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1	Introduction
In RAN2 #AH-1801 meeting, the following agreements have been achieved:

Agreements:
1. Upon packet duplication activation, only PDCP SDUs/PDUs not submitted to lower layers are duplicated.  
2. Baseline is that packed duplication is support for data PDUs
3. For packet duplication, when to submit PDCP PDUs to lower layers is up to UE implementation.  FFS on UE behaviour when duplication is deactivated and what PDCP data volume is used.  
4. After packet duplication is activated, for DC duplication, PDCP data volume is indicated to both the MAC entity associated with the primary RLC entity and the MAC entity associated with the secondary RLC entity
5. After packet duplication is activated, for CA duplication, PDCP data volume is included in both the LCG associated with the primary RLC entity and the LCG associated with the secondary RLC entity.  
6. Packet duplication does not impact RLC data volume
7. The UE shall discard packets that have been acknowledged by RLC in the other RLC leg.   PDCP should indicate to the other associated RLC entity to discard the corresponding PDCP PDU.  RLC procedures and PDCP discard procedures are not impacted by this agreement.
8. The deactivated RLC entity is not re-established 
9. For CA and DC upon deactivation of PDCP data duplication, the UE transmitting PDCP entity should indicate to lower layers to discard all PDCP PDUs provided for duplicate transmission to the secondary RLC entity  
10. When configuring duplication, RRC can also set the initial state (active or inactive) for DRBs.
11. If SRB is configured to use duplication, the state is always active
12. FFS Duplication is supported for SRBs for CA 

This paper discusses some further aspects on PDCP duplication.
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Issue 1: When should PDCP PDU and its duplicate be submitted to the corresponding RLC entities? 
In RAN2 #AH-1801 meeting, it has been agreed that “For packet duplication, when to submit PDCP PDUs to lower layers is up to UE implementation.  FFS on UE behaviour when duplication is deactivated and what PDCP data volume is used.” Although when to submit PDCP PDUs to lower layer could be up to UE implementation, it is still FFS whether the PDCP PDU and its duplicate should be submitted to the corresponding RLC entities simultaneously.  
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.
Observation 1: If PDCP PDU and its duplicate is submitted simultaneously to the two RLC legs of a duplication bearer, PDCP entity needs only maintain one PDCP data volume which is consistent with its definition in TS 38.323. 
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, the PDCP entity of the duplication bearer has to maintain two separate data volume values for each RLC leg. In this case, the original definition for “PDCP data volume”  in TS 38.323 has to be further clarified. For example, it could be change to "PDCP data volume: the amount of data available for transmission in the transmitting PDCP entity corresponding to one RLC leg." 
Observation 2: If PDCP PDU and its duplicate is submitted separately to the two RLC legs of a duplication bearer, PDCP entity needs maintain two PDCP data volumes, and the original definition for “PDCP data volume”  in TS 38.323 has to be further clarified. 
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 leading to lots of change to original PDCP specifications. It also increases the complexity of PDCP protocol. 
Observation 3: Separate PDCP PDU submission will introduce different behaviour in PDCP for duplication and non-duplication bearer, leading to lots of change and more complexity to original PDCP specifications.    
When the throughput on one RLC leg is considerably different from the other one, submitting the PDCP PDU to two RLC entities simultaneously seems require a bigger buffer in the slow leg. However, since the PDCP PDU acknowledged in the fast leg would be discarded in the slow leg, the difference between the buffered data amounts in the two RLC legs is quite small. In addition, buffer of PDCP entity and RLC entity for a same bearer is generally shared in the implementation. Even though separate submission could limit the amount of buffered RLC data, it only holds the PDCP PDU in the PDCP buffer for the slow leg and PDCP buffer need to be large enough in the same consideration, at least for the case UM RLC is used.  
Observation 4: Simultaneous submission would not cause any RLC buffer issue due to that the PDCP PDU acknowledged in the fast leg would be discarded in the slow leg.  
Observation 5: Holding the PDCP PDU in the PDCP buffer for the slow leg in the separate submission method would enlarge the required buffer size in PDCP. 
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. 
 
Proposal 1: 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 2: 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 2: 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, some considerations on when should PDCP PDU and its duplicate be submitted to the RLC entities are given with the following observations:
Observation 1: If PDCP PDU and its duplicate is submitted simultaneously to the two RLC legs of a duplication bearer, PDCP entity needs only maintain one PDCP data volume which is consistent with its definition in TS 38.323. 
Observation 2: If PDCP PDU and its duplicate is submitted separately to the two RLC legs of a duplication bearer, PDCP entity needs maintain two PDCP data volumes, and the original definition for “PDCP data volume”  in TS 38.323 has to be further clarified. 
Observation 3: Separate PDCP PDU submission will introduce different behaviour in PDCP for duplication and non-duplication bearer, leading to lots of change and more complexity to original PDCP specifications.    
Observation 4: Simultaneous submission would not cause any RLC buffer issue due to that the PDCP PDU acknowledged in the fast leg would be discarded in the slow leg.  
Observation 5: Holding the PDCP PDU in the PDCP buffer for the slow leg in the separate submission method would enlarge the required buffer size in PDCP. 

Based on above observations, the following proposals are concluded:
Proposal 1: 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 for each transmitting PDCP entity. 
Proposal 2: 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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