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1 Introduction

From RAN2 #97bis meeting, it is agreed that
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).
In this contribution, we discuss the feasibility of a unified reception algorithm.
2 Discussion
2.1 PULL window vs. PUSH window

In general, there are two types of reception window operation being considered, i.e., PULL type window and PUSH type window. The following Table 1 provides a comparison between the two for different aspects (where the most obvious difference is highlighted).

Table 1 Comparison between PULL and PUSH window
	
	PULL window
	PUSH window

	Functionality of reception window
	The reception window is for receiver to distinguish between old packets (within the window) and new packets (outside of the window)
	The reception window is for receiver to decide which PDUs can be placed in the reception buffer (within the window) or discarded (out of the window)

	Operation on received packet with sequence number (SN) out of reception window
	Process it as a ‘new’ packet
	Discard it as an ‘old’ packet

	Initiator / Responder of the window movement
	The transmitter processes the PDUs one-by-one, and after the successful reception of a ‘new’ PDU out of reception window, the reception window is moved as a result
	After a PDU (within the reception window) is received by receiver, the reception window could be moved if that leads to update of ‘Last_Submitted_PDCP_RX_SN’ (defined in TS 36.323)
, and after an ACK sent to transmitter, the transmission window is moved as a result.


Observation 1 The PULL and PUSH type window are different in terms of initiator / responder of the window movement, and the handling of PDU(s) with SN outside of the reception window.

The difference between PUSH and PULL window finally causes the different applicable scenarios at LTE RLC layer (RLC UM and RLC AM), as they were adopted in LTE system.

1) Since RLC UM transmitter does not use a transmission window, PUSH window may be stopped by the missing packet and thus cause unnecessary packet discarding when a new packet arrives outside of reception window.

2) RLC AM targets at lossless data delivery, but PULL window where transmitter is the initiator of the window movement would not trigger re-transmission based on feedback from receiver; 
Observation 2 Due to the difference of PULL and PUSH type window, they are used for RLC UM and RLC AM differently in LTE system.

2.2 LTE PDCP operation

Before running into NR PDCP layer design, the logic of LTE PDCP is summarized as follows:

1) Different from RLC layer, there is a concern on the HFN / COUNT de-synchronization, which cause the restriction on PDCP transmitter for both types of bearer mapped to RLC UM and AM. 
a. As stated in TS 36.323 [1], “NOTE: Associating more than half of the PDCP SN space of contiguous PDCP SDUs with PDCP SNs, when e.g., the PDCP SDUs are discarded or transmitted without acknowledgement, may cause HFN desynchronization problem. How to prevent HFN desynchronization problem is left up to UE implementation.”
2) LTE PDCP for DRB mapped on LTE RLC AM: Since PDCP would re-transmit SDUs during handover, there is a need for the reception window, in order for duplication detection. The premise is that a transmit window is adopted at transmitter side at PDCP layer, employing acknowledgement at RLC layer. Considering the case of handover case and split bearer case, there is a need for re-ordering. And in LTE, the re-ordering window and reception window are actually the same
.

3) LTE PDCP for DRB mapped on LTE RLC UM and for SRB (always mapped on LTE RLC AM): Since PDCP would not re-transmit SDUs during handover, there is no need for the reception window. Also, since RLC layer provides in-sequence delivery in LTE, and no split bearer for RLC UM defined in LTE, there is no need for re-ordering either.

So that in short, in LTE, PDCP layer uses PULL and PUSH window mechanism for DRBs mapped on RLC UM and AM respectively, but SRB is an exceptional case although it is mapped to RLC AM.
Observation 3 The window mechanism at LTE PDCP is motivated by lossless handover and split bearer.

Observation 4 PULL and PUSH window are used at LTE PDCP for DRB mapped on LTE RLC UM and AM mode respectively.

2.3 NR PDCP receive operation
Further consideration is provided in this section regarding whether a unified operation can be applicable in NR PDCP for both NR RLC UM and AM mode, which is motivated by the following reasons:

· As stated in 1) of section 2.2, a unified PDCP transmitter behaviour (i.e., the transmission window is applicable to bearers mapped on RLC UM as well) helps to design a unified PDCP receive operation;

· The difference stated in 2) and 3) in section 2.2 is removed since that In NR, there is no duplication detection in RLC, so that a window is needed for duplication detection at PDCP for all cases. Also, in NR it is PDCP to ensure in-sequence delivery instead of RLC, so that re-ordering is needed for all cases.

Observation 5 Due to the unified transmitter operation and the need for duplication detection and re-ordering at PDCP for all cases, a unified PDCP receive operation is motivated.

So that a unified solution is preferred, for which two alternatives are being discussed:
1) Apply PULL type window for both NR RLC UM / AM mode;
2) Apply PUSH type window for both NR RLC UM / AM mode;
More detailed consideration is given as follows

For alternative 1

For this alternative, the main concern is whether PULL type window can be applied to NR RLC AM, and the key problem for this concern is that whether there would be a packet arriving at receiver with SN out of reception window - in which case, different operation of PUSH and PULL window would cause wrong processing.
For this problem, considering the transmission restriction similar to LTE PDCP, data packet with SN of N+Window_Length-1 should not be delivered to lower layer, when packet with SN of N is still undergoing HARQ/ARQ re-transmission (where Window_Length is half of the PDCP SN space), so there is no concern on out-of-window packet 
Observation 6 The restriction at transmitter side can enable the application of PULL type window to NR RLC AM mode.
For alternative 2

For this alternative, the main concern is whether PUSH type window can be applied to NR RLC UM, and similar to alternative 1 above, the key problem for this concern is that whether there would be a packet arriving at receiver with SN out of reception window - in which case, different operation of PUSH and PULL window would cause wrong processing.
For RLC UM, since HARQ re-transmission would be done within limited re-transmission number, and if it still fails, RLF would not be caused like in RLC ARQ re-transmission, and thus continuous packet discard/transmission failure would be a concern. 

Considering the same transmission restriction as cited above, i.e., packet with SN of N+Window_Length-1 should not be delivered to lower layer, when packet with SN of N is still undergoing HARQ re-transmission (no ARQ re-transmission for RLC UM), there is no limitation on transmission of packet with SN of N+Window_Length-1 when packet N HARQ re-transmission has already reached maximum re-transmission (no matter whether there is ACK-to-NACK error). That would cause a problem that the next arriving packet N+Window_Length may be discarded by receiver due to the re-ordering timer for packet N is still running and N+Window_Length is out of reception window. Anyway, we agree it is a bit of theoretical problem considering the length of typical reordering timer and PDCP reception window.
Observation 7 In theory, PUSH type window may cause wrong packet discarding if it is applied to NR RLC UM mode.
Considering the analysis on the two alternatives, we have slightly preference on alternative 1, i.e., to use PULL type window as NR PDCP receive operation for both NR RLC AM and NR RLC UM.

Proposal 1 Use a unified PULL type window operation for NR PDCP.
3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
The PULL and PUSH type window are different in terms of initiator / responder of the window movement, and the handling of PDU(s) with SN outside of the reception window.
Observation 2
Due to the difference of PULL and PUSH type window, they are used for RLC UM and RLC AM differently in LTE system.
Observation 3
The window mechanism at LTE PDCP is motivated by lossless handover and split bearer.
Observation 4
PULL and PUSH window are used at LTE PDCP for DRB mapped on LTE RLC UM and AM mode respectively.
Observation 5
Due to the unified transmitter operation and the need for duplication detection and re-ordering at PDCP for all cases, a unified PDCP receive operation is motivated.
Observation 6
The restriction at transmitter side can enable the application of PULL type window to NR RLC AM mode.
Observation 7
In theory, PUSH type window may cause wrong packet discarding if it is applied to NR RLC UM mode.


Based on the observations, we propose:
Proposal 1
Use a unified PULL type window operation for NR PDCP.


4 Reference
[1] 3GPP TS 36.323: "E-UTRA PDCP specification".
� In TS 36.323 � REF _Ref485373049 \r \h ��[1]�, the variable of Last_Submitted_PDCP_RX_SN is updated based on different criterions for DRB mapped on RLC AM with and without re-ordering function.


� It is the reason why the Reordering_Window is also used in section 5.1.2.1.2 in TS 36.323, which targets at the case where the reordering function is not used.
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