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Discussion and Decision
1      Introduction
In RAN2#97bis meeting, PDCP reordering was discussed based on [2], and following was agreed.
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.
In this contribution, we discuss in detail about PDCP reordering.
2      Discussion
PDCP receiver in NR should support the following functions, according to 38.323 v0.0.5 [1] (with transmitter related functions removed)
-
header decompression using the ROHC protocol;

-
deciphering of user plane data and control plane data;

-
integrity protection and integrity verification of control plane data;
-
reordering and in-order delivery;

-
duplicate discarding;

The functions related to reordering are 'reordering and in-order delivery' and 'duplicate discarding'. In LTE specification 36.323 section 5.1.2.1.4, all these reordering related functions are supported. As RAN2 has already agreed to use LTE as baseline, it is proposed to use that section as the baseline for NR discussion, with possible adaptations discussed in email discussion [97bis#24][NR/UP] Running 38.323 (e.g. the naming of the variables, the using of COUNT etc.).
With that as baseline, we can investigate how the reordering can be disabled. In [2], it is proposed that PDCP reordering can be disabled by configuring t-Reordering timer to 0 ms. In RAN2#97bis meeting, there were different opinions on whether this can be done. To facilitate the discussion, the relevant LTE sections are copied below. Note that the discussion below is focused on how the functionalities achieved, not how the receiver operation is eventually specified in 38.323.
	5.1.2.1.4.1
Procedures when a PDCP PDU is received from the lower layers
For DRBs mapped on RLC AM, when there ordering function is used, at reception of a PDCP Data PDU from lower layers, the UE shall:
-
if received PDCP SN – Last_Submitted_PDCP_RX_SN > Reordering_Window or 0 <= Last_Submitted_PDCP_RX_SN – received PDCP SN < Reordering_Window:
-
if the PDCP PDU was received on WLAN:

-
if received PDCP SN > Next_PDCP_RX_SN:
-
for the purpose of setting the HRW field in the LWA status report, use COUNT based on RX_HFN - 1 and the received PDCP SN;
-
else:
-
for the purpose of setting the HRW field in the LWA status report, use COUNT based on RX_HFN and the received PDCP SN;
-
discard the PDCP PDU;
-
else 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;

-
set Next_PDCP_RX_SN to the received PDCP SN + 1;

-
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;

-
set Next_PDCP_RX_SN to the received PDCP SN + 1;

-
if Next_PDCP_RX_SN is larger than Maximum_PDCP_SN:

-
set Next_PDCP_RX_SN to 0;

-
increment RX_HFN by one;

-
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;
-
if the PDCP PDU has not been discarded in the above:
-
if a PDCP SDU with the same PDCP SN is stored:
-
discard the PDCP PDU;
-
else:

-
perform deciphering of the PDCP PDU and store the resulting PDCP SDU;
-
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;
-
if t-Reordering is running:

-
if the PDCP SDU with Reordering_PDCP_RX_COUNT – 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):
-
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.
5.1.2.1.4.2
Procedures when t-Reordering expires

When t-Reordering expires, the UE shall:

-
deliver to upper layers in ascending order of the associated COUNT value:
-
all stored PDCP SDU(s) with associated COUNT value(s) less than Reordering_PDCP_RX_COUNT;
-
all stored PDCP SDU(s) with consecutively associated COUNT value(s) starting from Reordering_PDCP_RX_COUNT;

-
set Last_Submitted_PDCP_RX_SN to the PDCP SN of the last PDCP SDU delivered to upper layers;
-
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.


Before further discussion, one issue to discuss is whether the gray part should be kept in NR. This issue was discussed in LTE before, e.g. [4]. In the above procedure, there are two windows maintained in the PDCP receiver, as shown in Figure 1 below. In the gray part of the procedure text, the window’s lower edge is Last_Submitted_PDCP_RX_SN, and the window can be pushed forward when PDCP PDUs are received in-sequence. Every received PDCP PDU out of the window is discarded. In the yellow part of the procedure text, the window’s upper edge is Next_PDCP_RX_SN, and every received PDCP PDU out of the window pulls the window forward. The main purpose of gray part is to handle the case that there is more than half of the PDCP SN space is in flight. It should be noted that in general, the transmitter should avoid that case. In LTE PDCP specification, for UL transmission, there is one note regarding this aspect:

NOTE:
Associating more than half of the PDCP SN space of contiguous PDCP SDUs with PDCP SNs, when e.g., the PDCP SDUs are discarded or transmitted without acknowledgement, may cause HFN desynchronization problem. How to prevent HFN desynchronization problem is left up to UE implementation.
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Figure 1: Receiver windows in LTE PDCP
Given that PDCP transmitter will not aggressively schedule, the gray part is not needed. Note that in 38.323 v0.0.5 [1], variable Last_Submitted_PDCP_RX_SN is renamed to PR(R).
Proposal 1: In NR PDCP reordering, the PDCP PDU discard operation based on PR(R) (corresponding to LTE variable Last_Submitted_PDCP_RX_SN) is not needed.
From now on, we only analyze the procedure after deciphering (i.e. starting with the line if received PDCP SN = Last_Submitted_PDCP_RX_SN + 1…). Firstly, what is the exact operation of 0 ms t-Reordering? Our understanding is that after the timer is started, it expires immediately. When a packet is received, it is not possible that t-Reordering (setting to 0 ms) is running. Therefore the red part above can never run when t-Reordering is set to 0 ms.

Suppose that the PDCP entity is just established and every state variable and timer is initialized. In the receiver side, if packet is received in-sequence, then the receiver only runs the cyan part.

We then consider the case that a PDCP PDU is received out of order. Then the receiver runs the green part in section 5.1.2.1.4.1. Since the t-reordering timer expires immediately, the receiver then runs the green part in section 5.1.2.1.4.2. In this case, the receiver delivers the currently received PDCP SDU to upper layer. 
From above discussion, we can see that when t-Reordering is set to 0 ms, no matter the PDCP PDU is received in-sequence or not, the corresponding PDPC SDU is delivered to upper layer immediately after processing. Effectively, PDCP receiver does not store any PDCP SDUs in the buffer, therefore the magenta part above can never run when t-Reordering is set to 0 ms. This also means that the duplicate discard function is disabled as well since it is based on the checking of the stored PDCP SDUs in the buffer.
Observation 1: When t-Reordering is set to 0 ms, PDCP receiver does not store any PDCP SDUs in the buffer, and the duplicate discard function in PDCP are disabled.
One question raised during RAN2#97bis discussion is whether the reordering window is changed due to the expiry of t-Reordering timer. From the green part, it can be seen that the expiry of t-Reordering only affects variable Last_Submitted_PDCP_RX_SN, but not variable Next_PDCP_RX_SN (which controls the reordering window). Another related discussion is from contribution [3], which shows that changing of Last_Submitted_PDCP_RX_SN results in the discard of earlier PDCP SDUs. Given Proposal 1, such discard will not happen.
Observation 2: When t-Reordering is set to 0 ms, the expiry of t-Reordering does not affect reordering window.
From above discussion, it can be seen that setting t-Reordering to 0 ms can disable PDCP reordering without impact on the out-of-orderly received PDCP PDUs.
Proposal 2: PDCP reordering can be disabled by configuring t-Reordering timer to 0 ms.
3      Conclusion
In this contribution, we discuss in detail about PDCP reordering. We have the following observations:
Observation 1: When t-Reordering is set to 0 ms, PDCP receiver does not store any PDCP SDUs in the buffer, and the duplicate discard function in PDCP are disabled.
Observation 2: When t-Reordering is set to 0 ms, the expiry of t-Reordering does not affect reordering window.
We propose the following:
Proposal 1: In NR PDCP reordering, the PDCP PDU discard operation based on PR(R) (corresponding to LTE variable Last_Submitted_PDCP_RX_SN) is not needed.
Proposal 2: PDCP reordering can be disabled by configuring t-Reordering timer to 0 ms.
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