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1 Introduction

In RAN2 #97bis meeting, it was agreed to introduce a logical channel mapping restriction to handle duplication packets within one MAC entity:

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 meeting, it was confirmed that duplication on a single carrier is not supported:

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

Then further in this meeting, it was agreed to introduce MAC CE to start/stop duplication:
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.
Based on these agreements, it seems that the duplication operation will be impacted by the SCell activation/deactivation or vice versa. In this paper, we will discuss the SCell activation/deactivation with duplication operation.
2 Discussion

The PDCP duplication is introduced in NR to improve the reliability. There are two architectures to support PDCP duplication, i.e., CA based duplication and DC based duplication as shown in the following figure.
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For CA based duplication, there are two LCH associated with a PDCP configured with duplication, each LCH is configured a cell(s) restriction so that duplicated PDCP PDUs are transmitted on different cell groups. The cells status will have impacts on the PDCP duplication, e.g., how to activate the PDCP duplication when all the cells mapped to one of the LCHs are deactivate or what happens if all cells mapped to one of the LCH are deactivate while the duplication is still in active. 
For DC based duplication, each associated LCH are corresponding to different MAC entity, which shall at least have a Pcell (PScell). The Pcell (PScell) is activated by default when newly added, so there are no impacts of the cell status on PDCP duplication operation.

Observation 1 SCell activation/deactivation has impacts on CA duplication activation/deactivation, while no impacts on DC duplication activation/deactivation.
There are following two cases need to be discussed:
Case 1: How to activate CA duplication of a DRB when all SCells mapped to one of the associated LCHs are deactivated?
For this case, at least there are three options to handle the CA duplication activation:
· Option 1: It’s up to network implementation to guarantee that the SCell should be firstly activated before activating the CA duplication of a DRB. It also means that in the UE side, the UE will always expect that both the two associated LCHs will have at least one SCell activated before it receives the duplication activation MAC CE.

· Option 2: When MAC CE is received to activate the CA duplication of a DRB, if SCell(s) mapped to one of the associated LCHs are deactivated, the SCells are automatically activated without receiving SCell activation MAC CE.

· Option 3: When MAC CE is received to activate the CA duplication of a DRB, if SCell(s) mapped to one of the associated LCHs are deactivated, UE will randomly activate one of the SCells without receiving SCell activation MAC CE.
From UE point of view, for option 1 it’s not a safe choice to leave it to network implementation since if this case happens the duplication leg without any activated SCells will cause overflow problem. While for option 3 it’s not a good choice to randomly select one of the SCells to activate when duplication needs to be activated, since in this case the network is not aware of the SCell activation/deactivation status.
However, for option 2 if UE implicitly activate all the SCells, we think it’s not preferable due to power saving requirement from UE. Thus, we ask RAN2 to choose which option should be selected in this case.

Proposal 1 RAN2 is asked to discuss whether SCell(s) mapped to LCH can be implicitly activated by duplication activation MAC CE or not. 

Besides, a special scenario in this case is when LCH only maps to a single SCell, and the SCell is deactivated. When a MAC CE is received to activate the duplication for the DRB, the SCell can be implicitly activated without receiving SCell activation MAC CE.
Proposal 2 For CA duplication, when LCH maps to only one SCell, the duplication activation MAC CE can implicitly activate the SCell.
Case 2: What happens when all SCells mapped to one of the associated LCHs are deactivated while the CA duplication of the DRB is still activated?
In NR, the SCell can be deactivated by either activation/deactivation MAC CE or the configured timer (i.e., sCellDeactivationTimer) expiry.
For a non-split DRB configured with duplication, when all the SCells mapped to a LCH associated with the DRB are deactivated, the duplication should also be deactivated. There is no reason to keep the duplication activated since otherwise the duplication leg will have overflow issue.
The duplication can be deactivated by a follow up MAC CE or implicitly deactivated by the deactivation MAC CE used for SCell. From signalling overhead point view, it’s preferable to implicitly deactivate the duplication. Besides, the SCell can be deactivated by the configured timer which is not aware by the network, which means the network may not send the duplication deactivation MAC CE on time.
Proposal 3 For CA duplication, when all the SCells mapped to the LCH are deactivated, the duplication of the non-split DRB should be implicitly deactivated.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
SCell activation/deactivation has impacts on CA duplication activation/deactivation, while no impacts on DC duplication activation/deactivation.
Proposal 1
RAN2 is asked to discuss whether SCell(s) mapped to LCH can be implicitly activated by duplication activation MAC CE or not.
Proposal 2
For CA duplication, when LCH maps to only one SCell, the duplication activation MAC CE can implicitly activate the SCell.
Proposal 3
For CA duplication, when all the SCells mapped to the LCH are deactivated, the duplication of the non-split DRB should be implicitly deactivated.
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