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Discussion  
In this document, we discuss the motivations and justifications of approving WI on NR IIoT, which was mainly actuated by the incentives of expanding 5G NR system to support new use cases emerging in various verticals such as automated factories, electricity distribution and entertainment. Some efforts across different RAN and SA working groups have been undertaken in the SI of NR IIoT (led by RAN2), to examine possible enhancements that may be introduced in Rel-16 to further equip 5G NR connectivity with capabilities of supporting industrial use cases. Since many industrial use cases typically have much more stringent requirements in terms of reliability and latency (as shown in TS 22.104 [1]), further improvement of achievable reliability and latency performance comparing to Rel-15 have been deemed as the key features of the next release. Notably, traffic flows originated from industrial applications such as Time-Sensitive Communications (TSC) may be characterized with periodic traffic pattern and requirement of deterministic delay, and modifications to the specifications in different aspects (such as resource scheduling and time synchronization) are needed for the sake of catering these new services. In addition, to support the 5G NR operations specifically dedicated to a network owner in different verticals, the protocols should be enhanced to enable identification and selection of non-public networks (NPN) and closed access groups (CAG).

Based on the discussion above, as well as the conclusions made by NR IIoT SI and captured in [2], it is proposed to address the issues and specify enhancements targeting at the following areas in the WI:

· Multi-Connectivity and Data Duplication Enhancement:
PDCP duplication based on either CA or DC has been adopted in Rel-15 as a tactic to realize URLLC in 5G NR, the benefits of which are attributed to the diversity gain obtained by transmitting two identical PDCP PDUs over distinct air-interface paths. To further improve the achievable reliability and latency performance based on PDCP duplication, transmission of more than 2 copies (e.g. up to 4) of PDCP PDUs may be applied to further increase the diversity gain, which is also possible with deployment architectures combining CA and DC involving NR nodes only. Such enhancement may require configuration of multiple RLC entities or legs, and dynamic control of these configured RLC entities or legs (e.g. dynamically switching the activated legs and/or carriers) could be beneficial due to higher flexibility. Moreover, to improve the resource efficiency of PDCP duplication, features such as alternative ways of activating/deactivating PDCP duplication, and per-packet selective duplication, may be developed in Rel-16. Note that higher-layer multi-connectivity can also be employed to further enhance URLLC, in which redundant paths of network segments could be utilized to improve both reliability and latency.

· Intra-UE Prioritization/Multiplexing:
It is notable that traffics with different QoS requirements (e.g. eMBB and URLLC) may co-exist in a UE for both DL and UL cases. This is particularly true for industrial use cases, where a UE may be served as a hub of multiple applications and/or devices, and the traffics originated from these applications/devices may possess very different delay and/or reliability targets. On the other hand, in 5G NR a UE could conduct uplink transmission using both dynamic grants (DG) and configured grants (CG), and it is foreseeable that PUSCH resource collision among these grants may be inevitable considering scheduling flexibility of the gNB. Thus, how a UE should handle prioritization/multiplexing in various cases of resource collision is apparently an issue that needs to be addressed for IIoT-related applications. The SI of NR IIoT has identified five intra-UE resource collision scenarios, namely intra-UE DL collision, intra-UE UL collision between CG and DG, intra-UE UL collision between DG and DG, intra-UE UL collision between data and control, and intra-UE UL collision between control for different traffics. More detailed descriptions of these scenarios can be found in TR 38.825. Additionally, following the decision to support multiple active CG configurations in the UE, it was also agreed to address the conflict between multiple overlapping CGs. In general, the WI should handle all these scenarios with possible joint efforts between RAN2 and RAN1.

· TSC-related Enhancement:
The SI of NR IIoT has also identified the applicability of 5GS to support Time-Sensitive Networking (TSC), in which 5GS may act as a transparent connection within the TSC system. Such mechanism could be realized via improvements such as more precise time synchronization and enhancements catering for TSC traffic characteristics. To achieve accurate reference timing provisioning, the SI has concluded that reference timing information can be delivered by unicast signalling in addition to broadcast signalling. On the other hand, it is noticeable that many TSC traffic flows can be characterized with regular periodicities, hence UL/DL resource allocations based on CG and/or Semi-Persistent Scheduling (SPS) are obviously more efficient. In order for the gNB to conduct configured scheduling (for both CG and SPS) in a more judicious manner, the RAN may acquire information relating to TSC traffic pattern such as message periodicity, message size, message arrival time at gNB (DL) and UE (UL). Also, to cater for multiple TSC flows with different traffic characteristics, it is sensible to support multiple CG/SPS configurations. Enhancements relating to SPS periodicity should be specified due to the possibility of very frequent traffic arrival rates of TSC flows. Finally, as frame sizes for TSC-related applications are typically small, solutions relating to Ethernet header compression could be developed for the sake of improving both efficiency and latency. 

· Support of NPN and CAG
Since 5GS with IIoT capabilities are likely to be deployed in environments such as private factories premises as a non-public network, it is crucial for the WI to also specify the enhancements to the 5G system to support Non-Public Networks. In particular, two types of new identifiers have been introduced in SA2 feasibility study (3GPP TR 23.734 [3]), namely Non-public network ID (NID) and Closed Access Group (CAG) ID. The use of these new identifiers requires modification of the interface between the UE and gNB, the NG interface, and the network selection and cell selection/reselection procedures. 

Based on the discussions above, this paper puts forward the following proposal:

Proposal: Approve the WI relating to NR IIoT for Rel-16 specifications, which comprises the technical areas including:
· Multi-Connectivity and Data Duplication Enhancement
· Intra-UE Prioritization/Multiplexing
· TSC-related enhancements
· Support of NPN and CAG

The proposed WID is provided in [4].
Conclusions
In this contribution, we have discussed and summarized the outcome of SI of NR IIoT. As the enhancements of 5GS identified in the SI are clearly beneficial and/or necessary to support industrial use cases across different verticals, this paper proposes:
Proposal: 
Approve the WI relating to NR IIoT for Rel-16 specifications, which comprises the technical areas including:
· Multi-Connectivity and Data Duplication Enhancement
· Intra-UE Prioritization/Multiplexing
· TSC-related Enhancement
· Support of NPN and CAG

The proposed WID is provided in [4].
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