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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. According to the WID, the benefits of LTE/WLAN aggregation can be realized in both co-located and non-co-located deployments. This contribution will focus on the small cell eNB collocated with WLAN AP (i.e. the eNB is integrated with WLAN AP or be connected with WLAN AP with ideal backhaul) and give some consideration on the simultaneously configuration of LTE/WLAN aggregation and Dual Connectivity.
2 Discussion
Considering the small cell eNB categorized as “local area” is expected to cover a small area, which is quite similar as the expected coverage of WLAN AP, it is reasonable to assume that WLAN AP can be integrated in the small cell eNB or be connected to the small cell eNB with ideal backhaul. Actually, some small cell eNBs integrated with WLAN AP (e.g. Nanocell), which cannot support the LTE/WLAN aggregation, have already been deployed in the current market. So, we think the smell cell eNB collocated with WLAN AP shall be considered as one of the typical scenarios for the LTE/WLAN aggregation.
Observation 1: The smell cell eNB collocated with WLAN AP shall be considered as one of the typical scenarios for the LTE/WLAN aggregation.
In Rel12, in order to increase the UE throughput and save the mobility signalling in both RAN and CN, the Dual Connectivity has been introduced. With the support of DC, the UE can use the resources from both the macro cell (MeNB) and the small cell (SeNB). However, it is not clear whether the simultaneously configuration of DC and LTE/WLAN aggregation should be supported in R13.
Observation 2: It should be clarified that whether the DC and LTE/WLAN aggregation can be configured simultaneously for one UE and even for one RB.

In most cases, the UE, which is in the coverage of small cell, is expected to use the resources in small cell. If the simultaneously configuration of DC and LTE/WLAN aggregation is not supported, in case the NW wants to configure UE to use both the LTE resource in small cell and the resource of WLAN AP integrated in this small cell eNB, the NW has to handover the UE to the small cell, which will cause unnecessary mobility signaling. Furthermore, if multiple small cells integrated with WLAN AP are deployed in this area and the UE is expected to use both the LTE and WLAN resource of each small cell, the handover procedure will be triggered frequently. One example is given as below:
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In the figure shown above, three small cell B/C/D, which are integrated with WLAN AP, are deployed in the coverage of macro cell A. UE is in the coverage of cell A at the beginning and will pass through the cell B/C/D. If the simultaneous configuration of DC and LTE/WLAN aggregation is not supported, and in case the UE is expected to use both the LTE resource and WLAN resource of the small cell, the UE has to be handovered to the small cell B/C/D accordingly when the UE enters the coverage of these cells, which will cause lots of mobility signaling to CN. However, if the simultaneous configuration of DC and LTE/WLAN aggregation is supported, the SeNB change procedure can be used to keep the CN untouched. 

Observation 3: The simultaneous configuration of DC and LTE/WLAN aggregation can be used to save the mobility signalling in case the UE is expected to use both the LTE and WLAN resource of the LTE/WLAN collocated small cell eNB.
If the UE is not expected to use both the LTE resource and WLAN resource simultaneously, NW may aggregate the LTE resource of macro cell with the WLAN resource of collocated small cell to save the handover signalling.  However, compared to the simultaneous configuration of DC and LTE/WLAN aggregation, this kind of configuration may lead to some negative impacts on the UE throughput (e.g. with the simultaneous configuration of DC and LTE/WLAN aggregation, the UE can use the LTE resource from both the macro cell and small cell together with the WLAN resource) and load balance between macro cell and the small cell. 
Observation 4: Compared to the aggregation of LTE macro cell with the WLAN in integrated small cell, the simultaneous configuration of DC and LTE/WLAN aggregation can provide better UE throughput and load balance between macro cell and small cell.
Moreover, the bandwidth of X2 interface is also something needs to be considered in the field. In case the bandwidth of X2 interface is limited, the aggregation between LTE macro cell and WLAN in integrated small cell is not possible. In order to reduce the bandwidth requirement on X2 interface, the simultaneous configuration of DC 1A and LTE/WLAN aggregation can be used, which means the data of S1-U will be transmitted from S-GW to SeNB directly and only keep X2-C on X2 interface between the MeNB and SeNB. The scenario is illustrated as follow:
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Observation 5: Simultaneous configuration of DC 1A and LTE/WLAN aggregation can be used in case the bandwidth of X2 interface is limited.
Based on the analysis above, we can see a clear benefit for the support of simultaneous configuration of DC and LTE/WLAN aggregation and we propose that the simultaneous configuration of DC and LTE/WLAN aggregation between should be considered in R13.
Proposal: Simultaneous configuration of DC and LTE/WLAN aggregation should be considered in R13.
3 Conclusion
In this contribution, we made some initial thoughts on the LTE/WLAN aggregation scenarios, especially the simultaneously configuration of LTE/WLAN aggregation and DC. RAN2 is kindly asked to discuss the following observations and proposals:
Observation 1: The smell cell eNB collocated with WLAN AP shall be considered as one of the typical scenarios for the LTE/WLAN aggregation.

Observation 2: It should be clarified that whether the DC and LTE/WLAN aggregation can be configured simultaneously for one UE and even for one RB.

Observation 3: The simultaneous configuration of DC and LTE/WLAN aggregation can be used to save the mobility signalling in case the UE is expected to use both the LTE and WLAN resource of the LTE/WLAN collocated small cell eNB.

Observation 4: Compared to the aggregation of LTE macro cell with the WLAN in integrated small cell, the simultaneously configuration of DC and LTE/WLAN aggregation can provide better UE throughput and load balance between macro cell and small cell.
Observation 5: Simultaneous configuration of DC 1A and LTE/WLAN aggregation can be used in case the bandwidth of X2 interface is limited.
Proposal: Simultaneous configuration of DC and LTE/WLAN aggregation should be considered in R13. 
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