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1. Introduction
This contribution presents a limitation of the reordering and duplicate elimination algorithm and suggests a way to improve it.
2. Discussion

In the PDCP specification [1], it is assumed that up to half a window of sequence numbers may be buffered hence the Reordering_Window has size 2048. The below example illustrates a problem with the mechanism to flush the packets in the reordering window of the UE. Let us consider the following scenario. 
At time T_0 the Next_PDCP_RX_SN  is N.

At time T_1 a handover is indicated, Next_PDCP_RX_SN is set to (N - Reordering_Window) modulo 4096 (5.5.1.1)
After handover, at time T_2 the first packet received has PDCP SN = N+.  (5.5.1.2.1)
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Figure 1 SDUs in the orange sector are not delivered to upper layers upon reception of N+. 
The current algorithm in 5.5.1.2.1 moves Next_PDCP_RX_SN to N++1 after receiving N+ and then delivers all the packets with a sequence number comprised between (Next_PDCP_RX_SN – Reordering_Window) modulo 4096 and Next_PDCP_RX_SN to upper layers. 
Problems

· The SDUs stored in the sector pictured in orange are not delivered to upper layers upon reception of SDU with SN N+.
· Because there are still buffered SDUs, the reordering function is not stopped before the timer expires. (5.5.1.2.2 stops the reordering and duplicate elimination when all stored PDCP SDUs have been submitted to higher layers)
· The SDUs stored in the sector pictured in orange are delivered out of order (after those in the blue sector) upon expiry of Flush_Timer. These SDUs could have been delivered earlier and in-order.
Proposed solution
· Introduce the variable Low_Window which is set to Next_PDCP_RX_SN – Reordering_Window in 5.5.1.2.1. This variable is not modified as long as the In-order delivery and duplicate elimination function in the downlink  is active.
· When reordering function is stopped deliver everything in between [Low_Window and Next_PDCP_RX_SN]

Proposal 1: Agree that the procedure for In-order delivery and duplicate elimination functions in the downlink (5.5.1.2) should be improved to cope with the above case.
In order to illustrate the changes required to implement the proposed solution we illustrate them in section 2.1. Note that the problem presented by Samsung in [2] is a different problem but affects the same sub-section.
2.1. Proposed text

The following illustrates how [1] can be changed should proposal 1 be agreeable.
5.5.1.1
Actions at handover

When upper layers indicate that a handover has occurred, for radio bearers that are mapped on RLC AM, the UE shall:

- start the Flush_Timer

-
perform maintenance of PDCP sequence numbers, header decompression and deciphering as indicated in subclauses 5.1.1.1, 5.2 and 5.3 for PDCP PDUs received from lower layers and store the out-of-sequence PDCP SDUs, if any, in the reordering buffer until it is indicated to submit them to upper layers.

-
if (Next_PDCP_RX_SN - Reordering_Window) modulo 4096 is greater than Next_PDCP_RX_SN:

-
decrease the value of RX_HFN by one;

-
set the variable Next_PDCP_RX_SN to (Next_PDCP_RX_SN - Reordering_Window) modulo 4096;
- 
set the variable Low_Window to (Next_PDCP_RX_SN - Reordering_Window) modulo 4096;

-
if the radio bearer is configured by upper layers to send a PDCP status report, compile a status report as indicated below and submit it to lower layers as the first PDCP PDU for the transmission, by:

-
setting the LIS field to the last in-sequence received PDCP Sequence Number;

-
allocating a Bitmap field of length in bits equal to the number of  PDCP Sequence Numbers between the last out-of-sequence and the last in-sequence received PDCP PDUs, rounded up to the next multiple of 8;

-
setting as ‘0’ in the corresponding position in the bitmap field all PDCP SDUs that have not been received as indicated by lower layers and optionally, PDCP PDUs for which decompression has failed;

-
indicating in the bitmap field as ‘1’ all other PDCP SDUs.

-
reset the header compression protocol in the transmitting and receiving sides of the PDCP entity;

-
perform in-order delivery and duplicate elimination in the downlink as specified in subclause 5.5.1.2.1 until the reordering function is finished as indicated in 5.5.1.2.2;

-
perform re-transmission of PDCP SDUs in the uplink as specified in subclause 5.5.1.3.
[…]
5.5.1.2
In-order delivery and duplicate elimination function in the downlink

5.5.1.2.1
Activation and procedure

The UE shall activate the in-order delivery and duplicate elimination function for the downlink when upper layers indicate that a handover has occurred, for radio bearers that are mapped on RLC AM. Once activated, when a PDCP PDU associated with a PDCP Sequence Number is received from lower layers the UE shall:

-
perform actions as specified in subclause 5.1, 5.2.5 and 5.3;  

-
if a PDCP SDU with the same PDCP Sequence Number is stored:

-
discard this PDCP SDU;

-
else:

-
store the PDCP SDU for later delivery;

-
submit, in ascending order of the associated COUNT value, all stored PDCP SDUs with a PDCP Sequence Number greater than Low_Window  and lesser than Next_PDCP_RX_SN to upper layers
-
if the variable Next_PDCP_RX_SN is greater than Reordering_Window - 1:

-
submit, in ascending order of the associated COUNT value, all stored PDCP SDUs with a PDCP Sequence Number lower than Next_PDCP_RX_SN and greater than Next_PDCP_RX_SN -  Reordering_Window to upper layers;

-
if the variable Next_PDCP_RX_SN is not greater than Reordering_Window - 1: 

-
submit, in ascending order of the associated COUNT value, all stored PDCP SDUs with a PDCP Sequence Number greater than Next_PDCP_RX_SN + 4096 - Reordering_Window to upper layers; and 

-
submit, in ascending order of the associated COUNT value, all stored PDCP SDUs with a PDCP Sequence Number less than Next_PDCP_RX_SN to upper layers;

7.1
State variables
e) Low_Window

The variable Low_Window indicates the lower end of the reordering and duplicate elimination window used by the In-order delivery and duplicate elimination function.
3. Conclusion

Proposal 1: Agree that the procedure for In-order delivery and duplicate elimination functions in the downlink (5.5.1.2) should be improved to cope with the above case 

Proposal 2 : Improve the SDU delivery to upper layer after handover by approving the changes illustrated in section 2.1.
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