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1 Introduction

In RAN2 #89bis meeting, following agreements has been agreed. 
· For a 3C architecture flow control is necessary for the eNB to determine the amount of data to route towards the WLN. (FFS whether flow control runs between WLN and eNB or whether the feedback could e.g. be provided by the UE.)

· For a 2C architecture at least feedback is needed for the eNB to avoid that more than half the PDCP sequence number space is brought in flight. (FFS whether this is provided by a flow control mechanism from the WLN or by the UE)

This paper discusses how eNB obtains feedback information and what kind of information is needed.
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Figure 1 3C and 2C Architecture
2 Discussion
In [1], we have compared the performance of following alternatives:

1. No feedback (fixed ratio)
The dispatcher distributes traffic evenly to LTE and WLAN.
2. L1 feedback
The dispatcher distributes traffic based on measured RSSI value for WLAN and CQI index for LTE.
3. L2 feedback
The dispatcher distributes traffic to LTE and WLAN according to measured throughput at L2, i.e. successful received data bits during active transmission time (exclude idle time)

Results are shown in Figure 2 in Appendix section. Following observations:

· For low to medium system loading (10%~25%), both L1 and L2 feedback outperform no feedback by ~15%.

· For low system loading (~10%), L1 and L2 feedback have similar performance.

· For all cases, L2 feedback (throughput measurement) has the best performance and always outperforms no feedback alternative.

· For medium to high system loading (>~50%), L1 feedback has worse performance than no feedback alternative.
In addition to performance, to guarantee that eNB does not allocate more than half of the PDCP sequence number space, certain L2 feedback to PDCP sender at least for architecture 2C is necessary.
Proposal 1:
Adopt both L1 and L2 feedback for LWA.
L1  measurement
In general, there is no big performance difference between L1 and L2 measurement when system loading is low to medium. For WLAN, high system loading means more UE contending for radio resource, with increasing interference from CSMA/CA, L1 measurement no longer represents achievable UE throughput in a good way. However, it is possible to enhance the estimation on achievable UE throughput by considering load information like channel utilization, buffer status, access delay. Since LWA can be used in low to medium loading and L1 measurement is easy to be acquired by eNB, it is proposed that the eNB can request L1 feedback from UE. Although L1 measurement from WLN directly is also possible, we think it is not preferred considering the potential delay with non-ideal backhaul.
Proposal 2:
The eNB can request L1 measurement feedback from UE.
L2 measurement
On the other hand, L2 measurement always faithfully represent achievable UE throughput, therefore, always provide the best performance. In addition, to guarantee that eNB does not allocate more than half of the PDCP sequence number space, L2 feedback to PDCP sender is necessary. Therefore, L2 feedback not only gives better performance but also assist PDCP SN provision. 
The eNB can obtain L2 throughput measurement from WLN or UE. We compare the two alternatives on following aspects:
· Accuracy: Both WLN and UE can provide correct information on the received PDCP packet, e.g. PDPC PDU count. Therefore, the accuracy of throughput measurement is the same for measurement from WLN or UE.
· Latency: For ideal backhaul, the latency of L2 measurement from WLN comes from reporting latency, e.g. WLN forward L2 measurement every 200ms. For non-ideal backhaul, then the propagation delay is non-negligible, therefore, the latency of L2 measurement from WLN comes from reporting latency and backhaul delay. If the L2 measurement is from UE, the latency comes from reporting latency and Uu interface delay (including SR transmission, UL grant receiving and transmission).
· Overhead: There is no overhead on Uu interface if L2 measurement is from WLN. For L2 measurement is from UE, assuming that L2 throughput measurement (3 bytes: 1byte PDPC header + 2 byte PDCP status report) is reported periodically (e.g., every 200 ms), each IP packet is 1500 bytes (i.e., 12000 bits), and WLAN peak data rate is roughly 150Mbps, we calculate the overhead for L2 measurement on Uu 0.00008%, which is negligible compared to the transmitted data.

Table 1 Feedback mechanism comparsion
	Origin 
	Accuracy
	Latency
	Overhead

	WLN
	 Same
	Ideal backhaul: Reporting latency

Non-ideal backhaul: Reporting latency and  backhaul delay
	No Uu overhead 

	UE
	
	Reporting latency and Uu interface delay
	Negligible Uu overhead 


Finally, the L2 measurement from WLN is only available when there is standard interface, i.e. GTP-U, between WLN and eNB, which may be available for legacy AP.

Current PDCP status report includes the SN of first missing PDCP SDU and a bitmap for the status of following SDUs. With periodic PDCP status report, the eNB can estimate the L2 throughput of the split bearer first and then deduct the LTE part to get estimated WLAN throughput, therefore, we propose that periodic PDCP status report can be used as a baseline for L2 measurement report. RAN2 can discuss whether periodic PDCP status report is sufficient or what kind of enhancements are required.   
Proposal 3:
The eNB can request L2 feedback from WLN.

Proposal 4:
The eNB can request L2 feedback from UE when GTP-U or ideal backhaul is not available.

Proposal 5:
As a baseline, the eNB can request periodic PDCP status reports as L2 feedback. If not sufficient, RAN2 discuss potential enhancement.
3 Conclusion
Based on discussion, we propose the following:
Proposal 1:
Adopt both L1 and L2 feedback for LWA.
Proposal 2:
The eNB can request L1 measurement feedback from UE.

Proposal 3:
The eNB can request L2 feedback from WLN.

Proposal 4:
The eNB can request L2 feedback from UE when GTP-U or ideal backhaul is not available.

Proposal 5:
As a baseline, the eNB can request periodic PDCP status reports as L2 feedback. If not sufficient, RAN2 discuss potential enhancement.
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Figure 2 UPT* vs. system loading**
* The User Perceived Throughput (UPT) is defined as the size of a file divided by the time between the arrival of first packet of the file and the reception of last packet of the file.
** System loading is estimated by the ratio of occupied resource and total system resource.
