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1   Introduction
At RAN3#87bis meeting, the issue of PDCP re-ordering delay at SeNB for split bearers was identified as a potential problem. And four alternatives are proposed as follows [1]. 
Solution 1: SeNB takes the transmission between MeNB and SeNB into account. The SeNB can calculate the delay from SeNB to UE by subtract an additional delay from the delay between MeNB and UE. The details can be left to implementation.
Solution 2: This solution is to introduce timestamp information (i.e. time the PDU has been queued in MeNB) within the DL USER DATA (PDU Type 0) frame under assumption of synchronized network.

Solution 3: This solution is to introduce discard indication from MeNB to SeNB. The MeNB may base on its internal mechanism e.g. internal timer to decide to initiate the discarding indication. Upon receiving of discard indication, the SeNB needs to discard the particular RLC SDUs.
Solution 4: This solution is to introduce delivery timer as an indication in the SeNB to discard the PDCP PDU when after the timer expires when still the PDCP PDU cannot be transmitted to the UE.
Actually, this problem has been already raised up to address the flow control between MeNB and SeNB. Many papers were proposed in both RAN3 and RAN2 [2][3][4] but no agreements were achieved.
2   Discussion
As known, this presented issue comes out due to the extra delay on data packets routed by SeNB, which comprises of processing delay at MeNB/SeNB, transmission delay over X2 interface and the delay between SeNB and UE. Because of the possible large delay, UE can only advance the PDCP reordering window until ReorderingTimer expires. And the data arriving outside of the re-ordering window gets discarded. This situation leads to low throughput and data loss at UE. Here we analyze four solutions individually and come up with our proposal as below.
First, solution 1 is considered as a feasible solution for most normal scenarios. If no congestion occurs on X2 interface and SeNB, the SeNB is totally capable to estimate the statistical delay of data forwarding from MeNB. SeNB shall take this delay into account when processing the received data, in addition to the QoS related delay requirement. Nevertheless, when the delay gets unbearable due to unexpected situation, it’s better to call off the transmission of late data. It’s because those late data will get discarded anyhow, the meaningless transmission can only sacrifices the air interface resources without any gains and might make things worse. Hence, an improved scheme seems useful to handle the exceptional cases.
About Solution 2, SeNB is required to memorize the transmission time of each packet from upper layer indicated by the TimeStamp. Based on it and other factors, e.g., delay budget of each bearer, SeNB can handle the data transmission appropriately. As pointed out by the TP, this alternate only works for synchronized network and cannot be considered as a generic solution.
Solution 4 introduces a delivery timer, which is configured by MeNB and sent to SeNB. The delivery timer is a bearer specific parameter. We note that this solution does not suit with the non-ideal backhaul, which causes various delay over X2 interface. Hence, SeNB may not make an accurate estimation of the time margin.
Regarding solution 3, an indication is triggered by MeNB to discard the corresponding PDCP SDUs if RLC at SeNB has not transmitted them in time. MeNB can make the decision whenever it discovers that the delay of one specific PDCP SDU cannot meet its delay target. For instance, it may work in a way like the followings. MeNB configures each PDCP SDU with a discard timer. And when MeNB finds out that some PDCP SDUs routed by SeNB have not yet been received by UE in time according to DL DATA DELIVERY STATUS frame, MeNB can send out the discard indication to RLC module at SeNB to discard those PDCP SDUs.
To sum up, in our opinion the data handling at MeNB and SeNB for split bearer could be realized by a joint function of solution 1 and 3. As mentioned above, normally SeNB can make an evaluation about the statistical delay between MeNB to SeNB, which is done by implementation. All we need is to deal with the abnormal case including the congestion over X2 interface/MeNB/SeNB and bad link between SeNB and UE. Solution 3 is an existing scheme in current PDCP for UL data transmission at UE. It’s quite straightforward to introduce it into dual connectivity and we don’t observe any side effect to do so.
Observation 1: Solution 1(implementation at SeNB) and 3(discard indication) jointly works fine to solve the re-ordering delay issue for split bearer.
Proposal 1: It’s proposed to endorse solution 1 and 3 to solve the re-ordering delay issue for split bearer.
3   Conclusion
Observation 1: Solution 1(implementation at SeNB) and 3(discard indication) jointly works fine to solve the re-ordering delay issue for split bearer.
Proposal 1: It’s proposed to endorse solution 1 and 3 to solve the re-ordering delay issue for split bearer.
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