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Introduction
[bookmark: _Hlk18673053]Due to its low demand in bandwidth, battery and cost, NB-IoT has been a very competitive solution for IoT services. However, the IoT service requirement is constantly increasing with the development of IoT industry, which requires more capacity and capability from NB-IoT. Considering GSM network will withdraw in near future, while the lifecycle of NB-IoT will last 10 years or more, IoT services provided by GSM now will be migrated to NB-IoT eventually. Therefore, it is necessary to consider relevant enhancements for NB-IoT to better take over IoT services in the future.
[bookmark: _Hlk18678141]Meanwhile, Rel-16 LTE NB-IoT work item identified the potential issues and solutions for coexistence with NR and mentioned NB-IoT resource reservation to avoid resource overlap. Considering the demand of NB-IoT capacity upgrade and the characteristics of IoT services such as tidal effect, it is necessary to reserve NR resource for NB-IoT as well. Dynamic resource reservation and sharing instead of isolation between NR and NB-IoT should also be considered.
[bookmark: _Hlk18678525]On the basis of above-mentioned status, this contribution discuss the necessity of enhancing NB-IoT and potential directions including coexistence with NR.
Discussion
[bookmark: _Hlk18674977]It is predicted that there will be tens of billions of IoT connections in 2020. Currently the NB-IoT network try to provide IoT connections for smart home appliances, intelligent instruments, electric bicycles, fire safety and integration services. However, customers still prefer 2G than NB-IoT due to GSM’s data rate and latency advantage over NB-IoT, e.g., applications in Table.1.
Table.1 Some applications popular in GSM network
	Applications
	description
	Data rate requirements

	FOTA
	Software upgrade
	250~300kbps

	Health/fitness
	Heartbeat monitoring
	192-256kbps

	Smart home VAD(voice assistant device)
	Voice command for remote control
	200kbps


[bookmark: _Hlk18673910]Meanwhile MNOs are considering to eventually transfer IoT services from GSM to NB-IoT, so capacity upgrade and capability improvement for NB-IoT are expected to fill the gap between NB-IoT and GSM network to encourage those services to migrate to NB-IoT. In [1] it was proposed to introduce in 16QAM for NB-IoT to provide higher data rate, which could be one important candidate component feature to meet the expectation, at the same time, other enhancements could be considered as well.
Proposal 1: NB-IoT should be enhanced to achieve higher data rate for the present and future IoT services.
[bookmark: _Hlk18674696][bookmark: _Hlk18674596][bookmark: _Hlk18674638]In addition to data rate, IoT services such as manufacturing and connected cars demand high reliability and low latency, especially when the device is mobile. An 8-second DL UP interruption for 1000 bytes data was detected in a test of electric bicycle service, which sends a 1000-byte packet every 15 seconds. For NR lossless HO can be guaranteed by data forwarding between the source and the target gNB. Since that NB-IoT does not support HO and its connection re-establishment is based on cell reselection, it is necessary to enhance the connection re-establishment procedure to avoid packet loss and to reduce latency caused by data interruption.
[bookmark: _Hlk18677814]Proposal 2: NB-IoT should be enhanced at least in connection re-establishment to avoid packet loss and reduce latency for the present and future IoT services.
On the other hand, except for network performances, efficient resource utilization and energy-saving provide motivation for NB-IoT enhancement as well. For example, assume an NB-IoT cell providing connections for shared bicycles and intelligent instruments. The shared bicycle service is a bit more sensitive to latency and thus requires smaller paging cycle (e.g. 1.28s), while the instruments only need a larger paging cycle (e.g. 5.12s). If the cell cannot differentiate services or devices for different paging cycles, it has to configure the smallest paging cycle for all its serving devices, which could lead to a severe waste of paging resources. 
[bookmark: _GoBack]Similar problem may occur as well when the power-saving policy such as Power Saving Mode (PSM) can only be configured per cell. A UE enters PSM in idle mode when T3324 (PSM active timer) expires and exits PSM when it has data to transmit or T3412 (TAU periodic request timer) expires. The network should set appropriate expiration values for T3324 and T3412 according to the type of service or device. E.g. a shorter T3324 and/or a longer T3412 to ensure quick sleep and/or to avoid frequent wake up for instruments that have one-shot data to transmit and only need to transmit every few days.
Proposal 3: NB-IoT should support service or device differentiation for more efficient utilization of resources and power-saving.
In order to support deploying NB-IoT inside NR carrier, Rel-16 LTE NB-IoT stated in WID [2] to consider NB-IoT resource reservation for NR. However, from the commercial network, some IoT services show uneven distribution characteristics in time and space (a.k.a. tidal effect), which makes us in a dilemma when we consider the network utilization efficiency and rush hour requirements,  and there are a lot legacy NB-IoT UEs, so it is expected to support dynamic resource reservation and sharing instead of hard resource reservation between NR and NB-IoT, to support dynamic capacity expansion with more NB-IoT non-anchor carrier. 
Proposal 4: On top of NB-IoT resource reservation for NR, NR resource reservation for NB-IoT should be supported.
Proposal 5: If Proposal 4 is supported, consider dynamic resource reservation and sharing instead of hard isolation between NR and NB-IoT.
Conclusion
This contribution discuss the necessity of enhancing NB-IoT for IoT services and potential directions including coexistence with NR. We propose:
Proposal 1: NB-IoT should be enhanced to achieve higher data rate for the present and future IoT services.
Proposal 2: NB-IoT should be enhanced at least in connection re-establishment to avoid packet loss and reduce latency for the present and future IoT services.
Proposal 3: NB-IoT should support service or device differentiation for more efficient utilization of resources and power-saving.
Proposal 4: Bidirectional resource reservation between NR and NB-IoT should be supported, i.e. resource reservation for NB-IoT is supported in NR.
Proposal 5: If Proposal 4 is supported, consider dynamic resource reservation and sharing instead of hard isolation between NR and NB-IoT.
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