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Introduction

In RAN#86 meeting, a new WID [1] to NR over NTN was approved with following RAN4 objective for study. In this contribution, we want to share some initial considerations on NTN coexistence scenario and simulation assumption for further NTN coexistence study.
UE RRM core requirements 
Study and identify which bands may be potentially relevant to NTN including: 
Analysis of regulations in the spectrum considered

Adjacent channel co-existence 

Considering the potential bands to be used as example for the WID:

Specify needed generic RF core requirements for the network and the UE such that adjacent channel co-existence scenarios are met and performance of other RF parameters (RX performance, TX signal quality etc.) are subject to acceptable minimum requirements 
Investigate and specify UE timing & frequency pre-compensation accuracy requirements as needed [RAN4].

Discussion 
2.1 Co-existence simulation scenarios

2.1.1 Simulation cases

In the last RAN4#98e meeting, it was agreed to include S-band, L-band as exemplary bands for FR1. As shown in the following Figure 1, S-band might coexist with Band n34 and Band n41 in some regions, therefore cross link interference between NTN and TN (Case 5 and 6) should also been considered.
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Figure 1. spectrum allocation for S-band and other adjacent bands

Table 1. scenarios for NTN coexistence study
	No.
	Combination
	Aggressor
	Victim
	Notes

	1
	TN with NTN
	TN DL
	NTN DL
	

	2
	TN with NTN
	TN UL
	NTN UL
	

	3
	TN with NTN
	NTN DL
	TN DL
	

	4
	TN with NTN
	NTN UL
	TN UL
	

	5
	TN with NTN
	NTN UL
	TN DL
	Applicable for satellite operating in S band, e.g. coexistence with Band n34 and n41

	6
	TN with NTN
	TN DL
	NTN UL
	Applicable for satellite operating in S band, e.g. coexistence with Band n34 and n41.


Proposal 1: to adopt Table 1 for NTN coexistence study;
2.1.2 HAPS 
In the last RAN#91e meeting, it was agreed to treat HAPS independently as satellite. Based on our understandings that, HAPS might be more useful after there are major disaster happening (e.g. earthquake ), terrestrial network has collapsed and HAPS could be used as emergency communication network, therefore we think that HAPS should work with same channel as terrestrial network and this should be the most stringent coexistence scenarios that HAPS might face with.
Proposal 2: to focus the co-channel deployment for HAPS;  
2.2
Co-existence simulation assumption

2.2.1

Network layout model

For NTN coexisting with TN, network layout of TN are summarized in the following Table 2. For Case 2 and Case 6, this need more discussions in RAN4.
Table 2.TN network layout
	No.
	Combination
	Aggressor
	Victim
	TN Network layout

	1
	TN with NTN
	TN DL
	NTN DL
	19 sites with 57 sectors

	2
	TN with NTN
	TN UL
	NTN UL
	more sites might be needed due to large coverage per beam of NTN node. 

	3
	TN with NTN
	NTN DL
	TN DL
	19 sites with 57 sectors

	4
	TN with NTN
	NTN UL
	TN UL
	19 sites with 57 sectors

	5
	TN with NTN
	NTN UL
	TN DL
	19 sites with 57 sectors

	6
	TN with NTN
	TN DL
	NTN UL
	more sites might be needed due to large coverage per beam of NTN node. 


Proposal 3: to adopt the TN network layout in Table 2 for further coexistence simulation;
2.2.2

Propagation model

For propagation model between NTN and UE or gateway, this could be referred to section 6.6 in TR 38.811. 

For propagation model between TN BS and UE, this could be referred to TR 38.901 or section 5.2.2 in TR 38.803.

2.2.3

Antenna and beam forming pattern modelling

For antenna and beam forming pattern for NTN BS and UE, it could be referred in section 6.4 of TR 38.811.
For antenna and beam forming pattern of TN FR2 NR BS and UE, it could be referred in section 5.2.3 of TR 38.803. 

For antenna and beam forming pattern for TN FR1 NR BS and UE, it could be referred in section 8 of TR 38.912 [6] and in reply LS to ITU WP5D [7].  
2.2.4

Transmission power control model

For downlink scenario, no power control scheme is applied.
For uplink scenario, TPC model specified in Section 9.1 TR 36.942 is applied with following parameters.

-
CLx-ile = 88 + 10*log10(200/X) + 11 – Y, where X is UL transmission BW (MHz) and Y is the BS noise figure

-
γ = 1

2.2.5

Received power model

The received power in downlink and uplink scenarios 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).

2.2.6

Link level performance for 5G NR coexistence

For the throughput of a modem for NTN and TN, it could be referred in section 5.2.7 of TR 38.803.
2.2.7

Other simulation parameters

Table 2.2.7-1: Other simulation parameters
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Satellite antenna pattern
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]
	Section 6.4.1 in [2]

	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

	Payload characteristics for UL transmissions

	Equivalent satellite antenna aperture (Note1)
	S-band 

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

	G/T
	
	19 dB K-1
	1.1 dB K-1
	1.1 dB K-1

	Satellite Rx max Gain
	
	51 dBi
	30 dBi
	30 dBi

	NOTE 1: This value is equivalent to the antenna diameter in Sec. 6.4.1 of [2].

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.


The following table is agreed for UE characteristics for System Level Simulations

Table 2.2.7-2: 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
	
	7 dB
	

	Tx transmit power
	
	200 mW (23 dBm)
	

	Tx antenna gain
	
	0 dBi per element
	

	NOTE 1:
Moving platforms (e.g., aircrafts, vessels), building mounted devices. These values are provided for information.

NOTE 2:
VSAT terminal characteristics could be implemented with phased array antenna


Table 2.2.7-3: Beam layout definition for single satellite simulation

	Scenario
	Scenario A, C2 and D2

	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: 19-beam layout considering wrap-around mechanism (i.e. 18 beams surrounding the central beam and allocated on 2 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:
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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 = sqrt(3) x sin(HPBW/2 [rad])

	Central beam bore sight direction definition
	Baseline: 

Case 1: Central beam center is considered at nadir point

Case 2: Central beam boresight direction computed based on elevation angle target


Table 2.2.7-4: System Level Simulation assumptions for calibration

	Configuration scenario
	A, C2 and D2

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

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

Ka-band: DL 400 MHz and UL 400 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 6.1.1.1-1 and Table 6.1.1.1-2 

Note: Same satellite characteristics should be considered for both single and multi-satellite simulations

	Satellite antenna pattern
	See section 6.4.1 in [2]: 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 [worst case preferred for co-existence study]
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Option 2: 3

For option 3, then stepwise ACLR model should be defined for coexistence study.
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	Polarization re-use
	Option 1: Disable

Option 2: Enable

Note: Polarization re-use should apply only if circular polarization for terminal antenna is considered 

	Channel model
	Large scale model of [2] (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 associated 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)



	UE orientation
	Handheld: Random

	Handover Margin
	0 dB

	UE attachment
	RSRP

	Metrics for calibration
	Base-line: Coupling loss, Geometry

Note: Coupling loss is defined as the signal loss from the antenna port to the antenna port

	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.


The beam layout parameters captured in the following table are adopted as a starting point for single satellite simulations.

Table 2.2.7-3-6: Beam layout parameters for single satellite simulation

	Scenario
	Scenario A
	Scenario C2/D2

	Carrier frequency
	S-band: 2 GHz
	S-band: 2 GHz

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

Set 1: ABS = 0.0061

Set 2:ABS = 0.0111
	S-band: 

Set 1: ABS = 0.0668

Set 2: ABS = 0.1334



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

	Central beam center elevation angle target
	Baseline: 45 deg
	Baseline: 90 deg

	Central beam bore sight direction coordinates in UV plane
	Baseline: (0.107,0)
	Baseline: (0,0)

	Gateway direction coordinates in UV plane
	Baseline: Same as central beam bore sight direction coordinates in UV plane

Note: Not needed for calibration


	
	NB-IoT

standalone
	NR

	Carrier frequency in GHz
	 2
	 2

	Size of each nominal channel BW in MHz
	0.2
	30

	Transmission bandwidth in MHz
	0.18
	30

	Environment
	Urban macro

Sub-urban
Rural

	Urban macro

Sub-urban
Rural

	Network layout
	19-sites [57 sectors] with wrap-around
	19-sites [57 sectors] with wrap-around

	Inter-site distance in meter
	500 for 2GHz band for UMA
	500 for 2GHz band for UMA

	System loading and activity
	Full buffer 100%
	Full buffer 100%

	Network location
	FFS
	FFS

	DL subcarrier spacing
	15kHz
	15kHz

	UL
	See RP-152284
	OFDMA

	DL power control
	No
	No

	UL power control
	36.942 section 5.1.1.6 (set 1) by bandwidth scale, target SNR at BS is 15 dB
	36.942 section 5.1.1.6 (set=1)

	Frequency reuse
	1
	1

	Number of scheduled UE per cell (DL)
	1
	1

	Number of scheduled UE per cell (UL)
	3 for multi-tone (60kHz per UE), 12 for 15kHz single-tone, 48 for 3.75kHz single-tone
	3

	BS antenna height in meter
	30
	30

	BS max TX power in dBm
	43dBm/200kHz
	46

	BS antenna gain including feeder loss in dBi
	15
	15

	BS antenna pattern
	Horizontal (36.942)
	Following R4-2103104

	BS antenna front-back ratio in dB
	20
	20

	UE antenna height in meter
	1.5
	1.5

	UE TX power in dBm
	-40 to 23
	-40 to 23

	UE antenna gain in dBi
	0
	0

	Building penetration loss
	45.820 Annex D.1 
	n/a

	Cell selection margin in dB
	3
	3

	BS-MS min couple loss in dB
	70
	70

	BS noise figure in dB
	5
	5

	UE noise figure in dB
	9
	9

	BS-UE path-loss model
	TR36.942 macro urban
	TR38.803 

	Standard deviation of BS-UE log-normal shadow fading in dB
	10
	10

	Shadowing correlation
	Inter-cell 0.5 intra-cell 1
	Inter-cell 0.5 intra-cell 1

	Link-level performance model
	
	 section 2.9 

	Evaluation metrics
	SINR vs ACS (as victim)
	SINR and throughput loss vs NTN ACLR requirement


Conclusions
In this contribution, we shared some initial inputs on NTN coexistence scenarios and simulation assumptions and proposals are made as following:

Proposal 1: to adopt Table 1 for NTN coexistence study;
Proposal 2: to focus the co-channel deployment for HAPS;  
Proposal 3: to adopt the TN network layout in Table 2 for further coexistence simulation;
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