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1.
Introduction
At RAN2#87 meeting, some companies submitted documents based on the assumption that the current PDCP window operation is Push window. It was quite surprising, because the PDCP window operation was designed based on UM RLC operation which is Pull window from the beginning of LTE.
This document explains how the current PDCP operation is performed, and why this is Pull window operation.

2.
Analysis of section 5.5.1.2.1 of TS36.323
The section 5.5.1.2.1 specifies the handling of PDCP PDUs received from the AM RLC using Absolute Value operation. As the procedure is inherited from the UM RLC operation, there are analogies between PDCP state variables and UM RLC state variables, as shown in Table 1.

Table 1. Analogies between PDCP state variables and UM RLC state variables
	
	UM RLC
	PDCP

	Window size
	UM_Window_Size
	Reordering_Window

	Window upper edge
	VR(UH)
	Next_PDCP_RX_SN

	Window lower edge
	VR(UH) – UM_Window_Size
	Next_PDCP_RX_SN – Reordering_Window

	Next in-sequence PDU
	VR(UR)
	Last_Submitted_PDCP_RX_SN + 1


The difference between UM RLC and PDCP window operations is that UM RLC uses modular operation while PDCP uses absolute value operation. But the data handling principle is almost same, i.e. the data is processed depending on whether the received SN is within the window or not, and, if the received SN is within the window, whether the received SN is larger or smaller than Last_Submitted_PDCP_RX_SN. 
Let’s see an example in Figure 1.
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Figure 1. UM RLC and PDCP window operation principle
For each region, the basic PDCP window operation is as follows. 
Region 1: Received PDU is outside of reordering window
-
The received PDU is considered to be a new PDU.
-
The received PDU is stored in the reordering buffer.

-
Reordering window is advanced so that the upper edge of the window is set equal to RSN+1.
Region 2: Received PDU is within the reordering window, and NEXT – WIN < RSN <= LAST

-
The received PDU is considered to be duplication.
-
The received PDU is discarded.
Region 3: Received PDU is within the reordering window, and LAST < RSN < NEXT

-
If the PDU with RSN is already stored in the reordering buffer:

-
The received PDU is discarded as it is considered to be duplication.

-
Otherwise: 

-
The received PDU is stored in the reordering buffer.
One important difference between UM RLC and PDCP window operations is that the PDCP PDU received outside of the window is further restricted by the Last_Submitted_PDCP_RX_SN. Since the PDCP window operation is running on AM RLC, the PDCP transmitter can know the PDCP SN of the last PDCP PDU delivered to upper layer in the PDCP receiver, and thus the PDCP transmitter will not transmit PDCP PDUs having PDCP SNs higher than LAST + WIN. This creates a new region in PDCP window operation compared to Figure 1.
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Figure 2. Actual PDCP window operation

If the RSN lies in Region 4, the received PDCP PDU is not considered to be a new PDU but considered to be duplication and discarded, similar to Region 2. This seems to be main driver for misunderstandings.
The current PDCP specification is written based on Figure 2. To handle the HFN update behavior, comparison to 0 is additionally added, but the basic window operation is same as Figure 2. 

Let’s look into detail of each “if condition” in 5.5.1.2.1.
For DRBs mapped on RLC AM, at reception of a PDCP Data PDU from lower layers, the UE shall:
-
if received PDCP SN – Last_Submitted_PDCP_RX_SN > Reordering_Window
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or 0 <= Last_Submitted_PDCP_RX_SN – received PDCP SN < Reordering_Window:
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-
if received PDCP SN > Next_PDCP_RX_SN: => Case 1 and Case 3
-
decipher the PDCP PDU as specified in the subclause 5.6, using COUNT based on RX_HFN - 1 and the received PDCP SN;
-
else: => Case 2 and Case 4
-
decipher the PDCP PDU as specified in the subclause 5.6, using COUNT based on RX_HFN and the received PDCP SN;
-
perform header decompression (if configured) as specified in the subclause 5.5.5;

-
discard this PDCP SDU;

-
else if Next_PDCP_RX_SN – received PDCP SN > Reordering_Window:
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-
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:
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-
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:
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-
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:
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-
use COUNT based on RX_HFN and the received PDCP SN for deciphering the PDCP PDU;
Comparing the window operation in 5.5.1.2.1 with Figure 2, the following observation can be made:

-
Case 1, 2, 3, 4 correspond to Region 2, 4, i.e. the received PDU is considered to be duplication and discarded


-
Case 5, 7, 8, 9 correspond to Region 1, i.e. the received PDU is considered to be a new PDU, and stored in the reordering buffer. Reordering window is advanced so that the upper edge of the window is set equal to RSN+1.

-
Case 6, 10, 11, 12 correspond to Region 3, i.e. the received PDU is stored in the reordering buffer if it is not duplicated.

3.
Conclusions
This document explains how the current PDCP window operation is performed. For the quick progress of Split bearer PDCP reordering operation, we propose RAN2 to first form a common understanding of current PDCP window operation as follows.
Proposal: Confirm that current PDCP operation is Pull window operation pulled by Next_PDCP_RX_SN, together with special condition that the highest SN of a “new PDU” is Last_Submitted_PDCP_RX_SN + Reordering_Window.
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