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Introduction

In RAN2 #99, there is an agreement :

Agreement:

Priority in user plane session for addressing the stage 3 details:

1: UM for DRBs with CA and DC duplication; SRBs (AM) with DC duplication; 

2: SRBs (AM) with CA duplication

3: AM for DRBs with DC duplication

4: AM for DRBs with CA duplication

During last RAN3#98 meeting , the WF on duplication activation/deactivation was discuss in [1] ,and the following issues are proposed for discussion:

----------------------------------------------------------Quote[1]-------------------------------------------------------------

PDCP duplication activation/deactivation over F1 interface needs further investigation. 

It is FFS that for the intra-DU duplication (i.e. CA based duplication), the CU should activate/deactivate the duplication based on the activation/deactivation command received.

It is FFS that for the intra-CU inter DU duplication (i.e. DC based duplication), if the deactivation commands from both legs are received, the CU should deactivate the duplication operation. Otherwise, if the activation command is received on either leg, then the CU should active the duplication operation.

It is FFS whether the command should be carried on F1-C or F1-U.

It is FFS whether DU measurement report could be used instead of the activation/deactivation command.

In this paper , we give further analysis on these FFS issues of activation/deactivation and give our proposals accordingly.

Discussion
Packet duplication is supported for user plane and control plane in PDCP, but Packet duplication may not be always beneficial, and it should be deactivated when there’s no gain available. In the RAN2#98, there had agreements “ RAN2 will attempt to define at least one mechanism to start/stop PDCP duplication more quickly and with less signalling overhead compared to RRC reconfiguration”and “ 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”. The motivation to use the MAC CE would be that MAC knows well about the channel quality and more fast dynamic activation and deactivation can be done due to lower layer signalling . According to RAN2 agreement, Fast activation and deactivation of PDCP UL/DL duplication with less signaling overhead should be also supported in CU-DU split architecture.
Proposal 1: Fast activation and deactivation of PDCP UL/DL duplication should be supported in CU-DU split architecture. 

Fast dynamic activation/deactivation of PDCP duplication should be cope with the dynamic channel quality change in the two legs, considering some of the channel quality information are only available at network side, it is up to network to determine activation and deactivation of PDCP duplication. During the RAN3#97 meeting, it was agreed that "gNB-CU manages PDCP duplication ", but the meaning of “manages” is not quite clear. In the architecture of CU/DU split architecture, there is no conclusion whether the CU node decides to activate / deactivate PDCP duplication or whether the DU node makes the decision.

Since PDCP layer locates at CU, and RLC/MAC/PHY locates at DU, only the DU can know some channel quality (e.g., based on CQI feedback, UL measurements, HARQ ACK/NACK ratios, RLC status reports) accurately. Although for AM mode, CU can know the PDCP PDUs transmission status on different legs through flow control messages, but this feedback is not particularly timely and sufficient, that is why DU has the responsibility to report “outage” in centralized re-transmission mechanism. So, Whether CU or DU node determines activation/deactivation of PDCP AM/UM duplication, it is based on the channel quality detected by DU.

Proposal 2: Whether CU or DU node determines activation/deactivation of PDCP AM/UM duplication, it is based on the channel quality detected by DU.  

When the channel quality of the two legs are not good, activation of duplication can get performance improvement for reliability and low latency . But if one leg is of good quality and other leg is of bad quality, or both legs are of good quality, the duplication would not be so useful, and radio resource is wasted. The following table illustrates the duplication activation/deactivation criteria of different channel quality combination. 

	Leg1 Channel Quality
	Leg2 Channel Quality
	Duplication Needed?

	Good
	Good
	NO

	Good
	Bad
	NO

	Bad
	Good
	NO

	Bad
	Bad
	YES


Tab1: The duplication activation/deactivation criteria

Proposal 3: When the channel quality of the two legs are not good, the NW should activate duplication and deliver PDCP PDUs to both legs. In other cases, the NW should deactivate duplication. 

Intra-DU CA Based Duplication:

For intra-DU CA duplication, two legs with separated RLC entity locate at the same DU, DU can get the channel quality of both legs, and thus DU has the capability to determine whether to activate or deactivate PDCP duplication. Although DU can make decision on activation/deactivation ,there still are two options , one option is DU directly make the final decision , the other option is DU inform CU the channel quality of both legs and let CU make the decision. Consideration on achieve the requirement of fast dynamic activation/deactivation, it is obvious that DU shall directly make the decision on activation/deactivation by channel quality of both legs. 

After DU has made the decision on activation/deactivation, MAC CE should be sent to UE to request UE to activate/deactivate the duplication in the case of UL duplication , and DU also need to send F1 message (etc. Duplication Command) to request the CU to activate/deactivate duplication in the case of DL duplication. 

Proposal 4: For the intra-DU duplication (i.e. CA based duplication), DU makes the final decision on activation/deactivation by channel quality of both legs. One F1 message “Duplication Command” is introduced to request the CU to activate/deactivate duplication in the case of DL duplication.

Only when the channel quality of the two legs in the DU are not good, duplication is needed . The following table2 illustrates the content of “Duplication Command” under different channel quality combination of two legs. Since DU knows all legs quality, only one “Duplication Command” message will be received by CU.

	Leg1 Channel Quality

( In DU1)
	Leg2 Channel Quality

(In DU1)
	“Duplication

Command” Content

	Good
	Good
	deactivation

	Good
	Bad
	deactivation

	Bad
	Good
	deactivation

	Bad
	Bad
	activation


Tab2: The duplication command in the case of CA based duplication

Proposal 5: For the intra-DU duplication(i.e. CA based duplication), the CU should perform activation/deactivation duplication according to the received “Duplication Command”.

According to the above discussion, the signalling flow for CA based activation/deactivation is illustrated in the following fig1. 
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                 Fig1: The signalling flow for intra-DU based activation/deactivation 
Proposal 6: RAN3 is kindly asked to approve the above signalling flow for intra-DU CA based activation/deactivation procedure( be applied to both UL/DL duplication).

Inter-DU/Intra-CU Duplication:

For inter-DU intra-CU duplication, each leg locates at different DU, thus a single DU has no way to know the channel quality of the leg in another DU. As a result, each DU only can make decision on its own leg and inform CU the decision, then CU makes the final decision after collecting the information from both DUs.

Since only when the channel quality of the two legs in the DU are not good, duplication is needed .After DU has made the decision on activation/deactivation for its own one leg, for DL duplication, whenever the channel quality is good, the DU sends the deactivation command to CU. Otherwise, if the channel quality is not good, then the DU sends activation command to CU. 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.The following table3 illustrates the content of “Duplication Command” under different channel quality from two legs, and CU’s final decision based on the received “Duplication Command”.
	Leg1 channel Quality

(In DU1)
	Leg2 channel Quality

(In DU2)
	“Duplication

Command” sent

By DU1
	“Duplication

Command” sent

By DU2
	CU’s decision

	Good
	Good
	deactivation
	deactivation
	deactivation

	Good
	Bad
	deactivation
	activation
	deactivation

	Bad
	Good
	activation
	deactivation
	deactivation

	Bad
	Bad
	activation
	activation
	activation


Tab3: The duplication command in the case of inter-DU/intra-CU based duplication

Proposal 7: 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.

Consideration RAN2 achieved 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”, for UL duplication, after DU has made the decision on activation/deactivation for its own one leg, each DU shall send UE MAC CE to request UE to activate/deactivate the duplication, and UE makes final decision on activation/deactivation based on the received MAC CE from both DUs.

According to the above discussion, the signalling flow for inter-DU/intra-CU based activation/deactivation is illustrated in the following Fig2. 
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Fig2 The signalling flow for inter-DU/intra-CU based activation/deactivation

Proposal 8: RAN3 is kindly asked to approve the above signalling flow for inter-DU/intra-CU based activation/deactivation  procedure( be applied to both UL/DL duplication).

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 9: For DRB duplication , introducing duplication command over F1-U is preferred. 

Conclusion
According to the above analysis, the following proposals are provided.

Proposal 1: Fast activation and deactivation of PDCP UL/DL duplication should be supported in CU-DU split architecture. 

Proposal 2: Whether CU or DU node determines activation/deactivation of PDCP AM/UM duplication, it is based on the channel quality detected by DU. 

Proposal 3: When the channel quality of the two legs are not good, the NW should activate duplication and deliver PDCP PDUs to both legs. In other cases, the NW should deactivate duplication. 

Proposal 4: For the intra-DU duplication (i.e. CA based duplication), DU makes the final decision on activation/deactivation by channel quality of both legs. One F1 message “Duplication Command” is introduced to request the CU to activate/deactivate duplication in the case of DL duplication.

Proposal 5: For the intra-DU duplication(i.e. CA based duplication), the CU should perform activation/deactivation duplication according to the received “Duplication Command”.

Proposal 6: RAN3 is kindly asked to approve the above signalling flow for intra-DU CA based activation/deactivation  procedure( be applied to both UL/DL duplication).

Proposal 7: 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.

Proposal 8: RAN3 is kindly asked to approve the above signalling flow for inter-DU/intra-CU based activation/deactivation procedure( be applied to both UL/DL duplication).

Proposal 9: For DRB duplication , introducing duplication command over F1-U is preferred. 
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