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1 Introduction

RAN2 #85 made following agreements on PDCP reordering.

Agreements
0
We do not support RLC UM bearers in split mode.

1
RLC UM like reordering scheme (with a reorderingTimer  timer) is used for PDCP layer reordering in case of split bearers.

2
From RAN2 point of view we do not want continuous PDCP status reporting from the UE to the MeNB.


FFS for other cases such as mobility/SeNB change/reconfiguration.

 
FFS whether the SeNB needs to inform the MeNB about successfully delivered (and/or pending) PDCP PDUs or whether it is sufficient to rely on e.g. a discard timer in the MeNB. 

3
PDCP reordering after SeNB release if FFS.

4
PDCP reordering may only be configured for split bearers.

This contribution discusses the relevant issues based on the above agreements.
2 Discussion
How to incorporate timer based reordering operation in the specification

As agreed in the previous meeting, reorderingTimer based reordering will be used for PDCP reordering. The question would be how to incorporate the reordering operation to the current PDCP operation chain. Figure 1 shows the PDCP operation chain for DRBs mapped on RLC AM.
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Fig 1

PDCP operation chain is consisted with 4 steps; 1) PDCP PDU reception and duplicate check, 2) HFN determination, 3) Processing and storing and 4) delivery to the upper layer. 1) ~ 3) are needed for 3C bearer and seem reusable. ‘Delivery to the upper layer’ step is for temporal reordering during handover and does not work for 3C bearer. This part needs to be replaced by reorderingTimer based reordering step.

Proposal 1: 
DL data Procedures for 3C bearer is consisted with PDCP PDU reception and duplicate check, HFN determination, processing/storing and timer based reordering.  
Variables and timers for reordering operation
To design timer based reordering, we can follow the principles applied for RLC reordering that are 1) check if missing PDUs in the buffer (i.e. PDUs are held in the buffer due to missing PDU), 2) start timer if so and associate the timer with the highest SN and 3) forwards relevant PDUs to the upper layer when timer expires.

In the context of DL PDCP data transfer, many variables are already defined. Reusing as much as possible for reordering would be desirable. Please see table 2 to possible usage of variable in the context of the reordering.
<Table 2>

	Variables
	Comments

	Last_Submitted_PDCP_RX_SN
	It indicates the SN of the last PDCP SDU delivered to the upper layer in the current specification.

In the context of the reordering, it is related to the first missing PDU. If the received PDCP SN is equal to Last_Submitted_PDCP_RX_SN + 1, missing PDU is received.

	Next_PDCP_RX_SN
	It indicates the SN of the next expected PDCP SN in the current specification. In fact, it is related with the highest SN been received.

In the context of the reordering, it is related to the SN where timer is associated.

	Reordering_Window
	Together with Next_PDCP_RX_SN, it is used to determine if received SN is higher than Next_PDCP_RX_SN or not.
In the context of the reordering, it can be used to determine higher one between given variables.


Besides above, timer like reorderingTimer and variable indicating the highest SN when the timer has been started are required. Let’s name them reorderingTimer and Reordering_PDCP_RX_SN. The following operations can be applied to 3C bearer.

· PDCP PDU received and duplication is checked (as like in Rel-11)

· HFN is determined (as like in Rel-11)

· PDCP PDU is processed to PDCP SDU and stored (as like in Rel-11)

· Timer based reordering operation is applied that is in principle same as RLC UM reordering operation

· If received SDU is the first missing SDU, forward in-sequenced SDUs to the upper layer

· If our-of-sequence PDUs remain in the buffer, start reorderingTimer and update Reordering_PDCP_RX_SN

· Upon reorderingTimer expiry

· Forwards SDUs based on Reordering_PDCP_RX_SN

· Restart reorderingTimer if out-of-sequence PDUs remain in the buffer

Text proposal capturing above is in the Annex. 
Proposal 2: 
To discuss the above principles and text proposal in the Annex 

When to stop reordering after SeNB release 
When SeNB is released, RLC entity configured for SeNB is also released and out-of-sequence PDUs are forwarded to PDCP. Those out-of-sequence PDUs should also be reordered; otherwise, out-of-sequence PDUs ([97] ~ [101] in figure 2) will be wrongly forwarded to the upper layer when higher SN PDU is received from the RLC entity configured for MeNB.
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Fig 2
There would be two possible approaches;

Approach 1: Continue reordering operation for a while even after SeNB is released (to reorder PDUs retransmitted after SeNB release) 
Approach 2:
Upon SeNB release, forwards out-of-sequence PDUs in the M-RLC buffer and stop reordering operation immediately
For the approach 1, the question is how long the reordering operation should be extended. No immediate answer being possible at this point of time, reusing reorderingTimer would be a good starting point. After the first expiry of reorderingTimer since SeNB release, UE restarts reorderingTimer and forwards all the PDUs in the buffer to the upper layer upon reorderingTimer expiry.
The approach 2 would work as in figure 3.
· Upon SeNB release, both M-RLC and S-RLC forwards all the out of sequence RLC SDUs to the PDCP.

· UE triggers PDCP STATUS REPORT, which will initiate in-sequence retransmission in the M-RLC

· PDCP applies the normal ‘delivery to the upper layer’ operation as specified in 5.1.2.1.2 
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Fig 3
Both approaches seem feasible. Samsung has no strong opinion but slightly prefer the first approach since it bears less specification impact overall and no impact to RLC specification.
A new subsection can be added in the PDCP to capture approach 1. Text proposal is also in the Annex.
Proposal 3: 
To continue reordering operation for the duration of reorderingTimer after SeNB release. 
3 Conclusion
Following 3 points are proposed.

Proposal 1: 
DL data Procedures for 3C bearer is consisted with PDCP PDU reception and duplicate check, HFN determination, processing/storing and timer based reordering.  

Proposal 2: 
To discuss the above principles and text proposal in the Annex
Proposal 3: 
To continue reordering operation for the duration of reorderingTimer after SeNB release.

Text proposal capturing above are in the Annex.

Annex. Text proposal for timer based reordering operation
5.1.2.1.x
Procedures for split bearer 
5.1.2.1.x.1
  Procedures when a PDCP PDU is received from the lower layer

For split bearer, 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 received PDCP SN > Next_PDCP_RX_SN:

-
decipher the PDCP PDU as specified in the subclause 5.6, using COUNT based on RX_HFN - 1 and the received PDCP SN;

-
else:
-
decipher the PDCP PDU as specified in the subclause 5.6, using COUNT based on RX_HFN and the received PDCP SN;

-
perform header decompression (if configured) as specified in the subclause 5.5.5;

-
discard this PDCP SDU;

-
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:
-
perform deciphering and header decompression (if configured) for the PDCP PDU as specified in the subclauses 5.6 and 5.5.5, respectively;
-
if a PDCP SDU with the same PDCP SN is stored:

-
discard this PDCP SDU;

-
else:

-
store the PDCP SDU;
	** Yellow highlighted part is same as 5.1.2.1.2 (capturing PDU reception/duplicate check/HFN determination/Processing/Storing)**


-
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 SDU;
-
set Last_Submitted_PDCP_RX_SN to the PDCP SN of the last PDCP SDU delivered to upper layers.
	** Green part is to deliver to upper layer in-sequenced PDCP PDUs due to received PDU**


-
if at least one PDCP SDU remain stored in the reordering buffer and reorderingTimer is not running:
-
start reorderingTimer.
-
set Reordering_PDCP_RX_COUNT to RX_HFN and Next_PDCP_RX_SN.
	**Blue part is about reorderingTimer**


5.1.2.1.x.2
  Procedures when reorderingTimer expires

When reorderingTimer expires, the UE shall:
-
deliver to upper layers in ascending order of the associated COUNT value: 

-
if it is split bearer;

-
all stored PDCP SDU(s) with an associated COUNT value less than Reordering_PDCP_RX_COUNT;

-
all stored PDCP SDU(s) with consecutively associated COUNT value(s) starting from Reordeing_PDCP_RX_COUNT; 
-
if it is normal bearer;

-
all stored PDCP SDU(s);
-
set Last_Submitted_PDCP_RX_SN to the PDCP SN of the last PDCP SDU delivered to upper layers;.
-
if at least one PDCP SDU remains stored in the reordering buffer and it is split bearer:
-
start reorderingTimer.
-
set Reordering_PDCP_RX_SN to RX_HFN and Next_PDCP_RX_SN.
5.1.2.1.x.3
  Procedures when split bearer is reconfigured to MCG bearer 
When split bearer is reconfigured to MCG bearer, the UE shall:
-
if reorderingTimer is running:


-
restart the reorderingTimer

-
if reorderingTimer is not running:


 -
start the reorderingTimer:
	**Coral part is to extend reordering after SeNB release **
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