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1	Introduction
The IoT market has seen tremendous growth over the past few years with quite diverse applications from building automation, smart living including wearables and monitoring/location applications across a broad spectrum of industries. Different technologies have been developed to address the low end market segment known as low power wide area networks (LPWAN) including LTE-M and NB-IoT. As the first NR specification is finalized in Rel-15, it is a good time to determine how to position LTE-based and NR technologies to efficiently address the total IoT market without duplication. This contribution presents our views on the Rel-16 scoping of LTE-M/NB-IoT evolution and possible NR solutions to address the IoT market.

2.		Discussion
A RAN-level email discussion has considered the scope of a potential Rel-16 study of IoT/MTC with a first discussion phase focusing on the following questions:
· How to position different 3GPP technologies in the IoT space?
· What are the use cases that each of these technologies is intended to address?
· What are the key requirements or evolution areas that are needed to be addressed in Rel-16?

So far LTE-M/NB-IoT have addressed the low end mMTC segment targeting low power (long battery life), extended coverage and very high connection density, whilst striving for a low device cost/complexity. As more advanced features are being specified for LTE-M/NB-IoT in Rel-15, including higher mobility, lower latency and reduced power consumption, these technologies are well placed to satisfy the low end mMTC market segment including achieving the IMT-2020 requirements on high connection density of 106 devices/km2. Depending on the progress on Rel-15 eMTC/NB-IoT objectives [1], [2], a follow-on Rel-16 WI may be needed to address any aspects that cannot be completed during the Rel-15 standardization time frame.
To avoid market fragmentation and duplication, any NR-specific solution for the IoT space should target a relatively orthogonal (vertical) market segment where cost/complexity considerations and extended coverage scenarios are not of such primary importance. It has been suggested that NR could target the mid- and high-end 5G mMTC market but it remains to be seen what near term use cases/applications for Rel-16 exists for these segments. A variety of use cases on communication for automation, including the corresponding service requirements, have been studied and documented in TR 22.804 [3]. Some promising use cases to consider are:
1) Motion control, e.g. control-to-control communications and integration of NR with industrial Ethernet. These use cases are characterized by high reliability and low latency.
2) Video surveillance (CCTV): this has a wide range of applications from monitoring of private/public infrastructure to tele-medicine. Key requirements include high data rate, low latency and high reliability. 

Key requirements for Rel-16 IoT/MTC work/study 
An inevitable question is whether new mid-to-high end IoT use cases require specific features different from the URLLC features currently being standardized in Rel-15. First we note that not all IoT use cases require the very stringent URLLC requirements described in TS 38.913 – packet reliability of 1-10-5 for 32 bytes with a user plane latency of 1ms. The potential scope of a Rel-16 study should take into account the current Rel-15 URLLC work, and what leftovers need to be addressed considering the different IoT requirements.
In addition to Rel-15 URLLC work, NOMA techniques may also be considered to improve connection density for mMTC applications. This should not be necessarily restricted to the low-tier IoT market but can also be considered for mid-to-high end as moderate to high connection densities may also be needed for moderate-to-high data rate use cases and/or lower latency use cases.
An important aspect to consider is coexistence between LTE-M/NB-IoT and NR. As mMTC devices in the LPWA space are expected to last at least 5 – 10 years, it is necessary that any migration of LTE spectrum to NR does not impact deployed LTE-M/NB-IoT devices. Although, NR Rel-15 has introduced some tools supporting coexistence such as BWP operation and flexible scheduling timing, further investigation on additional enhancements, if needed, can be done in Rel-16.  
Finally, it should be noted that although NR UE positioning is currently discussed separately, accurate positioning is also a key requirement in several IoT use cases including industrial IoT.   
3	Conclusion
In this contribution, we provide our views on the potential scope and differentiation of NR and LTE technologies addressing the IoT/MTC market. In summary, 
· There should be a clear differentiation between IoT/mMTC markets adressed by LTE-M/NB-IoT and and those for a potential NR solution. 
· Any Rel-16 NR study on IoT should leverage the Rel-15 work on URLLC and NOMA where applicable.
· Coexistence between LTE-M/NB-IoT and NR is a key requirement for a Rel-16 study.
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