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1. 
Introduction
This paper discusses the issue of recovering from a Radio Link Failure (RLF) when the UE is in the middle of a Voice over IP over LTE (VoLTE) or Video-Telephony over LTE (VTLTE) call.   The objective is to highlight scenarios in which a call can be dropped at the IMS level even though the UE is able to recover the radio link within a short amount of time. We also provide solutions available to address this issue. 

2. 
Problem Statement

UE can declare RLF during a VoLTE/VTLTE call due to two reasons:
· The quality of the serving cell goes below a threshold for certain configurable duration of time.
· During a handover, the UE cannot acquire the target cell within a configurable time (T304 in TS 36.331).
In either case the UE will attempt RLF recovery that involves the following two steps (performed in order):
1. Cell selection, whereby the UE attempts to camp on any suitable cell
2. Connection re-establishment in the newly selected cell
There is a possibility that in step 1 the UE acquires a new cell in an unprepared eNB, in which case the eNB will reject the RRC Connection Re-establishment request from the UE.  
Based on typical values used by networks for the RLF declaration timers (T304, T310), the above process: RLF declaration due to HO failure, cell selection and connection re-establishment attempt can take less than 1.5s in aggregate.  That is, after 1.5s UE is camped on another eNB.  The UE can initiate a service request procedure on the new eNB to send buffered packets and continue the call (or it can get a page over the eNB to receive DL packets).  The service request procedure is not expected to take more than a few 100ms.   The total time of 1.7s is typically less than the time needed by the source eNB to declare the uplink RLF. 
However, the eNB in which the RLF occurred (source eNB) will not get an indication that the UE has moved to another eNB and it will not get an indication that the UE has entered connected state on another eNB.  Hence, it will request the release of the S1 connection from the MME upon detecting an uplink RLF.  This may result in a loss of bearer indication from the MME through the SGW/PGW to the PCRF, which will be further propagated from the PCRF to the P-CSCF.  As per section 5.2.8.1.2 of TS 24.229, upon receiving the bearer loss indication, if the P-CSCF does not receive a SIP message from the UE or another entity removing the media belonging to the session for which the resources are no longer available, it shall send a SIP:BYE to end the session. As the final outcome, the call will de dropped at the IMS level even though the radio network was able to recover the radio link.    This situation could be prevented if the sending of SIP: BYE from the P-CSCF can be prevented in this case.  
3. 
Proposed Solution
The call drop can be avoided by modifying the P-CSCF behavior in TS 24.229 upon receiving a loss of bearer indication appropriately.    For instance, the text in 5.2.8.1.2 of TS 24.229 can be modified as shown in alternative 1 or 2 below to prevent the PCSCF from releasing the session if

1. Alternative 1:  It receives a SIP: REINVITE with a SDP identical to last SDP used in the session; or

2. Altrenative 2:  a SIP: REINVITE with a SDP identical to last SDP used in the session and Reason header set to “Bearer re-established”.

Current 24.229 5.2.8.1.2:
Upon:

1)
receipt of an indication that the radio/bearer resources are no longer available for a media negotiated in a session (e.g. an Rx interface message from PCRF) and if no SIP message removing the media for which resources are no longer available is received within an operator defined time after the reception of the indication;

2)
receipt of an indication that the signalling bearer is no longer available (e.g. an Rx interface message from PCRF); or 

3)
detecting that the SDP offer conveyed in a SIP response contained parameters which are not allowed according to the local policy (as specified in the subclause 6.2);

the P-CSCF shall release the respective dialog by applying the following steps:

1) if the P-CSCF serves the calling user of the session, then the P-CSCF shall generate a BYE request destined for the called user based on the information saved for the related dialog, including:
3.1
Alternative 1 24.229 5.2.8.1.2:

Upon:

1) receipt of an indication that the radio/bearer resources are no longer available for a media negotiated in a session (e.g. an Rx interface message from PCRF) and if, within an operator defined time after the reception of the indication, the PCSCF receives neither

a. a SIP message removing the media for which resources are no longer available is received;or

b. a SIP message with the same SDP as the last SDP signalled in the session 

2)
receipt of an indication that the signalling bearer is no longer available (e.g. an Rx interface message from PCRF); or 

3)
detecting that the SDP offer conveyed in a SIP response contained parameters which are not allowed according to the local policy (as specified in the subclause 6.2);

the P-CSCF shall release the respective dialog by applying the following steps:

1) if the P-CSCF serves the calling user of the session, then the P-CSCF shall generate a BYE request destined for the called user based on the information saved for the related dialog, including:
3.2
Alternative 2 24.229 5.2.8.1.2:

Upon:

1) receipt of an indication that the radio/bearer resources are no longer available for a media negotiated in a session (e.g. an Rx interface message from PCRF) and if, within an operator defined time after the reception of the indication, the PCSCF receives neither

a. a SIP message removing the media for which resources are no longer available is received;or

b. a SIP message with a SIP Reason header set to “Bearer re-established” 
2)
receipt of an indication that the signalling bearer is no longer available (e.g. an Rx interface message from PCRF); or 

3)
detecting that the SDP offer conveyed in a SIP response contained parameters which are not allowed according to the local policy (as specified in the subclause 6.2);

the P-CSCF shall release the respective dialog by applying the following steps:

1)
if the P-CSCF serves the calling user of the session, then the P-CSCF shall generate a BYE request destined for the called user based on the information saved for the related dialog, including:
4. 
Additional enhancement – Avoiding Bearer Loss Indication from MME to P-CSCF
Upon failed connection re-establishment, when the UE has new UL video/voice packets to send, it will issue a NAS layer Service Request via the new eNB, which will trigger establishment request of a new S1 connection to the MME.  The MME can associate this request with the existing S1 connection for the same UE via the source eNB. In this case, the MME can avoid sending the bearer loss indication, essentially treating this case like an inter-eNB handover. If the dedicated bearers to carry the VoIP traffic are not re-established automatically, the UE can trigger re-establishment of the dedicated bearers through appropriate SIP signalling. 

The current RAN3 specifications are not clear on how the MME will behave in the above scenario.  If there is an agreement, we recommend that CT1 send an LS to RAN3 to clarify the MME behaviour.

This solution will prevent the problem from being escalated to P-CSCF, but will be handled locally at the lower layers, in almost all cases, except when the RLF declaration timer in the UE and in the source eNB are very close to each other. However, since these values are configured independently, it can not be guaranteed that the timer in the UE is smaller than the timer in the eNB and hence this can not be the only solution, but can only be an enhancement.  
5. 
Conclusion
C1-134014 provides changes to 24.229 based on alternative 1. Also, CT1 is requested to send a LS to RAN3 for MME enhancements identified in section 4 above.
