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1.	Introduction
At the RAN2#98 meeting, RAN2 made following agreements on PDCP packet duplication.
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.

Agreements for duplication in CA case
1	Duplication on a single carrier will not be supported
2	RRC configured mapping of the 2 duplicate LCHs to different carriers will be supported (One carrier cannot have both of the duplicate LCHs mapped to it)
3	Duplicated PDCP PDUs are submitted to two different RLC entities

In addition, RAN2 also made following agreements on SCell activation/deactivation.
Agreements
1. Activation/deactivation is supported for NR CA
2. As in LTE, Activation/deactivation is controlled per CC by explicit indication and implicit mechanism for NR CA
3. Configuration of implicit deactivation mechanism is per CC for NR CA

This document discusses potential issues on packet duplication with implicit SCell deactivation and impact on packet duplication by BWP switching. 

2.	Discussions
As per agreement, when the packet duplication is activated, the PDCP entity of a Duplicate RB duplicates a PDCP PDU to two different RLC entities, and each RLC entity transmits the PDCP PDU to corresponding cell.
However, if the cell is deactivated, the UE cannot transmit any UL packets on the deactivated cell. If all cells belonging to one leg are deactivated (which is called “leg is deactivated” hereinafter), the UE cannot transmit duplicated packets on the deactivated leg. 
An SCell can be deactivated implicitly by timer called sCellDeactivationTimer. The timer is started or restarted each time a scheduling PDCCH or an A/D MAC CE is received. When the timer expires, the corresponding SCell is deactivated implicitly, i.e. without informing the gNB about the SCell deactivation. As the UE does not provide SCell activation status information to the gNB, the implicit deactivation is likely to lead to cell status mismatch between UE and gNB. Note that due to the potential mismatch problem, RAN2 agreed not to use implicit deactivation for PUCCH SCell in Rel-13.
Consequently, there may be conflict between packet duplication and implicit SCell deactivation. That is, the gNB may activate packet duplication using the cell which was already deactivated implicitly, or the cell is implicitly deactivated while the packet duplication is performed. Those two conflict cases are discussed in detail below.

Case1: Packet duplication is activated while the cell is in deactivated state
The UE may receive Dup MAC CE with Duplication = ON while one or more cells are in deactivated state. If one leg of a Duplicate RB is deactivated, the duplicated packet cannot be transmitted on this leg. In this case, following options can be considered for UE behavior:
· Option1.1: Do nothing
· The UE keeps performing duplication but does not transmit the duplicated packet until the deactivated leg is activated. The UE stores the duplicated packets that will be transmitted to the deactivated leg in the PDCP and/or RLC buffer.
· Option1.2: Do not activate packet duplication if one leg is deactivated
· The UE does not activate packet duplication for Duplicate RBs for which one of the leg is deactivated. The UE activates packet duplication only for the Duplicate RBs for which both legs are activated.
· Option1.3: Activate the cell on which the duplicated packet is to be transmitted
· The UE activates the deactivated leg of Duplicate RBs by activating cells belonging to the leg, and transmits the duplicated packets on the activated leg.
Among three options, we think option 1.1 is the least preferred option because it might cause buffer overflow if the gNB does not activate the leg for a long time. The gNB may detect the implicit SCell deactivation only after providing several scheduling PDCCHs and doesn’t receive any UL packets. It may take long time for the gNB to detect that the cell is deactivated, and in the mean while the UE buffer may overflow.
The option 1.2 is better than the option 1.1 in that it does not cause buffer overflow problem. However, similar concern as option 1.1 can be addressed, i.e. if the packets are not received from the duplicated leg, the gNB may think that the Dup MAC CE is lost rather than the cell is deactivated, and the gNB may send the Dup MAC CE again.
Therefore, we think the option 1.3 is the best approach to solve this confliction. With cell activation by packet duplication activation, there would be no mismatch of cell status between UE and gNB. Moreover, this option is beneficial in that it can reduce signaling overhead by not sending A/D MAC CE before Dup MAC CE.
Proposal1: When the UE receives a MAC CE activating packet duplication, the UE activates cell(s) belonging to the deactivated leg.

Case2: The cell is implicitly deactivated while the packet duplication is activated
While the packet duplication is activated, if the sCellDeactivationTimer for the cell expires, and if this cell is the only activated cell belonging to the leg, the UE behavior needs to be discussed.
· Option2.1: Do nothing
· The UE keeps performing packet duplication but does not transmit the duplicated packet on the deactivated leg until the deactivated leg is activated. The UE stores the duplicated packets that will be transmitted to the deactivated leg in the PDCP and/or RLC buffer.
· Option2.2: Deactivate packet duplication if one leg is deactivated
· If one leg is deactivated due to the implicit deactivation of a cell, the UE also deactivates packet duplication for the Duplicate RBs. 
· Option2.3: Do not deactivate the cell if packet duplication is activated and the cell is the only activated cell belonging to the leg
· The UE does not deactivate the cell if packet duplication is activated and the cell is the only activated cell belonging to the leg. If there are other activated cells belonging to the leg, the UE deactivates the cell.
· Option2.4: Do not use implicit deactivation for the cell used for packet duplication while the packet duplication is activated
· The UE disables sCellDeactivationTimer for the cell used for packet duplication while the packet duplication is activated. The UE applies the timer for the cell again when the packet duplication is deactivated. This mechanism is similar to PUCCH SCell.
In this case, we think the option 2.1 is infeasible because implicit SCell deactivation may not happen if there is large amount of data. The gNB would keep scheduling on the SCell, and the timer would not expire. Only if there is small amount of data, and a scheduling PDCCH is lost, the timer may expire. However, in this case, there is not much data in the buffer, so the buffer overflow problem may not be severe.
However, if the buffer overflow is real issue, other mechanisms should be considered such as options 2.2, 2.3 and 2.4. 
Among three options, we think the option 2.2 is the least preferred option because mismatch problem occurs not only for cell activation status but also for packet duplication status. As the gNB does not know whether the cell is deactivated and/or packet duplication is deactivated, the gNB has to send A/D MAC CE as well as Dup MAC CE to recover from this situation.
The option 2.3 is also not preferred because the UE has to check every cell status before deactivating packet duplication. It is quite complex and not robust mechanism.
The option 2.4 is the simplest one among three options. When the packet duplication is activated, the UE does not apply sCellDeactivationTimer for the cell used for packet duplication, and thus the possibility to implicit deactivation of the cell could be removed.
Proposal2: When the cell is implicitly deactivated while the packet duplication is activated, the UE keeps performing packet duplication but does not transmit the duplicated packet on the deactivated leg until the deactivated leg is activated by the gNB.
Proposal3: If proposal 2 is not agreeable, consider not using implicit deactivation for the cell used for packet duplication while the packet duplication is activated.


Packet duplication with BWP switching
Another point to think about is packet duplication with BWP switching. Basically, packet duplication is configured per Radio Bearer, and each logical channel of the RB is mapped to a Serving Cell. The reason is to avoid multiplexing of the duplicated packets from one RB into the same MAC PDU. Therefore, it doesn’t matter which BWP is active for the serving cell as long as the duplicated packets are not to be multiplexed. Therefore, we see no impact of BWP switching to the logical channel to cell mapping.
In addition, it should be noted that, when BWP switching occurs, HARQ process can continue without flushing HARQ buffers. This means that there is no data loss during BWP switching and data in a HARQ buffer would be transmitted on a new active BWP. In this sense, we don’t think that BWP switching impacts on transmission of duplicated packets.
Proposal4: BWP switching does not impact on packet duplication.

	Agreements from RAN2#99-bis:
1. Behaviour on the BWP that is deactivated
- do not flush HARQ buffers when doing BWP switching (unless an issue is identified)

Agreements from RAN2#100:
1. There is no case that a cell is active with no active BWP.
2. HARQ process can continue when BWP/SUL switching occurs


3.	Proposals
In this document, we discuss potential issues on packet duplication with implicit SCell deactivation and analyse impact on packet duplication by BWP switching. We have following proposals:
Proposal1: When the UE receives a MAC CE activating packet duplication, the UE activates cell(s) belonging to the deactivated leg.
Proposal2: When the cell is implicitly deactivated while the packet duplication is activated, the UE keeps performing packet duplication but does not transmit the duplicated packet on the deactivated leg until the deactivated leg is activated by the gNB.
Proposal3: If proposal 2 is not agreeable, consider not using implicit deactivation for the cell used for packet duplication while the packet duplication is activated.
Proposal4: BWP switching does not impact on packet duplication.
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