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1	Introduction
PDCP receive operation was discussed in RAN2 email discussion #40 [2]. The receive operations were agreed separately for PULL window and for PUSH window but no conclusion was made whether a PULL or PUSH window should be selected for both RLC AM and UM bearers or whether both should be specified. In this contribution, we compare the LTE receive operation to the PUSH and PULL window operations agreed in the email discussion and discuss the benefits and drawbacks of both window types.
2	LTE PDCP receive operation
It has been argued whether LTE PDCP receive operation follows PULL or PUSH window operation. We compare the LTE PDCP receive operation to the PULL and PUSH receive operations agreed in RAN2 email discussion #40 [2]. 
Discard function in LTE PDCP works as follows [1]:
	-	if received PDCP SN – Last_Submitted_PDCP_RX_SN > Reordering_Window or 0 <= Last_Submitted_PDCP_RX_SN – received PDCP SN < Reordering_Window:
-	discard the PDCP PDU;


When comparing this to PUSH operation in RAN2 email discussion #40 summary, see Figure 3 in [2], we notice that the discard follows PUSH window operation.
Observation 1: In LTE, PDU discard is based on PUSH window.
COUNT (and HFN) is determined in LTE as follows (after discarding the PDUs outside of PUSH reordering window) [1]:
	-	 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;
-	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;
-	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;


When comparing this to PULL operation in RAN2 email discussion #40 summary [2], we notice that it is the same as the COUNT/HFN determination for PULL window.
Observation 2: In LTE, COUNT/HFN determination is based on PULL window equations.
Handling of Next_PDCP_RX_SN and Last_Submitted_PDCP_RX_SN in LTE [1]:
	-	if received PDCP SN – Last_Submitted_PDCP_RX_SN > Reordering_Window or 0 <= Last_Submitted_PDCP_RX_SN – received PDCP SN < Reordering_Window:
-	discard the PDCP PDU;
-	else if Next_PDCP_RX_SN – received PDCP SN > Reordering_Window:
-	set Next_PDCP_RX_SN to the received PDCP SN + 1;
-	else if received PDCP SN >= Next_PDCP_RX_SN:
-	set Next_PDCP_RX_SN to the received PDCP SN + 1;
-	if the PDCP PDU has not been discarded in the above:
-	if received PDCP SN = Last_Submitted_PDCP_RX_SN + 1 or received PDCP SN = Last_Submitted_PDCP_RX_SN – Maximum_PDCP_SN:
-	deliver to upper layers in ascending order of the associated COUNT value:
-	all stored PDCP SDU(s) with consecutively associated COUNT value(s) starting from the COUNT value associated with the received PDCP PDU;
-	set Last_Submitted_PDCP_RX_SN to the PDCP SN of the last PDCP SDU delivered to upper layers;


When comparing this to receive operation in RAN2 email discussion #40 summary [2], we notice that handling of Next_PDCP_RX_SN in LTE is the same as RX_NEXT handling in NR. (RX_NEXT handling in NR is the same for PULL and PUSH window), and handling of Last_Submitted_PDCP_RX_SN in LTE follows handling of RX_DELIV for PUSH window.
Observation 3: Handling of Next_PDCP_RX_SN in LTE is the same as RX_NEXT handling in NR (both PULL and PUSH).
Observation 4: Handling of Last_Submitted_PDCP_RX_SN in LTE follows handling of RX_DELIV for PUSH window.
t-reordering timer handling is the same in LTE and NR (both PULL and PUSH).
In summary, we notice that:
	-	LTE discard is based on PUSH window;
-	LTE COUNT/HFN determination is based on PULL window;
-	LTE handling of Last_Submitted_PDCP_RX_SN is based on PUSH window;
-	handling of Next_PDCP_RX_SN and t-reordering timer is the same for both PULL and PUSH window;


Furthermore, we can notice that the COUNT/HFN determination gives the same values for both PULL and PUSH window for those PDCP PDUs that would not be discarded by PUSH reordering window.
Observation 5: LTE COUNT/HFN determination gives the same COUNT values for the PDCP PDUs not discarded as would be obtained with PUSH window based equations.
Observation 6: LTE receive operation is closer to PUSH window operation.
If LTE PDCP operation is taken as baseline, then NR PDCP operation should be based on PUSH window.
3	PULL or PUSH window for PDCP reordering
The main differences of PUSH and PULL windows are:
-	PUSH window: PDCP PDU with COUNT > RX_DELIV + Window_size is considered old and discarded
-	PULL window: PDCP PDU with COUNT < RX_NEXT – Window_size is considered new and will lead to HFN desync and will pull reordering window and potentially delivering PDCP SDUs too early to higher layers (when missing PDUs arrive later they pull the window further)
In other words, PUSH window sometimes discards new PDCP PDUs if the transmitter is progressing too fast which is not nice. However, too late PDCP PDUs with PULL window lead to HFN desync and move the reordering window too fast leading to gaps in delivery to higher layers.
Observation 7: Outdated/old PDCP PDUs received outside of the reordering window cause more severe problems with PULL window.
Based on the above we conclude:
Proposal 1: DRBs with RLC AM, which target to lossless delivery, should use PUSH window.
For DRBs with RLC UM, PULL window would be more natural but in typical use cases also PUSH window should be ok.
Observation 8: DRBs with RLC UM can be used with both PULL and PUSH window.
Therefore, we conclude
Proposal 2: If a single PDCP receive operation is defined for both AM and UM DRBs, it should be based on PUSH window (similar to LTE).
4	Summary
Observation 1: In LTE, PDU discard is based on PUSH window.
Observation 2: In LTE, COUNT/HFN determination is based on PULL window equations.
Observation 3: Handling of Next_PDCP_RX_SN in LTE is the same as RX_NEXT handling in NR (both PULL and PUSH).
Observation 4: Handling of Last_Submitted_PDCP_RX_SN in LTE follows handling of RX_DELIV for PUSH window.
Observation 5: LTE COUNT/HFN determination gives the same COUNT values for the PDCP PDUs not discarded as would be obtained with PUSH window based equations.
 Observation 6: LTE receive operation is closer to PUSH window operation.
Observation 7: Outdated/old PDCP PDUs received outside of the reordering window cause more severe problems with PULL window.
Proposal 1: DRBs with RLC AM, which target to lossless delivery, should use PUSH window.
Observation 8: DRBs with RLC UM can be used with both PULL and PUSH window.
Proposal 2: If a single PDCP receive operation is defined for both AM and UM DRBs, it should be based on PUSH window (similar to LTE).
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