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1. Introduction
In this contribution, we discuss the remaining issues in the PDCP running CR [1] for dual connectivity support.

2. Issues
2.1. Condition to detect non-empty reordering buffer

The formula to detect non-empty reordering buffer has been discussed during the email discussion [2], as several companies challenged its validity.
As a result, the current PDCP running CR [1] has removed the formula, to use instead “there is at least one stored PDCP PDU(s) or PDCP SDU(s)”.
We would prefer to have a formula here since this was already agreed initially. 
In our understanding the following formula (as proposed by [3]) is correct
· if Next_PDCP_RX_SN – Last_Submitted_PDCP_RX_SN > 1 or 
0 < Last_Submitted_PDCP_RX_SN – Next_PDCP_RX_SN < Maximum_PDCP_SN:
The paper [4] correctly analysed why the formula was misunderstood and modified. It proposed the following options. Unfortunately none is completely accurate, for the reason detailed below.
Option 1.
-      if Next_PDCP_RX_SN – Last_Submitted_PDCP_RX_SN > 1 ...(A)

       or Last_Submitted_PDCP_RX_SN – Next_PDCP_RX_SN < Maximum_PDCP_SN                ...(B)

· This is very closed to the proposed formula, however here the lower bound in (B) is removed, hence (B) is true when Next_PDCP_RX_SN = Last_Submitted_PDCP_RX_SN +1, i.e. when the reordering buffer is empty.

Option 2.

-      if Reordering_Window > Next_PDCP_RX_SN – Last_Submitted_PDCP_RX_SN > 1             ...(A)

       or Reordering_Window < Last_Submitted_PDCP_RX_SN – Next_PDCP_RX_SN < Maximum_PDCP_SN   ...(B)

· It does not support cases where Reordering_Window or Reordering_Window-1 PDUs are in flight, restricting the Tx to send no more than (Reordering_Window-2) PDUs

· If changing using =, it does not support cases where Reordering_Window PDUs are in flight, restricting the Tx to send no more than (Reordering_Window-1) PDUs

Proposal 1: use the following formula to detect non-empty reordering buffer
· if Next_PDCP_RX_SN – Last_Submitted_PDCP_RX_SN > 1 or 
0 < Last_Submitted_PDCP_RX_SN – Next_PDCP_RX_SN < Maximum_PDCP_SN
2.2. Next_PDCP_RX_SN definition
The definition of Next_PDCP_RX_SN is still the legacy definition:

The variable Next_PDCP_RX_SN indicates the next expected PDCP SN by the receiver for a given PDCP entity. At establishment of the PDCP entity, the UE shall set Next_PDCP_RX_SN to 0.

The definition is correct for a non-split bearer because PDCP PDUs are delivered in-sequence by lower layers (only exception is re-establishment, which is not the main use case). However in the case of split bearer, we can no longer say that it represents the “next expected” PDCP PDU (PDCP is also expecting all the PDUs missing in the reordering buffer).

The variable is similar to the following one in RLC:

VR(UH) – UM highest received state variable

This state variable holds the value of the SN following the SN of the UMD PDU with the highest SN among received UMD PDUs, and it serves as the higher edge of the reordering window. It is initially set to 0. 

We think the definition could be updated to reflect this.

Proposal 2: update Next_PDCP_RX_SN definition as follows

This variable holds the value of the SN following the SN of the PDCP PDU with the highest COUNT among the received PDCP PDUs for a given PDCP entity.

When PDCP PDU reordering function is not used, it indicates the next expected PDCP SN by the receiver. 

When PDCP PDU reordering function is used, it serves as the higher edge of the reordering window. 

At establishment of the PDCP entity, the UE shall set Next_PDCP_RX_SN to 0.

3. Conclusion 
It is proposed to discuss and agree on the following:
Proposal 1: use the following formula to detect non-empty reordering buffer

· if Next_PDCP_RX_SN – Last_Submitted_PDCP_RX_SN > 1 or 
0 < Last_Submitted_PDCP_RX_SN – Next_PDCP_RX_SN < Maximum_PDCP_SN
Proposal 2: update Next_PDCP_RX_SN definition as follows

This variable holds the value of the SN following the SN of the PDCP PDU with the highest COUNT among the received PDCP PDUs for a given PDCP entity.

When PDCP PDU reordering function is not used, it indicates the next expected PDCP SN by the receiver. 

When PDCP PDU reordering function is used, it serves as the higher edge of the reordering window. 

At establishment of the PDCP entity, the UE shall set Next_PDCP_RX_SN to 0.
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