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1 Introduction

Last RAN2 meeting discussed using MDT for reporting VoIP call drops.   This document looks what is considered a VoIP call drop and what can be measured in the network and UE.

2 Discussion

VoIP calls can be identified by an established QCI 1 bearer.  This is visible both in the eNB and UE (through NAS signalling).  Both network and UE keeps track of radio conditions and detects RLF.  When an RLF is detected in the UE, a re-establishment is triggered.  A failure in the re-establishment results in a NAS recovery procedure.  
If the UE does a successful re-establishment, the existing context in eNB is reused without releasing the VoIP RB.  In case of successful NAS recovery, the MME will be able to re-use the EPS bearer, again without releasing the VoIP RB.  In both these cases, there is no VoIP call drop itself.  The eNB also uses its own RLF detection to request the release of the S1 connection with cause “radio connection with UE lost” after a timer considered sufficient to allow NAS recovery.  This would happen if the UE could not even perform re-establishment.  Subsequently, the MME releases the EPS bearer.  Assuming the use of PCC (which is optional), the loss of the signalling/user plane bearer is reported to the P-CSCF by PCC, then the call is cleared in both directions.   Thus, a VoIP call is actually dropped when one of the two ends (UE or network) releases the VoIP bearer.   

Before the release of the bearers (during NAS recovery or while the timers are running), the user may hang up (due to silence on the line) and re-dial.  In this case, the call is dropped and a new one set up but will re-use the existing bearers.  This call drop is invisible to the eNB or MME and only be detected by monitoring the SIP messages.  

In summary, there are different cases – re-establishment, NAS recovery, failure of NAS recovery with bearer release and release of the call by IMS, user hangup/re-dial – that could be and are being considered as a VoIP call drop.  
Observation #1: Different matrix can and is used by different operators for VoIP call drop.  These could be a re-establishment, re-establishment failure (triggering a NAS recovery), failure of NAS recovery with bearer release leading to release of the call by IMS in the network or user hangup/re-dial without bearer release.
Observation #2: User hangup/dial before the bearer release is not visible to eNB or MME.
We look below at the network and UE behaviours on RLF and possibilities of recording VoIP call drop in more detail.

2.1 Network behaviour

 If the UE does a re-establishment, it is possible for eNB to identify that an RLF occurred in the UE and that there was a QCI 1 bearer at the time of RLF.  It is also possible for the eNB to put together the RLF info provided by the UE with the presence of QCI1 bearer at the time of RLF.  

In case of NAS recovery, the eNB may or may not have previous S1 connection.  If the old eNB still has the old S1 connection at the time of NAS recovery, MME identifies this and releases the old S1 connection.  The eNB could identify that a QCI 1 bearer was present at the time of S1 release.  However, there is no cause value in S1 UE context release message for eNB to clearly identify this as a release due to NAS recovery.  

If the eNB had actually released the S1 connection due to eNB detected RLF before NAS recovery, no information is available in the eNB though the MME may still have kept the bearer.  While it is possible in many cases to guess at the MME that the new RRC connection is due to a NAS recovery, there is no cause value in the NAS recovery message to do this unambiguously.  

If NAS recovery failed or did not happen, the MME subsequently tears down the EPS bearer leading to a call release.  

The above information can be correlated with the RLF report provided subsequently by the UE to identify an RLF did happen and the RRC Connection establishment was due to an RLF.  

In any case, the user hangup/re-dial cannot be detected by the eNB or MME.

Observation #3: The actual VoIP call drop is governed by network implementations and timers.  While the network can identify most of the above different VoIP call drop definitions except user hangup/redial, the information is spread between eNB and MME and it may not always be totally reliable.  
2.2 UE behaviour

When UE goes through an RLF (T310 or T312 expiry), UE collects RLF information for MDT reporting.  It is hence possible for the UE to identify and report presence of VoIP call (QCI1) at the time of RLF logging.  Similarly, the AS in the UE can identify the presence of QCI1 bearer at the time of re-establishment failure.  Further, the NAS in the UE is aware of the presence of the QCI1 bearer at the time of NAS recovery failure and can hence log it.

Observation #4: The UE (between the AS and NAS) can identify and log all of the above different VoIP call drop definitions except user hangup/redial.
As observed above, while the most of information is available in the network it is distributed and not totally reliable.  So it proposed: 

Proposal #1: Even though it is not a direct indication of VoIP call drop, it is proposed to include presence of a QCI 1 bearer at the time of RLF in the RLF report provided by the UE.  Further logging in the UE of the failure of subsequent re-establishment and NAS recovery should be considered.
User hangup/re-dial is quite difficult to detect even in the UE without help from the SIP layer.  

Proposal #2: Discuss if it is possible for UE to detect and include user hangup/redial in the log.
3 Conclusion and proposals
The document looked at what is VoIP call drop in the context of the KPI.  It also examined what is available in the network and the UE.  And what additional information is needed from the UE.   
Observation #1: Different matrix can and is used by different operators for VoIP call drop.  These could be a re-establishment, re-establishment failure (triggering a NAS recovery), failure of NAS recovery with bearer release leading to release of the call by IMS in the network or user hangup/re-dial without bearer release.
Observation #2: User hangup/dial before the bearer release is not visible to eNB or MME.
Observation #3: The actual VoIP call drop is governed by network implementations and timers.  While the network can identify most of the above different VoIP call drop definitions except user hangup/redial, the information is spread between eNB and MME and it may not always be totally reliable.  

Observation #4: The UE (between the AS and NAS) can identify and log all of the above different VoIP call drop definitions except user hangup/redial.
Proposal #1: Even though it is not a direct indication of VoIP call drop, it is proposed to include presence of a QCI 1 bearer at the time of RLF in the RLF report provided by the UE.  Further logging in the UE of the failure of subsequent re-establishment and NAS recovery should be considered.
Proposal #2: Discuss if it is possible for UE to detect and include user hangup/redial in the log.
