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1 Introduction

Configuring UL for eLWA was discussed in RAN2#95 and the following was captured in the running CR [1] regardin UL configuration:
For LWA bearer UL configuration, if the data available for transmission exceeds the threshold indicated by E-UTRAN the UE decides which PDCP PDUs are sent over WLAN or LTE. If the data available does not exceed the threshold, the UE transmits PDCP PDUs on LTE or WLAN as configured by E-UTRAN.
Thus the UL may be configured as WLAN only, LTE only or, if the split threshold is configured, LWA UL may operate in split mode as well. What is currently not possible is the switch between LTE and WLAN paths. 
2 Issues with split UL
When the eLWA UL operates generally in split mode, it is difficult for the eNB to know how much UL resources to schedule for the UE as the WLAN side in the UE may empty the buffer suddenly if a good transmission opportunity appears. It may therefore be so that the eNB overshoots in the scheduling to ensure to provide sufficient uplink resources, but this type of "over-scheduling" may of course waste UL resources. Indeed, even if it can be argued that for one UE the LTE over-scheduling would not be an issue as subsequent BSR would tell the buffer is empty/small as data has been transmitted to WLAN. Having multiple eLWA users operating UL split might severely degrade the overall LTE UL efficiency in that eNB and of course, degraded system efficiency results in worse performance also for the UEs.

Observation 1 Having multiple eLWA users operating UL split might severely degrade the overall LTE UL efficiency in that eNB.

Observation 2 It seems beneficial to configure only switch UL or configure split threshold relatively high.
2.1 Efficient operation with switched UL

The WLAN air interface is time multiplexed between UL and DL of all stations (UEs) and APs are sharing the same channel. Especially in in UL all UEs connected to same AP are competing the channel the AP would be using for DL to any of the UEs. As WLAN DL is the main use for LWA, it should be possible to enable efficient use of the WLAN DL channel.

Observation 3 It is not beneficial to have heavy UL traffic on WLAN side as it disturbs channel availability for DL traffic.

Though, as WLAN air interface is not scheduled and access delay may be very low compared to LTE it would be beneficial if small data amount could be sent via WLAN instead of the heavier LTE SR procedure. however, if WLAN air interface delay increasesLTE should be used. Consequently, it should be possible to configure a threshold that switches the UL configuration from WLAN to LTE. When UL is directed to WLAN when there is only small amount of data in the buffer has the following benefits. If the delay on WLAN is low, transmitting small UL data on WLAN is very efficient as LTE scheduling mechanism is not used and resources are saved. Small WLAN transmissions further do not interfere too much with WLAN DL usage. Then, if delay increases on WLAN side, the buffer also grows accordingly and the first threshold switches the UL to LTE side.

Observation 4 It should be possible to utilise low delay of WLAN air interface when available for sending small amounts of data. 

The reason to switch path to LTE and not to enable directly split buffer is two-fold. Firstly, switching to LTE, allows all WLAN resources to be used for the WLAN DL traffic. Secondly, the over allocation of small LTE resources to multiple users is diminished. 
If data increase above the second threshold, using split buffer is indeed reasonable as now there would be so much data in coming in UL that using both resources is needed. Now, when eNB schedules, even if WLAN side also gets transmission resources, there is likely so much data in the buffer that both resources are needed. Note that this would not hold if the split threshold is configured low. 
If there is only one threshold which is configured low, the overscheduling issue already for one UE appears. Then, if the threshold is configured high, depending on which direction the UL is configured below the split threshold, certain benefits will be lost. If the UL is configured to WLAN and split threshold is high, the data may be waiting in the buffer for unreasonably long time as the buffer size would not grow fast enough above the split threshold. This leads to PDCP SDU discard at receiving PDCP entity. If it is configured to LTE only, the benefits of being able to transmit small amounts of data on WLAN with small delay are lost and LTE is fully occupied until split threshold is met.
Observation 5 If there is only the split threshold which is configured low, the overscheduling issue already for one UE appears.

Observation 6 If there is only split threshold which is configured high and UL is to WLAN, the data may be waiting in the buffer for unreasonably long time as the buffer size would not grow fast enough above the split threshold. This leads to PDCP SDU discard at receiving PDCP entity.
Observation 7 If there is only split threshold which is configured high and UL is to LTE, the benefits of being able to transmit small amounts of data on WLAN with small delay are lost and LTE is fully occupied until split threshold is met.
Proposal 1 In addition to the split threshold, specify a threshold that switches the UL direction. 
3 Conclusion

Based on the discussion we have the following observations and proposals
Observation 1
Having multiple eLWA users operating UL split might severely degrade the overall LTE UL efficiency in that eNB.
Observation 2
It seems beneficial to configure only switch UL or configure split threshold relatively high.
Observation 3
It is not beneficial to have heavy UL traffic on WLAN side as it disturbs channel availability for DL traffic.
Observation 4
It should be possible to utilise low delay of WLAN air interface when available for sending small amounts of data.
Observation 5
If there is only the split threshold which is configured low, the overscheduling issue already for one UE appears.
Observation 6
If there is only split threshold which is configured high and UL is to WLAN, the data may be waiting in the buffer for unreasonably long time as the buffer size would not grow fast enough above the split threshold. This leads to PDCP SDU discard at receiving PDCP entity.
Observation 7
If there is only split threshold which is configured high and UL is to LTE, the benefits of being able to transmit small amounts of data on WLAN with small delay are lost and LTE is fully occupied until split threshold is met.


Proposal 1
In addition to the split threshold, specify a threshold that switches the UL direction.
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