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1. Introduction
After the last RAN2 #81bis meeting, there was an email discussion "[81bis#19][LTE/SCE-HL] UP protocol and architecture alternatives", of which purpose is to agree on a qualitative comparison of UP architecture alternatives.

This paper analyzes UP Alternatives 2C and 3C from the handover operation perspective and provides considerations when performing the qualitative comparison of UP architecture alternatives.
2. Discussion

2.1. Current RLC behaviour in case of handover
In the case of RLC Acknowledge Mode (AM), the receiving side of an AM RLC entity does not reassemble RLC SDUs nor deliver the reassembled RLC SDUs to upper layer PDCP unless the lower edge of the receiving window is completely received. In other words, in the case of RLC AM, the RLC layer tries to guarantee the lossless delivery of RLC SDU. If the radio condition is not possible to guarantee the lossless delivery of RLC SDU, then in the UL case the RLF is declared.
However, this RLC AM behavior is slightly different when performing a handover. When the RLC is re-established, the receiving side of an AM RLC entity reassemble RLC SDUs and deliver the reassembled RLC SDUs to upper layer PDCP in ascending order and discard the remaining RLC PDUs that cannot be reassembled. Consequently, the receiving side of a PDCP entity may miss some PDCP PDUs in sequence. Missing some PDCP SDUs in sequence can happen not only due to the RLC re-establishment but also due to the PDCP discard timer expiration.
In the case of PDCP discard timer expiration, discarding some PDCP SDUs at the transmitting side and consequently missing some PDCP SDUs at the receiving side is eventually helpful from the perspective of flow control. The sending side of TCP adapts the transmitting rate to the receiver speed by reducing the congestion window by half when the retransmission timer expires and retransmitting. If the PDCP discard timer does not exist and therefore not discarded in the PDCP PDU buffer without being delivered to RLC layer, then the PDCP PDU buffer may overflow causing the following TCP packet losses which will cause yet more decreasing the TCP transmitting rate, or the PDCP PDU buffer buffers different PDCP PDUs containing the same TCP packet multiple times which is redundant. In conclusion, missing some PDCP SDUs can help the TCP performance.
Observation 1: Missing some PDCP SDUs at the receiving side due to the PDCP discard timer expiration is eventually helpful from the perspective of flow control.
However, missing some PDCP SDUs during handover is different story. The main difference is that the PDCP PDU buffer for the handing over UE at the target cell is not highly likely being fully buffered and if so, it is better to retransmit the missing PDCP SDUs at the target cell as soon as possible in order not to result the TCP retransmission timer expiration, which will cause decreasing the TCP transmitting rate by half even if the PDCP PDU buffer is able to manage the current TCP transmission rate and does not require the decrease of the TCP transmission rate.

Due to this rationale, the source cell sends the SN STATUS TRANSFER message to the target cell, carrying PDCP SNs, of which PDCP SDUs were not successfully received at the UE and sends the relevant PDCP SDUs to the target cell. And the target cell retransmits those unsuccessfully received PDCP SDUs to the UE.
Observation 2: Missing PDCP SDUs due to the RLC re-establishment operation caused by handover is negatively performing from the perspective of flow control. Therefore the current handover procedure is in such a way that the target cell retransmits the unsuccessfully received PDCP SDUs using the SN STATUS TRANSFER message.
The important point here is that as both PDCP layer and RLC layer are co-located at the same eNB. The source eNB is able to figure out for which PDCP SNs the relevant RLC SNs are not ACKed using the RLC STATUS REPORT as the eNB can maintain the PDCP SNs and RLC SNs association. Even though the RLC STATUS REPORT is not reported every time the receiving side of the RLC entity receives one RLC PDU, it is at least able to prevent the PDCP missing problem, which can happen when the target eNB does not know and is not able to retransmit those unsuccessfully received PDCP SDUs. The PDCP STATUS REPORT can update the PDCP ACK/NACK information to the target cell if exact update is desired.
2.2. Reminding of UP Architecture Alternatives 2C and 3C

Following UP architecture alternatives are referred from [1] and shown for reminding as this paper intends to discuss an issue in those UP architecture alternatives.
The main concerning point of the 2 UP architecture alternatives is that there is an independent RLC at the SeNB, having non-ideal backhaul latency to the PDCP at the MeNB.

UP Architecture Alternative 2C: S1-U terminates in MeNB + no bearer split in MeNB + independent RLC at SeNB
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Figure 1: UP Architecture Alternative 2C
UP Architecture Alternative 3C: S1-U terminates in MeNB + bearer split in MeNB + independent RLCs for split bearers.
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Figure 2: UP Architecture Alternative 3C
2.3. Target scenario to discuss
Following 2 figures show the target scenarios to discuss in this paper. 
Figure 3-a shows that the UE is moving out of a SeNB. The UE is using dual connectivity when the UE is inside the SeNB, overlaid with the MeNB coverage and is using single MeNB connectivity when the UE is moved to area of MeNB only coverage. In this case, the SeNB is released from the dual connectivity.
Figure 3-b shows that the UE is handing over from one SeNB to another SeNB while keeping dual connectivity with MeNB and SeNB.

In both cases, it is assumed that SeNB and MeNB are connected over non-ideal backhaul, having 25~60 ms latency.
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Figure 3-a: Small cell release
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Figure 3-b: Handover between small cells 
2.4. Consideration
In the scenario where the UE is moving to the area where only MeNB coverage is available (Figure 3-a), it is required for the MeNB to retransmit those PDCP SDUs, which were not successfully received at the UE through the SeNB. 

The retransmission should be sent by the MeNB or the target SeNB when the UE is moving from one SeNB to another SeNB coverage while keeping the dual connectivity with the MeNB.
In both scenarios, the RLC layer at the SeNB and the PDCP layer at the MeNB is separately located and connected over non-ideal backhaul. Therefore when the MeNB decides the UE is to be served by MeNB without having dual connectivity or the UE is to be handed over from one SeNB to another SeNB while keeping dual connectivity, the PDCP entity at the MeNB or the target SeNB should know which PDCP SDUs are not successfully received at the UE and should retransmit them in order to solve the problem described in section 2.1 "Current RLC behaviour in case of handover". However, current specification does not support such mechanism. One example solution is that the RLC at the SeNB forwards the RLC STATUS REPORT received from the UE to the MeNB whenever the SeNB receives it. This may solve the problem but on the other hand it will result in excessive signaling increase over the non-ideal backhaul.

Proposal 1: When selecting UP Architecture Alternatives 2-C and 3-C, it should be considered that new functionality is required. The new functionality is how to let the PDCP at the MeNB knows which PDCP SDUs are not successfully received at the UE when the UE is moving from dual connectivity area to the single connectivity area and when the UE is moving from one SeNB to another SeNB coverage while keeping the dual connectivity with the MeNB.
3. Conclusion
In this contribution, we have discussed with the following observations.

Observation 1: Missing some PDCP SDUs at the receiving side due to the PDCP discard timer expiration is eventually helpful from the perspective of flow control.

Observation 2: Missing PDCP SDUs due to the RLC re-establishment operation caused by handover is negatively performing from the perspective of flow control. Therefore the current handover procedure is in such a way that the target cell retransmits the unsuccessfully received PDCP SDUs using the SN STATUS TRANSFER message.
RAN2 is kindly requested to consider the following proposal.
Proposal 1: When selecting UP Architecture Alternatives 2-C and 3-C, it should be considered that new functionality is required. The new functionality is how to let the PDCP at the MeNB knows which PDCP SDUs are not successfully received at the UE when the UE is moving from dual connectivity area to the single connectivity area and when the UE is moving from one SeNB to another SeNB coverage while keeping the dual connectivity with the MeNB.
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