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1.
Introduction
The PDCP sequence number (SN) is used to number PDCP SDU for radio bearers configured to support lossless SRNS Relocation. Normally, the UL/DL Send SN should be synchronized with the DL/UP Receive SN. However they may not be synchronized due to e.g., a RLC rest or a SRNS Relocation. Therefore the PDCP SN synchronisation procedure [1] is used to synchronize UL/DL Send SN and DL/UL Receive SN.
2.
Analysis of the current PDCP SN synchronization procedure

The following is quoted from [1].

For radio bearers that are configured to support lossless SRNS Relocation, the PDCP entity shall:

-
if a PDCP entity has to synchronise the PDCP SN following a RLC reset or RLC re-establishment not caused by a SRNS Relocation; or

-
if the UE/UTRAN PDCP entity receives an invalid "next expected UL/DL_Receive PDCP SN" from upper layer after Relocation:

-
trigger the PDCP SN synchronisation procedure by submitting one PDCP SeqNum PDU to lower layer;
-
consider that the synchronisation procedure is complete on confirmation by lower layer of the successful transmission of the PDCP SeqNum PDU.

In the UE/UTRAN, the "next expected UL/DL_Receive PDCP SN" is considered invalid if its value is less than the UL/DL_Send PDCP SN of the first transmitted but not yet acknowledged PDCP SDU or greater than that of the first unsent PDCP SDU.

On receiving a PDCP SeqNum PDU:

-
the UE PDCP entity shall:

-
set the value of the DL_Receive PDCP SN to the value indicated in the PDCP SeqNum PDU;

-
the UTRAN PDCP entity should:

-
set the value of the UL_Receive PDCP SN to the value indicated in the PDCP SeqNum PDU.
…
According to the current PDCP SN syncronization procedure, problems may occur as follows.

Scenario:

Assume that the DL_Send PDCP sequence number = UL_Receive PDCP sequence number = 10. Now the UE sends a PDCP PDU and DL_Send PDCP sequence number = 11. The UTRAN receives it and recognizes it as a PDCP SeqNum PDU due to residual errors. We assume the sequence number in the received PDCP SeqNum PDU equals to 15. Accordingly, the UTRAN sets the UL_Receive PDCP sequence number to 15. The UE continues to send 10 PDCP PDUs containing PDCP SDUs. Therefore, the DL_Send PDCP SN is 21. Now lossless SRNS Relocation occurs.

Problem 1

Continue from the above scenario. The UTRAN only received one PDCP PDU and sends the next expected UL_Receive PDCP sequence number = 17 to the UE. The UE thinks that the UTRAN correctly received PDCP PDUs with SN from 12 to 16 and starts transmitting from PDCP PDU from SN = 17. Accordingly, PDCP PDUs with SN from 12 to 16 are lost.
Problem 2

Continue from the above scenario. The UTRAN received 10 PDCP PDUs and sends the next expected UL_Receive PDCP sequence number = 26 to the UE. This is an invalid next expected UL_Receive PDCP sequence number. Therefore, UE starts transmitting by sending a PDCP SeqNum PDU containing retransmitted PDCP SDU and sequence number = 21. Unnecessary PDCP SN synchronization procedure is triggered and wastes radio resource.

3.
Discussion / conclusion

To prevent problems described in the above, it is proposed to discard a received PDCP SeqNum PDU if a PDCP entity is configured to support lossless SRNS Relocation and receives a PDCP SeqNum PDU not following a RLC reset, re-establishment not caused by a SRNS Relocation, or invalid next expected SN.
A draft CR is attached. For Release 99 it is proposed to be optional in order to reduce the impact. For Release 4 and 5, it is proposed to be mandatory.

4.
References

 [1] 3GPP TS 25.323 v3.9.0: “Packet Data Convergence Protocol (PDCP) Specification”
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