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1. Introduction
In the previous RAN2 meetings and also in the email discussion “[91bis#20][LTE/WiFi] UE feedback” the option of introducing - UE based feedback, to compensate for the case when the network based feedback on the Xw interface was unavailable, was discussed. Based on the responses received in the email discussion, it appears that the majority of the companies support introduction of - UE based feedback. Additionally, few companies in RAN3 expressed concerns that per-bearer network based feedback may not be available in all WLAN deployments, providing additional incentive to standardize UE based feedback.
In this present contribution we address certain open aspects related to the UE feedback design.

2. Discussion
Based on the outcome of the email discussion “[91bis#20][LTE/WiFi] UE feedback” [4] it seems that the majority support introduction of UE based feedback, using legacy PDCP Status report as a baseline. Therefore, the analysis below is based on that assumption and is limited to the question of how LWA PDCP status report is different from the legacy PDCP status report.
The legacy PDCP status report is sent upon HO and SCG change, which are relatively not frequent. On the other hand, LWA PDCP status report will be used: a) to prevent the loss of HFN sync and b) to help the eNB scheduler in adjusting the LTE/WLAN split ratio and therefore will be sent continuously during LWA operation, that is much more frequently. 
For a), most of companies prefer to continue using FSM (first missing PDCP SDU/SN), therefore we propose:

Proposal 1: LWA PDCP status report contains FSM.

However, other parameters need further discussion.

Observation 1: LWA PDCP status report will be sent much more frequently, compared to the legacy PDCP status report.

Therefore, the overhead of LWA PDCP status report is not negligible. Since the legacy PDCP status report contains the bitmap which indicates which PDCP PDUs have been received correctly, it can be quite large. To reduce this overhead, we think that LWA PDCP status report should be optimized and should not rely on the bitmap.

Proposal 2: LWA PDCP status report should be optimized to reduce the overhead and should not rely on the bitmap.

We note that the bitmap report is also useful for the eNB scheduler to assess the packet loss on the WLAN link in order to make LTE/WLAN bearer split decisions. Hence, alternative methods will be needed to support this functionality in the absence of the bitmap.   In the email discussion “[91bis#20][LTE/WiFi] UE feedback” [4] several proposals for additional or alternative information for inclusion within the status report have been suggested.. In particular, the following information has been indicated to be beneficial:

1. WLAN data rate
2. Lost PDCP PDU count

Either of the above can be used by the eNB scheduler to adjust the LTE/WLAN split ratio: If the eNB knows the WLAN data rate along with the LTE data rate, it can adjust the split ratio based on the ratio of LTE to WLAN rates. If the eNB is given  the lost PDCP PDU count, it can  subtract the number of packets lost on LTE (if any), to deduce how many PDUs have been lost on WLAN,  to  infer the WLAN data rates, and adjust the LTE/WLAN split ratio accordingly. Direct feedback of the WLAN data rate here appears to be preferable
Proposal 3: to discuss whether LWA PDCP status report contains WLAN data rate information or a count of lost PDUs..
If the proposal above is agreeable, RAN2 needs to discuss how WLAN data rate should be calculated, in particular RAN2 needs to agree on this window size (in terms of time units or PDUs) to average the WLAN data rate.

Proposal 4: to discuss how WLAN data rate should be calculated, in particular RAN2 needs to agree on this window size (in terms of time units or PDUs) to average the WLAN data rate.

Additional issue that needs to be discussed is how LWA PDCP status report is triggered. In the email discussion “[91bis#20][LTE/WiFi] UE feedback” the following proposals for LWA PDCP status report triggering have been made. The status report should be triggered
1. Based on eNB configurable thresholds of the gap in received PDCP PDUs
2. Periodic

3. Polled by the eNB

4. On PDCP reordering timer expiry

5. On loss of HFN sync (as detected by the UE using proprietary mechanism)

6. On WLAN connection failure

7. On WLAN mobility (inside and outside of the WLAN mobility set)

We note that options 5-7 above may be infrequent events and may not occur with adequate frequency for the eNB to adjust its split ratio dynamically.  Therefore, we first focus on proposal 3), as it seems to be the most flexible in letting the eNB control the required update rate.  . With this proposal the eNB may trigger LWA PDCP status report from the UE using in-band PDCP indication, that is – one “polling” bit in PDCP data PDU. Obviously, with this method periodic reporting can be easily implemented as the eNB can “poll” periodically. The eNB may also poll when nearly half of PDCP PDUs are in flight, thus preventing the loss of HFN sync and ensuring smooth LWA operation that is with this method the eNB has the capability to ensure that it receives LWA PDCP status report in time and transmissions never stall. On the other hand, with proposals 1) and 4) there is no guarantee that the eNB does not occasionally enter the situation in which it cannot continue sending PDCP PDUs without risking the loss of HFN sync.
Observation 2: LWA PDCP status report polling by the eNB offers a flexible mechanism for the eNB to control the frequency of status reporting. 
In order to implement eNB polling, one bit in PDCP data PDU must be designated for polling indication. Both PDCP data PDU with 12 bits SN and the newly introduced 18 bits variant have spare bits which can be used for polling indication, e.g. as follows:
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However, there are no spare bits in the PDCP PDU with 15 bits SN. 

Observation 3: both PDCP data PDU with 12 bits SN and the newly introduced 18 bits variant have spare bits which can be used for polling indication, however PDCP PDU with 15 SN does not.
Therefore, if polling method is agreed, either PDCP PDU with 15 bits SN cannot be used for LWA or new PDCP type needs to be introduced. 

Alternatively, if polling is not agreeable, periodic reporting together with the reporting based on eNB configurable thresholds of the gap in received PDCP PDUs, can be somewhat less efficient, but viable alternative. 

Proposal 5: to select between eNB polling LWA PDCP status triggering mechanism or periodic + configurable thresholds of the gap in received PDCP PDUs methods.
Additionally, RAN2 may need to consider options 5, 6, and 7 above: loss of HFN sync (as detected by the UE using proprietary mechanism), WLAN connection failure and WLAN mobility (inside and outside of the WLAN mobility set) even as these events may not be covered with the polling mechanism.
Proposal 6: to consider loss of HFN sync (as detected by the UE using proprietary mechanism), WLAN connection failure and WLAN mobility (inside and outside of the WLAN mobility set) for LWA PDCP status report triggering.
3. Summary

Based on the observations above we propose:

Proposal 1: LWA PDCP status report contains FSM.

Proposal 2: LWA PDCP status report should be optimized to reduce the overhead and should not rely on the bitmap.

Proposal 3: to discuss whether LWA PDCP status report contains WLAN data rate information or lost PDUs count.
Based on the decision for proposal 3 above, either CR [1] (WLAN data rate) or CR [2] (lost PDU count) can be agreed.
Proposal 4: to discuss how WLAN data rate should be calculated, in particular RAN2 needs to agree on this window size (in terms of time units or PDUs) to average the WLAN data rate.

Proposal 5: to select between eNB polling LWA PDCP status triggering mechanism or periodic + configurable thresholds of the gap in received PDCP PDUs methods.
If the proposal 5 above is agreed, the CR [3] introducing in-band PDCP status report triggering can be agreed. Alternatively, for the other option RRC CR must be enhanced. 

Proposal 6: to consider loss of HFN sync (as detected by the UE using proprietary mechanism), WLAN connection failure and WLAN mobility (inside and outside of the WLAN mobility set) for LWA PDCP status report triggering.
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