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1.	Introduction
In the past meetings, RAN2 made many agreements on PDCP packet duplication.
	NR AH (Jan. 2017)
· Packet duplication is supported for user plane and control plane in NR-PDCP (This agreement does not preclude discussion of other mechanisms to improve mobility robustness)
RAN2#97 (Athens, Feb. 2017)
· For DL and UL, duplication solution for CA case uses PDCP duplication to more than 1 logical channel so that the duplicated PDCP PDUs are sent over different carriers.
RAN2#97bis (Spokane, Mar. 2017)
· Duplicate detection and discard functionalities for SRBs should be introduced in LTE PDCP to support duplication via split SRB in LTE-NR tight interworking scenarios where LTE is the MN.
· RRC configures PDCP for duplication and the radio protocols of the UE with separate RLC entities and logical channels to handle duplicates (referred to as “legs”)
· only one additional leg is configured for PDCP duplicates.



For the configurability of PDCP packet duplication, a separate e-mail discussion is triggered in [97bis#13].
This document discusses remaining issues on packet duplication other than configurability.

2.	Remaining issues in PDCP packet duplication
SDU duplication vs. PDU duplication
The first issue is what should be duplicated in PDCP. The candidates are PDCP SDU and PDCP PDU.
If the duplication is performed for PDCP SDU, we think following defects are foreseen:
· Header compression, ciphering, or integrity protection are performed twice for the same PDCP SDU.
· Same PDCP SDU is considered twice in data volume calculation.
Therefore, we think the duplication should be performed for PDCP PDU. The PDCP entity duplicates a PDCP PDU when submitting it to lower layers.
Proposal1: The PDCP entity duplicates a PDCP PDU when submitting it to lower layers.

Duplication with path restriction data split threshold
In LTE, there was a restriction in UL data transmission path, i.e. ul-DataSplitDRB-ViaSCG. In addition, a threshold mechanism is used for data volume calculation and UL data transmission using ul-DataSplitThreshold. 
If duplication is enabled, however, those path restriction and split threshold are meaningless. The PDCP entity would always report the amount of PDCP SDUs to both MAC entities, and always transmit PDCP SDUs to both MAC entities. Therefore, path restriction and split threshold should be ignored when packet duplication is enabled.
Proposal2: The PDCP entity ignores UL path restriction and UL split threshold when packet duplication is enabled.

Retransmission with duplication
The PDCP entity performs retransmission in two cases; PDCP re-establishment and PDCP data recovery. In the PDCP re-establishment, PDCP SDUs are retransmitted, and, in the PDCP data recovery, PDCP PDUs are retransmitted. The SDUs or PDUs that are retransmitted are SDUs or PDUs whose successful delivery have not been confirmed by lower layers.
When the packet duplication is enabled, there are two lower layer entities configured for the PDCP entity. Then, it is possible that only one of them confirms the successful delivery while the other has not. In this case, it is obvious that the corresponding PDCP SDU or PDU is successfully delivered (at least for one leg), and thus retransmission of the PDCP SDU or PDU is not needed.
Proposal3: If packet duplication is enabled, the PDCP entity performs retransmission of PDCP SDU or PDU at PDCP re-establishment or PDCP data recovery only when successful delivery of the PDCP SDU or PDU has not been confirmed by any of the lower layer entities.

Duplication of PDCP Control PDU
It has not been discussed yet whether duplication is applicable for PDCP Control PDU or not. So far, only PDCP Data PDU is considered.
However, considering that the purpose of packet duplication is to increase the reliability of packet transmission, there is no reason not to apply the packet duplication to PDCP Control PDU. 
One issue that may be considered is that the receiving PDCP entity could receive PDCP Control PDU with duplication, and the receiving PDCP entity cannot detect the duplication of the PDCP Control PDU due to absence of PDCP SN. However, we think duplicate reception of PDCP Control PDU does not cause any problem to PDCP operation with following reasons:
· If same PDCP status report is received twice, the PDCP entity can identify that this is duplication as the FMS and BITMAP are same.
· If same ROHC feedback is received twice, the ROHC compressor can identify that this is duplication as all fields are same. Even if the ROHC compressor treats it as a new ROHC feedback, it increases the credibility of the ROHC context in the ROHC decompressor, and makes fast transition to more reliable operation mode. It does not cause any problem in ROHC operation.
Therefore, we think packet duplication can also be applied to PDCP Control PDU.
Proposal4: Packet duplication is also applied to PDCP Control PDUs.

[bookmark: _GoBack]3.	Proposals
In this document, we discusses remaining issues on PDCP packet duplication. We have following proposals:
Proposal1: The PDCP entity duplicates a PDCP PDU when submitting it to lower layers.
Proposal2: The PDCP entity ignores UL path restriction and UL split threshold when packet duplication is enabled.
Proposal3: If packet duplication is enabled, the PDCP entity performs retransmission of PDCP SDU or PDU at PDCP re-establishment or PDCP data recovery only when successful delivery of the PDCP SDU or PDU has not been confirmed by any of the lower layer entities.
Proposal4: Packet duplication is also applied to PDCP Control PDUs.
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