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1 Introduction

 For UP 3C on dual connectivity, PDCP reordering scheme would be required since PDCP packets would be shuffled due to non-ideal backhaul delay.
 Timer based algorithm was suggested as one of solutions to perform PDCP reordering. It would be likely to use algorithm to be similar as UM reordering scheme [1]. However, there would be a problem on this algorithm. In this contribution, an issue on timer based algorithm will be introduced.
2 Issue on timer based PDCP-reordering algorithm
How to discriminate delayed PDCP packets from discarded PDCP packets?
 In PDCP layer, the SDU discard function is used to prevent buffer overflow in the transmitter (5.4 in [2]). If a SDU is received from higher layer in the transmitter, the corresponding discard timer would start. As the timer expires, PDCP layer would discard the corresponding PDCP SDU and indicate the event to RLC layer and RLC layer would discard the corresponding PDCP PDU.
 Then, in the receiver, PDCP layer could not receive the discarded PDCP SDU and assemble the other PDCP SDUs to higher layer in ascending order. As shown in Figure 1, the discarded PDCP SDU would not hold assembling of the other packets which have bigger PDCP SNs, e.g. 6, 7, … > 5. Discarded PDCP SDU might be used for higher layer (e.g. TCP/IP layer) to utilize flow control.
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Figure 1: Discarding PDCP SDU
 Assuming that timer based PDCP-reordering algorithm is applied to 3C UP on dual connectivity, a discarded packet could start PDCP reordering timer. And while the timer is running, even though following packets are received in sequence, they would be stocked in receiver buffer. Further, discarded packet would be detected by TCP/IP layer late as reodering timer. And the flow control of TCP/IP layer is defered.
 Figure 2 depicts an example for PDCP reordering timer in receiver side started by discarded PDCP packet. PDCP PDU #6 start PDCP reordering timer in receiver side since PDCP PDU #3 is arrived at UE due to non-ideal backhaul. During PDCP reordering timer (for #6) is running, PDCP PDU #7 is discarded due to the expiry of discard timer in tranmitter side. After UE receiveing PDCP PDU #5 or PDCP reordering timer (for #6) expiring, PDCP reordering timer (for #11) would be started in receiver side because PDCP PDU #11 would have been received before PDCP PDU #7. Then, during PDCP reordering timer (for #11) running, even though PDCP PDUs #8, #9, #10 have been already received, PDCP packets #8~#12 could not be assembled due to missing #7 until the corresponding PDCP reordering timer expires.
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Figure 2: PDCP reordering timer started by discarded packet
Observation: Assuming timer based reordering algorithm on UP 3C of dual connectivity, PDCP reordering timer could be started by discarded PDCP PDU. The started timer would hold assembling PDCP SDUs unnecessarily and defer the reaction of flow control of TCP/IP layer.

 In this section, an issue which could happen on timer based reordering algorithm on UP 3C of dual connectivity have been introduced as metioned in the above observation. The main target of UP 3C is the throughput enhancement by distributing packets. However, the observed issue would degrade the effect of  enhancement on UP 3C of dual connecitivty.
Proposal: RAN2 is kindly requested to discuss the issue about observation on UP 3C of dual connectivity. And if essential, some enhancement should be designed to prevent PDCP reordering timer to be started by discarded packet.
3 Conclusion

Observation: Assuming timer based reordering algorithm on UP 3C of dual connectivity, PDCP reordering timer could be started by discarded PDCP PDU. The started timer would hold assembling PDCP SDUs unnecessarily and defer the reaction of flow control of TCP/IP layer.

It is proposed to agree on the following proposal as designing PDCP-reordering algorithm on UP 3C of dual connectivity;

Proposal: RAN2 is kindly requested to discuss the issue about observation on UP 3C of dual connectivity. And if essential, some enhancement should be designed to prevent PDCP reordering timer to be started by discarded packet.
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