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1 Introduction
At RAN#67, a new Work Item on LTE-WLAN Radio Level Integration and Interworking Enhancement [1] was approved. The main goal of this WI is to specify an aggregation solution for LTE-WLAN based on SCE DuCO 3C and 2C addressing the ten requirements stated in [1]. 
This contribution discusses and analyses various options for user plane solution for LTE – WLAN aggregation using a “bearer split” mechanism using DuCo Solution 3C as a starting point.
2 Discussion
The solution(s) discussed in this contribution uses the work in User Plane for DuCo Solution 3C as indicated in figure below.
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Figure 1: User Plane Architecture for SCE DuCo Solution 3C
In a LTE-WLAN aggregation solution based on DuCo Solution 3C, the PDCP PDUs of the same PDCP entity must be transported over two heterogeneous accesses, the WLAN access and the cellular access. The transport of the PDCP PDUs over the WLAN is TBD. Also the entry point between the MeNB and the WLAN is TBD.
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Figure 2: User Plane Architecture for LTE-WLAN Aggregation based on DuCo Sol. 3C and Layer 2 transport of the PDCP PDUs over WLAN
During RAN2#89bis some companies discuss the use of a Layer 2 transport of the PDCP PDUs over the WLAN. Based on such assumption we detail a possible User Plane architecture for LTE-WLAN aggregation based on Solution 3C in Figure 2 .
2.1 MeNB impacts

This solution on the MeNB requires the regular computational intensive operations due to header compression/decompression (ROHC) and encryption/decryption.

Besides these regular components of the PDCP engine, the solution requires a complex DL scheduler. For any received S1-u packet that is associated with a split bearer, the scheduler requires feedback from both cellular as well as from the WLAN interface in order to determine the access over which the packet is to be sent next. A dynamic scheduler may require feedback at a rate of O(N), where N is the number of downlink packets. A more realistic implementation scenario would allow establishing a fixed percentage of the traffic to be served over one access while the remaining amount to be served over the secondary access.   
On the uplink, for each of the PDCP entities associated with the bearer split, a “reorder buffer” is required to accommodate out of order PDCP PDUs due to the two heterogeneous accesses. In the case that there is a large variation between the latency and throughput that can be provided on one access vs the other, the requirements on the re-ordering buffer may be quite dramatic. This is reflected both in terms of packet buffer memory requirements as well as in the shape of the uplink traffic that is generated.

2.2 Terminal impacts

Terminal impacts are similar with the impacts on the MeNB and therefore we do not go into further details. 

On top of this one may notice that the PDCP is the initiation and termination point for traffic over both cellular and WLAN. For scenarios when most of the overall throughput provided by the WLAN connectivity is much larger than the throughput that may be provided over the cellular domain the use of the bearer split for both downlink and uplink traffic has major drawbacks. This is due to the fact that now the vast majority of the traffic must be processed by both modems (cellular and WLAN) which increases the overall power consumption.

2.3 Impact on WLAN nodes

The impacts on the WLAN nodes are dependent on the type of transport that it is used for the PDCP PDUs over WLAN access. 

The WLAN access typically assumes the terminal device to have associated at least one routable address. For IPv4, when a routable address cannot be provided a NAT-able address is typically provided. Therefore a terminal device over WLAN may be able to be used as an end-node by devices that are outside of the WLAN network (eg. MeNB, etc.). 
The WLAN AP interfaces are not typically visible outside of the WLAN network due to security reasons. Therefore a WLAN AP cannot typically be used as an end-node by devices that are outside of the WLAN network (eg. MeNB, etc.). The entry point for the user plane in the WLAN network is represented by one or more WLAN Access Gateways (WAG). In managed WLAN the connection between WAG and the WLAN APs is typically done through CAPWAP, L2TP, GRE, or GRE with PMIP tunnels.

2.3.1 Impact on WLAN nodes when transport the PDCP PDUs are transported in Layer 2 containers
During RAN2#89bis some companies discuss the use of a Layer 2 transport of the PDCP PDUs over the WLAN. Based on such assumption we detail a possible User Plane architecture for LTE-WLAN aggregation based on Solution 3C in Figure 2 .

This solution requires a new protocol being defined on the WLAN side. The new protocol is going to use L2 frames associated with a new EtherType for data. Besides the user plane updates for the WLAN access, a new signalling protocol is required between the WLAN nodes (WAG, APs and UE) in order to establish a per bearer path between the UE and the WAG. 
As a result this solution has major implications in each of the WLAN nodes including the terminal. Also new dedicated interface is required between the WAG and MeNB.
2.3.2 Impact on WLAN nodes when transport the PDCP PDUs are transported in Layer 4 containers

This solution is an end-to end solution over the WLAN network between the MeNB and the UE. A Layer 4 transport is used to carry the “PDCP PDU” between the MeNB and the UE. 

Besides the internal IP Packet, the solution shall be able to allow the end nodes to communicate the inner IP Packet together with: 1) the LCId associated with the PDCP PDU and 2)the PDCP PDU Sequence Number. For a bearer split solution two consecutive PDCP PDUs sent over WLAN may not always have consecutive SNs therefore the SN must be sent with each IP packet. The LCId may be assumed implicitly by the end nodes if a tunnelling or other end-to-end form of association is used by the WLAN.

There is no impact on the WLAN network nodes and WLAN network architecture in this case. This solution uses native IP forwarding. 
3 Conclusion

In this contribution we described the basic components for the LTE-WLAN aggregation using a bearer split mechanism for aggregating the traffic between the cellular and WLAN. We analyse two mechanisms for transport over DRB PDUs over the WLAN using both a Layer 2 transport as well as a Layer 4 transport. This contribution recommends RAN2 the following:

Proposal1: RAN2 shall adopt the architecture with the network nodes described in Figure 2 for LTE-WLAN aggregation using a bearer split scenario and Figure 2 as the base architecture.

Proposal 2: RAN2 shall use the proposed impact analysis provided in Section 2 as the base in deciding the transport solution to be used for a “bearer split” mechanism.
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