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1 Introduction
At RAN3#85 CT4 in [2] requested RAN3 to analyse potential updates related to the handling of GTP Error Indication due to the introduction of the dual connectivity feature in release 12. RAN3 answered that no impact was foreseen as far as eNB receiving the GTP Error Indication message.  
Tdocs 1676 [3] and 1767 [4] however raised the different issue of GTP Error Indication message generated by the eNB e.g. following a reset of the SeNB and that issue was postponed.

This paper investigates the real impact of this issue which affects only the SCG bearers option, possible solutions and concludes.
2 Description of the SeNB Total Reset issue
Let us consider a Reset of the SeNB.
There can be two types of Reset: total reset or partial reset.

In case of total reset of the SeNB, the SeNB will not be able to send an X2 Reset message to the MeNB and DL S1U packets will get lost. Once SeNB has restarted two sequences will occur in parallel:

1/ SeNB starts being able to receive again DL S1U packets for which it has no context and therefore it generates GTP Error Indication message to SGW then SGW generates a DDN message to the MME which triggers a UE Context Release. 
2/ SeNB sends an X2 Reset to MeNB which can further trigger one of the following two actions:

· MeNB can decide to continue and get back the bearer, in which case it sends an ERAB Modification Indication message to the MME which sends an MBR to the SGW (1)
· MeNB can decide to delete the bearer and sends a ERAB Release Indication message to the MME which MME then sends a Deacivate Bearer Request to SGW (2)
In both case the MME can receive the DDN from SGW before the ERAB Modification Indication (1) or the ERAB Release Indication (2) from the eNB. In that case it will remove all UE contexts and bearers. 
Observation 1: the SeNB reset issue equally exists regardless the MeNB decides to delete the bearer or to keep it.
3 Potential Solutions

Solution 0: Do nothing
If no solution is found, the MME triggers the UE Context Release Command which removes all connections and bearers for the UE including the bearers under the MeNB. Moreover the interuption can be important since GBR bearers will be removed and the MME wll need to do Paging followed by Service Request procedures to re-establish the bearers. 

Do nothing is therefore not an aceptable option.

Solution 1: SGW change of behaviour specific for DC

SGW could notice that the GTP Error Indication is received for an S1U bearer which belongs to a SeNB. SGW could either:

· (solution 1a) Ask for the deactivation of the complete PDN connection.  This is however damaging but the current EPC design doesn’t allow the SGW to initiate the release one individual bearer.

· (Solution 1b) Send a special indication in an enhanced DDN message so that MME changes behaviour and initiates an individual EPC bearer deactivation (S1, S5, S8)  only for the involved EPC bearer (EPC bearer ID is already included in DDN message) instead of the whole UE context. However this changes not only the SGW and MME behaviours but also the GTPc interface. Also this removal is damaging given that the MeNB might have had the resources to hold back the involved bearer, particularly damaging if this is a GBR bearer. Additional drawback is also that if that bearer is the default bearer this leads to a complete PDN deactivation. This solution 1b therefore cumulates the disadvantages. 
· (Solution 1c) Start a timer and wait. As explained in section 2, the issue is due to race conditions between the two parallel sequences. Upon receiving the GTP Error Indication, the SGW could suspend its DDN during a timer and wait to see if it receives from the MME an MBR for path switch (1) or a deactivate bearer (2) and if yes, it would not send the DDN to the MME. This would however imply though fair impacts to SGW. Indeed, currently an SGW treats all bearers the same way: either they are all in idle state and SGW buffers or they are all in connected state. Solution 1c would thus introduce a new intermediate state in the SGW with some bearers are connected and some not. 
Solution 2: eNB timer

As explained in section 2, the issue is due to race conditions between the two parallel sequences. 

A solution symmetric to solution 1c is therefore to mandate the SeNB to not send GTP Error Indication over S1U during a configurable timer after a Reset. 

If the MME receives the ERAB Modification Indication (1), It will ask the SGW to switch the path back to the MeNB, SeNB will no more receive DL S1U packets when the timer expires and therefore no GTP Error Indication will be generated by the SeNB. 

If the MME receives instead the ERAB Release Indication message (2), it will ask the SGW to Deactivate the EPC bearer before the timer expires and no more DL packets will be received.

The timer would be set in the seNB such as to cover the time for the MeNB to reconfigure the SGW, i.e. a few seconds.

Solution 2 has the advantage of impacting only the SeNB, with minimum impacts.
It has fewer impacts that the solutions 1 and in particular it doesn’t impact the SGW to newly implement a new behaviour which would be specific to GTP Error Indication received from a SeNB.
Solution 2 is therefore preferable.
Moreover, one can see a precedent of solution 2 in the restoration section of TS23.007 section 27.2.2.5 [1] when it is said that, after restarting, a node (here the SGW) shall not send Error Indication during some time:
After the SGW restarts, the SGW shall not send Error indication message for a configurable period when the SGW receives a GTP-U PDU for which no Bearer context exists.

Proposal 1: select solution 2 and specify that after a Retart, a SeNB shall not send GTP Error Indication for a configurable period of time.
It is necessary to inform CT4 of our decision. CT4 may also want to impact their specification such as TS 23.007 accordingly.
Proposal 2: send an LS to CT4 to inform CT4 of RAN3 selecting solution 2 and align if necessary.

4 Case of SeNB partial S1 Reset

The case of a partial reset of the SeNB S1 is similar but even more critical.
The same timer-based solution as above could be used provided that the two parallel sequences happen i.e. it is necessary that the SeNB informs the MeNB through X2AP of the S1 Reset.

This is the new issue.

The coupling of S1 Reset and X2 Reset is something new introduced by dual connectivity.

Even if new situation, it is somewhat logical that MeNB is impacted by the S1 Reset of an SeNB given that it maintains control of the offloaded bearers. It is therefore not illogical to trigger the MeNB to react using an X2 Reset message. Nevertheless, this requires a modification of the X2 Reset procedure.

The issue is that X2 Reset is today global i.e. if some S1U SeNB bearers related to DC are in trouble, the full X2 interface would be reset, involving all X2 UE connections even for the UEs which are not in DC (e.g. all ongoing data forwarding erased).

It therefore becomes necessary to introduce a partial X2 Reset to avoids this problem.
Proposal 3: discuss the introduction of a partial X2 Reset and mandate the SeNB to generate an X2 Reset towards the MeNB even in the case of S1 reset or a partial S1 Reset.
5 Conclusion and Proposals 

This paper has analysed the pending open issue of handling of uplink GTP Error Indication sent by SeNB and concluded that the least impacting solution is the SeNB timer-based solution according to the following three proposals:  

Proposal 1: select solution 2 and specify that after a Retart, a SeNB shall not send GTP Error Indication for a configurable period of time.

Proposal 2: send an LS to CT4 to inform CT4 of RAN3 selecting solution 2 and align if necessary.

Proposal 3: discuss the introduction of a partial X2 Reset and mandate the SeNB to generate an X2 Reset towards the MeNB even in the case of S1 reset or a partial S1 Reset.

The LS to CT4 is in [5] and necessary CRs are presented in [6] and [7].
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