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1 Introduction
This document discusses the current handling of the LIPA PDN connection release verification during an X2-based handover and the related potential issues.
2 Discussion
In Release 10, LIPA mobility is not supported and a LIPA PDN connection is deactivated when the UE moves, in idle or connected mode, from the HeNB where LIPA was activated.
Idle Mode
In idle mode, the UE may leave the HeNB where the LIPA PDN connection was activated due to cell reselection. If the UE performs a NAS procedure from any other cell, the MME detects that the UE has moved and will therefore deactivate the LIPA PDN connection for the UE. The following is an excerpt from 3GPP TS 23.401 [1] regarding the UE triggered Service Request (SR) procedure.
“If LIPA is active for a PDN connection and if the cell accessed by the UE does not link to the L-GW where the UE initiated the LIPA PDN Connection, the MME shall not request the establishment of the bearers of the LIPA PDN connection from the eNodeB in step 4 and shall request disconnection of the LIPA PDN connection according to clause 5.10.3. If the UE has no other PDN connection then the MME shall reject the Service Request with an appropriate cause value resulting in the UE detaching, skip the following steps of the procedure and initiate the release of the core network resources with the implicit MME-initiated Detach procedure according to clause 5.3.8.3.”

It can be seen that the MME rejects the SR with a cause value that results in the UE detaching, but this is based on the condition that the UE has no other PDN connection. 

Observation #1a: When the MME detects that an idle mode UE has moved from the HeNB where LIPA was activated, it deactivates the LIPA PDN connection and detaches the UE if no another PDN connection of the UE with the CN exists.
It should be noted that a UE may have, in addition to the LIPA PDN connection, another PDN connection (i.e. non-LIPA) towards the core network (CN). If this is the case, the action to detach the UE by the MME will not apply - since the condition of not having another PDN connection will not be true. 

Thus, if the UE has one more PDN connection towards the CN, then the MME will not reject the SR (since a non-LIPA PDN connection exists) and the UE will therefore not detach from the system (however the network deactivates the LIPA PDN connection). 
In fact, the stage 3 specification, 3GPP TS 24.301 [2], clearly addresses this case i.e. UE remains attached in the system if at least one (non-LIPA) PDN connection with the CN exists after the deactivation of the LIPA PDN connection. For example, the following is an excerpt for the tracking area updating procedure as specified in [2]:

“… 

If a TRACKING AREA UPDATE REQUEST message is received from a UE with a LIPA PDN connection, and if:

-
a GW Transport Layer Address IE value identifying a L-GW is provided by the lower layer together with the TRACKING AREA UPDATE REQUEST message, and the P-GW address included in the EPS bearer context of the LIPA PDN Connection is different from the provided GW Transport Layer Address IE value (see 3GPP TS 36.413 [36]); or

-
no GW Transport Layer Address is provided together with the tracking area update request by the lower layer,

then the MME locally deactivates all EPS bearer contexts associated with the LIPA PDN connection. If active EPS bearer contexts remain for the UE and the TRACKING AREA UPDATE REQUEST request message is accepted, the MME informs the UE via the EPS bearer context status IE in the TRACKING AREA UPDATE ACCEPT message that EPS bearer contexts were locally deactivated.
…”

Similar stage 3 text is also specified for the service request procedure.
Observation #1b: Stage 3 specification [2] also considered the case where a UE has simultaneous LIPA PDN connection and (non-LIPA) PDN connection with the CN.
Observation #1c: As per [2], when the MME detects that a UE has moved from the HeNB where LIPA was activated, the MME deactivates the LIPA PDN connection but does not detach the UE if another (non-LIPA) PDN connection with the CN exists for the UE i.e. the UE remains attached in the system.
Connected Mode
For a UE in connected mode with a LIPA PDN connection, the source HeNB is responsible to trigger the deactivation of the LIPA PDN connection before proceeding with a handover (via intra-node signaling with the LGW). In addition, the MME checks whether the LIPA PDN connection has been released during S1 or X2 handover. The following is an excerpt from the LIPA function description section in [1]:

“At the handover, the source MME checks whether the LIPA PDN connection has been released. If it has not been released:

-
and the handover is the S1-based handover or the Inter-RAT handover, the source MME shall reject the handover.

-
and the handover is X2-based handover, the MME shall send a Path Switch Request Failure message (see more detail in TS 36.413 [36]) to the target HeNB. The MME performs explicit detach of the UE as described in the MME initiated detach procedure of clause 5.3.8.3.”
Based on the text above the MME always rejects an S1 or X2 handover when it detects that a LIPA PDN connection has not been released for the UE in question. In addition, for X2 based handover, the MME performs an explicit detach of the UE.

Observation #2a: For S1 or X2 handover, the MME always rejects the handover based on the detection of an unreleased LIPA PDN connection. For X2 handover, the MME further performs explicit detach of the UE.
The rest of this document focuses on MME handling of LIPA PDN connection during X2 handover.

The MME behaviour in this scenario is inconsistent with the MME handling of the LIPA PDN deactivation in idle mode case. One could argue that SA2 has decided to handle the connected mode scenario differently from the idle mode scenario. However this is not clear since the stage 2 text doesn’t require the MME to detach the UE in the S1-based handover case. The MME behaviour in the X2-based handover case appears to be a behaviour that is unfavourable to the user experience.  

Question #1: Did stage 2 [1] assume one LIPA PDN connection only?

A key limitation or problem with this handling of the LIPA PDN connection during X2-based handover is that the UE can indeed have an additional PDN connection i.e. a non-LIPA PDN connection, which will be dropped (since the UE will be detached) during the failed X2 handover - simply because the MME detected an unreleased LIPA PDN connection.

Even though the user plane path of the non-LIPA PDN connection could be switched to the target cell, this PDN connection will be lost and the user’s session will be dropped. This will have a negative effect on user experience, with utmost severity if the additional PDN connection is in use for an emergency call.

If we assume the current stage 2 [1] does apply to scenarios where the UE has an additional non-LIPA PDN connection then the stage 2 text in 23.401 [1] as currently written mandates an MME handling of the Path Switch Request procedure in a way which is inconsistent with the MME behaviour specified in the RAN3 stage 3 text 36.413. The following is an excerpt from the Patch Switch Request Procedure description section in [3]. 

 “…In case the EPC failed to perform the UP path switch for at least one, but not all, of the E-RABs included in the PATH SWITCH REQUEST E-RAB To Be Switched in Downlink List IE, the MME shall include the E-RABs it failed to perform UP path switch in the PATH SWITCH REQUEST ACKNOWLEDGE E-RAB To Be Released List IE. In this case, the eNB shall release the corresponding data radio bearers, and the eNB shall regard the E-RABs indicated in the E-RAB To Be Released List IE as being fully released….”
 “…If the EPC fails to switch the downlink GTP tunnel endpoint towards a new GTP tunnel endpoint for all E-RABs included in the E-RAB To Be Switched in Downlink List IE during the execution of the Path Switch Request procedure, the MME shall send the PATH SWITCH REQUEST FAILURE message to the eNB with an appropriate cause value…”
From the text above, one can argue that the LIPA PDN connection will not be switched and the E-RABs for that connection fail to be switched. However, the non-LIPA PDN connection’s E-RABs may still be switched. Hence, for the case where the MME managed to switch at least one Non-LIPA connection the expected behaviour should fall within the scope a scenario where “the EPC failed to perform the UP path switch for at least one, but not all” PDN connections as described above, which clearly differs from what 23.401 specifies.
Observation #2b: Assuming the stage 2 text [1] applies to scenarios where UE has simultaneous LIPA and non-LIPA PDN connections with the CN, then the MME behaviour as required by the stage 2 text is inconsistent with the current 36.413 description of MME handling of the Path Switch Request procedure.
Observation  #2c: The inconsistency between the stage 2 text [1] from SA2 and the stage 3 text [3] from RAN3 can be fixed in either the stage 2 [1] specification and/or in the stage 3 [3] specification.
Based on the observations and question above, the following proposals are made:

Proposal #1: It is proposed to discuss the identified inconsistency in RAN3 and agree on the way forward based on proposal #2a and/or proposal #2b.
Proposal #2a: RAN3 should discuss the handling of LIPA and non-LIPA PDN connections and clarify in 3GPP TS 36.413 that the current handling of PATH SWITCH REQUEST message also applies to the case of UEs with simultaneous LIPA and non-LIPA PDN connections during connected mode mobility.
Proposal #2b:  RAN3 should send an LS to SA2 with a request for clarification on the handling of an additional non-LIPA PDN connection and hence UE detach during connected mode mobility.
3 Conclusion

We discuss in this paper the current handling of the LIPA PDN connection release verification during an X2-based handover and some potential issues. 

The following are observed for the deactivation of a LIPA PDN connection during UE idle mode mobility:
Observation #1a: When the MME detects that an idle mode UE has moved from the HeNB where LIPA was activated, it deactivates the LIPA PDN connection and detaches the UE if no another PDN connection of the UE with the CN exists.
Observation #1b: Stage 3 specification [2] also considered the case where a UE has simultaneous LIPA PDN connection and (non-LIPA) PDN connection with the CN. 
Observation #1c: As per [2], when the MME detects that a UE has moved from the HeNB where LIPA was activated, the MME deactivates the LIPA PDN connection but does not detach the UE if another (non-LIPA) PDN connection with the CN exists for the UE i.e. the UE remains attached in the system.
The following observations and question are highlighted for the LIPA PDN connection release verification during the X2-based handover:

Observation #2a: For S1 or X2 handover, the MME always rejects the handover based on the detection of an unreleased LIPA PDN connection. For X2 handover, the MME further performs explicit detach of the UE.

Question #1: Did stage 2 [1] assume one LIPA PDN connection only?
Observation #2b: Assuming the stage 2 text [1] applies to scenarios where UE has simultaneous LIPA and non-LIPA PDN connections with the CN, then the MME behaviour as required by the stage 2 text is inconsistent with the current 36.413 description of MME handling of the Path Switch Request procedure. 
Observation  #2c: The inconsistency between the stage 2 text [1] from SA2 and the stage 3 text [3] from RAN3 can be fixed in either the stage 2 [1] specification and/or in the stage 3 [3] specification.
Based on the observations and question above, the following are proposed:

Proposal #1: It is proposed to discuss the identified inconsistency in RAN3 and agree on the way forward based on proposal #2a and/or proposal #2b.

Proposal #2a: RAN3 should discuss the handling of LIPA and non-LIPA PDN connections and clarify in 3GPP TS 36.413 that the current handling of PATH SWITCH REQUEST message also applies to the case of UEs with simultaneous LIPA and non-LIPA PDN connections during connected mode mobility.
Proposal #2b:  RAN3 should send an LS to SA2 with a request for clarification on the handling of an additional non-LIPA PDN connection and hence UE detach during connected mode mobility.
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