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1 Introduction

In last RAN2 #101 meeting, whether to use SCell (de)-activation MAC CE to (de)-activate duplication was discussed. Different companies had different views on this topic, and an FFS was left:
1. For activating PDCP duplication, the current BS calculation doesn’t need to be changed for both CA and DC cases. 

2. FFS Bj is reset when duplication is activated.

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 paper, we further discuss on this topic and provide our view on this, and the corresponding text proposal is provided in the Annex.
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 LCHs associated with a PDCP entity configured with duplication, each LCH is configured with cell(s) restrictions so that duplicated PDCP PDUs are transmitted on different cell groups. The SCells status (i.e., activation or deactivation) do have impacts on the PDCP duplication, e.g., what happens if all SCells mapped to one of the LCH are deactivate while the duplication is still in active. It should be noted that the SCells can be deactivated implicitly by deactivation timer or explicitly deactivated by MAC CE.
For CA duplication, if all the SCells mapped to one LCH are deactivated implicitly or explicitly, the LCH can not be used for data transmission. The buffered data in RLC layer can only be discarded by discard timer or by successfully delivery of the other RLC entity. We will discuss more later on this impacts below.
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 For CA duplication, if all SCells mapped to one LCH are deactivated implicitly or explicitly, the duplicated PDUs can not be transmitted through the LCH. For DC duplication, there is no such case since each associated LCH maps to at least SpCell which can not be deactivated.
For CA duplication, there are following two cases need to be discussed:
Case 1: what happens if CA duplication is activated by MAC CE, while all the SCells configured to the LCH 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.
We think in this case, since network is aware of the states of all the SCells before sending duplication activation MAC CE, so the network can firstly activate the SCells before the duplication is activated. There should be no optimization mechanism to be introduced, e.g., implicitly activation of SCells by duplication activation MAC CE.
Proposal 1 It’s up to network implementation to firstly activate SCells before duplication activation. 

Case 2: What happens when all SCells mapped to LCH are deactivated (implicitly or explicitly) 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 SCell deactivation by MAC CE, it’s controlled by network so the network is able to firstly deactivate the duplication then followed by the SCell deactivation. However, if the SCells are deactivated implicitly by the timer, for some reasons, the network is not aware of the status of the SCells. If the duplication keeps activation, the PDCP entity will keeps submitting duplicated PDUs to the RLC which can not be transmitted since all the SCells are deactivated. In this case, the CA duplication can be implicitly deactivated by the SCell deactivation timer. From signalling overhead point view, it’s preferable to implicitly deactivate the duplication since the network does not need to send deactivation MAC CE.
Proposal 2 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
For CA duplication, if all SCells mapped to one LCH are deactivated implicitly or explicitly, the duplicated PDUs can not be transmitted through the LCH. For DC duplication, there is no such case since each associated LCH maps to at least SpCell which can not be deactivated.
Proposal 1
It’s up to network implementation to firstly activate SCells before duplication activation.
Proposal 2
For CA duplication, when all the SCells mapped to the LCH are deactivated, the duplication of the non-split DRB should be implicitly deactivated.

 
4 Annex
5.9
Activation/Deactivation of SCells
If the MAC entity is configured with one or more SCells, the network may activate and deactivate the configured SCells. Upon configuration of an SCell, the SCell is deactivated.
The configured SCell(s) is activated and deactivated by:

-
receiving the SCell Activation/Deactivation MAC CE described in subclause 6.1.3.10;

-
configuring sCellDeactivationTimer timer per configured SCell (except the SCell configured with PUCCH, if any): the associated SCell is deactivated upon its expiry.
The MAC entity shall for each configured SCell:
1>
if an SCell Activation/Deactivation MAC CE is received activating the SCell:

2>
activate the SCell according to the timing defined in TS 38.213 [6]; i.e. apply normal SCell operation including:

3>
SRS transmissions on the SCell;

3>
CSI reporting for the SCell;

3>
PDCCH monitoring on the SCell;

3>
PDCCH monitoring for the SCell;

3>
PUCCH transmissions on the SCell, if configured.
2>
start or restart the sCellDeactivationTimer associated with the SCell in the slot when the SCell Activation/Deactivation MAC CE was received;

2>
(re-)initialize any suspended configured uplink grants of configured grant Type 1 associated with this SCell according to the stored configuration, if any, and to start in the symbol according to rules in subclause 5.8.2;

2>
trigger PHR according to subclause 5.4.6.
1>
else if an SCell Activation/Deactivation MAC CE is received deactivating the SCell; or

1>
if the sCellDeactivationTimer associated with the activated SCell expires: 

2>
deactivate the SCell according to the timing defined in TS 38.213 [6];
2> deactivate the PDCP duplication of the DRB if the associated LCH only maps to the deactivated SCell;
2>
stop the sCellDeactivationTimer associated with the SCell;
2>
stop the bandwidthPartInactivityTimer associated with the SCell;
2>
clear any configured downlink assignment and any configured uplink grant Type 2 associated with the SCell respectively;

2>
suspend any configured uplink grant Type 1 associated with the SCell;
2>
flush all HARQ buffers associated with the SCell.

1>
if PDCCH on the activated SCell indicates an uplink grant or downlink assignment; or

1>
if PDCCH on the Serving Cell scheduling the activated SCell indicates an uplink grant or a downlink assignment for the activated SCell; or

1>
if a MAC PDU is transmitted in a configured uplink grant or received in a configured downlink assignment:
2>
restart the sCellDeactivationTimer associated with the SCell.

1>
if the SCell is deactivated:

2>
not transmit SRS on the SCell;

2>
not report CSI for the SCell;

2>
not transmit on UL-SCH on the SCell; 

2>
not transmit on RACH on the SCell;

2>
not monitor the PDCCH on the SCell;

2>
not monitor the PDCCH for the SCell;

2>
not transmit PUCCH on the SCell.

HARQ feedback for the MAC PDU containing SCell Activation/Deactivation MAC CE shall not be impacted by PCell, PSCell and PUCCH SCell interruptions due to SCell activation/deactivation in TS 38.133 [11].

When SCell is deactivated, the ongoing Random Access procedure on the SCell, if any, is aborted.
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