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Abstract of the contribution: This paper discusses the EPS fallback solutions and proposes way forward.
1. Introduction
In the last year, the EPS fallback alts are discussed for several meetings. So far there are two EPS fallback alts in the 23.501/502:

1) Network based EPS fallback(for both normal voice and emergency)
The network always indicates the support for IMS voice (normal voice and/or emergency voice)
When the Qos flow for the IMS voice or IMS emergency voice is due to established, the NG-RAN triggers the hand over to EPS.
2) UE based EPS fallback(only for emergency so far)
This mechanism is only used for IMS emergency voice MO case (No for MT) and is optional for UE.

The network indicates no support for IMS emergency voice but emergency EPS falback.

When the UE prepares to initiate an IMS emergency call, it send eSR to AMF with Emergency EPS fallback indicator. The network steers the UE to EPS (RRC release with redirection or HO).
The UE initiates the Emergency PDN connection setup in the EPS and makes IMS emergency call as per 23.167. 
The pros of the alt-1 are no UE impacts and network controlled voice service provision i.e. network has the power to decide to deliver voice over LTE or NR and therefore can smoothly migrate to Vo5G.
The pros of the alt-2 is that the network can get the UE location earlier for emergency as per the regulatory requirement if the 5G does not deploy the LCS. But this alt-2 has the UE impact.
2. Discussion
The open issue is whether the alt-2 can be extended to IMS normal voice. Before making the conclusion, the analysis and comparison are required.
The following questions are created by alt-2:
Q1:  Issue by the optional UE 
Because the UE based EPS fallback solution is optional for the UE, it is not clear what happened if the UE does not implement this feature.
This paper assumes the UE sends the EPS fallback capability indication to network and the AMF sends IMS voice over PS Session Supported Indicator and “EPS fallback” to UE if the network supports UE based EPS Fallback. However, if the UE does not send the EPS fallback capability indication to network, it is not clear how the network handle this case.
Q2:  Roaming Issue
If the alt-2 UE (UE based EPS fallback) roams to operator network which only deploy alt-1(network based EPS Fallback), there is no issue if alt2-UE (UE based EPS Fallback) natively support Vo5G. 
However, the big question is whether and why alt2-UE (UE based EPS Fallback) natively support Vo5G? Look at what happened in 4G era, both VoLTE and CSFB is optional feature but most of the UE only support CSFB in early deployment. 
But if the alt-1 UE (network based EPS Fallback) roams to operator network which only deploy alt-2 (UE based EPS fallback), it is not clear how the network handle this case.
For the Question 1 and 2, one potential solution is that the AMF sends the UE with IMS voice over PS Session not supported to enforce the UE to disable 5G. But this creates other issues. Firstly, it cannot make the UE camping on the 5G as much as possible; secondly, it creates the bad user experience. Some User may find he/she cannot camp on 5G while others can.
Q3:  Network complexity
To resolve the issue above, the possible way forward for the operator is: deploying both alternatives. But if one solution can resolve the issue, why requires both. And deploying both alternatives increase the complexity and CAPEX of network.
Q4:  UE protocol stack issue in the MT case
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For the MT case of alt-2(UE based EPS Fallback), when receiving an IMS SIP INVITE indicating a Mobile Terminated (MT) call, the UE will sends back 183 to network and then AF will trigger QFI=1 GBR QoS Flow setup procedure and then in most cases the NG RAN will reject the QFI=1 GBR QoS Flow setup request per S2-179056.
**********************************Copy from S2-179056******************************************
6. 
5GS fallback to EPS is executed. This can be done via handover or redirection with target information procedure, At this point the user plane path for all PDU Sessions switches towards EPS.

 
If NG-RAN receives a request for QoS Flow establishment between step 3 and step 6 the NG-RAN shall reject the request with a cause value indicating that intersystem handover procedure is in progress. Based on this indication the SMF/UPF/PGW shall trigger the Dedicated Bearer Activation procedure as soon as the movement to EPS is completed.  
************************************************************************************************
However, if we follow this method, it will contradict with what S2-179055 claimed for why UE based EPS Fallback is introduced as the UE based EPS Fallback also requires 5GS to support QoS Flow establishment. In others words, UE based EPS Fallback will have to support pretty much all the features of voice i.e. QoS flow establishment and IMS registration, which is almost same with network based EPS Fallback. 
Regarding delay, based the data from live network, the QCI=1 bearer establishment is about 30~50ms and less than 100ms and it does not add much delay at all.
**********************************Copy from S2-179055*******************************************If NG-RAN triggers RRC redirection at the time of QoS Flow establishment for voice then this solution means 5GC/NR will have to support pretty much all the features of voice and also redirection trigger is performed quite late. This adds unnecessary Capex cost and delay.
Proposal-2: RRC redirection trigger can be based on Service Request procedure.

************************************************************************************************
Alternatively, when receiving an INVITE for mobile terminating, the UE IMS client pends the IMS voice call and communicates with the UE 5G NAS stack, requesting the UE 5G NAS stack to send the Service Request with EPS fallback to AMF. Then after the UE moving into 4G, the UE 4G NAS stack shall indicate the UE IMS stack to resume the IMS voice call.
This creates the across layer issue, especially considering that, besides the natives IMS client, there are also lots of 3rd party IMS client in the market. How to handle the case when the 5G UE use these 3rd party IMS client? 
If we go with this method, it looks necessary we send a LS to CT1 to get their opinion.
3. Proposal

If we introduce UE based EPS Fallback, there are two terminals for 5G voice, i.e. UE based EPS Fallback and Vo5G and consequently

1) Bad migration to Vo5G

2) Unnecessary IOT complexity 

3) Unnecessary Roaming complexity
4) the network will lose the power to control whether to deliver voice over LTE or NR 
5) the network could have to support both solution especially considering roaming issue
However, we understand the requirement for RRC redirection trigger and we are ok to extend the current network based EPS Fallback to support both RRC redirection trigger and network trigger.
Therefore, the source company propose:

1) Extend the current network based EPS Fallback to support both RRC redirection trigger and network trigger
2) If we really want to go with UE based EPS fallback, it looks necessary we send a LS to CT1 to get their opinion.
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