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In RANP#86, a study item on support of NB-IoT and eMTC over NTN was approved [1], with the following objective related to necessary enhancements:

This Study will evaluate and confirm solutions to address the minimum necessary specifications for NB-IoT and eMTC according to the following objectives. 
The first objective of this Study is to identify scenarios applicable to NB-IoT/eMTC [RAN1, RAN2] whilst a second objective was that for the scenarios identified, to study and recommend necessary changes to support NB-IoT and eMTC over satellite, reusing as much as possible the conclusions of the studies performed for NR NTN in TR38.821. This objective will address the following items: 
-	Aspects related to random access procedure/signals [RAN1, RAN2]
[bookmark: _Hlk54192799]-	Mechanisms for time/frequency adjustment including Timing Advance, and UL frequency compensation indication [RAN1, RAN2]
-	Timing offset related to scheduling and HARQ-ACK feedback [RAN1, RAN2]
-    Aspects related to HARQ operation [RAN2, RAN1]
-	General aspects related to timers (e.g. SR, DRX, etc.) [RAN2]
-	RAN2 aspects related to idle mode and connected mode mobility [RAN2]
-	RLF-based for NB-IoT
-	Handover-based for eMTC
-	System information enhancements [RAN2]
-	Tracking area enhancements [RAN2]

This document considers, based on the above bulleted items, those enhancements under the purview of RAN1 that are needed to Rel16 NB-IoT and eMTC in order to support the identified scenarios over NTN.

Random Access Procedure
In the TR 38.821[2] the issue of random access was studied for NTN. The random access procedure for NTN services is impacted by the long propagation delay from the UE via the satellite to the ground-based eNB or gNB. These issues were studied for TR 38.821 and it was concluded that: PRACH preambles are long enough for the RTT in NTNs based on LEO but not on GEO satellites. 
Proposal 1: Study the need for extension of PRACH preambles especially for GEO satellites.

Time and frequency synchronization

Time synchronization for the UL entails acquiring the UL timing advance (TA) for the UE. In terrestrial EUTRA, the TA can be sent to the UE in the random access response (RAR) message. In NTN, because of the long RTD and large satellite beam footprint, the TA range is much wider and the RAR window is much later and wider. For these reasons, other means of acquiring the TA were considered in TR 38.821. For example, suitably equipped UEs can use their onboard GNSS to acquire an accurate position for the UE. Then if the network sends the UE the positions of the satellite and the eNB (for example in the SI), the UE can use these three positions to calculate its TA value. Similar approaches may need to be adopted for IoT NTN.
Proposal 2: Study options for acquiring UL synchronization based on UE and satellite position acquisition.

Timing offset scheduling between UL and DL

In E-UTRA, when the UE receives a PDSCH in subframe n, the network expects to receive its ACK/NACK in subframe n+K1. In eMTC, K1 = 4. In NB-IoT, K1 takes a value of between 13 and 18ms. Since the propagation delay between a terrestrial UE and the eNodeB is very small and is compensated in any case by the TA, the UE transmits the HARQ-ACK/NACK in a timing advanced UL subframe n+K1. In NTN however, if the eNodeB transmits a PDSCH in subframe n, then because of the long propagation time between the eNodeB and the UE, the PDSCH does not arrive at the UE until subframe n+D where D = ceil(0.5*RTT/Tsf) where Tsf = subframe duration. Ignoring UL timing advance, consider that the UE transmits HARQ-ACK/NACK in a PUCCH during subframe n+D+K1, this in turn does not arrive at the eNodeB until UL subframe n+D+K1+D. A similar analysis can be carried out for other handshaking transmissions that require timed responses from messages between the UL and the DL. 
Proposal 3: Adopt similar solutions for DL/UL timing offsets as in NR NTN.

Aspects related to HARQ Feedback
In E-UTRA, HARQ feedback and retransmissions are used to ensure a low block error rate at the MAC level. In Rel16, the network can configure a maximum of 2 HARQ processes for both NB-IoT and eMTC, assuming Release-14 NB-IoT and that eMTC operates in CE Mode B (see [4]). For NTN, the RTD is very long and so throughput cannot be maintained with a low number of HARQ processes, especially for the GEO constellation case and in the DL, where less coverage enhancement is required. In TR 38.821, one idea to cope with this is to disable HARQ feedback on a per HARQ process basis. This means that the transmitter does not receive HARQ ACK/NACK for any blocks it transmits. This leads to a high block error rate that has to be mitigated by other means. 
In some applications, throughput is not a critical KPI and so HARQ feedback may still be configured for a device running such applications, especially given the power consumption and efficiency benefits of operating with HARQ. Throughput is more critical for some eMTC use cases and for these, disabling HARQ feedback should be considered.
The study should consider how HARQ impacts the throughput, latency, power consumption and capacity of the IoT-NTN system and determine those enhancements that can lead to improvements to these KPIs, such that IoT-NTN devices can still meet the requirements in terms of latency, battery life, coverage and capacity that are documented in [5] and the IMT-2020 requirements.
Proposal 4: The study should consider HARQ enhancements that are required to meet KPIs on latency, battery life, coverage and capacity. 

Half Duplex
IoT NTN systems operate in frequency division duplexing spectrum, due to the nature of the spectrum assigned to satellite communications. Nb-IoT and eMTC typically operate in half-duplex mode in FDD spectrum. While eMTC devices can also be implemented to allow operation in a full duplex FDD mode, this is less desirable as a duplexer is required, which increases cost, has a higher insertion loss etc.
Whereas NR NTN assumes that UEs can operate in a full duplex mode (the UE can transmit and receive at the same time), for IoT NTN half-duplex operation has to be assumed. Half-duplex operation may have various impacts on system operation, for example timing advance enhancements need to ensure that the UE never has to receive and transmit at the same time.
Proposal 5: For IoT NTN, RAN1 to assume that the Nb-IoT and eMTC UEs will be operating in a half-duplex FDD, HD-FDD, mode. 

Power consumption
It has been shown that both NB-IoT and eMTC [6] meet the 5G IoT requirement of supporting up to 10 years battery life with a  5Wh battery. This battery lifetime is met even for deep coverage enhancement (up to 164dB MCL). While the coverage enhancement required for IoT NTN is less than that required for the 5G IoT requirements, there are additional overheads associated with operation in IoT NTN, including the requirements to measure UE position (or take other steps to ensure that the UE has correct timing advance and frequency compensation) and the extended timers for IoT NTN.
Proposal 6: Study IoT NTN enhancements to minimize power consumption, such that 5G IoT requirements can be met. 

Coverage enhancement
Initial estimates [4] indicate that the IoT NTN uplink for eMTC will operate in CE Mode B and the IoT NTN downlink for eMTC could operate in CE Mode A. Although it would be possible to accept this imbalance and operate both the DL and UL in CE Mode B, it would be preferable if the eMTC DL could be enhanced to operate more efficiently when there is an UL / DL link budget imbalance.
Proposal 7: RAN1 to investigate the extent of UL / DL imbalance in IoT NTN and considers associated necessary enhancements. 

Sub-PRB transmissions
In [4], it was observed that the UL link budget for eMTC transmissions would be improved with sub-PRB transmissions with negative MPR (or equivalently power boosting). Due to the lower PAPR of sub-PRB transmissions, it should be possible for a UE to transmit sub-PRB transmissions with a higher power level than full-PRB transmissions, while not increasing adjacent channel leakage. Negative MPR / power boosting are issues that can be considered by RAN4.
Proposal 8: RAN4 to consider negative MPR / power boosting for sub-PRB NB-IoT and eMTC transmissions in IoT NTN. 

[bookmark: _Hlk47387515]Conclusions
This document has considered changes that may be needed to Rel16 NB-IoT and eMTC in order to support identified scenarios over NTN. We observe and propose as follows:

Proposal 1: Study the need for extension of PRACH preambles especially for GEO satellites.
Proposal 2: Study options for acquiring UL synchronization based on UE and satellite position acquisition.
Proposal 3: Adopt similar solutions for DL/UL timing offsets as in NR NTN.
Proposal 4: The study should consider HARQ enhancements that are required to meet KPIs on latency, battery life, coverage and capacity. 
[bookmark: _GoBack]Proposal 5: For IoT NTN, RAN1 to assume that the Nb-IoT and eMTC UEs will be operating in a half-duplex FDD, HD-FDD, mode. 
Proposal 6: Study IoT NTN enhancements to minimize power consumption, such that 5G IoT requirements can be met. 
Proposal 7: RAN1 to investigate the extent of UL / DL imbalance in IoT NTN and considers associated necessary enhancements. 
Proposal 8: RAN4 to consider negative MPR / power boosting for sub-PRB NB-IoT and eMTC transmissions in IoT NTN. 
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