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1 Introduction

A new work item to enhance Rel-13 LWA solution got approved in RAN#71 [1]. The core part of the WI includes five listed objectives as shown below.
The enhanced LWA (eLWA) builds on Rel-13 LWA framework without changes to the LWA architecture and thus supports WLAN nodes deployed and controlled by operators and their partners. The objectives of this work item are to specify the following additional features for LWA:

1. Uplink data transmission on WLAN, including uplink bearer switch and bearer split (RAN2)

2. Mobility optimizations, e.g. intra and inter eNB handover without WT change and improvements for Change of WT (RAN2, RAN3)

3. Potential enhancements to support 60 GHz new band and channels (e.g. in measurements) and increased data rates for 802.11ax, 802.11ad, and 802.11ay (e.g. by PDCP optimizations) (RAN2, RAN3)

4. Additional information collection and feedback e.g. for better estimation of available WLAN capacity (by additional signaling on both Uu and Xw) to improve LWA performance (RAN2, RAN3)

5. Automatic Neighbour Relation (ANR) for LWA e.g. for discovery of WLANs under eNB coverage (RAN3, RAN2)

In this contribution, we discuss the mobility enhancements for eLWA.
2 Discussion
In Rel-13, LWA configuration is released upon intra- and inter-eNB handovers. During Release 14, we should discuss how the LWA performance should be improved. 
At network side, for inter-eNB HO, the “without WT change” would refer to the case when the target eNB would establish user plane to the same WT as where the source eNB had the user plane to for that UE. Here, the WT can be informed that user plane for the same UE is going to be added by the target eNB. Also, the target eNB may be assisted to reconfigure or update the eLWA configuration. This is however RAN3 specific and further details may be found in [2]. From UE perspective, there is no notion of WT as UE does not know to which WT the APs in the mobility set are associated to. And further, UE is agnostic whether WT is same or different when the mobility set is updated. From RAN2 perspective we need to consider whether the UE LWA configuration is kept during the HO or not. 
Observation 1 There is no notion of WT or WT change from UE perspective.

Proposal 1 RAN2 should consider whether to keep LWA configuration during HO or release LWA configuration and reconfigure by target eNB.

This is somewhat independent from the network side preparations as even if the UE LWA configuration is released and UE is reconfigured to LWA by the target eNB, the possible preparations (specified in RAN3) would assist the target eNB in order to do the reconfiguration faster. For intra-eNB HO case, the target eNB preparations are not needed but the UE may still be reconfigured to LWA with the RRC reconfiguration message including mobility control info.
2.1 LTE handover without “WT change”
The UE does RLC and PDCP re-establishment during intra- or inter-eNB handover and that is expected to be possible while LWA is kept activated. An issue may however arise for PDCP when the KeNB had been changed, but switch from transmission of PDCP PDUs in the WT based on old and new key is not synchronized with the key change in the PDCP receiver in the UE. In dual connectivity this issue does not exist due to the RACH procedure that triggers this switch in the SeNB.
For DC in Rel-12, the following text was introduced in TS 36.331: When performing handover, while dual connectivity continues, both KeNB and S-KeNB are refreshed. In such case E-UTRAN performs handover with SCG change i.e. an RRCConnectionReconfiguration message including both mobilityControlInfo and mobilityControlInfoSCG. mobilityControlInfoSCG implies the RACH procedures to the SeNB. 

Observation 2 While in DC, transmission of PDCP PDUs based on old and new key is switched by SeNB at RACH procedure (SCG-change), corresponding procedure does not exist for LWA.

Additionally, for LWA, as there will be new S-Kwt (derived from KeNB)  provided to the WT and derived by UE, it most likely requires that UE performs WLAN re-association.  Input from SA3 is needed to clarify this issue. 
Observation 3 In case eNB-assisted WLAN authentication is applied for LWA, and will be based on KeNB key derivation, the UE would probably need to re-associate in WLAN when KeNB and therefore also S-Kwt is changed.

Observation 4 In case keeping the LWA configuration during HO is seen as valid option, RAN2 should send LS to SA3 to ask whether WLAN re-association is needed.

In summary, in order to keep the LWA configuration with the UE while at network side the same WT continues to be the endpoint of Xw user plane, the following synchronization issues need to be considered: 

· Requires procedure to ensure that PDCP reestablishment in UE is synchronized with switch of PDCP PDU transmission based on old key to new key in WT

· Requires procedure to synchronize key for WLAN authentication to solve problem of eNB-assisted authentication scheme based on KeNB

Another aspect to consider if the LWA configuration is kept is the mobility set and how likely that is going to include a valid AP for the UE. In intra-eNB HO the mobility set is more likely still valid than in inter-eNB HO. Especially for inter-eNB HO, the measurements and separate measurement configuration might be needed to have valid APs for the UEs mobility set. 

If the LWA configuration is released upon handover and reconfigured by the target eNB, we have the following implications:

· Implies LWA bearer release or reconfiguration to MCG bearer.
· New WLAN authentication implicitly included, i.e. no issue with eNB-assisted authentication.
· UP added as with a new WT addition, thus no issue with PDCP data arriving with old key. 

However, we do acknowledge the scenario where one WT serves possibly thousands of APs under multiple eNBs coverage area. Thus, for the case where after handover the LWA would continue with same WT, we propose:
Proposal 2 RAN2 to consider the mentioned synchronization issues as well as mobility set validity before concluding whether LWA configuration for the UE should be kept
2.2 Improvements for HO with change of WT
The other case mentioned in the WID is improvements for the case that user plane is established for the UE to different WT. In this case, there would not be any synchronization issues between PDCP packets encrypted with old and new key as target eNB would start sending packets with encrypted with new key to a different WT. It is obvious that data forwarding between WTs is problematic due to this key issue. Also, mobility set needs to be updated as mobility set is defined to include APs belonging to only one AP. New LWA configuration by target eNB seems to be most appropriate for this case and we do not see how RAN2 could improve the LWA in a mobility event where also WT is changed.
Observation 5 New LWA configuration by target eNB seems to be most appropriate for this case and we do not see how RAN2 could improve the LWA in a mobility event where also WT is changed.

3 Conclusion

Based on the discussion we have the following observations and proposals:
Observation 1
There is no notion of WT or WT change from UE perspective.
Observation 2
While in DC, transmission of PDCP PDUs based on old and new key is switched by SeNB at RACH procedure (SCG-change), corresponding procedure does not exist for LWA.
Observation 3
In case eNB-assisted WLAN authentication is applied for LWA, and will be based on KeNB key derivation, the UE would probably need to re-associate in WLAN when KeNB and therefore also S-Kwt is changed.
Observation 4
In case keeping the LWA configuration during HO is seen as valid option, RAN2 should send LS to SA3 to ask whether WLAN re-association is needed.
Observation 5
New LWA configuration by target eNB seems to be most appropriate for this case and we do not see how RAN2 could improve the LWA in a mobility event where also WT is changed.


Proposal 1
RAN2 should consider whether to keep LWA configuration during HO or release LWA configuration and reconfigure by target eNB.
Proposal 2
RAN2 to consider the mentioned synchronization issues as well as mobility set validity before concluding whether LWA configuration for the UE should be kept
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