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1
Discussion
EPS fallback for voice when N26 is not supported is one of the main outstanding issues for the 5G System.

MO calls can be addressed in the same way as EPS fallback for emergency calls, namely: when the upper layers in the UE (i.e. the IMS client) needs to initiate a MO call, the NAS layer triggers a Service Request indicating the need for fallback. Once the EPS fallback is completed, the SIP INVITE is sent on the target (EPS) side.

There are two possible alternatives for MT calls:

-
Alt1: Upon reception of SIP INVITE the UE buffers the initial SIP response to the INVITE message until RRC redirection is performed to EPS, or
-
Alt2: The network triggers RRC redirection to EPS upon establishment of QoS Flow for voice. Some SIP messages may be lost during the fallback to EPS, but the procedure is completed by relying on SIP retransmissions.
This contribution proposes to discuss the call flows for both alternatives.

2
EPS fallback with Alt 1

The EPS fallback for Alt 1 (both MO and MT call) is illustrated in Figure 1. This solution was already presented in S2-179029.

The serving PLMN AMF has sent an indication toward the UE during the Registration procedure that IMS voice over PS session is supported and also has sent an indication that IMS voice over PS session requires a fallback.
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Figure 1: EPS fallback for Alt 1 (both MO and MT call)
1a. While connected to 5GS the UE receives an IMS message (e.g. SIP INVITE) indicating a Mobile Terminated (MT) call.

1b. While connected to 5GS UE has a pending MO call request from the upper layers (i.e. the IMS client).

2. Based on either of the previous two triggers, and if the 5GC has indicated support for “EPS fallback” during the Registration procedure, the UE sends a [5G NAS] Service Request message indicating that it requires EPS fallback.

3-4. The 5GS triggers a handover towards EPS by executing an N2-AP procedure in which it indicates to NG RAN that this is a handover for EPS fallback. No DRB for GBR QoS flow (5QI=1) is required by the NG-RAN.
5. NG RAN optionally solicits measurement reports for target E-UTRAN cell.

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.


Which method to reconnect with EPS is decided by the UE based on UE and network capabilities.


When the UE supports single-registration mode and network supports interworking procedure with the N26 interface the UE uses ‘5GS to EPS handover using N26 interface’ as described in chapter 4.11.1.2.1.

When the UE supports single-registration or dual-registration and the network does not support interworking procedure with N26 the UE uses ‘5GS to EPS mobility without N26’ as described in 4.11.2.2.
7. UE sends a SIP INVITE (MO call) or acknowledges the SIP INVITE received from the network (MT call).

8. Voice call is established in EPS with the GBR bearer (QCI=1) which is established after fallback. For the duration of the voice call in EPS the E-UTRAN is configured to not trigger any handback to 5GS. The presence of a voice call is deduced by the presence of a QCI=1 bearer.

9. The voice call is released using SIP signalling and the corresponding EPS bearer for voice media (i.e. with QCI=1) is released.

It is assumed that in most cases the EPS fallback procedure in absence of N26 can be executed within 2 seconds interval.
However, even if the EPS fallback execution takes longer than 2 seconds, the SIP 183 message (step 5 in Figure 1) is sent as soon as IMS PDN Connection is transferred to EPS, because in this approach the SIP 183 message acknowledges the initial INVITE message.

Observation 1: With Alt 1 the e2e SIP signalling call flow interruption is equal to the duration of the EPS fallback procedure.

3
EPS fallback with Alt 2

The discussion around Alt 2 is focused on MT call only, the assumption being that MO call is supported with the Service Request procedure.

Alt 2 is a network based approach.
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Figure 2: EPS fallback for Alt 2 (MT call only)
1. While UE is connected to 5GS, IMS signalling for MT call is initiated.

2. At some point in the IMS signalling call flow the P-CSCF requests QoS Flow resources.

3. 5GC initiates establishment of QoS Flow for voice (5QI=1).

4. NG-RAN rejects the establishment of QoS Flow for voice with a cause indicating “Handover in progress”.

5. NG-RAN initiates RRC release with redirection to EPS (or handover).

6-7. As soon as the PDN connection for IMS is transferred on EPS side, the PGW / SMF  / UPF requests establishment of Dedicated bearer for voice.

8. SIP signalling for MT call continues including retransmission of any SIP messages that were lost during EPS fallback.
Alt 2 requires analysis as to which SIP messages may get lost during EPS fallback.
Below is a call flow from TS 23.228 for MT call, with the addition of actual SIP message names in red ink (next to the generic message names as used by TS 23.228):
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Figure 3: Mobile termination procedure - home

According to TS 23.228 the P-CSCF initiates the resource request around step 6. This corresponds roughly to step 2 in Figure 2.
Assuming that NG-RAN rejects QoS flow establishment, which effectively triggers EPS fallback, the subsequent SIP message (PRACK in step 11) will be lost.

According to the SIP timer table in TS 24.229 (see Annex B of this paper) the PRACK will be retransmitted after 2 seconds, which means that second PRACK can be successfully delivered to the UE on EPS side, provided that the EPS fallback procedure takes less than 2 seconds to complete.

If EPS fallback takes more than 2 seconds to complete, then the retransmitted PRACK will also be lost. According to the SIP timer table in TS 24.229 (see Annex B of this paper) the third PRACK will be transmitted 4 seconds after the second PRACK, because the retransmission SIP timer is increased exponentially. This means that in this case the IMS call flow can resume only after 6 seconds (2s for the first rtx + 4s for the second rtx), even if the EPS fallback procedure takes only e.g. 3 seconds to complete.
Observation 2: With Alt 2 the IMS signalling flow for establishment of MT call can be interrupted by roughly 2 seconds or 6 seconds, depending whether the EPS fallback procedure can be executed within 2 seconds or not.
The 2-second retransmission timer applies only if UDP is used as transport for the SIP message. When TCP is used as transport, the retransmission from the P-CSCF is handled by TCP’s own retransmission mechanism. In this case it can be assumed that the retransmission of the lost (PRACK) message will be resumed as soon as IP connectivity is re-established on the target (EPS) side. Consequently, the interruption of the e2e IMS signalling flow for MT call in the TCP case may be comparable with the duration of the EPS fallback procedure. However, it seems that TCP transport is typically reserved for longer SIP messages and the PRACK is typically sent over UDP.

Observation 3: If TCP is used as transport for the lost message (PRACK) it may be possible to achieve IMS signalling break comparable with the duration of the EPS fallback procedure. However, there is no guarantee that TCP will be used for the PRACK (and today the PRACK seems to be carried mostly using UDP).

4
EPS fallback with Alt 3

Alt refers to the case where a network-based solution is also used for a MO call.

The overall call flow for MO call looks the same as in Figure 2.

The main difference between Alt3 and Alt2 is at the IMS call flow level.

Below is a call flow from TS 23.228 for MO call, with the addition of actual SIP message names in red ink (next to the generic message names as used by TS 23.228):
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Figure 4: Mobile originated procedure - home

According to TS 23.228 the P-CSCF initiates the resource request around step 7. This corresponds roughly to step 2 in Figure 2.

Assuming that NG-RAN rejects QoS flow establishment, which effectively triggers EPS fallback, and depending whether UE manages to send the PRACK (step 9) before IP connectivity is lost or not, it is either the PRACK (step 9) or 200 OK (PRACK) (step 15) that will be lost.

In either case the PRACK will have to be retransmitted after 2 seconds. If IP connectivity has not been re-established within 2 seconds, the PRACK will be retransmitted again 4 seconds later, etc.

Observations 2 and 3 also apply for the MO call case.

5
Proposal

Considering the discussion provided above it is proposed to move forward with Alt 1 because it incurs a break on the e2e IMS signalling flow that is predictable in length. Namely, with this approach the IMS signalling break is always roughly equal to the duration of the underlying EPS fallback procedure.
ANNEX
A
Call flow for MT call from TS 23.228
The call flow in TS 23.228 uses generic message names. The figure below has been modified to include the actual SIP message names.
5.7.2
(MT#2) Mobile termination, home

This termination procedure applies to users located in their home service area.

The UE is located in the home network, and determines the P‑CSCF via the CSCF discovery procedures described in clause 5.1.1.

When registration is complete, S‑CSCF knows the name/address of P‑CSCF, and P‑CSCF knows the name/address of the UE.
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Figure 5.18: Mobile termination procedure - home

Procedure MT#2 is as follows:

1.
UE#1 sends the SIP INVITE request, containing an initial SDP, via one of the origination procedures, and via one of the Serving to Serving‑CSCF procedures, to the Serving‑CSCF for the terminating user.

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 CSCF for this UE. It forwards the INVITE to the P‑CSCF in the home network.

4.
If the P-CSCF determines that the termination is for an 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 instructs PCRF/PCF to authorize the resources necessary for this session.

NOTE:
P‑CSCF can additionally authorize the resources in step 4 in scenarios where request indicates no 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.

7.
P‑CSCF forwards the Offer Response message to S‑CSCF.

8.
S‑CSCF forwards the Offer Response message to the originator, per the S-S procedure.

9.
The originating endpoint sends a Response Confirmation via the S-S procedure, 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 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 to repeat the Step 6 again.

10.
S‑CSCF forwards the Response Confirmation to P‑CSCF.

11.
P‑CSCF forwards the Response Confirmation to UE.

12.
UE responds to the Response Confirmation with an acknowledgement. If Optional SDP is contained in the Response Confirmation, the Confirmation Ack will also contain an SDP response. If the SDP has changed, the P‑CSCF authorizes that the resources are allowed to be used.

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 as shown in Figure 5.18. Otherwise, the IP‑CAN initiates the reservation of required resources after step 6.

14-15.
The 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 to S‑CSCF, via the S-S procedures. The S‑CSCF forwards the message toward the terminating endpoint along the signalling path.

19.
UE#2 alerts the destination user of an incoming session setup attempt.

20-22.
UE#2 responds to the successful resource reservation 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 response indicating Ringing. This message is sent to P‑CSCF and along the signalling path to the originating end.

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

27.
P‑CSCF indicates that the authorized media flows for this session should now be enabled.

28.
UE starts the media flow(s) for this session.

29-30.
P‑CSCF forwards the 200-OK to S‑CSCF, following the signalling path.

31-33.
The session originator responds to the 200-OK by sending the ACK message to S‑CSCF via the S-S procedure and it is forwarded to the terminating end along the signalling path.

ANNEX
B
SIP Timers from TS 24.229

Below is a table with recommended values for SIP timers copied from TS 24.229.

The most relevant timers for the discussion in this contribution are T1, Timer A and Time E.

Table 7.7.1: SIP timers
	SIP Timer 
	Value to be applied between IM CN subsystem elements 
	Value to be applied at the UE
	Value to be applied at the P-CSCF toward a UE
	Meaning

	T1
	500ms default
(see NOTE)
	2s default
	2s default
	RTT estimate

	T2
	4s
(see NOTE)
	16s
	16s
	The maximum retransmit interval for non-INVITE requests and INVITE responses

	T4
	5s
(see NOTE)
	17s
	17s
	Maximum duration a message will remain in the network

	Timer A
	initially T1
	initially T1
	initially T1
	INVITE request retransmit interval, for UDP only 

	Timer B
	64*T1
	64*T1
	64*T1
	INVITE transaction timeout timer

	Timer C
	> 3min
	> 3 min
	> 3 min
	proxy INVITE transaction timeout

	Timer D
	> 32s for UDP
	>128s
	>128s
	Wait time for response retransmits

	
	0s for TCP/SCTP
	 0s for TCP/SCTP
	0s for TCP/SCTP
	

	Timer E
	initially T1
	initially T1
	initially T1
	non-INVITE request retransmit interval, UDP only 

	Timer F
	64*T1
	64*T1
	64*T1
	non-INVITE transaction timeout timer

	Timer G
	initially T1
	initially T1
	initially T1
	INVITE response retransmit interval 

	Timer H
	64*T1
	64*T1
	64*T1
	Wait time for ACK receipt. 

	Timer I
	T4 for UDP
	T4 for UDP
	T4 for UDP
	Wait time for ACK retransmits 

	
	0s for TCP/SCTP
	0s for TCP/SCTP
	0s for TCP/SCTP
	

	Timer J
	64*T1 for UDP
	64*T1 for UDP
	64*T1 for UDP
	Wait time for non-INVITE request retransmits 

	
	0s for TCP/SCTP
	0s for TCP/SCTP
	0s for TCP/SCTP
	

	Timer K
	T4 for UDP
	T4 for UDP
	T4 for UDP
	Wait time for response retransmits 

	
	0s for TCP/SCTP
	0s for TCP/SCTP 
	0s for TCP/SCTP
	

	Timer L
	64*T1
	64*T1
	64*T1
	Wait time for accepted INVITE

request retransmits

	Timer M
	64*T1
	64*T1
	64*T1
	Wait time for retransmission of  2xx to INVITE or additional 2xx from other branches of a forked INVITE

	Timer N
	64*T1
	64*T1
	64*T1
	Wait time for receipt of a NOTIFY request upon sending SUBSCRIBE

	NOTE:
As a network option, SIP T1 Timer's value can be extended, along with the necessary modifications of T2 and T4 Timers' values, to take into account the specificities of the supported services when the MRFC and the controlling AS are under the control of the same operator and the controlling AS knows, based on local configuration, that the MRFC implements a longer value of SIP T1 Timer.


ANNEX
C
Call flow for MO call from TS 23.228

The call flow in TS 23.228 uses generic message names. The figure below has been modified to include the actual SIP message names.

5.6.2
(MO#2) Mobile origination, home
This origination procedure applies to users located in their home service area.

The UE is located in the home network, and determines the P‑CSCF via the CSCF discovery procedure described in clause 5.1.1. During registration, the home network allocates an S‑CSCF in the home network.
When registration is complete, P‑CSCF knows the name/address of S‑CSCF.
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Figure 5.15: Mobile origination procedure - home

Procedure MO#2 is as follows:

1.
UE#1 sends the SIP INVITE request, containing an initial SDP, to the P‑CSCF determined via the CSCF discovery mechanism. The initial SDP may represent one or more media for a multi-media session.

2.
P‑CSCF remembers (from the registration procedure) the next hop CSCF for this UE. In this case it forwards the INVITE to the S‑CSCF in the home network.


P-CSCF determines whether the INVITE message requires priority handling based on user profile stored during the registration procedure and/or the priority requested by the user and/or MPS code/identifier included in the INVITE message. If the session is determined to require priority handling, then P-CSCF inserts/replaces the priority indication and forwards the INVITE to the S-CSCF.

3.
S‑CSCF validates the service profile, if a GRUU is received as the contact, ensures that the Public User Identity of the served user in the request and the Public User Identity associated with the GRUU belong to the same service profile, and invokes any origination service logic required for this user. This includes authorization of the requested SDP based on the user's subscription for multi-media services. If the Request URI contains the SIP representation of an E.164 address then the procedure specified in clause 4.3.5.3 applies.

4.
S‑CSCF forwards the request, as specified by the S-S procedures. When the INVITE message includes priority indication, the S-CSCF forwards the INVITE, including the Service User's priority level if available.

5.
The media stream capabilities of the destination are returned along the signalling path, per the S-S procedures.

6.
S‑CSCF forwards the Offer Response message to P‑CSCF

7.
P‑CSCF instructs the PCRF/PCF to authorize the resources necessary for this session.

8.
P‑CSCF forwards the Offer Response message to the originating endpoint.

9.
UE decides the offered set of media streams for this session, confirms receipt of the Offer Response and sends the Response Confirmation to P‑CSCF. The Response Confirmation may also contain SDP. This may be the same SDP as in the Offer Response received in Step 8 or a subset. If new media are defined by this SDP, a new authorization (as in Step 7) will be done following Step 14. 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 to repeat the Step 7 again.

10.
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 resource reservation procedures for the offered media as shown in Figure 5.15. Otherwise, the IP‑CAN initiates the reservation of required resources after step 7.

11.
P‑CSCF forwards this message to S‑CSCF

12.
S‑CSCF forwards this message to the terminating endpoint, as per the S-S procedure.

13-14.
The terminating end point responds to the originating end with an acknowledgement. If Optional SDP is contained in the Response Confirmation, the Confirmation Acknowledge will also contain an SDP response. If the SDP has changed, the PCSCF authorizes the media.

15.
PCSCF forwards the answered media towards the UE.

16-18.
When the resource reservation is completed, UE sends the successful Resource Reservation message to the terminating endpoint, via the signalling path established by the INVITE message. The message is sent first to P‑CSCF.

19-21.
The terminating end point responds to the originating end when successful resource reservation has occurred. If the SDP has changed, the P‑CSCF again authorizes that the resources are allowed to be used.

22-24.
The destination UE may optionally perform alerting. If so, it signals this to the originating party by a provisional response indicating Ringing. This message is sent to S‑CSCF per the S-S procedure. It is sent from there toward the originating end along the signalling path.

25.
UE indicates to the originating user that the destination is ringing.

26-27.
When the destination party answers, the terminating endpoint sends a SIP 200-OK final response along the signalling path to the originating end, as specified by the termination procedures and the S-S procedures, to S‑CSCF.

28.
P‑CSCF indicates that the media flows authorized for this session should now be enabled.

29.
P‑CSCF passes the 200-OK response back to UE

30.
UE starts the media flow(s) for this session.

31-33.
UE responds to the 200 OK with an ACK message which is sent to P‑CSCF and passed along the signalling path to the terminating end.
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