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1. Introduction
RAN2 and RAN3 have agreed to define a flow control mechanism on the Xw network interface, which is similar to the flow control defined for DC on the X2 interface. Additionally, RAN2 have agreed to consider the UE based feedback. In this contribution we provide additional considerations for this mechanism.

2. Discussion
RAN2 have discussed the possibility to use UE based feedback for the deployment scenario where network based feedback may not be available, as per “It is FFS whether the flow control feedback can also be provided by the UE.”
While we acknowledge that network based flow control mechanism is more efficient, there are maybe deployment scenarios in which Xw interface is deployed, but the WT may not be able to provide flow control. One such deployment scenario is illustrated below, in which WT and AC/AP are not collocated and connected via e.g. Ethernet.
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We seek operators view on how common such deployment scenario would be.
Proposal 1: to discuss how common is the deployment scenario where the  WT is not collocated with the AP or AC and solicit  Operator’s view on this issue.
Regardless of the above, we note that Xw flow control may be different from X2 flow control. This is pending RAN3 discussion, but here we point out that while X2 flow control supports per-bearer information, this may not always be possible with Xw/WLAN. The reason is that normally WLAN AP/AC implement buffers per 802.11 Access Category (AC) and not per bearer, therefore it may be challenging for the WT to provide per-bearer flow control and in practice, at least in initial deployments, Xw flow control may be limited to per-UE information only. 

Observation 1:  at least in initial deployments, Xw flow control may be limited to per-UE information only.
Based on the considerations above, we propose to discuss whether to define UE based feedback in addition to Xw based feedback/flow control, as the UE based feedback shall be able to provide per bearer information
Proposal 2: to discuss whether to define UE based feedback in addition to Xw based feedback/flow control.

UE based feedback should be frequent (few tens of milliseconds), therefore we propose to use in-band signalling (i.e. PDCP) rather than RRC. One possibility is to re-use the existing PDCP status report message. The PDCP status report message contains the First missing PDCP SN (FMS), which can be used by the eNB to ensure that only half the PDCP SN space is in flight. Additionally, the PDCP status report contains the bitmap of the missing PDCP PDUs. This allows the eNB to track the  PDCP PDUs lost on the WLAN link, as due to the use of AM mode the eNB knows which and how many PDCP PDUs have been lost on LTE link. Hence, with the help of the bitmap the eNB can ultimately estimate the WLAN throughput and use it to adjust the LTE/WLAN split ratio. Knowing, the exact PDCP PDUs also allows for cross-RAT retransmissions. The disadvantage is that the bitmap is somewhat inefficient compared to possible alternatives. If the existing PDCP status report is used, the specification change may be limited to procedural text allowing PDCP status report to be used during normal LWA operation and not only during handover. However, please also see additional considerations on the frequency of PDCP status reporting below.
Alternatively, a new LWA-specific PDCP status report may be introduced, with more efficient encoding. One option is for the UE to signal the FMS and the number of lost PDCP PDUs. Given that the eNB knows how many PDCP PDUs have been lost on LTE, it can detect how many PDCP PDUs have been lost on WLAN and thus estimate the WLAN throughput. However, there is a cost as such optimized PDCP status report will not allow cross-RAT retransmissions.

LWA PDCP status report may be defined as illustrated below:
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Figure 2: Example of LWA PDCP Status Report
Proposal 3: If RAN2 agrees to define UE based feedback, to discuss whether to re-use the existing PDCP status report for LWA or to define a new LWA-specific PDCP status report message.
We note that while the UE based PDCP status report may increase the air interface overhead, efficient methods may be used to control the frequency of reporting. For example, the eNB may poll the UE for PDCP status report, similar to the mechanism supported at the RLC layer. 

Proposal 4: to discuss methods to control the frequency of UE based PDCP status reporting.  

The following options may be considered:

1. Periodic reporting

2. Reporting triggered by configured threshold, e.g. threshold of lost PDUs count

3. Reporting triggered by the eNB

The first option is clearly the least efficient, as with periodic reporting the UE would often send the report when it may not be required. 

The second option is somewhat more efficient, as the report would not be sent when it is not required, however eNB control of UE reporting is rather complex, as it would probably require RRC signalling to reconfigure the thresholds, triggering the report.

The third option is not only the most efficient, but is also similar to the mechanism supported at the RLC layer
Proposal 5: If RAN2 agrees to define UE based feedback, to define eNB triggered PDCP status reporting.
To implement eNB triggered PDCP status reporting, a one bit trigger indication must be added to the user plane PDCP PDU header. This requires definition of a new PDCP PDU formats, however RAN2 is likely to define a new PDCP format for LWA (to carry DRB ID) anyway.
Observation 1: eNB triggered PDCP status reporting requires definition of a new PDCP PDU formats, however RAN2 is likely to define a new PDCP format for LWA (to carry DRB ID) anyway.
Proposal 6: to discuss PDCP signalling for PDCP status report triggering by the eNB. 
3. Summary

Based on the observations and discussion above, we propose:
Proposal 1: to discuss how common is the deployment scenario where the WT is not collocated with the AP or AC and solicit  operator’s view on this issue.

Proposal 2: to discuss whether to define UE based feedback in addition to Xw based feedback/flow control.

Proposal 3: If RAN2 agrees to define UE based feedback, to discuss whether to re-use the existing PDCP status report for LWA or to define a new LWA-specific PDCP status report message.
Proposal 4: to discuss methods to control the frequency of UE based PDCP status reporting.  Proposal 5: If RAN2 agrees to define UE based feedback, to define eNB triggered PDCP status reporting.
Proposal 6: to discuss PDCP signalling for PDCP status report triggering by the eNB. 
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