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Introduction
[bookmark: _Ref178064866]In the RAN2#99bis meetings, RAN2 made agreements on PDCP duplication.
	Agreements:
1. PDCP data duplication for LTE shall assume NR PDCP data duplication as baseline.
2. RAN2 works on PDCP data duplication for both CA and DC.
3. At least UM bearers are supported for PDCP duplication via CA.
4. PDCP enables reordering and duplication detection when PDCP duplication is configured.
5. MAC CE is used for activation and deactivation of PDCP duplication for each RB configured with duplication.
6. For CA case, LCP applies configured LCH to carriers/cells restriction for LCHs of a duplication RB and the restriction is lifted when duplication is deactivated as agreed in NR.
7. PDCP duplication is configured by RRC. The configuration also indicates whether the duplication is immediately started, which is the same as NR.
8. LCH to carriers/cells restriction is configured for CA duplication.



However, PDCP duplication for NR is not discussed much yet. Thus, there are some issues on PDCP duplication. In this contribution, we discuss the issues on PDCP duplication.

[bookmark: _Toc462951621][bookmark: _Toc462951630][bookmark: _Toc465023135][bookmark: _Toc465023136][bookmark: _Toc465346829]Remaining issues on PDCP 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 PDCP duplication is performed for PDCP SDU, we think following defects are foreseen:
· Ciphering is performed twice for the same PDCP SDU.
· Same PDCP SDU is considered twice in data available for transmission.
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 and data split threshold
The PDCP entity for split bearer performs the split operation using ul-DataSplitDRB-ViaSCG and ul-DataSplitThreshold. The ul-DataSplitDRB-ViaSCG is used for UL path restriction and the ul-DataSplitThreshold is used to report the data available for transmission to the MAC entities.
If PDCP duplication is enabled, however, those restriction is not needed. This is because PDCP duplication is designed to always submit same PDCP PDU via two legs. And PDCP reports the amount of PDCP SDUs to both MAC entities. 
Therefore, UL path restriction and UL split threshold should be ignored when PDCP duplication is enabled.
Proposal2: The PDCP entity ignores UL path restriction and UL split threshold when PDCP 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 PDCP 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 PDCP 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 whether duplication is applicable for PDCP Control PDU or not. Considering that the purpose of PDCP duplication is to increase the reliability of packet transmission, there is no reason not to apply PDCP duplication to PDCP Control PDU. 
The type of PDCP control PDU is PDCP status report, interspersed ROHC feedback packet and LWA status report. We think that interspersed ROHC feedback packet and LWA status report do not need to be considered for PDCP duplication of PDCP Control PDU. This is because ROHC is only used for non-split bearer and LWA status report is only used for LWA bearer. 
Therefore, RAN2 need to discuss whether the duplication of the PDCP status report is needed. Considering PDCP status report, one issue that may be considered is that the receiving PDCP entity could receive PDCP status report with duplication, and the receiving PDCP entity cannot detect the duplication of the PDCP status report due to absence of PDCP SN. However, we think duplicate reception of PDCP status report does not cause any problem to PDCP operation, since, even if same PDCP status report is received twice, the receiving PDCP entity can identify that this is duplication as the FMS and BITMAP are same.
Thus, we think PDCP duplication can be applied to PDCP status report.
Proposal 4: PDCP duplication can be applied to PDCP status report.

Submission of PDCP PDU
Regarding above agreement 1, we think that this agreement is ambiguous since NR PDCP and LTE PDCP have the different mechanism for the split bearer in UL. 
In case of the non-split bearer, there is no restriction for the pre-processing in LTE and NR. However, in LTE, the PDCP entity for the split bearer submits the PDCP PDUs only when requested by the MAC entity. On the other hand, in NR, the PDCP entity for split bearer submits the PDCP PDUs via two legs regardless of the request from the MAC entities since the pre-processing is allowed.
Thus, RAN2 should discuss when the PDCP PDU is submitted to the lower layer in case PDCP duplication is enabled. We think that there are two options. Option 1 is keeping the LTE mechanism. Option 2 is allowing the pre-processing as in NR.
In our view, option 2 is not needed as following reasons:
· The principle of the pre-processing is that the UE upon receiving an UL grant can immediately generate the MAC PDU in order to meet the timing of the transmission opportunity. However, in LTE, there is no requirement for reducing the processing time to meet the timing of the transmission opportunity.
· In LTE, the RLC entity processes the RLC PDUs only when requested by the lower layer. In other words, the RLC entity does not process the RLC PDUs before being requested by the lower layer, even if the PDCP entity submits the PDCP PDUs by performing pre-processing. Thus, the pre-processing in PDCP is meaningless.
· If the pre-processing is allowed for LTE, the PDCP entity should calculate the data available for transmission including the pre-processed PDCP PDU. However, in LTE, there is no mechanism to calculate the data available for transmission including pre-processing. Hence, it causes the complexity. 

Based on above discussion, option 2 has the huge impacts. And in our view, there is no impact to apply the option 1 for PDCP duplication in LTE. Thus, we prefer to go for option 1.
Proposal 5: The PDCP entity transmits duplicated PDCP PDU only when requested by lower layers, as in LTE.

[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]Conclusion
In this contribution, we have some views on PDCP duplication. And we propose 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 PDCP duplication is enabled.
Proposal3: If PDCP 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.
Proposal 4: PDCP duplication can be applied to PDCP status report.
Proposal 5: The PDCP entity transmits duplicated PDCP PDU only when requested by lower layers, as in LTE.

