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Introduction

During the latest RAN3 ADHOC meeting, there have been some discussion on how to support fast activation and deactivation of PDCP duplication in CU-DU split architecture[1] [2] [3]. For UL duplication, it was agreed that “Decision to activate/deactivate UL PDCP duplication is taken in the DU”[4].  But for DL duplication, there is no conclusion but two possible solutions are discussed as below [4]:

DL Potential solutions:

DU signals the required info to CU (duplication activation/deactivation command) to CU, and CU takes decision and takes action 
2) CU takes the decision and takes action based on RRC measurements from UEs

In this paper, we give further analysis on activation/deactivation of DL PDCP duplication and provide the proposals accordingly. 

Discussion
Solution 1 has been discussed in [1] , and it is proposed that “for the intra-CU inter DU duplication (i.e. DC based duplication), if the activation commands from both legs are received in some period, then the CU should perform duplication activation  Otherwise, if the deactivation command is received on either leg, then the CU should perform duplication deactivation operation.  But in the latest RAN3 meeting, there has concern that some complex coordination between DUs is needed in solution1. 

From our point of view, when the gNB is keeping in the DL duplication activated state, it means that the channel quality of the both two legs are poor. If the channel quality of any one leg becomes better than the configured threshold, the deactivation command can be triggered in DU and reported to the CU. Once the CU receives the deactivation command from any leg, CU shall stop duplication. So there is no need for coordination between DUs to deactivate DL duplication.

Observation 1: there is no need for coordination between DUs to deactivate DL duplication.

Only when the CU realizes the channel quality of the both two legs are poor, duplication activation is needed. If the gNB is working without PDCP duplication activation, it means the data is sent via only one leg. When it is under poor channel quality, DU can trigger an activation command to the CU. Because if there is only one activation command received by CU, CU can not make the final decision. In this case, there is some simple ways to solve, for example , once CU receives an activation command for one DU, CU can poll another DU and get the status of another DU, or  both DUs can periodically send the required info to CU, rather than using event triggered mechanism.

However, according to the TS38.323 as below, when the PDCP duplication is configured, the primary path is explicitly configured as well. That is to say, PDCP PDUs are always transmitted on the primary path with or without PDCP duplication activation. 

----------------------------------- From TS38.323-------------------------------------
5.2.1
Transmit operation
...
-
else, if the transmitting PDCP entity is associated with two RLC entities:

-
if pdcpDuplication is configured and activated:
-
duplicate the PDCP Data PDU and submit the PDCP Data PDU to both associated RLC entities.

-
else, if pdcpDuplication is configured but not activated:
-
submit the PDCP Data PDU to the primary RLC entity.

-
else:

--------------------------------------------------------------------------------------------------------
Considering the primary leg will be configured for duplication, there is no need for the coordination between the DUs to activate or deactive DL duplication. The reason is that the data needs to be always transmitted via primary leg, and if the channel quality of primary leg deteriorates, it shall report the activation command to the CU, the CU must activate duplication and transmit data on both legs. So, in this case, CU only needs the duplication request from the primary leg to make the activation decision.

Observation 2: Considering the primary leg will be configured for duplication, there is no need for coordination between DUs to (de)activate  DL duplication.

From the above observations, we give the following proposal.

Proposal 1 :  RAN3 is kindly to select the solution1, that is DU signals the duplication activation/deactivation command to CU, and CU takes decision based on the duplication command from the primary leg.
In solution2, CU takes the decision and takes action based on RRC measurements from UEs. For the downlink, duplication of data occurs at the NW, any optimization on the DL duplication shall left to the NW implementation. Until now, RAN2 only agreed that PDCP PDUs can be duplicated. From our understanding, RAN2 will not define any special UE measurements configuration/events for the PDCP duplication (de)activation purpose. 

For URLLC services, duplication via two or more legs might be needed to ensure low latency and high reliability. If the activation of duplication is based on UE measurement, extra delay will be introduced, therefore fast PDCP duplication activation or deactivation should be considered .

Proposal 2 : PDCP (de)activation solution based on UE measurement can not be supported by RAN2.

Considering the transmission of “Duplication Command” message, there are two options：

Option1: Duplication command over F1-C

Option2: Duplication command over F1-U

It should also be considered that F1-C based solution will take more time compared to F1-U based solution. Especially considering the case of CP / UP separation, much more time is needed when user plane entities and control plane entities are deployed far away. To achieve the requirement of fast dynamic duplication activation/deactivation, we propose to transmit “Duplication Command” over F1-U.  

Proposal 3: For DRB duplication, introducing the duplication command over F1-U is preferred. 

Proposal 4:  RAN3 is kindly asked to approve the corresponding CR for TS38.401, TS38.425 provided in [5][6].

Conclusion
The following observations and proposals are provided:

Observation 1: there is no need for coordination between DUs to deactivate DL duplication.

Observation 2: Considering the primary leg will be configured for duplication, there is no need for coordination between DUs to (de)activate  DL duplication.

Proposal 1 :  RAN3 is kindly to select the solution1, that is DU signals the duplication activation/deactivation command to CU, and CU takes decision based on the duplication command from the primary leg.
Proposal 2 : PDCP (de)activation solution based on UE measurement can not be supported by RAN2.

Proposal 3: For DRB duplication, introducing the duplication command over F1-U is preferred. 

Proposal 4:  RAN3 is kindly asked to approve the corresponding CR for TS38.401, TS38.425 provided in [5][6].
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