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1      Introduction
In Rel-13, 3GPP defined LTE-WLAN Aggregation (LWA) feature; however due to time constraints, a number of proposed enhancements were left out. 
In RAN#71, a new Rel-14 work item eLWA [1] has been approved. One of the objectives is the “Mobility optimizations, e.g. intra and inter eNB handover without WT change and improvements for Change of WT”. 
In this contribution we provide some initial analysis and suggestions for the following mobility optimizations: handover without WT change and change of WT.
2      Discussion
In Rel-13 LWA, the change of WT procedure is not supported. Rel-13 LWA assumes that source WT is released before handover by the source eNB and target WT is added by the target eNB after handover, which may result in service interruption visible to the user. Seamless change of WT procedure for the case when UE moves away from the WLAN mobility set controlled by the current WT is not supported either. We believe such procedures may be beneficial for two reasons: to prevent packet loss during the transition and, if possible, to allow the UE to remain associated to the current serving WLAN AP.
In this contribution, we propose the procedures for handover without WT change and change of WT as described in more detail below. These procedures seem to fall both into RAN2 and RAN3 scope. However, since the “HO without WT change” has air interface impact, the discussion should probably start in RAN2 and later on in RAN3. For the “Change of WT” procedure, the main impacts seem to fall into RAN3 area of expertise, so the discussion on this issue should probably start in RAN3.

2.1     Handover without WT change

WT Configuration Change during Cellular Handover:

The “handover without WT change” procedure can be generalized as a “handover with WT addition/modification” procedure, which is explained in detail below. 
Observation 1: “handover without WT change” procedure can be generalized as a “handover with WT addition/modification” procedure.

Even though the example below illustrates the “handover with WT addition” case, it is equally applicable to all other cases mentioned above, that is to any modification of the LWA configuration during HO. Moreover, we acknowledge that the HO without WT change, especially for the intra-eNB case, is probably the most important use case.
Cellular Handover with WT Addition:

By analogy with DC, the below method is introduced to add a WT during cellular handover.

This is achieved by the following procedure:
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Figure 1: HO with WT Addition procedure
1. Source eNB starts the handover procedure by initiating the X2 handover preparation procedure by sending the X2-AP “Handover Request” message. The messages needs to indicate at least the UE LWA capability support. The message may also optionally carry the current LWA configuration information, including the UE WLAN mobility set, the current WT and the security key. 
2. The target eNB initiates the WT Addition procedure, possibly using the LWA configuration information received in step 1.

3. The WT confirms the addition to the target eNB.

4. The target eNB acknowledges the handover request to the source eNB, including in the Acknowledge message a transparent container to be sent to the UE as an RRC message to perform the handover which also includes the (modified) Mobility set configurations and the LWA setup configurations.

5. The source eNB triggers the UE to apply the new configuration using RRCConnectionReconfiguration message.
6. The UE synchronizes to the target eNB and applies the LWA configuration, associating with one of the APs in the WLAN mobility set controlled by the target WT.

7. UE replies to the target eNB that the handover is complete.

8. WT informs the target eNB that the UE has associated.
9. Alternatively, the UE sends the WLANConnectionStatusReport (if required) to the target eNB to indicate successful association.
Proposal 1: RAN2 to adopt the above “handover without change of WT” procedure.
The potential benefits of the proposed procedure, compared to WT Release/Addition are twofold:
1. Packets buffered in the WT during HO will not be lost

2. If UE’s serving AP is controlled by both the source and the target WT, the UE main remain associated to the WLAN

We would also like to point out that this procedure is equally applicable to both intra and inter eNB handovers. At least in the former case it is reasonable to assume that the UE may remain associated to the same AP.

However, in order to enable the above benefit, RAN2 (potentially together with SA3) need to discuss the issue of the WLAN security key handling. Since the S-KWT is derived from KeNB the benefits of the proposed optimized procedure are reduced, if the UE has to re-associate with WLAN after HO.
Observation 2: the benefits of the proposed optimized HO without WT change procedure are reduced, if the UE has to re-associate with WLAN after HO.

Therefore we propose that RAN2, together with SA3, discuss possible options for the UE to remain associated to WLAN after HO without WT change procedure.

Proposal 2: RAN2, together with SA3, to discuss possible options for the UE to remain associated to WLAN after HO without WT change procedure.

2.2     Change of WT 

For change of WT procedure, there are two options: 

· Option 1: break before make. In this option, the eNB sends the WT Release request to the source WT (S-WT) before the UE confirms successful association to one of the APs controlled by the target WT (T-WT).
· Option 2: make before break. In this option the eNB releases the source WT (S-WT) after the target WT (T-WT) Addition procedure has been completed successful (i.e. after receiving association confirmation message either via Xw-AP or RRC).

Option 1 may result in data loss as the UE could fail to associate with APs controlled by the  T-WT, in which case it would have to fall back to S-WT. Therefore, option 2 is preferred. 

Observation 3: Changed of WT procedure option 1(“break before make”) is more robust compared to option 2 (“make before break”) and therefor is preferred.

In the figure below we illustrate the message flow for option 2.


[image: image2.emf]UE eNB S-WT T-WT

1. WTAddition Request

2. WTAddition Request Acknowledge

3. RRCConnectionReconfiguration

4. RRCConnectionReconfigurationComplete

5. UE starts using the target LWA 

configuration and performs WLAN 

association towards target WT

6a. WTAssociation Confirmation

6b. 

WLANConnectionStatusReport

7. WTRelease Request

8. Release LWA resources


Figure 2: Change of WT procedure

1. The eNB decides to request change of WT, first it requests the target WT to allocate WLAN resources including source WT E-RAB information, UE identity, new UE WLAN mobility set and WLAN security key (S-KWT) by sending the Xw-AP WT Addition Request message. The WT may reject the request.


2. If the T-WT is able to admit the full or partial WLAN resource request, it responds with WT Request Acknowledge. If forwarding is needed, the target WT provides forwarding addresses to the eNB.
Observation 4: Data forwarding after the Change of WT procedure may be beneficial to prevent data loss, as both uplink and downlink packets may be buffered in WT.
3. The eNB sends the RRCConnectionReconfiguration message to the UE indicating the change of WT configuration from source WT to target WT.

Note: the UE should suspend LWA UL. In case of split bearer, UE should use LTE for uplink. In case of switched bearer, the UL is suspended entirely. 


Observation 5: LTE for uplink should be used in case of split bearer and suspend uplink in case of switched bearer to avoid data loss.
4. The UE replies with RRCConnectionReconfigurationComplete message.

5. The UE applies the new LWA configuration and performs WLAN association towards one of the APs controlled by the target WT. 

6. Confirmation of T-WT association. There are following options:
Option1: (6a) T-WT informs the eNB that the UE has associated. 
Option2: (6b) The UE informs the eNB that the association is successful. 
   Option3: (6a) and (6b) both exist with (8a) is optional.

7. The eNB sends the WT Release Request to source WT to release the allocated WLAN resources (if change of WT is successful).

8. Source WT initiates release of all allocated WLAN resources. Reception of the WT Release Request message triggers the source WT to stop providing user data to the UE and, if applicable, start data forwarding of buffered DL PDUs and received UL PDUs.  
Proposal 3: RAN3 to adopt the above change of WT procedure
The potential benefits of the proposed procedure are:

1. Prevent packet loss during the transition period

2. If possible, allow the UE to remain associated to the same AP

For the second objective, the main challenge is similar to the one discussed in the previous section – if the S-KWT which is derived based on WT counter changes the UE will have to re-associate.

Proposal 4: RAN3, together with SA3, to discuss possible options for the UE to remain associated to WLAN during the change of WT procedure.

3      Conclusion
Observation 1: “handover without WT change” procedure can be generalized as a “handover with WT addition/modification” procedure.

Observation 2: the benefits of the proposed optimized HO without WT change procedure are reduced, if the UE has to re-associate with WLAN after HO.

Observation 3: Changed of WT procedure option 1(“break before make”) is more robust compared to option 2 (“make before break”) and therefor is preferred.

Observation 4: Data forwarding after the Change of WT procedure may be beneficial to prevent data loss, as both uplink and downlink packets may be buffered in WT.

Observation 5: LTE for uplink should be used in case of split bearer and suspend uplink in case of switched bearer to avoid data loss.

Proposal 1: RAN2 to adopt the above “handover without change of WT” procedure.

Proposal 2: RAN2, together with SA3, to discuss possible options for the UE to remain associated to WLAN after HO without WT change procedure.

Proposal 3: RAN3 to adopt the above change of WT procedure

Proposal 4: RAN3, together with SA3, to discuss possible options for the UE to remain associated to WLAN during the change of WT procedure.

Based on the observations above we further propose to send an LS to SA3 to trigger security discussions related to mobility procedures discussed in this paper.

Proposal 5: to send an LS to SA3 to trigger security discussions related to mobility procedures discussed in this paper.
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