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1. Introduction
In RAN3#91bis meeting, we discussed the mobility optimization for LWA and agreed to further enhance the mobility scenario “inter eNB handover without WT change”. However, the details for this procedure are all open and been captured in the WF [1].
In this contribution, we analyze the open issues for inter eNB handover without WT change captured in [1], and provide relevant proposals.
2. Discussion

2.1. Stage 2 call flows
Issue 1: Whether need to keep UE context in WT in this procedure?
In Dual Connectivity, the UE context in SeNB is kept during MeNB handover. As LWA has same architecture and similar procedures as DC, we assume in LWA the UE context can also be kept in WT during eNB handover. 
The major content of the UE context in WT:

· UE WLAN MAC Address

· eNB XwAP ID

· WT XwAP ID

· LWA bearers and relevant TEID

· WLAN Mobility set

· Security Key

Among of them the eNB XwAP ID, WLAN mobility set and Security Key may change, and the new information need to be updated in the WT addition request message by the target eNB. And the TEIDs for the LWA bearers may change according to the strategy of the WT.

In Rel-13 LWA, WT already support to setup and release UE context according WT addition and WT release procedure. To support UE context keeping in the WT requires WT to address for the old context and do relevant update to the context, it also require WT to decide whether to accept the new addition request due to the change of WLAN mobility set.

To support UE context keeping in the WT during inter eNB handover will also impact the X2 and Xw procedures, e.g. in Handover Request and WT Addition Request the previous WT UE XwAP ID should be included as a reference to the UE context in the WT, and in Handover Request Acknowledge and WT Release Request an indication should be included to indicate UE context is kept.

Observation 1: Keep UE context during inter eNB handover requires new functionality of WT and impact to X2 and Xw procedures, and we do not see any benefit to do it.
Proposal 1: Not to support UE context keep during inter eNB handover.
Issue 2: Whether the WT Addition procedure happens during the Handover Preparation procedure or after the handover?
In the last meeting, some companies showed that WT addition procedure could happen during handover preparation procedure, while some company suggested to delay the WT addition procedure after the whole handover procedure is completed.
Option 1: Put the WT addition procedure in the handover preparation procedure.
It’s a normal procedure to do WT addition first before send HO command to the UE, if the WT addition fails, the handover request Acknowledge and HO command should not contain LWA configuration information.
Second, the WT addition procedure will not cost a long time, do it during handover preparation will not delay the handover preparation procedure a lot.
Observation 2: If WT addition happens in handover preparation procedure, the delay to handover preparation is acceptable, and LWA configuration should not be included in Handover Request ACK and HO command in case of WT addition is failed.
Option 2: Delay the WT addition procedure after the whole handover procedure is completed

Upon reception of HO command, UE may apply the configured WLAN mobility set and start the association with WLAN before WT addition, then the association might succeed before WT addition. And in case of WT addition fails, eNB need to reconfigure UE to remove the LWA configuration.

Observation 3: If WT addition happens in the end of handover procedure, WLAN mobility set has been configured to the UE within HO command and UE may succeed in association with WLAN before WT addition.
Simply compared the two options above, we see it’s better to put the WT addition procedure in the handover preparation procedure.
Proposal 2: It’s better to specify WT addition procedure happen during the handover preparation procedure.

Issue 3: When the WT Release procedure happens?
In the last RAN3 meeting, three options:

Option 1: WT release procedure is not needed;
Option 2: WT release should happen after source eNB receives handover ACK;
Option 3: WT release could happen after handover procedure is completed (after path switch).
For option 1, if the UE context is always kept in WT, the WT release procedure is not needed. But if the UE context keep in WT is optional or not supported, WT release procedure is mandatory.
For option 2, it’s similar to SeNB release procedure in MeNB handover without SeNB change procedure in Dual Connectivity. It did works, but in case of handover failure and source eNB decides to revert to the old configuration, the source eNB need to redo the WT addition procedure towards the WT.

For option 3, WT release procedure is delayed after path switch, compared to option 2 the source eNB does not need to do WT addition procedure in case of handover failure and revert. Furthermore, source eNB can continue data offloading to WLAN before path switch.
Above all, WT release procedure is necessary, it could be delayed to the end of the whole handover procedure, after path switch.

Proposal 3: WT release procedure could be delayed to the end of the whole handover procedure, after path switch procedure is completed.

Proposal 4: RAN3 is requested to discuss and agree the stage 2 call flows for inter-eNB handover introduced in section 5.
2.2. WLAN mobility set handling details
In the last RAN3 meeting, majority of the companies agreed the target eNB is able to change the WLAN mobility set, and the new set should be transferred back to source eNB.  Let’s analyze it step by step.
1. In the Handover Request, the WLAN mobility set should be transferred from source eNB to target eNB in the RRC container, the information could assist the target eNB to decide whether to keep or change the mobility set.
Proposal 5: the old WLAN mobility set should be transferred from the source eNB to the target eNB to assist the target eNB to decide whether to keep or change the mobility set.

2. Keep the existing mobility set or build a new set and how to build the new WLAN mobility set in the target eNB should be left to implementation. The target eNB could compare the existing WLAN mobility set in the Handover Request message and the WLAN measurement results from latest WT status report to decide whether change the WLAN mobility set, e.g. the load of some APs in the mobility set is rather high, target eNB may decide to remove them from the set. If the target eNB has the knowledge of WLAN topology, it can also help to build the new mobility set. 
Observation 4: Keep the existing mobility set or build a new set and how to build the new WLAN mobility set in the target eNB should be left to implementation.

3.  The new mobility set should be included in WT addition Request message.

4.  The new mobility set should be sent back to the source eNB, and will be configured to the UE in handover command.

Proposal 6: the new WLAN mobility set should be sent back to the source eNB and should be configured to the UE in HO command, it should also be included in WT addition request to inform the WT change of WLAN mobility set.

2.3. Stage-3 X2 impact
The LWA related information such as UE WLAN MAC Address, WT ID, WLAN mobility set, WT counter should be transferred via X2 interface, however they can be transferred in the RRC container.
As proposed in P1, we see no need to keep UE context during inter eNB handover; if P1 is agreed, no X2 impact is foreseen.

Proposal 7: No X2 impact is foreseen in case UE context keeping is not supported.

2.4. Stage-3 Xw impact
Similar to the analysis in section 2.3, if UE context keeping is not supported, no Xw impact is foreseen for the inter eNB handover procedure.
Proposal 8: No Xw impact is foreseen in case UE context keeping is not supported.
3. Conclusion
In this contribution, we discussed the details for inter-eNB handover without WT change and we summarized our observations and proposals as below:  
Observation 1: Keep UE context during inter eNB handover requires new functionality of WT and impact to X2 and Xw procedures, and we do not see any benefit to do it.

Observation 2: If WT addition happens in handover preparation procedure, the delay to handover preparation is acceptable, and LWA configuration should not be included in Handover Request ACK and HO command in case of WT addition is failed.
Observation 3: If WT addition happens in the end of handover procedure, WLAN mobility set has been configured to the UE within HO command and UE may succeed in association with WLAN before WT addition.
Observation 4: Keep the existing mobility set or build a new set and how to build the new WLAN mobility set in the target eNB should be left to implementation.
Proposal 1: Not to support UE context keep during inter eNB handover.
Proposal 2: It’s better to specify WT addition procedure happen during the handover preparation procedure.

Proposal 3: WT release procedure could be delayed to the end of the whole handover procedure, after path switch procedure is completed.

Proposal 4: RAN3 is requested to discuss and agree the stage 2 call flows for inter-eNB handover introduced in section 5.
Proposal 5: the old WLAN mobility set should be transferred from the source eNB to the target eNB to assist the target eNB to decide whether to keep or change the mobility set.

Proposal 6: the new WLAN mobility set should be sent back to the source eNB and should be configured to the UE in HO command, it should also be included in WT addition request to inform the WT change of WLAN mobility set.

Proposal 7: No X2 impact is foreseen in case UE context keeping is not supported.

Proposal 8: No Xw impact is foreseen in case UE context keeping is not supported.
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5. TP for stage 2 call flows
22A.X.Y  Inter-eNB handover without WT change
The procedure of Inter-eNB handover without WT change is used to transfer context data from a source eNB to a target eNB while the LWA operation is maintained for the UE.
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Figure X.Y-1: Inter-eNB handover without WT change
Figure X.Y-1 shows an example signaling flow for inter-eNB handover without WT change:
1.
The source eNB starts the handover procedure by initiating the X2 Handover Preparation procedure. The source eNB includes the LWA configuration in the HandoverPreparationInformation. 
2.
The target eNB sends WT Addition Request to the WT.

3.
The WT replies with WT Addition Request Acknowledge.

4.
The target eNB includes within the Handover Request Acknowledge message a transparent container to be sent to the UE as an RRC message to perform the handover which also includes the LWA configuration and may also provide forwarding addresses to the source eNB.
5.
The source eNB triggers the UE to apply the new configuration.
6/7. The UE synchronizes to the target eNB and replies with RRCConnectionReconfigurationComplete message.
8.
If the UE associated AP is not in the new configured WLAN mobility set, UE shall associate with one of the AP(s) included in the new mobility set; 

Note: If the UE associated AP is still in the mobility set, whether need to re-associate with the “serving” AP pending to the decision of SA3.
9a/9b. If UE succeeds association, WT informs target eNB the association confirmation. Optionally, UE can inform the target eNB the association status. Upon receiving the successful indication, the target eNB could forward downlink data to the target WT; otherwise, eNB release UE context in target WT.
10/11. Data forwarding from the source eNB takes place. 
12-15. The target eNB initiates the S1 Path Switch procedure.

16. The target eNB initiates the UE Context Release procedure towards the source eNB.
17.
The source eNB sends WT Release Request to the WT to release the corresponding UE context. 
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Definition of stage-2 call flows, in particular:


Whether the WT Addition procedure happens during the Handover Preparation procedure or after the handover


When the WT Release procedure happens 


WLAN mobility set handling details 


How to minimize service interruption, signalling overhead and packet loss during the procedure, in particular:


S-KWT security key handling and its implications on UE re-association (SA3 scope)


Stage-3 X2 impact, in particular:


Information that needs to be transferred to the target eNB


Stage-3 Xw impact


Configuration (OAM) requirements and automation thereof, if needed
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