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1. Abstract

This paper discusses issues terminating call retry after EPS fallback fails.
During our field test, we found there are scenarios that the EPS fallback fails due to bearer setup failures. According to our evaluation, if the incoming session can be retried in EPS or CS domain, the call completion rate can increase by about 1%.
2. Discussion
2.1 Use case

Use case:

step-1: the UE registers with 5GCN via NG-RAN;

step-2: the UE establishes an IMS PDU session, while the UE is still in 5GS;

step-3: the UE registers with IMS via the IMS PDU session, while the UE is still in 5GS;

step-4: the network establishes an IMS voice terminating call using the registration path established by the registration with IMS, while the UE is still in 5GS;

step-5: EPS fallback is needed;
step-6: EPS fallback fails due to bearer setup fails (e.g. bearer setup timeout), the network sends CANCEL request to the terminating UE after sending initial INVITE request; and
step-7: the network will not retry the incoming session in EPS or CS domain.
Observation-1: During our field test, when a UE registers with 5GCN in 5GS, registers with IMS in 5GS, establishes an IMS voice terminating call in 5GS, and EPS fallback fails due to bearer setup failures, if the incoming session can be retried in EPS or CS domain, the call completion rate can increase by about 1%.
Observation-2: There is an approved CR1312 to TS 38.331 RP-200358. The added voiceFallbackIndication in the MobilityFromNRCommand message and RRCRelease let the UE's access stratum and the E-UTRAN aware whether the handover/redirection is for voice fallback. Therefore, there is a way for E-UTRAN to prioritize the UE in the voice fallback from NR. It assumes there are no additional change requests in the core network and the UE. I.e. the network will not send CANCEL request to the terminating UE in this scenario.
2.2 A proposed CR to Nov 2020 e-meeting (CT1#127-e)
During Nov 2020 e-meeting, there was a contribution C1-207345 to resolve the issue. It was proposed to use the cause value "3" as described in subclause 7.2A.18.12.2 of TS 24.229 to redirect the UE to access 4G with combined attach to EPC and CS. Key changes are as follows:

Upon receipt of an indication that bearer resources allocation failure for a media negotiated in a multimedia session currently being established (e.g. an N5 interface message from PCF) and if no SIP message removing the media for which resources are allocated failed is received within an operator defined time after the reception of the indication, the P-CSCF shall:
1)
cancel that dialog by responding to the original INVITE request with a 500 (Server Internal Error) response. If a cause or error code was received from the entity controlling radio/bearer resources the P-CSCF shall include a Reason header field, with a protocol value set to "FAILURE_CAUSE" in the "protocol" header field parameter as described in subclause 7.2A.18.12.2, and the "cause" header field parameter set to "3" as described in subclause 7.2A.18.12.2; and
2)
by sending out a CANCEL request to the INVITE request towards the terminating UE that includes a Reason header field with a protocol value set to "FAILURE_CAUSE" in the "protocol" header field parameter as described in subclause 7.2A.18.12.2, and the "cause" header field parameter set to "3" as described in subclause 7.2A.18.12.2.
U.3.1.X SIP handling at the terminating UE when receiving a CANCEL request

When the terminating UE receives a CANCEL request that includes a Reason header field with a protocol value set to "FAILURE_CAUSE" including a cause value header field parameter set to "3" as specified in subclause 7.2A.18.12.2, the UE can disable the N1 mode capability for 3GPP access as specified in 3GPP TS 24.501 [258] and attempt to select an E-UTRA cell connected to EPC. If the CS domain is supported and available, the SCC AS may select CS domain for delivery of the incoming session.
2.3 Questions in Nov 2020 e-meeting (CT1#127-e) and related analysis
Question-1.1: UE can receive CANCEL request with the same reason for other purpose, and should not assume that it was intended for EPS fallback which this CR has as an assumption. UE could lose other ongoing services over 5GC unintendly, and it seems such behavior should be carefully studied.
Analysis: It was proposed to use a unique cause value "3", this cause value has never been used though it is specified in subclause  7.2A.18.12.2 already.
Proposal 1: The network uses a unique cause value to inform the UE for EPS fallback fails. Then, the UE disables the N1 mode and attempts to select an E-UTRA cell connected to EPC. A Reason header field with a protocol value set to "FAILURE_CAUSE" needs to be used in CANCEL request.
Question-1.2: The CR assumes UE is aware of the availability of CS domain while being registered in 5GC, but it cannot be ensured.

Analysis: The CR doesn’t have such assumption. The CR proposes the UE will attempt to select an E-UTRA cell connected to EPC. Then, if the CS domain is supported and available, the SCC AS may select CS domain for delivery of the incoming session. Also, the SCC AS may select EPS domain for delivery of the incoming session.
Proposal 2: The network should be aware of UE support for terminating call retry in EPS or CS domain and when the network can retry.
Proposal 3: A negotiation mechanism should be defined to make the UE aware of the network will do terminating call retry in EPS or CS domain after EPS fallback fails. After EPS fallback fails, the UE will try to perform combined attach in S1 mode.
Question-1.3: The proposed wording use “can” that seems to correspond to normative statement in clause U.3.1.X.

Analysis: Will change "can" to "may".

Question-1.4: Procedure related to SCC AS in clause U.3.1.X needs further study, e.g. needs to clarify the relationship with T-ADS procedure.

Analysis: Initially, the SCC AS can based on implementation specific timer to check whether the UE is attached to EPS or CS.
Proposal 4: The SCC AS needs to clarify the relationship between terminating call retry in EPS or CS domain after EPS fallback fails and T-ADS procedure. TS 24.292 will be impacted.
Question-2.1: Consider a malicious UE, the receiving UE needs to be protected against a malicious UE requesting to disable the N1 mode capability for 3GPP access.
Analysis: The UE can be protected by using Response-Source header field with a "fe" header field parameter set to "<urn:3gpp:fe:p-cscf.term>".
Proposal 5: CANCEL request and INVITE response (e.g. 500 response) need to support Response-Source header field. The network uses a Response-Source header field with a "fe" header field parameter set to "<urn:3gpp:fe:p-cscf.term>" to protect receiving UE against a malicious UE requesting to disable the N1 mode.
Question-3.1: The reason for change refers to the requirement of non ICS UE but the proposed changes are for a ICS UE with NR capability.

Analysis: The proposed changes are not for a ICS UE. Please refer to the use case in section 2.1
Question-3.2: CR proposes on reception of CANCEL request with reason- terminating UE should move to LTE combined attach/CS then

- what is the duration of disabling N1 mode and waiting for a paging over CS

Analysis: It can be a implementation specific timer.
Proposal 6: After an implementation specific timer is expired, the UE will enable N1 mode.
- in LTE combined Attach result is EPS-ONLY what shall be UE behavior and many such use cases needs to be thought for this CR

Analysis: The SCC AS may deliver the incoming session to the terminating UE via 4G.
Proposal 7: LTE combined attach result should be considered carefully, such as "EPS only".
Question-3.3: Does the proposed changes applicable only for voice centric UE

Analysis: This is the intention.
Question-4.1: It is doubtful that UE will already be in 2G/3G by the time the SCC-AS retries in CS.
Analysis: Please see above response (reply to Question-1.4).
Question-4.2: Moreover, how is SCC-AS or P-CSCF aware of UE support for retry in CS? Also, P-CSCF must be aware that retry is done otherwise it sends UE to CS without reason, Are these all configurations? Or are some additional indications needed beyond the one in CANCEL?

Analysis: Please see above response (reply to Question-1.2).

Question-4.3: Finally, clause U.3.1.X is a UE section, but only has a “CAN” for the UE, i.e. informative, but a “MAY” for the SCC AS. So in its current form I don’t see that the section can be agreed.

Analysis: Will fix this, a “MAY” for the UE.
Question-5.1: The purpose with annex X was to avoid to write N5 counterparts wherever we have Rx text in 24.229: "While the main body of the present document only describes usage of Diameter Rx and Cx and Sh reference points, the usage of the equivalent SBA services is a valid option", so I don't think we need any new text on that.

Analysis: Agree, will remove the text related to N5 interface.
Question-5.2: For the SCC AS there are two issues. First is as Sung says that this is a UE subclause, so what the AS does it does somewhere else, 

Analysis: Please see above response (reply to Question-1.4).
Question-5.3: the second is that we have avoided any normative statements on what happens in CS as 24.229 is a SIP specification. In clause L.5 there are some notes on possible interaction with CS domain.

Analysis: Agree, we can mimic clause L.5.

Question-6.1: FAILURE_CAUSE is expected to be used in responses as described in 7.2A.18.12.2. Is it appropriate to used in a request?
Analysis: Please see above response (reply to Question-1.1).

Question-6.2: Is it appropriate to describe SCC AS procedure in TS 24.229?
Analysis: Please see above response (reply to Question-1.4).
3. Conclusions

Observation-1: During our field test, when a UE registers with 5GCN in 5GS, registers with IMS in 5GS, establishes an IMS voice terminating call in 5GS, and EPS fallback fails due to bearer setup failures, if the incoming session can be retried in EPS or CS domain, the call completion rate can increase by about 1%.
Observation-2: There is an approved CR1312 to TS 38.331 RP-200358. The added voiceFallbackIndication in the MobilityFromNRCommand message and RRCRelease let the UE's access stratum and the E-UTRAN aware whether the handover/redirection is for voice fallback. Therefore, there is a way for E-UTRAN to prioritize the UE in the voice fallback from NR. It assumes there are no additional change requests in the core network and the UE. I.e. the network will not send CANCEL request to the terminating UE in this scenario.
Proposal 1: The network uses a unique cause value to inform the UE for EPS fallback fails. Then, the UE disables the N1 mode and attempts to select an E-UTRA cell connected to EPC. A Reason header field with a protocol value set to "FAILURE_CAUSE" needs to be used in CANCEL request.
Proposal 2: The network should be aware of UE support for terminating call retry in EPS or CS domain and when the network can retry.
Proposal 3: A negotiation mechanism should be defined to make the UE aware of the network will do terminating call retry in EPS or CS domain after EPS fallback fails. After EPS fallback fails, the UE will try to perform combined attach in S1 mode.

Proposal 4: The SCC AS needs to clarify the relationship between terminating call retry in EPS or CS domain after EPS fallback fails and T-ADS procedure. TS 24.292 will be impacted.
Proposal 5: CANCEL request and INVITE response (e.g. 500 response) need to support Response-Source header field. The network uses a Response-Source header field with a "fe" header field parameter set to "<urn:3gpp:fe:p-cscf.term>" to protect receiving UE against a malicious UE requesting to disable the N1 mode.

Proposal 6: After an implementation specific timer is expired, the UE will enable N1 mode.
Proposal 7: LTE combined attach result should be considered carefully, such as "EPS only".
4. Proposal

It is proposed to establish a new WID in CT1 scope to specify the related behavior of the network and the UE for terminating call retry after EPS fallback fails.
