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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

Furthermore, in the RAN#68 plenary meeting it was decided not to add other tunnelling solutions. However, it is expected that new Rel-13 work item to address legacy Wi-Fi APs may be approved in RAN#69 in September. 
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.
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.
Figures 1 below shows an example for Dual Connectivity 3C-like approaches using GTP-U as proposed by RAN2 in the last meeting (point 1 in the introduction) and a Flow Adaptation Layer (FAL) between eNB and UE:
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· Figure 1: Using GTP-U Xw carrying a Flow Adaptation Layer

The termination of the bearer specific GTP-U at the WT, e.g., for transferring flow control information between WT and eNB, may require a new Flow Adaptation Layer to maintain bearer separation of the delivered PDCP packets at the UE.
Comparison between Flow Adaptation Layer at the eNB and at the WT:

The Flow Adaptation Layer (FAL) could be located at the eNB as shown in Figure 1 and 2 above, but could also be located at the WT:

a. FAL at the eNB: This requires a mapping at the WT to link the Xw interface with the air-IF (or eNB with UE, respectively).

b. FAL at the WT: In that case an additional layer over the air-IF prolongs the bearer specific flows terminated at the WT from Xw side. This requires a mapping at the WT between the Bearer ID used over the air-IF and the GTP-U TEID used over Xw.
By having the FAL in the eNB, the eNB would be in control of the adaptation between PDCP and GTP. In addition, this approach would minimize the impact on the WT since less information needs to be transferred from eNB to WT. Therefore, we propose that:
Proposal 1: The Flow Adaptation Layer should be located in the eNB.

For more details on the contents of the FAL, see also our companion paper R2-153139.
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, 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. This information enables the eNB to determine failures of packets transmitted over Wi-Fi and it may estimate their RTT. Therefore we propose:

Proposal 2: In addition to network-based flow control, the eNB may configure UE to send periodic PDCP Status Reports to guide flow control. 
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 the last 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 (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 RLM AM mode was defined, the LTE data path should typically run in RLC AM mode to allow retransmissions of packets that were lost in the WLAN side. However, it is also reasonable not to apply this limitation to 3C-like LWA solution. Therefore we propose: 

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

3
Proposals
Proposal 1: 
The Flow Adaptation Layer should be located in the eNB.

Proposal 2:
In addition to network-based flow control, the eNB may configure UE to send periodic PDCP Status Reports to guide flow control. 

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 all RLC modes shall be supported. 
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