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Introduction

During the latest RAN3#99 meeting, the below agreements for DL duplication (de)activation have been achieved, but the assistance information provided by DU is still FFS.

DU provides assistance info to CU for DL PDCP duplication act/deact decision; assistance information definition is FFS. 

CU takes the decision based on information available at CU”.

Info at CU:

- measurements from DU

- radio quality indication from DU?

- act/deact indication from DU?

In this paper, we discuss which assistance information for DL duplication (de)activation shall be used over F1. 

Discussion
From the RAN2 views, any optimization on the DL duplication is left to the NW implementation, and when and how to active or deactive DL PDCP duplication is also based on the NW’s decision. Until now, RAN2 has not defined any special UE measurements configuration/events for duplication activation/deactivation purpose. So, DL PDCP duplication (de)activation based on the RRC level measurement report from UE side can not be supported by RAN2. However, in CU/DU option2 high split architecture, the PDCP layer locates at CU, and the RLC/MAC/PHY locates at DU, therefore the DU can know the channel quality (e.g. based on CQI feedback, UL measurements, HARQ ACK/NACK ratios, RLC status reports) accurately. Hence, it is reasonable that the decision on DL PDCP duplication (de)activation should be based on the channel quality detected by the DU. 

Proposal 1:  PDCP duplication activation/deactivation based on the RRC level measurement report from UE side can not be supported by RAN2. The decision on DL PDCP duplication activation/deactivation should be based on the channel quality detected by the DU.

In generally, it is feasible to inform the CU to make the final DL duplication (de)activation decision through the measurement report from the DU or the  duplication indication from the DU, but we need to note that in the intra-DU CA duplication case, the DU can know channel quality of all the legs, and the DU can directly send the activation/deactivation indication to the CU, in this case, specific measurements from the DU side is unnecessary or redundant.  On the other hand, If we adopt the solution of transmission specific measurement report from the DU to (de)active DL duplication,  then it is better to  introduce a general L2/L1 measurement control/report procedure over the F1 interface. Otherwise, it is not necessary to transmit such measurement report  over the F1 interface just only for duplication activation/deactivation purpose.

Proposal 2:  Both solutions “- measurements from DU” or “act/deact indication from DU” can be used for DL duplication activation/deactivation. For “- measurements from DU”  solution, it is better to introduce a general measurement control/report procedure over the F1 interface.
In the centralized retransmission mechanism, the outage indication also depends on the channel quality. In order to reduce the complexity of the F1 interface and improve the flexibility of DU implementation, RAN3 has agreed it is up to the DU’s implementation to  report the outage indication to the CU instead of transmitting some assistance outage measurement to the CU. According to the same principle, the way that the DU directly provides the duplication activation/deactivation indication to the CU seems more direct and simple.
Proposal 3: In order to reduce the complexity of the F1 interface and improve the flexibility of DU implementation, the way as  “act/deact indication from DU” seems more direct and simple.
According to the TS38.323, when the PDCP duplication is configured, the primary path is explicitly configured as well. It means PDCP PDUs are always transmitted on the primary path with or without PDCP duplication activation. Therefore, there is no need for the coordination between the DUs to activate or deactive DL duplication. If the quality of the primary leg deteriorates, duplication needs to be activated and duplicated data sent on the both legs; if the primary leg is of good quality, the duplication can be deactived and the transmission of duplicated data on the other leg can be stopped. From the above description, the CU can take decision based on the duplication indication from the primary leg. Furthermore, RAN2 agreed that PDCP duplication is configurable per DRB/SRB, For UL duplication, activation/deactivation MAC CE contains a bitmap corresponding to DRBs configured with duplication. so, the granularity of duplication indication over F1 is also based on RB level. 

Proposal 4: The granularity of duplication indication over F1 is based on RB level, the CU can make decision based on the duplication indication from the primary leg.
To transmit activation/deactivation indication, it is obvious that higher reliability based on F1-C transmission. It should also be considered that F1-C based solution will take more time compared to F1-U based solution. To achieve the requirement of fast dynamic duplication activation/deactivation, Transmission over F1-U is  more appropriate,  But F1-U method can only be applied for DRB duplication, SRB should use F1-C method. Furthermore, From the point of UE side, It has been agreed by RAN2 that “If SRB is configured to use duplication, the state is always active”. However, in the network side, whether the downlink SRB PDCP duplication is activated/deactived is decided by the network. In order to use a unified transmission method for SRB and DRB, F1-C method can be adopted, and the UE CONTEXT MODIFICATION REQUIRED F1AP message can be used to carry such DL duplication indication.

Proposal 5:  In order to use a unified transmission method for SRB and DRB, F1-C solution can be adopted, and the UE CONTEXT MODIFICATION REQUIRED F1AP message can be used to transmit the duplication  activation/deactivation indication from DU to CU.

During the RAN2 NR-AH#2 meeting, the following agreements are achieved for CA duplication:

Agreements

1:
CA packet duplication is not applied to LTE CA of EN-DC.

2: 
In the EN-DC and NG-EN-DC case, CA packet duplication can only be configured for SCG bearer. In the NE-DC case, CA packet duplication can only be configured for the MCG bearer.

3: 
In the NR-NR DC case, CA packet duplication can only be configured for non-split bearer.

So, the duplication activation/deactivation indication over F1 is also applicable for  NSA CA level duplication case. The corresponding stage2 CR for TS38.401 and stage3 CR for TS38.473 are provided in [1][2].

Proposal 6:  RAN3 is kindly asked to approve the corresponding CRs for TS38.401 and TS38.473 provided in [1][2].
Conclusion
The following  proposals are proposed to be approved:

Proposal 1:  PDCP duplication activation/deactivation based on the RRC level measurement report from UE side can not be supported by RAN2. The decision on DL PDCP duplication activation/deactivation should be based on the channel quality detected by the DU.

Proposal 2:  Both solutions “- measurements from DU” or “act/deact indication from DU” can be used for DL duplication activation/deactivation. For “- measurements from DU”  solution, it is better to introduce a general measurement control/report procedure over the F1 interface.
Proposal 3: In order to reduce the complexity of the F1 interface and improve the flexibility of DU implementation, the way as  “act/deact indication from DU” seems more direct and simple.

Proposal 4: The granularity of duplication indication over F1 is based on RB level, the CU can make decision based on the duplication indication from the primary leg.
Proposal 5:  In order to use a unified transmission method for SRB and DRB, F1-C solution can be adopted, and the UE CONTEXT MODIFICATION REQUIRED F1AP message can be used to transmit the duplication  activation/deactivation indication from DU to CU.

Proposal 6:  RAN3 is kindly asked to approve the corresponding CRs for TS38.401 and TS38.473 provided in [1][2].
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