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[bookmark: _Ref481312381]Introduction
In the last RAN2#97bis meeting, the following agreements regarding to PDCP operation were captured [1]:
Agreements
1	NR PDCP aims at defining a single procedure for reception for a AM and UM, as well as DRB and SRB (will be concluded in stage 3 discussions)
2	NR PDCP procedures are based on COUNT instead of SN, which is determined in the beginning of the procedure. All NR PDCP state variables are based on COUNT.
3	Adopt modulo operation for arithmetic operation.

Agreements
-	A unified re-ordering schemes is used for DRB(s)/SRB(s) and UM and AM, with LTE as baseline.  
-	It is desirable to disable PDCP reordering.  FFS how to signal it 
-	Use First Missing COUNT (FMC) instead of FMS in the PDCP Status Report.
Moreover, during the on-line discussions, it appeared that different companies had different understanding on the actual mechanism of the LTE PDCP receiving window, in particular whether it is a “PULL” or a “PUSH” window. As a result, in this contribution, we analyze further the details of both window and re-ordering timer mechanisms to check how far the commonalities of PDCP re-ordering mechanism can be for UM and AM DRBs. In order to do so we first recall the basic principles motivating the different designs of the receiving windows for UM and AM DRBs, we clarify that current legacy PDCP receiving window is a PUSH window, which is consistent with the fact that PDCP re-ordering is used for AM DRBs only, and we conclude that, similar to LTE RLC, PULL and PUSH windows are needed for PDCP re-ordering when mapped onto UM and AM DRBs respectively, with a common re-ordering timer mechanism.
Discussion
[bookmark: _Ref481312399]Basic principles of re-ordering process for UM and AM
We first recall the basic principles underlying the design of the RLC re-ordering process in the LTE receiver for both UM and AM DRBs.
· AM is loss-less and not time sensitive. Hence, the key point driving the window move is to wait as much as possible for the late packets which takes higher priority over accepting newly received packets. This is addressed by a low boundary driven PUSH window defined by the following design principles:
· Any received packet with SN above[footnoteRef:1] the window shall be discarded [1:  Considered modulo maximum SN] 

· The window is pushed by SNs of the last delivered packets
· UM is lossy and time sensitive. Hence, the key point driving the window move is to deliver received packets as soon as possible, which takes priority over waiting for late packets. This is addressed by a high boundary driven PULL window defined by the following design principles:
· Any received packet with SN above the window pulls the window onwards
· When window moves onwards, non-consecutive packets below the window are delivered in order. Further late packets received below the window are discarded
The above properties of the PULL window of RLC UM are further described in Section 2.2.
Observation 1: In LTE, RLC re-ordering implements PUSH and PULL windows for DRBs mapped onto AM and UM respectively, to best address the fundamental differences of AM and UM DRBs.
Similarly, the re-ordering timer mechanism, t_Reordering, is different for UM and AM, regarding UE behavior at timers expiry:
· t_Reordering is triggered whenever a packet is still waiting in the window, that is when the next expected SN is different from last submitted SN + 1
· t_Reordering is associated with a variable, Reordering_Rx_Count, which, when triggered, is set to the next expected SN
· t_Reordering expiry triggers:
· UM:
· Delivery of all PDUs below Reordering_Rx_Count, and above consecutive ones
· Update of last submitted SN accordingly
· AM: send NACK status report
Observation 2: In LTE, RLC re-ordering timer expiry results in different behaviors for both AM and UM DRBs.
[bookmark: _Ref481315926]LTE PDCP receiving window is a PUSH window
In LTE, PDCP re-ordering only applies to DRBs mapped on RLC AM and for LWA bearers, and is described in Section 5.1.2.1.4 of [2]. We compare this specification with the LTE RLC re-ordering in UM mode, which is described in Section 5.1.2.2 of [3]. 
We first compare the received PDU discard mechanisms of both LTE PDCP and RLC UM receiving windows in Figure 1. Referring to the principles stated in Section 2.1, it is obvious that the PDCP and RLC UM received PDU discard mechanisms are different where PDCP’s discard procedure is that of a PUSH window whereas RLC UM discard procedure corresponds to a PULL window. 
[image: ]
[bookmark: _Ref481312451]Figure 1: Comparison of discard mechanisms for LTE PDCP and RLC UM receiving windows
We then further verify the triggers for window move in LTE PDCP (Figure 2) and, in comparison, LTE RLC UM (Figure 3). The figures are self-explanatory and easily lead to the straightforward observations:
- In LTE PDCP, moving up the last received SN variable does not trigger window move
- In LTE PDCP, moving up the last submitted SN variable does trigger window move
- In LTE RLC UM, moving up the last received SN variable does trigger window move
- In LTE RLC UM, moving up the last submitted SN variable does not trigger window move
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[bookmark: _Ref481313648]Figure 2: Receiving window move triggers for LTE PDCP

[image: ]
[bookmark: _Ref481313657]Figure 3: Receiving window move triggers for LTE RLC UM
Observation 3: In LTE, PDCP implements a PUSH window.
LTE PDCP re-ordering timer
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 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 ([2], Section 5.1.2.1.4.2), which is a “UM” reordering behavior.
Observation 4: In LTE, PDCP implements a UM re-ordering timer mechanism.
One key difference of NR PDCP with LTE PDCP is that NR PDCP receiver will now also have to support re-ordering of PDCP PDUs in RLC UM since NR RLC receiver forwards out of order RLC SDUs to PDCP (Sections 5.4.3-4 of [4]). However, from Observation 1, the legacy timer is already a UM timer so it should also be a good fit for UM. Hence, as a baseline, the NR PDCP should implement the same re-ordering timer t_Reordering as legacy PDCP irrespective of whether the associated RLC entity runs AM or UM.
Proposal 1: The same re-ordering timer (t_Reordering) mechanism as LTE PDCP can be re-used as a baseline in the PDCP receiver irrespective of the DRB type (UM or AM).
NR PDCP receiving window in UM mode
Unlike for the t_Reordering timer, the design of the PDCP receiving window, when applied on UM DRBs, should meet the requirements of a UM window as stated in Section 2.1. However, form Observation 3, current LTE PDCP window is a low boundary driven PUSH window which does not properly address re-ordering of PDCP PDUs in UM mode. Instead NR PDCP running UM mode should implement a high boundary driven 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 (Figure 3).
Observation 5: Legacy PDCP receiving window does not properly address re-ordering of PDCP PDUs in UM mode.
Proposal 2: NR PDCP mapped on RLC UM should support a high boundary driven PULL receiving window
Conclusion
In this contribution we studied the impact of NR PDCP supporting re-ordering of DRBs mapped on RLC UM and gave the following observations and proposals:
Observation 1: In LTE, RLC re-ordering implements PUSH and PULL windows for DRBs mapped onto AM and UM respectively, to best address the fundamental differences of AM and UM DRBs.
Observation 2: In LTE, RLC re-ordering timer expiry results in different behaviors for both AM and UM DRBs.
Observation 3: In LTE, PDCP implements a PUSH window.
Observation 4: In LTE, PDCP implements a UM re-ordering timer.
Observation 5: Legacy PDCP receiving window does not properly address re-ordering of PDCP PDUs in UM mode.
Proposal 1: The same re-ordering timer (t_Reordering) mechanism as LTE PDCP can be re-used as a baseline in the PDCP receiver irrespective of the DRB type (UM or AM).
Proposal 2: NR PDCP mapped on RLC UM should support a high boundary driven PULL receiving window
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