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1	Introduction
During RAN2#97bis meeting, it has been decided that it should be possible that PDCP delivers packets to higher layers without re-ordering. This contribution analyses the consequences and the possible way forward
2	PDCP and Re-ordering
2.1	Situation in LTE
In LTE, for AM bearers, re-ordering in PDCP is activated during handovers, and timer based re-ordering was introduced for split bearers (36.323).
The reception window for AM bearer is defined by the interval [Last_Submitted_PDCP_RX_SN, Last_Submitted_PDCP_RX_SN + Reordering_Window]. The PDU with SN outside the reception window are discarded.


Figure 1: Window handling for AM bearer in LTE
2.2	Situation in NR
In NR, for AM DRBs, the re-ordering of PDUs should be in place because RLC layer will not deliver PDUs in order.
But the agreement from RAN2#97bis meeting is the following:
Agreements on PDCP reordering
-	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.

In the following sections, we propose some solution for the implementation of this agreement.
2.2.1	No re-ordering timer
On possible way is to set the timer to zero. Doing this, the receiver will not wait for the missing PDU and the received PDU that are within the reception window will be directly delivered to higher layers.
The drawback of this solution is that this will result in the loss of the packets that are not received in order (assuming that the window handling is the same as in LTE). This can't be considered as a valid solution for NR.
2.2.2	Updating the window in a clever way
As mentioned above, the lower end of the reception window in AM is determined by Last_Submitted_PDCP_RX_SN.
We need to maintain a window for the COUNT allocation and the maintenance of HFN. And thus, Last_Submitted_PDCP_RX_SN should not be updated each time a SDU is delivered to higher layer. The following example shows that Last_Submitted_PDCP_RX_SN should not be updated each time a PDU is received from lower layers and corresponding SDU delivered to higher layers.


Figure 2: Example of out of order reception and delivery
In this example PDU #0 has been received. PDU #1 and 2 have not been received yet.
PDU#2 is received and delivered to higher layers. If Last_Submitted_PDCP_RX_SN is updated, then the window is moved and PDU#1 will fall out of the window and will never be delivered to higher layers.
Observation 1: In case of out of order delivery to higher layers, the lower limit of the window, indicated by Last_Submitted_PDCP_RX_SN should not be updated each time a SDU is delivered to higher layers.
2.2.3	Proposed way forward
A possible way forward is to maintain the window as if the PDU were not delivered to higher layers and update the Last_Submitted_PDCP_RX_SN in a virtual manner:
When a PDU is received from lower layer (within the window and not duplicated):
-	instead of being stored, the PDU are delivered to higher layers and virtually stored
-	the PDUs are virtually delivered to higher layers and the lower limit of the window is updated.
Below is an example of how it would look like, using LTE's baseline. This could be updated to fit the NR baseline.
	[bookmark: _GoBack]-	perform deciphering of the PDCP PDU and , deliverstore the resulting PDCP SDU to higher layer and mark the SDU as virtually stored;
-	if received PDCP SN = Last_Submitted_PDCP_RX_SN + 1 or received PDCP SN = Last_Submitted_PDCP_RX_SN – Maximum_PDCP_SN:
-	unmark as virtually storeddeliver to upper layers in ascending order of the associated COUNT value:
-	all virtually 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 unmarked as virtually storeddelivered to upper layers;
-	if t-Reordering is running:
-	if the PDCP SDU with Reordering_PDCP_RX_COUNT – 1 has been unmarked as virtually storeddelivered to upper layers:
-	stop and reset t-Reordering;
-	if t-Reordering is not running (includes the case when t-Reordering is stopped due to actions above):
-	if there is at least one stored PDCP SDU:
-	start t-Reordering;
-	set Reordering_PDCP_RX_COUNT to the COUNT value associated to RX_HFN and Next_PDCP_RX_SN.




Proposal 1: In order to allow out of order delivery of SDU, bookkeeping of the received and delivered SDUs is needed for the maintenance of the reception window.
It must be noted that the SDU will still be delivered with the reception window and not completely out of order.
The same kind of procedure is proposed in R2-1702744. Note that in both cases, each PDU SN not present in the reception buffer has one of following states:
-	Received and delivered to higher layer (virtually stored in this contribution)
-	Not received.
The UM bearer could be handled in a similar way, using virtual storage and delivery.
In Annex, we propose two text proposals based on the latest PUSH and PULL proposals. In the specifications, a single text could be used to cover both in-order and out of order delivery.
NOTE : The Header decompression has to be done when the PDU is received and directly delivered to higher layer.

2.2.4	Signalling
Allowing the delivery of PDCP SDU out of order to higher layer should be a request from higher layers and therefore, this should be a characteristic of the DRB / QoS Flow and indicated via RRC signalling.
Proposal 2: The activation or de-activation of in order delivery in PDCP is done via RRC messaging.
3	Conclusion
In this contribution, we have made the following observation:
Observation 1: In case of out of order delivery to higher layers, the lower limit of the window, indicated by Last_Submitted_PDCP_RX_SN should not be updated each time a SDU is delivered to higher layers.
And we made the following proposals:
Proposal 1: In order to allow out of order delivery of SDU, bookkeeping of the received and delivered SDUs is needed for the maintenance of the reception window.
 Proposal 2: The activation or de-activation of in order delivery in PDCP is done via RRC messaging.
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ANNEX
A1	Text based on current PUSH operation
[…]
-	perform deciphering and integrity verification of the PDCP SDU using COUNT = RCVD_COUNT, if applicable;
-	if integrity verification fails:
-	indicate the integrity verification failure to upper layer;
-	discard the PDCP SDU;
-	store deliver the resulting PDCP SDU to upper layer  after performing header decompression , if configured in the reception buffer layer and mark the SDU as virtually stored, if not discarded above;
-	if RCVD_COUNT >= RX_NEXT:
-	update RX_NEXT to RCVD_COUNT + 1;
-	if RX_NEXT – Window_Size >= RX_DELIV:
-	deliver unmark as virtually stored to upper layers in ascending order of the associated COUNT value after performing header decompression, if configured: 
-	all virtually 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;
-	if a PDCP SDU with COUNT = RX_DELIV + 1 is stored; or
-	if RCVD_COUNT = RX_DELIV + 1:
-	unmark as virtually stored deliver to upper layers in ascending order of the associated COUNT value after performing header decompression, if configured;
-	all virtually stored PDCP SDU(s) with consecutively associated COUNT value(s) starting from COUNT = RX_DELIV + 1;
-	update RX_DELIV to the COUNT value of the last unmarked PDCP SDU delivered to upper layers;
-	if t-Reordering is running, and if the PDCP SDU with COUNT = RX_REORD – 1 has been unmark as virtually storeddelivered to upper layers:
-	stop and reset t-Reordering;
-	if t-Reordering is not running (includes the case when t-Reordering is stopped due to actions above), and if there is at least one virtually stored PDCP SDU:
-	start t-Reordering;
-	update RX_REORD to RX_NEXT.

A2	Text based on current PULL operation
[…]
After determining the COUNT value of the received PDCP SDU = RCVD_COUNT, the receiving PDCP entity shall:
-	if RCVD_COUNT <= RX_DELIV; or
-	if the PDCP SDU with COUNT = RCVD_COUNT has been received before:
-	FFS: perform deciphering and integrity verification of the PDCP SDU using COUNT = RCVD_COUNT, if applicable;
-	if integrity verification fails:
-	indicate the integrity verification failure to upper layer;
-	discard the PDCP SDU;
-	perform deciphering and integrity verification of the PDCP SDU using COUNT = RCVD_COUNT, if applicable;
-	if integrity verification fails:
-	indicate the integrity verification failure to upper layer;
-	discard the PDCP SDU;
-	store deliver to upper layers the resulting PDCP SDU after performing header decompression , if configured and mark the SDU as virtually stored in the reception buffer, if not discarded above;
-	if RCVD_COUNT >= RX_NEXT:
-	update RX_NEXT to RCVD_COUNT + 1;
-	if RCVD_COUNT = RX_DELIV + 1:
-	deliver to upper layersunmark as virtually stored in ascending order of the associated COUNT value after performing header decompression, if configured;
-	all virtually stored PDCP SDU(s) with consecutively associated COUNT value(s) starting from COUNT = RX_DELIV + 1;
-	update RX_DELIV to the COUNT value of the last umarked PDCP SDU delivered to upper layers;
-	if t-Reordering is running, and if the PDCP SDU with COUNT = RX_REORD – 1 has been delivered to upper layersunmarked:
-	stop and reset t-Reordering;
-	if t-Reordering is not running (includes the case when t-Reordering is stopped due to actions above), and if there is at least one virtually stored PDCP SDU:
-	start t-Reordering;
-	update RX_REORD to RX_NEXT.
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