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1 Introduction
In RAN2#90 meeting, the following options for avoiding PDCP reordering delay caused by PDCP discard were discussed, but no consensus was reached:
1)
Leave it up to eNB implementation without NOTE;
2)
Leave it up to UE implementation (e.g. re-association, process PDCP SDU when UL grant is received) by NOTE;
3)
Introduce Zero PDU;
In this contribution, we analyze possible options and give our preference.
2 Discussion

When the discardTimer expires for a PDCP SDU, UE shall discard the PDCP SDU along with the corresponding PDCP PDU. For UL split bearer, PDCP reordering is performed at MeNB when out-of-sequence PDCP PDUs are received. The MeNB cannot distinguish whether the PDCP PDUs in receiving gaps are already discarded or they will be received later. Waiting for a discarded packet introduces an additional delay in data delivery. However, it is not easy to totally avoid discarding PDCP SDUs. For example, PDCP SDU discard can occur due to PUSCH resources shortage, lower priority service starving, too many RLC segments, and so on.

In order to eliminate gaps in the MeNB reordering window caused by the PDCP SDU discard, the following solutions have been proposed in the previous RAN2 meetings:

· Option 1: leave it up to eNB implementation without NOTE [1];

· Option 2: add one note to leave the issue as UE implementation [2] ;
· Option 3: allow re-routing to another eNB when the discard timer expires [3] ;
· Option 4: use PDCP SDUs of zero length to replace the discarded PDCP SDUs [4] ;
· Option 5: use a control PDU to report the SN of the discarded PDCP SDU [5].

In option 1, MeNB can determine that one PDCP SDU has been discarded in the UE if SN of the un-received PDCP SDU is less than both the smallest SN of received PDCP SDUs from the MCG link and smallest SN of received PDCP SDUs from the SCG link, because in-sequence transmission can be assured by AM RLC entity in each CG link. 
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Figure 1: PDCP reordering example                  Figure 2: PDCP reorder example

As shown in the figure 1, the MeNB can determine that PDCP SDU with SN=2 has been discarded in the UE when receiving PDCP SDU 5 from the SCG link. Therefore, the MeNB can deliver PDCP SDUs 1, 3 and 4 to upper layer and move its receiving window. However, at this point, the MeNB doesn’t know whether PDCP SDU 6 has been discarded as shown in figure 2 or it will be received from the SCG link before other PDCP SDU is received from the SCG link. If PDCP SDU 9 is received from the MCG link, not from the SCG link, the MeNB will continue to wait for PDCP SDU 6 until other PDCP SDU is received from the SCG link or the reordering timer is expired. Hence, there is still a little delay for delivering PDCP SDUs to upper layer. 
In option 2, by UE implementation, the UE will try to avoid allocating PDCP SN to a PDCP SDU too early. But this option cannot totally eliminate gaps in the reordering window. For example, the PDCP discard can still occur, due to too much RLC segmentation and poor UL link quality. 

Options 3, 4 and 5 all require some specification changes. If there is only one discarded PDCP SDU, the effect of three options is similar. But in some cases, it is possible that there are multiple (possibly consecutive) discarded PDCP SDUs. With option 3 or option 4, the UE will have to transmit multiple PDCP SDUs to the network to eliminate the gaps. However, with option 5, using only one control PDU can report all PDCP SN of those discarded PDCP SDUs. 

More seriously, option 3 and option 4 will restrict that the MeNB has to wait for the possible re-routed PDCP SDUs or PDCP SDUs with zero length. That is, MeNB cannot move its receiving window, even if the MeNB has identified that some PDCP SDUs have been discarded in the UE. This means that eNB implementation can’t avoid additional delay and has to wait for those potential re-routed PDCP SDUs or PDCP SDUs with zero length. However, option 5 will not bring any additional impact on the eNB implementation of receiving window handling, because the control PDU is received by the MeNB independently from data PDU. Therefore, option 5 will not result in any unnecessary restriction on the eNB implementation.
Based on the above discussion, we think the option 1 is acceptable, because PDCP discard should not occur frequently. But if companies think some enhancements are necessary, we prefer the option 5, as reporting one control PDU is more robust than sending multiple PDCP SDUs to the network and it does not result in any unnecessary restriction on the eNB implementation. 
Proposal: if RAN2 decides that enhancement is needed for PDCP discard, option 5 should be adopted, i.e., the UE uses a control PDU to report the SN of the discarded PDCP SDUs to the MeNB.

3 Conclusion
We investigated how to treat the PDCP SDU gaps in the MeNB PDCP reordering window caused by PDCP discard, and proposed that: 
Proposal: if RAN2 decides that enhancement is needed for PDCP discard, the option 5 should be adopted, i.e., the UE uses a control PDU to report the SN of the discarded PDCP SDUs to the MeNB.
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