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Introduction
In RAN#81 the revised study item on NR Industrial Internet of Things (NR-IIoT, [1]) has been approved with the following objectives:
1. L2/L3 enhancements:
0. [bookmark: _Hlk524312897][bookmark: _Hlk524312950]Data duplication and multi-connectivity enhancements, including (RAN2/RAN3):
0. Resource efficient PDCP duplication e.g. coordination between the nodes for PDCP duplication activation and resource efficiency insurance, avoiding unnecessary duplicate transmissions etc.
0. 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. 
0. Potential impacts of higher layer multi-connectivity as studied by SA2.

0. [bookmark: _Hlk523733459]UL/DL intra-UE prioritization/multiplexing, i.e. prioritization (for example dropping, delaying or puncturing lower priority service) between different categories of traffic in the UE, including both data and control channels and considering (RAN2/RAN1):
1. different latency and reliability requirements
1. Different types of resource allocation for example grant-free and grant-based allocations
Note: RAN2 to start the work, RAN1 to take action based on RAN2 progress.

1. Time Sensitive Networking related enhancements:
1. Accurate reference timing: Delivery & related process (e.g. SIB delivery or RRC delivery to UEs, Multiple Transmission points) (RAN2/RAN3/RAN1)
1. Enhancements (e.g. for scheduling) to satisfy QoS for wireless Ethernet when using TSN traffic patterns as specified in TR 22.804 (RAN2/RAN1). Note: RAN2 to start the work, RAN1 to take action based on RAN2 progress.
1. [bookmark: _Hlk523734051]Ethernet header compression (RAN2):
2. [bookmark: _Hlk523734088]Analysis of the benefits and the scenario (e.g. what are the formats and size of Ethernet frame to be considered, are VLAN fields included, protocol termination etc.). 
2. Definition of the requirements for a new header compression.
1. Performance evaluation of TSN requirements as captured in TR 22.804 clause 8.1 (RAN2/RAN1/RAN3)
NOTE: This task is related to TSN specific requirements, which are not evaluated as part of “Study on physical layer enhancements for NR ultra-reliable and low latency case”. It is not intended to discuss/agree additional simulation assumptions for this case. 
Note: RAN2 to start the work, RAN1 to take action based on RAN2 progress

In this contribution we analyse the above objectives and discuss focus areas of this study.
[bookmark: _Ref178064866]Discussion
In Rel-15 the fundamental support for URLLC was introduced in NR. Beside physical layer features such as multiple OFDM numerologies, mini-slots, robust coding, repetitions and others, further RAN2 features were included, such as PDCP packet duplication in both DC and CA, logical channel prioritization restrictions and configured UL grant scheduling. 
Rel-16 shall enable NR to support Industrial IoT systems. Based on those existing features, within in SI on NR-IIOT [1] enhancements shall be identified, in particular, targeting at the support of time sensitive networking (TSN) for IEEE Ethernet over NR RAN. With TSN Ethernet transport is made deterministic, which requires time synchronization, transport with a bounded low latency, ultra-reliability and support for TSN network configuration/management.
For this, we see the main industrial use-case in factory automation, which is illustrated below. 
[image: ]
In the following, we discuss focus areas of the study.
Data duplication and multi-connectivity
To support ultra-reliable communication provisioning of redundant transmission paths can be employed. On RAN, this is possible with PDCP duplication in CA and DC, i.e. redundancy against link outages by using two carriers. On higher layers, as identified by SA2 in [2] additionally redundancy can be provided by utilizing two PDU sessions per UE using separate resources or multiple separate UEs. In these solutions beside robustness against radio link outages, the communication can be protected also against node-outages. 
PDCP duplication is currently limited towards duplication over two radio links, i.e. either in CA or DC architecture. Duplication can be controlled by RRC signalling or MAC CEs. Duplication is either activated or deactivated per radio bearer, i.e. applied to all packets of that radio bearer, which comes therefore with a high resource overhead when activated. We see the main target of this SI for PDCP duplication in studying means to lower the resource overhead in the sense of e.g. refraining from transmitting duplicates that cannot contribute to meeting a latency/reliability target for packet. Thereby it should also be carefully studied, how the additional overhead of allowing more than two copies is justified, i.e. contributes to reaching the latency/reliability target. PDCP duplication enhancements are further analysed in [3] and [4]. 
[bookmark: _Toc525562448][bookmark: _Toc525563238][bookmark: _Toc525814577][bookmark: _Toc525814672][bookmark: _Toc525818985][bookmark: _Toc525833543][bookmark: _Toc525833563][bookmark: _Toc525833825][bookmark: _Toc528758275][bookmark: _Toc528842575][bookmark: _Toc528842615][bookmark: _Toc528866111][bookmark: _Toc528866137][bookmark: _Toc528866163][bookmark: _Toc528866179][bookmark: _Toc528866223][bookmark: _Toc528866244]For PDCP duplication, focus on studying and improving resource efficiency (also when allowing more than two copies).
Furthermore, for higher layer multi-connectivity solutions, RAN impact is currently unclear, and the gain by enhancements e.g. for inter-node coordination of such higher layer features shall be studied by RAN3.
UL/DL intra-UE prioritization/multiplexing
While UL/DL intra-UE prioritization/multiplexing is listed separate of the TSN feature list, it can be seen as enabler for TSN support as well. In the TSN domain, a wireless industrial device may serve multiple services, for example actors and sensors in a control loop, alarm-type traffic may arise, as well as also serve other MBB type services in the industrial device. In short, providing dedicated communication systems for the different services should be avoided, instead NR can be enabled to handle multiple services with their different requirements as the same time. 
We see the enhancements to be studied in the UL/DL intra-UE prioritization/multiplexing area relating to enabling deterministic transport of high priority traffic over RAN. With this objective in focus, it should be identified if high-priority logical channel data delivery can be achieved in an efficient way while still keeping scheduling complexity within reasonable bounds. A further analysis of this study area is provided in [5][6].
[bookmark: _Toc525562449][bookmark: _Toc525563239][bookmark: _Toc525814578][bookmark: _Toc525814673][bookmark: _Toc525818986][bookmark: _Toc525833544][bookmark: _Toc525833564][bookmark: _Toc525833826][bookmark: _Toc528758276][bookmark: _Toc528842576][bookmark: _Toc528842616][bookmark: _Toc528866112][bookmark: _Toc528866138][bookmark: _Toc528866164][bookmark: _Toc528866180][bookmark: _Toc528866224][bookmark: _Toc528866245]Enhancements for UL/DL intra-UE prioritization/multiplexing should enable deterministic transport of high priority data for a UE serving multiple traffic types.
Time sensitive networking (TSN)
With TSN, deterministic packet transport should be enabled, as targeted in the industrial automation domain. TSN is part of the IEEE 802.1 standards family and generally aims at providing 1) zero packet loss due to congestions, 2) very low packet loss due to hardware failure and 3) guaranteed upper bounds on end-to-end latency. 
The specific requirements that the network should support are defined by the requirements of the industrial applications mapped to the TSN streams (also known as TSN flows). Each flow can be also thought as a contract that is being arranged between the transmitters, the network nodes (i.e. switches) and finally the receivers. Transmitters are also known, in TSN context, as talkers and receivers as listeners. 
TSN provides a number of features for supporting TSN traffic. Some important ones are highlighted briefly below:
1. Time-Scheduled Queues: The IEEE standard 802.1Qbv defines time-scheduled queues, i.e. in which time-window a queue in a node should transmit. The transmission-windows are aligned by the use of a clock synchronization process between all the network bridges/nodes. 
2. Transmission Preemption: The IEEE standard 802.1Qbu enables pre-empting type of traffic. Specific flows can be pre-empted to allow critical traffic to get ultimate priority from the network.
3. Packet Replication and Elimination. The IEEE standard 802.1CB introduces the Frame Replication and Elimination for Reliability (FRER) over disjoint network paths.
4. Enhanced Stream Reservation Protocol. The IEEE standard 802.1Qcc provides the basic mechanisms for configuring paths through the network, so to provide QoS to the TSN streams. 
To enable TSN support, and specifically to have the ability to meet the agreed contracts (stream requirements), over 5G NR, RAN should study the following components.

Time reference provisioning
Time synchronization is required by industrial applications to allow their interworking, e.g. in a control loop. On the other hand, time synchronization, i.e. access to a common accurate reference clock is required within the TSN communication network in order to support the determinism. The IEEE standard 1588-2008 family of protocols, that collectively is called PTP, was chosen by the TSN task group. The PTP supports over Ethernet type of hardware time synchronization capabilities. 
Independent of the time synchronization protocol used within the TSN domain or industrial applications, the NR system must provide a common reference time to the devices with a sufficient accuracy. This can be enabled by SIB/RRC signalling where time reference is based on SFN timing of NR, similar as already specified for LTE in Rel-15. We discuss the concept for NR in [7][8].
[bookmark: _Toc525562450][bookmark: _Toc525563240][bookmark: _Toc525814579][bookmark: _Toc525814674][bookmark: _Toc525818987][bookmark: _Toc525833545][bookmark: _Toc525833565][bookmark: _Toc525833827][bookmark: _Toc528758277][bookmark: _Toc528842577][bookmark: _Toc528842617][bookmark: _Toc528866113][bookmark: _Toc528866139][bookmark: _Toc528866165][bookmark: _Toc528866181][bookmark: _Toc528866225][bookmark: _Toc528866246]Study NR reference time provisioning solutions with LTE Rel-15 solution as baseline.
Scheduling enhancements
Enhancements for scheduling cyclic traffic, as typical in TSN, can be envisaged, for example a way to align periodical scheduling in NR with periodic traffic pattern from TSN. Example study areas would be enabling multiple configured grant configurations catering for multiple periodicities of the TSN streams as well LCH restrictions to limit usage of configured grants to LCHs for which the grants are intended. A further analysis of those aspects is provided in [9].
Ethernet header compression
For traditional IP transport over 3GPP systems header compression has been specified, e.g. RoHC. In the TSN, where Ethernet transport is envisaged, header compression could potentially also be included. Generally, given that robust transmissions with a very low residual error rate are required for URLLC, used code rates are naturally very low, meaning that URLLC transport is rather resource “costly”. Therefore, removal of unnecessary redundancy such as potentially Ethernet headers, is important to be studied in this SI. In [10], an initial analysis of the Ethernet/TSN header structure and gains in compression them is done.
Conclusion
We propose the following:
Proposal 1	For PDCP duplication, focus on studying and improving resource efficiency (also when allowing more than two copies).
Proposal 2	Enhancements for UL/DL intra-UE prioritization/multiplexing should enable deterministic transport of high priority data for a UE serving multiple traffic types.
Proposal 3	Study NR reference time provisioning solutions with LTE Rel-15 solution as baseline.
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