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1	Introduction
In RAN2#98 meeting, the following agreements have been achieved:  

Agreements for duplication in CA case1	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

In RAN2 NR AdHoc#2 meeting, the following agreements have been achieved:

Agreements:
1:	MAC CE enables per DRB control of activation/deactivation of packet duplication for DRBs with packet duplication configured by RRC.

Agreements:
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.

In RAN2#99 meeting, the following agreements have been achieved:

Agreements

1. For DC, when DRB duplication is deactivated via MAC CE, the UE falls back to the split bearer operation.  Once de-activated we rely on split bearer operation and configuration. 
2.	1 byte bitmap could be used as duplication activation/deactivation MAC CE.
3. 	The mapping between DRB and the MAC bitmap is based on order of DRB ID(s) of the duplicate configured DRB(s). 

This paper discusses some further aspects on the PDCP duplication. 
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Issue 1: Which PDCP PDU should be duplicated after duplication is activated? 
When duplication is activated, the second RLC leg configured by RRC for the bearer should be waked up and PDCP entity should start to duplicate its PDCP PDUs and deliver them to it. One open issue here is that how to deal with the PDCP PDUs in the RLC transmission buffer that have been delivered to RLC but still not transmitted, and also the PDCP PDUs in the RLC retransmission buffer that have been transmitted but not acknowledged by the peer RLC entity for AMD RLC. Since those PDCP PDUs have been processed by the PDCP entity, and also the primary RLC entity has already start its processing for them, it is not reasonable to let PDCP process them a second time. Also, it might make the system too complex to recover those PDCP PDUs at PDCP entity. Although it might help for providing a more reliable transmission, the improved reliability from the extra duplication of PDCP PDU delivered to RLC entity is negligible. As a result, it is proposed that only the PDCP PDU not delivered to RLC before should be duplicated after duplication is activated. For the special case of PDCP recovery, the recovered PDCP PDU should be treated as new PDCP PDUs.  
Proposal 1:  Only the PDCP PDUs not delivered to RLC before should be duplicated after duplication is activated. 

Issue 2: When should PDCP PDU and its duplicate be submitted to the corresponding RLC entities? 
In the updated draft version of TS 38.323, definition of PDCP data volume has been described as " PDCP data volume: the amount of data available for transmission in the transmitting PDCP entity." Therefore, there's only one PDCP data volume in each PDCP entity. When duplication is configured for a radio bearer, it has been agreed that the "duplicated PDCP PDUs are submitted to two different RLC entities " and " RLC SNs of the two duplicate legs should be independently assigned ". If PDCP PDU and its duplicate are submitted to the two RLC entities simultaneously, there's no problem for PDCP entity of the duplication bearer maintaining only one PDCP data volume. However, if PDCP PDU and its duplicate are submitted to the two RLC entities separately, i.e. a PDCP PDU may be submitted to a RLC entity while its duplicate may not be submitted to the other RLC at the same time, in which case the PDCP entity of the duplication bearer has to maintain two separate data volume values for each RLC leg. This obviously contradicts with the current definition of PDCP data volume. Moreover, in order to maintain the next submitted PDCP PDU for each RLC entity, the separate PDCP PDU submission will request PDCP entity to record the last submitted PDCP PDU for each RLC entity independently, which will introduce different behaviour in PDCP for duplication and non-duplication case and increase the complexity of PDCP protocol. 
Therefore, in order to save the complexity, it is proposed that, for the duplication bearer, the PDCP PDU and its duplicate should be submitted to the corresponding RLC entities simultaneously and only one PDCP data volume should be maintained for each transmitting PDCP entity. 
When the throughput on one RLC leg is considerable different from the other one, submitting the PDCP PDU to two RLC entities simultaneously may cause buffer issues in the slow leg. In this case, the PDCP should send discard indication to the slow leg to discard the PDUs which has already been acknowledged in the fast leg. Hence, it would not cause any problem to submit the PDCP PDUs to the slow leg very fast. 
Proposal 2: For the duplication bearer, PDCP PDU and its duplicate should be submitted to the corresponding RLC entities simultaneously and only one PDCP data volume should be maintained per transmitting PDCP entity. 

Issue 3: What is the relation between deactivation/activation of duplication and SCell deactivation/activation?
In CA case, it has been agreed that "RRC configured mapping of the 2 duplicate LCHs to different carriers will be supported" and "duplication on a single carrier will not be supported". Hence, PDCP data duplication requires that at least one of SCells for which data duplication was configured are activated. Otherwise, duplication transmission would actually be stopped due to the deactivation of the SCells. However, when one of duplicate LCHs are mapped to multiple carriers (or SCells), the deactivation of one of the SCells should not affect the duplication operation at all, and the deactivation/activation of duplication operation and Scell deactivation/activation should be decoupled. 
In addition, considering the timing of SCell activation/deactivation and duplication activation/deactivation are controlled by the NW, we think it is quite enough to rely on the NW’s implementation. For example, for the activation of duplication operation, the NW need to ensure that there is at least one active SCell for each active duplication leg. And, for the deactivation of SCell, the gNB should ensure the duplication operation should be deactivated first if the cell to be deactivate is the last cell of one duplication leg. 
Based on the views above, we give our proposal 2 as: 
Proposal 3: The deactivation/activation of duplication operation and SCell deactivation/activation should be decoupled. And it is up to NW’s implementation to ensure that there is at least one active SCell for each active duplication leg.   
3	Conclusion
In this contribution, the following proposals are concluded for PDCP duplication:
Proposal 1:  Only the PDCP PDUs not delivered to RLC before should be duplicated after duplication is activated. 
Proposal 2: For the duplication bearer, PDCP PDU and its duplicate should be submitted to the corresponding RLC entities simultaneously and only one PDCP data volume should be maintained per transmitting PDCP entity. 
Proposal 3: The deactivation/activation of duplication operation and SCell deactivation/activation should be decoupled. And it is up to NW’s implementation to ensure that there is at least one active SCell for each active duplication leg.  
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