
3GPP TSG RAN WG1 #104-e

R1-2100164
e-Meeting, January 25th – February 5th, 2021
Source:
OPPO

Title:
Discussion on other aspects 
Agenda Item:
8.15.5
Document for:
Discussion and Decision

1. Introduction
In RANP meeting #86, “New Study WID on NB-IoT/eTMC support for NTN” was agreed [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

In this contribution, we evaluate the link budgets for the scenarios for NB-IoT/eMTC over NTN.

2. Evaluation assumptions
The methodology provided in TR 38.821 [2] and the agreed reference scenario parameters for study of NB-IoT/eMTC over NTN in RAN1 meeting #104-e are considered to evaluate the link budget.
2.1. Agreed reference scenario parameters
In RAN1 meeting #103-e, the following agreements regarding scenarios for study of NB-IoT/eMTC over NTN were made.

Agreement:
IoT NTN scenarios A, B, and C are included in the study as shown below:


	NTN Configurations 
	Transparent satellite

	GEO based non-terrestrial access network 
	Scenario A

	LEO based non-terrestrial access network generating steerable beams (altitude 1200 km and 600km)
	Scenario B

	LEO based non-terrestrial access network generating fixed beams whose footprints move with the satellite (altitude 1200 km and 600km)
	Scenario C


Agreement:
The following IoT NTN reference scenario parameters are agreed:

	Scenarios
	GEO based non-terrestrial access network - scenario A 
	LEO based non-terrestrial access network -Scenario B & C

	Orbit type
	station keeping a nominally fixed position in terms of elevation/azimuth with respect to a given earth point 
	circular orbiting at low altitude around the earth

	Altitude
	35,786 km
	600 km 

1,200 km 

	Frequency Range  (service link)
	< 6 GHz (e.g. 2 GHz in S band) 

	Device channel Bandwidth  (service link) (NOTE 7)
	· NB-IoT 180 kHz (DL), Up to 180 kHz with all permissible smaller resource allocations 12*15 kHz, 6*15 kHz, 3*15 kHz, 1*15 kHz, 1*3.75 kHz

· eMTC: 1080 kHz (DL), Up to 1080 kHz with all permissible smaller resource allocations , including 2*180 kHz, 180 kHz, 2*15 kHz or 3*15 kHz or 6*15 kHz  (UL)

	Payload
	Transparent type
	Transparent Type

	Earth-fixed beams
	Yes
	Scenario B:  Yes (steerable beams), see NOTE 1

Scenario C: No  (the beams move with the satellite)

	Max beam foot print size (edge to edge) regardless of the elevation angle
	3500 km (NOTE 3)
	1000 km  (NOTE 2)

	Min Elevation angle for both sat-gateway and C-IoT device
	10° for service link and 10° for feeder link
	10° for service link and 10° for feeder link

	Max distance between satellite and C-IoT device at min elevation angle 
	 40,581 km 
	 1,932 km (600 km altitude) 
 3,131 km (1,200 km altitude) 

	Max Round Trip Delay (propagation delay only) 
	 541.46ms (service and feeder links)
	25.77 ms (600km) (service and feeder links)

41.77 ms (1200km) (service and feeder links)

	Max differential delay within a cell 
	10.3 ms
	3.12 ms and 3.18 ms for respectively 600km and 1200km

	Max Doppler shift (earth fixed user equipment) (NOTE 6)
	0.93 ppm
	24 ppm (600km) 

 21ppm(1200km) 

 

	Max Doppler shift variation (earth fixed user equipment)  (NOTE 6)
	0.000 045 ppm/s 
	  0.27 ppm/s  (600km) 

  0.13 ppm/s  (1200km) 

	C-IoT device motion on the earth
	Min 0 km/s (stationary device), max 120 km/h 
	Min 0 km/s (stationary device), max 120 km/h

	C-IoT device antenna types
	Omnidirectional antenna with 0 dBi TX antenna gain and 0 dBi RX antenna gain  (NOTE 4) 

	C-IoT device max Tx power
	UE power class 3 with up to 200 mW (23dBm), UE power class 5 with up to 100 mW (20 dBm) 

	C-IoT device Noise Figure
	Omnidirectional antenna: 7 dB or 9 dB  (NOTE 5)

	Service link
	3GPP defined Narrow Band IoT and eMTC


NOTE 1:    Each satellite has the capability to steer beams towards fixed points on earth using beamforming techniques. This is applicable for a period of time corresponding to the visibility time of the satellite.

NOTE 2:   This beam size refers to the Nadir pointing of the satellite.  

NOTE 3: The Maximum beam foot print size for GEO is based on current state of the art GEO High Throughput systems, assuming either spot beams at the edge of coverage (low elevation) or a single wide-beam.

NOTE 4: The use of a Circular polarized antenna is optional.

NOTE 5: Same Noise Figure of 7 dB as in Release 16 TR 38.821 or 9 dB as in Release 12 TR 36.888  for device can be assumed for link budget. The noise figure is device vendor implementation specific.  

NOTE 6: Max Doppler shift and Max Doppler shift variation in the absence of any device pre-compensation of satellite Doppler shift on the service link.

NOTE 7: System bandwidth is FFS
2.2. Link Budget Calculation
Section 6.1.3.1 in TR38.821 [2] is considered and cited here.

Carrier-to-noise-and-interference ratio (CNIR) of transmission link between satellite and UE can be derived by carrier-to-noise ratio (CNR) and carrier-to-interference ratio (CIR) as follows


[image: image1.png]CNIR [dB]





(6.1.3.1-1)
The formula for CNR calculation is
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(6.1.3.1-2)
where EIRP is effective isotropic radiated power (EIRP), [image: image4.png]G/T



 is antenna-gain-to-noise-temperature, [image: image6.png]


 is Boltzmann constant and equals to -228.6 dBW/K/Hz, [image: image8.png]PLgs



 is free space path loss, [image: image10.png]PL,



 is atmospheric path loss due to gases and rain fades, [image: image12.png]PL,,



 is shadowing margin, [image: image14.png]PL.,[dB]



 is scintillation loss, [image: image16.png]PL.p



 is additional loss, for example degradation due to feeder links in case of non-regenerative systems, and [image: image18.png]


 is channel bandwidth.

Antenna-gain-to-noise-temperature [image: image20.png]G/T



 can be derived by [2]
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(6.1.3.1-3)
where [image: image23.png]


 is receive antenna gain, [image: image25.png]


 is noise figure, [image: image27.png]


 is ambient temperature and [image: image29.png]


 is antenna temperature. Receive antenna gain [image: image31.png]


 can be obtained by
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(6.1.3.1-4)
where [image: image34.png]


 is receive antenna element gain, [image: image36.png]


 is the number of receive antenna elements, [image: image38.png]


 is polarization loss, [image: image40.png]


 is the antenna aperture efficiency (a dimensionless parameter with typical values for parabolic antennas from 0.55 to 0.70), D is the equivalent antenna diameter, and [image: image42.png]


 is the wavelength.

EIRP can be calculated by


[image: image43.png]'+ [dBW] — L [dB] + G [dBi]




(6.1.3.1-5)
where [image: image45.png]


 is antenna transmit power, [image: image47.png]


 is cable loss, and [image: image49.png]


 is transmit antenna gain and can be derived by
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(6.1.3.1-6)
where [image: image52.png]


 is transmit antenna element gain and [image: image54.png]


is the number of transmit antenna elements.

2.3. Parameters
The parameter configuration for link budget analysis is listed in Table 1, which is updated based on Table 6.1.3.2-1 in TR38.821.
Table 1: Parameter configuration for link budget analysis

	Parameters
	Notes

	Carrier frequency
	2 GHz for DL and UL (S-band)

	System bandwidth
	· NB-IoT: 180 kHz

· eMTC: 1080 kHz

	Channel bandwidth
	· NB-IoT: 180 kHz (DL), Up to 180 kHz with all permissible smaller resource allocations 12*15 kHz, 6*15 kHz, 3*15 kHz, 1*15 kHz, 1*3.75 kHz

· eMTC: 1080 kHz (DL), Up to 1080 kHz with all permissible smaller resource allocations , including 2*180 kHz, 180 kHz, 2*15 kHz or 3*15 kHz or 6*15 kHz  (UL)

	Satellite altitude
	600 km, 1200 km, 35786 km

	Target elevation angle
	10(

	Atmospheric loss
	Equation (6.6-8) in [2]

	Shadowing margin
	3 dB

	Scintillation loss
	Section 6.6.6 in [2]
Ionospheric loss: [image: image55.wmf]IS

A

= 2.2 dB (note 1)

	Additional loss
	0 dB

	Clear sky conditions
	Yes

	Frequency reuse factor
	1

	Average CIR within a satellite beam based on logarithmic mean 
	Based on single satellite system-level calibration methodology, statistics for average CIR are only collected for the UEs located in the central beam of the 19-beamlayout. The central beam boresight direction is computed based on the target elevation angle assumption. When the generated beam has a partial or full coverage outside the earth, it is discarded.

For DL calibration, CIR is computed by averaging CIR over UEs randomly distributed over the reference beam (UE distribution assumption of Table 6.1.1.1-5). (See Figure 6.1.3.2-1 for UE bandwidth allocation, and Figure 6.1.1.1-1 and Figure 6.1.1.1-2 for beam deployment).

For UL calibration, For Handheld device, the channel bandwidth is 360 kHz.

For VSAT, the channel bandwidth equals the system bandwidth allocated to each beam divided by 10.

The devices in one beam are allocated on adjacent frequency resources. The same resource allocation is assumed for all the beams.

CIR is computed by averaging over 10 simultaneously transmitting UEs randomly distributed over the reference beam (UE distribution assumption of Table 6.1.1.1-5). (See Figure 6.1.3.2-2 for UE bandwidth allocation, and Figure 6.1.1.1-1 and Figure 6.1.1.1-2 for beam deployment)

The averaging should be performed over multiple realizations.

	Satellite antenna polarization
	Circular polarization

	Terminal type
	S band: (M, N, P) = (1,1,2)

	Free space path loss
	Equation (6.6-2) in [2]

	Terminal RF parameters
	Table 6.1.1-3

	Satellite RF parameters
	Set-1 in Table 6.1.1-1 and Set-2 in Table 6.1.1-2

	Polarization loss
	The considerations of Section 6.1.1.1 on Polarization loss apply.

	Outcome
	CNIR

	NOTE 1:
Based on P3 curve for 1% of time from Figure 6.6.6.1.4-1 of [2] after frequency scaling.
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3. Evaluation results
The detailed evaluation results of the link budgets for the scenarios for NB-IoT/eMTC over NTN are provided in the accompanied excel file. The following cases are evaluated for both DL and UL transmission of NB-IoT and eMTC.

· UE power class 3 with up to 200 mW (23dBm), Noise Figure 9 dB, and Satellite parameter set 1.

· UE power class 3 with up to 200 mW (23dBm), Noise Figure 7 dB, and Satellite parameter set 1.

· UE power class 5 with up to 100 mW (20dBm), Noise Figure 9 dB, and Satellite parameter set 1.

· UE power class 5 with up to 100 mW (20dBm), Noise Figure 7 dB, and Satellite parameter set 1.

· UE power class 3 with up to 200 mW (23dBm), Noise Figure 9 dB, and Satellite parameter set 2.

· UE power class 3 with up to 200 mW (23dBm), Noise Figure 7 dB, and Satellite parameter set 2.

· UE power class 5 with up to 100 mW (20dBm), Noise Figure 9 dB, and Satellite parameter set 2.

· UE power class 5 with up to 100 mW (20dBm), Noise Figure 7 dB, and Satellite parameter set 2.

4. Conclusion

This contribution provide the detailed evaluation assumptions and results of the link budgets for the scenarios for NB-IoT/eMTC over NTN. 
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