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Abstract of the contribution: This paper discusses how to support EPS/RAT fallback for IMS voice session over non-3GPP access when a UE wants to handover the IMS voice session from non-3GPP access to 3GPP access.
Discussion

1. Background

IMS voice service is supported both in 3GPP access and non-3GPP access. The AMF provides an indication toward the UE during the Registration procedure to indicate if an IMS voice over PS session is supported or not supported in each access. In addition, when a UE is attached to EPC via ePDG, the UE can make a IMS voice call over non-3GPP access. Note that ePDG is deployed in commercial networks and used to provide IMS voice service. As shown in Figure 1, during the call, when the UE moves out of the non-3GPP access coverage, the UE should try to move the IMS voice session to 3GPP access to provide voice call continuity if the UE received "IMS voice over PS Session Supported" indication over 3GPP access.
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Figure 1. Voice call handover to 3GPP access
The handover from non-3GPP access connected to EPC to 3GPP access connected to 5GC is supported via PDU Session Establishment procedure with Request Type indicating "Existing PDU Session". If the network supports IMS voice over 3GPP access connected to 5GC, the handover procedure should be successful.

However, if network supports IMS voice by using EPS fallback (or RAT fallback), how the network provides service continuity for IMS voice session over non-3GPP access is not specified.

Note that the same issue is exist when the UE has IMS voice session via N3IWF and the UE moves out of the non-3GPP access coverage.

Currently, the EPS fallback (or RAT fallback) procedure is triggered by the NG-RAN during the PDU Session Modification procedure as described in TS 38.413 clause 8.2.3.2. When the NG-RAN detects the establishment of QoS Flow for IMS voice (e.g. 5QI=1 QoS Flow), the NG-RAN reports fallback to the SMF using PDU Session Resource Modify Response Transfer IE (e.g. if NG-RAN accepted other QoS Flows except 5QI=1 QoS Flow) or PDU Session Resource Modify Unsuccessful Transfer IE (e.g. if NG-RAN does not accepted modification of network requested QoS Flows of the PDU Session).It means that the SMF may update/establish other QoS Flows during the PDU Session Modification to setup e.g. 5QI=1 QoS Flow and NG-RAN may only reject the QoS Flow for IMS voice.
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Observation 1: EPS fallback (or RAT fallback) procedure is triggered by the NG-RAN by performing handover or redirection during the PDU Session Modification procedure.

Observation 2: When the SMF requests to setup the IMS voice QoS Flows to the NG-RAN, the SMF may update/establish other QoS Flows. The NG-RAN may only reject QoS Flow for IMS voice.

2. Solutions candidates

2.1. Network based solution

According to Observation 1, when the UE handovers IMS voice session from non-3GPP access to 3GPP access, NG-RAN does not trigger handover or redirection to EPC (or E-UTRA connected to 5GC). In order to support EPS fallback (or RAT fallback) during the handover from non-3GPP access, the NG-RAN should trigger the handover or redirection to EPC (or E-UTRA connected to 5GC) during the PDU Session Establishment procedure.

Proposal 1: The NG-RAN triggers handover or redirection to EPC (or E-UTRA connected to 5GC) procedure during the PDU Session Establishment procedure in addition to the PDU Session Modification procedure.
Even though the NG-RAN triggers handover or redirection to EPC (or E-UTRA connected to 5GC) procedure during the PDU Session Establishment, there is another issue caused by Observation 2. When the UE requested to handover IMS voice session from non-3GPP access to 3GPP access, the SMF need to establish at least two QoS Flows, one for IMS signalling (e.g. 5QI=5 QoS Flow) and the other one for IMS voice (e.g. 5QI=1 QoS Flow). The SMF triggers Namf_Communication_N1N2MessageTransfer and includes PDU Session Establishment Accept message and N2 SM information to setup IMS signalling and IMS voice QoS Flows. In the NG-RAN, according to Observation 2, when it receives N2 SM information, the NG-RAN can only reject QoS Flow for IMS voice and accept QoS Flow for IMS signalling. As a result, the NG-RAN sends PDU Session Establishment Accept message to the UE. According to TS 23.502, as soon as the UE receives PDU Session Establishment Accept message, the UE can send uplink IMS voice traffic. Because there is no QoS Flow for IMS voice, such voice traffic cannot be handled properly in the NG-RAN. In order to solve the issue, the NG-RAN should reject the PDU Session Establishment.

Proposal 2: If the SMF requested to setup a new PDU Session with QoS Flow for IMS voice, the NG-RAN rejects the PDU Session Establishment with cause "IMS voice EPS fallback or RAT fallback triggered" and does not forward NAS message to the UE. After that the NG-RAN triggers handover or redirection to EPC (or E-UTRA connected to 5GC) procedure.

After handover or redirection to EPC (or E-UTRA connected to 5GC) is finished, the IMS voice session over non-3GPP access is still remained in non-3GPP access. So the UE should re-try to handover the IMS voice session from non-3GPP access to 3GPP access connected to the EPC (or connected to 5GC). The procedure is already supported as described in TS 23.502 clause 4.11.3.2 (or clause 4.9.2.1).

Proposal 3: After handover or redirection to EPC (or E-UTRA connected to 5GC) is finished, the UE re-tries to handover the IMS session from non-3GPP access to 3GPP access connected to the EPC (or connected to the 5GC).

2.2. UE based solution

The main issue of network based solution is handover delay. After the UE tries to handover a IMS voice session to 3GPP access, network triggers handover or redirection to EPC (or E-UTRA connected to 5GC) and then the UE should re-try handover. As a result, the delay is longer than normal EPS fallback (RAT fallback) procedure. Considering that the UE tries to handover the IMS voice session over non-3GPP access when the UE is moving out of non-3GPP coverage, there is possibility of packet loss due to long handover delay.

If a UE could know that the network will perform the EPS fallback (or RAT fallback) procedure, the UE can find and select E-UTRA cell connected to EPC and perform TAU (or E-UTRA cell connected to 5GC and perform Registration). After that, the UE can handover the IMS voice session from non-3GPP access to 3GPP access connected to EPC (or 3GPP access connected to 5GC). Because the UE directly changes core network (or RAT), handover delay can be reduced compared to network based solution.

Proposal 4: When the UE wants to handover IMS voice session from non-3GPP access to 3GPP access, the UE finds E-UTRA cell connected to EPC (or E-UTRA cell connected to 5GC) and performs TAU (or Registration) and handovers the IMS voice session.

Currently, however, the UE does not know whether the network performs EPS fallback (or RAT fallback). So the network should provide such information during the Registration procedure. For example, the AMF may include "Handover IMS session over non-3GPP access to EPC" (or " Handover IMS session over non-3GPP access to E-UTRA connected to 5GC") indication when the UE registers over the 3GPP access.

Proposal 5: During the UE registration to 5GC over 3GPP access, the AMF provides an indication on whether IMS voice session over non-3GPP access should be moved to EPC (or E-UTRA connected to 5GC) when the UE wants to handover from non-3GPP access to 3GPP access.

Because the UE itself has to select E-UTRA cell connected to EPC (or E-UTRA cell connected to 5GC), if there is active data transmission over 3GPP access, those traffic is dropped in the NG-RAN and service is temporarily interrupted.
3. Comparison

	
	NW based solution
(Proposal 1,2,3)
	UE based solution
(Proposal 4,5)

	Impact to the RAN
	NG-RAN triggers handover or redirection to EPC (or E-UTRA connected to 5GC) during the PDU Session Establishment and rejects the PDU Session setup so that accept message is not sent to the UE.
	No impact

	Impact to the Network
	No impact
	AMF provides an indication on whether IMS voice session over non-3GPP access should be moved to EPC (or E-UTRA connected to 5GC) when the UE wants to handover from non-3GPP access to 3GPP access.

	Impact to the UE
	After handover or redirection to EPC (or E-UTRA connected to 5GC) is finished, the UE re-tries to handover the IMS session from non-3GPP access to 3GPP access connected to the EPC (or connected to the 5GC)
	Before handover IMS voice session from non-3GPP access to 3GPP access, UE finds and selects E-UTRA cell connected to EPC and perform TAU (or E-UTRA cell connected to 5GC and perform Registration).

	procedure delay
	3-step (long delay)

1. HO try from non-3GPP to 3GPP

2. handover or redirection to EPC (or E-UTRA connected to 5GC)

3. HO from non-3GPP to 3GPP
	2-step (short delay)

1. TAU to EPC (or Registration via E-UTRA connected to 5GC)

2. HO from non-3GPP to 3GPP

	Continuity of other services
	Supported
	If the UE has on-going active data transmission over 3GPP access, service is temporarily interrupted.


Proposal

Discuss above issue and solution proposals. 
UE based solution is drafted in S2- 1909682 and NW based solution is drafted in S2- 1909685.
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".
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