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Introduction
During RAN2#94 meeting, eLWA UL scheduling issue was discussed and the following principle is agreed [1]:
· Sending a PDCP PDUs to WLAN is based on “some” eNB control without impacting existing WLAN MAC. (this eliminate full per packet eNB scheduling of WLAN and eliminates full UE implementation)
But the details are still open, so this contribution will focus on further details.
Discussion
The following sections will discuss several key issues for the scheduling of UL split bearer in Rel-14 LWA and provide candidate solutions and proposals. 
1. Trigger for UL Traffic Splitting
In DC, a threshold is used to activate the UL splitting, if the traffic is below the threshold, the UE will send traffic to one link only. This is useful to increase the UL links utilization, as there is not much gain for traffic splitting when the data volume is not that much. Similarly, in eLWA a threshold could be introduced to trigger the UL traffic splitting.
There are some concerns at RAN2#94 that the threshold was originally introduced at DC to avoid the issue for BSR reporting for small data. However we think even the BSR is not an issue here for eLWA, it is still beneficial to introduce such mechanism to improve the efficiency of offloading. 
Proposal 1: 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 traffic volume exceeds the threshold.
Some UL traffic may contain important application-level feedback information, thus when the data volume is less than the threshold, the UE should send UL data on LTE link considering its better data transmitting guarantee than WLAN.
Proposal 2: For eLWA UL, when the traffic volume is below or equal to the threshold, the UE will send UL traffic over LTE link only.
2. UE Control vs. eNB Control
During RAN2#94, full UE based control option is ruled out. However, a deviation of UE based control option should still be considered, i.e. the UE controls the traffic splitting on itself but also follows some sort of eNB configurations/adjustments (like boundary or threshold). And also “full per packet eNB scheduling” is ruled out at last meeting, so the “UL Grant based dynamic offload” (i.e. option 2c in paper [2]) should not be further considered. But there are still options for eNB based control, which means the splitting is determined by eNB signal/configurations that may changes over time (but not on per-packet basis). Thus as regards to the UL scheduling, there are still 2 main options for eLWA:
Option 1. UE based control (under eNB configuration)
Option 2. eNB based control
For UE based control option, UE could autonomously determine the traffic allocations towards both LTE and WLAN links based on its knowledge and assessment on the qualities on both links. For eNB based control option, eNB will decide the amount or proportion data to be sent over each link and notify the UE. The allocation could be static or semi-static adjusted based on eNB assessment of both the links.
For both options, a correct and timely evaluation of the WLAN link is mandatory. However, under current LWA architecture, since eNB could not know which AP the UE is currently connecting to, it is almost impossible for eNB to obtain the real-time metrics to assess the WLAN link. Under very specific conditions, where eNB could know which AP the UE is connected to by configuring the UE’s mobility set with just a single AP and supposing eNB could get some WLAN metrics (like Available Channel Utilization, BSS Load etc.) over Xw interface, these information could still be delayed and limited. For example, the eNB could not obtain the WLAN RSSI value on a real-time or periodical basis, which is important for scheduling decision. Even UE may report the WLAN RSSI value in some measurement report messages, such information is not reported on a periodical basis however.
Observation 1: Under current LWA architecture with the usage of Mobility Set, it is difficult for eNB to obtain the necessary and enough real-time information to assess the link quality of UE’s current WLAN.
While on the other hand, UE would always get the real-time and precise assessments of current WLAN links. For e.g. UE could obtain current WLAN RSSI, Available Channel Utilization, BSS load and even estimated throughput from periodical AP beacon.
Observation 2: Under current LWA architecture, only UE could obtain the necessary real-time link quality information of UE’s current WLAN.
Besides the traditional link information, UE could also obtain other metrics to be considered for traffic offloading decision which cannot be obtained at eNB side, like: user traffic/service type or App information via proper interface with UE OS. These additional metrics will be helpful for UE to make a more efficient traffic management.
For eNB control based approach, the possible variations in implementations are:
Option 2a. Threshold based Traffic Offload: 
eNB determines a threshold and UE will divide UL traffic based on the threshold value.
Option 2b. Split Ratio based Traffic Offload: 
eNB determines a split ratio and UE will divide UL traffic using the ratio. 
For both option 2a and 2b, frequent RRC signalling is needed if eNB uses dynamic scheduling to adapt to the changing of WLAN/LTE links. If the eNB cannot adjust the parameters too often, then the scheduling may be not optimized. In summary, despite the poor knowledge of real link conditions at eNB, the efficiency of eNB based approach is still quite low considering the restrictions of signalling burden.
Furthermore, for all eNB control based options, since the traditional BSR is per LCG and the treatment of LWA bearers should be different from traditional LTE bearers, thus all the LWA bearers could only be assigned into different LCG(s) with LTE bearers unless new BSR formats for eLWA are defined. This also increases configuration limitations and complexity.
A summary of the analysis and comparison between these options are listed in table 1.
Table1. Comparison between UE and eNB based Control
	
	UE based Control 
(under eNB configuration)
	eNB based Control

	LTE link Metrics Used
	Yes, real-time and necessary information
	Yes, real-time and necessary information

	WLAN link Metrics Used
	Yes, real-time and necessary information
	Almost no 
Delayed and limited information under very special configuration (Mobility Set of 1 AP)

	Other Metrics Used
	User service/app information could be available 
	No

	Scheduling Efficiency
	High
	Low

	Signal
Burden
	No
	Frequent RRC signal is needed for best performance

	Specification Impact
	Almost No
	New RRC IE needed for option 2a and 2b.
New BSR formats may be needed

	Configuration
Impact
	No
	LWA bearer could not be assigned within the same LCG with LTE bearer unless new BSR format needs to be defined.



Based on the analysis above, it is proposed to adopt option 1 i.e. UE based approach as it is simple but effective and does not have great impacts to current specifications. And for that, eNB still could optionally configure a max and min boundary for the UE.
Proposal 3: For eLWA UL, when the traffic volume exceeds the threshold, the UE autonomously determines how UL traffic is split over LTE and WLAN link. 
Proposal 4: The eNB may configure the UE with a max and min thresholds on the limitation on the data volume to be sent over WLAN link for UL traffic splitting in eLWA.
3. BSR Format and Reporting
Under option 1, since UE has the full control on the traffic splitting over the two links, the UE just need to send BSR based on the amount of UL data expected to be sent to LTE link only, but not the total amount of UL traffic. Thus there is no change to current existing BSR format for reporting mechanism.
Proposal 5: For eLWA UL, UE reports BSR based on the amount of UL data expected to be sent on LTE link only.
Proposal 6: No new BSR format or reporting mechanism is needed for eLWA UL.
Conclusion 
It is proposed to discuss and capture the following proposals at RAN2:
Observation 1: Under current LWA architecture with the usage of Mobility Set, it is difficult for eNB to obtain the necessary and enough real-time information to assess the link quality of UE’s current WLAN.
Observation 2: Under current LWA architecture, only UE could obtain the necessary real-time link quality information of UE’s current WLAN.
Proposal 1: 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 traffic volume exceeds the threshold.
Proposal 2: For eLWA UL, when the traffic volume is below or equal to the threshold, the UE will send UL traffic over LTE link only.
Proposal 3: For eLWA UL, when the traffic volume exceeds the threshold, the UE autonomously determines how UL traffic is split over LTE and WLAN link. 
Proposal 4: The eNB may configure the UE with a max and min thresholds on the limitation on the data volume to be sent over WLAN link for UL traffic splitting in eLWA.
Proposal 5: For eLWA UL, UE reports BSR based on the amount of UL data expected to be sent on LTE link only.
Proposal 6: No new BSR format or reporting mechanism is needed for eLWA UL.
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