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1 Introduction

The discussion on PDCP in dual connectivity progressed well in RAN2#87bis and resulted in several agreements. An email discussion was started to implement these agreements to a running CR [1]. 
In this contribution we address the remaining issues in PDCP with respect to this running CR. 
2 Discussion
The following issues of PDCP in dual connectivity need further consideration:
2.1 Formula of condition to start reorderingTimer
For the formula of the condition to start the reorderingTimer as used in sections 5.1.2.4.1 and 5.1.2.4.2, it was identified during the email discussion that the current formula is incorrect. .
The current agreement is:

· if Reordering_Window > Next_PDCP_RX_SN – Last_Submitted_PDCP_RX_SN > 1 or Reordering_Window < Last_Submitted_PDCP_RX_SN – Next_PDCP_RX_SN < Maximum_PDCP_SN

The current running CR [1] was changed to:
· if Reordering_Window >= Next_PDCP_RX_SN – Last_Submitted_PDCP_RX_SN > 1 or Reordering_Window <= Last_Submitted_PDCP_RX_SN – Next_PDCP_RX_SN < Maximum_PDCP_SN

The PDCP transmitter is assumed to not bring more than half the SN space in flight (as also reconfirmed in agreement); this becomes also clear in the beginning of the reception algorithm from the discard condition: 

if received PDCP SN – Last_Submitted_PDCP_RX_SN > Reordering_Window […] (Section 5.1.2.1.2) 

So, the highest SN which is acceptable, i.e. not discarded, is: 
received PDCP SN = Reordering_Window + Last_Submitted_PDCP_RX_SN.

Since this condition of not bringing more than half SN space in flight, and not receiving more than half the SN space either, is already clear from the beginning of the reception algorithm. There is no need or reason to check this condition when the reordering timer is started, i.e. when it is checked whether there is a PDU left for reordering in the buffer or not. 
Therefore we propose the following correction to the formula:

· 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 need for this correction becomes clear in the following simplified example: 
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Maximum_PDCP_SN = 3  SN space = 4 (0,1,2,3) 
( Reordering_Window = Half SN space = 2

· Last_Submitted_PDCP_RX_SN  = 0;

· Permitted SN in flight = [1, 2], 
(Last_Submitted_PDCP_RX_SN delivered 
before, i.e. is not in flight anymore)

· Received SN = 2 (i.e. gap at SN 1) 
 Next_PDCP_RX_SN = 3 set during reception

Inserting the current assumptions of the example in the proposed formulas gives:

· Reordering_Window (2) > Next_PDCP_RX_SN (3) – Last_Submitted_PDCP_RX_SN (0) > 1 
 Does not hold, but should hold to start the reordering timer (because there is a gap at 1)!

· Reordering_Window (2) >= Next_PDCP_RX_SN (3) – Last_Submitted_PDCP_RX_SN (0) > 1 
 Does not hold either.
Therefore, we propose to use the following formula instead. To avoid any ambiguity in the UE to when to start the reordering timer, we consider any textual description of the condition (e.g. “if there is at least one PDU or SDU in the buffer”) as not acceptable. 
Proposal 1 Use “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“ as reordering timer start condition.

2.2 Status report upon data recovery procedure
In the current CR [1], the condition for when to send the status report in case of PDCP data recovery procedure is placed in the section 5.9, not the section about status reporting (5.3) itself. This is inconsistent with the rest of the PDCP specification. Furthermore, we don’t see any reason to not have it in the original status report section.

Proposal 2 Use the PDCP status report procedure 5.3.1 to cover also status reporting upon PDCP data recovery instead of using the PDCP data recovery procedure 5.9 itself. 
This would also avoid referring back to detailed actions to be taken for status reporting as currently done in the running CR [1]. Comparing both alternatives, it becomes further obvious that there is no issue regarding PDUs/SDUs, the original text speaks only of processing PDUs received at reestablishment; so it does not make an assumption about stored data units (i.e. no clarification needed). 

2.3 UL data available for transmission
Currently in [1] there is no explicit specification on how PDCP considers data available for transmission in case of a split bearer. A more precise formulation should be chosen in section 4.5; e.g.: 

For split bearers, the UE shall consider data available for transmission in the PDCP layer for the purpose of MAC buffer status reporting as follows: 

-   if ul-DataPath is configured and set to scg by higher layers [3]: 

- indicate the data available for transmission to the SCG MAC layer only.

-   else:

- indicate the data available for transmission to the MCG MAC layer only.

This way, it is clear that the field ul-DataPath [2] indicates not only to which lower layer the UE shall submit PDCP PDUs, but also to which lower layer (MAC entity) PDCP shall consider data available for transmission.
Proposal 3 Clarify in section 4.5 that the field ul-DataPath indicates also the data available for transmission for MAC buffer status reporting in case of split bearers. 
2.4 Routing, i.e. UL PDU submission to lower layer
In multiple places in the PDCP specification the formulation “submit the resulting PDCP […] PDU to lower layer” is used (5.1.1 Data Transfer, 5.2.1.1 Reestablishment, 5.3.1 Status Report). For split bearers it needs to be defined which lower layer is to be used for this routing, as there are two RLC entities associated with MCG and SCG, respectively. The current CR [1] mentions this in the overview section 4.2.2. Also here, we prefer a more precise formulation, i.e. 

If the UE is configured with split bearers the UE shall when submitting PDCP PDUs to lower layers:

-
if ul-DataPath is configured and set to scg by higher layers [3]:

-
submit the PDCP PDUs to the lower layer entity associated with the SCG;

-
else:

-
submit the PDCP PDUs to the lower layer entity associated with the MCG;
Proposal 4 Precisely formulate in section 4.2.2 how the parameter ul-DataPath is used to determine the lower layer to submit PDCP PDUs to. 
3 Conclusion
With respect to the discussion in the previous sections we make the following proposals.

Proposal 1
Use “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“ as reordering timer start condition.
Proposal 2
Use the PDCP status report procedure 5.3.1 to cover also status reporting upon PDCP data recovery instead of using the PDCP data recovery procedure 5.9 itself.
Proposal 3
Clarify in section 4.5 that the field ul-DataPath indicates also the data available for transmission for MAC buffer status reporting in case of split bearers.
Proposal 4
Precisely formulate in section 4.2.2 how the parameter ul-DataPath is used to determine the lower layer to submit PDCP PDUs to.
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� Compare also discard condition, e.g. for SN 2: received SN (2) – Last_Submitted_PDCP_RX_SN (0) > Reordering_Window (2) is not fulfilled; this means that SN 2 is indeed acceptable.
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