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1. Introduction
In RAN3#89bis meetings, the working assumption for flow control is “per bearer flow control is supported”.
This contribution will also introduce a potential per UE flow control mechanism. This solution has been introduced in [2] in the last meeting, we will further analyze the feasibility and benefits of the solution.
2. Discussion
A “DC-like” per UE flow control mechanism:

Here introduces a DC-like per UE flow control mechanism, it’s quite similar with the per bearer flow control mechanism which has been used in Dual Connectivity, see the figure below:
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In this solution, D’ and H’ will be feedback to eNB, no need to feedback L’ as it has been counted in D’.

· D’ means the desired data amount from WLAN, it based on per UE available buffer size (total buffer size of the UE – the buffered data of the UE). 
· H’ means the last data unit received by WT via Xw interface; WT should provide this info with per UE granularity.
Using S-H’, eNB will know the data size in flight on Xw interface. eNB will consider this info and D’ for the next data splitting procedure, e.g. the total data amount the eNB will send on all the split bearers for the UE cannot bigger than D’-(S-H’).

How to provide D’?

· In case of WLAN can provide per UE buffer now, it’s quite easy, just use the buffer size deduce the buffered data (the data received via Xw interface which has not been transferred successfully).
· In case of WLAN can only provide a share buffer for all the UE, we can do a simple calculation, D’ = total buffer size/total UE number – the buffered data size of this UE.
How to provide H’?

· WT feedbacks the Xw-SN of the PDU which was last received by WT with per UE granularity. 
· That also requires eNB to uniform the Xw-SN for all the PDUs from different split bearers of a UE continuously. So, S should means per UE Xw-SN for the Xw-U PDUs which have been sent out via Xw interface.
Comparing with per bearer flow control:

At below, the DC-like per UE flow control and DC-like per bearer flow control are compared considering “Accuracy”, “WLAN impact”, “eNB impact”, “UE impact” and “Xw interface impact:

	
	Per bearer flow control
	Per UE flow control

	Accuracy
	High
Same mechanism and same granularity with the flow control of Dual connectivity, it can provide accurate flow control per bearer.
	Medium
Same mechanism with the flow control mechanism of Dual Connectivity, but using per UE granularity, not as accurate as the per bearer flow control mechanism. 

	WLAN impact(incl. WT)
	Huge/High
Per bearer buffer and per bearer data transmission status cannot be provided by WLAN today, leave it to implementation may impact WT and or the AP/AC a lot. 
	Medium
Per UE buffer status can be deduced through the UE number and the total buffer easily; this mechanism does not require WT to provide per bearer data transmission status.  Overall, it’s much easier than per bearer mechanism.

	eNB impact
	Low
The eNB shall adjust the data offloading according to the per bearer info provided by WT accordingly.
	Medium
The eNB shall consider which bearer(s) to increase/decrease the data offloading according to the per UE information. 

	UE impact
	None
	None

	Xw interface impact
	Medium
	Medium


Potential issues using per bearer flow control:

Using the per bearer flow control, how to allocate the buffer for the LWA bearers? Same buffer size for each bearer? Or different buffer size will be allocated for different LWA bearers according to the QoS or some other information?

a) If same buffer size is allocated for all the LWA bearers of a certain UE not considering the different characters of the LWA bearers. 
· The per bearer flow control may not work well, as different bearers may require different amount of data, maybe some are “hungry” while some are “full”. For example, there’re two LWA bearers A and B for a UE, they carries different traffics, bearer A only requires a little amount of data, while bearer B requires big throughput. Assume at a certain time, the available buffer size for bearer A is 90%, WT requires more traffic offloading for bearer A, but the eNB does not have more data for it; while the available buffer size for bearer A is only 5%, the eNB may suspend or reduce the traffic offloading for bearer B. The resources of bearer A and B are not well balanced, and total throughput of the UE is not well satisfied.

b) If different buffer sizes are allocated for different LWA bearers for a certain UE.

· In this case, per bearer flow control can provide more accurate control for each bearer, but how to allocate the buffer size for different bearers is still FFS.
Observation 1: If the buffer size allocated for each LWA bearer is same, the per bearer flow control may not work well, some of the LWA bearers may be “hungry” while some others may be “full”.
Observation 2: Using the per UE flow control, the eNB can decide how to balance the data offloading between LWA bearers for a certain UE (e.g. the eNB can adjust the data offloading for LWA bearers considering the QoS of each bearer), this can improve the total throughput for a UE. So the performance of per UE flow control can reach a similar level of per bearer flow control and may even better than per bearer flow control.
Proposal 1: Per bearer buffer is not good for the total throughput of a certain UE; per UE buffer is better, the eNB can balance the traffic offloading between different LWA bearers considering the different characters of the bearers and the total throughput can be improved.
Proposal 2: Comparing to per bearer flow control, the per UE flow control mechanism has less impact for eNB and WLAN; and with this mechanism, eNB can balance the traffic offloading between the LWA bearers for a certain UE, it’s good for the maximum throughput of a certain UE. So per UE flow control should be considered.
3. Conclusions
In this contribution, we discuss a potential per UE flow control mechanism for LWA, and summarized in the proposals below:
Observation 1: If the buffer size allocated for each LWA bearer is same, the per bearer flow control may not work well, some of the LWA bearers may be “hungry” while some others may be “full”.
Observation 2: Using the per UE flow control, the eNB can decide how to balance the data offloading between LWA bearers for a certain UE (e.g. the eNB can adjust the data offloading for LWA bearers considering the QoS of each bearer), this can improve the total throughput for a UE. So the performance of per UE flow control can reach a similar level of per bearer flow control and may even better than per bearer flow control.

Proposal 1: Per bearer buffer is not good for the total throughput of a certain UE; per UE buffer is better, the eNB can balance the traffic offloading between different LWA bearers considering the different characters of the bearers and the total throughput can be improved.

Proposal 2: Comparing to per bearer flow control, the per UE flow control mechanism has less impact for eNB and WLAN; and with this mechanism, eNB can balance the traffic offloading between the LWA bearers for a certain UE, it’s good for the maximum throughput of a certain UE. So per UE flow control should be considered.
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MeNB Side:
D ... Latest feedback from WLAN on desirable amount of data
S ... Last data unit sent by eNB via Xw
L ... First not yet ack’ed data unit as known by eNB
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