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Introduction
During RAN4 #99-e, the following agreement has been captured in NTN_Solutions_Part2 (R4-2108093):RAN4 #99-e Agreements:

RAN4 #99-e Agreements:

The satellite max Tx power can be calculated by the equation as below:

Table 2.3-1 NRB configuration per BandWidth size and SCS
Configuration FR1 S-band
NRB (5MHz BW)
NRB (10MHz BW)
NRB (15MHz BW)
NRB (20MHz BW)
SCS 15 kHz
25
52
79
TBA
SCS 30 kHz
11
24
38
TBA

Table 2.3-2 Set-1 satellite parameters for co-existence study
Satellite orbit
GEO
LEO-1200
LEO-600
Satellite altitude
35786 km
1200 km
600 km
Payload characteristics for DL transmissions
Satellite EIRP density
2GHz
59 dBW/MHz
40 dBW/MHz
34 dBW/MHz
Satellite max TX power in dBm
BW (MHz)

5
10
15
20
5
10
15
20
5
10
15
20

SCS 15kHz

44.53
47.71
49.53
TBA
46.53
49.71
51.53
TBA
40.53
43.71
45.53
TBA

SCS 30kHz

43.98
47.37
49.36
TBA
45.98
49.37
51.36
TBA
39.98
43.37
45.36
TBA
Satellite Tx max Gain

51 dBi
30 dBi
30 dBi
Channel bandwidth

5/10/15/20MHz
5/10/15/20MHz
5/10/15/20MHz
3dB beamwidth

0.4011 deg
4.4127 deg
4.4127 deg
Satellite beam diameter

250 km
90 km
50 m
Payload characteristics for UL transmissions
[bookmark: OLE_LINK62]G/T
2 GHz
19 dB K-1
1.1 dB K-1
1.1 dB K-1
Satellite Rx max Gain

51 dBi
30 dBi
30 dBi



Moreover, the following agreements have been also made for NTN_Solutions_Part1 (R4-2108099):RAN4 #99-e Agreements:
· Proposal 3-1-8-1: RAN4 may consider S-band extension in a new WI on operator’s request, as it’s common practice for any TN band in RAN4. 
· Proposal 3-3-1-1: RAN4 may consider mixed pairing of (L-band) and (S-band) in a separate dedicated WI, as it’s common practice for any TN band in RAN4. The core functionality should be forward compatible with mixed pairing.
· Proposal 3-3-2-1: RAN4 may consider pairing of 1610 - 1618.725 MHz UL (L-band) and 2483.5 – 2500 MHz DL (S-band) in a separate dedicated WI, as it’s common practice for any TN band in RAN4. The core functionality should be forward compatible with mixed pairing.



The goal of this contribution is to further clarify/define some simulation parameters to be taken into account for coexistence scenarios considered by RAN4 studies.

S-band NTN Coexistence Scenarios
With respect to the operational deployment scenarios in S-band, during RAN4#99-e it has been agreed: RAN4 #99-e Agreements:
· Proposal 3-1-1-1: RAN4 shall use S-Band Reference Operational Deployment Scenario using 1980-2010 MHz for UL and 2170-2200 MHz for DL.

[image: ]
· Proposal 2-1-1-1: The first NTN band will have the following frequency range definition: 1980-2010 MHz in UL and 2170-2200 MHz in DL. Its band number is FFS.
Note: Companies are encouraged to provide a NTN band numbering scheme for next RAN4 meeting.


[bookmark: OLE_LINK3]The current MSS S-band for NR NTN usage refers to 1980-2010 MHz (UpLink) and 2170-2200 MHz (DownLink), and therefore located far away from terrestrial n41 (2496-2690 MHz). 

Moreover, the following agreements have been taken with respect to the S-band extension (e.g. S-band 2483.5 – 2500 MHz DL):RAN4 #99-e Agreements:
· Proposal 3-1-8-1: RAN4 may consider S-band extension in a new WI on operator’s request, as it’s common practice for any TN band in RAN4. 


Using the previous RAN4#99-e agreements for NTN_Solutions_Part1 (see R4-2108099) with respect to S-band extension (DL 2483.5-2500 MHz), together with current MSS S-band definition for NR NTN (DL 2170-2200 MHz), we therefore further propose to reduce the interference scenarios considered by current coexistence work.

Therefore, since S-Band DL 2483.5-2500 MHz extension is not considered by current NTN NR WI, and current S-Band is defined in DL for 2170-2200 MHz only, we propose:

Proposal 1. RAN4 should remove coexistence with n41 (2496-2690 MHz) and update the coexistence scenarios as follows:
	No.
	Combination
	Aggressor
	Victim
	Notes
	Study Phase

	1
	TN with NTN
	TN DL
	NTN DL
	Applicable for satellite operating in S-band, e.g. coexistence with n1 FDD.
	Phase 1

	2
	TN with NTN
	TN UL
	NTN UL
	Applicable for satellite operating in S-band, e.g. coexistence with n1 FDD.
	Phase 1

	3
	TN with NTN
	NTN DL
	TN DL
	Applicable for satellite operating in S-band, e.g. coexistence with n1 FDD.
	Phase 1

	4
	TN with NTN
	NTN UL
	TN UL
	Applicable for satellite operating in S-band, e.g. coexistence with n1 FDD.
	Phase 1

	5
	TN with NTN
	NTN UL
	TN DL
	Applicable for satellite operating in S band, e.g. coexistence with n34 TDD. 
	Phase 1

	6
	TN with NTN
	TN DL
	NTN UL
	Applicable for satellite operating in S band, e.g. coexistence with n34 TDD. 
	Phase 1

	7
	TN with NTN
	TN UL
	NTN DL
	Applicable for satellite operating in S band, e.g. coexistence with n41 TDD.
	Phase 2

	8
	TN with NTN
	NTN DL 
	TN UL
	Applicable for satellite operating in S band, e.g. coexistence with n41 TDD.
	Phase 1

	9
	NTN with NTN
	NTN DL
	NTN DL
	LEO-LEO
	Phase 2

	
	
	
	
	GEO-GEO
	Phase 2

	
	
	
	
	GEO-LEO@600 or 
HAPS-HAPS
	Phase 2

	
	
	NTN UL
	NTN UL
	LEO-LEO
	Phase 2

	
	
	
	
	GEO-GEO
	Phase 2

	
	
	
	
	GEO-LEO@600 or 
HAPS-HAPS
	Phase 2



Moreover, with respect to NTN-NTN coexistence, it seems that RAN4 is not using a very clear definition of NTN to NTN “adjacent band” coexistence. For further exemplification with respect to the adjacent band and/or the adjacent channel NTN-NTN coexistence:
· If NTN-NTN coexistence is considered with respect to satellite bands adjacent to NTN S-band, there are not any adjacent bands allocated to other satellite services that can be considered for this coexistence. Therefore, it does not make sense to consider this coexistence analysis.
· If NTN-NTN coexistence is considered in the same operating NTN S-band (which should be no longer considered as “adjacent band” coexistence), the coexistence between different satellite networks operating in the S-band (in different channels) is governed by bi-lateral agreements between the satellite operators on the basis of regulatory guidelines and ensured through operational configuration. Therefore, again, it does not make sense to consider this coexistence analysis.

The satellite community would not be able to agree to reference coexistence scenarios since each constellation is specific and designed according to business and regulatory requirements. Therefore, the satellite community does not see the need to analyze NTN-NTN coexistence scenarios in RAN4.
Proposal 2. RAN4 should remove NTN-NTN coexistence for LEO-LEO, LEO-GEO and GEO-GEO scenarios in S-band and update the coexistence scenarios as follows:

	No.
	Combination
	Aggressor
	Victim
	Notes
	Study Phase

	1
	TN with NTN
	TN DL
	NTN DL
	Applicable for satellite operating in S-band, e.g. coexistence with n1 FDD.
	Phase 1

	2
	TN with NTN
	TN UL
	NTN UL
	Applicable for satellite operating in S-band, e.g. coexistence with n1 FDD.
	Phase 1

	3
	TN with NTN
	NTN DL
	TN DL
	Applicable for satellite operating in S-band, e.g. coexistence with n1 FDD.
	Phase 1

	4
	TN with NTN
	NTN UL
	TN UL
	Applicable for satellite operating in S-band, e.g. coexistence with n1 FDD.
	Phase 1

	5
	TN with NTN
	NTN UL
	TN DL
	Applicable for satellite operating in S band, e.g. coexistence with n34 TDD. 
	Phase 1

	6
	TN with NTN
	TN DL
	NTN UL
	Applicable for satellite operating in S band, e.g. coexistence with n34 TDD. 
	Phase 1

	7
	TN with NTN
	TN UL
	NTN DL
	Applicable for satellite operating in S band, e.g. coexistence with n41 TDD.
	Phase 2

	8
	TN with NTN
	NTN DL 
	TN UL
	Applicable for satellite operating in S band, e.g. coexistence with n41 TDD.
	Phase 1

	9
	NTN with NTN
	NTN DL
	NTN DL
	LEO-LEO
	Phase 2

	
	
	
	
	GEO-GEO
	Phase 2

	
	
	
	
	GEO-LEO@600 or 
HAPS-HAPS
	Phase 2

	
	
	NTN UL
	NTN UL
	LEO-LEO
	Phase 2

	
	
	
	
	GEO-GEO
	Phase 2

	
	
	
	
	GEO-LEO@600 or 
HAPS-HAPS
	Phase 2




Updated S-band Simulation Parameters
We further propose to update the following tables as follows:
Proposal 3. The satellite max Tx power can be calculated by the equation as below:

Table 2.3-1 NRB configuration per BandWidth size and SCS
	Configuration FR1 S-band
	NRB (5MHz BW)
	NRB (10MHz BW)
	NRB (15MHz BW)
	NRB (20MHz BW)

	SCS 15 kHz
	25
	52
	79
	106

	SCS 30 kHz
	11
	24
	38
	51



Table 2.3-2 Set-1 satellite parameters for co-existence study
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Payload characteristics for DL transmissions


	Satellite EIRP density
	2GHz
	59 dBW/MHz
	40 dBW/MHz
	34 dBW/MHz


	Satellite max TX power in dBm
	BW (MHz)
	
	5
	10
	15
	20
	5
	10
	15
	20
	5
	10
	15
	20

	
	SCS 15kHz
	
	44.53
	47.71
	49.53
	50.81
	46.53
	49.71
	51.53
	52.81
	40.53
	43.71
	45.53
	46.81

	
	SCS 30kHz
	
	43.98
	47.37
	49.36
	50.64
	45.98
	49.37
	51.36
	52.64
	39.98
	43.37
	45.36
	46.64


	Satellite Tx max Gain
	
	51 dBi
	30 dBi
	30 dBi


	Channel bandwidth
	
	5/10/15/20MHz
	5/10/15/20MHz
	5/10/15/20MHz

	3dB beamwidth or HPBW (Half-Power BandWidth) of main central beam
	
	0.4011 deg
	4.4127 deg
	4.4127 deg

	ABS (Adjacent Beam Spacing) of adjacent beams from the central beam
	
	0.3474 deg
	3.8206 deg
	3.8206 deg

	Satellite (central) beam diameter
	
	250 km
	90 km
	50 m


	Payload characteristics for UL transmissions


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

	Satellite Rx max Gain
	
	51 dBi
	30 dBi
	30 dBi




Proposal 4. The satellite Adjacent Beam Spacing or ABS can be computed using the following equations: 
ABS[rad] = sqrt(3) x sin(HPBW[degrees]/2) or ABS[rad] = sqrt(3) x sinr(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.
Proposal 5. The following ABS values shall be used for RAN4 NTN simulator calibration and coexistence purposes:
· Adjacent Beam Spacing value for GEO of 0.3474 degrees;
· Adjacent Beam Spacing value for LEO of 3.8206 degrees.

Proposal 6. RAN4 shall be aware that current satellite ABS (Adjacent Beam Spacing) used to generate satellite adjacent beams for RAN4 coexistence simulation purposes are lower than HPBW (Half-Power BandWidth) of the main lobe of the antenna pattern used to generate the satellite central beam. Therefore, ABS≠HPBW with ABS<HPBW.

Conclusions

Proposal 1. RAN4 should remove coexistence with n41 (2496-2690 MHz) and update the coexistence scenarios as follows:
	No.
	Combination
	Aggressor
	Victim
	Notes
	Study Phase

	1
	TN with NTN
	TN DL
	NTN DL
	Applicable for satellite operating in S-band, e.g. coexistence with n1 FDD.
	Phase 1

	2
	TN with NTN
	TN UL
	NTN UL
	Applicable for satellite operating in S-band, e.g. coexistence with n1 FDD.
	Phase 1

	3
	TN with NTN
	NTN DL
	TN DL
	Applicable for satellite operating in S-band, e.g. coexistence with n1 FDD.
	Phase 1

	4
	TN with NTN
	NTN UL
	TN UL
	Applicable for satellite operating in S-band, e.g. coexistence with n1 FDD.
	Phase 1

	5
	TN with NTN
	NTN UL
	TN DL
	Applicable for satellite operating in S band, e.g. coexistence with n34 TDD. 
	Phase 1

	6
	TN with NTN
	TN DL
	NTN UL
	Applicable for satellite operating in S band, e.g. coexistence with n34 TDD. 
	Phase 1

	7
	TN with NTN
	TN UL
	NTN DL
	Applicable for satellite operating in S band, e.g. coexistence with n41 TDD.
	Phase 2

	8
	TN with NTN
	NTN DL 
	TN UL
	Applicable for satellite operating in S band, e.g. coexistence with n41 TDD.
	Phase 1

	9
	NTN with NTN
	NTN DL
	NTN DL
	LEO-LEO
	Phase 2

	
	
	
	
	GEO-GEO
	Phase 2

	
	
	
	
	GEO-LEO@600 or 
HAPS-HAPS
	Phase 2

	
	
	NTN UL
	NTN UL
	LEO-LEO
	Phase 2

	
	
	
	
	GEO-GEO
	Phase 2

	
	
	
	
	GEO-LEO@600 or 
HAPS-HAPS
	Phase 2




Proposal 2. RAN4 should remove NTN-NTN coexistence for LEO-LEO, LEO-GEO and GEO-GEO scenarios in S-band and update the coexistence scenarios as follows:

	No.
	Combination
	Aggressor
	Victim
	Notes
	Study Phase

	1
	TN with NTN
	TN DL
	NTN DL
	Applicable for satellite operating in S-band, e.g. coexistence with n1 FDD.
	Phase 1

	2
	TN with NTN
	TN UL
	NTN UL
	Applicable for satellite operating in S-band, e.g. coexistence with n1 FDD.
	Phase 1

	3
	TN with NTN
	NTN DL
	TN DL
	Applicable for satellite operating in S-band, e.g. coexistence with n1 FDD.
	Phase 1

	4
	TN with NTN
	NTN UL
	TN UL
	Applicable for satellite operating in S-band, e.g. coexistence with n1 FDD.
	Phase 1

	5
	TN with NTN
	NTN UL
	TN DL
	Applicable for satellite operating in S band, e.g. coexistence with n34 TDD. 
	Phase 1

	6
	TN with NTN
	TN DL
	NTN UL
	Applicable for satellite operating in S band, e.g. coexistence with n34 TDD. 
	Phase 1

	7
	TN with NTN
	TN UL
	NTN DL
	Applicable for satellite operating in S band, e.g. coexistence with n41 TDD.
	Phase 2

	8
	TN with NTN
	NTN DL 
	TN UL
	Applicable for satellite operating in S band, e.g. coexistence with n41 TDD.
	Phase 1

	9
	NTN with NTN
	NTN DL
	NTN DL
	LEO-LEO
	Phase 2

	
	
	
	
	GEO-GEO
	Phase 2

	
	
	
	
	GEO-LEO@600 or 
HAPS-HAPS
	Phase 2

	
	
	NTN UL
	NTN UL
	LEO-LEO
	Phase 2

	
	
	
	
	GEO-GEO
	Phase 2

	
	
	
	
	GEO-LEO@600 or 
HAPS-HAPS
	Phase 2








Proposal 3. The satellite max Tx power can be calculated by the equation as below:

Table 2.3-1 NRB configuration per BandWidth size and SCS
	Configuration FR1 S-band
	NRB (5MHz BW)
	NRB (10MHz BW)
	NRB (15MHz BW)
	NRB (20MHz BW)

	SCS 15 kHz
	25
	52
	79
	106

	SCS 30 kHz
	11
	24
	38
	51



Table 2.3-2 Set-1 satellite parameters for co-existence study
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	Payload characteristics for DL transmissions


	Satellite EIRP density
	2GHz
	59 dBW/MHz
	40 dBW/MHz
	34 dBW/MHz


	Satellite max TX power in dBm
	BW (MHz)
	
	5
	10
	15
	20
	5
	10
	15
	20
	5
	10
	15
	20

	
	SCS 15kHz
	
	44.53
	47.71
	49.53
	50.81
	46.53
	49.71
	51.53
	52.81
	40.53
	43.71
	45.53
	46.81

	
	SCS 30kHz
	
	43.98
	47.37
	49.36
	50.64
	45.98
	49.37
	51.36
	52.64
	39.98
	43.37
	45.36
	46.64


	Satellite Tx max Gain
	
	51 dBi
	30 dBi
	30 dBi


	Channel bandwidth
	
	5/10/15/20MHz
	5/10/15/20MHz
	5/10/15/20MHz

	3dB beamwidth or HPBW (Half-Power BandWidth) of main central beam
	
	0.4011 deg
	4.4127 deg
	4.4127 deg

	ABS (Adjacent Beam Spacing) of adjacent beams from the central beam
	
	0.3474 deg
	3.8206 deg
	3.8206 deg

	Satellite (central) beam diameter
	
	250 km
	90 km
	50 m


	Payload characteristics for UL transmissions


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

	Satellite Rx max Gain
	
	51 dBi
	30 dBi
	30 dBi




Proposal 4. The satellite Adjacent Beam Spacing or ABS can be computed using the following equations: 
ABS[rad] = sqrt(3) x sin(HPBW[degrees]/2) or ABS[rad] = sqrt(3) x sinr(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.
Proposal 5. The following ABS values shall be used for RAN4 NTN simulator calibration and coexistence purposes:
· Adjacent Beam Spacing value for GEO of 0.3474 degrees;
· Adjacent Beam Spacing value for LEO of 3.8206 degrees.
Proposal 6. RAN4 shall be aware that current satellite ABS (Adjacent Beam Spacing) used to generate satellite adjacent beams for RAN4 coexistence simulation purposes are lower than HPBW (Half-Power BandWidth) of the main lobe of the antenna pattern used to generate the satellite central beam. Therefore, ABS≠HPBW with ABS<HPBW.
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