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1. Introduction
As agreed in the SID of Industrial Internet of Things (IoT) [1], Data duplication and multi-connectivity enhancements will be further studied in this SI, details are as below:
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In this contribution, we will discuss the potential architectures for PDCP duplication with more than 2 copies and provide relevant observations and proposals.
2. Discussion
To support URLLC use cases, the reliability of the downlink user data is very important. In NR Rel-15, PDCP duplication has been supported, the PDCP of MgNB could send the duplicated PDCP PDUs towards RLC of SgNB. As the blue lines shown in the figure below, the duplicated PDCP PDUs will be sent via SgNB. 
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Figure 1. Existing PDCP duplication in NR Rel-15
For I-IoT, considering some URLLC use cases may have higher reliability requirement, the current PDCP duplication scheme may need to be enhanced, e.g. more than two copies of data could be duplicated to guarantee the reliability. The evaluation of the requirement, and assessment of the gains for more than 2 copies should be further studied in RAN1 and RAN2, not in RAN3.
Observation 1: The requirements for duplication, and the gains for more than 2 copies should be further studied in RAN1 and RAN2.
In this contribution, we will focus on the overall architectures leveraging DC + CA, whereupon data transmission takes places from at most two nodes.
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Figure 2. PDCP duplication leverage DC + CA, Split bearer
The figure 2 shows the possible architecture to support PDCP duplication leveraging DC +CA, where PDCP of MN will send the duplicated PDCP packets to SN. MN or SN or both could send the PDCP packets via multiple carriers(CA mode).
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Figure 3. PDCP duplication leveraging DC + CA, SCG bearer
The figure 3 shows another possible architecture to support service level duplication (CN duplication) and PDCP duplication leveraging DC + CA. UPF1 and UPF2 are connected to the same DN, the duplicated service data are send to MN and SN via UPF1 and UPF2. This architecture is based on the solution studied by SA2 [2]. Then PDCP of MN/SN could duplicate the data packets and send the them in more than one carriers (CA mode).
In this SI, RAN3 should further study above 2 architectures to support DC + CA PDCP duplication, study the impact to RAN3, e.g. the impact to N2, Xn. 
Proposal 1: The above architectures for PDCP duplications leveraging DC + CA should be further studied.

The number of PDCP copies should be limited to avoid the excessive cost of radio resources, the the complexity and power consumption of the UEs. Thus, to make things easy, we should further evaluate the limitation of PDCP copies, and the maximum carriers to be supported for a certain node.
Proposal 2: To further evaluate the limitation of the number of PDCP copies and the number of carriers to be supported for a node in DC + CA mode.

3. Conclusion 

This paper discussed the PDCP duplication with more than 2 copies leveraging and provided relevant observations and proposals:
Observation 1: The requirements for duplication, and the gains for more than 2 copies should be further studied in RAN1 and RAN2.
Proposal 1: The above architectures for PDCP duplications leveraging DC + CA should be further studied.

Proposal 2: To further evaluate the limitation of the number of PDCP copies and the number of carriers to be supported for a node in DC + CA mode.
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L2/L3 enhancements:


Data duplication and multi-connectivity enhancements, including (RAN2/RAN3):


Resource efficient PDCP duplication e.g. coordination between the nodes for PDCP duplication activation and resource efficiency insurance, avoiding unnecessary duplicate transmissions etc.


PDCP duplication with more than 2 copies leveraging (combination of) DC and CA, whereupon data transmission takes places from at most two nodes: assessment of the gains, and if beneficial, study the associated solutions. 


Potential impacts of higher layer multi-connectivity as studied by SA2.
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