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Discussion and Decision
1      Introduction

In RAN2#86 meeting, following agreements were reached on PDCP reordering:

	Location of PDCP reordering function: PDCP performs Reordering --> Deciphering --> Header Decompression
UE triggers PDCP status report for split bearer at SCG RLC release/re-establishment if network configures UE to send PDCP status report.
UE triggers PDCP status report at reconfiguration from MCG bearer to SCG bearer if network configures UE to send PDCP status report.


Regarding PDCP reordering after split bearer reconfiguration towards MCG bearer, following was agreed. 
	At split bearer reconfiguration towards MCG bearer, MCG RLC is not re-established.
After split bearer reconfiguration towards MCG bearer, PDCP continues reordering operation for a short while.


- Until reordering buffer is emptied


- Until reordering buffer is emptied and next received PDU does not create SN gap

- Until a timer expires


- Until an explicit indication is received

- Left for UE implementation


Email discussion [86#31][LTE/DC] PDCP reordering after split bearer reconfiguration towards MCG bearer was initiated to down select the options on how PDCP reordering can be stopped after split bearer reconfiguration towards MCG bearer.
In this contribution, we discuss the open issues of PDCP reordering for split bearer.
2      Discussion
2.1     Reception order

In RAN2#86 meeting, it was agreed that the order of operations when a PDU is received for split bearer is: PDCP performs Reordering --> Deciphering --> Header Decompression. During email discussion [86#31][LTE/DC] PDCP reordering after split bearer reconfiguration towards MCG bearer, it was identified that during split bearer operation, the PDCP buffer may contain both de-ciphered and de-compressed PDUs along with ciphered and compressed PDUs. Although handling of PDCP receiver buffer is implementation specific, we show the types of PDCP PDUs in the buffer during the life cycle of split bearer in Figure 1 based on current discussion.
· MCG bearer: PDCP buffer might contain deciphered and decompressed PDUs in the case of a HO followed by a SCG addition.
· Split bearer: after MCG bearer is reconfigured to split bearer, PDCP buffer may contain both de-ciphered and de-compressed PDUs along with ciphered and compressed PDUs. However after some duration (e.g. hundreds of milliseconds depending on the configuration of PDCP reordering timer), PDCP buffer contains ciphered and compressed PDUs only since the de-ciphered and decompressed PDUs are delivered to upper layers.
· MCG bearer: after split bearer is reconfigured to MCG bearer, PDCP reordering will continue for a short time, during which PDCP buffer contains ciphered and compressed PDUs. After PDCP reordering is stopped, the legacy PDCP operation is applied for MCG bearer and PDCP buffer is empty.
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Figure 1: Types of PDCP PDUs in the buffer during split bearer life cycle
During email discussion, it was suggested to revisit the PDCP reception order decision, e.g. considering PDCP performs Deciphering --> Reordering --> Header Decompression. Corresponding types of PDCP PDUs in the buffer during the life cycle of split bearer are shown in Figure 2 below. We can see that there are still mixed type of PDUs in PDCP buffer. The potential benefit of the proposal is to avoid handling two security keys in PDCP buffer. However this is a rare case.

Proposal 1: RAN2 to confirm the PDCP reception order: PDCP performs Reordering --> Deciphering --> Header Decompression.
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Figure 2: Types of PDCP PDUs in the buffer during split bearer life cycle (Decipher first)

2.2     When to stop reordering after bearer switch to MCG bearer
In email discussion [86#31][LTE/DC] PDCP reordering after split bearer reconfiguration towards MCG bearer, there are 6 alternatives listed and there is no consensus on which alternative to select:
· Alt 1: Until reordering buffer is emptied

· Alt 2: Until reordering buffer is emptied and next received PDU does not create SN gap

· Alt 3: Until a timer expires

· Alt 4: Until an explicit indication is received

· Alt 5: Left for UE implementation

· Alt 6: The re-ordering continues until PDCP re-establishment.

Since PDCP reordering causes additional latency and also delays congestion avoidance procedure, it should be stopped as soon as possible after the retransmission is completed. Alt 3 and Alt 6 do not satisfy the requirement. For Alt 3, it is challenging to select a suitable timer value, since shorter timer results in loss of retransmitted packets, while longer timer means that PDCP reordering is not stopped in time. 
Alt 1 and 2 cannot guarantee that PDCP reordering is stopped correctly for some scenarios, as pointed out during the email discussion.
Alt 5 is also not desirable. For example, if UE implements as Alt 1 and 2, then the same issue arises. If UE internally uses some timer, then it is equivalent to Alt 3.
MeNB has the knowledge of when the retransmission of the PDCP PDUs is finished (based on RLC Status PDU), therefore Alt. 4 provides an efficient and accurate solution. Note that additional signalling overhead might not be an issue as it is only sent for split bearer to MCG bearer switch. 

Considering above discussion, it is proposed to use Alt 4.
Proposal 2: After switch from split bearer to MCG bearer, PDCP reordering is stopped until an explicit indication is received.
3      Conclusion

In this contribution, we discuss PDCP reordering for split bearer and propose the following:
Proposal 1: RAN2 to confirm the PDCP reception order: PDCP performs Reordering --> Deciphering --> Header Decompression.
Proposal 2: After switch from split bearer to MCG bearer, PDCP reordering is stopped until an explicit indication is received.
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