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Introduction
During the NR study item, it was decided that RLC can deliver out-of-order PDCP PDUs to PDCP and that PDCP re-ordering is always on. Furthermore, it was also agreed that Dual Connectivity (DC) would support both UM and AM modes. In this contribution, we analyze the impact of the above decisions on the PDCP re-ordering function. 
Discussion
In LTE, PDCP reordering is mainly used in DC to cope with PDUs received out of order from different legs. However, since DC is only configured for AM bearers, lossless transmission is expected at the PDCP, therefore a low-boundary push-window mechanism is implemented, similar to RLC AM, but with a different behavior when the reordering timer expires: instead of sending a status report, PDCP will update the low boundary of the receiving window and deliver the received PDUs below the window:
[bookmark: _Toc461977507]5.1.2.1.4.2	Procedures when t-Reordering expires
When t-Reordering expires, the UE shall:
-	deliver to upper layers in ascending order of the associated COUNT value:
-	all stored PDCP SDU(s) with associated COUNT value(s) less than Reordering_PDCP_RX_COUNT;
-	all stored PDCP SDU(s) with consecutively associated COUNT value(s) starting from Reordering_PDCP_RX_COUNT;
-	set Last_Submitted_PDCP_RX_SN to the PDCP SN of the last PDCP SDU delivered to upper layers;
-	if there is at least one stored PDCP SDU:
-	start t-Reordering;
-	set Reordering_PDCP_RX_COUNT to the COUNT value associated to RX_HFN and Next_PDCP_RX_SN.
The low boundary of the receiving window is Last_Submitted_PDCP_RX_SN, as illustrated in Figure 1: 
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[bookmark: _Ref478068513]Figure 1: LTE PDCP low boundary driven and push window
In NR, the only difference with legacy for AM mode is that PDCP will now receive out-of-order PDUs also in single connectivity case. But since this was already addressed in DC, the above legacy PDCP re-ordering principle can be re-used for NR in AM mode. In single connectivity configuration, AM mode, the time difference between out-of-order PDUs is due to both HARQ and ARQ retransmissions. Therefore the PDCP t-Reordering timer should be configured to account for the ARQ RTT * maximum number of (re)transmissions.

Proposal 1: In AM mode, NR PDCP reuses LTE PDCP reordering as baseline.
In UM mode, NR PDCP now implements the only re-ordering function of the (simplified) NR stack. As a result, it should implement the same re-ordering window and timer principles as those used by legacy RLC in UM mode: a high boundary driven and pull window where the state variables Last_Submitted_PDCP_RX_SN, Reordering_PDCP_RX_COUNT,  and Next_PDCP_RX_SN would behave like VR(UR), VR(UX), VR(UH) in RLC UM, respectively:
[image: ]
Figure 2: NR PDCP high boundary driven and pull window
The above mechanism should apply in UM mode irrespective of the single or dual connectivity configuration.
Proposal 2: In UM mode, NR PDCP reuses LTE RLC reordering as baseline.
Conclusion
In this contribution, we discussed the re-ordering function of NR PDCP and gave the following proposals:
Proposal 1: In AM mode, NR PDCP reuses LTE PDCP reordering as baseline.
Proposal 2: In UM mode, NR PDCP reuses LTE RLC reordering as baseline.
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