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1 Introduction

In RAN2#101, RAN2 made the following agreements on MAC impact of PDCP duplication:

Agreements

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
Correlated behaviour between SCell activation/deactivation and duplication activation/deactivation was discussed but RAN2 did not conclude. This contribution discusses about implicit activation and deactivation of PDCP duplication based on SCell activation/deactivation.

2 Discussion
2.1 Implicit Deactivation

In CA duplication, LCH-Cell restriction was supported because a data PDU and its duplicate cannot be multiplexed in the same MAC entity. However, it still has a problem that there might be sometimes no active cell for an LCH of duplication bearer when LCH cannot use PCell/PSCell and all mapped SCells are deactivated, as in Figure 1.
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Figure 1. Implicit deactivation of PDCP duplication by SCell deactivation.

In this case, the intended network behavior after SCell deactivation might be deactivation of PDCP duplication. Thus, we can consider implicit deactivation of duplication, “When all mapped SCells to one LCH of duplication bearer are deactivated, the PDCP duplication of the bearer is deactivated.” in a natural way. 
Also, implicit deactivation has the following benefits:
· Single-step deactivation: If the network wants to deactivate SCell2 and SCell3 in Figure 1, PDCP duplication should be deactivated (or de-configured) first and SCell2 and SCell3 can be deactivated. The implicit deactivation avoids two-step signaling which seems redundant. 
· Overhead reduction: Implicit deactivation can omit the deactivation MAC CE and its MAC subheader. 
· Flexibility to NW implementation: If the network does not want the implicit deactivation, the network can use two-step deactivation by duplication deactivation and SCell deactivation sequentially. So, it gives flexibility to NW and does not harm anything. Also, in case of failure of duplication deactivation command, implicit deactivation can avoid the situation that duplication bearer remains active.
· No suspended transmission: If both SCell2 and SCell3 in Figure 1 are deactivated, RLC2 does not have any cells that packets are served. All pending packets at RLC2 should be buffered and the transmission will be suspended. Especially, PDUs buffered for retransmission cannot be discarded. These PDUs will be transmitted after SCell activation. The delayed transmission after activation is useless to user’s application. Furthermore, it could sometimes make HFN desynchronization or undesirable PDCP window shift. Figure 2 illustrates the problem (PDU#5 in the figure). gNB does not know the exact buffer size for retransmission. BSR has some error margin due to BSR period or buffer status change due to discarded PDU. Hence, this is a possible scenario. According to current RAN2 agreement, the logical channel restriction is released by deactivation of duplication. Therefore, deactivation can avoid the problem of buffered packet.
In section 4, required text change is proposed. The implicit deactivation seems to have benefits with a small specification change. 
Proposal 1. When all mapped SCells to one LCH of duplication bearer are deactivated, the PDCP duplication of the bearer is deactivated.
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Figure 2.Suspended Packet Problem

2.2 Implicit Activation

Similar with implicit deactivation, we can consider two cases of implicit activation as follows:

A)  Activation of SCells activates duplication
B) Activation of duplication activates SCell 

Unfortunately, implicit activation does not share the benefit of the implicit deactivation except overhead reduction. Furthermore, implicit activation has some issues to be solved. For instance, the following cases should be determined to support implicit activation.
A) Activation of SCells activates duplication: NW may not want activate duplication but just activate the SCell. In this case, implicit activation leads to an additional deactivation of duplication. Moreover, which bearer duplication is activated is not clear in case of multiple configured duplication bearers.
B) Activation of duplication activates SCell: If an LCH of the activated duplication bearer is mapped to multiple SCells, it is not clear how many and which SCells will be activated. 

As a summary, implicit activation may require additional network control. Comparing gain and pain, it is better not to support. 
Proposal 2. Activation of duplication is independent of SCell activation/deactivation.

Proposal 3. Activation of SCell is independent of duplication activation/deactivation.

3 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposal:
Proposal 1. When all mapped SCells to one LCH of duplication bearer are deactivated, the PDCP duplication of the bearer is deactivated
Proposal 2. Activation of duplication is independent of SCell activation/deactivation.

Proposal 3. Activation of SCell is independent of duplication activation/deactivation.

4 Text Proposal for TS38.321
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 6.1.3.9;

-
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; i.e. apply normal SCell operation including:

3>
SRS transmissions on the SCell;

3>
CQI/PMI/RI/CRI 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;

2>
stop the sCellDeactivationTimer 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:

2>
restart the sCellDeactivationTimer associated with the SCell;

1>
if the SCell is deactivated:

2>
not transmit SRS on the SCell;

2>
not report CQI/PMI/RI/CRI 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.
2> if there is an LCH whose mapped cells are all deactivated;

      3> indicate the deactivation of PDCP duplication of the DRB to upper layers
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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