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1.	Introduction
In the RAN2#101 meeting, RAN2 made following agreements on impact of PDCP duplication on MAC.
Agreements
3.	In case of deactivating PDCP duplication, the current BS calculation doesn’t need to be changed for both CA and DC cases. 
4.	As a baseline, no new BSR trigger condition is introduced to support packet duplication. FFS if there is a problem to address for CA
5.	There is no enhancement for PBR execution. For a split bearer, one PBR value is used regardless of whether duplication is activated or deactivated.
6.	The UE shall not flush the HARQ buffer when packet duplication is deactivated
7.	FFS if duplication MAC CE is de-coupled from SCell deactivation MAC CE.
8.	BWP switching does not impact packet duplication

In this contribution, we discuss on remaining issues on impact of packet duplication on implicit SCell deactivation and BSR. 

2.	Discussions
In the RAN2#101 meeting, RAN2 discussed the impact of implicit deactivation of SCell on packet duplication. Given that implicit deactivation of SCell can happen 1) while packet duplication activated, and 2) before packet duplication is activated, the solutions needs to be discussed considering both cases. In our view, it doesn’t make sense to discuss and resolve only one of the issues.
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 all cells associated with one leg of a Duplicate RB are 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 at least one cell of 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 no cell associated with one leg is activated 
· The UE does not activate packet duplication for Duplicate RBs for which all cells associated with one leg are 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, i.e. there is no more activated cell associated with one 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 at least one cell of the deactivated leg becomes activated. The UE stores the duplicated packets that will be transmitted to the deactivated leg, which has no activated cells, in the PDCP and/or RLC buffer.
· Option2.2: Deactivate packet duplication if all cells associated with one leg are deactivated
· If the last activated cell associated with 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.
The option 2.3 is not preferred because the UE has to check every cell status before deactivating packet duplication. It is quite complex and not robust mechanism.
We think that the option 2.2 is the most preferred approach. As the leg is deactivated, the packet duplication has no more meaning because the UE cannot transmit duplicated packets on the deactivated leg. This means that anyway the packet duplication should be deactivated after one leg is deactivated. Another benefit of the option 2.2 is that it can reduce signaling overhead by not sending Dup MAC CE with Duplication = OFF. If the last activated cell belonging to one leg is deactivated by A/D MAC CE, same approach would be applied. 
Proposal2: When the last activated cell belonging to the leg is implicitly deactivated or deactivated by A/D MAC CE while the packet duplication is activated, the UE deactivates the packet duplication.

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. RAN2 may consider not using implicit deactivation for the cell used for packet duplication while the packet duplication is activated to remove impact of sCellDeactivationTimer.

For BSR operation with CA packet duplication
In CA packet duplication, even though a temporary blockage of one leg may prevent regular BSR triggering, we think that this is not a problem because periodic BSR would be triggered and also, as shown in below RRC specification, the current smallest value of periodic BSR timer is 1 subframe. This is quite small but if it is not sufficient for URLLC, smaller value that sf1 can be added. Thus, we think that new BSR triggering condition for CA packet duplication should not be considered.
Proposal3: For CA packet duplication, new BSR triggering condition is not needed.

	TS 38.331 V15.0.0
BSR-Config ::=				SEQUENCE {
	-- FFS: other values for periodicBSR-Timer, "every PDU" value
	periodicBSR-Timer			ENUMERATED {
									sf1, sf5, sf10, sf16, sf20, sf32, sf40, sf64, sf80, sf128, sf160, sf320, sf640, sf1280, sf2560, infinity},
	retxBSR-Timer				ENUMERATED { sf10, sf20, sf40, sf80, sf160, sf320, sf640, sf1280, sf2560, sf5120, sf10240},
	logicaChannelSR-DelayTimer		ENUMERATED { sf20, sf40, sf64, sf128, sf512, sf1024, sf2560, spare1}	OPTIONAL
}



3.	Conclusion
In this document, we discuss remaining issues on impact of packet duplication on implicit SCell deactivation and BSR. 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 last activated cell belonging to the leg is implicitly deactivated or deactivated by A/D MAC CE while the packet duplication is activated, the UE deactivates the packet duplication.
Proposal3: For CA packet duplication, new BSR triggering condition is not needed.
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