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1. Background
This discussion paper is to study about the use of TCP transport protocol for the EPS fallback for the IMS session establishment.
2. EPS fallback for the IMS session establishment
Following figure shows if the P-CSCF is subscribed to the access network information and if an EPS fallback occurs at the time of resource allocations.
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Figure 1: Authorization at originating P-CSCF which derives the authorization on SDP response
1. The UE transmit the SIP INVITE message containing SDP offer to establish an IMS session.

2. The P-CSCF get the connection information such as IP address and port. 

3. The P-CSCF forwards the SIP INVIT message request towards the remote UE.
4. The P-CSCF gets the 183 SIP Session Progress response from the remote UE.

5. The P-CSCF get the connection information such as IP address and port.
6. The P-CSCF sends the session information to the PCF.

7. The PCF store the session information and performs session binding by associating data flows with applicable PCC rules to an existing PDU session. The PCF creates the session context for the application.

8. The PCF sends the confirmation to the P-CSCF.

9. The PCF sends Npcf_SMPolicyControl_UpdateNotify request to provide the SMF the updated session management related policy for the PDU session, according to 3GPP TS 29.512.
10. The SMF invokes service operation to AMF to transmit N2 SM information to the RAN node, e.g. Namf_Communication_N1N2MessageTransfer (SM Context ID, N2 SM information (PDU Session ID, N3 tunnel information, QFI(s), QoS Profile(s), Session-AMBR). Due to the IMS message exchange between the UE and the network, the UE is in CM-CONNECTED state and the AMF has established N2 transport association with the RAN node and therefor no Paging procedure is needed.
11. The AMF sends N2 interface message (PDU Session request) to the NG-RAN node according to 3GPP TS 38.40, to transmit the N2 SM information received from the SMF by using PDU_Session_Resource_Modify Request.
12. If the NG-RAN node rejects the new QoS flow for the PDU session establishment request from SMF. The NG-RAN rejection may be based on configuration in to use E-UTRAN for that PDU session, and thus to use inter-RAT mobility. Thus the EPS fallback starts.
13. The P-CSCF forwards the SDP response with in the SIP 183 Session Progress upon receiving the confirmation from the PCF in step 8, towards the UE. The SIP 183 Session Progress may get lost due to NG-RAG reject.
14. The NG-RAN node sends a QoS flow rejection indication to SMF included in the N2 SM information container which is included in N2 message (N2 Session response message) to the AMF. The NG-RAN node can also provide a reason for the rejected QoS flow establishment (e.g. non-supported 5QI and/or inter-system change needed). The NG-RAN node sends an indication to the AMF in the N2 Session response message or in a separate N2 message (e.g. a N2 request for AN resource release) that Inter-System Redirection is required and/or request for establishment of QoS Flow for IMS voice failed. The AMF is then to release the existing N1 connection with the UE in order to initiate re-direction to E-UTRAN (see clause 4.2.6 in 23.502).

15. The AMF forwards the N2 SM information container to the SMF with the reason for the rejection. The AMF performs a handover procedure if N26 is deployed or RRC release with redirection if the N26 interface is not deployed.
16. The SMF informs the PCF the loss of access network information. Alternately, The PCF can be informed by the AMF upon receipt rejection from NG-RAN node for QoS flow establishment that the inter-RAT is ongoing.

17. The PCF informs the P-CSCF about the access network information.
18. The P-CSCF acknowledges. 
19. The P-CSCF at this point knows that the EPS fallback has started. It should therefore be assumed if the P-CSCF receives a retransmitted SIP 183 Session Progress request in message 4', the P-CSCF shall not forward the SIP 183 Session  Progress request until the P-CSCF is notified that the access network is established.
A. Upon receipt of message 14 by the NG-RAN, the NG-RAN initiates either handover as described in subclause 4.11.1.2.1 of 3GPP TS 23.502 if N26 exists, or release of access network via inter-system redirection to EPS as described in subclauses 4.2.6 and 4.11.1.3.2 of 3GPP TS 23.502 if N26 does not exist. In both cases it is assumed that the UE is a dual mode UE with functionality for both 5GS and EPS. The PGW-C+SMF reports change of the RAT type to PCF if these changes are subscribed by PCF as specified in clause 4.11.1.2.1, or clause 4.11.1.3.2.6.
When the UE is connected to EPS, either Ba or Bb is executed.
B. One of the following will be executes:
a. In the case of 5GS to EPS handover, see subclause 4.11.1.2.1 of 3GPP TS 23.502, and in the case of inter-system redirection to EPS with N26 interface, see subclause 4.11.1.3.2 of 3GPP TS 23.502. In either case the UE initiates TAU procedure; or
b. In the case of inter-system redirection to EPS without N26 interface, see subclause 4.11.2.2 of 3GPP TS 23.502. If the UE supports Request Type flag "handover" for PDN connectivity request during the attach procedure as described in subclause 5.3.2.1 of 3GPP TS 23.401 [13] and has received the indication that interworking without N26 is supported, then the UE initiates Attach with PDN connectivity request with request type "handover".
20. At this point the UE and the network have E-UTRA connection. If TCP is used as the transport protocol the SIP 183 Session Progress request is transmitted towards the UE in message 13. After completion of the mobility procedure to EPS or the 5GS to EPS handover procedure, the E-UTRA sends the Attach Complete message to the MME.
21. Upon receipt of the Attach Complete message, the MME sends the modify bearer request to the SGW.
22. SGW sends modify bearer request to the SMF/PGW-C.

23. The SMF/PGW-C re-initiates the setup of the dedicated bearer(s) for the maintained PCC rule(s) and mapping the 5G QoS to EPC QoS parameters. The SMF/PGW-C reports about successful resource allocation to PCF and it also reports access network information if subscribed by PCF.
24. The PCF acknowledges.

25. The PCF reports about successful resource allocation to P-CSCF and it also reports the access network information if subscribed by the P-CSCF.
26. The P-CSCF acknowledges. At this point the P-CSCF that has subscribed to the access network information knows that network access is gained back again with a change from the NG-RAN to E-UTRA. If P-CSCF has received a retransmitted SIP 183 Session Progress request in message 4'once the access network is established, the P-CSCF forwards the SIP 183 Session Progress request towards the UE in message 13'.
C. The UE and the network will proceed with the remaining of the IMS session establishment procedure.

3. Conclusion
When the EPS fallback occurs during the IMS session establishment, preventing the loss of the SIP signalling by e.g. using TCP transport protocol, helps to establish the IMS session. Subclause 18.1.1 in IETF RFC 3261 introduces a mechanism that responses to a request reuse the same existing TCP connection that is used by the request. However IETF RFC 3261 does not exclude that the responses are transmitted on a new connection with TCP transport than the request has. If the request has been transmitted with UDP transport, it is not clear that the P-CSCF will use a UDP connection to send response. The transport of a SIP message is due to e.g. size of the SIP message, congestion control and avoiding fragmentation. For instance a SIP response is usually larger than a SIP request due to the added Record-Route header field values and thereby may be sent by TCP while the SIP request was transmitted by UDP.
Adding the transport TCP in the Contact header field for a particular service such as MMTEL at the time of IMS registration, the method may assume that the P-CSCF is "willing" to use the TCP and therefore the P-CSCF may not "willing" to do so unless it is enforced as an implementation option for the non-legacy IMS network. The legacy IMS network may still ignore the request by the network to use the TCP as the transport for sending the SIP messages for the MMTEL service. Note there is not any mandatory text in 3GPP TS 24.173 which specifies the network behaviour if the UE adds the TCP transport to the MMTEL ICSI in a contact at the IMS registration. Therefore a non-legacy IMS network may still ignore it.
If the P-CSCF has subscribed to the EPS fallback and the access network information, the P-CSCF knows about the lack of access network and when the access network is re-established. P-CSCF may therefore forwards the retransmitted SIP 183 Session Progress towards the UE upon re-establishment of the access network. Therefore TCP as the transport protocol is not needed in this case. If the TCP is not needed and the complications that TCP transport may create such as for the NAT between the UE and the P-CSCF can be avoided.

It is therefore proposed when the interworking without N26 is supported by the network, if the UE includes a service ICSI such as MMTEL as a URN urn:urn-7:3gpp-service.ims.icsi.mmtel and added it as a tag-value within the media feature tag g.3gpp.icsi-ref  in the Contact header field with an extension transport=tcp of the SIP REGISTER request and if the IMS has subscribed to the EPS fallback and the access network information, the IMS network should create a new a feature capability indicator as specified in IETF RFC 6809 and includes in the Feature-Caps header field of the SIP 200 OK response to the SIP REGISTER request sent by the UE. The new feature capability indicator may be named as "+g.3gpp.eps-fallback".
Example:

The UE may realize from the 5G registration that the network supports the interworking without N26 interface. At the time of IMS registration the UE insert the following in the Contact header field of the SIP REGISTER request.

Contact: <sip:alice@pc33.atlanta.com>; g.3gpp.icsi-ref="urn:urn-7:3gpp-service.ims.icsi.mmtel"; transport=tcp

If the registration is successful and the IMS network acknowledges the registered binding for the address-of-record (AOR) and also add a new contact for the same binding however without a specific transport protocol, the IMS network inserts the following in the SIP 200 OK response to the SIP REGISTER request:

Contact: <sip:alice@pc33.atlanta.com>; g.3gpp.icsi-ref= "urn:urn-7:3gpp-service.ims.icsi.mmtel"; transport=tcp
Expires=3600

The IMS network includes following Feature-Caps header in the SIP 200 OK response
feature-cap=+g.3gpp.eps-fallback
Upon receipt the SIP 200 OK response with the added new feature capability indicator for IMS network support for EPS fallback. in the Feature-Caps header field, the UE may realize that the IMS network support the EPS fallback and therefore, the UE may not need use of TCP transport for the MMTEL session establishment in order not to avoid any loss of SIP signaling due to EPS fallback. The TCP transport may still be used due to other factors such as the message size and congestion control.
A legacy rel-15 UE upon registration sees Feature-Caps header field in the SIP 200 OK response to the UE's SIP REGISTER request with a new feature capability indicator. The legacy UE may not understand the indication by the IMS network with other word. How the legacy UE behaves is due to the implementation. However the IMS network may not to comply with the request by the legacy UE and therefore the terminated SIP signaling for the MMTEL session establishment may use the appropriate transport UDP or TCP or any other protocol without considering the UE's request for TCP transport at the time of IMS registration, as long as those IMS signaling for the MMTEL session establishment are not responses to the requests sent by the UE on TCP transport.

See CR#0144 against TS 24.173 in document C1-204879 and CR#6436 against TS 24.229 in document C1-204880.
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