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1. Introduction
The type of handover between two eNBs eNB1 and eNB2 can be configured. It is however possible that eNB1 is configured to trigger S1 handover to eNB2 while eNB2 has been configured to trigger X2 handover to eNB1.

In addition to the fact that nothing prevents from having such configuration, it is also possible that it results from a temporary configuration mismatch.

This paper presents the issue of consecutive S1 and X2 handover back to the source cell and proposes some solutions.

2. Description of the S1 and X2 ping pong Scenario
The UE moves from eNB1 to eNB2 by S1 handover and then back to eNB1 via X2 handover. For simplification the issue is presented in a scenario without MME relocation but the same analysis can be conducted with MME relocation.
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Figure 1: S1 HO followed by X2 HO back to source cell
The issue mainly arises from the following text in TS23.401 section 5.5.1.2.2 (S1-based handover, normal) introducing a timer to guard the forwarding in the eNB:

13.
The target eNodeB sends a Handover Notify (TAI+ECGI) message to the target MME.

14.
If the MME has been relocated, the target MME sends a Forward Relocation Complete Notification () message to the source MME. The source MME in response sends a Forward Relocation Complete Acknowledge () message to the target MME. Regardless if MME has been relocated or not, a timer in source MME is started to supervise when resources in Source eNodeB and if the Serving GW is relocated, also resources in Source Serving GW shall be released.

Even though the duration of this timer is not specified, it shall be long enough to let the data forwarding complete. Indeed, as currently specified in TS36.413, reception of S1 Context Release will remove everything in eNB1 including data forwarding (in contrast to X2 handover).

Due to this running timer, in this scenario of ping pong S1-X2, the Patch Switch Request message of the second X2 HO is most of time received by the MME from eNB1 while the S1 UE Context Release message has not yet been delivered to eNB1 to complete the first S1 HO. This creates the issues described in section 3.
3. Description of the Issues associated with the presented scenario
3.1 Issues related to the eNB
Option 1 for eNB
The eNB1 can recognize by an additional check when receiving the X2 Handover Request that the UE is already known by looking at the “old MME UE S1AP ID”. It could then continue to serve the UE and include in the Path Switch Request message the still existing eNB1 UE S1AP ID between eNB1 and MME. 
This option 1 seems in line with the following statement in TS36.413 section 8.3.3.3:

If the UE returns to the eNB before the reception of the UE CONTEXT RELEASE COMMAND message or the expiry of the timer TS1RELOCOverall, the eNB shall stop the TS1RELOCOverall and continue to serve the UE.

But this means the eNB reuses the existing source S1 connection to send the Path Switch Request instead of creating a new connection as usual at incoming X2 mobility (normally Path Switch Request opens a new connection during an X2 mobility). This could be seen as an error by the MME according to the following other statement in TS36.413 section 8.4.4.2:
The UE-associated logical S1-connection shall be established at reception of the PATH SWITCH REQUEST ACKNOWLEDGE message.
That statement was meant to say that the Path Switch Request Acknowledge message was triggering the establishment of the S1 after an incoming X2 handover. 
A second issue is that MME should then stop the timer and never send the S1 UE Context Release Command message. So SA2 needs to be liaised and this interaction described in TS23.401.
Another third issue is that, even if this interaction gets covered in the specification, one cannot prevent the S1 UE Context Release Command from the MME crossing the Path Switch Request sent by eNB1, which will lead to call drop!

In total this option 1 leads to two corrections in TS23.401 and TS36.413, plus the need to have an additional check in eNB at every incoming X2 HO, plus a new crossing issue. 
Option 2 for eNB
eNB1 treats this X2 handover “as usual”. It does not check the “old MME UE S1AP ID” before including it in the Path Switch Request message together with a brand new eNB1 UE S1AP ID i.e. eNB1 creates a new UE context as for any other incoming X2 handover. 
The advantage is for the eNB1 to avoid any check at incoming X2 handover and for the MME to keep Path Switch Request as opening a new S1 connection as per section 8.4.4.2.
Another advantage is to minimize MME impact since handling a new S1 connection is what MME would have anyway done if the UE would have popped up into an eNB3 rather than the eNB1 after the rapid S1-X2 HO.

The only drawback is that there actually is already an existing (pending) S1 connection between eNB1 and MME for this UE and MME could see as an error to not deliver a signalling message for this UE (the Path Switch Request) over that existing connection and a contradiction to what section 8.3.3.3 says (see here-above).
So eNB option 2 requires a correction of TS36.413 section 8.3.3.3.

In the end this scenario reveals a contradiction in between section 8.3.3.3 and section 8.4.4.2. In order to not introduce an additional check in target eNB at every incoming X2 handover and avoid impacting TS23.401 we prefer to clarify with option 2 and have eNB1 creating a new and second context for the UE in this particular case. 
Proposal 1: eNB should behave as specified in eNB option 2.

The consequence of this proposal 1 is that the section 8.3.3.3 needs to be corrected so that it doesn’t apply to the scenario of this paper.
Proposal 2: consequently correct section 8.3.3.3 in line with proposal 1.
3.2 Verification of the eNB Option 2 solution at the MME
The MME recognizes the context based on the MME UE S1AP ID received in the Path Switch Request message and can detect that the UE returned to old channel. 

In order to be backwards compatible the solution needs to work with both MMEs which keep the same MME UE S1AP ID at X2 handover and MMEs which re-allocate a new MME UE S1AP ID.

Option 1 for MME
MME responds with the Path Switch Request Acknowledge including the old MME UE S1AP ID unchanged. 
If the MME responds immediately, the eNB1 is however likely to detect an error according to section 10.6 of TS36.413:

If a node receives a first returned message that includes a remote AP ID which has been stored previously for another UE-associated logical connection for the same peer node, ..., the receiving node shall initiate an Error Indication procedure with inclusion of the received AP IDs from the peer node and an appropriate cause value. Both nodes shall initiate a local release of any established UE-associated logical connection (for the same S1 interface) having these AP IDs as local or remote identifier.

But MME can first release the old S1 connection at reception of the Path Switch Request message. Once the UE Context Release Complete is received, it can then reuse the old MME UE S1AP ID for the new S1 connection within the Path Switch Request Acknowledge message. This option seems to be valid assuming the eNB1 has behaved according to option 2.

Option 2 for the MME
MME may allocate a new MME UE S1AP ID within the Path Switch Request Acknowledge message. In this case it can respond immediately creating a transient second connection for this UE on eNB1. Then later it can release the old S1 connection at the expiry of the timer. This option seems to be also valid assuming eNB has behaved according to option 2.

Option 3 for the MME
Another option is to liaise SA2 and modify the S1 UE Context Release Command so that it operates like the X2 UE Context Release procedure: after an X2 Handover, the X2 UE Context Release message sent by the target eNB actually releases the context in the source eNB but without necessarily touching the data forwarding.
If the S1 UE Context Release Command is modified in TS36.413 and TS23.401 in the same direction as was designed for the X2 handover, then the MME at step 14 of TS23.401 could send that message to source eNB1 as soon as it receives the HO Notify from the target. This would remove all issues.
However this option has standards and SA2 impacts and is therefore not preferred. This leads to the following proposal:

Proposal 3: assuming eNB behave as eNB option 2, MME shall behave as per MME option 1 or 2 and option 3 is ruled out.
4. Conclusion
The issue related to the S1 HO timer started at step 14 in the MME in case of rapid S1-X2 back and forth handover has been presented.

It has been shown that the standards need to be clarified in one or the other direction as per eNB behaviour.
If eNB option 1 is agreed, an additional check in eNB at every X2 HO is needed, TS36.413 section 8.4.4.2 modified, and also SA2 must be liaised to describe in TS23.401 the interaction of the Path Switch Request with the timer step 14 in the MME.

If eNB option 2 is agreed together with associated TS36.413 standards alignment, then MME should be able to work fine without further additional standards impacts.
We therefore propose to agree eNB option 2 and associated CR in tdoc R3-112488. 
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