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1. Introduction
Last meeting RAN3 discussed the handling of GTP-U error indication, triggered by an LS from CT4[1]. Many topics (e.g. handling of NG-U tunnels for split PDU session, handling of 38.425 tunnels) were left unsolved due to limited time.
This document provides our understanding of the topic of GTP-U error indication, as well as our understanding on user plane failure.
2. Discussion
2.1. [bookmark: OLE_LINK78][bookmark: OLE_LINK79]GTP-U Error Indication
Section 7.3.1 of TS 29.281 describes the only scenario that a GTP-U error indication message is sent:
	When a GTP-U node receives a G-PDU for which no EPS Bearer context, PDP context, PDU Session, MBMS Bearer context, or RAB exists, the GTP-U node shall discard the G-PDU. If the TEID of the incoming G-PDU is different from the value 'all zeros' the GTP-U node shall also return a GTP error indication to the originating node.



The problem is called “Loss of GTP-U contexts” in TS 23.527, that is to say, one GTP-U node may receive a GTP-U error indication only if its peer loses the GTP-U context for a GTP-U tunnel. Such case may happen at either GTP-U node of a GTP-U tunnel. Nevertheless, if the tunnel is only used to deliver forwarded data (thus does not last long), the node which receives the GTP-U error indication will always solve it locally. Only the cases other than delivering forwarded data require coordination among nodes.
Besides, GTP-U Error Indication is not used for IP multicast delivery, as specified in Section 7.1 of TS 29.281.
Observation 1: A GTP-U Error Indication may be received by either node of a GTP-U tunnel unless this tunnel is used to deliver forwarded data (in data forwarding) or uses IP Multicast Distribution.
The GTP-U tunnels within RAN3 scope where GTP-U Error Indication may occur encompassing 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 aligning with the solution on NG-U (for non-split PDU session), i.e. always indicating such error by a release message. However, we do not consider it necessary, as the text in Section 5.3.3.2 of TS 23.527 itself 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 2: 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 1: 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.
The case for split PDU session was discussed last meeting and we consider it is all right to try offloading first, if the other tunnel works well. Nevertheless, we believe that it is not needed to specify such behaviour.
2.2. User Plane Failure
[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 2: 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.
2.3. Signalling design
Considering the abovementioned two scenarios, we propose a relatively simple solution: to add an enumerated IE into the UP Transport Layer Information structure, which can be included in each modification (required) message covering every possible case on XnAP, F1AP and E1AP. This new IE includes only one code point “GTP-U Error Indication Received” in XnAP and F1AP, whereas includes three code points “GTP-U Error Indication Received”, “User Plane Path Failed” and “User Plane Path Recovered” in E1AP.
Proposal 3: To add an enumerated IE into the UP Transport Layer Information structure, which can be included in each modification (required) message covering every possible case on XnAP, F1AP and E1AP. This new IE includes only one code point “GTP-U Error Indication Received” in XnAP and F1AP, whereas includes three code points “GTP-U Error Indication Received”, “User Plane Path Failed” and “User Plane Path Recovered” in E1AP.
3. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Conclusion
Observation 1: A GTP-U Error Indication may be received by either node of a GTP-U tunnel unless this tunnel is used to deliver forwarded data (in data forwarding) or uses IP Multicast Distribution.
Proposal 1: 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 2: 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 3: To add an enumerated IE into the UP Transport Layer Information structure, which can be included in each modification (required) message covering every possible case on XnAP, F1AP and E1AP. This new IE includes only one code point “GTP-U Error Indication Received” in XnAP and F1AP, whereas includes three code points “GTP-U Error Indication Received”, “User Plane Path Failed” and “User Plane Path Recovered” in E1AP.
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