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1 Introduction
In this contribution, we discuss some additional details and the need for end-to-end based delivery confirmation reporting for flow control.
2 Discussion on the need of end-to-end flow control
In RAN3#90 it was agreed to provide the same feedback as was already used for dual connectivity:
· Packets lost upon transfer from eNB to WT,

· Delivery status of the received packets,

· Flow Control data request from WT to eNB according to buffer status at the WT.

However, no agreement could be reached for the questions below:
1. The termination point for flow control.

2. What SN be used in flow control (Xw-U SNs vs PDCP SNs).
2.1
Termination point for flow control

For the delivery confirmation of packets, a reliable and effective FC feedback information is needed (see Observation 1). This means that the feedback provided by the WT really shall tell the eNB that the packets arrived at the UE so that it is safe for the eNB to delete the buffered packets and to bring new packets “into flight” to the UE. It is not sufficient to just confirm that packets have been successfully sent by the WT in direction of the UE because the confirmation will be wrong if packet is lost on its way from the WT to the UE. Such an approach leads to an unreliable and therefore useless flow control reporting. 
Observation 2:
Only end-to-end (i.e., at the UE) delivery feedback information is useful for the eNB to reliably steer buffer releases and the number of “in flight” packets.
In their last meeting, RAN2 defined a delivery reporting over the Uu interface. In principle, this Uu based reporting can replace the delivery reporting over the Xw interface, but we think a properly working flow control over Xw shall be the preferred mechanism to save the capacity of the air interface predominantly for user payload. For the same reason, it can be expected that Xw based feedback can be provided more frequently than Uu based delivery reporting: in the current LWA CR vs. RRC (see R2-157095), 50ms is the shortest period for the Uu based delivery reporting. Therefore, the efficiency of the Uu based delivery reporting will be lower and this might also reduce the achievable throughput: Figure 1 shows some simulation results of the impact of the flow-control periodicity used for LTE dual-connectivity split bearers on the performance; the detailed assumptions are given in Annex A.
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Figure 1: Performance impact of flow-control periodicity

Observation 3:
Xw based delivery confirmation feedback is expected to occur more frequently than the Uu based one, and does not cost air interface resources, therefore not impacting the maximum achievable throughput.

The information needed at the WT is equivalent to the information that can be gained from knowing the packet’s MAC-layer ACK/NACK for the transmission over the WLAN air interface towards the UE. Each WLAN node that is capable of this information is suitable to serve as a location for the Xw-U termination and can provide reliable delivery feedback. RAN3 has designed the WT flexible in order to adopt to the different WLAN deployments, e.g. the Xw interface even allows scenarios with different locations of Xw-C termination and Xw-U tunnel terminations. 
Proposal 2:
The delivery confirmation information provided by the WT’s flow control feedback shall be end-to-end.  
In our opinion, if it is left to WT’s decision whether end-to-end delivery reporting is applied or not, feedback to the eNB would be useless because the eNB would not know whether reliable or unreliable feedback is provided by the WT. Therefore, in that case the WT should be allowed to indicate to the eNB the type of FC executed (end-to-end or non-end-to-end).

Proposal 3:
If it is up to the WT whether FC is end-to-end or not, then the WT shall be able to indicate to the eNB the type of FC executed.  
2.2
SN to be used in flow control (Xw-U SNs vs PDCP SNs)

We think it is a basic flow control principle that the delivery status of packets delivered towards the UE is known from the WLAN MAC ACK/NACK information. Also, the definition of the WT is flexible enough to place the Xw-U termination where this information is available, e.g. at the AP. In that case it is not of significance whether Xw-U or PDCP SN are used over Xw-U for the delivery reporting because all the information is available at the WT-U termination point. Based on this we indicated in the last meetings a preference for using Xw-U SN because a header inspection to grab the PDCP SN can be saved in that case. Of course, using Xw-U SN for the delivery reporting represents a difference compared to the DC baseline handling for the eNB, but also this should not be of significance due to the fact that lost packet feedback already is based on the Xw-U SNs, i.e. a mapping table Xw-U SN(PDCP SN should anyway already be available on eNB side.
However, in all cases where the Xw-U termination point does not coincide with the location where the WLAN MAC ACK/NACK information is available, it would be necessary to retrieve this together with additional information allowing to identify for which eNB, bearer and Xw-U SN or PDCP SN the received MAC ACK/NACK information is valid. For such scenarios we agree that it may be easier to use the PDCP SN because then no further mapping of sequence numbers must be performed by the WT-U and the eNB, although it means the PDCP SN must be inspected by the AP in that case.
Anyway, what happens “behind” the WT is outside of the scope of 3GPP and may be realized according to WLAN operator specific preferences. Actually, neither Xw-U SN nor PDCP SN might be used on the route from WT to AP, e.g. the Key Field and SN extension for GRE might also be used to retrieve the needed MAC layer ACK/NACK information and link with the corresponding flow control feedback to be provided over Xw-U.
Compared to the question of where to terminate the flow control for the delivery confirmation reporting, the question whether to use Xw-U SN or PDCP SN for that purpose is of minor importance and, technically, it is not compelling to link the two. However, if RAN3 tends to link using the Xw-U SN with the meaning of “no end-to-end flow control” and using PDCP SN with the meaning of “end-to-end flow control” then according to our proposal 2 we prefer using the PDCP SN.
Proposal 4: 
If using the Xw-U SN is considered as an obstacle for providing end-to-end delivery confirmation feedback to the eNB, then PDCP SN is to be used. 
3
Conclusions and proposals
In this contribution, we analyzed the need for end-to-end based delivery reporting feedback for the Xw-U flow control and we concluded and proposed that:
Observation 1:

Also with 3C architecture, eNB will need sufficient feedback to avoid that more than half the PDCP sequence number space is brought in flight.

Proposal 1:

For the 3C-mode LTE-WLAN aggregation RLC AM mode shall be supported.
Observation 2:
Only end-to-end (i.e., at the UE) delivery feedback information is useful for the eNB to reliably steer buffer releases and the number of “in flight” packets.

Observation 3:
Xw based delivery confirmation feedback is expected to occur more frequently than the Uu based one, and does not cost air interface resources, therefore not impacting the maximum achievable throughput.

Proposal 2:
The delivery confirmation information provided by the WT’s flow control feedback shall be end-to-end.  
Proposal 3:
If it is up to the WT whether FC is end-to-end or not, then the WT shall be able to indicate to the eNB the type of FC executed.  
Proposal 4: 
If using the Xw-U SN is considered as an obstacle for providing end-to-end delivery confirmation feedback to the eNB, then PDCP SN is to be used.  
Finally, we kindly ask RAN3 to agree either of the attached sets of CRs [1] and [2, 3] related to Proposal 2 and Proposal 3, respectively.  
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Annex A: Simulation assumptions

All other assumptions (i.e. not listed in the table below) are according to scenario 2a in Annex A of 3GPP TR 36.872.
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