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1      Introduction

After RAN2#98 meeting, email discussion [98#40][NR/UP] – PDCP receive operation was held to discuss PDCP receive window operation aspects, with the discussion report in [1]. In this contribution we discuss several aspects related to PDCP receive window operation.
2      Discussion
2.1     Principle of PDCP receive operation

In RAN2#97bis meeting, it was agreed that “RAN2 aims to unify split bearer type options for LTE-NR DC, i.e.,Option3/4/7 family”. One critical aspect for the unified bearer is related to how NR PDCP operation is defined relative to LTE PDCP. From the receive operation perspective, it is desirable to align NR PDCP operation to LTE PDCP operation as far as possible to avoid the complexity increase in the implementation as well as the standardization efforts when considering the layer 2 aspects, e.g. PDCP operation for bearer type switching. Therefore unless there is significant benefit to deviate from LTE PDCP receive operation, LTE PDCP receive operation should be reused for NR as far as possible. 
Proposal 1: LTE PDCP receive operation should be reused for NR as far as possible, unless there is significant benefit to deviate from LTE PDCP receive operation.

2.2     Discard of PDCP PDUs for PULL window
In email discussion [98#40][NR/UP] – PDCP receive operation, one open issue is whether it is required to define receiving side behavior when the lower edge of the reordering window becomes higher than RX_DELIV.
Before discussing this issue in NR, it is helpful to review the LTE PDCP operation as below:
	5.1.2.1.4.1
Procedures when a PDCP PDU is received from the lower layers
For DRBs mapped on RLC AM, when there ordering function is used, at reception of a PDCP Data PDU from lower layers, the UE shall:
-
if received PDCP SN – Last_Submitted_PDCP_RX_SN > Reordering_Window or 0 <= Last_Submitted_PDCP_RX_SN – received PDCP SN < Reordering_Window:
-
if the PDCP PDU was received on WLAN:

-
if received PDCP SN > Next_PDCP_RX_SN:
-
for the purpose of setting the HRW field in the LWA status report, use COUNT based on RX_HFN - 1 and the received PDCP SN;
-
else:
-
for the purpose of setting the HRW field in the LWA status report, use COUNT based on RX_HFN and the received PDCP SN;
-
discard the PDCP PDU;
-
else if Next_PDCP_RX_SN – received PDCP SN > Reordering_Window:
-
increment RX_HFN by one;

-
use COUNT based on RX_HFN and the received PDCP SN for deciphering the PDCP PDU;

-
set Next_PDCP_RX_SN to the received PDCP SN + 1;

-
else if received PDCP SN – Next_PDCP_RX_SN >= Reordering_Window:

-
use COUNT based on RX_HFN – 1 and the received PDCP SN for deciphering the PDCP PDU;

-
else if received PDCP SN >= Next_PDCP_RX_SN:

-
use COUNT based on RX_HFN and the received PDCP SN for deciphering the PDCP PDU;

-
set Next_PDCP_RX_SN to the received PDCP SN + 1;

-
if Next_PDCP_RX_SN is larger than Maximum_PDCP_SN:

-
set Next_PDCP_RX_SN to 0;

-
increment RX_HFN by one;

-
else if received PDCP SN < Next_PDCP_RX_SN:

-
use COUNT based on RX_HFN and the received PDCP SN for deciphering the PDCP PDU;
  …


In the above procedure, there are two windows maintained in the PDCP receiver, as shown in Figure 1 below. In the gray part of the procedure text, the window’s lower edge is Last_Submitted_PDCP_RX_SN, and the window can be pushed forward when PDCP PDUs are received in-sequence. Every received PDCP PDU out of the window is discarded. In the yellow part of the procedure text, the window’s upper edge is Next_PDCP_RX_SN, and every received PDCP PDU out of the window pulls the window forward. The main purpose of gray part is to handle the case that there is more than half of the PDCP SN space is in flight. It should be noted that in general, the transmitter should avoid that case. In LTE PDCP specification, for UL transmission, there is one note regarding this aspect:

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.
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Figure 1: Receiver windows in LTE PDCP
It can be seen that in LTE PDCP, PDCP PDUs received outside of the window defined by Last_Submitted_PDCP_RX_SN (renamed to RX_DELIV in NR) is discarded. Therefore the lower edge of the reordering window defined by Next_PDCP_RX_SN (renamed to RX_NEXT in NR) cannot be higher than Last_Submitted_PDCP_RX_SN. 
In summary, if more than half of the SN space is allowed to be in flight (ideally this should be avoided), then for PULL window, it is better to reuse LTE behavior to discard the packets outside the window defined by RX_DELIV.
In addition, to avoid HFN desynchronization problem, it is also proposed to reuse LTE approach of performing such discard at the beginning.

Below we show the changes relative to the Pull window text proposal in the email discussion report [1].
	PULL window

…
5.2.2.1
Actions when a PDCP Data PDU is received from lower layers

At reception of a PDCP Data PDU from lower layers, the receiving PDCP entity shall determine the COUNT value of the received PDCP PDU, i.e. RCVD_COUNT, as follows:
-
if RCVD_SN – RX_DELIV > Window_Size or 0 <= RX_DELIV – RCVD_SN < Window_Size:
-
discard the PDCP PDU;

-
if RCVD_SN < SN(RX_NEXT) – Window_Size:
-
RCVD_HFN = HFN(RX_NEXT) + 1;

-
else if RCVD_SN  >= SN(RX_NEXT) + Window_Size:
-
RCVD_HFN = HFN(RX_NEXT) – 1;
-
else:

-
RCVD_HFN = HFN(RX_NEXT);

-  RCVD_COUNT = [RCVD_HFN, RCVD_SN].

After determining the COUNT value of the received PDCP PDU = RCVD_COUNT, the receiving PDCP entity shall:

-
if RCVD_COUNT <= RX_DELIV; or

-
if the PDCP PDU with COUNT = RCVD_COUNT has been received before:

-
FFS: perform deciphering and integrity verification of the PDCP PDU using COUNT = RCVD_COUNT, if applicable;

-
if integrity verification fails:

-
indicate the integrity verification failure to upper layer;
-
discard the PDCP PDU;

-
else:

-
perform deciphering and integrity verification of the PDCP PDU using COUNT = RCVD_COUNT, if applicable;

-
if integrity verification fails:

-
indicate the integrity verification failure to upper layer;

-
discard the PDCP PDU;

If the received PDCP PDU with COUNT value = RCVD_COUNT is not discarded above, the receiving PDCP entity shall:
-
store the resulting PDCP SDU in the reception buffer;

-
if RCVD_COUNT >= RX_NEXT:

-
update RX_NEXT to RCVD_COUNT + 1;

-
if RX_NEXT – Window_Size >= RX_DELIV:
-
deliver to upper layers in ascending order of the associated COUNT value after performing header decompression, if configured: 

-
all stored PDCP SDU(s) with an associated COUNT value less than or equal to RX_NEXT – Window_Size;

-
update RX_DELIV to RX_NEXT – Window_Size;

…


Proposal 2: As in LTE, for Pull window, PDCP PDU discarding based on RX_DELIV is used.
2.3     Pull vs. Push window

In email discussion [98#40][NR/UP] – PDCP receive operation, there were different opinions on whether to use a Pull or Push based window. There were three proposals:

· Use Pull window for both RLC AM and UM
· Use Push window for both RLC AM and UM
· Use Pull window for RLC UM, and Push window for RLC AM
It should be noted that above discussion about Pull and Push window is mainly related to how to determine COUNT value. In LTE, COUNT value is determined based on Pull window whose upper edge is variable Next_PDCP_RX_SN (renamed to RX_NEXT in NR). Also in LTE DC, only RLC AM is supported but a Pull window is still applied.
One argument to favour Push window is that it allows lossless operation. In a single link with RLC AM, with proper setting of t-Reordering timer, both Push and Pull window can guarantee lossless operation. When there are multiple links below PDCP, Push window cannot guarantee lossless operation for the following reasons:

· Push window still uses t-Reordering timer. When the timer expires, the lower edge is pushed forward. In this aspect, there is no difference between Push and Pull window.

· In case of dual connectivity with non-ideal backhaul, PDCP PDUs might be discarded at gNB due to flow control, and PDCP PDUs might be lost in Xn interface (although the probability is very low). 

Another argument to favour Push window is that it can allow more than half of SN space in flight. However from section 2.2, it can be seen that Pull window can also allow more than half of SN space in flight. Therefore push window does not have advantage in this aspect.

Pull window approach is essentially LTE PDCP receive operation with some adaptations (renaming variables, COUNT determination, etc.). Functional wise, Pull window approach is same as LTE PDCP receive operation. On the contrary, Push window approach is different from LTE, e.g. regarding how COUNT is determined. Considering that LTE PDCP receive operation is defined and used for many years and there are no issues identified, it is proposed to keep using LTE PDCP receiver operation, i.e. Pull window approach. 

Proposal 3: PULL based window like LTE is used for NR PDCP receive operation.

3      Conclusion

In this contribution, we discuss several aspects related to PDCP receive window operation, and propose the following: 
Proposal 1: LTE PDCP receive operation should be reused for NR as far as possible, unless there is significant benefit to deviate from LTE PDCP receive operation.
Proposal 2: As in LTE, for Pull window, PDCP PDU discarding based on RX_DELIV is used.
Proposal 3: PULL based window like LTE is used for NR PDCP receive operation.
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