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1 Introduction

On/off and during the dual connectivity operation, PDCP buffer management in the MeNB and PDCP SDU loss recovery due to lower layer re-establishment should be decided. 
2 Discussion
PDCP buffer management for 3C bearer

Last RAN2 meeting discussed how to manage PDCP buffer of MeNB for 3C bearer. The main questions were;

· Which node between SeNB and MeNB buffer PDCP SDUs 

· If MeNB buffers PDCP SDUs, whether SeNB informs MeNB about the status of PDCP PDU delivery

In the current specification, PDCP SDUs are buffered until its delivery is confirmed by PDCP status report or discardTimer expires. If we follow above principle, MeNB should buffer the PDCP SDUs. MeNB would forward RLC SDUs to SeNB, and SeNB will keep RLC SDUs for RLC ARQ purpose (i.e. RLC SDUs are flushed in the SeNB when successfully transmitted). So the baseline solution would be to keep PDCP SDUs in MeNB.
Alternative way proposed in [R2-140269] is to forward PDCP SDUs to SeNB which keeps them not only for ARQ purpose but also for PDCP recovery purpose (i.e. SeNB keeps both PDCP SDUs and RLC SDUs; and forwards PDCP SDUs back to MeNB upon SeNB release). In this alternative solution, PDCP SDUs are buffered in SeNB but not in MeNB. 

“PDCP SDUs in SeNB” solution may be one possible option but seems not offering enough motivation to deviate from the current design principle. Firstly, for this approach to work, PDCP SDUs are processed to PDCP PDU by the SeNB, which we can hardly call 3C. Secondly, it burdens X2 interface with unnecessary data forwarding because not all SDUs would be transmitted by the SeNB. Upon SeNB release, those SDUs not confirmed by the lower layer should be forwarded back to the MeNB. We propose to keep the current design principle that PDCP SDUs are kept in the PDCP buffer as like in the current specification.

Proposal 1: PDCP SDUs are buffered in the PDCP buffer of MeNB.

The next question would be whether exchanging RLC delivery status between PDCP (in MeNB) and RLC (in SeNB) is needed for buffer management purpose. The motivation is to discard the PDCP SDUs that have been successfully transmitted by the RLC in SeNB. In fact, successful delivery confirmation from RLC does not cause SDU discarding in the current specification. 
As per current specification, PDCP SDUs are not discarded when lower layer confirms the successful delivery of the corresponding PDCP PDUs. Only when delivery is confirmed by PDCP status report or discardTimer expires, the corresponding SDUs are flushed from the PDCP buffer (i.e. the oldest SDU not discarded at t1 but at t2 or t3). In the current specification lower layer confirmation is more about SDU retransmission management. Upon handover, SDUs not confirmed are forwarded to the target ENB. 
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Fig 1

See Table 1 summarizing relevant part of the current specification.
<Table 1>

	Relevant events for s PDCP SDU
	Buffer management 
	SDU retransmission management

	discardTimer expires
	SDU is discarded
	Not retransmitted after PDCP re-establishment

	Lower layer confirms delivery of the corresponding PDUs
	SDU is not discarded (though no harm is foreseen even if discarded)
	Not retransmitted after PDCP re-establishment

	PDCP Status Report confirms delivery of the SDU
	SDU is discarded 


	Not retransmitted after PDCP re-establishment


Observation 1: In the current specification, PDCP SDU discarding is not based on ‘lower layer confirmation’  
Observation 2: In the current specification, ‘lower layer confirmation’ is to determine SDUs to be retransmitted after PDCP re-establishment
In our view, there is no considerable need to enhance PDCP SDU discarding particularly for dual connectivity. One can argue that PDCP buffer requirement would be too high if RLC delivery notification is not provided, which makes some sense. However, the concern could be resolved by configuring discardTimer properly. To complete the standardization in time, it is proposed to discuss this issue later only if time allows. 

Proposal 2: RLC delivery notification from SeNB to MeNB is assumed to be not needed. 
PDCP SDU recovery in dual connectivity
PDCP SDU loss may occur during DC operation in the following cases.
<Table 2>

	
	1A
	3C

	SeNB addition
	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
	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 can be recovered by PDCP Status Report as like today. There seems no reason to introduce other mechanism.
Proposal 3: Data loss due to RLC re-establishment is recovered by PDCP Status Report. To this end, UE triggers PDCP Status Report upon SeNB addition and SeNB release for 1A bearer and upon SeNB release for 3C 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 in DC. Data forwarding over S1 and X2 was essential feature thus very common from the very beginning of LTE, and 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 in normal case 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 4: No UE based mechanism is introduced to recover from data loss due to data forwarding over X2 or S1 as like today.
3 Conclusion
Four proposals are made;
Proposal 1: PDCP SDUs are buffered in the PDCP buffer of MeNB.

Proposal 2: RLC delivery notification from SeNB to MeNB is assumed to be not needed. 

Proposal 3: Data loss due to RLC re-establishment is recovered by PDCP Status Report. To this end, UE triggers PDCP Status Report upon SeNB addition and SeNB release for 1A bearer and upon SeNB release for 3C bearer.

Proposal 4: No UE based mechanism is introduced to recover from data loss due to data forwarding over X2 or S1 as like today.
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