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1 Introduction

On/off and during the dual connectivity operation, it is not clear when PDCP SDU loss recovery should be supported and/or executed. The contribution discusses following issues;
· Whether PDCP SDU recovery procedure is needed upon bearer reconfiguration

· Whether PDCP SDU recovery procedure is needed for X2 loss in case of the split bearer
2 Discussion
PDCP SDU loss may occur during DC operation in the following cases.
<Table 2>

	
	1A
	3C

	SeNB addition/ Bearer reconfiguration (MCG bearer ( SCG or split bearer)
	Data loss on Uu may occur (due to RLC release/re-establishment) 

During SeNB addition, RLC of 1A bearer in MeNB is released, which may cause RLC PDU loss
Data loss on X2 may occur (due to data forwarding)

During SeNB addition, PDCP SDUs not confirmed by lower layer are forwarded to the SeNB. Those SDUs can be lost over X2
	No data loss on Uu occur

During SeNB addition, RLC of 3C bearer in MeNB is maintained.

Data loss on X2 may occur (due to data forwarding)

During SeNB addition, PDCP SDUs not confirmed by lower layer are forwarded to the SeNB. Those SDUs can be lost over X2

	During dual-connectivity
	No data loss on Uu occur

Data loss on S1 may occur (due to data forwarding)

During DC operation, PDCP SDUs are forwarded from S-GW to SeNB. Those SDUs can be lost over S1
	No data loss on Uu occur

Data loss on S1 may occur (due to data forwarding)

During DC operation, PDCP PDUs are forwarded from MeNB to SeNB. Those SDUs can be lost over X2

	SeNB release/ Bearer reconfiguration (SCG or split bearer ( MCG bearer)
	Data loss on Uu may occur (due to RLC re-establishment) 

During SeNB release, RLC of 1A bearer in SeNB is released, which may cause RLC PDU loss
Data loss on X2 may occur (due to data forwarding)

During SeNB addition, PDCP SDUs not confirmed by lower layer are forwarded to the MeNB. Those SDUs can be lost over X2
	Data loss on Uu may occur (due to RLC re-establishment) 

During SeNB release, RLC of 3C bearer in SeNB is released, which may cause RLC PDU loss
Data loss on X2 may or may not occur (depending on PDCP buffer management)


Data loss on Uu due to RLC re-establishment/bearer reconfiguration can be recovered by PDCP Status Report as like today. There seems no reason to introduce other mechanism.
Proposal 1: Data loss due to RLC re-establishment is recovered by PDCP Status Report. To this end, UE triggers PDCP Status Report upon bearer reconfiguration of following cases;

· Reconfiguration from MCG bearer to SCG bearer
· Reconfiguration from SCG bearer to MCG bearer

· Reconfiguration from the split bearer to MCG bearer
Data loss may occur on X2 or S1 because those interfaces do not provide ARQ. It is neither a brand new problem nor particularly serious problem for DC. Data forwarding over S1 and X2 was essential feature from the very beginning of LTE thus the problem has already been there since then; RAN WGs have not put effort to prevent packet loss over S1/X2 so far.  
As indicated in R3-131538, packet loss over the interface between MeNB and SeNB is believed to be rare in a reasonable load conditions. In normal case network should be able to control X2 load to the extent it can handle. If X2 interface starts to be loaded to the extent that packet loss may occur, MeNB would not add more dual connectivity to prevent further overload. If the overload occurs in abnormal case, it is strange to have ‘data loss recovery’ mechanism only for that purpose because 3GPP don’t design the system optimised for such unexpected scenario. In RAN2 perspective, ‘recovery of data lost over wire line’ should not be our goal in designing UE protocol 
Proposal 2: No UE based mechanism is introduced to recover from data loss due to data forwarding over X2 or S1 as like today.
R2-141940 proposes to introduce PDCP partial re-establishment with which PDCP status report is triggered. The impact to the PDCP specification would be limited if we go this way. 
3 Conclusion
Followings are proposed; 
Proposal 1: Data loss due to RLC re-establishment is recovered by PDCP Status Report. To this end, UE triggers PDCP Status Report upon bearer reconfiguration of following cases;

· Reconfiguration from MCG bearer to SCG bearer

· Reconfiguration from SCG bearer to MCG bearer

· Reconfiguration from the split bearer to MCG bearer

Proposal 2: No UE based mechanism is introduced to recover from data loss due to data forwarding over X2 or S1 as like today.
Annex. Text Proposal for PDCP recovery

5.3
PDCP Status Report

5.3.1
Transmit operation

When upper layers request a PDCP re-establishment or a PDCP partial re-establishment, for radio bearers that are mapped on RLC AM, the UE shall:

-
For a PDCP re-establishment, if the radio bearer is configured by upper layers to send a PDCP status report in the uplink (statusReportRequired [3]); or 
-
For a PDCP partial re-establishment, if the radio bearer is configured by upper layers to send a PDCP status report in the uplink (statusReportRequired [3]) and a PDCP partial re-establishment is requested for the radio bearer, 
-
compile a status report as indicated below after processing the PDCP Data PDUs that are received from lower layers due to the re-establishment of the lower layers as specified in the subclause 5.2.2.1 or due to release of lower layers, and submit it to lower layers as the first PDCP PDU for the transmission, by:

-
setting the FMS field to the PDCP SN of the first missing PDCP SDU;

-
if there is at least one out-of-sequence PDCP SDU stored, allocating a Bitmap field of length in bits equal to the number of PDCP SNs from and not including the first missing PDCP SDU up to and including the last out-of-sequence PDCP SDUs, rounded up to the next multiple of 8;

-
setting as ‘0’ in the corresponding position in the bitmap field for all PDCP SDUs that have not been received as indicated by lower layers, and optionally PDCP SDUs for which decompression have failed;

-
indicating in the bitmap field as ‘1’ for all other PDCP SDUs.
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