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1 Introduction

RAN2 has discussed the PDCP discard issue in #90 and #9, the decision was “Leave it up to UE implementation (with a NOTE)”. Then following note was agreed in the latest draft CR [1].

NOTE:
For UL split bearers, discarding a PDCP SDU already associated with a PDCP SN causes a SN gap in the transmitted PDCP PDUs, which increases PDCP reordering delay in the receiving PDCP entity. It is up to UE implementation how to minimize SN gap after SDU discard.
 With the note, fast gap detection is achievable for UL split bearer. This paper further proposed to also make fast gap detection possible for DL split bearer.
2 Discussion
Following description in [1] for UL split bearer indicates that the UE shall only submit a PDCP PDU to only one RLC.
-
if ul-SplitThreshold is configured and the data available for transmission is larger than or equal to ul-SplitThreshold:
-
submit the PDCP PDUs to either the associated AM RLC entity configured for SCG or the associated AM RLC entity configured for MCG;
And there is no retransmission for the same PDCP PDU on the other RLC entity.

Observation 1: For UL split bearer, a PDCP PDU is only submitted to one RLC entity.

Considering the non-collocated assumption of DuCo, we believe similar behaviour can also be applied to DL split bearer, i.e. network only transmits a PDCP PDCU through MCG or SCG. 
Observation 2: For DL split bearer, a PDCP PDU is only submitted to one CG.

Early gap detection is important for UP latency, it allows UE to move the window and deliver the buffered data to upper layer quickly, i.e. not waiting until the expiry of reordering timer. Early gap detection can be achieved for legacy bearer, i.e. MCG bearer. Expect PDPC reestablishment, a) PDCP is expected to send PDU in ascending order to RLC and expects b) in-sequence delivery from RLC, therefore, whenever PDCP receives a PDCP PDU with SN gap, it can safely assume that the missing PDU is discarded at transmitting side. Therefore, PDCP gap can be detected and handled by the receiving side.
Observation 3: Early PDCP gap detection is achievable for legacy bearer.

Please note that observation 3 is applicable to bother UL and DL bearer.

Based on the latest draft CR, fast PDCP gap detection can be extended to UL split bearer as well. PDCP receiving side maintains two variables to indicate the latest PDCP PDU SN received from MCG and SCG. If both variables indicate SNs higher than the missing PDU SN, the receiving side can safely assume the PDCP PDU is discarded by the transmitting side. 
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1) PDCP gap detected (#4) after both #6 (MCG) and #5 (SCG) arrived

2) Deliver up to SN=7 to upper layer 
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Fig. 1

Observation 4: Fast PDCP gap detection is achievable for UL split bearer.

Based on observation 2, it is also possible to enable fast PDCP gap detection for DL split bearer. However, since observation 2 is not captured anywhere in our spec due to it is network behaviour, it is difficult for UE to make such assumption.
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1) PDCP gap detected (#4) after both #6 (MCG) and #5 (SCG) arrived

2) Deliver up to SN=7 to upper layer 


Fig. 2

Observation 5: With observation 2, fast PDCP gap detection is also achievable for DL split bearer. However, observation is not captured in spec.

3 Conclusion
Observation 1: For UL split bearer, a PDCP PDU is only submitted to one RLC entity.

Observation 2: For DL split bearer, a PDCP PDU is only submitted to one CG.

Observation 3: Early PDCP gap detection is achievable for legacy bearer.

Observation 4: Fast PDCP gap detection is achievable for UL split bearer.

Observation 5: With observation 2, fast PDCP gap detection is also achievable for DL split bearer. However, observation is not captured in spec.

Based on above observations, we propose the following:

Proposal:
Add Observation 2 as a note to 36.323 Section 5.4 or 36.300 Section 6.5.

NOTE:
For DL split bearers, a PDCP PDU is delivered to either MCG or SCG.
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