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Introduction
In LWA, the split bearer performance or the downlink data rate is subject to many issues and may change dramatically during LWA operation. For LWA, one important remaining issue is that how the eNB could monitor so that eNB can further take actions to it. In this contribution we’ll discuss this issue and propose the possible solutions with analysis.
Discussion
In LWA, the split bearer’s data path includes many network elements (from eNB->WT->AP->UE) and variable links, and are thus affected by many issues.
Observation 1: For LWA operation, the performance of split bearer on WLAN link is affected by the end-to-end link of WLAN data path from eNB to UE.
At WLAN side, the link performance may be impact by many factors, like: channel utilization ratio, number of stations, and interference or other radio level conditions. 
As the introduction of “WLAN Mobility Set” concept, UE is granted full autonomy for selection and connecting to the WLAN AP within the mobility set, and such mobility is totally transparent to eNB, i.e. eNB does not even know which AP the UE is using for LWA operation. This reduces eNB burden, but at the same time, new issues arise: the UE may connect to an AP with poor condition with eNB knowing nothing about this. And as the UE implementations vary a lot, e.g. some UE may choose the AP based only on signal quality but not any other metrics, the problem becomes more serious.
Observation 2: The LWA performance could be impact by various factors in WLAN which are totally beyond the knowledge and control of eNB, due to the UE’s autonomy for mobility and various implementations. 
Thus, to ensure the overall performance of LWA and more important, the user experience, eNB need to have knowledge or monitor the LWA data transfer performance all the time, so that it can take actions (like: suspend or retransmission at PDCP layer) accordingly when the data path of LWA split bearer in WLAN side becomes not suitable.
Proposal 1: For LWA split bearer in WLAN domain, a periodical performance monitoring mechanism is needed at eNB.

Accordingly, to fulfil the goal, there are several possible solutions to make the performance monitoring:
· UE Measurement
· UE Implementation 
· Flow Control
· Higher Layer
Their detailed implementations are discussed below:
UE Measurement
eNB may configure UE to measure WLAN link status and report on events that may affect the performance. The measurement object may include WLAN beaconRSSI and other WLAN measurements (like Channel utilization ratio and backhaul data rate). This method can guarantee the unified criteria as the eNB could define common thresholds. But it cannot reflect the situation if there is sudden loss of WLAN connection due to current LTE measurement framework limitations. It also increases the Uu interface signal burden. Besides, it requires interface and frequent data exchange between UE’s WLAN and LTE chips which may affect UE implementation complexity. And more important, all these metrics could do not have an absolute relation with LWA performance and could not be used directly. Furthermore, it will further increase UE complexity for introducing new measurements events under current measurement frameworks.
UE Implementation
UE may perform WLAN link monitor based on its own implementations. On detections of WLAN performance degradation it will take the related actions accordingly (report to eNB or perform WLAN HO etc.). As UE implementations are different, this method cannot guarantee the unified performance. Most UE make the judgement based on WLAN beacon frame signal strength, but with different thresholds. This solution can save the air interface signal burden. It also increases UE implementation complexity.
Flow Control
Flow control mechanism in LWA could also be utilized. However, for Xw interface based flow control mechanisms, there may be difficulties for WT to collect the necessary metrics for UE due to current WT implementation limitations. There are already various WLAN vendors who expressed their serious concerns on this issue. 
While for UE based flow control, we have not yet agree on a “periodical” reporting on it. Thus it may be not applicable at all for performance monitoring purpose. Even it is agreed, the periodicity could not be set too short to avoid unnecessary signal burden on air interface. If the periodicity is set to order of dozens of milliseconds, it will have great impact to Uu interface, and that alone will cost all the possible benefits/gains provided by LWA.  The extended periodicity may lead to a delayed detection which will have a negative impact on user performance. Besides the flow control metrics could not be utilized directly, and additionally evaluation mechanism and criteria need to be standardized. And also, periodical collecting the flow control metrics may also increase UE complexity.
Higher Layer
In this solution, eNB may send out “probe packets” from high layer to UE periodically, on detection of the loss of the probe packets, the UE may determine the LWA performance degradation and take the corresponding actions accordingly. The “probe packets” may be sent from PDCP layer or the LWA adaptation layer, and it could take any of the following three formats:
· An empty PDCP data PDU
· A specific PDCP control PDU
· A specific LWA adaptation layer control PDU
The UE could detect LWA performance degradation based on the loss of “probe packets” on a timer basis or the loss of several consecutive “probe packets”.
This method not only reflects the WLAN radio link quality, but also the end-to-end WLAN side link status for LWA, which is more important for the overall performance of LWA data transferring that needs to be periodically monitored. As the packets are only delivered on WLAN links, no air interface signal burdens exist. Thus the periodicity may be short for a timely detection. The solution supports per-bearer basis detection. It also defines a unified standard or criteria for UE detections without any increased complexity of UE WLAN chips.
A comparison of the 4 solutions is listed in table 1.
Table 1 Comparison of LWA Performance Monitoring Solutions 
	Solutions
	Pros
	Cons

	UE 
Measurement
	· Unified detection criteria

	· Indirect metrics
· Uu Signal burden
· Not suitable for WLAN signal sudden loss cases
· Increased UE complexity

	UE Implementation
	· No specification impacts
· No Uu signal burden
	· Indirect metrics
· Non-unified detection criteria which may affect LWA performance
· Increased UE complexity

	Flow 
Control
	· Direct metrics
	· Uu Signal burden
· Periodicity could not be too often
· Delayed detection
· Increased UE complexity

	High 
Layer
	· Direct metrics
· Unified detection criteria
· End-to-end link detection
· No Uu signal burden
· No interface required for  UE’s WLAN and LTE chips, easy for UE
	· Periodical processing of eNB and UE



Based on the above analysis, it is clear that High Layer based solution provides a simple but effective mechanism which best suits the goal.
Proposal 2: It is proposed RAN2 to discuss the above solutions and adopt “High Layer” based solution as a baseline for the performance monitoring of LWA.
Conclusion
It is proposed to discuss the following proposals at RAN2 and capture the agreeable: 
Observation 1: For LWA operation, the performance of split bearer on WLAN link is affected by the end-to-end link of WLAN data path from eNB to UE.
Observation 2: The LWA performance could be impact by various factors in WLAN which are totally beyond the knowledge and control of eNB, due to the UE’s autonomy for mobility and various implementations. 
Proposal 1: For LWA split bearer in WLAN domain, a periodical performance monitoring mechanism is needed at eNB.
Proposal 2: It is proposed RAN2 to discuss the above solutions and adopt “High Layer” based solution as a baseline for the performance monitoring of LWA.
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