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1 Introduction 
With the new Rel-13 WI: “LTE-WLAN Radio Level Integration and Interworking Enhancement” being approved at RAN#67, RAN2 is expected to initial the analysis for its deployment/usage scenarios. The intention of this contribution is to give a brief analysis on the mobility scenarios for LTE/WLAN aggregation.
2 Discussion
According to the approved WID, the reliable LTE network should be used as the mobility anchor. And based on the mobility scenarios in LTE, the following scenarios will be discussed and prioritized in this section:
· WLAN AP addition/release/change without handover
· Intra-eNB handover with WLAN AP release

· Intra-eNB handover with WLAN AP maintained
· Intra-eNB handover with WLAN AP addition

· Intra-eNB handover with WLAN AP change

· Inter-eNB handover with WLAN AP release

· Inter-eNB handover with WLAN AP maintained
· Inter-eNB handover with WLAN AP addition

· Inter-eNB handover with WLAN AP change

WLAN AP addition/release/change without handover
In case the coverage of LTE cell is bigger than WLAN AP, the UE may move between different WLAN APs without LTE handover (i.e. without PCell change). The scenarios are illustrated in the figure below:
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Figure 1: WLAN AP addition/release/change without handover
In the figure 1 above, two WLAN APs are deployed in the coverage of LTE cell. And when the UE enter the coverage of WLAN AP1, the WLAN AP addition shall be triggered to configure the LTE/WLAN aggregation operation between the LTE cell and WLAN AP1. Later, when the UE moves from WLAN AP1 to WLAN AP2, the WLAN AP change procedure shall be triggered to switch the LTE/WLAN aggregation between LTE cell and WLAN AP 1 to LTE cell and WLAN AP2. Finally, the WLAN AP release procedure will be triggered to disable the LTE/WLAN aggregation operation in case the UE moves out of the coverage of WLAN AP2. Since the coverage of WLAN AP is smaller than LTE cell in most cases, we think the WLAN AP addition/change/release without handover should be considered as the high priority scenarios for the mobility of LTE/WLAN aggregation.
Observation 1: The WLAN AP addition/change/release without handover should be considered as the high priority for the mobility scenarios of LTE/WLAN aggregation.

Intra-eNB handover with WLAN AP release
In the case of intra-eNB handover, if the LTE/WLAN aggregation has already been configured and there is no coverage of WLAN AP in the target cell, which can be estimated by the eNB based on measurement or based on OAM information, the eNB may release the aggregated WLAN AP in the handover procedure.
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Figure 2: Intra-eNB handover with WLAN AP release
Considering an independent WLAN AP release before the handover will cause unnecessary delay to the whole handover procedure, we think the release of WLAN AP in handover procedure should always be allowed and the intra-eNB handover with WLAN AP release should be considered as high priority in the mobility scenarios for LTE/WLAN aggregation.
Observation 2: The intra-eNB handover with WLAN AP release should be considered as high priority in the mobility scenarios for LTE/WLAN aggregation.
Intra-eNB handover with WLAN AP maintained
If the aggregated WLAN AP has coverage in both the source cell and target cell, which is illustrated below, the eNB may trigger the intra-eNB handover with WLAN AP maintained (i.e. the configured WLAN AP will still be used after the handover). 
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Figure 3: Intra-eNB handover with WLAN AP maintained
Considering the serving eNB is not changed, the user plane connection of the WLAN branch in aggregation can still be used during and after the handover procedure. However, since the WLAN AP can be released in the handover and added in a followed independent procedure, we think the intra-eNB handover with WLAN AP maintained can be considered as medium priority in the mobility scenarios for LTE/WLAN aggregation.
Observation 3: The intra-eNB handover with WLAN AP maintained can be considered as medium priority in the mobility scenarios for LTE/WLAN aggregation.

Intra-eNB handover with WLAP addition/change
Another two scenarios with more complexity are the intra-eNB handover with WLAN AP addition/change., which are illustrated as follow:
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Figure 4: Intra-eNB handover with WLAN AP addition
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Figure 5: Intra-eNB handover with WLAN AP change
Since the coverage of LTE cell and WLAN AP is different and the measurement used for the triggering of handover and WLAN AP addition/change are different either, it will be difficult for the eNB to decide the target WLAN AP during the handover (e.g. the event based WLAN related measurement may not be triggered simultaneously). Even the target WLAN AP can be identified in time, since the addition/change of WLAN AP will be implemented by the current WLAN procedure, much longer time (e.g. several seconds) will be cost by the current WLAN AP change procedure compared with the normal LTE intra-eNB handover and the data transmission on the WLAN branch will be interrupted anyway due to the WLAN change procedure. Also considering the change/addition of WLAN AP can be implemented by an intra-handover with WLAN AP release (in case of WLAN change) and a followed independent WLAN AP addition procedure, we suggest the  intra-eNB handover with WLAN AP change should be considered as low priority in the mobility of LTE/WLAN aggregation.
Observation 4: The intra-eNB handover with WLAN AP addition/change should be considered as low priority in the mobility scenarios for LTE/WLAN aggregation.
Inter-eNB handover with WLAN AP release
Considering the LTE/WLAN aggregation may not be supported by the target eNB or there is no backhaul between the target eNB and the aggregated WLAN AP, in order to save the unnecessary delay cause by the independent WLAN AP release procedure before the handover, we proposed that the inter-eNB handover with WLAN AP release should be supported as high priority.
Observation 5: The inter-eNB handover with WLAN AP release should be supported as high priority in the mobility scenarios for LTE/WLAN aggregation.

Inter-eNB handover with WLAN AP maintained
Similar as the intra-eNB handover, the aggregated WLAN AP may have coverage in both source cell and target cell, and it might be possible that the aggregated WLAN AP can still be used after the handover.
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Figure 6: Inter-eNB handover with WLAN AP maintained
However, since the source cell and target belonging to different eNB, the user plane connection of WLAN branch will be impacted as well. The transport layer address of the eNB used for the WLAN branch needs to be reconfigured and extra signalling should be introduced on both X2 and UU interface. Consider that WLAN AP can be released in the handover and added in a followed independent procedure, we think the inter-eNB handover with WLAN AP maintained should be considered as medium priority.
Observation 6: The inter-eNB handover with WLAN AP maintained should be considered as medium priority in the mobility scenarios for LTE/WLAN aggregation..

Inter-eNB handover with WLAN AP addition/change
Similar as the intra-eNB handover cases, two scenarios with more complexity are the inter-eNB handover with WLAN AP addition/change, which are illustrated as follow:
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Figure 7: Inter-eNB handover with WLAN AP addition
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Figure 8: Inter-eNB handover with WLAN AP change
Based on similar consideration on the intra-eNB handover with WLAN AP addition/change, and consider the extra complexity in X2 interface for the inter-eNB cases, we think the WLAN AP should be released in the handover and added in a followed independent procedure, and the inter-eNB handover with WLAN AP addition/change should be considered as low priority.

Observation 7: The inter-eNB handover with WLAN AP addition/change should be considered as low priority in the mobility scenarios for LTE/WLAN aggregation.

One table is given as follow to summarize and prioritize all the mobility scenarios for the LTE/WLAN aggregation:
	Mobility scenarios in LTE/WLAN aggregation
	Priority suggested
	Considering

	WLAN AP addition/release/change without handover
	High
	Basic function for LTE/WLAN aggregation, and should be supported with one single procedure. The WLAN AP change can be supported by configuring the AP release/addition within one procedure.

	Intra-eNB handover with WLAN AP release
	High
	Should be supported by the handover procedure.

	Intra-eNB handover with WLAN AP maintained
	Medium
	It’s FFS whether should be supported by the handover procedure, or by a two-step way.

	Intra-eNB handover with WLAP addition
	Low
	Can be implemented by a followed independent WLAN AP addition procedure after the handover.

	Intra-eNB handover with WLAN AP change
	Low
	

	Inter-eNB handover with WLAN AP release
	High
	Should be supported by the handover procedure (i.e. within one RRC procedure).

	Inter-eNB handover with WLAN AP maintained
	Medium
	It’s FFS whether should be supported by the handover procedure, or by a two-step way.

	Inter-eNB handover with WLAN addition
	Low
	Can be implemented by a followed independent WLAN AP addition procedure after the handover.

	Inter-eNB handover with WLAN AP change
	Low
	


Based on the analysis before, we give our proposal as:

Proposal 1: The mobility scenarios with high priority (i.e. WLAN AP addition/release/change without handover, Intra-eNB handover with WLAN AP release, Inter-eNB handover with WLAN AP release) should be supported by one single procedure. 
Proposal 2: The mobility scenarios with low priority (i.e. Intra-eNB handover with WLAP addition/change, Inter-eNB handover with WLAP addition/change) should be supported in a two-steps way (i.e. new WLAN AP in target cell should be configured by a followed independent procedure after the handover).
Proposal 3: RAN2 is asked to discuss whether the mobility scenarios with medium priority (i.e. Intra-eNB handover with WLAN AP maintained, Inter-eNB handover with WLAN AP maintained) should be supported within the handover procedure or by a two-steps way.

3 Conclusion
In this contribution, we give some brief analysis on the mobility scenarios for LTE/WLAN aggregation,. RAN2 is kindly asked to discuss following observations and proposals:
	Mobility scenarios in LTE/WLAN aggregation
	Priority suggested
	Considering

	WLAN AP addition/release/change without handover
	High
	Basic function for LTE/WLAN aggregation, and should be supported with one single procedure. The WLAN AP change can be supported by configuring the AP release/addition within one procedure.

	Intra-eNB handover with WLAN AP release
	High
	Should be supported by the handover procedure.

	Intra-eNB handover with WLAN AP maintained
	Medium
	It’s FFS whether should be supported by the handover procedure, or by a two-step way.

	Intra-eNB handover with WLAP addition
	Low
	Can be implemented by a followed independent WLAN AP addition procedure after the handover.

	Intra-eNB handover with WLAN AP change
	Low
	

	Inter-eNB handover with WLAN AP release
	High
	Should be supported by the handover procedure (i.e. within one RRC procedure).

	Inter-eNB handover with WLAN AP maintained
	Medium
	It’s FFS whether should be supported by the handover procedure, or by a two-step way.

	Inter-eNB handover with WLAN addition
	Low
	Can be implemented by a followed independent WLAN AP addition procedure after the handover.

	Inter-eNB handover with WLAN AP change
	Low
	


Proposal 1: The mobility scenarios with high priority (i.e. WLAN AP addition/release/change without handover, Intra-eNB handover with WLAN AP release, Inter-eNB handover with WLAN AP release) should be supported by one single procedure. 

Proposal 2: The mobility scenarios with low priority (i.e. Intra-eNB handover with WLAP addition/change, Inter-eNB handover with WLAP addition/change) should be supported in a two-steps way (i.e. new WLAN AP in target cell should be configured by a followed independent procedure after the handover).

Proposal 3: RAN2 is asked to discuss whether the mobility scenarios with medium priority (i.e. Intra-eNB handover with WLAN AP maintained, Inter-eNB handover with WLAN AP maintained) should be supported within the handover procedure or by a two-steps way.
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