “GTP-U Report” into suitable existing RAN3 messages to contain reports of User Plane exceptions. The detail design of reports can be aligned with TS 29.244.
Proposal 7: To introduce an “MRB to Modify List” IE into the gNB-CU-UP-initiated Broadcast Modification Required message.
Three CRs are drafted accordingly as shown in [1][2][3].
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