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Introduction
At RAN2#91 meeting, IP and Ethertype based UP solutions are proposed and discussed, however there is no conclusion due to time limit [1] [2].
As the IP based UP solution gives more advantages for future LWA deployment, and we propose to adopt it as the baseline for LWA UP architecture [3]. In this contribution, we’ll provide more technical details for the UP based solutions with analysis.
Discussion
Adaptation Layer
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]At RAN2#90 meeting, the following is agreed: “1. The bearer ID is added by the eNB; 2. The bearer ID is placed into a separate header”. We think this suggests naturally that transferring of PDCP PDUs over WLAN, an adaptation layer below PDCP layer is needed; its header includes at least a field for “bearer ID”. The adaptation layer should be located on eNB and UE. And we suggest use “PWAL (PDCP WLAN Adaptation Layer)” for its naming. And its corresponding PDU is refereed as “PWAL PDU” in the following section.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 1: It is proposed to adopt a new adaptation layer of “PWAL (PDCP WLAN Adaptation Layer)” located at eNB and UE to make format adaptation for PDCP PDU transferred over WLAN. 
Proposal 2: The PWAL layer header includes at least a field for “bearer ID”.
IP based UP Solutions Details
If AC is used, UP solution 1 requires AC to be connected with AP via layer 2 link (i.e. no routers between AC and AP), however, it may not be the only WLAN deployment scenario. In UP solution 2, WT encapsulates PWAL PDU in IP packet and delivers it to UE. An IP tunnel may be setup from WT to UE or WT could use specific fields in IP header (like IP address, IP Protocol field) as the indications of PWAL PDU. 
Scenarios: As the IP packets are transparent to AP, thus legacy AP could be supported under this solution and software only upgrade is needed on WT. The applicable scenarios cover all cases, and AC is not required to be connected with AP via layer 2 links only:
· WT on AC
· WT on AP
· Standalone WT
Identification & Routing of PDCP:  Based on the parameters used for indication, UP solution can be further divided into:
-  Solution 2A: Identification based on direct IP tunnel between WT and UE 
-  Solution 2B: Identification based on “Protocol” field, new applied value from IETF or “reused” existing value
-  Solution 2C: Identification based on “IP address” field
In solution 2A, the IP tunnel itself is used for differentiation, i.e. the UE will identify the IP packets from the specific IP tunnel (based on its IP address and port number combination). In solution 2B, the “Protocol” field in IP header (used to describe packet type of IP payload, like TCP or UDP etc) is used as identification. The UE forwards the PWAL PDUs identified by its “Protocol” field in IP header to the corresponding PDCP entity. While in solution 2C, WT setups the source IP address to be the WT’s IP address at WLAN side, and UE will assume all IP packets from WT to be encapsulated PWAL PDU(Normally WT should not have IP communication directly with UE). 
For routing, UE’s IP address at WLAN side is needed. WT needs to maintain a mapping between TEID and the UE WLAN IP address to decide the routing. Standard IP routing mechanism could guarantee the PWAL PDU’s delivering to the specific UE.
Architecture & Protocol Stack: The system architecture based on DC 3C structure is illustrated in figure 1 and the protocol stack is illustrated in figure 2. 
At UE side, the function of PWAL layer is packet format adaptation between UE’s PDCP and IP layer and delivering to the corresponding PDCP entity. At eNB side, PWAL’s main function is packet format adaptation between eNB’s GTP and PDCP layer, mapping of TEID with UE’s bearer identification. The function of “relay” module at WT includes forwarding of the payload of PWAL PDU in GTP packet to IP packet, mapping of TEID with UE’s WLAN IP address and setup the correct IP address fields based on the mapping.
To be noted, the “IP Filter” logic entity here is just for illustration purpose, for different solutions (2A/2B/2C), its detailed functions and implementations may vary a little. The architecture and protocol stack are based on DC 3C structure, but could be also applied to DC 2C with minor modifications.


Figure 1 System Architecture for Solution 2 based on DC 3C.


Figure 2 UP Protocol Stack for Solution 2
UP Solutions Summary and Proposal
All the solutions above are feasible for LWA UP. Solution 2A requires the tunnel setup procedure which may increase the LWA bearer setup delay, and also the efficiency may be a bit lower as multiple headers are added for PWAL PDU.  Solution 2B is the most straight forward solution with high efficiency, but it needs approval from IETF for new “Protocol” value. Both solution 2A and 2C do not require other standards body’s approval. Solution 2C is an easier and flexible solution, but the UE needs to be told of WT’s IP address for identification of PWAL PDU and impacts Uu signal, but this information could be included in the eNB RRC message for activating LWA split bearer. A more detailed comparison of the 3 solutions is listed in the table 1. Considering all these, solution 2C is recommended for its simplicity.
Table 1 Comparisons of UP solutions 
	Solutions
	Pros
	Cons

	2A
	No need IETF approval
	IP tunnel setup time
Low transfer Efficiency

	2B
	High Transfer efficiency
	Need IETF approval
Impact to UE protocol stack(OS)

	2C
	No need IETF approval
	Signal UE the WT’s IP address



Proposal 3: It is proposed RAN2 to adopt UP solution 2C as the baseline for LWA UP, and capture the corresponding system architecture and protocol stack in figure 1 and figure 2 into 36.300.
Conclusion
It is proposed to discuss the following proposals at RAN2 and capture the agreeable: 
Proposal 1: It is proposed to adopt a new adaptation layer of “PWAL (PDCP WLAN Adaptation Layer)” located at eNB and UE to make format adaptation for PDCP PDU transferred over WLAN. 
Proposal 2: The PWAL layer header includes at least a field for “bearer ID”.
Proposal 3: It is proposed RAN2 to adopt UP solution 2C as the baseline for LWA UP, and capture the corresponding system architecture and protocol stack in figure 1 and figure 2 into 36.300.
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