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Introduction
One of the objectives is to investigate a solution for the following bullet highlighted [1]:
1 Identifying detailed solutions for further enhancements on current flow control mechanism with the following aspects considered. 

· PDCP PDUs may be delivered in the Uu interface out of sequence.

· The re-transmitted PDCP PDUs may arrive at DU out of order.

· In a DC scenario, data transmitted to UE from two legs may arrive out of order, where the amount of out-of-order data exceeds the level that the re-ordering mechanism can handle. This may result in out-of-order delivery to higher layer.
              Note1: The solution shall be backward compatible (i.e. carefully consider the fact no criticality handling defined in U-plane protocol specification).
In this contribution, we recap relevant proposals that we discussed at RAN3-102 (Spokane). A TP for TR 38.823 [2] is provided in [6]. 
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Discussion

RAN-102 (Spokane) discussed how to correct DDDS feedback for retransmitted PDCP PDUs. After heated offline discussions, we decided to go with reporting a PDCP SN corresponding to the highest in-sequence NR-U SN (due to backward compatibility and inter-operability). Further enhancements were left to Rel-16 [3]:

It was clarified that while re-ordering based on NR-U SN or PDCP SN may be done in corresponding node however it is not mandated.

It was agreed to take the proposed CR in R3-186591 as a solution for Rel-15, i.e. using the PDCP SN associated with the highest NR-U SN. This is revised in R3-187192.

It was also identified by R3-186513 and R3-186937 that the chosen solution may delay the freeing of buffer in the PDCP hosting node. Further enhancement can be discussed in future release.

As all knows, a reason why CU flags “retransmission” is for prioritization of those retransmitted packets at DU (i.e. re-ordering based on PDCP SN). Although not mandated, no one disputes that DU’s re-ordering is critical to minimize service interruptions. 
But as observed in [4] and [5], the current Rel-15 solution is suboptimal when DU performs re-ordering. To see this in more details, suppose that DU re-orders lower PDCP SN packets after successfully delivering SN #103 as in Figure 1 (assuming that SN #1, #2,… arrives at DU before transmitting SN #104): 
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Figure 1. DU’s re-ordering makes the current Rel-15 solution sub-optimal [4]
In this case, reporting a PDCP SN corresponding to the highest in-sequence NR-U SN (current Rel-15) will be fixed to #103, until a next NR-U SN (i.e. corresponds to #104) is successfully delivered. In other words, there won’t be any new feedback until all the retransmitted packets with lower PDCP SN than #104 (and higher NR-U SN than “B”) are delivered successfully. If they are in large volume (e.g. the Centralized Retransmission scheme), this could result in a suboptimal behavior for CU, because those large number of already delivered retransmitted packets cannot be freed up in a timely fashion.
In sum, the main issue with the current Rel-15 solution is that DU’s reordering based on PDCP SN could result in earlier NR-U SN packets (with higher PDCP SN) to be kept de-prioritized, making DDDS feedback sluggish and resulting in inefficient buffer management for CU.

Observation 1: Current Rel-15 DDDS for retransmitted packets is prone to DU’s re-ordering (based on PDCP SN) that could result in earlier NR-U SN packets (with higher PDCP SN) to be kept de-prioritized.

Observation 2: Such de-prioritization by DU’s re-ordering could lead DDDS feedback sluggish and inefficient buffer management for CU.

On the other hand, a better solution was proposed in [4] and [5] at RAN3-102 (Spokane), which directly tackles the fact that a lower PDCP SN packet can be transferred for retransmission than what has been transferred.

This solution relies on “highest” PDCP SN feedback approach, which embraces the advantage of freeing up CU’s buffer for what has been successfully delivered based on PDCP SN. However, such “highest” SN feedback alone is not enough for retransmitted packets as it could be applied to those with lower SNs being transferred to DU later. In other words, since now a lower PDCP SN packet can be transferred later, CU should not blindly apply the reported “highest” SN for all the retransmitted packets in its buffer as it did for normal packets (which was OK because PDCP PDUs sent to DU is always in an increasing order of PDCP SN). For retransmitted packets, there should be some limitation when CU applies the reported “highest” SN on its buffer. 
We believe that the simplest way is to give “up to which NR-U SN” retransmitted packets have been already delivered to the UE and can be freed up by the reported “highest” SN. By this additional information, CU can confine a range of retransmitted packets for which the reported “highest” SN should be applied.
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Figure 2. Proposed solution applied to the Figure 1’s scenario
For example based on the Figure 1’s scenario, CU is now able to know that “OK, among all the retransmitted packets whose PDCP SN lower than or equal to #103, only those up to NR-U SN “G” are successfully delivered”, and thus free up #1, #2, #3, #4, #5, and #103 from its buffer as exactly intended.
In fact, this solution is a generalized version of the current Rel-15 solution, where “up to which NR-U SN” is always fixed to that of the PDCP SN reported. It cannot be worse than the current Rel-15 solution.

Observation 3: A better solution relying on “highest” PDCP SN feedback with “up to which NR-U SN” can provide an exact range of successfully delivered/transmitted status for retransmitted packets, even in case of DU’s re-ordering.

Observation 4: Such optimal solution was proposed at RAN3-102 (Spokane), but not selected in Rel-15 due to backward compatibility and inter-operability.

Therefore, we propose to include this optimal solution for this study item. The corresponding TP for TR 38.323 [2] is provided in [6].
Proposal 1: Include the optimal solution discussed at RAN3-102 (Spokane), which can provide an exact range of successfully delivered/transmitted status for retransmitted packets. 
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Conclusion

In the present contribution we make the following observations:

Observation 1: Current Rel-15 DDDS for retransmitted packets is prone to DU’s re-ordering (based on PDCP SN) that could result in earlier NR-U SN packets (with higher PDCP SN) to be kept de-prioritized.

Observation 2: Such de-prioritization by DU’s re-ordering could lead DDDS feedback sluggish and inefficient buffer management for CU.

Observation 3: A better solution relying on “highest” PDCP SN feedback with “up to which NR-U SN” can provide an exact range of successfully delivered/transmitted status for retransmitted packets, even in case of DU’s re-ordering.

Observation 4: Such optimal solution was proposed at RAN3-102 (Spokane), but not selected in Rel-15 due to backward compatibility and inter-operability.

Based on the discussion in the present contribution and the observations above we propose: 

Proposal 1: Include the optimal solution discussed at RAN3-102 (Spokane), which can provide an exact range of successfully delivered/transmitted status for retransmitted packets. 
The corresponding TP for TR 38.323 [2] is provided in [6].
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