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1. Introduction
RAN2#95 has made several agreements on uplink transmission on WLAN for eLWA. The ones which are relevant to the discussion in this contribution are as follows:
· All UL data that may potentially be sent over LTE (except UL data already sent or decided to be sent to WLAN MAC) is counted towards the BSR. (This may not result in any change to the stage 3 specification.)

· When UL bearer split is enabled, UE decides which PDUs to transmit on WLAN link (FFS  how this might work in detail within limits of the mechanism for splitting traffic between  LTE an WLAN).

· For eLWA UL, a threshold is configured by eNB and the UE will send UL traffic on both LTE and WLAN links only if the data available for transmission in PDCP exceeds the threshold. (intention is that the threshold is considered in UE before any traffic is sent to WLAN )

· For eLWA UL, when the data available for transmission in PDCP is below or equal to the threshold, the UE will send UL traffic over LTE link only or WLAN link only as configured by the eNB.
This topic was not discussed in RAN2#95bis. In this contribution, we look at the remaining details of uplink transmission on WLAN and propose solutions to their resolutions.  

2. Discussion
At a high level, the RAN2#95 agreements and the current running CR take the Dual Connectivity uplink split-bearer operation as baseline for user plane. However, several changes need to be adopted to address the operational differences of WLAN.

In LTE, the uplink transmissions are scheduled by the eNB (either via dynamic or configured grants) and the UE MAC layer performs multiplexing of PDUs by pulling data from the RLC and PDCP buffers of the selected logical channels. As it is currently captured correctly in the running CR as a Note, the interfacing between PDCP and WiFi MAC and how PDCP PDUs are selected for WLAN transmission as well as how they are handled after LWAAP is left to UE implementation. This selection happens when total data available for transmission is more than the data split threshold. Therefore, the current agreements already cover the operation for PDCP transmission (except for transmission of the same PDU on both links which is discussed below).
Proposal 1: No additional control of uplink transmission of an LWA bearer in addition to what is captured in the current running CR is needed.
The second issue is the impact of WLAN transmissions on BSR. When the total data in the PDCP buffer is less than the split threshold, the amount indicated to lower layers for BSR is either all of the data or zero depending on whether LTE or WiFi link is configured to be used respectively. However, when the total data is greater than the split threshold, a decision has to be made how to account for the WLAN transmissions in BSR.
According to the RAN2#95 agreement, “All UL data that may potentially be sent over LTE (except UL data already sent or decided to be sent to WLAN MAC) is counted towards the BSR.” In the current running CR, all UL data is counted towards the BSR with an Editor’s Note clarification may be needed citing this agreement since the word “potentially” can be interpreted in different ways.

The control of how the PDCP available data is reported in BSR will have an impact on uplink performance. If no control is used and the UE always indicates the full PDCP buffer size in requesting an LTE grant, this will likely cause over-scheduling. When the UE sends BSR in subframe n, it cannot start transmission on LTE before n+4. As already agreed and captured in the CR, the UE is allowed to transmit packets on WLAN between subframe n and n+4. If the eNB gives a grant according to the reported BSR, the amount which corresponds to the WLAN may be wasted. 
This problem was extensively discussed in Rel-13 for DC split-bearer and in part due to the difficulty of finding an acceptable standardized solution, the handling of over-scheduling was left to eNB implementation. In this approach, the UE reports full buffer size both MeNB and SeNB and the eNBs can coordinate in order to prevent the over-scheduling.
The solution for DC split-bearer is not feasible for eLWA as such coordination between eNB and WLAN network is not possible. Furthermore, the transmission decisions towards the WLAN access point are made by the STA (UE) itself. Therefore, a reasonable way is to take the DC approach of leaving the coordination to implementation but this time at the UE. This will also be consistent with what was agreed for the actual transmissions. It is also not practical and efficient to adopt eNB based control (e.g. split-ratio) since WiFi conditions usually change dynamically and only the UE has access to this information. Furthermore, eNB control will also need to use RRC signalling which has to be frequent for efficient operation.
In the running CR, it was captured in a Note that “For LWA bearers, only the data that may be sent over LTE (i.e., excluding UL data already sent or decided to be sent over WLAN) is considered as “data available for transmission”.”.
Even though it might be clear from the earlier agreements, it will still be good to clarify that the “decided to be sent” does not impose a hard decision for the UE in the sense that these PDUs are expected to be transmitted over WLAN and have not necessarily been pushed to WLAN MAC. If this flexibility is not implemented, there are two possibilities: 1-) UE can transmit on WLAN after BSR transmission and the LTE grant will be under-utilized 2-) The UE does not transmit on WLAN after BSR transmission and WLAN link will be under-utilized. To prevent under-utilization, the UE should be allowed to take the expected WLAN transmissions into account while requesting grant via BSR.
It should be noted that the UE does have strong motivation to request LTE grants as close to what it expects to transmit on LTE.  If it always requests higher grants by not accounting for what ends up being transmitted on WLAN, it will have to transmit additional padding bits on LTE which causes unnecessary processing and power consumption. In addition, an eNB may become more conservative in uplink grants upon subsequent BSR reporting for LWA bearers when the uplink grant is not fully utilized for data in previous transmissions.  
Proposal 2: For BSR, the UE excludes data that it expects to transmit over WLAN. 
The Proposal 2 can be captured in the 36.323 CR simply by changing “decided” to “expected”:
NOTE:
For LWA bearers, only the data that may be sent over LTE (i.e., excluding UL data already sent or decided expected to be sent over WLAN) is considered as “data available for transmission”. 
Another issue is if the UE can allow retransmission of PDCP PDUs and whether transmit the same PDCP PDU on both LTE and WLAN (at different times). For downlink, this and even simultaneous transmission (bi-casting) is allowed and status reporting was designed to help this operation. It is also reasonable to have the same flexibility on the uplink except possibly for bi-casting. In order to allow predictability at the eNB, it is preferable not to leave this decision to UE implementation and perform only based on PDCP/LWA Status Reports. Unlike downlink, the transmission of PDCP PDUs can here be left to eNB decision and implementation. It is assumed that the eNB can discard any duplicate PDCP PDUs, if they happen, just like UE does on the downlink. 
Proposal 3a: A PDU previously submitted to either RLC or WLAN can be resubmitted if PDCP/LWA Status Report indicates that it is missing at the receiver. 
Proposal 3b: Transmission of PDCP/LWA Status Report for uplink is left to eNB implementation. 

In Rel-13, an LWA DRB is configured only in the RLC AM mode. However, there is no reason why it cannot use RLC UM. With the introduction of uplink in eLWA, it is now possible to support voice services over WiFi link. In many LTE deployments, Voice over WiFi (VoWiFi) is increasingly being used through ePDG which shows that operators are motivated to use WLAN to offload voice traffic as well. Therefore, this functionality should also be allowed for eLWA and since voice is usually mapped to RLC UM, we propose that:
Proposal 4: In Rel-14, an LWA bearer can be configured with RLC UM. 
In eLAA, a data bearer can be transmitted via uplink of LAA SCells only when it is configured by RRC. The justification for this decision was that the uncertatinity of unlicensed spectrum (channel availability, interference) may not be sufficient to meet the QoS requirements for certain data bearers. This is also applicable to WiFi link and even more so since eNB has less control on WiFi transmissions compared to LAA. Therefore, the same flexibility should also be allowed for eLWA:

Proposal 5: Adopt the eLAA logical channel routing restriction mechanism for eLWA

The handling of QoS was also discussed in RAN2#95 and it was agreed that the “mapping between LWA bearer and IEEE 802.11 AC will be determined in the WT. RRC used to provide the mapping to the UE. RAN3 to complete the Xw aspects”. The primary reason for this decision was that the QCI to WLAN AC mapping is done at the WT for downlink in Release-13 and consistency between downlink and uplink are needed. Otherwise, same type of traffic will be treated differently when it is transmitted from the UE or AP. For downlink the decision at the WT is transparent to the eNB. It is assumed that RAN3 will specify the Xw signalling to allow the eNB to receive this mapping from the WT. However, in RAN2 specifications, it should be made clear that the chosen AC by WT should be signalled to the UE. The natural place to do this is either 36.300 or 36.331 as the interface specifications (in this case 36.463 for Xw-AP) is less appropriate for specifying the eNB action towards the UE. It should be noted that this only applies to the non-collocated scenario as WT is not specified for collocated case and eNB and AP can do the internal coordination via proprietary signalling for QoS mapping.
Proposal 6a: Capture in 36.300 that WLAN AC is configured by the WT for non-collocated scenario.
In the current specification, the WLAN AC is an optional IE. However, the UE needs to choose an AC to enable EDCA on WLAN. One option to resolve this is to make the signaling of WLAN AC from eNB mandatory conditional on uplink. In this case, the eNB will select a WLAN AC if RAN3 decides to keep this signaling optional on Xw. Other possibility is to have a default value or leave the choice to UE implementation when WLAN AC is not signaled. The decision by the eNB can guarantee consistency across different UEs and is more preferable:
Proposal 6b: WLAN AC should always be signalled by the eNB when uplink over WLAN is enabled for an LWA bearer. 
3. Conclusion
In this contribution, we discussed the remaining issues on uplink transmission on WLAN for eLWA and propose the following:
Proposal 1: No additional control of uplink transmission of an LWA bearer in addition to what is captured in the current running CR is needed.
Proposal 2: For BSR, the UE excludes data that it expects to transmit over WLAN. 
Proposal 3a: A PDU previously submitted to either RLC or WLAN can be resubmitted if PDCP/LWA Status Report indicates that it is missing at the receiver. 

Proposal 3b: Transmission of PDCP/LWA Status Report for uplink is left to eNB implementation. 

Proposal 4: In Rel-14, an LWA bearer can be configured with RLC UM. 

Proposal 5: Adopt the eLAA logical channel routing restriction mechanism for eLWA

Proposal 6a: Capture in 36.300 or 36.331 that WLAN AC is configured by the WT for non-collocated scenario.
Proposal 6b: WLAN AC should always be signalled by the eNB when uplink over WLAN is enabled for an LWA bearer. 
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