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Discussion
1 Introduction

The enhanced LTE-WLAN Aggregation (eLWA) builds on Rel-13 LWA framework without changes to the LWA architecture. One objective of this work item is to specify uplink (UL) data transmission on WLAN, including UL bearer switch and bearer split.
This contribution is to discuss UE buffer status report (BSR) procedures regarding UL LWA bearer switch and UL LWA bearer split.

2 Discussion
BSR procedure for dual connectivity
For a split bearer in user plane architecture 3C for dual connectivity (DC) [1], there are two corresponding logical channels locating on the MeNB and the SeNB respectively. The buffer in the PDCP entity is shared by both logical channels.
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Figure 1: Alternative 3C [1]

In Rel-12 LTE DC, the UL bearer does not split. The MeNB configures the UE to which eNB (either MeNB or SeNB) the PDCP PDUs shall be delivered and so is the BSR for data packets. However, BSR for RLC status reports in reponse to downlink (DL) RLC PDU transmissions are still transmitted to the concerned eNB.
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Figure 2: Radio Protocol Architecture for DC in Rel-13 [2]
In Rel-13, a threshold for UL split is introduced and can be configured by the MeNB. If the threshold is crossed by the data available for transmission for the split bearer, the PDCP buffer size should be indicated in the BSR for both the MeNB and the SeNB. Otherwise, since overall data amount is small and thus not efficient to be scheduled by both eNBs, the UL bearer does not split. According to the configuration by MeNB, UE delivers the PDCP PDUs to the configured eNB (either MeNB or SeNB) and the BSR for available data packets is also reported to it. The BSR for RLC status reports in reponse to DL RLC PDU transmissions is still transmitted to the concerned eNB.
BSR procedure for eLWA
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Figure 3: LWA Radio Protocol Architecture for the Non-Collocated Scenario [2]
In Rel-13, the LWA building upon Rel-12 LTE DC architecture is introduced. For LWA bearer, the UL PDCP PDUs can only be sent via the LTE. Thus it is natural for buffer status to be reported to the eNB only for scheduling the UL grant. The BSR for RLC status reports in reponse to DL RLC PDU transmissions is transmitted to the eNB.
Now consider Rel-14 that the eLWA can use eNB and/or WLAN radio resources in UL. Based on the thought of promoting offloading, a threshold can be configured by the eNB for the UE to trigger the BSR for acquiring uplink grant in LTE. The PDCP buffer size for the split LWA bearer is only indicated to the MAC entity for eNB if the threshold is crossed. The threshold can be adjusted and reconfigured by the eNB according to the loading information on LTE and the measurement report on WLAN from UE. Since WLAN is a contention-based access system [3] without acquiring UL grant first before transmitting UL data, BSR is not required. In addition, to avoid over-scheduling on LTE side, the PDCP data available for transmission for the split LWA bearer should report only the part configured for eNB for acquiring UL grant. This can be configured by the eNB using a ratio for the UE to calculate the PCDP buffer size in the BSR for the eNB or another threshold that only the data amount above the threshold is reported for acquiring UL grant.
We list possible configuration combinations by the eNB. 
1. Split downlink, split uplink

· In this case, the LWA beaer is configured to use both eNB and WLAN radio resources in both directions.
· The PDCP data available for transmission should be calculated by the UE and indicated to the MAC entity configured for eNB. 
· The BSR should be set to include both the buffer size of PDCP configured for eNB and reverse RLC status report for the split DL for scheduling the UL grant.
· Reordering on PDCP entity of eNB and UE are required.
2. Switched downlink, split uplink

· In this case, the LWA beaer is configured to use WLAN radio resouces only in the downlink but both eNB and WLAN radio resources in the uplink.
· The PDCP data available for transmission should be calculated by the UE and indicated to the MAC entity configured for eNB. 
· The BSR should be set to include the PDCP buffer size configured for eNB for scheduling the UL grant. RLC status report is not included since only WLAN radio resouces is used in downlink.
· Reordering on PDCP entity of eNB is required.
3. Split downlink, switched uplink

· In this case, the LWA beaer is configured to use both eNB and WLAN radio resources in downlink but use only WLAN radio resources in uplink.
· Given that the UL is configured to use WLAN resource only, the data available for transmission is indicated as 0 to the MAC entity configured for eNB. 
· BSR should only carry the RLC status report in response to DL RLC PDU transmissions. 

· Reordering on PDCP entity of UE is required.

4. Switched downlink, switched uplink

· In this case, the LWA beaer is configured to use WLAN radio resources only. 
· Given that the UL is configured to use WLAN resource only, the data available for transmission is indicated as 0 to the MAC entity configured for eNB. 
· No BSR for PDCP buffer size and RLC status report is required since only WLAN radio resouces is used for the LWA bearer. 
· No reordering on PDCP entity is required for both eNB and UE.
To facilitate eNB scheduling and configurations, the UE should report corresponding capabilities for supporting split or switched LWA bearer in the uplink. Also, based on above discussions with the motivation to reduce eNB overscheduling, we have the following proposals for eLWA.
Proposal 1: The UE should report to the eNB that if it supports UL switched and/or split LWA bearer.

Proposal 2: The eNB should configure a split threshold for eLWA uplink transmission.
Proposal 3: For UL split LWA bearer, eNB configures the UE to report in the BSR only the data for transmission to the eNB while the data transmission for WLAN is not included. 
Proposal 4: For UL switched LWA bearer, the UE does not indicate the PDCP buffer size configured for WLAN to the BSR for eNB.
3 Conclusion
In this contribution, we have reviewed the BSR procedures for DC in recent releases and discuss possible BSR procedues required for uplink transmission in eLWA. The proposals are listed below:
Proposal 1: The UE should report to the eNB that if it supports UL switched and/or split LWA bearer.

Proposal 2: The eNB should configure a split threshold for eLWA uplink transmission.
Proposal 3: For UL split LWA bearer, eNB configures the UE to report in the BSR only the data for transmission to the eNB while the data transmission for WLAN is not included. 

Proposal 4: For UL switched LWA bearer, the UE does not indicate the PDCP buffer size configured for WLAN to the eNB.
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