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1	Introduction
Packet duplication has been proposed as a measurement to enhance the transmission reliability for both user plane and control plane. 
In RAN2 NR ad-hoc meeting, it was agreed that: 
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]1:  Packet duplication is supported for user plane and control plane in NR-PDCP (This agreement does not preclude discussion of other mechanisms to improve mobility robustness)
FFS whether packet duplication should also be supported for LTE-NR dual connectivity
2 The PDCP function in the transmitter supports packet duplication and the PDCP function in the receiver supports duplicate packet removal.


 In RAN2#97bis meeting, the following agreements have been achieved:
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).
This paper discusses some further aspects on the deactivation and activation for data duplication in PDCP layer.
[bookmark: OLE_LINK124][bookmark: OLE_LINK125]2	Discussion
[bookmark: OLE_LINK17]2.1 Activation and deactivation of packet duplication 
Efficiency of packet duplication could change when the radio condition of the two RLC legs changes. For example, when a UE moves from cell edge to cell center, the performance of one of the legs could become very good and it is not necessary to use the other leg at all. Packet duplication may not be always beneficial, and it should be deactivated when there’s no gain available. Hence, dynamic activation and deactivation of packet duplication should be supported to cope with the dynamic channel quality change in the two RLC legs, after it has been configured for a SRB/DRB by RRC signalling. 

Proposal 1: Dynamic activation and deactivation of packet duplication should be supported. 

To realize dynamic activation/deactivation of packet duplication, some kind of control mechanism has to be designed. For example, the receiver-side PDCP entity could monitor the performance of two duplicated RLC legs, deactivate the duplication when the SINR of one RLC leg is good enough, and activate the duplication when the performance of that RLC leg becomes worse again. In such a kind of receiver-side controlling mechanism, the receiver-side PDCP entity needs to command the transmitter-side PDCP entity when to deactivate or activate a RLC leg and which leg to deactivate or activate. 

There are two potential methods for the delivery of such a command: one is by PDCP control PDU, and the other is by a specially designed MAC CE. In both methods PDCP entities would be impacted because it needs to be updated to receive the command, either from PDCP control PDU or from MAC CE. Furthermore, in the MAC-CE command method, once the MAC CE is received, the MAC layer could forward the MAC CE to some upper layer, e.g. RRC layer. In this case, RRC layer would be responsible to further notify the PDCP about the command. Compared with MAC CE, PDCP command would be more reliable thanks to the duplication and RLC ARQ (if there is). However, PDCP command could be delayed due to that it has to wait in the RLC buffer as same as the other data packets. Table-1 provides a summary on the pros and cons of using MAC CE and PDCP control PDU for dynamic duplication activation/deactivation command. As a conclusion, MAC CE is a preferred solution due to that it could provide a faster response to the dynamic changes in the duplicated RLC legs. 

Table-1 Pros & cons of using MAC CE and PDCP control PDU for dynamic duplication activation/deactivation command
	Deactivation/Activation Command by
	Pros
	Cons

	PDCP control PDU
	· Only PDCP is affected for the command delivery. 
· More reliable thanks to the duplication and RLC ARQ. 
	· PDCP control PDU could be delayed by other data packets at RLC. 

	MAC CE
	· Faster delivery of the command as MAC CE can be attached any MAC PDU
	· MAC CE command still needs to be delivered to PDCP to start the detailed operation of duplication activation/deactivation. 



Proposal 2: MAC CE should be used to indicate the deactivation or activation of packet duplication. 

It should be noted that the duplication activation/deactivation is determined by the RRM (not PDCP) based on the realistic channel quality of the two RLC legs in the duplication SRB/DRB. Once the RRM determines to activate the duplication, the RRM should inform PDCP/MAC to deliver the related command. The behaviour on NW side could be left to implementation, and only the behaviour on the UE side would be taken care in the rest of this paper. 

Although it has been agreed that only one additional leg is configured for PDCP duplicates, MAC CE has to include the complete logical channel ID so that RRC or PDCP entity could identify the detailed logical channel to deactivate or activate. Therefore, logical channel ID should be included in the MAC CE deactivation or activation command. 

Proposal 3: LCH ID should be included in the MAC CE for activation/deactivation of packet duplication. 

When packet duplication is running, PDCP entity would duplicate each PDCP PDU and forward them to different RLC legs. To deactivate the packet duplication, PDCP entity has to stop the duplication action and forward each PDCP PDU to only one of the RLC legs. The deactivated RLC leg should stop its processing right away. If there are still remaining packets in the RLC buffer of the deactivated leg, those packets might affect the future processing when the deactivated leg is activated a second time. For example, those buffered packets might delay the processing of the new arriving packets after the leg is activated. Therefore the remaining packets in the deactivated RLC entity should be flushed in the deactivation operations. Correspondingly, RLC parameters of the deactivated leg should also be reset. 

Proposal 4: Once deactivation command is received, the UE should reset and suspend the related RLC entity. The remaining packets in the RCL buffer should be flushed. 

When PDCP decides to activate packet duplication, it need firstly recover the duplication action in PDCP entity. Then, it needs to forward the duplicates of each PDCP PDU to the different RLC legs. In order that MAC layer start the processing of the activated leg, some kind of internal notification might be needed from PDCP entity to MAC layer to inform MAC layer to resume the scheduling for the activated leg. 

Proposal 5: Once the activation command is received by UE, UE should resume the related suspended RLC and enable the duplication function in the related PDCP. 

3	Conclusion
In this contribution, some considerations on the deactivation and activation for data duplication in PDCP layer are given with the following proposals:
Proposal 1: Dynamic activation and deactivation of packet duplication should be supported. 
Proposal 2: MAC CE should be used to indicate the deactivation or activation of packet duplication. 
Proposal 3: LCH ID should be included in the MAC CE for activation/deactivation of packet duplication. 
Proposal 4: Once deactivation command is received, the UE should reset and suspend the related RLC entity. The remaining packets in the RCL buffer should be flushed. 
Proposal 5: Once the activation command is received by UE, UE should resume the related suspended RLC and enable the duplication function in the related PDCP. 
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