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1 Background
A new study item on supporting NB-IoT and eMTC over Non-Terrestrial Networks (NTNs) is outlined in [1]. 
The first objective of this Study is to identify scenarios applicable to NB-IoT/eMTC [RAN1, RAN2], including:
-	Bands of interest in sub 6 GHz
-	Device type with PC3 or PC5 (LEO and GEO) 
-	Satellite constellation orbit LEO and GEO 
-	Transparent payload.
-	Link budget
NOTE 1: This first objective will be based on the scenarios documented in TR 38.821.
NOTE 2: UE mobility assumptions follow terrestrial NB-IoT/eMTC assumptions.
The second objective is, for the above identified scenarios, 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]
-	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]

NOTE 3: 	GNSS capability in the UE is taken as a working assumption in this study for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed.
In this contribution, we provide our initial views on scenarios applicable to NB-IoT/eMTC over NTN.
2 Bands of interest, satellite orbit and device type
We propose to support both the “L-band” and “S-band” in Frequency Division Duplex (FDD) modes for NB-IoT and eMTC over NTN. 
Further, both LEO and GEO satellite support is proposed to be confirmed.
With regards to device type, both the 23 dBm power class (PC3) as well as the 20 dBm power class (PC5) should be supported.
Proposal 1: Confirm support of both L-band and S-band in FDD mode of operation for eMTC and NB-IoT over NTN.
Proposal 2: Confirm support of both LEO and GEO satellites for serving eMTC and NB-IoT over NTN.
Proposal 3: Support both PC3 and PC5 for NB-IoT over NTN.

3 Link Budgets
The link budgets presented in this section are based on the scenarios outlined in Table 6.1.1.1-1 and Table 6.1.1.1-2 in [2]. In the results below, the SNRs are provided for a 15 kHz numerology and a full (one) PRB transmission (in the uplink). The SNR for lower bandwidth transmission can be obtained by adding the corresponding difference in bandwidth to the resulting SNR. Specifically, we provide link budgets for the worse of the two scenarios in [2] (i.e., Set 2) in the tables below—both for PC3 and PC5 UEs. Support for Set 2 in [2] will naturally translate to support for Set 1, where the parameters are more favourable in terms of link budget.

Table 1: Assumptions for calculating uplink link budgets in S-band LEO satellites (Set 2 in [2])
	Orbit Alt. (km)
	Sat Antenna Gain (dBi)
	G/T (dB/K)
	UE Power (dBm)
	UE antenna gain (dBi)
	Shadowing Margin (dB)
	Polarization loss (dB)
	Signal BW
(kHz)
	Channel Condition

	1200/600
	24
	-4.9
	23
(20)
	0
	3
	3 (1 Tx ant)
	180
	Clear Sky and LOS








Table 2: Uplink link budgets for beam center UEs with a full PRB UL transmission to S-band LEO satellites (Set 2 in [2]). The numbers in parentheses represent the achievable SNRs with 20 dBm power class UEs.
	Elevation Angle (Deg)
	10
	20
	30
	40
	50
	60
	70
	80
	90

	SNR (dB) @1200 km
	-12.4
(-15.4)
	-10.3
(-13.3)
	-8.5
(-11.5)
	-7.1
(-10.1)
	-6.0
(-9.0)
	-5.1
(-8.1)
	-4.6
(-7.6)
	-4.2
(-7.2)
	-4.1
(-7.1)

	SNR (dB) @600 km
	-8.2
(-11.2)
	-5.4
(-8.4)
	-3.2
(-6.2)
	-1.4
(-4.4)
	0.1
(-3.1)
	1.2
(-2.2)
	2.6
(-1.6)
	2.2
(-1.2)
	2.1
(-1.1)



Table 3: Assumptions for calculating downlink link budgets in LEO satellites (Set 2 in [2])
	Orbit Alt. (km)
	Baseline Sat EIRP
	UE antenna gain (dBi)
	UE NF (dB)
	Shadowing Margin (dB)
	No. of UE antennas
	Channel Condition

	1200
	64dBm/MHz
	0
	7
	3
	1
	Clear Sky and LOS

	600
	58dBm/MHz
	0
	7
	3
	1
	Clear Sky and LOS



Table 4: Downlink link budgets for transmission from LEO satellites (Set 2 in [2]).
	Elevation Angle (Deg)
	10
	20
	30
	40
	50
	60
	70
	80
	90

	SNR (dB) @1200 km
	-5.58
	-3.47
	-1.69
	-0.24
	0.88
	1.72
	2.30
	2.63
	2.75

	SNR (dB) @600 km
	-7.39
	-4.54
	-2.30
	-0.58
	0.70
	1.64
	2.28
	2.65
	2.77



4 Accuracy of initial cell acquisition  
It is proposed that RAN1 agree on and document how accurately a UE is expected to determine the frequency of an NTN cell during initial acquisition (cell search). This typically involves assumptions on the accuracy of the crystal oscillator at the UE (e.g., 20 ppm). Additionally, for NTN, there may be additional doppler frequency offsets at the UE, due to satellite mobility. The combined effects of crystal oscillator accuracy and doppler frequency offsets may lead to a UE assuming an incorrect frequency for a cell.
Proposal 4: RAN1 to study the downlink frequency accuracy of initial cell acquisition for eMTC and NB-IoT over NTN. This includes studying:
· Accuracy of crystal oscillator at the UE (in ppm)
· Maximum doppler frequency offset during initial acquisition
5 Satellite Location Accuracy
It is proposed to document the assumptions on how accurately an eMTC/NB-IoT UE may be able to determine the location of a satellite. Furthermore, it is proposed to document the impact and requirement on a UE to monitor broadcast system information, in order to maintain the proposed satellite location accuracy (resulting in appropriately limited timing and doppler shifts for uplink synchronization). We note that too frequent monitoring of system information is inefficient from a power consumption perspective for eMTC/NB-IoT UEs.
Proposal 5: RAN1 to study how accurately an eMTC/NB-IoT UE can track the location of a satellite—specifically for the case of LEO satellites. 
· RAN1 to also study how frequently the UEs need to read system information from the satellite in order to maintain the above accuracy of satellite location.
Additionally, RAN1 should discuss the “length of connections” (in time) that are to be supported for eMTC/NB-IoT over NTN. As per current behaviour of terrestrial eMTC/NB-IoT UEs, a UE is not mandated to read system information “during a connection”, e.g., in order to maintain time/frequency synchronization. However, if time/frequency offset tracking algorithms (due to satellite mobility) at the UE require SIB reads during a connection, the impact of this on the UE should be evaluated. An example of a long connection is a voice call over eMTC. 
Proposal 6: RAN1 to agree on the length of connections that are supported for eMTC/NB-IoT over NTN. 
· RAN1 to also discuss UE impact of SIB reads during a connection, if such is required to maintain a given satellite location accuracy at the UE, as described in the above proposal. 
6 Assumptions on Cell Planning
For LEO satellites, the beam footprint of a satellite on the ground will change as a function of time. Further, it may be expected that a satellite employs “multiple satellite beams”—with potential frequency reuse across these beams—to provide coverage to ground. Also, depending on the complexity and capability of the satellite, these satellite beams may be “steerable” or “fixed”.
Depending on whether the satellite beams are steerable or fixed, the cell planning aspects may need to be studied by RAN1. For example, for satellites with fixed beams, a cell (a Ncell for NB-IoT) may comprise resources across multiple satellite beams of a satellite. Such an arrangement may allow for a more seamless (PHY/MAC-based) mobility when the beam footprints on the ground change across time.
Proposal 7: Support satellites with steerable as well as fixed (non-steerable) satellite beams
Proposal 8: For LEO satellites with fixed (non-steerable) satellite beams, study techniques to configure a cell (Ncell for NB-IoT) that spans resources across multiple satellite beams of a satellite.
7 Deployment Modes
Currently, terrestrial NB-IoT supports four deployment modes—standalone, guard-band (assumed an LTE guard band), in-band (with LTE) with same PCI (as underlying LTE cell), and in-band with different PCI.
For NB-IoT over NTN, it is proposed to not support an “in-band with LTE” mode. Instead, NB-IoT over NTN should be supported in an “in band/guard band NR” mode, since NR is the technology being defined for broadband NTN access, with distinct advantages over LTE—importantly, the absence of “always on” reference signals and control regions in a slot/subframe. Note that, due to the above fact, an in-band with NR deployment is essentially equivalent to a NR guard-band deployment.
Proposal 9: For NB-IoT over NTN, support only the following deployment modes
· Standalone
· In-band with / guard band of NR
Since eMTC is inherently based on an LTE carrier, interactions between eMTC and NR over NTN are proposed to be handled by Dynamic Spectrum Sharing (DSS) techniques.
8 Conclusion
In this contribution we presented our initial views on scenarios applicable to NB-IoT/eMTC over NTN. We summarize our proposals below.
Proposal 1: Confirm support of both L-band and S-band in FDD mode of operation for eMTC and NB-IoT over NTN.
Proposal 2: Confirm support of both LEO and GEO satellites for serving eMTC and NB-IoT over NTN.
Proposal 3: Support both PC3 and PC5 for NB-IoT over NTN.
Proposal 4: RAN1 to study the downlink frequency accuracy of initial cell acquisition for eMTC and NB-IoT over NTN. This includes studying:
· Accuracy of crystal oscillator at the UE (in ppm)
· Maximum doppler frequency offset during initial acquisition
Proposal 5: RAN1 to study how accurately an eMTC/NB-IoT UE can track the location of a satellite—specifically for the case of LEO satellites. 
· RAN1 to also study how frequently the UEs need to read system information from the satellite in order to maintain the above accuracy of satellite location.
Proposal 6: RAN1 to agree on the length of connections that are supported for eMTC/NB-IoT over NTN. 
· RAN1 to also discuss UE impact of SIB reads during a connection, if such is required to maintain a given satellite location accuracy at the UE, as described in the above proposal. 
Proposal 7: Support satellites with steerable as well as fixed (non-steerable) satellite beams
Proposal 8: For LEO satellites with fixed (non-steerable) satellite beams, study techniques to configure a cell (Ncell for NB-IoT) that spans resources across multiple satellite beams of a satellite.
Proposal 9: For NB-IoT over NTN, support only the following deployment modes
· Standalone
· In-band with / guard band of NR
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