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1 Introduction
The out-of-sequence delivery in the PDCP layer was discussed in RAN2 NR adhoc#2 and it has been agreed that:
	Agreements

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

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


However, how to update RX_DELIV, which is the lower edge of the PUSH-based reception window, needs to be clarified in the specification. In this contribution, we intend to re-specify the update of RX_DELIV with reordering disabled in the receive PDCP entity.
2 Review on update of RX_DELIV with enabled reordering
In the current agreed scheme for window management with enabled reordering, there will be two approaches for advancing the lower edge of the window: (a) Expiry of t-reordering, and (b) PDCP SDU with RCVD_COUNT= RX_DELIV+1 is received.
When t-reordering expires, the running TS captures the update of RX_DELIV as:

	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.


Table 1: Update of RX_DELIV when t-reordering expires

When PDCP SDU with RCVD_COUNT=RX_DELIV+1 is received, the running TS specifies the update as:
	-
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;


Table 2: Update of RX_DELIV when PDCP SDU with RCVD_COUNT=RX_DELIV+1 received
According to the agreed email discussion and the running TS, the reordering timer is started when there is at least one PDCP SDUs stored in the buffer and with the associated RX_REODRD=RX_NEXT. So the initial state when the t-reordering is depicted in the following figure:
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Fig 1: Initial state when t-reordering is started

Before the t-reordering timer expires, the reordering window will wait for the non-consecutive/lost PDCP SDUs in region 2. If the lost PDCP SDUs still have not been received when the t-reordering expires, the receiver will first advance RX_DELIV to the position of RX_REORD, and then RX_DELIV advances up until there is a hole/non-consecutive PDCP SDU in the buffer. This hence motivates the discussion in the next section about RX_DELIV update.

Observation 1: There are two mechanisms for the agreed NR PDCP window management scheme to move the lower edge of the window, i.e., update RX_DELIV, which are by the expiry of t-Reordering and the reception of PDCP SDU with RCVD_COUNT=RX_DELIV.

However, in the specification, the state variable RX_DELIV means the COUNT value of the PDCP SDU last delivered to the upper layer. If reordering is disabled, according to the current agreement, the received PDCP SDU will be delivered to the upper layer immediately after they are put in the reception buffer. Hence, if outOfOrderDelivery is configured, how to update RX_DELIV should be re-specified. 
3 Update of RX_DELIV with disabled reordering
In the previous meeting, it is agreed that the out of order delivery will not affect RX_DELIV. This means that when RCDV_COUNT> RX_DELIV is received and delivered to the upper layer immediately, the RX_DELIV should not be updated and the lower edge of the window should not be advanced.  Hence, in our understanding this agreement is equivalent to the following observation.
Observation 2: When outOfOrderDelivery is configured, RX_DELIV shall not be updated when PDCP SDU with RCDV_COUNT>RX_DELIV+1 is delivered to the upper layer immediately. 

However, with this agreement, the two mechanism to update RX_DELIV with the reception of RCDV_COUNT=RX_DELIV+1 and expiry of t-Reordering still should be maintained. Hence, we make the following proposal: 

Proposal 1: If outOfOrderDelivery is configured, RX_DELIV should still be updated when PDCP SDU with RCDV_COUNT=RX_DELIV+1 is received or t-Reordering expires.

In the following, we discuss the update of RX_DELIV when RCDV_COUNT=RX_DELIV+1 is received and t-Reordering expires, respectively.
1.1 Update of RX_DELIV when t-Reordering expires
In LTE, when t-Reordering expires, the PDCP SDUs in the buffer up to RX_REORD is delivered to the upper layer. Then, from RX_REORD, the consecutively received PDCP SDUs are delivered.

For RX_DELIV update in NR, we think that RX_DELIV should be updated to the largest COUNT value, beginning with RX_REORD that the receive PDCP entity has delivered to the upper layer. Hence, we make the following proposal:
Proposal 2: When t-Reordering expires, RX_DELIV should be updated to the COUNT value of the last PDCP SDU in position that the receive PDCP entity has consecutively delivered to the upper layer, starting with RX_REORD.
1.2 Update of RX_DELIV when RCVD_COUNT=RX_DELIV+1 is received

In this case, similar to the case for expiry of t-Reordering, the RX_DELIV should be updated to the largest COUNT value from RX_DELIV + 1 for the consecutive PDCP SDU that has been delivered to the upper layer. Hence, we make the following proposal
Proposal 3: When PDCP SDU with RCDV_COUNT=RX_DELIV+1 is received, RX_DELIV should be updated to the COUNT value of the last PDCP SDU in position that the receive PDCP entity has consecutively delivered to the upper layer, starting with RX_DELIV + 1.
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Fig 2: RX_DELIV updated to RX_DELIV_1 and RX_DELIV_2, respectively, when PDCP PDU with RCVD_COUNT=0 is received and t-Reordering expires
Based on the above proposals, the update of RX_DELIV in the case of received PDCP SDU with RCVD_COUNT=RX_DELIV+1 and expiry of t-Reordering is illustrated in Figure 2. In the figure, RX_DELIV is updated to RX_DELIV_1 when PDCU SDU with RCVD_COUNT=0 is received and updated to RX_DELIV_2 when t-Reordering expires. 
Based on the above two proposals, we have also written the corresponding text proposal and appended in section 6. 
Proposal 4: RAN2 should adopt the text proposal in section 6 for the running TS 38.323.
4 Conclusion
In this contribution, we discuss the remaining issue of PDCP window management when reordering is disabled. The following observation was made:

Observation 1: There are two mechanisms for the agreed NR PDCP window management scheme to move the lower edge of the window, i.e., update RX_DELIV, which are by the expiry of t-Reordering and the reception of PDCP SDU with RCVD_COUNT=RX_DELIV.

Observation 2: When outOfOrderDelivery is configured, RX_DELIV shall not be updated when PDCP SDU with RCDV_COUNT>RX_DELIV+1 is put to the buffer and delivered to the upper layer immediately. 
Based on the above observations, the following proposals have been made:
Proposal 1: If outOfOrderDelivery is configured, RX_DELIV should still be updated when PDCP SDU with RCDV_COUNT=RX_DELIV+1 is received or t-Reordering expires.

Proposal 2: When t-Reordering expires, RX_DELIV should be updated to the COUNT value of the last PDCP SDU in position that the receive PDCP entity has consecutively delivered to the upper layer, starting with RX_REORD.
Proposal 3: When PDCP SDU with RCDV_COUNT=RX_DELIV+1 is received, RX_DELIV should be updated to the COUNT value of the last PDCP SDU in position that the receive PDCP entity has consecutively delivered to the upper layer, starting with RX_DELIV + 1.
Proposal 4: RAN2 should adopt the text proposal in Chapter 6 for the running TS 38.323.
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==========================beginning of 5.2.2 of 38323=============================
5.2.2
Receive operation
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:
-
if outOfOrderDelivery is configured and the resulting PDCP SDU has not been delivered to upper layers:

-
deliver the resulting PDCP SDU to upper layer;
-
if RCVD_COUNT = RX_DELIV + 1,

- 
update RX_DELIV to the COUNT value of the last PDCP SDU in position that the receive PDCP entity has consecutively delivered to the upper layer, starting with RX_REORD.
-
else; 
- 
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 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 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:

-
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;

-
if outOfOrderDelivery is configured:

-
update RX_DELIV to the COUNT value of the last PDCP SDU in position that the receive PDCP entity has consecutively delivered to the upper layer, starting with RX_DELIV + 1.
-
else

-
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.

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 of 5.2.2 of 38323===============================
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