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1   Introduction
In RAN2#90 [1], regarding user plane architecture for LTE/WLAN aggregation, it was agreed that:
	1. We define a DC-like UP interface (GTP-U) between the eNB and the WT
2. LTE-WLAN aggregation, flow control runs between WT and eNB.

4. For 3C-mode LTE-WLAN aggregation, the Rel-12 PDCP reordering behavior is adopted.


In this document, we provide further details and analysis for user plane related issues. This document is submitted in RAN2 and RAN3.
2   Discussion
In the following sections, we discuss user plane related issues for LTE-WLAN aggregation. 
2.1   The granularity of GTP-U tunnel over Xw (RAN3)
Regarding the LTE/WLAN aggregation, solutions should build upon Release-12 LTE dual connectivity. As the agreements for GTP-U based solution for Xw, one following question is the granularity of the GTP-U tunnel establishment, per bearer or per eNB. In Rel-12 LTE Dual Connectivity for split bearer (3C), the basic principle is to setup the GTP-U tunnel per bearer [2]. Alternatively, there could be a single GTP-U tunnel for all bearers carried over WLAN. However, this means that the WT cannot distinguish different QoS while in WLAN, there are QoS mechanisms that would allow handling each bearer differently. To take advantage of existing WLAN QoS mechanisms, downlink data for different bearers should be carried in separate GTP-U tunnels. 

Proposal 1: There is one GTP-U tunnel over Xw per bearer using WLAN. 

2.2   Correlating UE ID in the WT for downlink data transmission over Xw and WLAN (RAN2, RAN3)
When the WLAN Termination (WT) receives data packets from eNB to be transmitted to the UE via WLAN, it has to know how to to reach the destination UE via WLAN. If UL data transmission via WLAN is also supported, the WT also needs to know the GTP-U tunnel to which the data packet should be forwarded.  
To correlate the data transmission in Xw interface and WLAN air interface, there are three proposals during the discussion in the study item of MRJC: UE IMSI, UE MAC ID, or PTID. In our understanding, the MAC Address is the best one, which is widely used in WLAN, and no need any impacts on current WLAN air interface. 
Proposal 2: It is proposed RAN3 to agree to use the UE WLAN MAC address in WLAN to correlate the UE ID for data transmission over Xw and WLAN.
Assuming WLAN aggregation can be used for DL only, tunnel establishment between the eNB and the WT can only be initiated by the eNB and a straightforward solution is that during tunnel establishment, the eNB provides the UE WLAN MAC address to the WT. However, the MAC address is not available in eNB; therefore it requires eNB to acquire UE WLAN MAC address by LTE Uu interface, which is RAN2 issue. 
Proposal 3: It is proposed RAN2 to discuss and agree the UE WLAN MAC address reporting mechanism over LTE Uu interface. 
2.3   Downlink WLAN data forwarding in the UE, to application layer or PDCP layer (RAN2)
As shown in figure 1, if the UE uses the same WLAN for LTE-WLAN aggregation and other purpose, e.g. normal WLAN usage, for every packet received from WLAN, the UE has to know whether the packet should be forwarded to the application layer or to the PDCP layer.
The easiest way is to define a new Ethertype (allocated by IEEE) for LTE PDCP PDUs [3]. EtherType is a two-octet field in an Ethernet frame. With the advent of the IEEE 802 suite of standards, a Subnetwork Access Protocol (SNAP) header combined with an IEEE 802.2 LLC header is used to transmit the EtherType of a payload for IEEE 802 networks other than Ethernet. 
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Figure 1 data forward to application layer or PDCP layer
Proposal 4: Use a new EtherType on WLAN to distinguish PDCP PDUs, used for LTE-WLAN aggregation, from IP packets.
2.4   Downlink WLAN data forwarding in the UE, to the correct PDCP entity (RAN2)
RAN2 already agreed that multiple bearer transmission per UE via WLAN should be supported. However, there is no “bearer” concept in WLAN. Therefore extra information should be added for the UE to know which PDCP entity a received packet should be forwarded to. 

We consider two options:
· Option 1: the eNB inserts the corresponding bearer ID into a new layer under PDCP layer (adaptation layer) or in a new PDCP header format.
· Option 2: the WT inserts the corresponding bearer ID into a new layer (adaptation later) under PDCP layer. The WT determines the bearer ID based on the bearer ID provided by eNB at GTP-U tunnel establishment. 
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Figure 2-a: Bearer ID added by the eNB
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Figure 2-b: Bearer ID added by the WT
From the UE point of view, there is not much difference between both options, in both cases the UE needs to process the bearer information, either in a new layer below PDCP or in a generic PDCP entity. From the network point of view, as the WT does not need to implement any existing protocol of the LTE radio interface, it may be a better idea that the bearer ID is added by the eNB, i.e. the WT does not handle any radio interface protocol from 3GPP.
Proposal 5: The bearer ID is inserted in DL data packets by the eNB (in new layer below PDCP or in new PDCP header format).

2.5   QoS mapping in the WT for downlink data transmission over WLAN (RAN3)
In WLAN network, prioritized QoS is provided through the enhanced distributed channel access (EDCA) mechanism. Currently, EDCA is defined with eight different user priorities (UP) and four access categories (AC), where each UP is mapped to the corresponding AC. In LTE DC, the MeNB provides QoS level of the bearers when establishing GTP-U tunnel towards the SeNB. Similarly, the eNB can also provide QoS level of the bearers transferred via WLAN when establishing GTP-U tunnel towards WT. However, the mapping of WLAN QoS and LTE QoS should be discussed. Typically, the QoS mapping for each  RAT depends on the operator’s policy and network implementation. Nevertheless, the node handing the mapping should be decided to allow operators to use their own mapping policy but have the same policy applied for LTE-WLAN aggregation. WLAN APs controlled by different WTs could be visible to UEs in the same cell. If a different mapping is would be applied by these WTs, it would difficult for the eNB to ensure a consistent QoS policy. Therefore, it seems preferable that the mapping is done by the eNB, 
Proposal 6: The eNB provides the associated WLAN UP/AC during GTP-U tunnel establishment.
2.6   Flow control for downlink data transmission over WLAN (RAN2 and RAN3)
It is agreed in RAN2#90 that, flow control runs between WT and eNB for LTE-WLAN aggregation. In Rel-12 LTE DC, feedback from the SeNB to the MeNB allows the MeNB to determine the amount of downlink data to send via the SeNB. The feedback information includes the highest successfully delivered PDCP SN, the desired buffer size for the E-RAB, Minimum desired buffer size for the UE and the number of lost X2-U SN.

For LTE-WLAN aggregation, the same mechanism could be reused, i.e. the Xw-U interface supports flow control function based on feedback from WT including:
· highest successfully delivered PDCP PDU
· the desired buffer size for the bearer
· Minimum desired buffer size for the UE
· the number of lost Xw-U SN
In general, the WT is able to determine number of lost Xw-U SN from the transmission over the Xw interface but how the WT may know highest successfully delivered PDCP SN, the desired buffer size for the DRB, and Minimum desired buffer size for the UE are out of 3GPP scope and depend on WLAN implementations. If the WT is not aware of the WLAN transmission status, the WT could also roughly figure out how much data it would like to receive from the eNB based on AP-specific info, e.g. BSS Load, BSS Average Access Delay, etc.
Another option mentioned in last RAN2 meeting is that the PDCP status feedback could be provided by the UE. However, the UE could only know the lost PDCP SN over the WLAN air interface, and still has no idea of the highest successfully delivered PDCP SN and the desired buffer size, which is only available in the network side. Besides, it imposes higher overhead over LTE air interface.
As the Xw interface between the WT and the eNB exists for LTE-WLAN aggregation, it is natural to reuse the same flow control as for LTE DC, and no need to have additional mechanism over Uu.
Proposal 7: Flow control for WLAN data transmission relies on the feedback from the WT, containing the highest successfully delivered Xw-U SN, the desired buffer size for the bearer, the minimum desired buffer size for UE and the number of lost Xw-U SN.
2.7   UE-AMBR enforcement (RAN3)
As mentioned in [2], the UE AMBR is applicable for all non-GBR bearers per UE which is defined for the downlink and the uplink direction. In Rel-12 LTE DC, UE AMBR is split into MeNB UE AMBR and SeNB UE AMBR which are enforced by MeNB and SeNB respectively. For the downlink split bearer option, the SeNB ignores the SeNB UE AMBR because the MeNB can control the amount of packets which transferred via the SeNB. 

For uplink, the MeNB and the SeNB ensure MeNB/SeNB UE AMBR by limiting the resources they allocate to the UE respectively. There’s an exception, i.e., SeNB ignores the SeNB UE AMBR in the uplink if the SeNB is not configured to serve the uplink for the split bearer.

Regarding LTE-WLAN aggregation, we do not see the difference from Rel-12 LTE DC. Therefore, in the downlink, the UE AMBR is enforced without any WLAN involvement similar to Rel-12 DC. 
Observation: The downlink UE AMBR can be enforced without WLAN involvement. 
Proposal 7: There is no standard impact for downlink AMBR control over Xw. 
3   Conclusion
In this contribution, the user plane related issues for LTE/WLAN aggregation are discussed. 
It is proposed RAN2 to agree following proposals:

Proposal 3: It is proposed RAN2 to discuss and agree the UE WLAN MAC address reporting mechanism over LTE Uu interface. 
Proposal 4: Use a new EtherType on WLAN to distinguish PDCP PDUs, used for LTE-WLAN aggregation, from IP packets.

Proposal 5: The bearer ID is inserted in DL data packets by the eNB (in new layer below PDCP or in new PDCP header format).

It is proposed RAN3 to agree following observations and proposals:

Proposal 1: There is one GTP-U tunnel over Xw per bearer over WLAN. 

Proposal 2: It is proposed RAN3 to agree to use the UE WLAN MAC address in WLAN to correlate the UE ID for data transmission over Xw and WLAN.
Proposal 6: The eNB provides the associated WLAN UP/AC during GTP-U tunnel establishment.

Proposal 7: Flow control for WLAN data transmission relies on the feedback from the WT, containing the highest successfully delivered Xw-U SN, the desired buffer size for the bearer, the minimum desired buffer size for UE and the number of lost Xw-U SN.
Observation: The downlink UE AMBR can be enforced without WLAN involvement. 

Proposal 8: There is no standard impact for downlink AMBR control over Xw. 
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