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1. Introduction
Rel-13 LWA defined Downlink (DL) aggregation and limited Uplink (UL) transmissions, so that uplink traffic is always sent on use LTE. In Rel-13, there is no UL bearer split support and UL transmission on WLAN, in general, is not supported. One of the objectives of Rel-14 WI as specified in WID [1] is to allow UL data transmission on WLAN, including uplink bearer switch and bearer split. In this paper, we discuss some issues and challenges in fulfilling this objective. 

2. Discussion
Release-13 LWA supports only DL transmission on WLAN, limiting UL traffic to be supported by the LTE Uplink. Further, uplink split bearer is not supported in Rel-13. 
2.1 UL bearer split
While it is true that it is always beneficial for the UE to have option to send data on both the links from throughput point of view, we need to look at the pain vs gain trade-off. For example, if the total UL data is very small, then it may not be worthwhile to split it across two links. Additionally, if the ratio of WLAN to LTE throughputs (or vice versa) is sufficiently large, the gains of bearer splitting may be negligible. Given the large difference in LTE and WLAN throughputs, especially with the addition of 60Ghz WLAN support to LWA in Rel-14, which theoretical throughputs going up to 20Gbps, the decision on whether, when and how to split the UL bearer need careful considerations.
In the context of the UL bearer split standardization, it may be beneficial to discuss which network node (UE or eNB) is in control of the uplink traffic splitting decisions and to what extent. In principle, both UE and Network controlled bearer split architectures can be supported. 
Once the above question is resolved, the reporting of Uplink Buffer Status Report (BSR) and the subsequent UL data allocations will have to be discussed, as these depend on the specific UL bearer split option supported. 

2.2 UE vs. network controlled UL split

Contrasting the LWA UL bearer split procedure to that supported by DC, we note that in DC, the UE needs to indicate to the corresponding cell to which it wants to send UL data, and request a grant (either by BSR or SR) from the network. Therefore, it was better for the network to have full control on how the UL split is done. However, since UL in WLAN does not need to wait for UL grants from LTE eNB, the conclusions from DC do not automatically hold true for LWA and it may be beneficial for the UE to have UE-controlled UL Split. Additionally, since WLAN link quality may change rapidly, the UE may be in better position to react quickly to these changes by adjusting the split ratio. The network can, of course, be aware of these rapidly changing conditions through measurement reporting, however this will incur a certain delay and overhead. For the case of UE controlled split decisions, if deemed beneficial, the network may have the capability to limit UE decisions by configuring maximum/minimum ratios.

Observation 1: Even though DC UL split bearer is a good starting point, not all DC decisions automatically hold true for LWA, due to its usage of unlicensed spectrum.

In the following we provide some details for each option.
2.2.1 Option 1: UE-controlled UL split
UE decides on the traffic split ratio between LTE and WLAN, based on local link conditions and also possibly taking into account other considerations, such as battery charge level and application information and sends the data accordingly. Various algorithms may be used by the UE to determine the split ratio and can be left to UE implementation. For example, the UE may split traffic based on estimates on relative rate ratios, relative delays, congestion levels, service/flow etc. Generally it is assumed that these algorithms will not be standardized, but rather left for UE implementation.
It is also possible that the eNB controls UE split decisions to some extent, e.g. by configuring maximum ratio/rates to be transmitted on WLAN in case the split is kept to UE implementation.
2.2.2 Option 2: Network-controlled UL split
In this option, the network (e.g. a scheduler at the eNB) is responsible for making bearer split decisions, based on link qualities, available traffic, QoS requirements of all associated users and overall system-wide considerations. Once the per-bearer split ratio is determined, the eNB may indicate this information to UE. 

There are several options that may be used to indicate the traffic splitting decisions at the UE.
Option 2A: DC-like threshold-based
Similar to R13 Dual Connectivity (DC), the eNB configures a per bearer threshold, similar to ul-DataSplitThreshold, for the UE to consider sending data over WLAN. When the UL data available to be sent is equal to or above this threshold, the UE will send data on both links. 
When the available UL data is below the threshold, then a flag, similar to ul-DataSplitDRB-ViaSCG, determines which path to be used for UL transmission. 

If DC and LWA are to be supported simultaneously, new IEs similar to the ones indicated above (e.g., ul-DataLWA-DRB-ViaWLAN and ul-DataSplitThreshold-viaWLAN) can be defined. If the simultaneous support for DC and LWA is to be ruled out, then the existing IEs can be reused.

Option 2B: DC-like but split-ratio based

In this option, eNB explicitly configures a split ratio; the UE will send data to eNB via LTE and WLAN according to the configured ratio.
Option 2C: Dynamic split based on grant size

In this option, eNB does not need to preconfigure the threshold or ratio. When the UE requests an UL grant (via SR or BSR), eNB provides the LTE grant in accordance with the target amount of data to be transmitted over LTE. UE sends the remaining data over WLAN. However, in this option there may be need of multiple UL grants to fulfil the decided split ratio on LTE. Mechanism to indicate that more grants are coming should be defined, otherwise the UE may steer rest of the traffic to WLAN as soon as it sees one grant, which may not be desired by the eNB at that time.
Based on the analysis above, we propose to discuss which UL support option is preferable. 
Proposal 1. Discuss which UL support option (network controlled vs. UE controlled and their variants) is preferable. 

2.3 LWA BSR

The BSR reporting can have different forms depending on the option chosen in section 2.1 (e.g., split ratio or threshold for LTE/WLAN split of UL). Note, in contrast to DC, the BSR is only reported to the LTE eNB, as WLAN scheduler may not be able to interpret the BSR, although alternate mechanism maybe supported to reserve capacity on WLAN link (e.g. via ADDTS feature specified in IEEE 802.11-2012).

Option 1: UE calculates the portion of the data to be sent over LTE and indicates it in the BSR. The calculation is based on the chosen option from section 2.1. For example, if Option 2A is used, and if the total data is below the threshold and WLAN is preferred, then there may be no BSR to send.
Option 2: UE indicates total amount of data in the UL buffer in the BSR. In this option, after receiving this BSR, the network needs to determine the proportion of traffic to be allocated across both links. Based on this determination, UL grant from LTE link is provided. 
Option 3: New BSR formats to indicate portions of data to be sent over LTE and WLAN can be defined. 
Proposal 2. Proposal 2: Discuss various options of BSR reporting to support UL in WLAN.
3. Summary

Observation 1: Even though DC UL split bearer is a good starting point, not all DC decisions automatically hold true for LWA, due to its usage of unlicensed spectrum.
Based on the observations above we propose the following:

Proposal 1.
Discuss which UL support option (network controlled vs. UE controlled and their variants) is preferable.
Proposal 2.
Proposal 2: Discuss various options of BSR reporting to support UL in WLAN.
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