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1. Introduction
Rel-13 LWA defined Downlink (DL) aggregation, while uplink traffic is always sent on LTE. One of the objectives of Rel-14 WI as specified in WID [1] is to allow UL data transmission on WLAN, including uplink bearer switch and bearer split. 
In RAN2#95 and RAN2#95bis, several contributions touched on the issue of possible HFN desync at the PDCP receiver (eNB) when the UE sends UL data over WLAN. It was agreed to capture in PDCP specification that for LWA bearers also, it is up to the UE implementation how to minimize SN gap after SDU discard (see PDCP running CR subclause 5.4 in [2]). In addition, the PDCP specification currently specifies that HFN desync is left up to UE implementation [3 subclause 5.1.1].

NOTE:
Associating more than half of the PDCP SN space of contiguous PDCP SDUs with PDCP SNs, when e.g., the PDCP SDUs are discarded or transmitted without acknowledgement, may cause HFN desynchronization problem. How to prevent HFN desynchronization problem is left up to UE implementation.

 In this paper, we discuss about the HFN desync issue. 

2. Discussion
2.1 General

Although it is left for the UE implementation how to minimize the SN gap after SDU discard, it is not clear how the UE can make sure the HFN desync issue does not occur in LWA UL. It should be noted that the case is different than DC because in DC, both UL links are RLC AM and therefore RLC feedback is available to the UE. However, in the LWA, only the LTE side is RLC AM where RLC feedback would be available but not necessarily for the packets sent on WLAN.
2.2 Need for a feedback

The feedback may be needed for the following reasons:

1. In case of data loss over WLAN, feedback is needed if the PDCP packets sent over WLAN should be retransmitted.
2. During PDCP re-establishment (e.g. due to handover), it is necessary for the UE to know which packets (including those sent over WLAN, if any) should be retransmitted.
3. Transmission PDCP window handling: The UE needs to know when it should discard the packets stored in its PDCP buffer. For LTE path, it can discard as soon as RLC ACK is arrived or when the PDCP discard timer expires. However, for WLAN path, there is no RLC ACK, and the discard timer may be too long. Currently, the maximum value of PDCP discard timer is 1.5s (in addition to “infinity”) [4 subclause 6.3.2], which means that keeping the PDCP packets stored in the buffer for such long periods without an efficient method of removing them may result in stalled PDCP SN window.
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4. Buffer management at the UE: Similar to #3 above, keeping the PDCP packets stored in the buffer for such long periods (corresponding to a long PDCP discard timer) without an efficient method of removing them requires prohibitively high buffer size and buffer processing requirements at the UE. 
2.3 Candidate Solutions

Therefore, different solutions have been put forward by companies in previous meetings:

Option 1: PDCP and/or LWA status reports from eNB
In LTE, although the network is able to provide PDCP status reports for UL split bearer, there is no specification as to in which cases the eNB is required to provide such report. Therefore it is up to the eNB. It was also proposed in [5] that “PDCP and/or LWA status reports may be used to enable UL flow control. Further details are FFS.”, however, due to lack of time, RAN2 could not reach an agreement during RAN2#95.

Option 1a: UE polls for PDCP and/or LWA status report
As described and proposed by [6], UL polling can be introduced in order to avoid HFN de-synchronization problem in UL LWA bearer. When the eNB receives polling from the UE, the eNB transmits PDCP status report or LWA status report, by which the UE can know the FMS at the eNB side. In this option, the trigger for polling can be standardized as described in [6] or left to UE implementation. Since eNB behavior upon receiving the poll is not be expected to be standardized, it is preferable to define the polling as a UE indication of HFN desync problem (similar to IDC) and leave the response to eNB implementation.
Option 1b: eNB periodically sends PDCP and/or LWA status report

It can be defined in the specification that for LWA bearer in the UL, the eNB provides periodic PDCP and/or LWA status report.
Option 2: No PDCP level retransmissions for packets sent over WLAN

Previously, companies have provided the views that given the number of ARQ repetitions by WLAN MAC, the likelihood of data loss over WLAN is rare (in those rare cases, higher layer such as TCP needs to be involved). Further, we agree to the discussion and the proposal in [7] that there is no need to specify ARQ functionality for LWAAP layer. 
Observation 1: From RAN2 point of view, WLAN link being used for LWA should be considered reliable.

In RAN2#95bis, there has been some proposals to explicitly support PDCP-level retransmissions [8], some neutral views on whether to support or not support PDCP data recovery for eLWA [9, 10], and some proposals to not support PDCP level retransmissions [11].
As PDCP data recovery is applicable only to LTE when HO happens, and eLWA should support HO without WT change, we also think that PDCP data recovery for packets sent over WLAN is not required. If RAN2 agrees that PDCP data recovery for packets sent over WLAN is not required, then a NOTE can be added in TS 36.323 for PDCP reestablishment to indicate that data sent over WLAN is automatically considered ACKed by L2 and no further solution needs to be specified as the concerns explained in section 2.2 above will be taken care of as follows:

1 & 2: No need to retransmit the packets sent over WLAN. No feedback is necessary.
3 & 4: UE does not need to keep PDCP copy of the packet sent over WLAN, so the PDCP window is not stalled by WLAN packets. It is only based on the packets sent over LTE. Further, only the packets sent over LTE are stored in the PDCP buffer.

Option 3: Separate PDCP discard timers for WLAN and LTE
If RAN2 decides that PDCP data recovery for packets sent over WLAN is required, one possible solution is to have separate PDCP discard timers for packets sent over WLAN and LTE. The network may configure discard timers based on the estimated round trip time of individual links. Properly set WLAN PDCP discard timer can be beneficial for efficiently handling concerns 3 & 4 explained in section 2.2 above.  
Option 4: Full COUNT on LWAAP header
Other potential solution is to include full PDCP COUNT in LWAAP header. However, due to huge overhead (32 bits per PDCP packet sent over WLAN), this solution is not preferable for eLWA. 

Note that, during email discussion [94#28], it was also discussed whether feedback from WLAN MAC may be useful for flow control method. During the discussion, a clear majority indicated that “it cannot be assumed WLAN MAC ACKs are available to LTE modem” [5]. So, we didn’t list this option above even though a UE implementation can use this if available for example in setting the polling bit in Option 1a.
Based on the above discussion, we propose RAN2 to discussion the various options and choose a solution option. 
Proposal 1. Discuss different candidate solutions described above and agree on one option.
3. Summary

Based on the discussion above, we propose the following:

Proposal 1.
Discuss different candidate solutions described above and agree on one option.
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