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This document provides our views on Release-18 enhancements for IoT, covering the following aspects:
· IoT-NTN enhancements
· Terrestrial enhancements to NB-IoT / eMTC
· Redcap enhancements for IoT
· Towards zero energy communications

Enhancements for URLLC and Industrial IoT are considered in a separate contribution [1].
	
IoT-NTN enhancements
The Rel-17 study item on IoT-NTN has, until now, considered essential minimum functionality for supporting NTN deployments of eMTC and NB-IoT. We expect that there will be a follow-up Rel-17 work item on support of eMTC and NB-IoT via NTN, where only essential minimum functionality will be specified.
In Rel-18, IoT-NTN should strive to meet the 5G mMTC requirements. These requirements are met by both eMTC and NB-IoT in the specifications for terrestrial deployment.
5G mMTC requirements
The 5G IoT requirements are listed in TS38.913 [2] and include:
Latency. The latency shall be no worse than 10 seconds on the uplink for a 20 byte application packet (with uncompressed IP header corresponding to 105 bytes physical layer) measured at the maximum coupling loss (MaxCL) of 164dB.
Coverage. MaxCL in uplink and downlink between device and Base Station site (antenna connector(s)) for a data rate of 160bps, where the data rate is observed at the egress/ingress point of the radio protocol stack in uplink and downlink. The target for coverage should be 164dB.
Battery Life. UE battery life can be evaluated by the battery life of the UE without recharge. For mMTC, UE battery life in extreme coverage shall be based on the activity of mobile originated data transfer consisting of 200bytes UL per day followed by 20bytes DL from MaxCL of 164dB, assuming a stored energy capacity of 5Wh. The target for UE battery life for mMTC should be beyond 10 years, 15 years is desirable.
Connection density. The target for connection density should be 1 000 000 device/km2 in urban environment.
Enhancements relative to Rel-17 IoT-NTN
In order to support minimum essential functionality in Rel-17, the IoT-NTN study item [3] did not focus on enhancements to IoT-NTN functionality and there is scope for significant enhancement of IoT-NTN.
Enhancements to IoT-NTN are desirable in the following areas:
Latency. The large RTT (round trip time) in NTN impacts the latency. When HARQ is used, HARQ is stalled for some scenarios, such as GEO. The half-duplex nature of most IoT-NTN devices mean that there are times when the UE is unable to receive or transmit for IoT-NTN. The UE must read SIB for satellite  ephemeris or position / velocity information before transmitting. All of these constraints impact the latency.
Coverage. Both eMTC and NB-IoT support up to 164dB MCL. Open sky scenarios can be supported with approximately 154dB MCL, meaning that GEO and LEO scenarios can be supported with minimal changes in NB-IoT and eMTC in CE Mode A. Additional penetration losses (e.g. due to foliage or buildings) may require between 154dB and 164dB MCL to be supported. It would be beneficial if eMTC CE Mode A could be simply enhanced to support these extended MCLs in the UL, while operating at a lower MCL in the DL, given the IoT-NTN is limited by UL coverage, rather than DL coverage. When operating in poor coverage, the UE transmission time may be longer than the time that the UE is within the coverage footprint of the satellite. In this case, it would be desirable to continue HARQ transmission or repetition between cells.
[bookmark: _GoBack]Battery Life. Battery life can be improved by increasing the data rate that is supported (allowing the UE to go to sleep earlier), allowing the UE to sleep during portions of the RTT where communication is not possible and minimising GNSS measurements.
Connection  density. At high connection densities, PRACH congestion is likely to become a problem as IoT-NTN devices with data to transmit will all wait to receive satellite position and velocity information on SIB before transmission. There will then be PRACH congestion following these SIB transmissions. Connection density will be improved if IoT-NTN supports higher data rates and makes better use of the spectrum when there is dead time during the RTT (if such dead time cannot be scheduled to other UEs in Rel-17).
High value mMTC applications. Rel-17 IoT-NTN has focussed on essential minimum functionality for sporadic short transmissions. Rel-18 enhancements should consider higher value applications with higher data rates. These higher value applications may be supported with satellites having more ambitious parameters than those considered in Rel-17.
Mobility. Rel-18 IoT-NTN should support connected mode mobility. If Rel-17 only supports RLF (radio link failure), then Rel-18 would need to be enhanced to support connected mode mobility.
Proposed IoT-NTN work plan for Rel-18
It is proposed that RAN Plenary endorses a work item on IoT-NTN enhancements for Rel-18. If found necessary the work item could start with a study phase. Enhancements should be considered in the areas of latency, coverage, battery life, connection density, mobility and the support of high value mMTC applications.
Proposal 1: IoT-NTN is enhanced in Release-18 to support full functionality, striving to meet the 5G mMTC requirements. Enhancements should be considered in the areas of latency, coverage, battery life, connection density, mobility and the support of high value mMTC applications.

Terrestrial enhancements for eMTC and NB-IoT
We expect the main area of focus for eMTC and NB-IoT technologies in Rel-18 to be on IoT-NTN. Some of the techniques that are pursued in IoT-NTN could also be applicable for terrestrial IoT networks. Hence, enhancements to IoT-NTN should be applicable to terrestrial networks, where appropriate.
Many features have been added to eMTC and NB-IoT over a number of releases. At this stage in the evolution of these technologies, we feel it is reasonable to allow the market to catch up on the features that have already been specified, rather than add more features in Rel-18. However, Rel-18 may also address issues that are observed in terrestrial active and planned eMTC and NB-IoT deployments.
Proposal 2: Terrestrial NB-IoT and eMTC do not require enhancement in Rel-18.

Redcap enhancements for IoT
Rel-17 will support Redcap, where the main focus has been on supporting reduced capability devices for IWSN, wearable and video surveillance use cases. These redcap devices address a different market to the LPWA market that is addressed by eMTC and NB-IoT.
Rel-18 should support enhancements to redcap devices in the following areas:
Coexistence with URLLC. Rel-17 half-duplex redcap devices do not support the uplink cancellation indictor (ULCI), which may make coexistence with URLLC inefficient. Rel-18 redcap should better support coexistence with URLLC, allowing redcap IWSN devices to be efficiently deployed with factory robots.
Low power devices. Redcap devices should support low power operation with limited battery supplies. Support of devices with limited battery supplies is important in some industrial settings where sensors / actuators may need to be battery powered and it is difficult to replace batteries. Operation with limited battery supplies implies operation with lower transmit powers (in the range of 10-14 dBm) as battery lifetime is increased if the peak current drawn from batteries is lower. 
Proposal 3: Redcap is enhanced in Rel-18 to better support coexistence with URLLC devices and to support low power devices.

Towards zero energy communications
A longer-term goal of 3GPP should be to support net zero energy communications at the UE. These zero energy UE communications can be supported by combinations of energy harvesting, backscattering communications and support of ultra-low power receivers. 
An initial stage in the pathway towards zero energy communications is enhancement to support devices that rely on energy harvesting for their power. While the means of harvesting energy is not within the scope of 3GPP, 3GPP protocols need to be tolerant of devices that have the intermittent energy supplies that are characteristic of devices that rely on energy harvesting. Simple redcap devices could rely on energy harvesting for their power.
Other forms of zero energy communications that enable passive IoT, such as backscattering and support of ultra-low power receivers, may require a new waveform. Passive IoT can be considered in future (beyond Rel-18) 3GPP releases.
Proposal 4: Rel-18 includes enhancements to support devices that obtain their power from energy harvesting.

Conclusion
The following proposals are made in this document:
IoT-NTN: 
· Proposal 1: IoT-NTN is enhanced in Release-18 to support full functionality, striving to meet the 5G mMTC requirements. Enhancements should be considered in the areas of latency, coverage, battery life, connection density, mobility and the support of high value mMTC applications.
NB-IoT / eMTC: 
· Proposal 2: Terrestrial NB-IoT and eMTC do not require enhancement in Rel-18.
Redcap: 
· Proposal 3: Redcap is enhanced in Rel-18 to better support coexistence with URLLC devices and to support low power devices.
Energy harvesting: 
· Proposal 4: Rel-18 includes enhancements to support devices that obtain their power from energy harvesting.
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