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1
Introduction
The following agreements having impact on flow control were made in last RAN2#90 meeting:

1
We define a DC-like UP interface (GTP-U) between the eNB and the WT 

2
LTE-WLAN aggregation, flow control runs between WT and eNB. 

4
For 3C-mode LTE-WLAN aggregation, the Rel-12 PDCP reordering behaviour is adopted

And in RAN2#91 it was agreed to have the new adaptation layer in the eNB:
	1
The bearer ID is added by the eNB

2
The bearer ID is placed into a separate header


In addition, as captured in the RAN3 Chairman’s notes, in the last RAN3#89 meeting, it has been agreed that:

	one GTP-U tunnel over Xw per bearer using WLAN

[…]

Xw UP protocol layer stack same as DC (PHY, UDP, GTP-U with extension header) to capture in stage 2

Note UL is FFS

The basic elementary procedures for Xw UP (as in TS 36.425) are reused




In this paper we discuss network based flow control for WLAN aggregation according to the agreements above. We also consider using a complementary UE based flow control and provide further details on flow control feedback to the eNB. The same paper has been submitted to RAN3 (R3-152120).
2
Flow Control for LWA
2.1
Principles of network based flow control

Using Dual Connectivity 3C-like approaches should allow the WT to provide for bearer specific feedback about:
· Packets lost upon transfer from eNB to WT,

· Delivery status as known at the WT (i.e. Wi-Fi MAC ACK/NACK),
· Flow Control data request from WT to eNB according to buffer status at the WT.
Just as with dual connectivity, the flow control should be network-based as much as possible. Therefore, RAN3 should specify the feedback that can be given over Xw from WT to eNB.

Proposal 1a: Define Xw-based flow control feedback in RAN3.
Proposal 1b: RAN2 should indicate to RAN3 what kind of information is desirable to be sent from WT to eNB for flow control purposes.
2.2
UE based flow control

Network based flow control as discussed above should be the baseline for flow control, but in case that is not possible, e.g. due to limitations of the APs connected to the WT, it would be beneficial to have an additional UE based fallback solution whose usage is configured by the eNB. 

This can be realized using periodic PDCP status reporting similar to the currently existing PDCP status report. The existing PDCP status report could be reused for UE-based flow control feedback by adding a trigger when the UE is supposed to send the report. This would enable the eNB to determine failures of packets transmitted over Wi-Fi, the WT throughput and the amount of data queued in WT, allowing an efficient flow control also at times when feedback from WT is not available. As eNB knows the sizes of the PDCP PDUs sent to WT, it can easily calculate the throughput over Wi-Fi air interface adding up the sizes of acknowledged packets and dividing it by the time elapsed from the last status report. The amount of data queued in WT for one bearer is easily calculated as the difference between the cumulated size of packets already  sent over Wi-Fi and the cumulated size of acknowledged packets.. 

Based on these, we propose:

Proposal 2: In addition to network-based flow control, the eNB may configure UE to send flow-control feedback at PDCP level. 

2.3
Flow-control feedback to eNB

As stated in the introduction flow control running between eNB and WT (2) and Rel-12 PDCP reordering behaviour (4) was agreed in RAN2#90 meeting. Already in RAN2#89bis e.g. the following was agreed:

7b
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)

<...>

9
LTE/WLAN Aggregation should support multiple bearer transmission per UE via WLAN. 

Like with LTE split bearers, the eNB will need sufficient feedback to avoid that more than half the PDCP sequence number space is brought in flight. This was also already noted with regards to the 2C architecture in agreement 7b of RAN2#90 (see above), but we think this clearly applies also for architecture 3C.

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

Because the WT can only provide flow-control feedback to eNB regarding its own data path, the PDCP at eNB would still need acknowledgement feedback. This suggests that, similar to the 3C DC solution where only RLC AM mode was defined, the LTE data path should typically run in RLC AM mode. Therefore we propose: 


Proposal 4:
For 3C-mode LTE-WLAN aggregation RLC AM mode shall be supported.

3
Flow control over Xw

3.1
Re-use of the DL DATA DELIVERY STATUS parameters 

Below for each parameters of the “DL Data Delivery Status PDU” defined in TS 36.425 we discuss whether to re-use it for Xw-U flow control and what changes are beneficial:

1.  A request for a number of octets is sent to the eNB using the parameters:

· Desired buffer size for the E-RAB

· Minimum desired buffer size for the UE

The desired buffer size parameters serve the purpose of avoiding packet drops due to buffer overflow and to avoid buffers are running empty because only few packets are sent. Similar buffers should be present on the Wi-Fi side and therefore we think it is reasonable to re-use these parameters.

Proposal 5: Reuse the “Desired buffer size for E-RAB” and the “Minimum desired buffer size for the UE” parameters (TS 36.425) for the Xw-U interface.

2.  In (TS 36.425) delivery status information is sent to the eNB using the parameter:

· Highest successfully delivered PDCP Sequence Number

This parameter indicates feedback about the in-sequence delivery status of PDCP PDUs at the SeNB towards the UE.

The delivery status information is important for the eNB to control that no more than half the number of bytes of the PDCP-PDU SN space is being transferred at a given moment in time per E-RAB. We think this applies irrespectively of the type of air interface, as indicate in previous chapter. Therefore this parameter should be reused, too. 
NOTE
The WT depends on receiving MAC Acks/NAcks concerning the transmission over the Wi-Fi interface. Otherwise the WT cannot provide this parameter. 

With the above considerations in mind, we suggest to replace the PDCP SN by the Xw-U SN. This was already discussed for DC, but while it was quite natural for the SeNB to use and report on PDCP SN level this is no longer true for Wi-Fi. We think this is an opportunity to avoid complexity at the WLAN side related to the inspection of PDCP-PDU packets to extract their PDCP SN just for reporting the delivery status. The eNB can evaluate the PDCP SN when it remembers which Xw-U SN was assigned to the corresponding PDCP-PDU. 
In addition, we think the new Flow Control mechanism for the Xw interface should be as much as possible interoperable with the existing WLAN systems and, by doing so, limiting the complexity of the WT. Therefore, we propose:

Proposal 6: Instead of being based on PDCP SN (TS 36.425), Xw-U flow control shall report the “Highest successfully delivered Xw-U Sequence Number”

3.  Information about what X2-U packets have been lost is sent to the eNB using sequence(s) of:

· Number of lost ranges, and,

· For each range, Start/Stop of lost X2-U Sequence Number

These parameters are important for the eNB in order to know whether a packet should be resent which, e.g., helps preventing slow start events in case of applications using TCP as transport protocol. Therefore these parameters should be reused for Xw-U flow control.

Proposal 7: Reuse the “Start/Stop of lost X2-U Sequence Number range” parameters (TS 36.425) for the Xw-U flow control. 

3
Proposals
We have discussed the aspects related to flow control and made the following proposals:

Proposal 1a: Define Xw-based flow control feedback in RAN3.

Proposal 1b: RAN2 should indicate to RAN3 what kind of information is desirable to be sent from WT to eNB for flow control purposes.
Proposal 2:
In addition to network-based flow control, the eNB may configure UE to send flow-control feedback at PDCP level. 

Proposal 3:
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 4:
For 3C-mode LTE-WLAN aggregation RLC AM mode shall be supported. 
Proposal 5: 
Reuse the “Desired buffer size for E-RAB” and the “Minimum desired buffer size for the UE” parameters (TS 36.425) for the Xw-U interface.
Proposal 6: 
Instead of being based on PDCP SN, Xw-U flow control shall report the “Highest successfully delivered Xw-U Sequence Number”.
Proposal 7: 
Reuse the “Start/Stop of lost X2-U Sequence Number range” parameters (TS 36.425) for the Xw-U flow control. 


























































