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1 Introduction

During RAN2#98 meeting, a number of agreements on packet duplication have been made: 
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.
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

Agreements

1
UL PDCP duplication is configurable per DRB and, for NR-NR DC case, per SRB.

FFS whether the initial state of the UL PDCP duplication (duplication active or not active and if not active which leg is used) is a default or whether the initial state can be signalled by RRC

2
RAN2 will attempt to define at least one mechanism to start/stop PDCP duplication more quickly and with less signalling overhead compared to RRC reconfiguration.

Based on the agreements, this paper will discuss stage-2 open issues on PDCP duplication.
2 Discussion
2.1 Initial State of UL Duplication
An FFS during the last RAN2 meeting is the initial state of UL duplication. As a solution, we can have three options: 1) activation by default, 2) deactivation by default, and 3) configuration by RRC. For application requiring duplication immediately after packet arrival, we need to activate the duplication as soon as bearer setup to reduce the latency by skipping activation MAC CE. Thus, deactivation by default may not be a good choice. Also, setup of duplication bearer does not occur when duplication is not efficient. Instead, normal split/non-split bearer without configuration for duplication will be created. If UE moves to the region that duplication is efficient, then bearer type change or reconfiguration from non-duplication bearer to duplication bearer can be triggered by the network. In short, activation by default is reasonable as an initial state. 
Proposal 1. Initial state of PDCP duplication is “activated”. It can be deactivated by a MAC CE. 
2.2 Activation/Deactivation per UE? Per RB?
Even though UL PDCP duplication is configurable per DRB, whether activation/deactivation is per UE or per RB is not discussed yet. An equivalent question is “Will multiple duplication RBs be activated/deactivated at the same time?”. If the answer is yes, per UE activation/deactivation seems sufficient. Otherwise, per RB control is necessary. The motivation of PDCP duplication is reliability which is related to channel condition and network environments such as cell loading and backhaul latency. Those conditions are common among multiple RBs. Therefore, all the duplication bearers should be activated/deactivated at the same time.

Also, activation/deactivation per RB increases the signaling overhead because RB or LCH to be controlled should be specified in the MAC CE. Figure 1 compares size of the MAC CE as an example. Even though the size of overhead seems not so large, we do not have a strong motivation for the individual control. 
Proposal 2. Activation/Deactivation of PDCP duplication is per UE. FFS whether the same rule is applied for SRB. 
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(a) MAC CE for per UE control
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(b) MAC CE for per RB control

Figure 1. Example of Activation/Deactivation MAC CE
2.3 Reducing Duplication Types
Figure 2 shows the possible cases for duplication bearer in dual connectivity. In NR, two types of PDCP duplication are agreed to be supported, i.e. DC duplication and CA duplication. One question is whether DC duplication and CA duplication are configured simultaneously for a UE or not. As discussed in Section 2.2, activation and deactivation can be controlled per UE, because environments for duplication are common for all bearer of a UE. Thus, it is likely to configure one type of duplication bearer at the same time, in a typical deployment scenario. Also, many options with complicated control are not preferred.
Proposal 3. DC duplication (i.e. PDCP duplication via MCG and SCG) and CA duplication (i.e. PDCP duplication via different logical channels mapped on CCs) are not configured simultaneously for a UE. 
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Figure 2. Possible cases for duplication bearer in dual connectivity
3 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposals:

Proposal 1. Initial state of PDCP duplication is “activated”. It can be deactivated by a MAC CE. 
Proposal 2. Activation/Deactivation of PDCP duplication is per UE. FFS whether the same rule is applied for SRB. 
Proposal 3. DC duplication (i.e. PDCP duplication via MCG and SCG) and CA duplication (i.e. PDCP duplication via different logical channels mapped on CCs) are not configured simultaneously for a UE. 
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