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1. Introduction
In Release-13, the LWA configuration is released upon LTE handover even if the UE is connected to the WLAN with the same WT and thus LWA needs to be configured by the target eNB. The new WI on “Enhanced LWA” has the optimization of LWA during LTE handover as one of its aims, and specifically “to support intra and inter eNB handover without WT change” [1].

In this contribution, we discuss the procedural and signalling changes needed for this objective and propose a corresponding call flow.
2. Discussion
The essential part of the LTE handover without WT change is signaling between source and target eNBs over X2 for keeping the LWA configuration at the WT. This signaling can be done internally for intra-eNB handover but new message elements need to be introduced for inter-eNB handover
The first step for this procedure is transferring the LWA configuration information (will be called UE LWA Context) from source to target eNB in the Handover Request. The UE LWA Context need to include the following:

· Configuration of LWA bearers: which E-RABs are LWA bearers or not

· WLAN mobility set: so that the target eNB is aware of this set and can change it, for example according to its own coverage area

· WLAN MAC Address: required for WT Addition by the target eNB

· WT ID: required for the target eNB to identify the WT and set up Xw interface if it does not exist
Other elements such as WT Counter and WT UE XwAP ID can also be optionally included if found to be useful.
Proposal 1: The source eNB includes the UE LWA context in X2 Handover Request.
Proposal 2: The UE LWA Context includes the configuration of LWA bearers, WLAN mobility set, WLAN MAC address, and WT ID.

2.1
Timing of establishment
The next step is for the target eNB to communicate with the WT to establish the Xw interface for this UE. During RAN3#91bis, there was some initial discussion regarding when the Xw interface should be established from the target eNB, and 3 options were initially discussed. 

Option 1 is to do this immediately after receiving the Handover Request from the source, with nesting (i.e. the Xw must be established before the handover request ack is sent back to the source). Option 2 is similar to option 1, except that there is no mandate to fully establish the Xw before replying to the handover request. Option 3 proposed having the Xw establishment happen after handover completion i.e. reception of RRC Connection Reconfiguration Complete.
The main motivation of option 3 [2] is to enable continuing user plane delivery via the old Xw without data interruption during the LTE handover, in addition to reducing the dependency of the procedures and possible delay of the handover. However due to the basic principles of PDCP handling during handover, continuing the user plane via the source eNB/WT would have a severe impact on current specifications, and would anyway not work with release 13 UEs. This is because the PDCP is re-established when Handover Command is received by the UE and therefore keeping the connection through the source eNB-WT during handover will require that the UE should delay this process. There is a RAN2 Rel-14 WI which is working on this issue for general LTE mobility enhancements. However, it is prudent to separate the progress here from that WI and assume the Rel-13 LTE handover procedures in place as far as eLWA is concerned. Hence we propose to remove option 3 from consideration, but to keep in mind the general goal of minimizing LWA bearer flow interruptions as a careful design can ensure that LTE handover interruption can only have a limited impact on the WLAN link.
Regarding the remaining options, waiting for Xw addition to complete has the merit that, in case of failure, the target eNB may ensure that the new UE configuration does not include LWA bearers. Another advantage of option (1) is that the Xw user plane is set up, and the target eNB could immediately forward downlink data (received from the source) towards the WT. On the other hand, the handover process itself is slightly accelerated if the target does not wait for the WT response. We note that the UE can receive data via WLAN as soon as RRC Reconfiguration is complete (which usually takes 10-15ms after receiving the HO command). Therefore, the target eNB can forward data to WT before the UE completes RACH and sends the RRC Reconfiguration Complete. This can be realized via eNB implementation but should be clarified in the specification.
Proposal 3: WT Addition by the target eNB should be initiated immediately after the Handover Request is received by the target; stage 2 flows could capture that the response from the WT need not be received before the target responds to the HO preparation.
Proposal 4: Stage 2 flows should capture that the target may forward data to the WT in advance of LTE handover completion. 
2.2
Mobility Set and Bearer Change at HO

Having received the current Mobility Set in the UE LWA Context, the target eNB can still modify the WLAN mobility set in Handover Request Acknowledgment taking into account the WLAN APs known to the target; typically the new set should be a combined version at least during the HO phase, and mobility within the new WLAN mobility set can still occur (within the same WT) during this time.
It is also feasible to allow target eNB to admit non-LWA bearers as LWA bearers and inform the source eNB which can reflect this in the HO Command in the new LWA Configuration. For such bearers, data flow through WLAN can start after WT addition by the target eNB is completed.
Proposal 5: The target eNB can signal a modified WLAN mobility set as well as admit a non-LWA bearers as LWA bearers in the Handover Request Acknowledgement; the source eNB signals the changes in the HO command.
2.3
Handover execution and Xw switch

After receiving the HO command, the UE will attempt access at the target eNB as in regular LTE handover. Meanwhile the source eNB forwards downlink data for LWA bearers, and the target could pass these to the WT to take advantage of the WLAN path as soon as this is established (which may be faster than the LTE path if the UE can still use the same WLAN). However this should be left to eNB implementation.
After UE successfully completes RRC Reconfiguration for handover, the target eNB will perform path switching.
One open question is on the timing of the Xw release at the source. Generally the source eNB can anyway decide not to initiate the handover, and hence it should wait at least until the UE is issued with the HO Command. However once the eNB decides to initiate HO, it should disable also the user plane data delivery via WLAN, i.e. release the Xw.

The handover itself might fail, and the UE may return to the source eNB. In this case, it may be assumed that the eNB would anyway need to restart the Xw. In this scenario, the target side Xw would need to be deleted, but it may be assumed that this would happen via legacy procedures. One new point is how the WT would behave with respect to a target side release, i.e. this would also need an indicator to avoid release of the UE context at the WT.

Proposal 6: WT release at the source eNB should be triggered at the time that the HO Command is successfully sent to the UE; the case of failed HO should be checked.
3. Conclusion
In this contribution, we discussed LTE mobility without WT change and proposed changes needed for this goal. In particular:
Proposal 1: The source eNB includes the UE LWA context in X2 Handover Request.

Proposal 2: The UE LWA Context includes the configuration of LWA bearers, WLAN mobility set, WLAN MAC address, and WT ID.

Proposal 3: WT Addition by the target eNB should be initiated immediately after the Handover Request is received by the target; stage 2 flows could capture that the response from the WT need not be received before the target responds to the HO preparation.

Proposal 4: Stage 2 flows should capture that the target may forward data to the WT in advance of LTE handover completion. 

Proposal 5: The target eNB can signal a modified WLAN mobility set as well as admit a non-LWA bearers as LWA bearers in the Handover Request Acknowledgement; the source eNB signals the changes in the HO command.

Proposal 6: WT release at the source eNB should be triggered at the time that the HO Command is sent to the UE; the case of failed HO should be checked.
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Annex: List of Possible Signalling Changes
Below is a summary of specific impacts:
	X2
	HANDOVER REQUEST
	Source UE LWA Context including

· Which E-RABs are LWA bearers

· WLAN Mobility Set

· WLAN MAC address and/or WT UE XwAP ID
· WT ID

	X2
	HANDOVER REQUEST ACKNOWLEDGE
	Target UE LWA Context including

· Proposed Mobility Set

· Which E-RABs are to be admitted as LWA bearers

(note: signalling of the proposed Mobility Set, even if empty, cannot be an implicit indication of “WT context kept”, so an explicit indicator may be needed)

	Xw
	ADDITION REQUEST
	Possible addition of WT UE XwAP ID
(note: even if the MAC address is included, this may be useful as an implicit indication of HO without WT change; also to ensure interoperability via criticality setting)

	Xw
	WT RELEASE REQUEST
	Possible addition of IE to indicate release of source side resources only (also to ensure interoperability via criticality setting), i.e. “Context Kept Indicator”
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