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1   Introduction
In Rel-15, the basic support for URLLC was introduced with TTI structures for low latency as well as methods for improved reliability. In Rel-16, PDCP duplication with more than 2 copies is one of the important objectives in NR IIoT revised SID [1], as shown in the following:
a) Data duplication and multi-connectivity enhancements, including (RAN2/RAN3):

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

ii) 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. 

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

In this contribution, the need of PUCP duplication with more than 2 copies is discussed and the benefit of PDCP duplication within RAN functional split scenario is proposed. 
2   Discussion
2.1   The need of PDCP duplication with more than 2 copies
According to IEC 61907, network reliability is the "ability to perform as required for a given time interval, under given conditions." URLLC services need highly reliable communication. The performance requirements of URLLC in Rel-15 are stringent with a target BLER of 10−5 within 1ms latency. The problem is even more challenging for the Industry IoT, which requires target BLER as low as 10−8 (or even 10−9) and less than 1ms latency [2]. In other words, it will help factories of the future once the ultra-high successful packet delivery rate is achieved.
In Rel-15, PDCP duplication is used for reliability enhancement from higher layer aspects. Currently PDCP duplication is limited to two copies only. All PDCP PDUs within the same radio bearer would be both transmitted to two different RLC entities when data duplication is activated. The reliability target of URLLC in Rel-15 can be achieved by either 2-leg CA duplication or by 2-leg DC duplication. In Rel-16, based on LS from RAN2 in [3] as shown below, it seems that the duplication with two copies can provide enough reliability in most URLLC and IIoT use cases except for the most stringent case in IIoT.
“It is RAN2 understanding that as part of L1 URLLC enhancements RAN1 is already evaluating NR towards 1ms latency and 10-6 reliability targets. RAN2 would like to indicate that reliability targets going beyond 99.9999% can be achieved by higher layer redundancy (e.g. with PDCP packet duplication it is possible to reduce it in case both links operate with the same reliability, i.e. if two links operate with 10-4 reliability in PHY/MAC layer, then it is possible to achieve 10-8 reliability for a transmission on PDCP layer).”
However, it is not reasonable to assume that two links always operate with qualified reliability in PHY/MAC layer due to fast change of the channel conditions. The reliability requirement under most of stringent cases in IIoT may not be able to meet if one of links is not qualified. It is obviously to have a high-risk reliability when only 2 copies duplication is supported in IIoT. To guarantee the reliability in IIoT, supporting PDCP duplication with more than 2 copies would be beneficial.
Observation 1: It may cause higher risk of reliability when only 2 copies duplication is supported in IIoT. To guarantee the reliability in IIoT, supporting PDCP duplication with more than 2 copies would be beneficial.
2.2   PDCP duplication within RAN functional split
Currently, PDCP data duplication can only be operated with either configuring DC or with configuring CA, whereas PDCP duplication with the combination of DC and CA is not supported yet. As discussed above section, the network should configure more than 2 legs while PDCP duplication with more than 2 copies is supported. Considering the realistic deployment constraints, more than two links (e.g., 4 links) may be sufficient to satisfy the most stringent reliability requirements in IIoT. The intuitive idea is to implement either by 2 carriers per node for the combination of DC and CA scenario or by 4 carriers per node for CA-only scenario. Moreover, considering the design complexity, we think PDCP duplication within RAN functional split scenario could be offered lower complexity and better flexibility.

In 5G, RAN architecture is to allow deployments using functional split which provides flexibility and real-time performance optimization. Option 2 is currently selected [4] as the base of high layer RAN functional split architecture, and it allows the RAN functionality to be split into the Centralised Unit (CU) and the Distributed Unit (DU) as shown in Figure 1. In the evolved architecture, a gNB may consist of a CU and one or more DU(s). The protocol stack of the gNB has been split, whereby the RRC/SDAP/PDCP functions are located in the CU and RLC/MAC/PHY functions are sited at the remote DU. In this case, the mentioned 4 links data duplication within RAN functional split scenario could be implemented by 2 carriers per DU. Therefore, we think it is worth to take the benefits of RAN functional split scenario into account for the PDCP duplication associated solutions in IIoT.
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Figure 1: Overall architecture of NG-RAN
Observation 2: If more than two links (e.g., 4 links) are supported for PDCP duplication in IIoT, PDCP duplication within RAN functional split scenario could be offered higher reliability, lower complexity, and better flexibility. 
Proposal 1: RAN2 to consider the benefits of RAN functional split scenario for the PDCP duplication associated solutions in IIoT.
3   Conclusion

Based on the discussion above, we kindly ask RAN2 to discuss and agree on the following proposals:
Observation 1: It may cause higher risk of reliability when only 2 copies duplication is supported in IIoT. To guarantee the reliability in IIoT, supporting PDCP duplication with more than 2 copies would be beneficial.
Observation 2: If more than two links (e.g., 4 links) are supported for PDCP duplication in IIoT, PDCP duplication within RAN functional split scenario could be offered higher reliability, lower complexity, and better flexibility. 

Proposal 1: RAN2 to consider the benefits of RAN functional split scenario for the PDCP duplication associated solutions in IIoT.
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