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Background
The  following is a slight modification of the Reason for change of the SA 2 agreed CR S2-182380 with number 0234 rev 3 against 3GGP TS 23.502:

In case of EPS Fallback for voice, the operator may prefer to decide whether to use redirect the UE to EPS instead of inter-RAT handover. 

It is also proposed to allow NG-RAN to reject the PDU Session modification that sets up the QoS flow for media such as voice. If not rejecting the QoS flow, then the RAN needs to wait for the QoS flow establishment to be completed before initiating release / handover. In addition, there can be numerous cases when there is a modification needed for an established QoS flow (e.g. due to forked call), which need to be handled (or rejected) in 5GS  before the UE is moved to EPS. Also any further QoS flow establishment request on 5GS would anyway need to be rejected when a mobility procedure is ongoing.
Problem Statement

3GPP SA2 group has now defined a use case where the NG-RAN may reject an IMS voice session to trigger the core network to redirect the IMS MMTEL session to EPS.  This fallback from 5GS to EPS may happen at the time of IMS voice session setup and at the time when the P-CSCF allocates core network QoS flows which may eventually be mapped to RAN bearers by the gNB. Currently there is no direct communications between the RAN and the IMS core and therefore if this fallback does not occur within the exchange of the IMS session setup, some IMS signalling may be lost. The likelihood of losing IMS signalling may increase if the 5GS and EPS are implemented with AMF and MME having no direct connection i.e. N26 interface. 

Following figure illustrates the problem statement. 
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FIGURE 1. IMS session setup – Terminating side

On the terminating side the P-CSCF may authorize the resources in step 6 and that may trigger that NG-RAN may  reject the PDU Session modification that sets up the QoS flow for IMS voice. If the interface N26 which is connecting AMF to the MME, is not employed, the UE needs to detach from the 5GS and fallback to EPS by following the procedure for initial attachment to the EPS. This may take sometimes and thereby step 11 may be lost. The problem may also happen when the UE is the originating UE as illustrated in the following figure.
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FIGURE 2. IMS session setup – Originating side

On the originating side the P-CSCF may authorize the resources in step 7 upon receipt of the offer response. The resource authorization may trigger that NG-RAN rejects the PDU Session modification that sets up the QoS flow for IMS voice. If the interface N26 which is connecting AMF to the MME, is not employed, the UE may need to detach from the 5GS and fallback to EPS by following the procedure for initial attachment to the EPS. This may take sometimes and thereby step 15 may be lost.

In the past CT1 meeting, there was a proposal to rely on transmission control protocol (TCP) rather than user datagram protocol (UDP) for guaranteed delivery of the SIP signalling. Unlike UDP which is connectionless protocol and the sender transmits the data packets towards the receiver with no order, the TCP is a connection based protocol where the sender and the receiver set up a connection in priori to transmission and reception of the data packets. The data packets are received in the order they have been transmitted. Although TCP offers reliability, it may come at the cost of higher transmission time, header overhead which may be 2.5 times of that of UDP, mandatory acknowledgment on the recipient side, and handshaking of sender and recipient. Since there may be other protocol layers are employed for the over the air and core communications at the lower layers than the TCP or UDP layer, TCP may sometimes be interpreted more of  a burden rather than a solution. It may only help to transmit the data packets in the right order at the cost of network’s degradation.

The current solution is based on a communication between the NG-RAN and the IMS core. The solution proposes how the information about the NG-RAN rejection is transferred towards the Application Function (AF) which is collocated with the P-CSCF. Once the P-CSCF is aware about the fallback, it administers the IMS signalling for the session setup without any loss of SIP messages. The solution also proposes timers which may help the P-CSCF with the IMS signalling for the session setup. The solution assumes that the UE supports the IMS voice in both 5GS and EPS and the user has subscription for the IMS voice service independent of radio access technology (RAT). 

Resolution

The following figure illustrates a 5GS and EPS network architectures with the IMS network connectivity.
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FIGURE 3: The architectures of 5GS and EPS networks with IMS connectivity

The assumption in all the call flows is that the UE supports only one registration to either 5GS network or EPS (E-UTRAN) network, with other words the UE operates in single registration mode. The UE is registered to 5GS and also to the IMS network. Due to new radio conditions, operator’s choice, load balancing, or in the presence of QoS Flow for normal voice, the source NG-RAN node may trigger handover to EPS. 

The call flows in the following use cases, the UE successfully fallback from 5GS to EPS. The procedures involve a handover to EPS and setup of default EPS bearer and dedicated bearers for GBR QoS Flows in EPS. 

In the following flows the network entities such as AF + P-CSCF, PCRF + PCF, PGW-C + SMF, and AMF may subscribe to the event notification of each other, where that event notification may be the UE mobility and change of radio access technology. The model is based on network function consumer and network function provider, wherein the consumer subscribes to the event notification of the provider and the provide notifies about that event notification to the consumer if any change occurs for that event. The model is illustrated as in the following figure, where 
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FIGURE 4: Illustration of consumer and provider model

For instance the AF + P-CSCF as a consumer can subscribe to the event notification of the UE mobility and its change of radio access technology at the AMF as a provider. Once that event occurs, the AMF will notify the AF+ P-CSCF about the change of UE’s radio access technology. 

The IMS signaling for service setup is exchanged and while the UE is about to terminate the IMS session setup and the SIP INVITE is being forwarded from the S-CSCF towards the UE (MT) due to radio conditions, a Handover or Idle state fallback from NG-RAN to E-UTRAN is required. The assumption in this use case is that the N26 interface is not deployed. Note that this use case covers the EPS fallback for voice services, MMTEL.
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FIGURE 5. EPS fallback without N26 – Terminating UE
1- The originating party sends a Session Initiation Protocol (SIP) INVITE request containing an initial Session Description Protocol (SDP) offer towards the Serving Call Session Control Function (S-CSCF). 

2- S-CSCF validates the service profile and invokes any termination service logic required for this user. This includes authorization of the requested SDP based on the user's subscription for multi-media services.

3- S-CSCF remembers (from the registration procedure) the next hop P-CSCF for this UE. It forwards the INVITE to the P-CSCF in the visited network.

4- If the P-CSCF determines that the termination is for an Multimedia Priority Service (MPS) session, the P-CSCF derives the session information and invokes dynamic policy sending the derived session information to the PCRF. The P-CSCF remembers (from the registration procedure) the UE address, and forwards the INVITE to the UE.

5- UE determines the subset of the media flows proposed by the originating endpoint that it supports, and responds with an Offer Response message back to the originator. =The SDP may represent one or more media for a multi-media session. This response is sent to P CSCF.

6- P-CSCF authorizes the resources necessary for this session:

a. AF + PCSCF to PCRF + PCF: AF + P-CSCF transmits the Npcf_PolicyAuthorization_Create request containing the IP address of the UE  and the application identifier towards the PCRF + PCF. The AF + P-CSCF will receive the Npcf_PolicyAuthorization_Create reply, see 3GPP TS 29.514.

According to the note in 3GPP TS 23.228 QoS resources are authorized after bullet 5 in Figure 5.17, however with a note that 

NOTE:
P‑CSCF can additionally authorize the resources in step 4 in scenarios where request indicates requirements for resource reservation or that the required resources are already available on the originating side, as in such cases no SDP answer is received before the PCRF is requested to authorize the required QoS resources.

Therefore, this bullet could be initiated before bullet 4.

b. PCRF + PCF to SMF: The PCRF + PCF employs Npcf_SMPolicyControl_UpdateNotify request to provide the SMF (or combined node PGW-C + SMF in case that the MNO supports EPC and 5GC interworking procedures) the updated session management related policy for the PDU session, see 3GPP TS 29.512. The PGW-C + SMF responds by  Npcf_SMPolicyControl_UpdateNotify reply upon receipt of the request. 

c. PGW-C + SMF to AMF: The PGW-C + 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). It is assumed that 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). The assumption that the UE is in CM-CONNECTED state is based on the fact that the UE and the IMS sybsystem has exchanged IMS signalling messages (e.g. SIP messages) just before the establishemnt of the user plane connection as initiated in the steps 6a and 6b.
d. AMF to NG-RAN: The AMF sends N2 interface message (e.g.  PDU Session request) to the NG-RAN node to transmit the N2 SM information received from the PGW-C + SMF by using PDU_Session_Resource_Modify Request according to 3GPP TS 38.401. 

e. NG-RAN to AMF: if the NG-RAN node decides to reject the PDU session modification or new QoS flow establishment request from SMF, e.g the NG-RAN node rejects the N2 SM request from SMF for QoS flow for voice service. The NG-RAN node may decide the rejections e.g. based on configuration in the NG-RAN node to use E-UTRAN for voice services, and thus to use inter-RAT mobility. The NG-RAN node sends a QoS flow rejection indication to PGW-C + SMF included in the N2 SM information container which is again included in N2 message (e.g. 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 may send 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. This has the meaning for AMF to release the existing N1 connection with the UE in order to initiate re-direction to e.g. E-UTRAN/EPC (please refer to clause 4.2.6 in 23.502).

f. AMF to PGW-C + SMF: If received in step 6e, the AMF forwards the N2 SM information container to the SMF. The AMF may also provide the reason for the rejection of the PGW-C + SMF, e.g. Idle state inter-RAT mobility. Such an indication can be a trigger for the PGW-C + SMF that a specific indication is needed towards the PCRF + PCF to indicate that the UE is temporary not reachable.  . In addition to the exchange from AMF to the PGW-C + SMF for the IMS session, this step is also performed with all PGW-C + SMFs allocated to the UE for each PDU Session of the UE. For example the AMF uses Nsmf_PDUSsesion_Update_SMContext service operation. The PGW-C + SMF sends a response towards the AMF by using Nsmf_PDUSsesion_Update_SMContext reply. The AMF may decide whether to perform a handover procedure or RRC release with redirection based on the availlability of the N26 interface. For example, if the N26 interface is not deployed, the AMF decides to perform idle state mobility, i.e. RRC release with redirection. The AMF sends N2 UE Context Release Request/Command message to the NG-RAN node.

g. PGW-C + SMF to PCRF + PCF: After receiving rejection from NG-RAN node for QoS flow establishment for voice service and indication that inter-RAT mobility (e.g. EPS fallback in Idle state) is ongoing, the PGW-C + SMF initiates signalling towards the PCRF + PCF by invoking e.g. Nsmf_EventExposure_Notify request and providing the event that generates the notification and the event information. A type of the event as noted in 3GPP TS 29.508 is change in the type of Access Type. Upon receipt, the PCRF + PCF responds by sending Nsmf_EventExposure_Notify reply. Please note that the PGW-C + SMF may additionally inform the PCRF + PCF that inter-RAT mobility is ongoing in Idles state and the UE is temporary not reachable. 

h. PCRF + PCF to AF + P-CSCF: The AF + P-CSCF may subscribe to the radio access type change by employing Npcf_PolicyAuthorization_Subscribe service according to 3GPP TS 29.514. The subscription may also be based on the communication system change, any system change or any change that may occur so the UE is unreachable. The PCRF + PCF notifies PDU Session Modification by invoking Npcf_PolicyAuthorization_Notify request to the AF + P-CSCF. Upon receipt, the AF + P-CSCF responds by sending Npcf_PolicyAuthorization_Notify reply.

From the time the P-CSCF initiates authorization of the necessary resources for the PDU session until the time the P-CSCF receives the need for change of access technology, the P-CSCF may maintain a timer i.e. Timer 1. During this timer the P-CSCF may delay forwarding the Offer Response message it had received in bullet 5 in SIP 183 session in progress. The P-CSCF may also insert an indication in the SIP 183 session in progress for the S-CSCF regarding the need for the terminating UE to change of the access technology. The value for timer 1 may be configured and may be different for different implementations. If timer 1 is exhausted and the AF + P-CSCF has not been notified about any radio access and system changes or any unreachability of the terminating UE, the AF + P-CSCF may assume there was no change and interruption in the PDU session modification and/or IMS session establishment.

In order to avoid generalizing this delay, the P-CSCF invokes this procedures when the P-Access-Network-Info header field indicates 5G access technology in combination with other header fields showing the MMTEL service is requested. 

i. The AMF triggers ‘AN release’ procedure by sending N2 UE Context Release Request/Command message to the NG-RAN node. The AMF may include indication for target RAT redirection. The NG-RAN node releases the RRC connection and send re-direction indication with target cell information to the UE. The UE performs cell reselection procedure for E-UTRAN cell and initiates RRC Connection establishment and either NAS Tracking Area Update procedure or NAS Attach procedure. 

j. Step from the UE to the E-UTRAN is as in clause 5.3.3.1 (Tracking Area Update) in  3GPP TS 23.401 with the following modifications that the UE shall provide a 4G-GUTI that is mapped from the 5G-GUTI following the mapping rules specified in 3GPP TS 23.501. The UE indicates that it is moving from 5GC. It is assumed that the UE has received an indication from the 5GC that interworking between 5GS and EPS without N26 interface is supported. Otherwise, i.e. if interworking between 5GS and EPS without N26 interface is not supported, the UE may send a Attach Request message to the EPS. A general overview of the procedures are described in the mobility procedures in clause 4.11.2.2 in TS 23.502.

NOTE: Steps 6i and 6j are not most likely needed, however they have added to the call flow to implement the longest time scenario that the UE can connect to E-UTRAN.

k. Step between the MME and the E-UTRAN is as in clause 5.3.3.1 (Tracking Area Update) in 3GPP TS 23.401. If the MME determined that the old node is an AMF based on UE's GUTI mapped from 5G-GUTI and the MME is configured to support 5GS-EPS interworking without N26 procedure, the MME sends a TAU Reject to the UE.

l. UE sends Attach Request as in clause 5.3.2.1 (E-UTRAN Initial Attach) in 3GPP TS 23.401 with the modification that the UE constructs the Attach Request message according to the that the UE operates in for single-registration mode.. The UE indicates that it is moving from 5GC and provides 4G-GUTI mapped from 5G-GUTI.  If the UE wants to transfer a PDU Session to EPC as part of the Attach procedure, it includes a PDN CONNECTIVITY Request message in the Attach Request and provides a Request type "Handover", DNN/APN and PDU Session ID of the PDU Session (3GPP TS 23.401 [13], clause 5.3.2.1). The UE provides the PDU Session ID in PCO as described in subclause 4.11.1.1.

If the TAU was rejected in at the time the UE request TAU the IP address preservation is not provided. In this case the UE provides IMSI in the Attach Request, and does not provide a Request Type "Handover" in the PDN CONNECTIVITY Request if included in the Attach Request. The UE provides an EPS bearer ID for all mapped EPS bearers in the EPS bearer status. For the initial Attach Request the EPS bearer status is empty. The UE is aware the network is configured to support 5GS-EPS interworking without N26 procedure. The UE does not include the EPS bearer IDs corresponding to the 5G QoS flows to the EPS bearer status.

m. The Attach Request from the E-UTRAN to the MME  and the procedures for initial attach to E-UTRAN are described in subclause 5.3.2.1 (E-UTRAN Initial Attach) in 3GPP TS 23.401. Note if the UE provided a 4G-GUTI mapped from 5G-GUTI and the MME is configured to support 5GS-EPS interworking without N26 procedure, the MME does not perform, Identity request to old MME/SGSN/AMF.
NOTE: The steps with authentication and security  are not most likely needed, however they have added to the call flow to implement the longest time scenario that the UE connect to E-UTRAN.

n. Update Location as described in clause 5.3.2.1 (E-UTRAN Initial Attach) in 3GPP TS 23.401, with the modifications If the MME determined that the old node is an AMF based on the indication from the UE and the MME is configured to support 5GS-EPS interworking without N26 procedure, the MME does not include the "initial attach" indication to the HSS+UDM. The HSS+UDM does not send cancel location to the old AMF. The subscription profile the MME receives from HSS+UDM includes the DNN/APN and PGW-C + SMF ID for each PDU Session established in 5GC.
o. The procedures for the rest of the E-UTRAN attachment is described in clause 5.3.2.1 with the modification that the MME determines the PGW-C+SMF address for the Create Session Request based on the APN received from the UE and the subscription profile received from the HSS+UDM. The PGW-C+SMF uses the PDU Session ID to correlate the transferred PDN connection with the PDU Session in 5GC. As a result of the procedure the PGW-U+UPF starts routing DL data packets to the Serving GW for the default and any dedicated EPS bearers established for this PDN connection.

7- P-CSCF forwards the Offer Response message in SIP 183 session in progress to S-CSCF.

8- S-CSCF forwards the Offer Response message in SIP 183 session in progress to the originator.

9- The originating endpoint sends a Response Confirmation as a SIP PRACK message to S-CSCF. The Response Confirmation may also contain SDP. This may be the same SDP as in the Offer Response sent in Step 8 or a subset. If new media are defined by this SDP, a new authorization (as in Step 6) will be done by the AF + P-CSCF and PCRF + PCF following Step 12. The originating UE is free to continue to offer new media on this operation or on subsequent exchanges using the Update method. Each offer/answer exchange will cause the P-CSCF + AF and PCRF + PCF to repeat the Authorization step (Step 6) again.

10- S-CSCF forwards the Response Confirmation as a SIP PRACK message to P-CSCF. 

11- If the PCRF + PCF received an indication that inter-RAT mobility is ongoing in step 6h, the PCRF + PCF may inform the AF + P-CSCF to temporary hold-on the IMS signalling towards the UE until at least the default bearer is established in the target RAT and/or system. Upon receipt the Response Confirmation as a PRACK message, the P-CSCF should evaluate the elapsed time initiated at the time when P-CSCF + AF was notified that change of access technology was required to this step. If the time has elapsed a predetermined and/or preconfigured time which is Timer 2, the P-CSCF forwards the Response Confirmation to UE. Otherwise, the P-CSCF shall wait until Timer 2 is exhausted before forwarding the Response Confirmation to the UE. P-CSCSF may also retry if it does not receive the acknowledgement for the Response Confirmation by the terminating UE in message 12 or SIP 200 OK response. 

If the S-CSCF was informed for the access change Timer 2 would be implemented against the S-CSCF.  

12- UE responds to the Response Confirmation with an acknowledgement as a SIP 200 OK response. If Optional SDP is contained in the Response Confirmation, the acknowledgement (SIP 200 OK) will also contain an SDP response. If the SDP has changed, the P CSCF authorizes that the resources are allowed to be used. 

Since Timer2 has been exhausted, the UE is now on the EPS access technology. The UE shall therefore begin to insert from now onwards the new access technology in the PANI header field in the SIP messages.

13- Depending on the bearer establishment mode selected for the IP CAN session, resource reservation shall be initiated either by the UE or by the IP CAN itself. The UE initiates the reservation procedures for the resources needed for this session. Otherwise, the IP CAN initiates the reservation of required resources after step 6. 

14- 15- The acknowledgement (200 OK response) is forwarded to the originating end point.

16- 18- When the originating endpoint has completed its resource reservation, it sends the successful Resource Reservation message as a SIP UPDATE message towards S CSCF. The S CSCF forwards the message toward the terminating endpoint along the signaling path.

19- The UE alerts the destination user of an incoming session setup attempt.

20- 22- UE responds to the successful resource reservation by a SIP 200 OK response and the message is forwarded to the originating end.

23- 25- UE may alert the user and wait for an indication from the user before completing the session. If so, it indicates this to the originating party by a provisional SIP 180 ringing response indicating Ringing. This message is sent to P CSCF and along the signaling path to the originating end.

26- When the destination party answers, UE sends a SIP 200 OK final response to P-CSCF.

27- Upon receipt of the SIP 200 OK by the P-CSCF 

a. P-CSCF + AF indicates to PCRF + PCF and the authorized media flows for this session is now enabled via PGW-C + SMF and PGW-U + UPF.

b. UE starts the media flow(s) for this session.

28- 29- P CSCF forwards the 200 OK to S-CSCF, following the signaling path.

30- 32- The session originator responds to the 200-OK by sending a SIP ACK message to S-CSCF and it is forwarded to the terminating end along the signaling path.

The following figure illustrate the EPS fallback when the UE originates the IMS voice session setup.
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FIGURE 6. EPS fallback without N26 – Originating UE
The steps can be described as in the FIGURE 1 however for the originating UE.
Summary

This paper present a solution for EPS fallback of the MMTEL service from the 5GS. The solution is based on communication between the Core network and the IMS network and can be implemented with existing signalling parameters.
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