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1 Introduction

In the last RAN 2 meeting, the following is agreed that there is a need of flow control for LTE-WiFi aggregation [1]:
· 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)
In this contribution, we investigate whether the flow control should be between eNB and WLN like in the case of DC 3C option or the continuous PDCP Status reporting from the UE can provide a simpler mechanism to throttle the traffic over the WLN.
2 Discussion
2.1 Flow control for LTE-WiFi aggregation 
Flow control mechanism is required in DC 3C:

· To ensure that the transmission buffer in SeNB does not overflow

· To ensure that the transmission delay via SeNB is not increased, up to the point where packets are delayed considerably resulting in missing the reordering window at the UE’s PDCP layer and will simply be discarded at reception by the UE.
· To prevent accidental PDCP SFN wrap around
A feedback mechanism is required to allow the MeNB to adjust the amount of data to route towards the SeNB. Likewise a mechanism should be introduced for LTE-WiFi aggregation. 
One approach is to reuse the same mechanism introduced for DC bearer split 3C option to LTE-WiFi aggregation

Another approach is to use the PDCP status report from the UE PDCP layer to control the packet flow towards the WLN.

2.2 Analysis of the 2 approaches
Reusing flow control of DC 3C option
In the flow control of the DC 3C option, the flow control information is provided by the SeNB to the MeNB for the MeNB to control the downlink user data flow to the SeNB. The flow control information is conveyed via GTP-U in the RAN container. The flow control information contains the:
a) highest PDCP PDU sequence number successfully delivered in sequence to the UE among those PDCP PDUs received from the MeNB;
b) X2-U packets that were declared as being "lost" by the SeNB and have not yet been reported to the MeNB.
c) desired buffer size in bytes for the concerned E-RAB;
d) minimum desired buffer size in bytes for the UE;

The information (a) and (b) requires the lower layer at the SeNB to indicate to the X2 application layer that a particular X2 packet has been successfully or unsuccessfully delivered to the UE. It would require RLC AM mode to be able to deliver such information. As on the information (c) and (d), SeNB does buffering of user data and has control and visibility of the buffer status. Hence in order for a WLAN to support such flow control, it would require WLAN to be upgraded to provide such indication from the lower layer (i.e. WiFi MAC) and providing the buffering required for the flow control.

On the plus side, having feedback from the WLAN directly is faster and hence more efficient than from the UE. 
UE feedback using continuous PDCP Status report

Detection of the successful or unsuccessful delivery of PDCP PDU can also be performed by PDCP using the function similar to that used during HO and re-establishment today with PDCP status report. PDCP status report allows the UE to inform the transmit PDCP entity which PDCP PDU packets are received correctly and which PDCP PDU packets are received incorrectly or missing. The eNB can then adjust the rate of flow over the WLAN accordingly.  
Using PDCP Status reporting does not impose any further requirement over the WiFi MAC. Furthermore, the PDCP Status reporting is already provided as part of the handover and re-establishment procedure and just need to be extended to also cover the case for LTE-WiFi aggregation. The impact to RAN 2 specification is minimal and there is no need for RAN 3 to include such flow control in their specifications for LTE-WiFi aggregation.
In some deployments, minimum or no upgrade of the WLAN is required. In this case, UE feedback with the least impact to the WLAN is probably required. In other deployments where there is no such restriction (of upgrading the WLAN with buffers and indication from the WiFi AP or WiFi MAC, it is good to have 3C DC type flow control since it provides a faster and hence more efficient feedback. Hence it is proposed that:
Proposal: To cater for different deployment scenarios, both UE feedback (i.e continuous PDCP Status report) and 3C DC type flow control should be supported.
3 Conclusion

It is recommended that RAN 2 discusses the following proposal:
Proposal: To cater for different deployment scenarios, both UE feedback (i.e continuous PDCP Status report) and 3C DC type flow control should be supported.
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