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1 Introduction

The approved WID on LWA enhancements [1] includes a proposal for “mobility optimizations, e.g. intra- and inter-eNB handover without WT change, and improvements for WT change”.
In this document we will discuss and propose a way forward.
2 Discussion
The current use for LWA with respect to mobility is nomadic use, i.e. LWA is deactivated in the source cell before UE mobility events and possibly reactivated after the UE connects to the target cell. It seems desirable to appropriate to enhance LWA procedures to maintain seamless WLAN offload during handovers.
 “Mobility without WT change” refers to the fact that the UE is associated to the same WT before and after mobility. The UE, however, has no knowledge of the WT; in any case, as far as the UE is concerned, a re-association with the WLAN seems to be required after the UE has connected to the target cell (due to e.g. authentication and encryption issues). This aspect is out of RAN3 scope. 
Observation 1: With respect to Dual Connectivity, the main difference is that the UE has no knowledge of the WT; UE re-association with WLAN seems to be required after the UE has connected to the target cell.
2.1 Intra-eNB Handovers without WT Change
In this scenario, an intra-eNB handover takes place while LWA is ongoing (i.e. the UE is already associated with a WT). In case APs overlapping the target cell belong to the same mobility set as those overlapping with the source cell, it is possible for the UE to move from one AP to the other without notifying the eNB (and independently from LTE mobility). The Xw termination points for UP and CP do not change.

Observation 2: In case of intra-eNB handover, if the APs overlapping the source and target cells belong to the same mobility set, the UE can move from one AP to the other without notifying the eNB.
In case of intra-eNB handover, the eNB can send the new S-KWT to the WT using the current WT MODIFICATION REQUEST message.
Proposal 1: Intra-eNB handovers without WT change can be supported without specification impact.
2.2 Inter-eNB Handovers without WT Change

In this scenario, an inter-eNB handover takes place while the UE is associated with a WT. Assuming, as in the previous scenario, that the source and target cell overlap with APs connected to the same WT, it seems beneficial not to release the LWA connection during LTE mobility (avoiding release and subsequent re-addition of the same WT). Unlike the SeNB in the DC scenario, the WT will typically cover a much larger area than one or two eNBs, so this could be a quite common scenario. A preliminary assumption is that both eNBs have Xw interfaces to the same WT.
Observation 3: The WT will typically cover a much larger area than one or two eNBs, so inter-eNB handovers without WT change may be quite common.

Observation 4: Both source and target eNBs need to have Xw set up to the same WT providing LWA to the UE being handed over.
Similarly to the DC case, the target eNB needs to know the UE context reference at the WT, including the WT ID and the UE identity. 

It seems beneficial for the target eNB to also know the current mobility set for the UE: the target eNB may either use it as a “starting point” for further configuring the UE, or replace/modify it with a “known good” mobility set for the target cell, thus helping to minimize LWA service interruption. The current mobility set can be sent from the source to the target eNB during the X2 Handover Preparation procedure.
It seems also beneficial for the target eNB to receive current WLAN measurements from the UE, as an aid for further UE configuration and mobility set selection. This information can be included by the source eNB in the RRC Context IE signaled in the HANDOVER REQUEST message, without specification impact.
Observation 5: The source eNB may include current WLAN measurements from the UE in the RRC Context IE in the HANDOVER REQUEST message, without specification impact.
The rest of the procedure, shown in Figure 1, is similar to the DC scenario.
Proposal 2: The source eNB sends the UE context reference at the WT and the mobility set for the UE in the X2 HANDOVER REQUEST message to the candidate target eNB; the target eNB uses this information to configure LWA for the UE.

Proposal 3: The target eNB may either use the received mobility set as a “starting point” for further configuring the UE, or replace/modify it with a “known good” mobility set for the target cell, thus helping to minimize LWA service interruption.
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Figure 1 Inter-eNB handover without WT change.

The target eNB needs to request a WT addition before the UE actually connects to it: hence, a WLAN identity for the UE needs to be signaled from the source eNB in the HANDOVER REQUEST message. This same WLAN UE identity will be then sent from the target eNB to the WT in the WT ADDITION REQUEST message. For this purpose, either the WLAN MAC address or the existing XwAP-level IDs (already assigned by the WT and by the source eNB) can be used. We can observe the following:
· In case the WLAN MAC address is used, there is no impact on the WT ADDITION REQUEST message, but this address needs to be also signaled in the X2AP HANDOVER REQUEST message (which does not seem desirable).

· In case the existing eNB UE XwAP ID or WT UE XwAP ID is used, a new IE is needed, as well as new handling to ignore the existing (mandatory) UE Identity IE in the WT ADDITION REQUEST message. The same IE is also needed in the X2AP HANDOVER REQUEST message. However, signaling protocol-level identifiers over X2 instead of the WLAN MAC address seems like a better practice.
We have a slight preference for the WT UE XwAP ID despite the slightly higher Stage 3 impact.
Proposal 4: The existing WT UE XwAP ID is signaled from the source to the target eNB as part of the UE context reference in the HANDOVER REQUEST message.

In principle, we could reuse the UE Context Kept Indicator IE, already defined in X2AP for DC, also for the LWA case; however, that would preclude the possibility of handing over a UE with both ongoing DC and LWA. Although such a possibility seems remote, it does not seem wise to preclude it in signaling, given that a new indicator requires only a single bit to be added.
Proposal 5: Introduce a new WT UE Context Kept Indicator IE in X2AP and XwAP.

Notice that it seems possible for the target eNB to reply to the source eNB without waiting for the reply from the WT, thus swapping steps 6 and 7 in Figure 1; this could significantly speed up the whole procedure. In case the reply from the WT is a failure message, the UE will not be able to re-associate with the WLAN at handover and will report a failure to the target eNB. As this seems to be equivalent to the legacy case, such failure case does not seem to be a problem.

Proposal 6: The target eNB may send the HANDOVER REQUEST ACKNOWLEDGE message to the source eNB without waiting for the WT ADDITION REQUEST ACKNOWLEDGE message from the WT.
Proposal 7: The rest of the procedure for inter-eNB handover without WT change is similar to the DC scenario.

Proposal 8: Discuss and agree the CRs [2]

 REF _Ref446326933 \r \h 
[3] as baseline.
3 Conclusions and Proposals
Our proposals are summarized below.
Proposal 1: Intra-eNB handovers without WT change can be supported without specification impact.
Proposal 2: The source eNB sends the UE context reference at the WT and the mobility set for the UE in the X2 HANDOVER REQUEST message to the candidate target eNB; the target eNB uses this information to configure LWA for the UE .

Proposal 3: The target eNB may either use the received mobility set as a “starting point” for further configuring the UE, or replace/modify it with a “known good” mobility set for the target cell, thus helping to minimize LWA service interruption.

Proposal 4: The existing WT UE XwAP IDis signaled from the source to the target eNB as part of the UE context reference in the HANDOVER REQUEST message.

Proposal 5: Introduce a new WT UE Context Kept Indicator IE in X2AP and XwAP.

Proposal 6: The target eNB may send the HANDOVER REQUEST ACKNOWLEDGE message to the source eNB without waiting for the WT ADDITION REQUEST ACKNOWLEDGE message from the WT.
Proposal 7: The rest of the procedure for inter-eNB handover without WT change is similar to the DC scenario.

Proposal 8: Discuss and agree the CRs [2]

 REF _Ref446326933 \r \h 
[3] as baseline.
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