Error! No text of specified style in document.
23
Error! No text of specified style in document.

3GPP TSG-RAN WG4 Meeting # 100b-e 








    

              R4-21xxxxx
Electronic Meeting, 1st – 12th Nov, 2021
Agenda item:


X.X.X
Source:
YYY
Title:
[DRAFT] Simulation Assumptions for System Level Analysis on NTN RRM Perspective
Document for:
Approval
1 Introduction

This document captures initial simulation assumptions for the NTN RRM study in frequency bands around 2GHz.
2 Discussion
2.1 Simulation scope

S- vs. Ka-band
Ka-band is not included in the initial analysis as per RAN-p decision, i.e. FR2 is postponed.

Single- vs. Multi-satellite

Single satellite simulations should be considered for calibration and performance evaluation. Multi-satellite simulations are FFS.

UE categories
In the initial analysis, only handheld type devices are considered, i.e. no VSAT.

Reference scenarios
In Table 1, the following components are removed from Table 4.2-1 of TR38.821:

· 
Regenerative satellite

· It is out of Rel-17 WI

· LEO based non-terrestrial access network: the beams move with the satellite
· LEO Deprioritized in RF session. Note 1 in Table 2.1-1 of R4-2115750 says “Start with Earth Fixed beam first, Earth Moving Beams could be further discussed”
Table 1: Reference scenarios

	
	Transparent satellite
	

	GEO based non-terrestrial access network
	Scenario A
	

	LEO based non-terrestrial access network:

steerable beams
	Scenario C1
	

	

	
	


In Table 2, the following components are additionally removed and changed from Table 4.2-2 of TR38.821:

· UE Directive antenna
· In the analysis, we consider only omnidirectional antenna based handheld type devices

· UE mobility is assumed static

· The analysis focuses on RRM impacts due to different satellite topologies and deployments rather than UE mobility

Table 2: Reference scenario parameters

	Scenarios
	GEO based non-terrestrial access network (Scenario A)
	LEO based non-terrestrial access network (Scenario C)

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

	Altitude
	35,786 km
	600 km

1,200 km

	Spectrum (service link)
	<6 GHz (e.g. 2 GHz)


	Max channel bandwidth capability (service link)
	30 MHz for band < 6 GHz


	Payload
	Scenario A: Transparent (including radio frequency function only)[


	Scenario C: Transparent (including radio frequency function only)



	Inter-Satellite link
	No
	Scenario C: No


	Earth-fixed beams
	Yes
	Scenario C1: Yes (steerable beams), see note 1





	Max beam foot print size (edge to edge) regardless of the elevation angle
	3500 km (Note 5)
	1000 km

	Min Elevation angle for sat-gateway
	10° for feeder link
	10° for feeder link

	Max distance between satellite and user equipment 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)
	Scenario A: 541.46 ms (service and feeder links)

	Scenario C: (transparent payload: service and feeder links)

25.77 ms (600km)

41.77 ms (1200km) 




	Max differential delay within a cell (Note 6)
	10.3 ms
	3.12 ms and 3.18 ms for respectively 600km and 1200km

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

21ppm(1200km) 

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

0.13ppm/s(1200km)

	User equipment motion on the earth
	0km/h
	0km/h


	
	


	
	


	
	


	Service link
	3GPP defined New Radio

	Feeder link
	3GPP or non-3GPP defined Radio interface
	3GPP or non-3GPP defined Radio interface

	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:
Max delay variation within a beam (earth fixed user equipment) is calculated based on Min Elevation angle for both gateway and user equipment

NOTE 3:
Max differential delay within a beam is calculated based on Max beam foot print diameter at nadir

NOTE 4:
Speed of light used for delay calculation is 299792458 m/s.

NOTE 5: 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).

NOTE 6: The maximum differential delay at cell level has been computed considering the one at beam level for largest beam size. It does not preclude that cell may include more than one beam when beam size are small or medium size. However the cumulated differential delay of all beams within a cell will not exceed the maximum differential delay at cell level in the table above.


2.2 Simulation assumptions
Two sets of satellite parameters
The following tables (based on Table 6.1.1.1-1 and Table 6.1.1.1-2 of TR38.821) representing two sets of satellite parameters are considered as the baseline for system level analysis. Payload characteristics for UL transmissions are not in the scope of the analysis, hence, removed.
Table 3: Set-1 satellite parameters for system level simulator calibration

	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in TR 38.811
	Section 6.4.1 in TR 38.811
	Section 6.4.1 in TR 38.811

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	S-band

(i.e. 2 GHz)
	22 m
	2 m
	2 m

	Satellite EIRP density
	
	59 dBW/MHz
	40 dBW/MHz
	34 dBW/MHz

	Satellite Tx max Gain
	
	51 dBi
	30 dBi
	30 dBi

	3dB beamwidth
	
	0.4011 deg
	4.4127 deg
	4.4127 deg

	Satellite beam diameter (Note 2)
	
	250 km
	90 km
	50 km

	
	

	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	

	
	

	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	NOTE 1: This value is equivalent to the antenna diameter in Sec. 6.4.1 of TR 38.811.

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

NOTE 3: All these satellite parameters are applied per beam.

NOTE 4: The EIRP density values are considered identical for all frequency re-use factor options.

NOTE 5: The EIRP density values are provided assuming the satellite HPA is operated with a back-off of [5] dB.


Table 4: Set-2 satellite parameters for system level simulator calibration
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in TR 38.811
	Section 6.4.1 in TR 38.811
	Section 6.4.1 in TR 38.811

	Payload characteristics for DL transmissions

	Equivalent satellite antenna aperture (Note 1)
	S-band

(i.e. 2 GHz)
	12 m
	1 m
	1 m

	Satellite EIRP density
	
	53.5 dBW/MHz
	34 dBW/MHz
	28 dBW/MHz

	Satellite Tx max Gain
	
	45.5 dBi
	24 dBi
	24 dBi

	3dB beamwidth
	
	0.7353 deg
	8.8320 deg
	8.8320 deg

	Satellite beam diameter (Note 2)
	
	450 km
	190 km
	90 km

	
	

	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	

	
	

	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	NOTE 1:
This value is equivalent to the antenna diameter in Sec. 6.4.1 of TR 38.811.

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

NOTE 3:
All these satellite parameters are applied per beam.

NOTE 4:
The EIRP density values are considered identical for all frequency re-use factor options.


UE characteristics
Table 4 (based on Table 6.1.1.1-3 of TR38.821) is considered for UE characteristics for system Level analysis. Noise figure is set to 9dB to have the same assumption as what is agreed in R4-2115750.
Table 4: UE characteristics for system level simulations

	Characteristics
	
	Handheld
	

	Frequency band
	
	S band (i.e. 2 GHz)
	

	Antenna type and configuration
	

	(1, 1, 2) with omni-directional antenna element


	


	Polarisation
	
	Linear: +/-45°X-pol
	

	Rx Antenna gain 
	
	0 dBi per element
	

	Antenna temperature
	
	290 K
	

	Noise figure
	
	9 dB
	

	Tx transmit power
	
	200 mW (23 dBm)
	

	Tx antenna gain
	
	0 dBi per element
	

	



Satellite characteristics and Beam layout
Tables 5-7 (based on Tables 6.1.1.1-4, 6.1.1.1-5 and 6.1.1.1-6 of TR38.821) are considered for the beam layout definition for a single satellite simulation. The following changes are made:
· Number of beams

· To simplify the simulation and reuse RF co-ex system level simulator as much as possible, the number of beams is reduced from 19 to 7.
· Adjacent beam spacing on UV plane
· Table 2.4.1-1 of R4-2115750 is copied.
· Central beam bore sight direction definition
· In order to have more detailed statistics, e.g. RSRP, S(I)NR, etc, more cases are added in terms of elevation angle. Note that the elevation angle affects cell size, pathloss, etc.
Table 5: Beam layout definition for single satellite simulation

	
	

	Beam layout definition
	Baseline: Hexagonal mapping of the beam bore sight directions on UV plane defined in the satellite reference frame.
Only the 3dB beam width parameters should be used. The beam diameter and beam spacing values can be computed directly from the 3 dB beam width assumptions and should be considered as informative. 

	Number of beams
	Baseline: 7-beam layout considering wrap-around mechanism (i.e. 6 beams surrounding the central beam and allocated on 1 distinct "tiers")

	UV plane illustration (extracted from [19])
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	UV plane convention
	U axis is defined as the perpendicular line to the satellite-earth line on the orbital plane as illustrated here after:

[image: image2.png]



The straight line being orthogonal to UV plane is pointing towards the Earth centre.

UV coordinates of the nadir of the reference satellite is (0,0)

	Adjacent beam spacing on UV plane
	Baseline: Adjacent beam spacing computation based on 3dB beam width of the satellite antenna pattern:
ABS[rad] = sqrt(3) x sin(HPBW[degrees]/2) or ABS[rad] = sqrt(3) x sin(HPBW[rad]/2)

with ABS [degree]=180/pi x ABS[rad] and 

with HPBW the Half-Power BandWidth of the main lobe from the satellite antenna pattern.

	Central beam bore sight direction definition
	Baseline: 
Case 1: Central beam center is considered at nadir point

Case 2: 60° for GEO and LEO

Case 3: 45° for GEO and LEO

Case 4: 30° for GEO and LEO

Case 5: 10° for GEO and LEO


Table 6: System Level Simulation assumptions for calibration

	
	

	Frequency band
	S-band (i.e. 2 GHz)

	Maximum Bandwidth per beam (DL + UL)
	S-band: DL 30 MHz and UL 30 MHz


The bandwidth per beam must be adapted based on the frequency factor and the polarization re-use option considered.

	Satellite characteristics (G/T, EIRP density, antenna diameter)
	See Table 3 and Table 4
Note: Same satellite characteristics should be considered for both single and multi-satellite simulations if applicable

	Satellite antenna pattern
	See section 6.4.1 in TR 38.811: Bessel function

	Satellite polarization configuration
	Circular

	Beam layout definition
	For singles satellite simulation: See Table 6.1.1.1-4

For multi satellites simulation: FFS

	Frequency re-use factor
	Option 1: 1
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Option 2: 3
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	Polarization re-use
	Option 1: Disable

 

	Channel model
	Large scale model of TR 38.811 (Note 2)

	Deployment scenarios
	Base-line: Rural

Additional deployment scenario results can be provided

	Propagation conditions
	Base-line: 
Clear Sky

Line of sight

	UEs outdoor/indoor distribution
	100% outdoor distribution for UEs

	UE distribution
	Base-line for calibration: at least X=10 UEs per beam with uniform distribution in all the Voronoi cell area associated to each beam.

The cell area asssociated to a given beam is defined as the Voronoi cell associated with the corresponding beam centers.

	UE configuration
	S-band:

Handheld (optional for scenario A)



See Table 6.1.1.1-3

	UE orientation
	
Handheld: Random

	Handover Margin
	0 dB

	UE attachment
	RSRP

	
	


	NOTE 1: Typical impairment values (additional frequency error, SNR loss) due to the feeder link except for delay can be considered to be negligible. When available, specific values can be considered in the evaluation and should be reported.

NOTE 2: For the calibration purpose, the ionospheric scintillation loss shall be considered equal to zero (i.e., the UEs are located between 20 and 60 degrees of latitude). The atmospheric absorptions loss shall be considered.


Table 7: Beam layout parameters for single satellite simulation

	Scenario
	Scenario A
	Scenario C1

	Carrier frequency
	S-band: 2 GHz

	S-band: 2 GHz


	Adjacent beam spacing (ABS) on UV plane
	S-band: 

Set 1: ABS = 0.0061 rad
Set 2:ABS = 0.0111 rad



	S-band: 

Set 1: ABS = 0.0668 rad
Set 2: ABS = 0.1334 rad




	Satellite location
	Any position on the geostationary orbit
	Any position on the LEO orbit

	
	
	

	
	
	

	
	



Propagation model
Propagation model between NTN and UE could be referred to section 6.6 in TR 38.811.
Satellite Max Tx Power
The satellite max Tx power can be calculated by the equation as below:
[image: image6.png][dBW]
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For the simulation, it is assumed that system BW and SCS are 20MHz (NRB=51) and 30kHz, respectively.
DL received power model
The received power in downlink at a given UE position is defined as below:

RX_PWR = TX_PWR – Path loss + G_TX + G_RX

Where,

RX_PWR is the received power

TX_PWR is the transmitted power

G_TX is the transmitter antenna gain (directional array gain)

G_RX is the receiver antenna gain (directional array gain).
Simulation scenarios
Simulation cases defined in Table 8, and the following common parameters will be applied to all of the cases.
· Frequency band

· S-band

· Terminal category

· Handheld

· Steerable beams for LEO
· Scenario C1 in Table 1
Table 8: List of system level simulation cases

	Case
	Satellite orbit
	Satellite parameter set
	Frequency re-use factor
	Central beam elevation
	Tag

	1
	GEO
	Set 1
	Option 1
	90 deg
	GEO-S1-F1-E90

	2
	GEO
	Set 1
	Option 1
	60 deg
	GEO-S1-F1-E60

	3
	GEO
	Set 1
	Option 1
	45 deg
	GEO-S1-F1-E45

	4
	GEO
	Set 1
	Option 1
	30 deg
	GEO-S1-F1-E30

	5
	GEO
	Set 1
	Option 1
	10 deg
	GEO-S1-F1-E10

	6
	GEO
	Set 1
	Option 2
	90 deg
	GEO-S1-F2-E90

	7
	GEO
	Set 1
	Option 2
	60 deg
	GEO-S1-F2-E60

	8
	GEO
	Set 1
	Option 2
	45 deg
	GEO-S1-F2-E45

	9
	GEO
	Set 1
	Option 2
	30 deg
	GEO-S1-F2-E30

	10
	GEO
	Set 1
	Option 2
	10 deg
	GEO-S1-F2-E10

	11
	LEO-600
	Set 1
	Option 1
	90 deg
	LEO-600-S1-F1-E90

	12
	LEO-600
	Set 1
	Option 1
	60 deg
	LEO-600-S1-F1-E60

	13
	LEO-600
	Set 1
	Option 1
	45 deg
	LEO-600-S1-F1-E45

	14
	LEO-600
	Set 1
	Option 1
	30 deg
	LEO-600-S1-F1-E30

	15
	LEO-600
	Set 1
	Option 1
	10 deg
	LEO-600-S1-F1-E10

	16
	LEO-600
	Set 1
	Option 2
	90 deg
	LEO-600-S1-F2-E90

	17
	LEO-600
	Set 1
	Option 2
	60 deg
	LEO-600-S1-F2-E60

	18
	LEO-600
	Set 1
	Option 2
	45 deg
	LEO-600-S1-F2-E45

	19
	LEO-600
	Set 1
	Option 2
	30 deg
	LEO-600-S1-F2-E30

	20
	LEO-600
	Set 1
	Option 2
	10 deg
	LEO-600-S1-F2-E10

	21
	LEO-1200
	Set 1
	Option 1
	90 deg
	LEO-1200-S1-F1-E90

	22
	LEO-1200
	Set 1
	Option 1
	60 deg
	LEO-1200-S1-F1-E60

	23
	LEO-1200
	Set 1
	Option 1
	45 deg
	LEO-1200-S1-F1-E45

	24
	LEO-1200
	Set 1
	Option 1
	30 deg
	LEO-1200-S1-F1-E30

	25
	LEO-1200
	Set 1
	Option 1
	10 deg
	LEO-1200-S1-F1-E10

	26
	LEO-1200
	Set 1
	Option 2
	90 deg
	LEO-1200-S1-F2-E90

	27
	LEO-1200
	Set 1
	Option 2
	60 deg
	LEO-1200-S1-F2-E60

	28
	LEO-1200
	Set 1
	Option 2
	45 deg
	LEO-1200-S1-F2-E45

	29
	LEO-1200
	Set 1
	Option 2
	30 deg
	LEO-1200-S1-F2-E30

	30
	LEO-1200
	Set 1
	Option 2
	10 deg
	LEO-1200-S1-F2-E10

	31*
	GEO
	Set 2
	Option 1
	90 deg
	GEO-S2-F1-E90

	32*
	GEO
	Set 2
	Option 1
	60 deg
	GEO-S2-F1-E60

	33*
	GEO
	Set 2
	Option 1
	45 deg
	GEO-S2-F1-E45

	34*
	GEO
	Set 2
	Option 1
	30 deg
	GEO-S2-F1-E30

	35*
	GEO
	Set 2
	Option 1
	10 deg
	GEO-S2-F1-E10

	36*
	GEO
	Set 2
	Option 2
	90 deg
	GEO-S2-F2-E90

	37*
	GEO
	Set 2
	Option 2
	60 deg
	GEO-S2-F2-E60

	38*
	GEO
	Set 2
	Option 2
	45 deg
	GEO-S2-F2-E45

	39*
	GEO
	Set 2
	Option 2
	30 deg
	GEO-S2-F2-E30

	40*
	GEO
	Set 2
	Option 2
	10 deg
	GEO-S2-F2-E10

	41*
	LEO-600
	Set 2
	Option 1
	90 deg
	LEO-600-S2-F1-E90

	42*
	LEO-600
	Set 2
	Option 1
	60 deg
	LEO-600-S2-F1-E60

	43*
	LEO-600
	Set 2
	Option 1
	45 deg
	LEO-600-S2-F1-E45

	44*
	LEO-600
	Set 2
	Option 1
	30 deg
	LEO-600-S2-F1-E30

	45*
	LEO-600
	Set 2
	Option 1
	10 deg
	LEO-600-S2-F1-E10

	46*
	LEO-600
	Set 2
	Option 2
	90 deg
	LEO-600-S2-F2-E90

	47*
	LEO-600
	Set 2
	Option 2
	60 deg
	LEO-600-S2-F2-E60

	48*
	LEO-600
	Set 2
	Option 2
	45 deg
	LEO-600-S2-F2-E45

	49*
	LEO-600
	Set 2
	Option 2
	30 deg
	LEO-600-S2-F2-E30

	50*
	LEO-600
	Set 2
	Option 2
	10 deg
	LEO-600-S2-F2-E10

	51*
	LEO-1200
	Set 2
	Option 1
	90 deg
	LEO-1200-S2-F1-E90

	52*
	LEO-1200
	Set 2
	Option 1
	60 deg
	LEO-1200-S2-F1-E60

	53*
	LEO-1200
	Set 2
	Option 1
	45 deg
	LEO-1200-S2-F1-E45

	54*
	LEO-1200
	Set 2
	Option 1
	30 deg
	LEO-1200-S2-F1-E30

	55*
	LEO-1200
	Set 2
	Option 1
	10 deg
	LEO-1200-S2-F1-E10

	56*
	LEO-1200
	Set 2
	Option 2
	90 deg
	LEO-1200-S2-F2-E90

	57*
	LEO-1200
	Set 2
	Option 2
	60 deg
	LEO-1200-S2-F2-E60

	58*
	LEO-1200
	Set 2
	Option 2
	45 deg
	LEO-1200-S2-F2-E45

	59*
	LEO-1200
	Set 2
	Option 2
	30 deg
	LEO-1200-S2-F2-E30

	60*
	LEO-1200
	Set 2
	Option 2
	10 deg
	LEO-1200-S2-F2-E10

	Note 1: no star = 1st  priority, * = 2nd priority scenario


2.3 Performance metric
In this clause, “beam” is interchangeable with cell and/or SSB, i.e. mapping between “beam” on the ground and “cell ID” or “SSB ID” is up to network deployments. And for the serving beam selection at a given UE position, we assume each UE selects the best SSB in terms of RSRP and considers it as a serving beam.
· (Item 1) CDF of serving beam RSRP
· (Item 2) CDF of serving beam SNR

· (Item 3) CDF of serving beam RSRP – maximum neighbour cell RSRP
· (Item 4) CDF of the number of beams such that the beam SNR > YdB
· Y = -9, -6, and -3
· (Item 5) CDF of Beam dwell time in the following regions only for LEO, i.e. cases 11~30 and 41~60 in Table 8.
· (Item 5-1) Serving beam RSRP is [6]dB stronger than the second strongest neighbour beam RSRP and serving beam SNR is larger than [-6]dB
· (Item 5-2) RSRP difference between serving beam and the second strongest neighbour beam is smaller than [6]dB and serving beam SNR is larger than [-6]dB
· Note: Beam dwell time for LEO can be derived as follows, e.g.

· For a given UE, (elevation angle range where the above condition is met)/(angular speed of LEO satellite)
Items 1-2 can be used for side condition evaluation in defining RRM requirements. The rest are to evaluate minimum UE capability in terms of # of cells/SSBs, measurement periodicity, measurement scaling factors, etc.
3 Conclusion
It is proposed to use the simulation assumptions in this paper for system level analysis on NTN RRM aspects.
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