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1.	Introduction
In R13 LWA, PDCP reordering is performed for LWA bearer. This document discusses potential enhancement of R13 PDCP reordering for LWA bearer.

2.	Discussion



Figure 1. Example of R13 PDCP reordering

The Figure 1 shows an example of R13 PDCP reordering for split bearers. In this example, PDCP PDUs 3, 4, 6, 7 are received from LTE and PDCP PDUs 1, 5, 8, 9 are received from WLAN. The PDCP PDU 2 is not received due to, e.g. Xw loss or PDCP discard. Then, the UE PDCP stores PDUs 3~9 in the reordering buffer, and delivers them to upper layer only when the reordering timer expires.
This R13 PDCP reordering behavior can be enhanced if we consider that WLAN MAC supports in-order delivery, LTE AM RLC supports in-sequence delivery, and PDCP would not retransmit PDCP PDUs unless PDCP is re-established. 
If a PDU with SN=X is received from an AM RLC entity, the UE can know that missing PDUs with SN < X will not be received from the AM RLC entity. For LWA bearers, if a PDU with SN=X1 is received from the AM RLC entity and a PDU with SN=X2 is received from the LWAAP entity, then the UE can know that missing PDUs with SN < X1 and X2 will not be received from any of the AM RLC entity and the LWAAP entity. This behavior is similar to R12 in-order delivery function where when a PDU with SN=X is received, all the missing PDUs with SN < X are considered as lost.
In the above example, the UE PDCP can know that PDU 2 is never received when PDU 5 is received from WLAN. The reordering can be stopped at this time and there should be no further reordering delay in delivering PDUs 3, 4, and 5. 
In general, the PDCP reordering for the missing SDU can be stopped when both the COUNT value of PDCP SDU received on LTE and the COUNT value of PDCP SDU received on WLAN become larger than the COUNT value of missing SDU. In this case, the missing SDU is considered lost, and the PDCP does not need to wait for lost SDU. The stored SDUs following the missing SDU can be delivered to upper layer if their COUNT values consecutively follow the COUNT value of missing SDU.
Proposal: Stop the PDCP reordering for the missing SDU when both the COUNT value of PDCP SDU received on LTE and the COUNT value of PDCP SDU received on WLAN become larger than the COUNT value of missing SDU.

3.	Proposal
This paper shows that R13 PDCP reordering can be enhanced considering the PDCP, AM RLC, and WLAN MAC characteristics. We would like to enhance R13 PDCP reordering mechanism for LWA bearers with following proposal.
Proposal: Stop the PDCP reordering for the missing SDU when both the COUNT value of PDCP SDU received on LTE and the COUNT value of PDCP SDU received on WLAN become larger than the COUNT value of missing SDU.
A text proposal for the proposed enhancement is attached below.


Text Proposal to 36.323

[bookmark: _Toc447107827]5.1.2.1.4	Procedures for DRBs mapped on RLC AM and for LWA bearers when the reordering function is used
For DRBs mapped on RLC AM and for LWA bearers, the PDCP entity shall use the reordering function as specified in this section when:
-	the PDCP entity is associated with two AM RLC entities; or
-	the PDCP entity is configured for a LWA bearer; or
-	the PDCP entity is associated with one AM RLC entity after it was, according to the most recent reconfiguration, associated with two AM RLC entities or configured for a LWA bearer without performing PDCP re-establishment.
The PDCP entity shall not use the reordering function in other cases. 
[bookmark: _Toc447107828]5.1.2.1.4.1	Procedures when a PDCP PDU is received from the lower layers
For DRBs mapped on RLC AM, when there ordering function is used, 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:
-	discard the PDCP PDU;
-	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:
-	if a PDCP SDU with the same PDCP SN is stored:
-	discard the PDCP PDU;
-	else:
-	perform deciphering of the PDCP PDU and store the resulting PDCP SDU;
-	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 PDU;
-	set Last_Submitted_PDCP_RX_SN to the PDCP SN of the last PDCP SDU delivered to upper layers;
-	if t-Reordering is running:
-	if the PDCP SDU with Reordering_PDCP_RX_COUNT – 1 has been delivered to upper layers:
-	stop and reset t-Reordering;
-	if Reordering_PDCP_RX_COUNT – 1 < highest COUNT value of PDCP SDU received on LTE and Reordering_PDCP_RX_COUNT – 1 < highest COUNT value of PDCP SDU received on WLAN:
-	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 Reordering_PDCP_RX_COUNT;
-	set Last_Submitted_PDCP_RX_SN to the PDCP SN of the last PDCP SDU delivered to upper layers;
-	stop and reset t-Reordering;
-	if t-Reordering is not running (includes the case when t-Reordering is stopped due to actions above):
-	if there is at least one stored PDCP SDU:
-	start t-Reordering;
-	set Reordering_PDCP_RX_COUNT to the COUNT value associated to RX_HFN and Next_PDCP_RX_SN.
[bookmark: _Toc447107829]5.1.2.1.4.2	Procedures when t-Reordering expires
When t-Reordering expires, the UE shall:
-	deliver to upper layers in ascending order of the associated COUNT value:
-	all stored PDCP SDU(s) with associated COUNT value(s) less than Reordering_PDCP_RX_COUNT;
-	all stored PDCP SDU(s) with consecutively associated COUNT value(s) starting from Reordering_PDCP_RX_COUNT;
-	set Last_Submitted_PDCP_RX_SN to the PDCP SN of the last PDCP SDU delivered to upper layers;
-	if there is at least one stored PDCP SDU:
-	start t-Reordering;
-	set Reordering_PDCP_RX_COUNT to the COUNT value associated to RX_HFN and Next_PDCP_RX_SN.
[bookmark: _Toc447107830]5.1.2.1.4.3	Procedures when the value of t-Reordering is reconfigured
When the value of the t-Reordering is reconfigured by upper layers while the t-Reordering is running, the UE shall:
-	stop and restart t-Reordering;
-	set Reordering_PDCP_RX_COUNT to the COUNT value associated to RX_HFN and Next_PDCP_RX_SN.
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