[bookmark: _GoBack]3GPP TSG RAN WG1#103e	        	R1-2009235
E-meeting, 26 October – 13 November 2020

Agenda Item:					    8.15.1
Source:	Sony
Title:	Scenarios for support of NB-IoT and eMTC over NTN
Document for:	Discussion

[bookmark: _Ref54129494]Introduction

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

This document considers the above bulleted issues related to scenarios for the support of NB-IoT and eMTC over NTN.

Bands of interest in sub-6GHz
The study should initially consider both GEO and LEO constellations and hence bands that are compatible with these satellite constellations should be considered. As the study progresses, if significant issues are encountered for operation in some of these bands, then those issues can be detailed as an outcome of the technical report.
Table 1 details the bands that should be considered initially in this study.
[bookmark: _Ref54129458]Table 1 – Bands considered in IoT-NTN study
	Band 
	Constellation
	Approx frequency range

	C-band
	GEO
	4-6GHz

	L-band
	LEO
	1-2GHz

	S-band
	LEO
	2-4GHz



Device type (power class)
eMTC and NB-IoT support both power class 3 (23dBm) and power class 5 (20dBm). The study should consider both of these power classes. The link budget can consider the 23dBm power class device and the study can make optional observations on whether there are issues in supporting the 20dBm power class device.
When devices operate with low-PAPR waveforms, it is often the case that the PA can be driven harder than its nominal rating, since less adjacent channel leakage is created with these low-PAPR waveforms. When these low PAPR waveforms are used, this extra power can be considered as a “power boosting” term or a “negative MPR” term. For eMTC, it is proposed that power boosting / negative MPR of up to 3dB is considered for Release-15 devices operating with sub-PRB transmissions [2]. The power boosting term is already included in RAN4 specifications for NB-IoT.
Antenna aspects of IoT NTN
Several investigations were performed in L-band devices for satellite systems [8], where it was observed that the free standing UE with semi spherical omni radiation pattern and circular polarization antenna has the best link budget and performance. It was also observed that in the multi-path environment or for a UE with random orientation position, a linear polarization (LP) antenna has a similar performance as a circularly polarized (CP) antenna, because the scattering wave may change the wave polarization property. 
An omni radiation pattern can be realized with a linear polarization antenna. It has wide a coverage angle which allows the device to have an arbitrary orientation. Furthermore, a linear polarisation antenna has a compact size and is wide band. Hence, it is easier to be integrated in a small device. The disadvantages of an antenna with an omni radiation pattern are that it has zero antenna gain (0 dBi) and it is not possible to have circular polarization with a simple antenna. Semi-spherical omni antennas can be realized with a patch antenna, which has good gain with circular polarization. However, it usually has a larger size compared with a linearly polarised antenna. 
During the study item phase, the antenna with both semi-spherical omni and omni radiation pattern can be studied. In an eMTC or NB-IoT device, the UE power class depends on the maximum Tx power. In IoT-NTN use case scenarios, we should assume the IoT device is free standing case and the user body effect can be neglected (where the user body effect is commonly considered for handheld devices, the user body effect adding loss in the antenna gain and limiting antenna coverage).
Observation 1:
· A semi spherical coverage circular polarization (CP) antenna performs better for IoT NTN UE when the UE is in a stable platform and the antenna can be orientated. A Linear polarization (LP) omni antenna  has a 3dB polarization loss. However, an omni antenna allows the UE to have an arbitrary orientation.
· In a multi scattering environment, the scattering wave may change polarization, and the LP antenna will have similar performance as a CP antenna. 

Proposal 1:  Both semi-spherical and omni radiation patterns as UE antenna property are investigated during the study item.

Features supported by NB-IoT / eMTC devices
The study should consider NB-IoT / eMTC devices that support any of the features specified in previous 3GPP releases, from release 13 through to release 16.
There are several categories of NB-IoT and eMTC device that are supported in the specifications. In this study, it is proposed that the following NB-IoT and eMTC categories are studied:
· NB-IoT: Cat-NB2 is studied. Cat-NB2 supports up to 2 HARQ processes and we think that this feature will be helpful for increasing the data rate supported by NB-IoT.
· eMTC: Cat-M1 is studied, since this has more significant market adoption than Cat-M2. The Cat-M1 device is assumed to support Rel-15 sub-PRB transmissions.

Satellite Constellations
As per the study item description, the study should consider both GEO and LEO constellations. LEO constellations at altitudes of 600km and 1200km should be considered.

Transparent payload
As per the study item description, the NTN system should assume a transparent payload at the satellite. The satellite amplifies signals from the UE on the ground to a gNodeB on the ground and in the reverse direction. The satellite does not regenerate the payload. The assumption of transparent payload is consistent with the assumptions used in the NR NTN study item [3].

Link budget
We evaluate the link budget according to the calculation of 6.1.3.1 in [3] and parameters for Set-2 of [4]. In addition to these parameters, we assume the bandwidth of the DL is 1.08MHz (eMTC) or 180kHz (NB-IoT), and the bandwidth of the UL is 15kHz (eMTC Sub-PRB PUSCH or NB-IoT) or 180kHz (eMTC full-PRB PUSCH). We also assume frequency re-use factor option 3 is used, which is defined in [3]. Considering that the option 3 frequency re-use factor is applied and that the UE has an omnidirectional antenna, we assume a 3dB polarization loss for each scenario. Additionally, we consider the link budget is for cell-edge, therefore we also assume the 3dB additional loss because of 3dB beam width of the satellite for downlink and uplink. The link budget evaluations for eMTC with sub-PRB PUSCH, eMTC with full-PRB PUSCH and NB-IoT are provided in Table 2, Table 3 and Table 4 respectively.

[bookmark: _Ref54298908]Table 2 - Link budget evaluation for Rel-15 eMTC (sub-PRB PUSCH)
	
	GEO
	LEO-1200
	LEO-600

	Transmission mode
	DL
	UL
	DL
	UL
	DL
	UL

	Frequency [GHz]
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00

	TX: EIRP [dBm]
	90.13

	23.00
	64.03

	23.00
	58.63

	23.00

	RX: G/T [dB/T]
	-31.62
	16.70
	-31.62
	-12.80
	-31.62
	-12.80

	Bandwidth [MHz]
	1.08
	0.015
	1.08
	0.015
	1.08
	0.015

	Free space path loss [dB]
	190.58
	190.58
	164.49
	164.49
	159.10
	159.10

	Atmospheric loss [dB]
	0.12
	0.12
	0.11
	0.11
	0.10
	0.10

	Shadow fading margin [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Scintillation Loss [dB]
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20

	Polarization loss [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Additional losses [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	CNR [dB]
	-5.124
	-5.361
	-5.120
	-8.757
	-5.123
	-3.360



[bookmark: _Ref54298996]Table 3 - Link budget evaluation for Rel-13 eMTC (full-PRB PUSCH)
	
	GEO
	LEO-1200
	LEO-600

	Transmission mode
	DL
	UL
	DL
	UL
	DL
	UL

	Frequency [GHz]
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00

	TX: EIRP [dBm]
	90.13

	23.00
	64.03

	23.00
	58.63

	23.00

	RX: G/T [dB/T]
	-31.62
	16.70
	-31.62
	-12.80
	-31.62
	-12.80

	Bandwidth [MHz]
	1.08
	0.180
	1.08
	0.180
	1.08
	0.180

	Free space path loss [dB]
	190.58
	190.58
	164.49
	164.49
	159.10
	159.10

	Atmospheric loss [dB]
	0.12
	0.12
	0.11
	0.11
	0.10
	0.10

	Shadow fading margin [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Scintillation Loss [dB]
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20

	Polarization loss [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Additional losses [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	CNR [dB]
	-5.124
	-16.153

	-5.120
	-19.549

	-5.123
	-14.152
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	GEO
	LEO-1200
	LEO-600

	Transmission mode
	DL
	UL
	DL
	UL
	DL
	UL

	Frequency [GHz]
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00

	TX: EIRP [dBm]
	82.35

	23.00
	56.25

	23.00
	50.85

	23.00

	RX: G/T [dB/T]
	-31.62
	16.70
	-31.62
	-12.80
	-31.62
	-12.80

	Bandwidth [MHz]
	0.180
	0.015
	0.180
	0.015
	0.180
	0.015

	Free space path loss [dB]
	190.58
	190.58
	164.49
	164.49
	159.10
	159.10

	Atmospheric loss [dB]
	0.12
	0.12
	0.11
	0.11
	0.10
	0.10

	Shadow fading margin [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Scintillation Loss [dB]
	2.20
	2.20
	2.20
	2.20
	2.20
	2.20

	Polarization loss [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	Additional losses [dB]
	3.00
	3.00
	3.00
	3.00
	3.00
	3.00

	CNR [dB]
	-5.124
	-5.361
	-5.120
	-8.757
	-5.123
	-3.360



In order to be able to compare results between companies in the IoT NTN study, companies need to use common parameter values, hence we make the following proposal.
Proposal 2. RAN1 agrees values for the following link budget parameters: TX EIRP, RX G/T, Polarization loss and Additional losses.
There have been various studies that include analysis of the SNR performance and coverage of eMTC [5] and NB-IoT. Figure 1 is taken from [5] and illustrates the simulated performance of eMTC in an ETU channel with 2RX diversity at the eNB, operating in CE mode B (for detailed simulation assumptions, please refer to [5]) with a transport block size of up to 504 bits (the maximum TBS supported in CE Mode B) and full PRB transmission. The following are apparent:
· At the SNR operating points of NTN for eMTC with full-PRB transmission (Table 3), the supported data rates are:
· GEO (-16dB SNR): 1500bps.
· LEO-600 (14dB SNR): 3000bps
· LEO-1200 (-19.5dB SNR): 600bps
· The transmission times and number of repetitions to support these data rates (for a 504 bit TBS) in eMTC are:
· GEO: 340ms (REP256 -> REP512)
· LEO-600: 170ms (REP128 -> REP256)
· LEO-1200: 840ms (REP1024)

It is expected that similar transmission times will be required for eMTC sub-PRB transmission or for NB-IoT, where in both cases, the SNR is higher (due to higher spectral density transmission), but the number of subcarriers is lower, which balances out the increased SNR aspect. For example, for NB-IoT in the GEO case, only 4 repetitions are required, but each repetition is 80ms long (10RU, where each RU is 8ms long).
[image: ]
[bookmark: _Ref54263010]Figure 1 - PUSCH data rate vs SNR (from Figure 7 of [5])

Observation 2: For IoT-NTN, a transport block of approximately 500 bits is transmitted in approximately 340ms for GEO, 170ms for LEO-600 and 840ms for LEO-1200.
Observation 3: The eMTC UL needs to operate in CE Mode B in order to support NTN.
Observation 4: For a single-tone NB-IoT UL transmission, a 10RU transmission with 4 repetitions is required to transmit 500 bits in a GEO constellation. This transmission has a length of 320ms. 

In contrast to the UL, the DL SNR for NTN is higher (at -5dB SNR). The number of repetitions required to operate at these data rates is within the range supported by CE Mode A in eMTC [6].
Observation 5: The DL data rate supported by IoT-NTN is significantly higher than the supported UL data rate.
Observation 6: The eMTC DL can operate in the CE Mode A region in order to support NTN. 
Data rates
This section aims to provide estimates of the sustained data rates that can be supported over IoT-NTN. 
Table 5 lists the assumptions used in estimating the data rates that can be supported over NTN for eMTC and NB-IoT, assuming that HARQ is supported. TPUSCH is the duration of the PUSCH transmission in milliseconds and accounts for the number of repetitions required to transmit the PUSCH, RU length and number of RUs, as appropriate. The round trip times are taken from [3].
[bookmark: _Ref54291293]Table 5 – Assumptions for estimating eMTC and NB-IoT sustained data rates when HARQ is applied
	
	
	eMTC
	NB-IoT

	Constellation
	RTT (ms)
	TBS
	TPUSCH
	TBS
	TPUSCH

	GEO
	541.46
	504
	256ms
	680
	256ms

	LEO-600
	25.77
	504
	128ms
	680
	128ms

	LEO-1200
	41.77
	504
	1024ms
	680
	1024ms



Figure 2 shows an example HARQ cycle for eMTC operation over GEO. 2 HARQ processes are assumed as the UE is operating in CE Mode B. The times to transmit the PUSCH are taken from Table 5. It is assumed that a negligible number of repetitions is required to transmit MPDCCH (the SNR available for MPDCCH is comparatively high). The assumptions on MPDCCH processing time and gNB processing and scheduling times are according to the usual assumptions for Rel-13 -> Rel-16 eMTC. Based on the HARQ cycle time illustrated in Figure 2, the IoT-NTN link over GEO supports a data rate of 948bps. Equivalent estimates for LEO-600 and LEO-1200 constellations lead to the data rate estimates that are summarized in Table 6.

[image: ]
[bookmark: _Ref54291207]Figure 2 – Example HARQ cycle for eMTC HARQ operation over GEO
[bookmark: _Ref54293487]Table 6 – Data rate and latency estimates for eMTC with and without HARQ
	Constellation
	Number of data bits transferred per HARQ cycle
	HARQ cycle time
	Sustained data rate
	Latency for transmission of 1000 bits of data

	GEO
	1008
	1063 ms
	948 bps
	788 ms

	LEO-600
	1008
	291 ms
	3460 bps
	274 ms

	LEO-1200
	1008
	2099 ms 
	480 bps
	2074 ms



For single message reports, rather than sustained data transmissions, the message latency is a more important KPI. Assuming no re-transmission, the latency for a single transmission of 1000 bits of data is the time between the MPDCCH and the gNB processing, shown in Figure 2. The dominant terms in this latency are (1) the PUSCH transmission time and (2) half of the round trip time. A more complete analysis of message latency would include the time required to send a scheduling request and receive an UL allocation and / or the time to set up an RRC connection or send EDT data. 
Observation 7: With HARQ, IoT-NTN supports sustained data rates in the region of 500bps to 4kbps, depending on constellation type.
Observation 8: The latency for transmission of 1000 bits of data in IoT-NTN is in the region of 250ms to 2000bps, depending on constellation type.
From Table 5 and Table 6, it is apparent that for the LEO constellations, the dominant component of the HARQ cycle time is the time to transmit PUSCH (either via multiple repetitions in eMTC or via the use of multiple long RUs in NB-IoT) and the support of more HARQ processes would not make a significant difference to the sustained data rate supported. For GEO constellations, roughly 50% of the HARQ cycle time is required for PUSCH transmission and 50% is required to accommodate the RTT. Support of more HARQ processes for GEO would increase the sustained data rate.
Observation: 9 HARQ processes are sufficient for supporting the sustained data rates for LEO constellations.
Observation 10: Increasing the number of HARQ processes supported, or configuring the system to run without HARQ, would increase the data rates supported for GEO constellations. 

Mobile originated / mobile terminated traffic / traffic model
The study should assume the traffic models that have been considered previously for IoT applications, including the traffic models from TR45.820.
In addition to considering the traffic models of TR45.820, which are mainly centred on mobile originated traffic, the study should also consider the support of mobile terminated traffic models. Mobile terminated traffic models are required for the support of actuators and applications such as remote unlocking of rental bikes.
Proposal 3: The traffic models from TR45.820 are considered in the IoT NTN study.
Proposal 4: The IoT NTN study considers both mobile originated and mobile terminated traffic models.

[bookmark: _Hlk47387515]Conclusions
This document has considered scenarios for IoT support over NTN. The following observations and proposals are made:
Observation 1:
· A semi spherical coverage circular polarization (CP) antenna performs better for IoT NTN UE when the UE is in a stable platform and the antenna can be orientated. A Linear polarization (LP) omni antenna  has a 3dB polarization loss. However, an omni antenna allows the UE to have an arbitrary orientation.
· In a multi scattering environment, the scattering wave may change polarization, and the LP antenna will have similar performance as a CP antenna. 

Observation 2: For IoT-NTN, a transport block of approximately 500 bits is transmitted in approximately 340ms for GEO, 170ms for LEO-600 and 840ms for LEO-1200.
Observation 3: The eMTC UL needs to operate in CE Mode B in order to support NTN.
Observation 4: For a single-tone NB-IoT UL transmission, a 10RU transmission with 4 repetitions is required to transmit 500 bits in a GEO constellation. This transmission has a length of 320ms. 
Observation 5: The DL data rate supported by IoT-NTN is significantly higher than the supported UL data rate.
Observation 6: The eMTC DL can operate in the CE Mode A region in order to support NTN. 
Observation 7: With HARQ, IoT-NTN supports sustained data rates in the region of 500bps to 4kbps, depending on constellation type.
Observation 8: The latency for transmission of 1000 bits of data in IoT-NTN is in the region of 250ms to 2000bps, depending on constellation type.
Observation: 9 HARQ processes are sufficient for supporting the sustained data rates for LEO constellations.
Observation 10: Increasing the number of HARQ processes supported, or configuring the system to run without HARQ, would increase the data rates supported for GEO constellations. 

Proposal 1:  Both semi-spherical and omni radiation patterns as UE antenna property are investigated during the study item.
Proposal 2. RAN1 agrees values for the following link budget parameters: TX EIRP, RX G/T, Polarization loss and Additional losses.
Proposal 3: The traffic models from TR45.820 are considered in the IoT NTN study.
Proposal 4: The IoT NTN study considers both mobile originated and mobile terminated traffic models.
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