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1
Introduction
In RAN#67 meeting, a new WI focusing on LTE-WLAN Radio Level Integration (i.e., LTE-WLAN aggregation) and Interworking Enhancement has been approved [1]. For LTE-WLAN aggregation, it should be based on Release-12 LTE Dual Connectivity solutions 2C and 3C. This document discusses user plane architecture and associated key aspects of 3GPP/WLAN aggregation.
2
Discussion
2.1
User plane architecture for LTE-WLAN aggregation
As stated in [1], user plane architecture of LTE-WLAN aggregation at the UE and network side can build upon Release-12 LTE Dual Connectivity solutions 2C and 3C which are show below. 
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Figure 1: Dual-connectivity user plane for options 2C (left) and 3C (right)

In the case of Rel-12, transport of user plane data between the MeNB and the SeNB is done by X2-U, which involves GTP-U, that is implemented in every eNB. One possibility could be that every WLAN node that can support aggregation implements GTP-U in order to transport data between WLAN and the serving eNB. However, as no existing WLAN node currently supports these interfaces, this type of solution may not be the most practical. Alternatively, there could be some kind of gateway which implements GTP-U toward the eNB and could be contacted from any WLAN that could be used for aggregation.

However, the question of user plane data transport between WLAN and 3GPP network was already considered by SA2/CT1 in order to use WLAN as an access technology. SA2/CT1 decided to support to methods using some gateway that allows data to be transported via any WLAN between the UE and the mobile operator core network:
-
one solution is to establish a tunnel between the UE and a gateway ("untrusted access")

-
another solution is that the gateway is on the same IP network like the UE, i.e. it sees all UE exchanges and can route traffic to the core network ("trusted access")

In the case of LTE-WLAN aggregation, it would be possible to use the same mechanisms, i.e. either the eNB is on the same IP network like the WLAN and it can directly send data to the UE IP address or the UE establishes a tunnel to the eNB.

Reusing these methods could largely reduce the impact towards existing WLANs, which may make the deployment of LTE-WLAN aggregation easier. RAN2 could also rely on SA2/CT1 expertise in order to determine the necessary details, e.g. signalling to establish the tunnel ("untrusted" case) or let the eNB find the UE IP address ("trusted" case).
Proposal 1: Discuss which protocol to use for the transport data between the eNB and the UE via WLAN, e.g. GTP-U, IP tunnel, L2 tunnelling, direct access to all WLAN traffic.

2.2
User plane aspects of LTE/WLAN aggregation

Generally, WLAN measurement report and RAN command are necessary for LTE-WLAN aggregation [3]. In addition, the following pending issues need to be solved to realize LTE-WLAN aggregation at the PDCP layer. As DL aggregation is suggested with higher priority in [1], the problems and solutions apply to DL aggregation and possible UL aggregation unless otherwise specified. 
2.2.1 UE WLAN ID and LTE ID correlation

As discussed above, there are several types of solution to transport data between the UE and the eNB via WLAN:
· the eNB directly provides UE ID  used in WLAN (IP or MAC address)  within each data packet
· for each UE, establish a (GTP-U) tunnel between the eNB and WLAN
· establish a (IP) tunnel between the UE and the eNB via the WLAN
In the two first cases, the eNB needs to know the UE local WLAN ID. In the last case, the UE needs to know an IP address to contact the eNB and the eNB needs to identify the UE which is establishing a tunnel. One straightforward solution is to exchange UE WLAN IDs (IP or MAC address) and if needed, eNB WLAN ID, via RRC, without the need of extra protocols.
Proposal 2: Discuss how exchanges over RRC signalling can allow or facilitate the establishment of user plane communication between the eNB and the UE via WLAN. 
2.2.2 Data forwarding to application layer or PDCP layer
As shown in figure 2, if a UE can simultaneously use a WLAN for LTE-WLAN aggregation upon eNB request and also autonomously connect to the same WLAN e.g. for cheaper internet access, for every packets received from WLAN, the UE has to know whether the data packet should be forwarded to the application layer or to the PDCP layer. 
If PDCP PDUs transmitted over WLAN are encapsulated in IP packets, the UE could distinguish WLAN data packets from LTE-WLAN aggregation packets using the source IP address. If a tunnel between the UE and the eNB is used, all data packets will have the same source IP address but the IP protocol stack can identify tunnelled data and pass it to the LTE protocol stack which is the tunnel user. If no additional IP layer for LTE/WLAN aggregation is used, UE could distinguish IP and PDCP packet by a new Ethertype (allocated by IEEE) for PDCP PDUs which is contained in Subnetwork Access Protocol (SNAP) of 802.11 frame or could simply consider as PDCP packet any packet which doesn't have suitable IP headers or vice-versa. 
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Figure 2 data forward to application layer or PDCP layer
Proposal 3: A UE can simultaneously use a WLAN for LTE-WLAN aggregation upon eNB request and also autonomously connect to the same WLAN, e.g. for internet access. The UE can distinguish WLAN data packets from LTE-WLAN aggregation packets either thanks to the tunnel, or using the source IP address, or using a new ethertype value or recognize the protocol type by implementation.
2.2.3 Bearer mapping
In LTE/WLAN aggregation, more than one bearer of the same UE may be offloaded to WLAN based on 2C/3C. However, there’s no concept of bearer in WLAN network. Upon reception of a data packet from WLAN, the UE needs to know which PDCP entity the PDCP PDU should be forwarded to. The same problem exists for the eNB if UL aggregation is supported.
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Figure 3 bearer mapping issue
In order to avoid impact on IEEE 802.11 specification as stated in [1], bearer info should be transmitted transparently through WLAN to UE, which has impact on user plane between eNB and UE.
· Option 1: bearer info contained in PDCP layer
· Option 2: bearer info contained in additional adaptation layer under PDCP layer
· Option 3: bearer info contained in IP layer under PDCP layer
Modifying or extending IP header (option 3) is out of 3GPP scope. Option 1 and option 2 are two feasible solutions for bearer mapping. In option 1, the UE has to extract the bearer info from the PDCP header before forwarding the PDCP PDU to the correct PDCP entity, i.e. some modification of the PDCP header is needed (using reserved bits or alternative header format) to allow the UE to read the bearer info before distributing PDCP PDU to the correct PDCP entity. In option 2, an adaptation layer needs to be added under PDCP layer in both the eNB and the UE. 
Proposal 4: Discuss whether bearer info should be contained in PDCP layer or an additional adaptation layer. 
2.2.4 QoS mapping

IEEE 802.11e is a commonly used method which enables WLAN to realize rough QoS by classifying packets into eight User Priorities (UP) and four Access Categories (AC). In LTE network, 9 QCIs are supported. When the WLAN receives data packets from the eNB, it has to determine the suitable UP/AC to achieve the required QoS. 
It is suggested to reuse QoS mechanism in WLAN, and QoS mapping between LTE and WLAN could be done either by the eNB mapping the QoS into IP DSCP or IEEE 802.11p priority field depending by transport solution adapted between the UE and the eNB, Then the WLAN will apply the mechanism defined in IEEE 802.11e.  Alternatively the eNB sends QoS information to WLAN via a new interfaces and let WLAN translate 3GPP QoS parameters into WLAN specific.   
Proposal 5: Discuss how to use the WLAN QoS mechanisms and whether the choice of WLAN parameters should be made by the eNB or by WLAN.
2.2.5 Flow control

Due to different capabilities and conditions in LTE and WLAN, flow control in anchor eNB is needed in order to balance the data flows going via LTE and via WLAN. Flow control for LTE/WLAN aggregation could be realized by either the UE or the WLAN providing status report to the eNB. If UL aggregation is enabled, no flow control is needed.
Proposal 6: Flow control for LTE/WLAN aggregation is realised by UE or WLAN providing status reports to the eNB. 
3
Conclusion
In this contribution, the user plane architecture and required function for LTE/WLAN aggregation are discussed. 
Proposal 1: Discuss which protocol to use for the transport data between the eNB and the UE via WLAN, e.g. GTP-U, IP tunnel, L2 tunnelling, direct access to all WLAN traffic.
Proposal 2: Discuss whether anything else than exchanges over RRC signalling is needed in order for the eNB to communication with the right UE via WLAN. 
Proposal 3: A UE can simultaneously use a WLAN for LTE-WLAN aggregation upon eNB request and also autonomously connect to the same WLAN, e.g. for internet access. The UE can distinguish WLAN data packets from LTE-WLAN aggregation packets either thanks to the tunnel, or using the source IP address, or using a new ethertype value or recognize the protocol type by implementation.
Proposal 4: Discuss whether bearer info should be contained in PDCP layer or an additional adaptation layer. 
Proposal 5: Discuss how to use the WLAN QoS mechanisms and whether the choice of WLAN parameters should be made by the eNB or by WLAN.
Proposal 6: Flow control for LTE/WLAN aggregation is realised by UE or WLAN providing status reports to the eNB. 
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