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Introduction
The preparation work for Rel-16 in 3GPP RAN is underway. RAN#78 endorsed new ways of working regarding new WIs/SIs in RP-172795. The tdoc introduces new ways to discuss and draft the content of WIs/SIs. First, a number of work areas are identified and for each work area, a moderator is appointed to lead discussion to consolidate inputs and formulate a WID/SID. 
This paper gives our view on the scope of NR URLLC Enhancements, which is one of the work areas according to RP-172795. 
Discussion
The scope of NR URLLC Enhancements as discussed in the NR_URLLC discussion group (Moderator: Nokia) includes the objectives below.
· URLLC L1 improvements (RAN1)
· Further improved reliability/latency for L1 channels
· Sharing URLLC with eMBB
· Enhanced UL grant-free transmissions
· Outer Encoding Techniques
· Robust beam management and beam failure recovery for URLLC
· Radio Link monitoring enhancements for URLLC
· Multi-carrier URLLC across FDD & TDD
· URLLC L2/L3 enhancements (RAN2)
· Data duplication enhancements
· Mobility improvements for higher reliability
· Interference management for higher reliability
· Network coding at L2/L3
· Radio link monitoring for URLLC (L2 part)
· 2-step RACH
· Time Sensitive Networking (RAN2/RAN3/RAN1)
· TSN enablers
In our view, the scope of the work area is becoming too big for a single work item. Thus, we propose that Industrial IoT (IIoT) aspects, mainly high-layer aspects can be separated out as an additional work item. The objectives that may be included in a potentially separated work item are suggested in Section 3. Note that these objectives focus on IIoT aspects. The generic L2/L3 URLLC enhancements that are not specific to IIoT may remain in a RAN1-led eURLLC work item. 
Suggested objectives to be included in NR-IIoT
A potentially separate work item on NR-IIoT may include the objectives as follows. A draft WID on NR-IIoT is included in the appendix.
Study phase
The NR-IIoT work may include a study phase with the following objectives.
NR performance and service requirements for IoT:
· Identify services suitable for NR-IIoT [RAN2 lead, RAN1]
· Study TR 22.804 Study on Communication for Automation in Vertical domains and TS 22.261 Service requirements for the 5G system and identify requirements suitable for NR-IIoT
· Map the identified set of service requirements to radio requirements relevant for TSG RAN including at least requirements on data rate, latency, jitter, availability, determinism, reliability, and timing accuracy
· [bookmark: _Hlk500773153]Study how to convey precise timing to UE for time-synchronized operation [RAN2]
· It should be possible to provide the UE with timing accuracy information of the timing information.
· It should be possible to select which UEs receive timing information.
· Study enhancements for traffic patterns specific to industrial applications such as wireless Ethernet (e.g. deterministic traffic patterns with small packets, and cyclic traffic), and enhancements specific to improving efficiency for these traffic patterns. [RAN1, RAN2]
· Control channel enhancements 
· Scheduling enhancements (e.g. for Configured Scheduling, providing sufficient granularity of offset time of packet arrival as compared to SPS periodicity) 
· For cyclic traffic, study the possibility of improvement to existing DRX to guarantee: latency, reliability, and energy efficiency. (Energy efficiency and reliability are indirectly correlated.)
Work item phase
The objective of the work item phase includes:
Specify features for supporting NR-IIoT:
· Specify additional NR features if necessary to support the identified IIoT use cases [RAN2 lead, RAN1]
· Enable data transmissions with sufficiently low latency and high reliability, to e.g. address use cases of real-time sensing [RAN2]
· Specify control channel enhancements and scheduling enhancements to support time-synchronized operation [RAN2]
· Support for redundant PDU sessions (aligned with SA2)
Support and optimization for Ethernet protocol:
· Header compression for wireless Ethernet [RAN2]
· Mobility handling without interruption to wireless Ethernet traffic [RAN2]
· QoS enhancements [RAN3]
· Study of the need for control mechanism between RAN and CN.
NR UE category for IoT:
· Study one or more NR UE categories relevant for NR-IIoT [RAN1 lead, RAN2]
· Based on the identified use cases, performance and service requirements, identify NR Rel-15 features and parameters that should be supported by the new NR-IoT UE category
· Balance UE complexity with sufficient performance
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3	Justification
The usage scenarios that have been identified for 5G are enhanced mobile broadband (eMBB), massive machine-type communication (mMTC) and ultra-reliable and low latency communication (URLLC). In particular, mMTC and URLLC are associated with novel IoT use cases that are targeted in vertical industries. 
To realize the usage scenarios envisioned for 5G, 3GPP introduces New Radio (NR) in Release 15. 5G NR aims to address a broad range of use cases, much beyond mobile broadband, and is designed to support existing as well as new spectrum, including higher frequency bands at least up to 50 GHz that may be made available for wireless communications. Compared to LTE, NR adopts new designs such as flexible and scalable numerology and frame structure, a latency-optimized air-interface, dynamic TDD support, massive MIMO, interworking between high and low frequency bands, and ultra-lean transmissions. These new designs help scale NR according to different performance targets in terms of data rate, latency, reliability, coverage, energy efficiency, or capacity, as well as according to the different radio characteristics in different bands.
IoT services with URLLC requirements have been addressed in Rel-15 NR, with the introduction of features to enable low latency, such as the larger subcarrrier spacing for shorter slots, usage of mini-slots, low processing times, fast turn-around times, semi-persistent scheduling enabling instant uplink. For high reliability, very low code rates have been introduced, as well as data duplication based on dual connectivity and carrier aggregation. It has been confirmed by multiple sources during the 3GPP study on “self evaluation towards IMT-2020 submission” that Rel-15 NR fulfils the IMT-2020 URLLC requirement such as delivery reliability of 1-10-5 for a 32-byte packet with a maximum user plane latency of 1ms.
[bookmark: _Hlk515010517]The technology foundation built in Rel-15 paves the way for NR to serve new verticals. Industrial automation is one such promising vertical, and has been studied in-depth in SA WG1 under the FS_CAV study item (TR 22.804). Industrial automation providers want to move away from wired Industrial Ethernet technologies, and as noted in TR 22.804, Sec 5.3.1.1: “wireless connectivity can provide the degree of flexibility, mobility, versatility, and ergonomics that is required for the Factories of the Future.” Industrial LAN aspects have been investigated in the SA1 FS_LAN study item. Based on the concluded SA1 studies FS_CAV and FS_LAN, 3GPPSA1#82 agreed on a new work item on “Service requirements for cyber-physical control applications in vertical domains” (CyberCAV, S1-181744) which is subject to approval at 3GPPSA#80 in June.
TR 22.804 and TS 22.261 present many Industrial IoT use cases for factory automation, process automation, massive industrial wireless sensor networks, etc. In such use cases IoT devices are often connected to an industrial local LAN network, where in particular Ethernet-based services play a central role. A basic support for Ethernet transmission is already introduced by an Ethernet PDU session type in TS 23.501. 
The focus of this NR_IIoT work item proposal is to enable efficient wireless Ethernet operation over NR, including examining gaps and potential enhancements in current RAN specifications. The work will build on requirements created in SA1 under FS_CAV (TR 22.804) and FS_LAN (TR 22.821), and the features defined for industrial Ethernet under IEEE Time Sensitive Networking (TSN).
SA2 Rel-15 specifications define basic mechanisms for the transport of Ethernet packets as payload over the NR system. However, it is important to address the performance and functional requirements for wireless ethernet operation from a RAN perspective. Further background on certain important aspects is provided below.
3.1	Radio performance and mobility challenges
Industrial Ethernet protocols have stringent performance requirements for packet errors and latency, that need to be supported over NR for wireless Ethernet operation. These requirements often exceed the URLLC requirements targeted in Rel-15 (38.913, Sec 7.9). The factory environment is also characterized by fast moving parts, creating a dynamic mobility environment, providing further challenges to mobility handling for URLLC traffic.
3.2	Delivery of precise timing to UE
Enhancements to Ethernet services based on time-sensitive networking (TSN) are being introduced in industrial Ethernet networks for increasing reliability and providing bounded latencies. One important TSN feature is the provisioning of a time synchronization among multiple devices towards a reference clock. This allows devices to perform functions such as motion actuation or position sensing at precisely coordinated time instances.
Note: This work is being considered in Rel-15 for LTE HRLLC at priority 2.
3.3	Aspects related to Ethernet protocol
It is important that advanced Ethernet and TSN features can be supported for UEs connected via Ethernet PDU session type, according to the requirements described in e.g. TR 22.821. Support for Ethernet services needs to be primarily addressed by SA2 regarding the 5G system architecture and core network specification. However, it has to be ensured that the interworking with Ethernet LAN services is supported efficiently by the RAN. One specific issue that require study is header compression: Ethernet packets begin with an Ethernet header, which is not compressible with any of the existing compression schemes defined by RAN WGs. Given the short size of many packets Ethernet for automation use case, header compression can help reduce overhead.

3.4	NR UE category for IoT
The requirements of Industrial IoT use cases in terms of latency, reliability, synchronization accuracy, spectral efficiency, and determinism, differ significantly. These varying requirements map to different UE capabilities such as peak data rate support, decoding latency, memory, oscillator accuracy, etc. To facilitate Industrial IoT UE eco system development, it is an objective of this work item to identify suitable NR UE categories for Industrial IoT.
 
4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
The work item include a study phase with objectives:
NR performance and service requirements for IoT:
· Identify services suitable for NR-IIoT [RAN2 lead, RAN1]
· Study TR 22.804 Study on Communication for Automation in Vertical domains and TS 22.261 Service requirements for the 5G system and identify requirements suitable for NR-IIoT
· Map the identified set of service requirements to radio requirements relevant for TSG RAN including at least requirements on data rate, latency, jitter, availability, determinism, reliability, and timing accuracy
· Study how to convey precise timing to UE for time-synchronized operation [RAN2]
· It should be possible to provide the UE with timing accuracy information of the timing information.
· It should be possible to select which UEs receive timing information.
· Study enhancements for traffic patterns specific to industrial applications such as wireless Ethernet (e.g. deterministic traffic patterns with small packets, and cyclic traffic), and enhancements specific to improving efficiency for these traffic patterns. [RAN1, RAN2]
· Control channel enhancements 
· Scheduling enhancements (e.g. for Configured Scheduling, providing sufficient granularity of offset time of packet arrival as compared to SPS periodicity) 
· For cyclic traffic, study the possibility of improvement to existing DRX to guarantee: latency, reliability, and energy efficiency. (Energy efficiency and reliability are indirectly correlated.)


The objective of the work item phase includes:
Specify features for supporting NR-IIoT:
· Specify additional NR features if necessary to support the identified IIoT use cases [RAN2 lead, RAN1]
· Enable data transmissions with sufficiently low latency and high reliability, to e.g. address use cases of real-time sensing [RAN2]
· Specify control channel enhancements and scheduling enhancements to support time-synchronized operation [RAN2]
· Support for redundant PDU sessions (aligned with SA2)

Support and optimization for Ethernet protocol:
· Header compression for wireless Ethernet [RAN2]
· Mobility handling without interruption to wireless Ethernet traffic [RAN2]
· QoS enhancements [RAN3]
· Study of the need for control mechanism between RAN and CN.

NR UE category for IoT:
· Study one or more NR UE categories relevant for NR-IIoT [RAN1 lead, RAN2]
· Based on the identified use cases, performance and service requirements, identify NR Rel-15 features and parameters that should be supported by the new NR-IoT UE category
· Balance UE complexity with sufficient performance

4.2	Objective of Performance part WI
Specify necessary procedures, performance requirements and test cases related to the above mentioned enhancements and core requirements.

4.3	RAN time budget request (not applicable to RAN5 WIs/SIs)
additional comments to the time budget request in the attached Excel table: None
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6	Work item Rapporteur(s)

Ericsson 

7	Work item leadership

Primary: RAN2
Secondary: RAN4, RAN1
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