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1 Introduction

During RAN2#98, RAN2 has made the following stage-2 agreements on PDCP duplication:
Agreement

=>
MAC CE approach will be used for control of UL duplication. Optimisations to reliability of the MAC CE will not be introduced for this mechanism. No optimisations or additional interactions between network nodes are introduced for this mechanism.
Agreements for duplication in CA case

1
Duplication on a single carrier will not be supported

2
RRC configured mapping of the 2 duplicate LCHs to different carriers will be supported (One carrier cannot have both of the duplicate LCHs mapped to it)

3
Duplicated PDCP PDUs are submitted to two different RLC entities

During RAN2 AH NR#2, RAN2 has made the further stage-3 agreements as follows:
1. Logical channel prioritization takes into account the all the restrictions configured for the logical channels. 

2. The LTE BSR and SR trigger mechanism can be used for the packet duplication transmission.  no enhancements are needed.
3.  For activation/deactivation MAC CE contains a bitmap corresponding to DRBs configured with duplication.  

4.   Which logical channel is used for duplication leg is based on RRC configuration for CA and DC.  

FFS if fall back to split bearer is supported for DC . 

Based on the agreements, now we can start the discussion on PDCP operation for duplication in detail. This contribution would like to make a progress on this.
2 Discussion
2.1 Procedure upon Activation
The first issue is about procedure after duplication is activated. Only thing clear is that UE should start to duplicate the packets and send to both logical channels. Then, we need to decide which packets are duplicated after activation. We can classify packets into three types as follows:

1) Packet buffered at PDCP and not submitted to lower layer: This is either a pure PDCP SDU or pre-processed PDCP PDU. We do not see any issues or additional function to support duplication. Thus, the packets can be duplicated after activation.
2) Packet buffered at RLC but not acknowledged yet: This is not acknowledged yet and buffered for retransmission. In order to duplicate the packets, RLC entity should report the information (e.g. PDCP SN) to PDCP entity. This means that mapping table between PDCP SN and RLC SN is required. In our view, duplication of this type should give additional complexity and cross-layer interactions.
3) Packet buffered at RLC but not delivered to lower layer (i.e. MAC): This is a pre-processed RLC PDU. In order to duplicate the packets, RLC entity should report the information (e.g. PDCP SN) to PDCP entity. This means that mapping table between PDCP SN and RLC SN is required. In our view, duplication of this type should give additional complexity and cross-layer interactions, as similar to the previous type.
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 Figure 1. Classification of packets at activation of duplication
Figure 1 also shows the three types of packets. By considering complexity, duplication of only the first type seems simple and reasonable. For the second and third types, not only implementation seems complicated but also packet processing is already started at transmitter side.
Proposal 1. After activation of PDCP duplication, TX PDCP entity performs duplication for packets which are not submitted to lower layer (i.e. RLC). 
2.2 Procedure upon Deactivation
The second issue is about procedure after duplication is deactivated. RAN2 already agreed to reuse the split bearer structure that one radio bearer has two independent logical channels. In LTE, split bearer is configured by two parameters (i.e. ul-DataSplitDRB-ViaSCG and ul-DataSplitThreshold). These can guide the uplink path selection to UE. In NR, threshold-based approach for split bearer was agreed during the RAN2 meeting. For deactivated radio bearer, it is natural to go back to the normal split bearer operation which is already defined. 
If it is agreed, then we can discuss whether any RLC entity is reset or continues the ongoing transmissions, as the next step. However, it should be based on agreed operation and evaluation of the benefit. So, we leave it as an FFS.
Proposal 2. After deactivation of PDCP duplication, it goes back to normal split bearer operation. FFS is whether RLC entity is reset or not.
3 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposals:

Proposal 1. After activation of PDCP duplication, TX PDCP entity performs duplication for packets which are not submitted to lower layer (i.e. RLC). 
Proposal 2. After deactivation of PDCP duplication, it goes back to normal split bearer operation. FFS is whether RLC entity is reset or not.
