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1 Introduction

From last RAN2 NR Ad hoc meeting in June, it was agreed that
1. Out-of-order delivery is configurable by RRC

2. Out of order delivery does not affect window status, i.e. RX_DELIV
During the email discussion, there are some remaining issues on how to handle out-of-order delivery. This contribution discusses the remaining issue on out-of-order delivery in PDCP receive operation and suggests a text proposal for these issues.
2 Discussion

In last RAN2 Ad hoc meeting, the PUSH window based PDCP receive operation was agreed [1], which is similar as LTE procedure for both delivering the PDCP SDU and moving the reception window. In some cases, it can be observed that the out-of-order delivery from PDCP has benefit in terms of packet latency reduction, and the application may correctly handle the re-ordering issues. The current PUSH window based PDCP receive operation only describes the in-order delivery procedure and has not considered out-of-order delivery yet.
For out-of-order delivery for PDCP, the PDCP SDU delivery does not need to wait for the t-ordering timer expiry. Instead, it can be delivered to upper layer once the packet is received if it is not discarded due to out of window. The PUSH window based PDCP operation can still be used when out-of-order delivery is configured, and instead of storing the PDCP SDUs in the buffer, the PDCP packets are delivered to upper layer immediately. 

Proposal 1: When out of order delivery is configured, the PDCP packet is delivered to upper layer once PDCP packets are received.
As in LTE procedure, t-reordering timer has at least two functionalities, one is to deliver the PDCP SDUs to upper layer, and another is to move the reception window. When out-of-order delivery is configured, the t-reordering timer should still be used for reception window movement. That means the t-reordering timer is used for waiting and discarding the PDCP SDUs received out-of-order.
If the t-ordering mechanism is disabled in out-of-order delivery configuration, the PDCP reception window may be updated immediately since the out-of-order delivery requires delivering the PDCP SDU to upper layer as soon as possible, and the missing packets may fall out of the reception window though they are received later. So the t-reordering timer should be maintained to move the PUSH based window when out-of-order delivery is configured,  which is similar to the receive operation of NR RLC AM.

Proposal 2: When out of order delivery is configured, the t-reordering timer is maintained to move the PUSH-based window, similar as RLC AM.
With above proposals in mind, we tried to capture the out-of-order delivery mechanism in PDCP receive operation, as shown in the Annex. 
Proposal 3: Consider the text proposal in Annex for out of order delivery support.
3 Summary
In this contribution, the remaining details for out-of-order delivery in PDCP receive operation were discussed, and the following was proposed.

Proposal 1: When out of order delivery is configured, the PDCP packet is delivered to upper layer once PDCP packets are received.
Proposal 2: When out of order delivery is configured, the t-reordering timer is maintained to move the PUSH-based window, similar as RLC AM.
Proposal 3: Consider the text proposal in Annex for out of order delivery support.
4 References

[1] RAN2 NR Ad Hoc Chairman notes, 3GPP.
5 Annex - Text Proposal

***************************************** begin text **********************************************
***************************************** next change ********************************************
In this section, following definitions are used:
-
HFN(State Variable): the HFN part (i.e. the number of most significant bits equal to HFN length) of the State Variable.

-
SN(State Variable): the SN part (i.e. the number of least significant bits equal to PDCP SN length) of the State Variable.

-
RCVD_SN: the PDCP SN of the received PDCP Data PDU, included in the PDU header.

-
RCVD_HFN: the HFN of the received PDCP Data PDU, calculated by the receiving PDCP entity.

-
RCVD_COUNT: the COUNT of the received PDCP Data PDU = [RCVD_HFN, RCVD_SN].
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 Data PDU, i.e. RCVD_COUNT, as follows:
-
if RCVD_SN <= SN(RX_DELIV) – Window_Size:
-
RCVD_HFN = HFN(RX_DELIV) + 1;

-
else if RCVD_SN > SN(RX_DELIV) + Window_Size:

-
RCVD_HFN = HFN(RX_DELIV) – 1;

-
else:

-
RCVD_HFN = HFN(RX_DELIV);
-
RCVD_COUNT = [RCVD_HFN, RCVD_SN].
After determining the COUNT value of the received PDCP Data PDU = RCVD_COUNT, the receiving PDCP entity shall:
-
if RCVD_COUNT <= RX_DELIV; or

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

-
perform deciphering and integrity verification of the PDCP Data PDU using COUNT = RCVD_COUNT;

-
if integrity verification fails:

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

-
else:
-
perform deciphering and integrity verification of the PDCP Data PDU using COUNT = RCVD_COUNT;

-
if integrity verification fails:

-
indicate the integrity verification failure to upper layer;

-
discard the PDCP Data PDU;
If the received PDCP Data 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 outOfOrderDelivery is configured and the resulting PDCP SDU has not been delivered to upper layers:

-
deliver the resulting PDCP SDU to upper layers after performing header decompression;
-
update RX_DELIV to x-1, where x is the COUNT value of the first PDCP SDU which has not been delivered to upper layers, where COUNT value > RX_DELIV;
-
if RCVD_COUNT >= RX_NEXT:

-
update RX_NEXT to RCVD_COUNT + 1;
-
if RCVD_COUNT = RX_DELIV + 1:
   -  if outOfOrderDelivery is not configured:
   -
deliver to upper layers in ascending order of the associated COUNT value after performing header decompression;
   -   all 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 PDCP SDU delivered to upper layers;


-
if t-Reordering is running, and if all PDCP SDU(s) with COUNT value which is RX_DELIV < COUNT < RX_REORD have been delivered 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 PDCP SDU which have not been received, with COUNT value which is RX_DELIV < COUNT < RX_NEXT:
-
update RX_REORD to RX_NEXT;

-
start t-Reordering.

Editor’s Note: The handling of t-Reordering and RX_DELIV update when outOfOrderDelivery is configured needs further discussion.
5.2.2.2
Actions when a t-Reordering expires
When t-Reordering expires, the receiving PDCP entity shall:

-
if outOfOrderDelivery is not configured:

   -   deliver to upper layers in ascending order of the associated COUNT value after performing header decompression:
   -
all stored PDCP SDU(s) with associated COUNT value(s) < RX_REORD;
   -
all stored PDCP SDU(s) with consecutively associated COUNT value(s) starting from RX_REORD;
   -   update RX_DELIV to the COUNT value of the last PDCP SDU delivered to upper layers;
-
if outOfOrderDelivery is configured:

   -   update RX_DELIV to x-1, where x is the COUNT value of the first PDCP SDU which has not been delivered to upper layers, where COUNT value > =RX_REORD;
-
if there is at least one PDCP SDU which have not been received, with COUNT value which is RX_DELIV < COUNT < RX_NEXT:
-
update RX_REORD to RX_NEXT;

-
start t-Reordering.

5.2.2.3
Actions when the value of t-Reordering is reconfigured
When the value of the t-Reordering is reconfigured by upper layers while the t-Reordering is running, the UE shall:
-
update RX_REORD to RX_NEXT;

-
stop and restart t-Reordering.
***************************************** end text **********************************************
