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1 Introduction
In previous RAN2 meetings user plane aspects of LTE-WLAN aggregation were discussed and agreements were captured in the current running CR [2] as follows: 
1.1.1.1 XX.1.3.1
User Plane
The Xw user plane interface (Xw-U) is defined between eNB and WT. The Xw-U interface supports the flow control function based on feedback from WT. 
Editor's note
It is FFS whether the feedback can be alternatively provided by the UE.
The Flow Control function is applied when an E-RAB is configured to use WLAN and only for DL i.e. the flow control information is provided by the WT to the eNB for the eNB to control the downlink user data flow to the WT and to avoid that more than half the PDCP sequence number space is brought in flight.

Xw-U interface is used to deliver LWA PDUs between eNB and WT. DL LWA PDUs contain LWA header with DRB Identity and payload of PDCP PDU.

Editor's note
LWA header definition and naming is FFS.

For LWA, the S1-U terminates in the eNB and, if Xw-U user data bearers are associated with E-RABs for which the LWA bearer option is configured, the user plane data is transferred from eNB to WT using the Xw-U interface. 
Only the LWA bearer option can be configured for LWA. 
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Figure xx.1.3.1-1: U-Plane connectivity of eNB and WT for LWA


Furthermore, UE based feedback had been discussed in an email discussion [4]. This contribution further discusses in particular flow control aspects, and which flow control feedback is required from RAN2 point of view.
2 Discussion
2.1 Architecture overview
As per WID objectives [1], the protocol architecture for LTE-WLAN aggregation should be based on Release-12 LTE Dual Connectivity (DC), where the WT assumes the role of the secondary eNB, as shown in Figure 1. Thereby the Xw interface is defined for functionality similar to the X2 interface in DC.
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Figure 1: LTE-WLAN aggregation architecture based on 3C Rel-12 Dual Connectivity

2.2 Feedback for PDCP buffer handling and flow control 
In RAN2#90, it was agreed that a flow control mechanism runs (at least) between WT and eNB and that it follows the flow control of DC. In Rel-12 for DC, a window based flow control mechanism had been introduced. It is specified for X2 interface in TS 36.425. Thereby, the MeNB is able to adjust the transmission window based on current queue state in the MeNB together with the feedback about queue state in the SeNB, which considers both SeNB rate towards UE and X2 backhaul delay. Flow control in DC is based on following feedback:
-       Currently desired buffer size at SeNB
-       Currently minimum desired buffer size at SeNB (per UE, all bearers),
-       Highest successful in sequence delivered PDCP PDU SN to the UE (by the SeNB)
-       List of X2 SNs lost on backhaul or in SeNB
Further details can be seen in [3]. The LWA standardization so far and especially the Xw design builds on DC and X2 as per WID which can be seen from agreements made so far and the way the feature is captured in the running 36.300 CR [2]. It is feasible that the WLAN infrastructure supporting LWA maintains the notion of bearers, i.e. a mapping from bearerId/PDCP SN to/from sent/acknowledged data in WLAN. It shall be noted that the functionality necessary to generate such flow control feedback is implementation specific to the WT, i.e. the WLAN network, and does therefore not need to be discussed further in the scope of 3GPP where such functionality is implemented in the WLAN network. Typically an access point would be able to generate such feedback, i.e. is aware of transmission success and failure, i.e. transmission window status, of packets transmitted via WLAN to the UE. There has been discussion that the buffer status that needs to be monitored is actually the AP buffers. This would lead to standardized buffer status reporting between APs and the WT, which should be WLAN implementation specific. Also, the PDCP packet monitoring should be performed by WT which encapsulates the PDCP packets and adds the Ethertype and forwards the 802.3 Ethertype packet to the LLC/SNAP layer at WT or at AP and further to the MAC layer at AP. The APs only need to send back the MAC ACK/NACK feedback and that functionality does not require hardware changes or is seen as a complicated function. 
Observation 1 Xw for user plane in LWA is mandatory and PDCP and flow control feedback is feasible to be provided from WT to eNB.

2.3 Comparison with UE-based flow control
In email discussion [4], alternative proposals for flow control feedback from the UE had been brought up. This implies that we make efforts to specify an additional solution that would independently aim at solving the same problem as the network based flow control. The focus of this email discussion had been on PDCP feedback, i.e. on PDCP status reporting from the UE. This way, the PDCP transmitter would be informed about which of the transmitted data had been received by the UE i.e. is not in-flight anymore. As explained in the previous section, such feedback can be provided by the WT, and thus defining UE-based feedback as a duplicated solution is not needed.
Furthermore, it is entirely unclear how a flow control operation based on PDCP feedback from the UE alone is supposed to work. This kind of UE based flow control feedback cannot consider buffer fill state, or QoS, load and general traffic situation at the WT. UE based feedback might e.g. lead to overloading the WT. With UE based feedback the WT would not be in charge of requesting data to fill its own buffer. When the channel condition changes, e.g. WLAN load, backhaul channel condition change, and so on, the UE-based flow control can be very slow in reacting to these changes, which can lead to bad end-to-end performance. 

It is noteworthy, that in the email discussion [4] so far no explanation or description had been provided how a flow control algorithm from the UE works (rate- or window-based?) and which additional feedback beside PDCP SN state should actually be included for efficient operation. Network based schemes on the other hand had been evaluated in detail in Rel-12, and in [3] we explain how DC flow control can be reused for LWA.
Obviously, in those alternative proposals, UE-based flow control feedback would be provided over the air, via LTE, to the eNB. From a protocol design point of view, this feedback belongs to the PDCP layer, i.e. the feedback could be included in a PDCP Data or control PDU, which would be sent eventually via PUSCH. Thus the feedback transmission is associated with additional overhead from the protocol headers. Reusing the PDCP status report comes with the additional inefficiency of using the bitmap currently defined in the PDCP status report. Alternative approaches require more standardization efforts to even optimize the PDCP status reporting.
Further, feedback transmissions over the air cannot happen as frequently as they could happen over a network interface. It is infeasible to send such PDCP indications with a periodicity of 5-10ms as assumed for DC-like FC over X2. Moreover, due to HARQ and potential RLC retransmissions, the flow control feedback may be received delayed at the MeNB.

Observation 2 UE-based flow control feedback would not be able to consider instantaneous WT buffer fill state and traffic situation, but impact it with its flow control feedback.
Observation 3 UE-based flow control feedback consumes radio resources, and further is affected with delays due to potential retransmissions in LTE. Thus it cannot occur as frequent and reliable as feedback sent over a network interface.
Proposal 1 UE-based flow control feedback is not considered in LTE WLAN aggregation.
3 Conclusion

Based on the discussion in the previous sections we make the following observations and proposals:
Observation 1
Xw for user plane in LWA is mandatory and PDCP and flow control feedback is feasible to be provided from WT to eNB.
Observation 2
If DC is followed, in the simplest form, network based flow control only ensures PDCP desync is not happening. No implementation complexities are foreseen for this. 
Observation 3
UE-based flow control feedback would not be able to consider instantaneous WT buffer fill state and traffic situation, but impact it with its flow control feedback.
Observation 4
UE-based flow control feedback consumes radio resources, and further is affected with delays due to potential retransmissions in LTE. Thus it cannot occur as frequent and reliable as feedback sent over a network interface.
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Proposal 1
UE-based flow control feedback is not considered in LTE WLAN aggregation.
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