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1 Introduction
In this paper, we focus on LTE/WLAN aggregation (LWA) downlink and provide our perspective on the user-plane architecture. Based on the proposed UP architecture, we identify some potential issues and further suggest the required new PDCP functionalities for LWA.  
2 Discussion on user plane architecture and data structure
According to [1], the LWA architecture shall be based on Rel-12 DuCo solutions 2C and 3C whereby a data radio bearer (DRB) is split below the PDCP layer and subsequently PDCP PDUs are carried either over LTE or WLAN. Note that the splitting function at the eNB can be dynamic (e.g., based on radio channel and load conditions). Figure 1 shows our perspective on the UP architecture:
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Figure 1 User-plane architecture for LWA 
When enabling LWA, regardless of collocated and non-collocated deployment, S1-U is terminated at LTE eNB, and traffic is split below the PDCP layer, i.e. header compression and ciphering before the packet is sent to lower layer of either LTE or WLAN. When eNB schedules the packet to LTE link, corresponding PDCP header [2] is added and then the PDCP PDU is sent to AM RLC entity. It is noted that each RB is associated with one PDCP entity and each PDCP entity is associated with one AM RLC entity for LWA. Alternatively, when the eNB schedules the packet to WLAN link, to facilitate transmission over Wi-Fi radio and avoid IEEE 802.11 specification impacts, a new logical entity, called LWA adaptation layer, would encapsulate the packet, e.g. as an IEEE 802.3 frame format, and send the capsulated packet to WLAN termination point, i.e. WLAN AP, through user plane interface. Please note there might be other UP interface between eNB and AP and the details of networking is left to implementation. Therefore, we propose the following as the baseline for LWA architecture.

Proposal 1:
For LTE-WLAN aggregation, S1-U terminates at LTE termination point. The traffic is split below eNB PDCP and an adaptation layer encapsulates PDCP PDUs before they are forwarded to WLAN AP.
Proposal 2:
There is user plane interface between LTE termination point and WLAN termination point for PDCP PDU forwarding.
3 Discussion on L2 issues and required functions
Based on the proposed UP architecture, some potential LWA L2 issues are listed below:
· PDU identification: If UE and connecting AP can support LWA and normal Wi-Fi flow simultaneously, when receiving an MPDU from the AP, it comes to a problem that how UE identify the MPDU as a PDCP PDU oriented from the eNB and require to send to PDCP layer instead of sending the MPDU to upper layer directly. RAN2 shall discuss whether there is a need to distinguish those packets and any new specification is required.
· PDU reordering: Since each RB is associated with one PDCP entity, UE is required to send PDCP PDU to corresponding reordering buffer. For the PDU translating to LTE link, based on RRC configuration, the UE is known to send the PDU to corresponding logical channel and no additional RB information is needed within the PDU structure. However, for the PDU translating to WLAN link, due to lack of CP signaling in WLAN, the UE has no any RB knowledge over WLAN link and unable to send the receiving PDU to the mapped PDCP entity for respective reordering. As a result, some RB information e.g., DRB ID, needs to be appended in the PDU structure for facilitating the PDCP reordering. This is also the reason why the new LWA header is required in the data structure.
· PDU translating: Because of ROHC and ciphering, the WLAN AP is unable to recover the SDU to acquire the IP address of the destination. Therefore, the eNB needs to specify the destination address within IEEE frame to facilitate WLAN AP perform MPDU re-encapsulation for PDU translating. RAN2 is suggested to discuss what kind of address information (e.g. Wi-Fi MAC address) is used as destination address and how the eNB acquire the information. 
· Setting of reordering timer: In general, a proper setting of reordering timer not only improves L2 throughput but also utilizes L2 buffer. Under DuCo deployment, MeNB is able to identify the shortest and longest packet latency (e.g. cover the backhaul latency, ARQ maximum transmission time, and scheduling latency) to configure the timer value appropriately. Unfortunately, due to contention-based transmission over WLAN link and there was not existing CP signaling between eNB and AP, the eNB is difficult to make proper reordering timer configuration for LWA. Therefore, we think RAN2 shall consider the aspects and discuss whether a new mechanism is required.
· QoS support: Although WLAN has a primary QoS mechanism, namely Enhanced Distributed Channel Access (EDCA), the WLAN AP is unknown the QoS treatment of the splitting PDCP PDU and unable to apply appropriate Access Class for translating the packets to the UE. To resolve the problem, during IEEE frame encapsulation, we think the eNB shall specify a proper QoS policy within IEEE frame and then the WLAN AP can perform the QoS mapping accordingly. For example, using Priority Code Point (PCP) to indicate the QoS treatment of the PDCP PDU and the WLAN AP will perform mapping between PCP and AC for the associating translation. It is also noted that how to choose the QoS policy during IEEE frame encapsulation relies on eNB’s implementation and also the downlink encapsulation is transparent to the UE.
Observation 1:If LWA and legacy WLAN traffic are supported simultaneously at WLAN AP, UE needs to distinguish an LWA PDU from an IP packet when receiving the MDPU from WLAN AP.

Observation 2: To support multiple split bearers in LWA, the eNB needs to include DRB ID.

Observation 3: Without latency information, it is difficult to set proper value for LWA reordering time.
Observation 4: There is a need for eNB and AP to exchange QoS for LWA.

From the perspective of the WLAN AP, it is desirable if the LTE PDCP PDU transport does not have a major impact on WLAN AP operation. However some mechanism is required for the UE to properly route PDCP PDUs sent over WLAN to the appropriate PDCP entity. One potential solution is that the LTE eNB adds a new LWA header to carry DRB identity information. PDCP SDU, PDCP header and LWA header are octet-aligned and treated as payload from WLAN AP perspective, i.e. no further segment would be introduced in the AP termination point. It is noted that WLAN AP  can aggregate multiple PDCP PDUs according to IEEE 802.11 A-MPDU specification.
Figure 2 depicts the data structure for an encapsulated PDCP PDUs with a new LWA header. Here we use 802.3 as an example transport layer but other protocols can also be used to transport the encapsulated PDCP PDUs. Note that the WLAN AP should be able to transmit the payload to the destination (i.e. UE) with proper QoS provisioning
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Figure 2 Data structure for going over WLAN link

Once the frame is received by WLAN AP, it would pass the frame to its MAC layer and make the frame into 802.11 MPDU. 

Based on the above observations, we propose following new functions for supporting LWA:
· Encapsulate PDCP PDU as IEEE 802.3 frame
· The frame contains address information and QoS information to support the header translation
· A new EtherType value may be used for UE to distinguish the PDCP PDU from normal IP packet

· Add DRB ID to PDCP PDU
· A LWA header as depicted in Figure 3 is an example (e.g. for SN length=15) to carry the DRB ID (4 bits)
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Figure 3 PDCP PDU with DRB ID
Proposal 3:
eNB shall support the function of encapsulating PDCP PDU as IEEE 802.3 frame.
Proposal 4:
DRB ID is added to PDCP PDU.
4 Conclusion
For UP architecture, we propose the following: 

Proposal 1:
For LTE-WLAN aggregation, S1-U terminates at LTE termination point. The traffic is split below eNB PDCP and an adaptation layer encapsulates PDCP PDUs before they are forwarded to WLAN AP.
Proposal 2:
There is user plane interface between LTE termination point and WLAN termination point for PDCP PDU forwarding.
For LWA issues, we have following observations and proposals:

Observation 1:If LWA and legacy WLAN traffic are supported simultaneously at WLAN AP, UE needs to distinguish an LWA PDU from an IP packet when receiving the MDPU from WLAN AP.

Observation 2: To support multiple split bearers in LWA, the eNB needs to include DRB ID.

Observation 3: Without latency information, it is difficult to set proper value for LWA reordering time.

Observation 4: There is a need for eNB and AP to exchange QoS for LWA.

Proposal 3:
eNB shall support the function of encapsulating PDCP PDU as IEEE 802.3 frame.

Proposal 4:
DRB ID is added to PDCP PDU.
We propose to discuss and capture these observations and proposals in stage-2.
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