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Introduction

At CT4#66bis, CT4 discussed whether additional restoration requirements were required for networks supporting the Dual Connectivity feature with the Secondary Cell Group architecture. 

Specifically, it was commented that following an SeNB restart, receipt of GTP Error Indication from the SeNB would cause, per existing 23.007 requirements: 

· the SGW to send a DDN (cause 'Error Indication') to the MME; 

· the MME initiating an S1 Release procedure towards the MeNB, thus unnecessarily tearing down the S1-U & radio bearers and the signalling connection of the UEs, for all the bearers that were active in the MeNB;

· the MME having then to re-establish all these bearers using the network triggered service request;

· so causing significant signalling in the MME and MeNB and over the radio interface, and an interruption of few seconds of all the bearers (e.g. VoLTE call), thus a bad end user perception.
It was discussed whether it would benefit if the SeNB would defer sending GTP Error Indication for a short period after restarting, such as to allow the MeNB to reconfigure the S1-U bearers of the UEs affected by the SeNB restart, e.g. by moving these bearers back to the MeNB or deactiving them, before the SGW could receive any GTP Error Indication. Comments were made that this could however negatively affect other UEs (without dual connectivity) served by the restarted eNB.
It appeared during the discussion that conflicting requirements seemed to be specified in TS 23.007 regarding the MME behaviour, when the latter receives nearly simultaneously an (S1) Reset message and a DDN (cause 'Error Indication' message), which could result in ambiguous and possibly suboptimal system behaviour, since: 

· upon an (S1) Reset, the MME shall initiate the Dedicated Bearer Deactivation procedure for all GBR bearers in the EPC (cf TS 23.007 subclause 15A.1.1); 

· upon receipt of a DDN (cause=Error Indication), the MME shall send an S1 release for UEs in connected mode and then trigger the network triggered service request procedure (cf TS 23.007, clause 22) – whereby all the UE's bearers (including GBR bearers) are re-established.
Discussion

1. Dual connectivity
Following a global SeNB restart, UEs in connected mode with Dual connectivity will detect a Radio Link Failure (RLF) for the bearers established with the SeNB, keep these bearers, and report the failure to the MeNB after a few seconds. 

The MeNB has thus enough information to reconfigure the affected bearers in the SGW, e.g. moving them back to the MeNB or requesting their deactivation, and it can do so for all the affected UEs before the SeNB completes its restart, assuming that an SeNB takes more than few seconds to complete its restart. 

In these conditions, the SGW will not receive GTP Error Indication from the restarted SeNB, and consequently the SeNB restart will not affect the S1 connection and radio/S1-U bearers of the UE in the MeNB. So no new restoration requirements are necessary for this scenario.
RAN3 is also discussing partial eNB failure scenarios (e.g. affecting all or a subset of the S1 interface, with the radio still operational), whereby the UEs don't detect RLF, and for which the eNB may send GTP Errror Indication and possibly (S1) Reset. Since these scenarios may also involve X2AP considerations between the MeNB and SeNB, it is suggested to let RAN3 discuss them and let them come back to CT4 if they identify any new specific requirement relevant for TS 23.007.  
2. MME handling of S1 Reset and DDN (cause 'Error Indication') – regardless of Dual Connectivity
As discussed during offline discussions, following a global eNB restart: 

a) a UE in connected mode detects a RLF (Radio Link Failure) after a few seconds, does a re-establishment in any cell that it can find (e.g. macro cell if the UE was in a femto cell). If this cell is not prepared, the re-establishment fails and the UE does a NAS recovery (Service Request), which involves establishing a new RRC signalling connection to the MME. Assuming the Service Request is received by the MME before the S1 Reset, all the UEs bearers (including GBR bearers) are re-established. 

Note that following an RLF, the UE does the re-establishment, and if unsuccessful, the NAS recovery procedure even if it does not have uplink data to send. 

If the UE cannot reselect an alternative cell, the UE has to wait for the completion of the eNB restart – the end user will then most probably tear down the call before GBR bearers can be re-established.
b) at the same time, the SGW continues to deliver DL data, which will go to black hole before the eNB completes its restart.
c) Once completing its restart, the eNB sends a RESET over S1 to the MME. Per existing 23.007 requirements, the MME puts all the affected UEs (not having reselected an alternative eNB per a) above) into idle mode, send Release Access Request for each UE and deactivate GBR bearers; if the SGW acknowledged Release access bearer request and receives new DL data, the SGW will send DDN, so this entails the following sequence: 
RESET->Release Access Bearer procedure -> Delete GBR -> DDN ->Service Request ->Activate GBR -> Service Restored.

d) The SGW will still send DL data, until it receives GTP Error Indication; SGW sends DDN indicating it is due to GTP error indication, the MME puts UE into idle mode (for UEs in connected mode) and perform the network triggered service request procedure. So this entails the following sequence:
GTP error indication ->DDN -> Service Request. 
So it is expected that the UEs in connected mode affected by the global eNB restart will either: 

· trigger the Service Request via an alternative cell much before the eNB completes its restart – in which case c) and d) do not occur; or
· wait for the completion of the eNB restart (e.g. no alternative cell), but GBR bearers are then unlikely to survive as the eNB restart time will typically be much longer than end users will wait before hanging up the call.

In other words, the existing requirement c) is reasonable in the case of a global eNB restart. 
For partial eNB failure scenarios (e.g. affecting all or a subset of the S1 interface, with the radio still operational), the situation is different as UEs won't detect an RLF and as the eNB may be able to restart its S1 interface more quickly than if this were a global restart. So in that case, where c) and d) may occur simultaneously, it can be beneficial that the MME does not immediately trigger the GBR bearer deactivation upon receipt of a S1 Reset, so as to allow to re-establish GBR bearers for UEs for which either a Service Request or a DDN is received within some short time (e.g. few seconds) after the S1 Reset.

So it is suggested to consider modifying the requirements in TS 23.007 to allow the MME to defer the deactivation of the GBR bearers for some short period of time after receiving a S1 Reset message. 

Conclusion

No new specific restoration requirements have been identified at this stage for Dual Connectivity.
It is proposed to consider enhancing the existing MME requirements to allow the MME to defer the deactivation of GBR bearers for some short period of time following receipt of an S1 Reset, as this could benefit to partial eNB failure scenario. If this principle is agreeable, Alcatel-Lucent would be keen on providing a related 23.007 CR at the next CT4 meeting.
