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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]This contribution describes enhancements for dynamic control of packet duplication to support link selection and to clarify whether or not the packet duplication command assumes coordination between MN and SN or if both coordinated and uncoordinated solutions are possible. 
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-Bis, the following was agreed:
Agreements:
1: RRC configures PDCP for duplication and the radio protocols of the UE with separate RLC entities and logical channels to handle duplicates (referred to as “legs”)
2: only one additional leg is configured for PDCP duplicates.
3: the original PDCP PDU and the corresponding duplicate shall not be transmitted on the same transport block.
FFS whether in CA case to support PDCP duplicates on the same carrier with some restriction to prevent them from being transmitted on the same transport block. (Noting that we have already agreed that they can be sent on different carriers)
4:	PDCP duplication solution for CA requires only one MAC entity.
5	logical channel mapping restrictions need to be introduced to handle duplicates in within one MAC entity (CA).

In RAN2#98, the following was agreed:
Agreements:
1	UL PDCP duplication is configurable per DRB and, for NR-NR DC case, per SRB.

FFS whether the initial state of the UL PDCP duplication (duplication active or not active and if not active which leg is used) is a default or whether the initial state can be signalled by RRC

2	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.

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.

In RAN2 AH#2, the following was agreed:
Agreements
1:	MN determines to use MCG duplication SRB and configures MCG duplication SRB by MN RRC signalling.
2:	For all DC cases (all MR-DC and NR-NR DC cases) for 'duplication SRB', UL packet transmission is configured by RRC to use MCG path, SCG path or duplicate on both MCG and SCG.
FFS Duplication on SRB for CA cases 
FFS Behaviour in the case of SCG failure when SCG is the configured path.

Agreements:
1:	MAC CE enables per DRB control of activation/deactivation of packet duplication for DRBs with packet duplication configured by RRC.

Agreements:
1:	In CA, after the duplication is deactivated, the logical channel to carrier mapping restriction is not applied. UE sends new data via one specified logical channel.
FFS Whether RLC transmissions of the second leg are continued - to be concluded in stage 3 UP.
2	UE acts on MAC CEs received from MCG and SCG. No UE behaviour will be specified to manage a conflict between the commands received from MN and SN. 
FFS Whether UL packet duplication for spit bearer applies for EN-DC.

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.

Agreements:
1. Logical channel prioritization takes into account the all the restrictions configured for the logical channels. 
2. The LTE BSR and SR trigger mechanism can be used for the packet duplication transmission.  no enhancements are needed.
3.  For activation/deactivation MAC CE contains a bitmap corresponding to DRBs configured with duplication.  
4.   Which logical channel is used for duplication leg is based on RRC configuration for CA and DC.  
FFS if fall back to split bearer is supported for DC . 

In the evaluations provided in contribution R2-1700172, it was observed that packet duplication enhances resource utilization efficiency when certain conditions related to channel quality, PDU size and reliability requirement are satisfied. In order to satisfy the reliability requirements when packet duplication is deactivated, the best link should used. 
Discussion
[bookmark: _Toc423019661][bookmark: _Toc423019946][bookmark: _Toc423020275][bookmark: _Toc423020292][bookmark: _Toc423020300]Packet duplication is supported at the PDCP entity for satisfying the high reliability requirement of both DRBs and SRBs. From the analysis provided in [1], it is determined that packet duplication provides gains in resource utilization when the link quality of best link is below a certain threshold and the difference between the best link and the second best links is small. This typically corresponds to cell edge and mobility scenarios. In this case, if dynamic activation/deactivation of packet duplication is used then the network should inform the UE of the best link to use when packet duplication is deactivated in order to satisfy the reliability requirement.When the UE receives a deactivate command, on a DC based DRB, the UE should use the leg that can satisfy the reliability requirements. In some cases, the RRC configured fallback leg may not be able to satisfy the requirements, as the UE may move at the cell edge of the MN and SN and the best node to be used may change dynamically.
In this case, if the UE receives a deactivate command and the node configured for the fallback leg cannot satisfy the reliability then the UE should use the other leg. 
Since the activation/deactivation of packet duplication is controlled dynamically, the fallback to the best link when the packet duplication is deactivated should also be dynamically controlled. The initial fallback leg can be configured in RRC, but the subsequent link selection commands can be enabled using MAC CEs.
There are at least the following two options to indicate the best link in the MAC CE. The link selection bit provides link selection support for DC only. It is assumed that for CA, the normal CA operation is used when packet duplication is deactivated.
Option 1
To indicate the best link for the UE to use when packet duplication is deactivated, a bit in the MAC CE sub-header can be used to identify the best link for the DC based DRBs that are configured with packet duplication. 
This link selection bit can be included in the MAC subheader, or alternatively LCID itself in the subheader can be used to indicate the best link.The sub-header used for link selection can be linked to the packet duplication activation/deactivation MAC CE or sent separately.
The two options for the new MAC CE sub-header for this case are illustrated in the following figure.




Option 2
The link selection bit can be included in the MAC CE for packet duplication activation/deactivation as the new information element. In this option, no new MAC sub-header is needed for this MAC CE. 
Proposal 1:  A link selection bit can be included in the MAC CE to dynamically control the fallback leg.
Proposal 2: RAN2 can further discuss to include the link selection bit in the MAC sub-header or in the MAC CE for packet duplication activation/deactivation.

[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]Conclusion
Based on the above discussion, we propose the following:
[bookmark: _Toc423020280]Proposal 1:  A link selection flag can be included in the MAC CE to dynamically control the fallback leg.
Proposal 2: RAN2 can further discuss to include the link selection flag in the MAC sub-header or in the MAC CE for packet duplication activation/deactivation.
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