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1 Introduction
A R16 SI of “NR Industrial IoT” was approved at RAN#80, and it was agreed to further clarify and refine part of the objectives at RAN#81 [1]. The purpose of this paper is to provide additional discussions and support for some of the proposed study areas. 
2 Discussions

2.1 Network coding for data duplication enhancement
PDCP packet duplication has been thoroughly discussed and specified in R15 to support transmission of higher reliability and small latency. A PDCP packet is simply duplicated, and the two exact same copies are transmitted over two different cells configured in Dual-Connectivity (DC) or Carrier Aggregation (CA).

One enhancement that may improve the efficiency in data duplication is to replace simple duplication with some form of network coding. Here is an example for illustration:

· Data duplication is configured, and there are two distinct packets for transmission, packets A and B;
· If only duplication similar to what we have in R15 is used, we could have packet A in TB (transport block) 1, packet B in TB 2, and copies of packets A and B in TB 3, and TB 4, respectively;
· If a simple linear network coding is applied, we could have packet A in TB 1, packet B in TB 2, and one coded packet A+B (modulo 2) in TB 3;
· The number of transmissions is reduced, as instead of having 2 TBs for the copies of packets A and B, respectively, there is only 1 TB for the modulo-2 coded packet A+B; 
· As long as any 2 of the 3 TBs are received in time, these two packets A and B can be recovered and delivered to upper layer;
· Compared to dummy duplication, assuming the packet error rate after ARQ in RLC is 10-3 percent, then for 1-3x10^-6 percent time, a simple linear network coding can reduce the number of transmissions by 25%, or reduce the redundant transmission by 50%.
Network coding is not tightly coupled with the underline network topology. The TBs containing the original packets and coded packets can be transmitted over different network nodes and/or over different times. That is, it can be applied to CA, DC, or Multi-Connectivity (MC), and the transmissions can be performed within or among cell groups. The efficiency gain from network coding would increase as the amount of redundant transmission of a packet increases over DC/CA/MC.
Furthermore, the efficiency gain from network coding is inherent in the coding scheme. It doesn’t need additional coordination between network nodes involved in CA/DC/MC. Hence, it scales well with flexible network topology.

We should also note that the introduction of network coding doesn’t have to impose significant change on the NR protocol structure. As illustrated in the above example, network coding can be easily integrated at SDAP/PDCP layer, without meddling of HARQ operation at PHY/MAC layer, or moving of CRC and ARQ from where they are in R15. 

Observation 1: Network coding can improve efficiency in data duplication, for a variety of network configurations (CA/DC/MC), and without significant change of NR protocol structure.
Observation 2: Network coding can achieve efficient data duplication without extra coordination among network nodes.
Proposal 1: Network coding should be studied for data duplication enhancement.
2.2 Intra-UE prioritization/multiplexing
In the current SID, UL/DL intra-UE prioritization/multiplexing only involves RAN2 and focused on higher layer aspects. For a sufficient support of UL/DL prioritization/multiplexing, physical layer enhancements are also needed, e.g. prioritization of UCIs corresponding to different latency/reliability requirements, handling of out-of-order data scheduling, physical layer mechanism for prioritization between grant-free and grant based scheduling, necessity of traffic identification via physical layer design, etc.
Thus, it is proposed to add RAN1 as responsible WG for the objective of UL/DL intra-UE prioritization/multiplexing.
Proposal 2: Add RAN1 as responsible WG for the objective of UL/DL intra-UE prioritization/multiplexing.
2.3 Time sensitive networking
In order to support factory automation, TR 22.804 has identified requirements for both cyclic and acyclic traffic as follows:
	Factories of the Future 5.1
	The 5G system shall support strictly deterministic cyclic traffic with cycle times down to at least 4 ms for a communication group of 5 controls to 10 controls (in the future up to 100) and payload sizes up to 1 kbyte.

	Factories of the Future 5.2
	The 5G system shall support strictly deterministic acyclic traffic with response times of less than 10 ms, i.e., any non-cyclic (bi-directional) message transfer shall be successfully completed in less than 10 ms.


The key characteristic of the involved traffic is its being “deterministic”, whether its data arrival is cyclic or acyclic. Hence, we suggest to modify the related objective as “Scheduling enhancements to satisfy traffic patterns and QoS requirement for wireless Ethernet, including enhancements to support deterministic (cyclic or acyclic) traffic”.
Proposal 3: To modify the related objective as “Scheduling enhancements to satisfy traffic patterns and QoS requirement for wireless Ethernet, including enhancements to support deterministic (cyclic or acyclic) traffic”.
3 Conclusion
In this contribution we discussed some study areas for NR Industrial IIoT, and have the following observations and proposals:
Observation 1: Network coding can improve efficiency in data duplication, for a variety of network configurations (CA/DC/MC), and without significant change of NR protocol structure.
Observation 2: Network coding can achieve efficient data duplication without extra coordination among network nodes.
Proposal 1: Network coding should be studied for data duplication enhancement.
Proposal 2: Add RAN1 as responsible WG for the objective of UL/DL intra-UE prioritization/multiplexing.
Proposal 3: To modify the related objective as “Scheduling enhancements to satisfy traffic patterns and QoS requirement for wireless Ethernet, including enhancements to support deterministic (cyclic or acyclic) traffic”.
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