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1 Introduction

In RAN2 #98, it has been agreed that the RRC configured 2 duplicated LCHs are mapped to different carriers in CA duplication case [1].

	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


And in NR Adhoc#2 meeting, for PDCP duplication activation/deactivation, agreements were also achieved [2].

Agreements for PDCP duplication activation/deactivation

1. MAC CE enables per DRB control of activation/deactivation of packet duplication for DRBs with packet duplication configured by RRC.

2. For activation/deactivation MAC CE contains a bitmap corresponding to DRBs configured with duplication.  

On the other hand, in RAN1 NR AH#2 meeting, the agreements for activation and deacitvtion of bandwidth part (BWP) were conclued as below [3]:

	Agreements for BWP activation/deactivation
Activation/deactivation of DL and UL bandwidth parts can be
· by means of dedicated RRC signaling 
· by means of DCI (explicitly and/or implicitly) or MAC CE [one to be selected]
· FFS: by means of timer 
· FFS: according to configured time pattern


In this contribution, we will discuss the impacts of BWP deactivation on PDCP duplication and conclude with some proposals.
2 Discussion
An important motivation to introduce duplication technique is to improve the reliability and latency of URLLC service. As URLLC has a very tight requirement of transmission reliability and latency, some numerologies may not be able to satisfy the transmission requirement of URLLC, i.e., URLLC can only be mapped to some specific numerologies or can only be transmitted on the BWPs to which these numerologies mapped.

Taking PDCP duplication in CA case for instance, if all allowed BWP(s) for a duplicated LCH are deactivated, the data could not be transmitted successfully. The problem of data stuck may occur in related LCH. Furthermore, the data stuck in the deactivated LCH would become invalid since an important motivation to introduce PDCP duplication is to improve reliability and latency of URLLC service and URLLC data always has a a very tight requirement of transmission latency.  Thus, the problem of resource waste will be caused when the BWP is reactivated and the data stuck in the deactivated LCH is transmitted again.
When the last allowed BWP of the duplicated LCH is explicitly deactivated by the network, e.g., by means of DCI, the network can send a MAC CE to deactivate PDCP duplication. However, the arrival of URLLC SDU is sporadic and unpredictable and the active BWP may be deactivated by BWPInactivitytimer. When the last allowed BWP of the duplicated LCH is implicitly deactivated, the network may not know the exact time when the BWP is deactivated. Therefore, it may cause the mismatch problem and LCH congestion. 

Certainly, the network can send signaling to the UE to avoid the LCH congestion problem. In detail, there can be three methods as following:

· The network can send RRC Reconfiguration message to UE to reconfigure the mapping relationship of LCH to numerology. Thus, the duplicated LCH can be mapped to at least one active BWP.
· The network can send DCI to reactivate the BWP mapped to the deactivated LCH.
· The network can send MAC CE for deactivating PDCP duplication to UE to deactivate the PDCP duplication of this DRB. The new data will not be sent to the duplicated RLC entity, thus the problem of LCH congestion could be avoided.

However, there are some disadvantages for the methods above:

· As the network may not know exactly the time when the last allowed BWP of the duplicated LCH is deactivated implicitly, the mismatch problem may occur. So there will be some delay while the UE receives the MAC CE for deactivating PDCP duplication, DCI for reactivating the BWP mapped to the deactivated LCH or the RRC Reconfiguration message. What’s more, if signaling missing occurs, there will be more latency during which the problem of LCH congestion may happen.

· On the other hand, the method that the network transmit the MAC CE for deactivating PDCP duplication, DCI for reactivating the BWP mapped to the deactivated LCH or RRC Reconfiguration message to the UE leads to large signaling overhead if the UE fallbacks to the default BWP （i.e., timer-based active BWP switching to default DL BWP/DL-UL BWP pair）frequently.
· What’s more, the problem of the second solution above is that there may be no available resource to schedule the UE when an allowed BWP mapped to the deactivated LCH is reactivated again. Thus, the data of the deactivated LCH still couldn’t be transmitted successfully.
· And if the primary LCH is deactivated, the method deactivating PDCP duplication with MAC CE could not solve the problem since the operation of PDCP duplication deactivation is to send the data only to the primary RLC entity.
To solve the problem of LCH congestion due to the implicit deactivation of the last allowed BWP of the duplicated LCH and avoid the disadvantages above simultaneously, there are 2 possible options:

· Solution 1: The UE stop PDCP duplication of the new data and stop sending the data to the deactivated RLC buffer when the allowed BWP of a duplicated LCH can’t be activated by the network in a short time. 
· Solution 2: The implicit deactivation mechanism does not apply to the BWPs mapped to duplicated LCH.

Proposal: The UE stop PDCP duplication of the new data and stop sending the data to the deactivated RLC buffer when the allowed BWP of a duplicated LCH can’t be activated by the network in a short time or the implicit deactivation mechanism does not apply to the BWPs mapped to duplicated LCH.
3 Conclusion

In this contribution, we discuss the impacts of BWP deactivation on PDCP duplication. Proposals are given as follows:

Proposal: The UE stop PDCP duplication of the new data and stop sending the data to the deactivated RLC buffer when the allowed BWP of a duplicated LCH can’t be activated by the network in a short time or the implicit deactivation mechanism does not apply to the BWPs mapped to duplicated LCH.
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