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1 Introduction
In RAN Plenary #71, a WI on enhanced LWA has been approved [1]. One of the objectives of this WI is to specify the following additional feature for LWA.

Uplink data on WLAN, including uplink bearer switch and bearer split.
For a DRB configured for uplink LWA, the UE has to determine:

1. Which PDCP PDUs (if any) are to be transmitted via LTE, and which via WLAN?

2. Which WLAN Access Category (AC) to use for a PDCP PDU to be transported over WLAN?

In this contribution, we discuss the above challenges of uplink scheduling on LWA and provide some potential solutions.
2 Scheduling for Uplink LWA
2.1 Modeling Uplink LWA
In Release 13, it was agreed that downlink LWA bearers can only be mapped to RLC AM entities. The same principle can also be applied for uplink LWA.
Proposal 1: Uplink LWA bearers can only be associated with RLC AM entities.
In Release 13 dual connectivity feature (DuCo) [2], for split bearers, the PDCP layer is responsible for routing PDCP PDUs either to MCG or SCG RLC AM entities based on (the RRC configured) parameters, ul-DataSplitThreshold and ul-DataSplitDRB-ViaSCG. When ul-DataSplitThreshold is configured, and the data available for transmission is larger than or equal to ul-DataSplitThreshold, then it is up to UE implementation to decide whether to use the MCG or SCG.
Observation 1: In Release 13 DuCo architecture, the UE can be configured to be the arbiter of how data is split between the SCG and MCG.
We note that in WLAN systems that are deployed today, there is no explicit grant request or grant scheduling mechanism at the MAC layer [3]. WLAN radio and load conditions can change dynamically, and the amount of traffic routed over WLAN uplink needs to adapt to these changing conditions. For these reasons, the UE appears to be in the best position to decide how much data can be sent in the WLAN uplink. Since, as observed, the DuCo architecture provides such flexibility to the UE already, we propose:
Proposal 2: For uplink LWA, the PDCP layer routes data between LTE (MCG) RLC and WLAN entities based on Rel-13 DuCo routing between MCG and SCG RLC AM entities.
2.2 LWA PDU and DRB Identification
In the uplink, a mechanism is needed to identify that the WLAN frames are carrying LWA PDUs so that the WLAN AP can route these frames accordingly. In Release 13, a new EtherType value was defined for downlink LWA PDUs (0x9E65), and can be reused for uplink.

Proposal 3: The UE uses the EtherType value (0x9E65) for uplink WLAN frames carrying LWA PDUs.

Also, some mechanism is needed for the eNB to identify which DRB the received (uplink) LWA PDU belongs to. Similar to Release 13, the LWAAP layer can append DRB information in uplink LWA PDUs.

Proposal 4: The LWAAP layer appends DRB information to uplink PDCP PDUs, in the same manner agreed for downlink LWA PDUs in Release 13.

2.3 Differentiating Split and Switched Uplink LWA Bearers
In Release 13, the issue of switched and split LWA bearers was discussed and it was agreed that stage-3 specifications will not explicitly differentiate between these kinds of bearers, and instead leave it to the eNB to decide how LWA PDUs are scheduled for these different kinds of bearers. In the uplink LWA case, it seems difficult to achieve such an operational distinction by controlling the LTE scheduling mechanism alone. 

Proposal 5: A new parameter called ul-LWA-DRB-ViaWLAN can be configured for each LWA bearer in the LWAAP layer via RRC. If configured, the UE will only use WLAN for uplink transmission of this LWA bearer.
2.4 Failure Reporting for Uplink LWA
For DuCo, the SCG failure information procedure is invoked when the maximum number of retransmissions has been exceeded for an SCG RLC AM entity associated with an SCG or split DRB. In the case of uplink LWA, WLAN transmissions can fail when the maximum number of WLAN retransmissions has been exhausted. When this happens, the UE can suspend all uplink transmissions on WLAN and notify the eNB.
Proposal 6: When transmission of an uplink LWA PDU over WLAN fails, the UE shall suspend uplink transmission of LWA PDUs over WLAN and inform the eNB.
The details of how the UE informs the eNB, e.g., by reusing the WLANConnectionStatusReport or a new message can be discussed further.
In order to support such failure reporting, some entity in the LTE protocol stack needs to keep track of the success/failure of LWA PDU transmissions.
Proposal 7: The LWAAP layer will be responsible for keeping track of LWA PDU transmission success/failure.
Based on the above understanding, a conceptual model of uplink LWA is shown below in Fig. 1. 


Figure 1: A UE model of uplink LWA
3 QoS for Uplink LWA
In Release 13, RAN3 has agreed that QoS mapping will be done in WT for (downlink) LWA. For uplink LWA, it is important to ensure that the QoS classification chosen by the WLAN system is consistent with the QoS requirements of the associated DRB. Therefore, it is necessary to specify how the UE’s WLAN entity decides which IEEE 802.11 Access Category (AC) value to use for LWA bearers. We can think of two possible approaches as follows.
Mechanism 1 (NAS based approach): The UE can use the QCI value associated with the LWA bearer to determine the IEEE 802.11 AC value to use. The QCI to AC value mapping can be hardcoded in the RRC specification, or it can be signalled via broadcast or dedicated RRC signalling.
Mechanism 2 (RRC based approach): In this approach, the eNB directly signals the AC value to use for a particular LWA bearer.
Proposal 8: RAN2 is requested to discuss whether the NAS or RRC based approach for WLAN AC determination is to be adopted
4 Conclusions
In this contribution, we discuss the issues of uplink scheduling and QoS management for LWA. Our proposals and observations are summarized below.
Proposal 1: Uplink LWA bearers can only be associated with RLC AM entities.
Observation 1: In Release 13 DuCo architecture, the UE can be configured to be the arbiter of how data is split between the SCG and MCG.
Proposal 2: For uplink LWA, the PDCP layer routes data between LTE (MCG) RLC and WLAN entities based on Rel-13 DuCo routing between MCG and SCG RLC AM entities.
Proposal 3: The UE uses the EtherType value (0x9E65) for uplink WLAN frames carrying LWA PDUs.

Proposal 4: The LWAAP layer appends DRB information to uplink PDCP PDUs, in the same manner agreed for downlink LWA PDUs in Release 13.

Proposal 5: A new parameter called ul-LWA-DRB-ViaWLAN can be configured for each LWA bearer in the LWAAP layer via RRC. If configured, the UE will only use WLAN for uplink transmission of this LWA bearer.
Proposal 6: When transmission of an uplink LWA PDU over WLAN fails, the UE shall suspend uplink transmission of LWA PDUs over WLAN and inform the eNB.
Proposal 7: The LWAAP layer will be responsible for keeping track of LWA PDU transmission success/failure.
Proposal 8: RAN2 is requested to discuss whether the NAS or RRC based approach for WLAN AC determination is to be adopted
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