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1. Introduction
In LS S2-181282, SA2 stated that the service break during EPS fallback for IMS voice without N26 interface can be of the order of 1-3 sec, which may cause SIP messages exchanged between the UE and the network for the call setup to be lost and adversely affect call setup delay as well as user experience. In the same LS, SA2 suggested using TCP for transport of SIP messages to resolve the issue, and asked CT1 whether it was feasible to ensure the use of TCP.
At CT1#109, CT1 determined that it was technically feasible to ensure the use of TCP but a majority of companies expressed concerns about this solution due to the increase in resources used and the performance degradation at the P-CSCF. CT1 communicated the same to SA2 in reply LS C1-181789. The LS also stated that CT1 needed more time to study the possible alternatives and would provide further feedback about any results,


The purpose of the present document is to evaluate alternative solutions for this issue, and to propose a way forward.
2. Possible alternative solutions
Solution A: Trigger retransmission of unacknowledged SIP messages as soon as UE has IP connectivity in EPS
This solution relies on triggering retransmission of any unacknowledged SIP message as soon as the UE has IP connectivity in EPS, ie without waiting for SIP retransmission timers to expire:

· For the case when it is a SIP message sent by the UE that has been lost (and that has thus not been acknowledged by the P-CSCF), the UE retransmits the SIP message as soon as the UE has IP connectivity in EPS.

· For the case when it is a SIP message sent by the P-CSCF that has been lost (and that has thus not been acknowledged by the UE), since the P-CSCF may not necessarily know that there is no N26 interface in the PLMN where the voice call is being set up, in order to trigger retransmission at the network, there needs to be an indication from the UE that the UE has gained IP connectivity in EPS. To achieve this, it is proposed that the UE re-registers to the IMS as soon as it has IP connectivty in EPS. The PANI header field in the IMS registration message will enable the P-CSCF to know that the UE is now in EPS. Upon receiving the re-registration message from the UE, the network retransmits any unacknowledged SIP message to the UE.

Based on the above, the solution can be summarized as follows:

During EPS fallback for IMS voice without N26 interface, when the UE has IP connectivity in EPS:

1) If there are one or more pending unacknowledged SIP messages at the UE, the UE immediately retransmits the SIP message(s);

2) If there is no pending unacknowledged SIP message at the UE, the UE immediately re-registers with the IMS;

3) Upon receiving an IMS re-registration message from the UE indicating that the UE has moved from 5GS to EPS (based on the contents of the PANI header field), the P-CSCF immediately retransmits any pending unacknowledged SIP messages to the UE.

Pros of Solution A:

A-1) The solution ensures that lost SIP messages are retransmitted as soon as the UE has IP connectivity in EPS, thereby minimizing the time required to recover those messages.

A-2) No change to the SIP signalling is needed.

Cons of Solution A:

A-1) The solution requires updating the UE and the P-CSCF behavior to override SIP retransmission timers under certain conditions.

A-2) The P-CSCF will retransmit any unacknowledged SIP message to all UEs which re-register to the IMS after an intersystem change from N1 mode S1 mode, even if those UEs have not performed EPS fallback for IMS voice and/or the N26 interface is present. Note that this is not expected to happen often as currently there is no requirement for the UE to perform IMS re-registration after intersystem change from N1 mode to S1 mode, unless the UE is a dual-registered UE which has moved the IMS PDU session from N1 mode to S1 mode.
Solution A’: Trigger retransmission of unacknowledged SIP messages as soon as UE has IP connectivity in EPS with new field in IMS re-regisration message
This solution is identical to Solution A except that to resolve Cons A-2) above, the UE includes a new field in the IMS re-registration message indicating that the UE has performed EPS fallback for IMS voice without N26 interface. This enables the network to exercize Step 3) in Solution A only for UEs which have performed EPS fallback for IMS voice in a network without N26 interface.

Pros of Solution A’:

A’-1) The solution ensures that lost SIP messages are retransmitted as soon as the UE has IP connectivity in EPS, thereby minimizing the time required to recover those messages.

Cons of Solution A’:

A’-1) The solution requires updating the UE and the P-CSCF behavior to override SIP retransmission timers under certain conditions.

A’-2) The solution requires adding a new field in the IMS registration message and handling of the new field at the UE and the P-CSCF.

Solution B: Shorten the value of timer T1
This solution relies on decreasing the recommended value of timer T1 in TS 24.229 from 2 sec to 0.5 sec. With a value of 0.5 sec, normal SIP retransmissions would occur after 0.5, sec, 1.5 sec, and 3.5 sec instead of, respectively, 2 sec, 6 sec and 14 sec.
Pros of Solution B:

B-1) The solution does not impact SIP signalling.

B-1) The solution does not impact existing SIP retransmission mechanism.
B-2) The solution has very little specification impact (only timer value update).

Cons of Solution A:

B-1) The T1 timer value in TS 24.229 is only a recommended value. In practice, the value of timer T1 at the UE is configured by the home operator. Consequently, if the UE is roaming in a visited PLMN, the visited PLMN may use a T1 value different from that configured at the UE. This is problematic because the UE and the network use timer T1 to determine if a SIP transaction has expired, so they need to be in sync.

B-2) Depending on exactly when a SIP message is lost during the call setup, a retransmission time of 3.5 sec could still be experienced. In other words, it cannot be guaranteed that this solution will solve the problem in all scenarios.

Solution C: Negotiate the value of timer T1
This solution relies on having the UE negotiate the value of timer T1 during IMS registration. A voice-centric UE in a network without N26 interface could then request T1 to be set to 0.5 sec. This would resolve Cons B-1) above by ensuring that the T1 values used by the UE and by the P-CSCF are the same, even in the roaming case.

Pros of Solution C:

C-1) The solution does not impact existing SIP retransmission mechanism.

Cons of Solution C:

C-1) The solution requires updating SIP signalling as well as the UE and the P-CSCF behavior to enable timer T1 value negotiation during IMS registration.

C-2) Depending on exactly when a SIP message is lost during the call setup, a retransmission time of 3.5 sec could still be experienced. In other words, it cannot be guaranteed that this solution will solve the problem in all scenarios.

3. Conclusion
Based on the Pros and Cons described in the previous section, the 4 identified solutions compare as follows :

· Solution A ensures that lost SIP messages are retransmitted as soon as the UE has IP connectivity in EPS. It requires updating the UE and the P-CSCF’s behaviours to override SIP retransmission timers under certain conditions. Some SIP messages might be re-sent by the P-CSCF to the UE earlier than was really necessary (for UEs which perform IMS re-registration after intersystem change from N1 mode to S1 mode but are not undergoing EPS fallback for IMS voice without N26 interface).

· Solution A’ ensures that lost SIP messages are retransmitted as soon as the UE has IP connectivity in EPS. It requires updating the UE and the P-CSCF’s behaviours to override SIP retransmission timers under certain conditions. It ensures that unacknowledged SIP messages are re-sent to the UE before normal SIP retransmission timer expiration only for UEs which have performed EPS fallback for IMS voice without N26 interface, but at the cost of introducing a new field in the IMS registration message. The extra specification and implementation effort required to introduce this new field may not be worth the benefits.
· Solution B has little specification, P-CSCF and UE impact, but it is not guaranteed to solve the issue in all cases, and it can cause the T1 values used at the UE and at the P-CSCF to be out of sync, therefore it should be ruled out.

· Solution C ensures that the T1 values in use are the same at the UE and the P-CSCF, but it is not guaranteed to solve the issue in all cases, and requires updating the IMS registration procedure to enable negotiation of the timer T1 value, which has significant specification and implementation impact.

It is therefore proposed to proceed with Solution A. A corresponding CR is provided in C1-182195.
