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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 scenarios and architectures. The intention of this contribution is to give a brief analysis on the user plane architecture of LTE/WLAN aggregation.
2 Discussion
According to the WID approved in RAN#67, the impact on IEEE 802.11 specification should be avoided. Considering the function of WLAN MAC layer supported by the current WLAN equipment, we propose the transmission of PDCP PDU between WLAN and UE should be based on IP protocol, and related PDCP PDU should be enclosed in IP packet. In order to enclose the PDCP PDU into IP packet, a new Layer 2 logic entity below PDCP should be introduced. 
Proposal 1: The PDCP PDUs transmitted between the WLAN AP and UE shall be enclosed in IP packets, and a new L2 entity (i.e. adaptor entity) should be introduced to enclose the PDCP PDUs into IP packets.
The physical location of the new L2 entity can be integrated in either eNB or WLAN AP, or deployed standalone. Some brief analysis to each alternative can be found as follow.
The adaptor entity integrated in eNB
In case the newly introduced adaptor entity is integrated in eNB, the PDCP PDUs, which are expected to be transmitted though WLAN, should be sent to the adaptor entity first. Then, the adaptor entity should enclose the PDCP PDUs into IP packets and send the IP packets to WLAN through IPSec tunnel. The data flow is illustrated in the figure 1 below.
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Figure 1: Data flow for the adaptor entity integrated in eNB
The adaptor entity integrated in WLAN AP

In case the adaptor entity is integrated in WLAN AC/AP, the eNB can reuse the X2-U interface and send the PDCP PDUs to WLAN AC/AP directly through X2’-U based interface (i.e. interface between eNB and WLAN AC/AP based on X2-U). Once the PDCP PDUs are received by the adaptor entity located in the WLAN AC/AP, the newly added adaptor entity should enclose the PDCP PDUs into IP packets and send these IP packets to UE.
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Figure 2: Data flow for the adaptor entity integrated in WLAN AP
Standalone adaptor node

The adaptor entity can also be deployed standalone, the scenarios is shown in the figure 3 below.
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Figure 3: Deployment of the standalone adaptor node
In case the adaptor entity is deployed standalone, the X2’-U interface can be used in the interface between eNB and the standalone adaptor node. The adaptor node should enclose the received PDCP PDUs into IP packets and forward these IP packets to AP through IPSec tunnel. The data flow is illustrated in the figure 4 below.
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Figure 4: Data flow for the standalone adaptor node
The comparison of the three alternatives can be found as follow:

	Deployment
	Impact on the specs
	Pros
	Cons

	Adaptor in eNB
	No standardization work is needed for the user plane interface between eNB and WLAN.
A new user plane protocol is needed for the new adaptor entity.
	Since the IPSec and IP based transmission can be reused on the interface between eNB and WLAN, there is no impact on the user plane of WLAN AC/AP (i.e. the legacy WLAN AC/AP can be supported).
	The adaptor should be integrated in eNB, which may increase the complexity of eNB.

No WLAN specific information can be reported on the user plane interface between eNB and WLAN. Some UE based measurement or adaptor entity based L2 measurement can be considered for the purpose of flow control.

	Adaptor in WLAN 
	X2-U can be reused on the interface between eNB and WLAN, and some WLAN specific information can be introduced for the purpose of flow control.


	Reusing the X2-U interface can save the complexity on eNB side. Some WLAN specific information can be introduced for the purpose of flow control.
	The adaptor should be integrated in WLAN, which will increase the complexity of WLAN AC/AP.

The LTE/WLAN aggregation can not be supported by the legacy AP/AC, which is unable to be updated.

	Standalone adaptor 
	X2-U can be reused on the interface between eNB and adptor and IPSec and IP based transmission can be reused on the interface between adaptor node and WLAN.
	Have little impact on both eNB and WLAN, and the legacy WLAN AC/AP can be supported as well.
	A new adaptor node should be introduced.
No WLAN specific information can be reported on the interface between adaptor and WLAN. Some UE based measurement or adaptor entity based L2 measurement can be considered for the purpose of flow control.


Based on the analysis given above, we give our proposal as:
Proposal 2: The adaptor entity can be integrated in eNB or be integrated in WLAN AP/AC or be deployed standalone. RAN2 is asked to discuss whether all the three alternatives should be considered in R13.
Besides the location of the adaptor entity, another issue is whether the adaptor entity should be per RB or per UE? Considering the requirement of QoS control, we think the AMBR and logical channel priority should also be handled in case of LTE/WLAN aggregation. In the normal case, the MAC layer will be response for the handling of AMBR and logical channel priority. However, according to the WID, there should be no impact on the IEEE protocol, the MAC layer in WLAN can not be expected to provide the similar function as LTE MAC. So, we propose that the adaptor entity should be per UE and is also expected to provide some function related to QoS control.

Proposal 3: The adaptor entity should be per UE and is expected to provide some function related to QoS control (e.g. handling of AMBR and logical channel priority).
Based on the proposal 3, the adaptor entity should receive PDCP PDUs from multiple PDCP entities. In order to increase the transmission efficiency, the adaptor entity should also support the multiplexing/de-multiplexing of the PDCP PDUs from different PDCP entities into/from one adaptor PDU. 
Proposal 4: The adaptor entity should support the multiplexing/de-multiplexing of the PDCP PDUs from different PDCP entities into/from one adaptor PDU.
3 Conclusion
In this contribution, we made some initial thoughts on the LTE/WLAN aggregation scenarios, especially jointly with DC configuration. RAN2 is kindly asked to discuss following proposals:
Proposal 1: The PDCP PDU transmitted between the WLAN AP and UE shall be enclosed in IP packet, and a new Layer two entity (i.e. adaptor entity) should be introduced to enclose the PDCP PDU into IP packet.
Proposal 2: The adaptor entity can be integrated in eNB or be integrated in WLAN AP/AC or be deployed standalone. RAN2 is asked to discuss whether all the three alternatives should be considered in R13.
Proposal 3: The adaptor entity should be per UE and is expected to provide some function related to QoS control (e.g. handling of AMBR and logical channel priority).
Proposal 4: The adaptor entity should support the multiplexing/de-multiplexing of the PDCP PDUs from different PDCP entities into/from one adaptor PDU.
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