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1 Introduction

In RAN2#96 meeting, the following agreements were made on URLLC [1]:

Agreements

1
NR design will aim to meet the URLLC QoS requirements only after the control plane signalling for session setup has completed (to eliminate the case that the UE is initially in idle)

2
DRX design will not be optimised for URLLC service requirements.

FFS: Whether RLC-AM can be used to provide the URLLC service requirements, and whether any optimisations are required for this.

3: 
Multi-connectivity should be studied for achieving the reliability requirements for URLLC. 

In this contribution, we would like to discuss on multi-connectivity data duplication for URLLC in NR.
2 Discussion

According to TR 22.862 [2], URLLC scenarios can be classified into two types: static scenarios and mobile scenarios. The static scenarios include industry control, industry automation, smart-grid substation protection and control, smart grid system with distributed sensors and management, etc. And the mobile scenarios could include virtual and augmented reality and vehicle-to-vehicle communication.
Due to the extreme requirements on delay and reliability, URLLC requires at least one high-quality radio channel between the user devices and gNB. This can be easily realized in the static scenarios where both the user devices and gNB are stationary. However, in the mobile scenarios where the quality of radio link is always changing quickly, it is very difficult to guarantee the availability of mobile access in each location point in the coverage area [3].
Unlike LTE dual connectivity which was mainly designed to improve the capacity which applies to eMBB services, NR multi-connectivity can be designed to increase the reliability which applies to URLLC services. Duplicating the data transmission from multiple connections can be considered to improve the reliability at the cost of doubled radio resource consumption. The probability that multiple links are all bad at the same time is lower which may increase the reliability and processing the data received earlier from multiple links may reduce the latency.
Proposal 1: Data duplication in NR multi-connectivity should be supported to improve reliability for URLLC.
To satisfy the challenging requirements of URLLC service, data duplication in NR multi-connectivity should be supported not only user plane data but also control plane data. Control plane data duplication may be the same concept with RRC diversity which was discussed during the Dual Connectivity study item. RRC diversity is sending RRC messages via both MeNB and SeNB and it was shown that RRC diversity could provide significant gains in terms of mobility robustness [4]. User plane data duplication can be implemented on different layers. However we think user plane data duplication can be implemented on PDCP to take LTE Dual Connectivity architecture as baseline. In LTE, PDCP have duplication detection function based on sequence number. Hence, if TX PDCP sends duplicated packet via different legs, only PDCP PDU which arrives earlier can be processed at RX PDCP. The PDCP PDU which arrives later is discarded without any change in specification. Control plane data duplication also can be implemented on PDCP.
Proposal 2: Both user plane and control plane data duplication in NR multi-connectivity should be supported in PDCP layer.
Data duplication on all legs of multi-connectivity can improve the robustness and reduce the latency for URLLC services. But, there are some disadvantages due to inefficiency of duplicated resource consumption and processing. Data duplication is not always necessary for all use cases and network should be able to control efficient PDCP data duplication in NR multi-connectivity.

Proposal 3: Efficient control mechanisms for PDCP data duplication should be studied.
3 Conclusion

In this paper, some on multi-connectivity data duplication for URLLC were discussed, and we propose the followings:
Proposal 1: Data duplication in NR multi-connectivity should be supported to improve reliability for URLLC.
Proposal 2: Both user plane and control plane data duplication in NR multi-connectivity should be supported in PDCP layer.

Proposal 3: Efficient control mechanisms for PDCP data duplication should be studied.
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