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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. 

5G New Radio (NR) is introduced in 3GPP Release 15. It 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 100 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.
3.1
NR coexistence with LTE-M and NB-IOT 
IoT services of type Low Power Wide Area (LPWA), have already motivated the development of 5G massive machine type communications (mMTC) features such as LTE-M and NB-IoT. Here LTE-M refers to the set of improvements for machine type communications specified for LTE in the set of work items starting with the Release 13 eMTC work item. These technologies are currently being deployed in many markets at a fast pace, and we foresee strong momentum behind these technologies in the coming years. Both LTE-M and NB-IoT are critical 5G technology components addressing the need and requirements of 5G mMTC use cases. 
To make these two technologies future proof, it is important to ensure that NR and LTE-M or NB-IoT can coexist efficiently, including the flexibility of having LTE-M and NB-IoT inside an NR carrier. The NR Rel-15 WI has already included certain features such as subcarrier grid alignment (both uplink and downlink), reserved resource configuration and flexible scheduling unit that can be used to avoid collisions with LTE-M and NB-IoT non-dynamically scheduled signals. It is an objective of this study item to assess how well these Rel-15 NR features work in terms of NR coexistence with LTE-M and NB-IoT and if further mechanism is needed to secure efficient LTE-M, NB-IoT and NR coexistence.
3.2
NR performance and service requirements for IoT
Beyond mMTC-LPWA, IoT services for URLLC have been addressed in Rel-15 NR and comprise a number 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.
To ensure that mMTC-LPWA and URLLC are sufficiently addressed, the following set of challenging performance targets has been defined for 5G:

· mMTC KPIs defined for low power wide-area (LPWA) usage, i.e. very simple devices, with infrequent, very low data volumes, very low energy consumption, and very distant location from a base station. 

· 10-15 years battery lifetime for a daily 
· 164 dB MCL at a 160 b/s data rate
· Latency no worse than 10 seconds on the uplink for a 20-byte application packet

· Connection density 1,000,000 LPWA devices per km2
· URLLC KPIs are defined for very demanding IoT use case, like industrial closed-loop control applications as e.g. in found in factory automation.
· Reliability of 1-10-5 for 32 bytes with a maximum user plane latency of 1ms.

When looking at the range of IoT use cases identified in e.g. TS 22.261 and TS 22.804, it becomes clear that the requirements vary significantly, and that only few use cases map directly to the KPIs defined for mMTC and URLLC; the majority of use cases lies in between. In particular, there are many IoT use cases for real-time monitoring and time-critical sensing, i.e. where sensor reports require some low latency and high reliability. TS 22.804 and TS 22.261 presents e.g. use cases for building automation, factory automation, process automation, massive industrial wireless sensor networks, logistics and asset tracking, health monitoring & telecare. Although some use case characteristics are similar to mMTC, i.e. sensing devices provides a sensor’s reports, the KPI values differ significantly to what has been defined for mMTC-LPWA.
· Latencies for sensor reports are significantly lower than the 10 s bound defined for mMTC, e.g. down to the range 30-100 ms. Successful delivery of messages may even need to be provided with high reliability, e.g. up to 1-10-4.

· Message sizes, message frequencies, and required data rates can be significantly higher than what has been defined for mMTC.

· In some cases, positioning accuracies in the range of 1 meter and below are desired.

Of particular importance is the set of IoT use cases in industrial environments as identified in TS 22.261, TS 22.804 and TS 22.821. 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. 

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. 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. TS 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 by the RAN, e.g. in providing synchronization methods to UEs for providing time synchronization towards a reference clock. 

To make sure that NR is sufficiently addressing all relevant IoT use cases an objective of this study is to identify service requirements in the gap between mMTC and URLLC, and to also address the important use cases of support for Ethernet and TSN based services. 

3.3
NR UE category for IoT
Despite the above indicated need for relatively high performance in terms of latency and reliability, the requirements of IoT device differ significantly from device types that are targeting eMBB services (with ultra-high data rates) or devices for URLLC (with ultra-fast processing capabilities and ultra-robust transmission modes). Compared to eMBB and URLLC a relatively low device complexity is needed. 
To guarantee that NR can efficiently address the segment of IoT use cases located in-between the extremes of mMTC and URLLC, it is an objective of this study to identify a therefore suitable NR UE category.
4
Objective

4.1
Objective of SI or Core part WI or Testing part WI
The objective is to study how NR can address the entire range of IoT services. We propose to perform the following studies.

NR coexistence with LTE-M/NB-IoT:

· Study coexistence scenarios between NR and LTE-M/NB-IoT [RAN1 lead, RAN2, RAN4]
· Study frequency bands suitable for NR, LTE-M/NB-IoT coexistence
· Study deployment scenarios for NR, LTE-M/NB-IoT coexistence including at least in-band and adjacent frequency deployments
· Study numerologies suitable for NR, LTE-M/NB-IoT coexistence
· Study transmission modes (i.e. FDD, TDD, dynamic TDD) suitable for coexistence
· Study the performance of NR, LTE-M/NB-IoT in identified coexistence scenarios [RAN4 lead, RAN1]
· Identify potential NR features that can improve coexistence performance or the deployment flexibility [RAN1 lead, RAN2, RAN4]
· Identify potential LTE-M/NB-IoT features that can improve coexistence performance or deployment flexibility  [RAN1 lead, RAN2, RAN4]
NR performance and service requirements for IoT:
· Identify services suitable for NR-IoT [RAN1 lead, RAN2]
· Study TS 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-IoT
· Map the identified set of service requirements to radio requirements relevant for TSG RAN including at least requirements on data rate, latency, reliability, positioning accuracy, and timing accuracy
· Enable data transmissions with sufficiently low latency and high reliability, to e.g. address use cases of real-time sensing
· Investigate positioning options with sufficient positioning accuracies for demanding IoT use cases
· Enhanced Ethernet service support [RAN3 lead]
· Ethernet service support shall be enabled as identified in study TS 22.804 Study on Communication for Automation in Vertical domains and TS 22.821 Feasibility Study on LAN Support in 5G
· Support for enhanced Ethernet services is expected to mainly impact 5G system architecture and SA2 is expected to address this

· In this study aspects shall be identified in the support enhanced Ethernet services for which RAN support is required
NR UE category for IoT:
· Study a NR UE category relevant for NR-IoT [RAN1 lead, RAN2]
· Based on the identified coexistence scenarios, 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
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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