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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 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
2.1 General

Release-13 LWA supports only DL transmission on WLAN, limiting UL traffic to be supported by the LTE Uplink. Furthermore, uplink split bearer is not supported in Rel-13. 
2.2 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 60 GHz WLAN support to LWA in Rel-14, with theoretical throughputs going up to 20 Gbps, the decision on whether, when and how to split the UL bearer needs 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 Buffer Status Report (BSR) in the UL and the subsequent UL data allocations will have to be discussed, as these depend on the specific UL bearer split option supported. 

2.3 UE vs. network controlled UL split

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 is better for the network to have full control on how the UL split is done. In contrast, since UL in WLAN does not need to wait for UL grants from LTE eNB, the conclusions from DC do not necessarily 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 necessarily hold true for LWA, due to its usage of unlicensed spectrum.

In the following we provide some details for each option.
2.3.1 Network-controlled UL split
In this option, the network (e.g. a scheduler at the eNB) is responsible for making split ratio decisions, based on e.g. link qualities, available traffic, QoS requirements of all associated users and overall system-wide considerations. Once the 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 to the UE.
Option 1: DC-like threshold-based
Similar to Rel-13 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 link to be used for UL transmission. 

In Rel-13, DC and LWA are not supported simultaneously. If DC and LWA are to be supported simultaneously in Rel-14, 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, which seems to be more future proof.
Option 2: DC-like but split-ratio based

In this option, eNB explicitly configures a UL split ratio and the UE sends data to eNB via LTE and WLAN according to the configured ratio.
For this method, the eNB can infer the throughput on the WLAN and LTE link and adjust the UL traffic split ratio between LTE and WLAN links based on these estimates (note that the eNB can obtain these estimates via UE reporting or by alternative mechanisms, e.g. Xw extensions, which are beyond the scope of this contribution). The eNB can make such splitting decisions periodically based on various criteria such as on a regular interval, after a certain traffic volume, etc. and adjust the split ratio as necessary.
The eNB can signal this split-ratio using RRC signalling, or using LWAAP or using PDCP/MAC in-band signalling. Depending on the desired granularity of the splitting ratio, a 3 or 4 bit field to indicate WLAN UL Ratio should be sufficient. 
Note that it may not be possible to adhere to the exact split ratio as signalled due to granularity of the packet size (e.g., each IP packet is usually 1,500 bytes). Therefore the specified ratio may be taken as the mean with some variance around it. For example, when split ratio is signalled as 50%, the actual splitting may be 50±5%.
Option 3: 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 indication to the UE in accordance with the target amount of data to be transmitted over the corresponding link. UE sends the remaining data over the other link.
Option 3A: Dynamic split based on LTE grant size

In this option, 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. One issue is that 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.
Option 3B: Dynamic split based on WLAN UL data request indication

In this option, when the UE requests an UL grant (via SR or BSR), eNB signals the WLAN UL data request indication to the UE in accordance with the target amount of data to be transmitted over WLAN. The eNB may also provide LTE UL grants for the remaining data. Such WLAN UL data request indication may be signaled to the UE using LWAAP extensions. This method may be viewed as network-controlled “pull-based” mechanism for UL.

2.3.1.1 Time window to maintain UL splitting ratio or WLAN UL data request
Since the eNB cannot control the timing of data transmission in UL over WLAN, for options 2 and 3 above, it may not be clear to the UE the time period during which the UE should send the UL data corresponding to WLAN UL data request or maintain the splitting ratio signalled from the network. Therefore, the WLAN UL data request and UL split ratio may need to be associated with a time window. 

The information about the time window can be signaled together with the UL splitting ratio or the WLAN UL data request indication. It is also possible to signal the time window separately where the ratio or the grant size may be changed more frequently than the time window value. 
As an illustration of the mechanism proposed in this section, consider time window is signalled as 10 ms and splitting ratio as 50% (i.e., 50% data goes to WLAN UL and 50% to LTE UL). The UE computes aggregated throughput and determines the amount of data to send to WLAN and LTE based on the time window. For instance suppose the aggregated throughput is determined to be 800 Mbps (i.e., 100 Mbyte/s). This corresponds to 1 Mbyte every 10 ms. Then the UE will send next 500 kB to one link, say WLAN and next 500 kB to other link, say LTE, repeating every 10 ms and re-evaluating in case of change of split ratio as signalled from the network.
2.3.2 UE-controlled UL split
In this option, the UE is responsible for making UL splitting decision.

Option 4: Dynamic Split based on UE decision

UE decides on the traffic split ratio between LTE and WLAN, based on local link conditions and/or other considerations such as battery charge level and application information, and transmits the data accordingly. The UE may split traffic based on estimates on relative rate ratios, relative delays, congestion levels, service/flow etc. These algorithms can be left for UE implementation.

Option 4A: Dynamic split based on UE decision with eNB provided threshold
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 splitting is kept to UE implementation.

Based on the analysis above, we propose to discuss which UL support option is preferable, while taking into account the differences between WLAN and LTE outlined above. Given that WLAN is rather different from LTE, blindly copying the DC solutions seems undesirable.
Proposal 1. Discuss which UL support option (network controlled vs. UE controlled and their variants) is preferable. 

2.4 BSR

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).

The BSR reporting can have different forms depending on the option chosen in above sections (e.g., split ratio or threshold for LTE/WLAN split of UL). The BSR reporting can have different forms also depending on whether LWA traffic and non-LWA traffic are separately reported.
Option 1: BSR Reporting for Data on LTE Only: 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 2.3. For example, if Option 1 is used, and if the total data is below the threshold and WLAN is preferred, then there may be no BSR to send. This option also seems to be the natural choice for UE-controlled UL splitting (option 4 in section 2.3).
Option 2: BSR Reporting for Total Data on LTE and WLAN: UE indicates total amount of data in the UL buffer in the BSR, without separating LWA and non-LWA traffic. This option can be applicable for network-controlled splitting using UL split ratio or UL grants signalling (options 2 and 3 in section 2.3). In this option, after receiving this BSR, the network needs to determine the proportion of traffic to be allocated across both links, as described in section 2.3 above. Based on this determination, UL grant from LTE link is provided. 
Option 3: Separate BSRs for LWA and non-LWA: In the situations where the eNB controls the UL splitting, it may be beneficial to have BSR information such that the eNB can differentiate the amount of data on LWA bearers vs non-LWA bearers. Note that currently in LTE, different BSR for different LCG is supported, however BSR on per bearer basis in not supported.

To illustrate this, consider an example where currently estimated LTE rate is 10 Mbps and WLAN rate is also 10 Mbps. Suppose total data at the UE is 2 MB (out of which 1.5 MB is non-LWA and 0.5 MB is LWA traffic). The UE reported the total amount (2 MB). The eNB, seeing that both throughputs are almost similar decided for 50/50 split and signalled accordingly. Now, the UE is not able to send all the data in the UL because it cannot satisfy 50/50 split ratio even after putting all non-LWA traffic on LTE and all LWA traffic on WLAN.
Option 3A: Configure LWA bearers and non-LWA bearers on different LCGs. Currently 4 LCGs are supported. This option can be used for reporting separate BSRs for LWA and non-LWA bearers without specification impact based on network implementation. For example, if all LWA bearers are always configured to one LCG, and non-LWA never to that LCG, then there is no specification impact while enabling UE to always send separate BSRs for LWA and non-LWA. However, note that some LCGs may include traffic from SRBs as well by default. 
Option 3B: Introduce new LWA specific BSRs – e.g., BSR for LWA bearers and BSR for non-LWA bearers. Note that the new BSR (LWA-BSR) may be applicable only for LWA bearers as the legacy LTE BSR can be used for LTE-only traffic. The BSR may be sent in UL using LWAAP by defining new LWAAP PDU format with additional header field for BSR type identification.
Option 3C: Introduce new LWA Bearer specific BSRs - e.g., BSR for LWA bearers on a per bearer basis and sent in UL using LWAAP by defining new LWAAP PDU format with additional header field for BSR type identification. BSR for single DRB as well as multiple DRBs in one LWAAP PDU can be supported.
Option 4: Add new BSR formats for LTE and WLAN to indicate portions of data to be sent over LTE and WLAN. This is especially useful for WLAN technologies where UL grants for WLAN may also be supported. For example, IEEE 802.11ax standard which is currently under development adds UL scheduling capability. When 802.11ax is used together with LWA, native 802.11 signalling can be used for uplink data request. In this case the eNB can indicate to the WT via Xw-AP signalling the amount of uplink data requested and the AP can request the specified amount from the UE using 802.11ax signalling.
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.
Discuss various options of BSR reporting to support UL in WLAN.
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