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Discussion and Decision
1      Introduction
In RAN2 NR AH#2 meeting, PUSH window was agreed for PDCP receiver operation. Following was agreed regarding out-of-order delivery:
Agreements

1. Out-of-order delivery is configurable by RRC

2. Out of order delivery does not affect window status, i.e. RX_DELIV

In email discussion [NR-AH2#07][NR UP] Running TS 38.323, it was pointed out that the handling of timer t-Reordering and RX_DELIV for out-of-order delivery should be discussed further. 
In this contribution, we discuss how to handle initial RX_DELIV in the PUSH window operation as well as out-of-order delivery.
2      Discussion
2.1     Handling of initial RX_DELIV
The initial value of RX_DELIV is 232-1. In the beginning of PDCP receiver operation, COUNT of the received PDCP SDU is determined according to the following algorithm:
	-
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].


Note that functions HFN(x) and SN(x) are defined as follows:
-
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.

Suppose the initial packet with RCVD_SN = 0 is received by the UE. Further asssume 12 bit PDCP SN is used. With hexadecimal notation, RX_DELIV = FFFFFFFF, and HFN(RX_DELIV) = FFFFF, while SN(RX_DELIV) = FFF.  Then according to the algorithm above, RCVD_HFN = FFFFF + 1. It should be clear that the operation is actually modulo 2[32 - pdcp-SN-Size], i.e. RCVD_HFN = (FFFFF + 1) modulo 220 = 0. Note that only the calculation in the first condition (i.e. RCVD_HFN = HFN(RX_DELIV) + 1) should be corrected since it is related to the PDCP SDU reception when RX_DELIV is in the initial value.
Proposal 1: When deriving COUNT, modulo operation should be performed when calculating HFN.
For the PUSH based receiver window (as shown in Figure 1 below), the SDUs whose COUNT is less than RX_DELIV are discarded. The corresponding discarding condition “if RCVD_COUNT <= RX_DELIV”. Since RX_DELIV is initially set to the largest possible COUNT value, every RCVD_COUNT satisfies the condition and will be discarded. Therefore a check is needed on the initial value. For example, the condition can be revised to “if RCVD_COUNT <= RX_DELIV and RX_DELIV is not equal to 232 - 1”.
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Figure 1: Push based PDCP reception window
Proposal 2: Discarding condition should take into account the initial value of RX_DELIV.
2.2     Out-of-order delivery
We first discuss how the reordering timer should be set when out-of-order delivery is configured. For the PUSH based receiver window, the SDUs whose COUNT is less than RX_DELIV are discarded. Therefore as agreed in last meeting, “Out of order delivery does not affect window status, i.e. RX_DELIV”. Otherwise with out-of-order delivery, if RX_DELIV is updated according to the last delivered PDCP SDU, SDUs whose COUNT is less than RX_DELIV will be discarded.
With above understanding, we can investigate the impact to timer t-Reordering. Given above discarding behavior, it is desirable that timer t-Reordering is not configured to 0 ms when out-of-order delivery is configured. The reason is that when timer t-Reordering expires, RX_DELIV is updated to the COUNT value of the last PDCP SDU delivered to upper layers, as highlighted below from the running TS 38.323 v0.2.0 (in R2-1707507 [1]). Therefore no matter out-of-order delivery is configured or not, timer t-Reordering should be configured in a similar manner, e.g. considering the targeted HARQ retransmission delays and the backhaul latency (if any).
	5.2.2.2
Actions when a t-Reordering expires
When t-Reordering expires, the receiving PDCP entity shall:

-
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 there is at least one stored PDCP SDU:

-
update RX_REORD to RX_NEXT;

-
start t-Reordering.


Observation 1: When out-of-order delivery is configured, to avoid the update of status variable RX_DELIV, timer t-Reordering should be configured similarly as the case when out-of-order delivery is not configured.
The next question is when timer t-Reordering is started. In the running TS 38.323 v0.2.0 (in R2-1707507 [1]), timer t-Reordering is started according to two conditions below (with relevant specification text also copied and highlighted below):
· If t-Reordering is not running and there is at least one stored PDCP SDU
· If t-Reordering expires and there is at least one stored PDCP SDU
	5.2.2.1
Actions when a PDCP Data PDU is received from lower layers

…
-
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 stored PDCP SDU:
-
update RX_REORD to RX_NEXT;

-
start t-Reordering.
5.2.2.2
Actions when a t-Reordering expires
When t-Reordering expires, the receiving PDCP entity shall:

…
-
if there is at least one stored PDCP SDU:
-
update RX_REORD to RX_NEXT;

-
start t-Reordering.


When out-of-order delivery is configured, PDCP SDU is delivered immediately to upper layer and there are no stored PDCP SDUs. Therefore the above conditions to start timer t-Reordering can never be satisfied, which means t-Reordering cannot be started. The consequence of not starting t-Reordering is that if there is missing packets, RX_DELIV can be stuck forever. Therefore t-Reordering should be started when there are missing packets. 
Then what is the condition to detect there are missing packets? During email discussion [NR-AH2#07][NR UP] Running TS 38.323, one proposal is RX_DELIV + 1 < RX_NEXT. We agree that the principle of this condition follows the formulas used in LTE RLC UM (VR(UH) > VR(UR)) and NR RLC AM (RX_Next_Highest_Rcvd > RX_Next). But again the initial value or RX_DELIV should be taken into account here. For example, suppose after PDCP entity was established, PDCP SDU with SN=1 is received before SN=0 is received. In this case, t-Reordering should be started, however it is not started in the current condition. Therefore the condition should be modified to (RX_DELIV + 1) modulo 232 < RX_NEXT.
Proposal 3: The condition to check whether there is stored PDCP SDU should be modified to (RX_DELIV + 1) modulo 232 < RX_NEXT.
3      Conclusion
In this contribution, we discuss how to handle initial RX_DELIV in the PUSH window operation as well as out-of-order delivery. We have the following observation:
Observation 1: When out-of-order delivery is configured, to avoid the update of status variable RX_DELIV, timer t-Reordering should be configured similarly as the case when out-of-order delivery is not configured.
We propose the following:
Proposal 1: When deriving COUNT, modulo operation should be performed when calculating HFN.
Proposal 2: Discarding condition should take into account the initial value of RX_DELIV.
Proposal 3: The condition to check whether there is stored PDCP SDU should be modified to (RX_DELIV + 1) modulo 232 < RX_NEXT.
Based on the proposals, we have the following text proposal for TS 38.323.

	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) modulo 2[32 - pdcp-SN-Size];
-
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 and RX_DELIV is not equal to 232 - 1; 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 RCVD_COUNT >= RX_NEXT:

-
update RX_NEXT to RCVD_COUNT + 1;

-
if RCVD_COUNT = RX_DELIV + 1:

-
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 outOfOrderDelivery is configured and the resulting PDCP SDU has not been delivered to upper layers:

-
deliver the resulting PDCP SDU to upper layers;
-
if t-Reordering is running, and if the PDCP SDU with COUNT = RX_REORD – 1 has 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(RX_DELIV + 1) modulo 232 < 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:

-
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(RX_DELIV + 1) modulo 232 < RX_NEXT:

-
update RX_REORD to RX_NEXT;

-
start t-Reordering.
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