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Abstract: This discussion paper discusses the race conditions that can occur when the UE is in Alerting State and the network is in the process to perform handover to the CS domain, but the user answers the call in the PS domain prior to the network sending the handover command to the UE to tell the UE to retune to CS. This paper discusses the possible solutions to this problem and asks CT1 to agree on a way forward.
DESCRIPTION:
The following diagram depicts the time line that shows all the possible cases where the UE can answer the call, either prior to SRVCC being initiated, during the SRVCC network handover procedure, or after the network handover has completed.
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It’s important to realise that we are already specifying a solution for SRVCC-Alerting and the solution should be robust to handle all cases where the user answers the call after the point at which the network starts the handover, and not just when the network has completed the handover. In both cases, the outcome should be positive in that the call is connected. This is also captured by the following editor’s note captured in TS 23.237:
Editor's Note:
Solution for the scenario where the SCC AS receives the answer from the UE over the source access leg when the SCC AS has already responded with the alerting state information to MSC server will be resolved in stage 3.

SOLUTIONS:
Prior discussing the solutions, it is important to understand the following:

· The UE sends radio measurements to the eNB indicating the signal strength and the network decides whether or not to do handover.

· When there is significantly reduced signal strength the likely outcome for the UE is that the network will perform a handover or the call will be dropped.

· If handover occurred, the UE knows if the handover to CS or PS was successful when the UE receives the handover command from the network. 

Solution 1: UE-based solution
This solution involves some special logic in the UE that is only invoked when the UE is in the Alerting phase and has sent radio measurements to the network. In this situation, the UE is not aware whether handover will eventually occur (though the likelihood is high) and does not know whether the handover will be to PS or CS. However, in this situation if the user did answer the phone, the UE would wait for a time slightly greater than 300ms (the time for handover to complete) and delay sending the 200-OK until one of the following:
1. Timer times out. Handover did not complete.

· UE sends 200-OK.

2. UE receives command from network that handover completed and to retune to CS.

· UE does not sent 200-OK and instead sends a CS-Connect as if the user had answered the call in CS (and follows the regular procedure for SRVCC-Alerting)

3. UE receives command from network that handover completed and to attach to the new PS cell

· UE sends 200-OK.

Solution 2:  Network-based solution

It is important to not concentrate too much on the actual messages that are used for the network based solution at this stage, but to understand that this solution involves the network requiring to synchronise the CS state machines in the UE and MSC. On receipt of message 15 indicating that the UE answered the call (“confirmed” state), the MSC maps the SIP FSM state of “confirmed” to the N10 call active state in the CS state machine. 

The 24.008 [3] FSM in the UE and the MSC are now synchronized with the SIP state machine in the SCC AS. The SCC AS however needs to send the 200-OK to the remote party but it does not know that the UE has completed the handover to CS yet and moved to the “Active” state. Therefore, it must implement a small delay prior to sending the 200-OK.
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The above solution can be implemented by a number of methods:

Method 1: Use of SIP-INFO.

Assuming that steps 8/9 above use SIP-INFO, then when the UE answers and the SCC AS receives the 200-OK, the SCC AS needs to do some special processing to correlate this 200-OK to the sending of a SIP-INFO request to the MSC.

Method 2: Use of SUBSCRIBE-NOTIFY (dialog-event)
If the UE subscribes to dialog-event package when it sends the session transfer request, then the solution to the race condition comes for free in the SCC AS because when the UE sends the 200-OK, the SCC AS sends the NOTIFY to the MSC, depicted below:


[image: image3.emf]UE MSC Server I/S-CSCF

2. SIP INVITE

3. SIP 180 (Ringing)

5. SIP INVITE (STN-SR, SDP-MGW)

13. SIP NOTIFY (State info: “early”)

SCC AS

1. SIP INVITE

4. SIP 180 (Ringing)

6. SIP INVITE (STN-SR, SDP-MGW)

7. Update remote 

leg using SIP 

UPDATE

14. MSC moves to 

state N7 -Call 

received state

18b. UE moved to 

2G/3G CS, in session 

established state

12.SIP NOTIFY (State info: “early”)

16. SIP 200 (OK)

17. SIP 200 (OK)

19. SIP NOTIFY (State info: “confirmed”)

20. SIP NOTIFY (State info: “confirmed”)

21. MSC moves to 

active state N10

MSC-S needs to 

be updated on the 

progress of the 

call. Subscribes to 

dialog-event 

package 

(RFC4235)

10. SIP SUBSCRIBE (dialog-event)

11. SIP SUBSCRIBE (dialog-event)

15. User Answers

18a. Handover to CS 

completed

24.008 state machine in UE and MSC-S synchronized with SIP state machine in SCC AS 

22. Send final 

200-OK to remote 

party 

8. SIP 183 Session Progress

9. SIP 183 Session Progress


Solution 3:  Clean-up solution

The following diagram depicts a solution for negative outcome to the case where the user answers the call in PS when the handover is in progress:
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The above solution is just a clean-up and does not provide an ideal solution for SRVCC-Alerting.

FURTHER CONSIDERATIONS:
The UE based and network based approaches would need to also cater for the case where the UE already had a session established and received an incoming session (as depicted below, courtesy of Stage 2):
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BRIEF ANALYSIS:
1. UE based approach

· No extra messaging is required to solve the race condition.

· The outcome of the race condition is to follow the normal SRVCC-Alerting procedure. No special network processing required.

· The UE delay of 300ms is only required when the UE is in Alerting state and the UE has sent radio measurements to the eNB because the signal strength is below the defined threshold. Therefore, not every 200-OK is impacted by the delay.

· The solution can be used for all cases of incoming call (i.e. when the UE only has one alerting session or when the UE has a call waiting alerting session).

· The UE does not require to know that SRVCC is in progress. If the timer pops, the UE acts as normal and sends the 200-OK. If the network tells the UE that the handover to CS completes, the UE sends the CS-connect after retuning to CS.

· There are impacts on the UE, but note that SRVCC-Alerting already impacts the UE.

· In cases of PS handover when the UE is in Alerting state the delay of 300ms will also be incurred.

· The UE does not know that handover will take place, but the likelihood is high if measurements are sent to the network below the defined threshold.

2. Network based approach

· No further UE impacts on top of those already needed for SRVCC-Alerting.

· Requires more messaging in the network and more network impacts

· Does not take advantage of the synchronisation between the handover being completed and the 200-OK being sent to the remote party that comes for free in the UE-based solution.

· If SIP-INFO was used, would require special processing in the SCC AS to correlate the 200-OK to the SIP-INFO.
· Would need analysing to see if it can handle the case where there is already a session in progress and the alerting session is a call waiting session.

· As the 200-OK could be sent anywhere in the SRVCC procedure, needs to cater for all cases where the session transfer is in progress (i.e. must ensure that the SCC AS has received the session transfer request and has sent session state information to the MSC).

3. State clean-up approach

· No further UE impacts on top of those already needed for SRVCC-Alerting.

· Call gets dropped and the user has to dial again.

· Does not meet the Stage 2 requirements that says that a solution is required, i.e. a positive outcome solution. SRVCC-Alerting should be robust to handle all cases of when the UE answers the call with positive outcome. 
· Requires extra processing in the network to send the 480 response and BYE requests.

PROPOSAL:
It is proposed to discuss the above solutions in light of the Editor’s Note in TS 23.237.
Samsung prefer the UE-based solution to solving this issue, but are willing to consider a Network based solution. Samsung do not agree that this issue should be solved by state clean-up. 
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