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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]This contribution proposes a procedure for activating and deactivating packet duplication Based on the analysis provided in contribution R2-1700172, packet duplication provides a gain in the resource utilization under well defined criteria. The criteria are used to trigger signalling for activating/deactivating packet duplication as required. The signalling for the activation/deactivation is performed through RRC. The same signalling is used for both DC/MC and CA architectures.
Discussion
[bookmark: _Toc423019661][bookmark: _Toc423019946][bookmark: _Toc423020275][bookmark: _Toc423020292][bookmark: _Toc423020300]In RAN2 AH, the following was agreed:
Agreements:
1:  Packet duplication is supported for user plane and control plane in NR-PDCP (This agreement does not preclude discussion of other mechanisms to improve mobility robustness)
FFS whether packet duplication should also be supported for LTE-NR dual connectivity
2  The PDCP function in the transmitter supports packet duplication and the PDCP function in the receiver supports duplicate packet removal.

In RAN2#97, the following was agreed:
Agreement :
-	For DL and UL, duplication solution for CA case uses PDCP duplication to more than 1 logical channel so that the duplicated PDCP PDUs are sent over different carriers.
FFS whether this is a single or two MAC entities

The analysis provided in [1] illustrates that the greatest improvement in resource utilization using packet duplication occurs when the SNR is low and the difference in SNR between the duplicate links is small.  
Signalling for packet duplication
The criteria for activating and deactivating packet duplication depend on the DL and UL channel conditions as well as on the loading in the different cells/carriers. In both DC/MC and CA architectures, the MgNB (PCell) makes the decision on whether or not to activate packet duplication for the UE. 
Once packet duplication is activated, the MgNB can dynamically decide how many links (cells) are used for both DL and UL transmission to satisfy the required reliability. The UE may receive one or more DL assignments or UL grants for the transmission of a packet. 
The number of links that are used for UL and DL may be different. This is because the loading in the UL can DL can be significantly different. 
The network may also provide the UE with criteria to determine when to use packet duplication, while the UE is configured for packet duplication. This allows the UE to decide when to use packet duplication. 
The signalling flow for activating packet duplication is illustrated in the following figure.


Figure 1: Signaling flow for activating packet duplication.
In the above procedure, new cells/carriers can be added for the UE based on the UE’s measurement reports. The serving MgNB can use link selection to determine the best cell/carrier to send the packets. If the criteria for activating packet duplication (PD) are satisfied then the serving MgNB sends an RRC connection Reconfiguration message to active the PD mode. Once the UE sends the RRC Reconfiguration Complete message, the packet duplication mode is activated. This means the UE can receive multiple DL assignment messages and multiple UL grants for the same packet. 
The signalling flow for deactivating packet duplication is illustrated in the following figure.


Figure 2: Signaling flow for deactivating packet duplication.
In the above procedure, if the UE is in PD mode, the serving MgNB evaluates the criteria for deactivating PD based on the UE’s channel measurements and on the loading in the cells/carriers. If the PD criteria are satisfied, the MgNB sends an RRC Connection Reconfiguration to deactivate the PD mode. Once the UE sends the RRC Reconfiguration Complete message, the PD mode is disabled and the serving MgNB uses link selection to transmit the packets.
In some scenarios, the MgNB can provide the UE with criteria to activate/deactivate packet duplication. The UE evaluates the criteria to determine when to use packet duplication. This procedure is illustrated in the following figure. 


Figure 3: Signaling flow for activating and deactivating packet duplication based on criteria sent to the UE through RRC signaling. 
In the above procedure, the MgNB sends an RRC Connection Reconfiguration message to configure the UE with the PD activation criteria. In this case, the UE is also configured with resources that can be used for packet duplication (e.g. grant free resources on multiple cells/carriers). 
Proposal 1:  The same signalling for activating/deactivating packet duplication can be applied in both DC/MC and CA architectures.
Proposal 2:  RRC signalling is used to configure the packet duplication mode for the UE. 
Proposal 3:  The criteria for activating and deactivating packet duplication depend on the DL and UL channel conditions as well as loading in the cell. 
Proposal 4:  The decision to use packet duplication for UL and DL is determined independently.
Proposal 5:  The decision to use packet duplication, while the UE is in packet duplication mode, can be made by the network. In other words, even if the UE is in packet duplication mode, the network can override the decision.
Proposal 6:  The network may provide the UE with criteria to determine when to activate/deactivate packet duplication. The UE uses the criteria to make the decision on when to use packet duplication.
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]Conclusion
Based on the above discussion, we propose the following:
Proposal 1:  The same signalling for activating/deactivating packet duplication can be applied in both DC/MC and CA architectures.
Proposal 2:  RRC signalling is used to configure the packet duplication mode for the UE. 
Proposal 3:  The criteria for activating and deactivating packet duplication depend on the DL and UL channel conditions as well as loading in the cell. 
Proposal 4:  The decision to use packet duplication for UL and DL is determined independently.
Proposal 5:  The decision to use packet duplication, while the UE is in packet duplication mode, can be made by the network. In other words, even if the UE is in packet duplication mode, the network can override the decision.
Proposal 6:  The network may provide the UE with criteria to determine when to activate/deactivate packet duplication. The UE uses the criteria to make the decision on when to use packet duplication.
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