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1 Introduction
At RAN3#85, Tdocs 1676 [3] and 1767 [4] raised the issue of GTP Error Indication message generated by the SeNB following e.g. a restart of the SeNB. Race conditions occurs at the MME and if the MME receives the DDN from SGW before the ERAB Modification Indication (1) or the ERAB Release Indication (2) from the MeNB, it removes all UE contexts and bearers
 At RAN3#85bis, the following agreement was taken:
SeNB informs the MeNB of SeNB GTP-U error without sending any GTP-U error.
This paper further analyses the issue and would like to reverse RAN3#85bis agreement and propose different conclusions. 

2 Description of the various SeNB S1 failure use cases
We think the analysis of this issue at RAN3#85bis was not complete. There are actually 3 possible use cases of S1-U path failure:
Use case 1: Total SeNB restart: 

In case of total SeNB restart, all S1-U are lost but also all X2 connectivity towards neighbour MeNBs and eNBs and also the radio is lost. 
In such situation, all the DC-UEs under SeNB will report after a few seconds to their respective MeNB an SeNB RLF and those MeNB nodes can notice at same time that X2 interface towards this SeNB is down.

MeNB has thus enough information to send E-RAB Modification Request messages for all these UEs to trigger the path switch back just a few seconds after the beginning of the SeNB restart. It is indeed assumed that an SeNB takes more than few seconds to complete its retstart. 

Under these asumptions, when the SeNB completes its restart the bearers have been switched back for long time and there is no need for the SeNB to refrain from sending the GTP Error Indication to the SGW.

Proposal 1: RAN3 to reverse the agreement reached at RAN3#85bis that after restaring:  SeNB informs the MeNB of SeNB GTP-U error without sending any GTP-U error.

As a consequence nothing needs to be standardized for this case.
Use case 2: Total SeNB S1 restart: 

In this case the failure at SeNB affects S1-U boards and all of them.
This means all dual connectivity S1-U paths are down at SeNB for all bearers and all UEs. But the radio is still operational at SeNB and also the X2 interface.
There are then multiple options :

Option 1: SeNB sends an X2 Reset to all neighbour eNBs which act as MeNBs. The drawback of this option is that over such X2 interfaces the legacy traffic will also be affected i.e. all X2 contexts will be removed for UEs not involved in dual connectivity and all X2-U data forwarding. Option 1 should be avoided.

Option 2: SeNB sends a SeNB Release Required message to neighbour eNBs to remove only DC contexts. The drawback of this solution is that the SeNB must send as many SeNB Release Required messages as it serves UEs in dual connectivity. This means potentially several hundreds of UEs at same time.This option should also be avoided.  
Option 3: to avoid options 1 and 2 above, a kind of general DC-reset would be needed over X2 i.e. SeNB informs the neighbour eNB that all X2 contexts related to DC are removed, but this general DC-X2 Reset only affects dual connectivity meaning that all legacy contexts remain. 
Proposal 2: for the total S1-U restart, a special DC X2 Reset is needed that would erase only DC-contexts and not single connectivity contexts. 
Use case 3: Partial SeNB S1-U restart: 

In this case the failure at SeNB only affects part of S1-U paths at SeNB i.e. only one S1 board.

In order to simplify the handling, considering the event of losing one S1 board remains rare, it is proposed to apply the same solution as losing all S1 boards (option 3 above). 

Proposal 3: for the partial S1 restart, apply same handling as total S1 restart i.e. send a special DC-X2 Reset that affect only all DC X2 contexts and not single connectivity contexts. 
3 Conclusion and Proposals 

This paper has analysed the three use cases involved by the SeNB S1-U path failure which are SeNB restart, SeNB total S1 failure and SeNB partial S1 failure. 

It has shown that sending X2 Reset is not acceptable for the two latter use cases. 

Proposal 1: RAN3 to reverse the agreement reached at RAN3#85bis that after restaring:  SeNB informs the MeNB of SeNB GTP-U error without sending any GTP-U error.

Proposal 2&3: for the total and partial SeNB S1 restart, a special DC X2 Reset is needed that would erase only DC-contexts and not single connectivity contexts. This is shown in [5] and [6]. 
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