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1 Introduction

UP down-selection has been well progressed last meeting with only 2 options on the table now. One issue of 3C is how to specify reordering function in PDCP. This contribution discusses how PDCP reordering would work.
2 Discussion
Unlike 1A where RLC Rx forwards to PDCP Rx correctly sequenced PDCP PDUs (i.e. same sequence as RLC Tx received from PDCP Tx), PDCP Rx may receive out-of-sequence PDCP PDUs form the lower layers in 3C. It is because the underlying RLC Rx provides the in-sequence delivery for PDUs handled by itself, but does not (or more precisely cannot) provide in-sequence delivery across RLC Rx entities.
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Fig 1
Provided that PDCP in 3C needs to continuously perform reordering, the starting point would be to apply the most common reordering function. Currently, almost all reordering operations in 3GPP realm are based on timer (i.e. when out-of-sequence packet occurs, timer starts to run so that the packets are considered to be in-sequence at latest upon timer expiry).   
It can be reflected into the current specification by adding e.g. following texts.

<Table 1>
	For DRBs mapped with two RLCs, at reception of PDCP PDU, the UE shall:

-
if received PDCP SN falls outside of the PDCP reordering window:

-
update Next_PDCP_RX_SN to received PDCP SN  +1

-
forwards PDCP PDUs with PDCP SN that falls outside of the PDCP reordering window to the next function and update Last_Reordered_PDCP_SN to the highest PDCP SN of the PDCP PDU forwarded to the next function

-
if PDCP reordering timer is running

-
if Next_Reordered_PDCP_SN <= Last_Reordered_PDCP_SN

-
stop and reset PDCP reordering timer

-
if PDCP reordering timer is not running

-
if Next_PDCP_RX_SN > Last_Reordered_PDCP_SN

-
start PDCP reordering timer

-
set Next_Reordered_PDCP_SN to Next_PDCP_RX_SN

For DRBs mapped with two RLCs, at expiry of PDCP reordering timer, the UE shall:

-
upate Last_Reordered_PDCP_SN to the first PDCP Data PDU with SN > = Next_Reordered_PDCP_SN that has not been received


-
if Next_PDCP_RX_SN > Last_Reordered_PDCP_SN:



-
start PDCP reordering timer;



-
set Next_Reordered_PDCP_SN to Next_PDCP_RX_SN

	Note: The text is based on RLC UM reordering operation specified in 5.1.2.2.3 and 5.1.2.2.4.  VR(UH) = Next_PDCP_RX_SN, VR(UR) = Last_Reordered_PDCP_SN, VR(UX) = Next_Reordered_PDCP_SN


The impact to the specifications would be; new signalling parameter of PDCP reordering timer and new local variables e.g. Last_Reordered_PDCP_SN, Next_Reordered_PDCP_SN. 
The performance of timer-based reordering is determined by the length of the reordering timer. In general, the length of the reordering timer should be set to the value long enough to cover the difference between the longest transmission delay and the shortest transmission delay. Unlike reordering in RLC UM or in MAC, reordering in 3C PDCP could be very inefficient due to ARQ delay and backhaul delay.
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Fig 2 shortest delay and longest delay in 3C
In the current specification, maximum retransmissions could be up to 32 times with 4 times as the default SRB 1 configuration. ARQ retransmission delay has high correlation with t-PollRetransmit, whose maximum value is 500 ms and default values in SRB 1 configuration is 45 ms respectively.  
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Fig 3 Worst case ARQ delay
Assuming the worst case HARQ transmission delay is 40 ms (8 ms HARQ RTT * 5 transmissions), the longest delay observed in PDCP entity would be [45 * 4 + 40] (= worst case ARQ delay) + 20 (= one way backhaul delay) = 260 ms. One can argue that 45 ms t-PollRetransmit is a bit too short for heavy traffic bearer. t-PollRetransmit should be set to the appropriate value to cover both Polling PDU transmission and status report transmission. If it is set too short, retransmission would occur unnecessarily. If it is set to too long, ARQ recovery would be delayed.  Picking up 80 ms as t-PollRetransmit, the longest delay increases to 380 ms, which has close correlation with PDCP reordering delay.
3 Conclusion
It is proposed to confirm the following observations and consider them in discussing UP architecture options.

Observation 1: Impact due to PDCP reordering is not trivial

Observation 2: Hundreds of ms PDCP reordering delay is expected 
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