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1.	Introduction
The need for UE feedback in LWA was discussed in e-mail [91bis#20][LTE/WiFi] UE feedback (Intel). In the e-mail discussion, we expressed our view that UE based feedback is not required because the Xw interface can provide flow control information from the WT and having UE based feedback means deviating from DC PDCP operation which is not preferable. 
However, more companies thought that UE based feedback is needed for LWA, and the e-mail discussion concluded that UE based feedback needs to be standardized. It was further concluded that PDCP signaling is used for UE feedback, but the details of UE feedback, i.e. contents and triggers, were not concluded and left for on-line discussion.
In this document, we express our view on details of UE feedback in case the UE based flow control is agreed.

2.	Contents of UE feedback
The PDCP status report is composed of FMS and BITMAP. The First Missing PDCP SN (FMS) indicates from which PDCP SDU the transmitting PDCP entity needs to retransmit after handover or SCG release/change, and the BITMAP indicates whether the following PDCP SDUs are correctly received or not. Based on the FMS and BTIMAP, the transmitting PDCP entity can selectively retransmit PDCP SDUs that were not correctly received by the receiving PDCP entity. Without the PDCP status report, the transmitting PDCP entity would retransmit all PDCP SDUs from the first PDCP SDU that were not acknowledged (by the RLC status report).
The PDCP status report was introduced in Rel-8 in order to reduce duplicated retransmissions after handover. The receiving PDCP entity indicates PDCP SDUs successfully received before handover in the PDCP status report, and the transmitting PDCP entity avoids retransmission of PDCP SDUs that were indicated to be already successfully received by the receiving PDCP entity. In other words, the legacy PDCP status report was not designed for flow control but designed for reducing duplicated retransmission.
On the other hand, the purpose of flow control message in LWA is to detect overload situation in WLAN and avoid PDCP SDUs in flight more than half of SN space. Therefore, what is important for flow control is to know how many PDCP SDUs are in flight rather than which PDCP SDUs are correctly received by the receiving PDCP entity. 
For the flow control, the only information that the transmitting PDCP entity needs to know is FMS (or Last_Submitted_PDCP_RX_SN which is equal to FMS – 1). With FMS information, the transmitting PDCP entity can control the number of PDCP SDUs in flight such that the SN of the last transmitting PDCP SDU is not more than FMS + half of PDCP SN space. Thus, from flow control point of view, BITMAP is redundant, and only having FMS is sufficient.
The BITMAP is intended for avoiding duplicate retransmission at handover. It does not intend for requesting retransmissions of NACKed PDCP SDUs because the PDCP does not support error-free transmission. In normal situation (i.e. no handover, no SCG change), the PDCP would not perform retransmission.
The flow control message is used to control the number of in-flight PDCP SDUs in normal situation. As there is no PDCP retransmission in normal situation, there is no reason to include BITMAP in the flow control message.
To summary, the flow control message has different use case and different information than the PDCP status report. Thus, we propose that a new PDCP Control PDU is introduced for flow control including only FMS (or Last_Submitted_PDCP_RX_SN) information.
Proposal1: Introduce a new PDCP Control PDU for flow control including only FMS (or Last_Submitted_PDCP_RX_SN) information.

3.	Triggers of UE feedback
The legacy PDCP status report is triggered at PDCP re-establishment (handover) and PDCP Data Recovery (SCG release/change). In LWA, the PDCP status report is also expected to be triggered in similar situations, i.e. eNB handover and WLAN release/change. As the PDCP status report contains FMS information, there is no reason to trigger flow control message in those situations. 
However, as explained above, the flow control message should also be transmitted in normal situation. For the receiving PDCP entity to transmit the flow control message in a timely manner with efficient radio resource usage, we have to define triggers very carefully. Let’s first have a look at potential candidates for triggers of flow control message.
- 	Candidate1: Polling
- 	Candidate2: Periodic
- 	Candidate3: Missing PDU detection
- 	Candidate4: Reordering buffer status
- 	Candidate5: Number of in-flight PDCP SDUs
For each of potential candidate, we have following observations:
- 	Candidate1: Polling
-	The flow control message is triggered when a Poll is received from the transmitter.
-	This trigger may be useful for the transmitter to get the receiver status whenever it wants. However, a new type of PDCP Control PDU for poll needs to be defined in addition to flow control message. 
- 	Candidate2: Periodic
-	The flow control message is triggered periodically. 
-	This trigger may be useful for the transmitter to continuously keep track of reception status. However, flow control message is typically needed at abnormal situation (e.g. WLAN failure), and the periodic transmission may be useless in most cases.-	
- 	Candidate3: Missing PDU detection
-	The flow control message is triggered when the reordering timer expires.
-	When the reordering timer expires, the receiving PDCP entity considers missing PDCP SDU as lost, and delivers remaining PDCP SDUs to upper layers in ascending order of PDCP SN. Transmitting flow control message in this case means that the receiving PDCP entity requests retransmission of lost PDCP SDUs. However, it is useless because the transmitting PDCP entity would not retransmit lost PDCP SDUs. Even if the transmitting PDCP entity retransmits the lost PDCP SDUs, they are discarded in the receiving PDCP entity because Last_Submitted_PDCP_RX_SN is already updated to later SN.
- 	Candidate4: Reordering buffer status
-	The flow control message is triggered when the total bytes of PDCP SDUs stored in the reordering buffer becomes above configured threshold.
-	This trigger may be useful for the receiving PDCP entity to avoid buffer overflow. However, the number of in-flight PDCP SDUs is not directly related to the number of bytes stored in the reordering buffer, and hence this trigger may not be useful for flow control purpose.
- 	Candidate5: Number of in-flight PDCP SDUs
-	The flow control message is triggered when the SN gap between the next expected PDCP SDU and the last submitted PDCP SDU becomes above configured threshold.
-	We think this trigger is the most efficient one in that the flow control message is triggered only when the number of in-flight PDCP SDUs approaches the configured threshold. Considering that the SN gap becomes large only when there is WLAN failure, using this trigger could minimize the signaling overhead caused by the flow control message while indicating the problem in a timely manner.
With the reasoning above, we think the most efficient trigger for flow control is based on the number of in-flight PDCP SDUs. Thus, we propose to adopt this trigger for flow control message. Once this trigger is defined, we think no more triggers are needed because the flow control message is usually not needed.
Proposal2: The flow control message is triggered only when the Next_PDCP_RX_SN is larger than the Last_Submitted_PDCP_RX_SN by configured threshold.

3.	Proposal
In this document, we discussed contents and triggers of UE feedback for flow control in LWA. If RAN2 agrees to introduce UE feedback in LWA, we propose followings: 
Proposal1: Introduce a new PDCP Control PDU for flow control including only FMS (or Last_Submitted_PDCP_RX_SN) information.
Proposal2: The flow control message is triggered only when the Next_PDCP_RX_SN is larger than the Last_Submitted_PDCP_RX_SN by configured threshold.
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