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Introduction
The specification work in 3GPP for the internet of things (IoT) and massive machine type communication (mMTC) started from Rel-13. After the first version of eMTC and NB-IoT in rel-13, further enhancements were added in Rel-14 and Rel-15 to address new requirements from actual deployment. With the completion of NR specification in Rel-15, questions have been asked about further IoT work in Rel-15 within the scope of NR. 
In this paper we discuss the further evolution of IoT work in NR.
Discussion
Co-existence between NR and NB-IoT
The first issue needs to be considered is NR co-existence with NB-IoT. This is very important since the deployed NB-IoT system shall have a long-life system targeting over 10 years, and it is possible that NB-IoT and NR may be deployed with frequency-overlapping carriers as well as frequency adjacent non-overlapping carriers. Some solutions has been briefly discussed before, for example, in the case of NB-IoT inband within an NR carrier, reserved resources from NR perspective has been proposed. However, the detailed restriction and performance impact on both NR and NB-IoT has not been fully evaluated. Secondly, different supported co-existence scenario also need to be discussed.  Furthermore, for TDD system, usually good synchronization to minimize the performance degradation caused by cross-link interference is needed. This will further complicate the co-existence issue therefore TDD NB-IoT system may need further consideration when deployed together with NR system.
Proposal 1: Co-existence between NR and NB-IoT should also be addressed.
Differentiation between IoT work in NR and eMTC/NB-IoT
The intended use case of eMTC/NB-IoT specification is the so called low power wide network (LPWA). In fact the focus of eMTC/NB-IoT has always been low power and low cost terminal. The table below summarize the evolution path of eMTC/NB-IoT.
	
	Rel-13
	Rel-14
	Rel-15

	eMTC
	1.4 MHz bandwidth
One deployment scenario: in-band
Max data rate(FD-FDD):
~800 kbps/~1 Mbps
Coverage enhancement: 155.7dB
	Up to 5 MHz bandwidth BL UE
Large TBS support 
Max data  improvement
Positioning : OTDOA
Multicast support
VoLTE enhancement
	Power consumption, latency, system acquisition time, load control
Spectrum efficiency
Support of higher UE velocity

	NB-IoT
	180 kHz bandwidth
Three deployment scenarios: In-band, guard-band, standalone
Max data rate(anchor, inband): 
~22.6 kbps/ ~58.3 kbps
Coverage enhancement: 164 dB
	Positioning : OTDOA
Multicast support
Non-Anchor PRB support
New power class
Max data rate((anchor, inband): 
~65.1 kbps/~142.5 kbps
	Power consumption ,latency, system acquisition time, load control
TDD 
Small cell
Measurement accuracy enhancement


With these specifications the current eMTC/NB-IoT provide competitive LPWA support for the operators. The deployed eMTC/NB-IoT system usually target a long-life cycle of over 10 years. To prevent duplication of specification work and ensure fully usage cycle of the deployment network, NR based IoT should focus on different mMTC market opportunities. The deployed eMTC/NB-IoT network targeting LPWA market opportunities can continue to evolve and optimize. In fact, further enhancement proposals for Rel-16 eMTC/NB-IoT are discussed in companion paper [1][2] to ensure smooth evolution of eMTC/NB-IoT technology.
For NR-IoT in Rel-16, the focus should be for those important IoT use cases that have not been addressed previously by eMTC/NB-IoT. In this way, eMTC/NB-IoT and NR-IoT together provide complimentary and non-overlapping mMTC solutions.
Proposal 2: NR-IoT and eMTC/NB-IoT should target difference deployment scenario and market opportunity.
Candidate use cases for NR-IoT
The first step in the specification of NR-IoT should start with identification of IoT use cases for the most important market opportunities. It is well known that the characteristics of IoT applications is the diversity. Beside the LPWA (large coverage, massive connectivity, low power, low cost) market that has already been addressed with eMTC/NB-IoT, there are many other emerging applications with higher data rates requirement and more stringent latency requirement. Some of these IoT services have the potential to become the next generation IoT “killer” application. It is important to categorize and prioritize these use cases based on market opportunities.  
Many new use cases have been mentioned in [3][4], initial studies show that at least the following four categories should be prioritized:
· High connection density and Low latency
· Low latency with High Data Rate
· High connection density and Ultra-reliable
· High connection density, Low power consumption and Ultra-reliable
High connection density and Low latency
Several identified use case in [3] fall into this category. For example, packaging machine, condition monitoring for safety, etc. The table below gives some of the requirement for these use cases.
	Use cases
	Maximal Bit Rate(kbps)
	Connection Density per km2
	Latency(ms)

	Packaging Machine
	40
	1000000
	1

	Condition monitoring for safety
	800
	1000000
	5


Other use case in this category include process automation, control-to-control communication and mobile robots.
Low latency with High Data Rate
Several identified use case in [4] fall into this category. For example, Virtual presence, Industrial Control, Connected vehicles and Cloud Computer Games with 4K 3D graphics – Low Latency Applications, etc. The table below gives some of the requirement for these use cases. 
	 Use case
	Maximal Bit Rate(Mbps)
	Latency(ms)

	Virtual presence
	250Mbps
	2-4 ms

	Industrial Control
	tens of Mbps 
	~1 ms

	Connected vehicles
	tens of Mbps
	~1 ms

	Cloud Computer Games with 4K 3D graphics – Low Latency Applications
	50 Mbps
	1.5 ms



High connection density and Ultra-reliable
The use cases in this category include flexible, modular assembly area [3]. The main challenges of this use case are:
· Ultra-reliable wireless communication of a variety communication services adhering to negotiated and guaranteed QoS parameters. 
· Communication bursts when several parallel actions occur (e.g. parallel actions supported by real-time video assistance).
· High density of mobile assets. 
· Changing the 5G network configuration in the production when the layout of the assembly area is altered. The 5G network configuration change is carried out by the production staff, supported by self-optimising algorithm. In some cases this only involves the UEs. In other cases, base stations might have to be relocated or more base stations would have to be added to the 5G network.
· 5G network maintenance and assurance:
· Monitoring the production environment and processes related to communication; detect potential communication bottlenecks in the production area. 
· The diagnosis of network error, faults, underperformance, etc. contains recommendations for what to do for fulfilling the requested QoS. 
High connection density, Low power consumption and Ultra-reliable    
Some use cases in [3] fall into this category. For example, Massive wireless sensor networks [3]. The main challenges to the 5G system are:
· Large number of UEs per radio cell
· High aggregate user experienced data rate 
· Local groups need to be formed; mesh topologies need to be realised
· Low-latency requirements combined with high reliability
· Automated attachment of UEs without services disruption for connected UEs
· Interfaces to allow programmability of gateways
· Packet prioritisation techniques to meet constraints for critical messages
· The power consumption reduction is an important task in WSNs since sensors are often just equipped with a battery.
Proposal 3: Rel-16 NR-IoT should focus on the identification and prioritization of candidate use cases. 
Proposal 4: The following four categories of use cases should be prioritized in Rel-16:
· High connection density and Low latency
· Low latency with High Data Rate
· High connection density and Ultra-reliable
· High connection density, Low power consumption and Ultra-reliable 
Evaluation assumption/Deployment scenario/candidate solution technologies
After the periodization of the identified use case, the corresponding KPI/requirement for these use cases should be defined. It is evident that the existing mMTC KPI set and URLLC KPI cannot be used directly for these use cases, since these use case require combinations of different KPI. Evaluation assumptions and deployment scenarios should also be discussed and defined to facilitate further evaluation. Candidate solution technologies can be discussed.
One particularly important deployment scenario is mesh network with multi-hop functionality. This is motivated by various use cases identified and the demand to further enhancing network efficiency. It is also important for improving user experience at cell edge and UE power consumption inside deep coverage ‘black spot’. From high end wearable device to low cost, low power consumption meter-type devices, a diversity spectrum of IoT devices will benefit. To support mesh deployment, enhancement based on LTE sidelink operation and other solutions base on relay and V2V can be considered.
Proposal 5: KPIs, evaluation assumption, deployment scenario for the identified use case should be studied.
Proposal 6: Support of mesh network with multi-hop functionality should be prioritized.
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Our proposals in this contribution are summarized as follows: 
Proposal 1: Co-existence between NR and NB-IoT should also be addressed.
Proposal 2: NR-IoT and eMTC/NB-IoT should target difference deployment scenario and market opportunity
Proposal 3: Rel-16 NR-IoT should focus on the identification and prioritization of candidate use cases. 
Proposal 4: The following four categories of use cases should be prioritized in Rel-16:
· High connection density, Low latency
· Low latency with High Data Rate
· High connection density and Ultra-reliable
· High connection density, Low power consumption and Ultra-reliable    
Proposal 5: KPIs, evaluation assumption, deployment scenario for the identified use case should be studied.
Proposal 6: Support of mesh network with multi-hop functionality should be prioritized.
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