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1. Introduction
One of the objectives of the new WI on “Enhanced LWA” is to support uplink data transmission on WLAN, including uplink bearer switch and bearer split. 
In this contribution, we discuss the scheduling aspects of uplink support and suggest solutions for these.

2. Discussion
The data transmission on uplink for LWA should be similar to the downlink. A PDCP PDU generated by the UE PDCP entity can be transmitted over LTE or WLAN link and the same adaptation layer (LWAAP) is used for data transmitted over WLAN.

Proposal 1: On LWA uplink, LWAAP entity is used, similar to uplink, for transmission of PDCP PDUs on WLAN.

Similarly, the Ethertype adopted for downlink can also be used on the uplink to help WLAN differentiate between LWA and other traffic.

Proposal 2: LWA Ethertype is used on uplink to help differentiate LWA and other data at the receiver.
In Rel-13 LWA, a bearer can be served on LTE only or on both LTE and WLAN for the downlink. This choice is signaled to the UE via the bearer type (LWA bearer or not). This is very similar to the split and MCG bearer for Dual Connectivity (DC). It is natural to adopt the same framework for uplink and extend the definition of LWA bearer to use both LTE and WiFi links on both downlink and uplink. 

Proposal 3: For LWA uplink, the data for a bearer can be transmitted on both LTE and WLAN when that bearer is configured as an LWA bearer. Otherwise, all data for this bearer is transmitted on only LTE link.
In LWA, eNB, as the anchor point for user plane, can control downlink scheduling on LTE and WLAN. This control is more precise for LTE link (RB and TTI level) while relatively looser through the flow control mechanism for WLAN link. Since the scheduling between LTE and WLAN for downlink was part of eNB scheduler implementation, there was no impact on specifications in Release-13.

On the uplink, the LTE link scheduling should follow the existing mechanisms (uplink grants) as LTE PHY and MAC should not be changed in order to support LWA.

Proposal 4: For LWA Uplink, the transmissions on LTE is done according to the existing LTE scheduling mechanisms of uplink grants.

The main question is whether and how the eNB should control the transmission on WLAN for uplink. Without any such control, the UE can decide when and how much data to transmit on WLAN (once it seizes the channel following the WiFi access scheme). Even though this approach will be preferable for limiting the impact on WiFi, it can create other issues. One particular problem is overscheduling when the eNB gives uplink grants for LTE while the UE uses WiFi to transmit the buffered data. In addition, reception of uplink data through WLAN without any prior knowledge by the eNB may be challenging for some eNB implementations which were designed for fully scheduled uplink. Therefore, it is reasonable to have some control of uplink transmission on WLAN link.
Proposal 5: For LWA uplink, the transmissions on WLAN can be controlled by the eNB.

The eNB control of uplink transmissions on WLAN can be similar to the LTE transmissions (explicit control of time and resources) or using a looser control allowing flexibility in time and/or amount of data. In the first option, the eNB decides on the exact amount of data to be transmitted on WLAN and provides a specific WLAN grant to the UE for this purpose. Even though this option provides a unified framework across LTE and WLAN, the exact timing of the WLAN transmission cannot be guaranteed since the WLAN transmissions are opportunistic based on channel access. In addition, the BSR report may not always identify the amount of data for each bearer and thus eNB may not be aware of how much data is available to be transmitted on WLAN, which can happen even if the eNB configures all LWA bearers in the same logical channel group. Therefore, strict control of time and data amount of WLAN uplink transmissions is not feasible.
In the second option, the eNB does not control the WLAN transmission for every specific TxOP occasion but can instead provide some guidelines in terms of such as thresholds or ratios for WLAN transmissions. Some possible choices are:
1. Providing a WLAN grant which is applicable for a certain duration (or until cancelled)

2. Using a token-bucket mechanism for WLAN grants (similar to LTE scheme)
3. Specifying a ratio between LTE and WLAN transmissions, either based on LTE uplink grant, reported BSR, or an average throughput.
4. Specifying a threshold for buffer size (of LWA bearers) to determine whether to use WLAN or request LTE grants
These and similar options can still provide eNB control while accommodating the unpredictable nature of WLAN transmissions and thus are more suitable for LWA. 
Proposal 6: Adopt a method for eNB control of WLAN uplink which does not dictate the exact timing and amount of data of transmissions for LWA.
Whichever method is adopted for WLAN uplink control, the logical channel multiplexing and prioritization can be kept as in LTE. 

Proposal 7: LTE logical channel multiplexing and prioritization rules for uplink will also be applicable to LWA. 

For the downlink, Rel-13 also introduced PDCP status reporting which can be used by the eNB for end-to-end flow control as well as retransmissions. Such reporting can also be useful for uplink, especially for retransmission on LTE link when WLAN transmissions fail. However, the trigger for this report should be left to eNB implementation.

Proposal 8: PDCP Status reporting (both legacy and LWA) are also adopted for uplink and the report triggering is left to eNB implementation.
3. Conclusion
In this contribution, we discussed the uplink transmission on WLAN for LWA and propose the following:
Proposal 1: On LWA uplink, LWAAP entity is used, similar to uplink, for transmission of PDCP PDUs on WLAN.

Proposal 2: LWA Ethertype is used on uplink to help differentiate LWA and other data at the receiver.
Proposal 3: For LWA uplink, the data for a bearer can be transmitted on both LTE and WLAN when that bearer is configured as an LWA bearer. Otherwise, all data for this bearer is transmitted on only LTE link.

Proposal 4: For LWA Uplink, the transmissions on LTE is done according to the existing LTE scheduling mechanisms of uplink grants.

Proposal 5: For LWA uplink, the transmissions on WLAN can be controlled by the eNB.

Proposal 6: Adopt a method for eNB control of WLAN uplink which does not dictate the exact timing and amount of data of transmissions for LWA.

Proposal 7: LTE logical channel multiplexing and prioritization rules for uplink will also be applicable to LWA. 

Proposal 8: PDCP Status reporting (both legacy and LWA) are also adopted for uplink and the report triggering is left to eNB implementation.
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