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1 Introduction

Based on discussions on Dual-Connectivity taken place so far, it is clear that there will be a new “state” in PDCP in which packet reception will take place differently compared to Rel-8 i.e. with T-re-ordering timer.
It is also clear that there will be many new events that might impact PDCP operation (e.g. MCG -> split bearer reconfiguration, SCG release,…). 

In this contribution we try to come to come to a common understanding w.r.t. the overall operation of PDCP in dual-connectivity based on an updated state diagram. We start from the Rel-8 PDCP state diagram in section 2, and build a Rel-12 PDCP state diagram in section 3. Note that we do not propose to capture the updated state diagram itself in the specification, i.e. we are just using the state diagram to build a common understanding on PDCP operation.

Since RLC-AM bearer handling is most complex and RAN2 agreed that split bearers only support RLC-AM, we focus on RLC-AM bearers in this contribution.
2 Rel-8 PDCP state diagram
Rel-8 PDCP for RLC-AM bearers only has one “operational state”. This is the state described in 36.323 section 5.1. Even during handover/RRC re-establishment, still the UE will continue to operate in this one state. I.e. although at the time of RLC re-establishment, due to handover/RRC re-establishment, PDCP PDU’s may be received with gaps, still the operation is described in this one section 5.1.2.1.2 in 36.323.

Figure 1 gives a high level state diagram for Rel-8 PDCP:
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Figure 1: PDCP Rel-8/9/10/11/12 state diagram
3 PDCP  modeling in Dual-Connectivity

New state:
With dual-connectivity, we will get a new state as already quite extensively discussed. In this new state for the DL packets arriving out of sequence will be a “normal” / continuous event. RAN2 agreed that a re-ordering timer will be used to correct this out of sequence delivery in this new state.

W.r.t. uplink, this state might not be actually that different from Rel-8 operation as long as bearer split is not supported. If  UL bearer split is supported, in the new state PDCP might be involved in PDCP PDU distribution.

New events:
As indicated in section 2, in Rel-12 we only have 2 events which impact PDCP operation both in the same way:

· Handover

· RRC re-establishment


With the arrival of DC, there are also many new potential events that may have an impact on PDCP operation. Main potential events identified are:
· [a] Reconfiguration of MCG bearer -> Split bearer 

· [b] Reconfiguration of MCG bearer -> SCG bearer

· [c] Reconfiguration of Split  bearer -> MCG bearer
· [d] Reconfiguration of SCG bearer -> MCG bearer
· [e] SCG addition

· [f] SCG release

· [g] SCG change (SCG replacement by other SCG): split bearer -> split bearer
· [h] SCG change (SCG replacement by other SCG): SCG bearer ->SCG bearer

· [i] SCG RLF

· [j] SCG key change: split bearer -> split bearer

· [k] SCG key change: SCG bearer -> SCG bearer

· [l] Split bearer: UL PDCP PDU move from MCG to SCG

· [m] Split bearer: UL PDCP PDU move from SCG to MCG

For some of the above events we assume they have no direct PDCP impact:

	Event
	Considerations

	[e] 
SCG addition
	SCG addition does not need not trigger any PDPC action. I.e. PDCP actions are only related to any radio bearer reconfiguration (i.e. [a][b]) that might take at the same time.

	[f] 
SCG release
	SCG release itself will not trigger any PDCP action. I.e. PDCP actions are only related to any radio bearer reconfiguration (i.e.[a][b]) that might take place at the same time.

	[i] 
SCG RLF
	SCG RLF itself will not trigger any PDCP action. I.e. PDCP actions are only related to any subsequent radio bearer reconfiguration (i.e.[c][d]) with which the network might correct the situation.

	[l] 
Split bearer: UL PDCP PDU move from MCG to SCG
	Apart from routing the one UL PDCP PDU’s to the other CG, no other PDCP action seems necessary

	[m] 
Split bearer: UL PDCP PDU move from MCG to SCG
	Apart from routing the one UL PDCP PDU’s to the other CG, no other PDCP action seems necessary


Table 1: Events that do not trigger a PDCP action directly

Proposal 1: 
SCG addition, SCG release and SCG RLF do itself not trigger any PDCP actions.

Also for some events we assume they will be handled identically by PDCP:
	Event
	Considerations

	[g] 
SCG change (SCG replacement by other SCG): split bearer -> split bearer
[j] 
SCG key change: split bearer -> split bearer
	In both these events the complete SCG stack of the split bearer will be flushed/re-established. Packets may be lost and status report might be necessary.

	[h] 
SCG change (SCG replacement by other SCG): SCG bearer ->SCG bearer

[k] 
SCG key change: SCG bearer -> SCG bearer
	In both these events the complete SCG stack of the split bearer will be flushed/re-established. Packets may be lost and status report might be necessary. ROHC will be reset and new ciphering key is applied.


Table 2: Events resulting in same PDCP operation
This leaves us with the following 6 events that are expected to impact PDCP operation directly:

· [1] Reconfiguration of  MCG bearer -> Split bearer 

· [2] Reconfiguration of  MCG bearer -> SCG bearer

· [3] Reconfiguration of  Split  bearer -> MCG bearer

· [4] Reconfiguration of  SCG bearer -> MCG bearer

· [5] Reconfiguration of  split bearer -> split bearer
· [6] Reconfiguration of  SCG bearer ->SCG bearer

One of the most complex reconfigurations is the Split bearer -> MCG bearer reconfiguration. As discussed in reference [1], we assume that in this case the re-ordering operation needs to continue for some time after the reconfiguration to cope with “late DL packets” that were intended to be transmitted via SCG. Note that it has also been proposed to do a re-establishment of the MCG part of the split bearer for this case which would make the whole reconfiguration instantaneous. However this would impact MCG operation (including “partial MCG MAC reset” ?) unnecessarily so although we see drawbacks of both approaches, we propose the approach with the continued reordering.
Table 3 provides an overview of the main PDCP actions required for the different events, including the existing handover/RRC re-establishment.

	
	Lower layer re-estab/ flushing
	ROHC reset
	Need for using new keys
	Restart transmission of PDCP  packets
	Need for PDCP status report

	[0]: Handover/RRC Re-estab
	Yes
	Yes
	Yes
	PDCP SDU’s
	Yes

	[1]: MCG -> Split bearer
	No
	No
	No
	No
	No

	[2]: MCG -> SCG bearer
	Yes
	Yes
	Yes
	PDCP SDU’s
	Yes

	[3]: Split -> MCG bearer
	Yes 
(SCG part)
	No
	No
	SCG PDCP PDU’s
	Yes

	[4]: SCG -> MCG bearer


	Yes
	Yes
	Yes
	PDCP SDU’s
	Yes

	[5]: Split -> Split bearer
	Yes 
(SCG part)
	No
	No
	SCG PDCP PDU’s
	Yes

	[6]: SCG -> SCG bearer
	Yes
	Yes
	Yes
	PDCP SDU’s
	Yes


Table 3: PDCP actions for different events
What we can see from table 3 is that when we look at an individual bearer, there are in principle only 3 different operations:

1) Rel-8 PDCP re-establishment is applicable for events [0], [2], [4], [6]

· Operation conform Rel-8 (note that apart from event [0]. this is now bearer specific behaviour)

2) A partial PDCP re-establishment (basically SCG part) is applicable for events [3], [5]

· Continue using same keys

· No ROHC reset

· UL: Restart transmissions of PDCP PDU’s previously transmitted via SCG from first PDCP PDU for which delivery is not confirmed by lower layers. 
Note that in order to ensure that the decompressor will understand the compressed packets after re-ordering, the compressor should not use the latest compression context for compressing retransmissions but the original compression context at the time of first transmission. I.e. the transmitter should retransmit PDCP PDU’s rather than PDCP SDU’s.
· DL: 
PDCP status report for DL transport may be required

3) No PDCP action required for event [1]

The resulting updated state diagram is shown in figure 2.
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Figure 2: Updated Dual-Connectivity state diagram
As a result of the above, we have the following proposals:

Proposal 2: 
Introduce “partial PDCP re-establishment” with following characteristics:

· Continue using same keys

· No ROHC reset

· UL: Restart transmissions of PDCP PDU’s previously transmitted via SCG from first PDCP PDU for which delivery is not confirmed by lower layers

· DL: PDCP status report for DL transport may be required

Proposal 3: 
Rel-8 PDCP re-establishment will be applicable at an individual bearer level in case of:
·  RRC Reconfiguration of  MCG bearer -> SCG bearer

·  RRC Reconfiguration of  SCG bearer -> MCG bearer

·  RRC Reconfiguration of  SCG bearer ->SCG bearer

Proposal 4: 
Partial PDCP re-establishment will be applicable at an individual bearer level in case of:

·  RRC Reconfiguration of  Split bearer -> Split bearer (change of SCG, SCG key change)
·  RRC Reconfiguration of  Split bearer -> MCG bearer

Proposal 5: 
No PDCP action is triggered at individual bearer level in case of:
·  RRC Reconfiguration of  MCG bearer -> Split bearer

4 Conclusion
RAN2 is respectfully requested to discuss and agree on the following proposals:
Proposal 1: 
SCG addition, SCG release and SCG RLF do itself not trigger any PDCP actions.

Proposal 2: 
Introduce partial “PDCP re-establishment” with following characteristics:

· Continue using same keys

· No ROHC reset

· UL: Restart transmissions of PDCP PDU’s previously transmitted via SCG from first PDCP PDU for which delivery is not confirmed by lower layers

· DL: PDCP status report for DL transport may be required

Proposal 3: 
Rel-8 PDCP re-establishment will be applicable at an individual bearer level in case of:

·  RRC Reconfiguration of  MCG bearer -> SCG bearer

·  RRC Reconfiguration of  SCG bearer -> MCG bearer

·  RRC Reconfiguration of  SCG bearer ->SCG bearer

Proposal 4: 
Partial PDCP re-establishment will be applicable at an individual bearer level in case of:

·  RRC Reconfiguration of  Split bearer -> Split bearer (change of SCG, SCG key change)

·  RRC Reconfiguration of  Split bearer -> MCG bearer
Proposal 5: 
No PDCP action is triggered at individual bearer level in case of:

·  RRC Reconfiguration of  MCG bearer -> Split bearer
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