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Introduction
During RAN4 #98-bis-e, the following agreement has been captured in the Chairman Notes on 20th of April 2021 during the GTW session, with respect to the contribution R4-2106104 (“WF on [308] NTN_Solutions_Part2” – coexistence studies):RAN4 #98-bis-e Agreements (20th of April 2021, GTW session):

-------------Additional agreements--------------
Further update the table in slide 4 as following:
Table 1.4-2 Interference Table
No.
Combination
Aggressor
Victim
Notes
Study Phase
1
TN - NTN
TN DL
NTN DL

Phase 1
2
TN with NTN
TN UL
NTN UL

Phase 1
3
TN with NTN
NTN DL
TN DL

Phase 1
4
TN with NTN
NTN UL
TN UL

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


[https://www.3gpp.org/ftp/tsg_ran/WG4_Radio/TSGR4_98bis_e/Inbox/Chairman_Notes]
Moreover, the following agreement has been also made:RAN4 #98-bis-e Agreements (20th of April 2021, GTW session):

· TN NR: 20MHz
· NTN Single carrier BW: [5MHz] (FRF=3), [15MHz/30MHz] (FRF=1)
· To consider FRF in 2 phases as following: 
· FRF=1 in phase 1 for simplification. 
· FRF=3 in phase 2 or it is found FRF=1 is too stringent. 



In R4-2106104 it can be also found thatRAN4 #98-bis-e Agreements (R4-2106104):

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

· Bandwidth will be further discussed. 


Therefore, the goal of this contribution is to further clarify the coexistence scenarios to be considered by RAN4 studies, and their related simulation parameters.

S-band NTN Coexistence Scenarios
Using the previous RAN4#98bis-e agreements together with R4-2107270 (“On the S-band NTN coexistence scenarios and simulation parameters”), is possible to further describe more in detail the interference table and the possible interferences types for adjacent S-band coexistence that could be handled by RAN4 work.

	No.
	Combination
	Aggressor
	Victim
	Notes
	Study Phase

	1
(i1)
	TN with NTN
	TN DL
	NTN DL
	Coexistence with FDD band.
	Phase 1

	2
(i2)
	TN with NTN
	TN UL
	NTN UL
	Coexistence with FDD band.
	Phase 1

	3
(i3)
	TN with NTN
	NTN DL
	TN DL
	Coexistence with FDD band.
	Phase 1

	4
(i4)
	TN with NTN
	NTN UL
	TN UL
	Coexistence with FDD band.
	Phase 1

	5
(i5)
	TN with NTN
	NTN UL
	TN DL
	Applicable for satellite operating in S band, e.g. coexistence with n34 TDD. 
	Phase 1

	6
(i6)
	TN with NTN
	TN DL
	NTN UL
	Applicable for satellite operating in S band, e.g. coexistence with n34 TDD. 
	Phase 1

	7
(i7)
	TN with NTN
	TN UL
	NTN DL
	Applicable for satellite operating in S band, e.g. coexistence with n41 TDD.
	Phase 2

	8
(i8)
	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



Please note that the scenarios 1-6 (and interference types i1-i6) have been already discussed in previous meetings and also discussed in R4-2107270, as represented below in Figures 1 and Figure 2.

[image: ]
Figure 1: S-band NTN-TN adjacent band coexistence scenarios with TN in FDD mode
[image: ]
Figure 2: S-band NTN-TN adjacent band coexistence scenarios with TN in TDD mode (e.g. n34)
However, scenarios 7 and 8 (interference types i7 and i8) have not been described before and are represented now in Figure 3 below.
[image: ]

Figure 3: S-band NTN-TN adjacent band coexistence scenarios with TN in TDD mode (e.g. n41)
Proposal 1: RAN4 shall update “Simulation assumptions for NTN co-existence study” document with the Figure 1, the Figure 2 and the Figure 3.

Updated S-band Simulation Parameters
The current simulation assumptions from R4-2106105 are: The satellite max Tx power can be calculated by the equation as below:


Table 2.3-1 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 Tx max Gain

51 dBi
30 dBi
30 dBi
Channel bandwidth

[5]/[15]/[30]MHz
[5]/[15]/[30]MHz
[5]/[15]/[30]MHz
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

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



We propose to update these simulation assumptions with a more explicit equation:

and with the following table with respect to NRB configuration per BandWidth size and SCS:
	Configuration FR1 S-band
	NRB (5MHz BW)
	NRB (10MHz BW)
	NRB (15MHz BW)
	NRB (30MHz BW)

	SCS 15 kHz
	25
	52
	79
	160

	SCS 30 kHz
	11
	24
	38
	78



This will further result into with an updated table for the Satellite max Tx power in dBm as a function of BW size and SCS configuration:
Set-1 satellite parameters for co-existence study (TR 38.821)
	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 Tx max Gain
	
	51 dBi
	30 dBi
	30 dBi

	Satellite max TX power in dBm
	
	SCS15: 44.53; 47.71; 49.53; 52.59dBm
SCS30: 43.98; 47.37; 49.36; 52.48dBm
	SCS15: 46.53; 49.71; 51.53; 54.59dBm
SCS30: 45.98; 49.37; 51.36; 54.48dBm
	SCS15: 40.53; 43.71; 45.53; 48.59dBm
SCS30: 39.98; 43.37; 45.36; 48.48dBm

	Channel bandwidth
	
	5; 10; 15; 30 MHz
	5; 10; 15; 30 MHz
	5; 10; 15; 30 MHz

	3dB beamwidth
	
	0.4011 deg
	4.4127 deg
	4.4127 deg

	Satellite beam diameter
	
	250 km
	90 km
	50 km



Proposal 2: RAN4 shall update “Simulation assumptions for NTN co-existence study” document with the following information:The satellite max Tx power can be calculated by the equation as below:

NRB configuration per BandWidth size and SCS:
Configuration FR1 S-band
NRB (5MHz BW)
NRB (10MHz BW)
NRB (15MHz BW)
NRB (30MHz BW)
SCS 15 kHz
25
52
79
160
SCS 30 kHz
11
24
38
78

Set-1 satellite parameters for co-existence study (TR 38.821)
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 Tx max Gain

51 dBi
30 dBi
30 dBi
Satellite max TX power in dBm

SCS15: 44.53; 47.71; 49.53; 52.59dBm
SCS30: 43.98; 47.37; 49.36; 52.48dBm
SCS15: 46.53; 49.71; 51.53; 54.59dBm
SCS30: 45.98; 49.37; 51.36; 54.48dBm
SCS15: 40.53; 43.71; 45.53; 48.59dBm
SCS30: 39.98; 43.37; 45.36; 48.48dBm
Channel bandwidth

5; 10; 15; 30 MHz
5; 10; 15; 30 MHz
5; 10; 15; 30 MHz
3dB beamwidth

0.4011 deg
4.4127 deg
4.4127 deg
Satellite beam diameter

250 km
90 km
50 km




If we consider a constant density of users per km2, then the previous table can be updated with the following information:
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	NTN UE Assumptions (Distribution, Density/km2) for 15 MHz and 30 MHz configurations (FRF1)

	Satellite Beam Diameter
	2GHz
	250 km
	90 km
	50 km

	NTN UE Density
	
	0.1 NTN UEs/km2
	0.1 NTN UEs/km2
	0.1 NTN UEs/km2

	Satellite Spectrum Efficiency Assumption
	
	1.35bit/sec/Hz
	1.35bit/sec/Hz
	1.35bit/sec/Hz

	Channel Bandwidth Assumption per Beam
	
	5; 10; 15; 30 MHz
	5; 10; 15; 30 MHz
	5; 10; 15; 30 MHz

	Maximum Throughput per Beam
	
	6.75; 13.5; 20.25; 40.5 Mbps
	6.75; 13.5; 20.25; 40.5 Mbps
	6.75; 13.5; 20.25; 40.5 Mbps

	Number of NTN UEs per Beam
	
	4908 NTN UEs/beam
	636 NTN UEs/beam
	196 NTN UEs/beam

	Mean Throughput Rate per (Active) NTN UE
	
	30 MHz assumption:
8.25 kbps
15 MHz assumption:
4.12 kbps 

	30 MHz assumption:
63.68 kbps
15 MHz assumption:
31.84 kbps

	30 MHz assumption:
205.35 kbps
15 MHz assumption:
102,67 kbps

	
	
	
	
	



Another approach would be to set up the minimum achievable throughput per service and derive the density of the users based on this approach. If we consider a service type with a (minimum) requirement of 250 kbps (as in TR 38.821), then we will obtain:
	Satellite orbit
	GEO
	LEO-1200
	LEO-600

	Satellite altitude
	35786 km
	1200 km
	600 km

	NTN UE Assumptions (Distribution, Density/km2) for 15 MHz and 30 MHz configurations (FRF1)

	Satellite Beam Diameter
	2GHz
	250 km
	90 km
	50 km

	Mean Throughput Rate per (Active) NTN UE
	
	250 kbps
	250 kbps
	250 kbps

	Satellite Spectrum Efficiency Assumption
	
	1.35bit/sec/Hz
	1.35bit/sec/Hz
	1.35bit/sec/Hz

	Channel Bandwidth Assumption per Beam
	
	5; 10; 15; 30 MHz
	5; 10; 15; 30 MHz
	5; 10; 15; 30 MHz

	Maximum Throughput per Beam
	
	6.75; 13.5; 20.25; 40.5 Mbps
	6.75; 13.5; 20.25; 40.5 Mbps
	6.75; 13.5; 20.25; 40.5 Mbps

	Number of NTN (Active) UEs per Beam
	
	30 MHz assumption:
162 NTN UEs/beam 
15 MHz assumption:
81 NTN UEs/beam 
	30 MHz assumption:
162 NTN UEs/beam 
15 MHz assumption:
81 NTN UEs/beam
	30 MHz assumption:
162 NTN UEs/beam 
15 MHz assumption:
81 NTN UEs/beam

	NTN UE Density per Given Service Type (for Simulation Purpose)
	
	30 MHz assumption:
0.0033 NTN UEs/km2
15 MHz assumption:
0.0016 NTN UEs/km2
	30 MHz assumption:
0.0255 NTN UEs/km2
15 MHz assumption:
0.0127 NTN UEs/km2
	30 MHz assumption:
0.0825 NTN UEs/km2
15 MHz assumption:
0.0412 NTN UEs/km2

	
	
	
	
	



Further, we propose to include the NTN UE density assumptions in the “Simulation assumptions for NTN co-existence study” document.
Proposal 3: RAN4 shall update “Simulation assumptions for NTN co-existence study” document with the following information:Satellite orbit
GEO
LEO-1200
LEO-600
Satellite altitude
35786 km
1200 km
600 km
NTN UE Assumptions (Distribution, Density/km2) for 15 MHz and 30 MHz configurations (FRF1)
Satellite Beam Diameter
2GHz
250 km
90 km
50 km
Mean Throughput Rate per (Active) NTN UE

250 kbps
250 kbps
250 kbps
Satellite Spectrum Efficiency Assumption

1.35bit/sec/Hz
1.35bit/sec/Hz
1.35bit/sec/Hz
Channel Bandwidth Assumption per Beam

5; 10; 15; 30 MHz
5; 10; 15; 30 MHz
5; 10; 15; 30 MHz
Maximum Throughput per Beam

6.75; 13.5; 20.25; 40.5 Mbps
6.75; 13.5; 20.25; 40.5 Mbps
6.75; 13.5; 20.25; 40.5 Mbps
Number of NTN (Active) UEs per Beam

30 MHz assumption:
162 NTN UEs/beam 
15 MHz assumption:
81 NTN UEs/beam 
30 MHz assumption:
162 NTN UEs/beam 
15 MHz assumption:
81 NTN UEs/beam
30 MHz assumption:
162 NTN UEs/beam 
15 MHz assumption:
81 NTN UEs/beam
NTN UE Density per Given Service Type (for Simulation Purpose)

30 MHz assumption:
0.0033 NTN UEs/km2
15 MHz assumption:
0.0016 NTN UEs/km2
30 MHz assumption:
0.0255 NTN UEs/km2
15 MHz assumption:
0.0127 NTN UEs/km2
30 MHz assumption:
0.0825 NTN UEs/km2
15 MHz assumption:
0.0412 NTN UEs/km2









Another observation is that the maximum BW size used for NTN coexistence simulation purpose in MSS S-Band should consider the same maximum configurable BW size as for TN n65.
Proposal 4: The maximum BW size used for NTN coexistence simulation purpose in MSS S-Band should consider the same maximum configurable BW size as for TN n65.
[bookmark: _GoBack]Note1: It should be considered that the TN UE operating in n65 has the capability to operate also in the considered NTN MSS S-Band, since the UE uses the same implementation for both TN and NTN connectivity. For this reason, for the coexistence analysis, same BW configuration should be probably used for both TN and NTN.
Note2: The TN maximum BW size in n65 is currently 20 MHz, and therefore NTN maximum supported BW size in MSS S-Band should also be 20 MHz.
Note3: Simulation assumptions may be further updated accordingly.

Further, it would be useful to differentiate the number of BSs or UEs (terrestrial or non-terrestrial) or their density to use for simulation, as a function of interference type. More precisely, depending on who is the aggressor, and who is the victim, the simulation approach may be different. For instance, for generating interference, we can consider multiple sources, but for measuring interference, we can use one destination at a time/in different locations (e.g. we randomly change position of the destination over the simulation time). This approach can be also generalized for both NTN and TN, as we could apply the same considerations also for TN.
Proposal 5: RAN4 should consider the number of TN UEs or their respective densities as a function of interference type.
Proposal 6: RAN4 should consider the number of NTN UEs or their respective densities as a function of interference type.
Proposal 7: Depending on who is the aggressor, and who is the victim, the simulation approach may be different. For generating interference, RAN4 simulations may consider multiple sources, but for measuring interference, RAN4 simulation may use one single destination in different locations.
For example, with respect to the NTN UEs required for the simulation, the simulator can be configured differently with respect to simulation purpose:
1) NTN UE as destination: For NTN UE as a victim, the simulator could consider one NTN UE (that is considered in the network at several random positions, and then the results are averaged by Monte-Carlo simulations);
2) NTN UE as source: For NTN UE as an aggressor, the simulator could consider an NTN UE density (or number of NTN users/beam);
In any case, NTN simulation assumptions should follow similar approach as for the TN simulation assumptions.
Proposal 8: NTN simulation assumptions should follow similar Monte-Carlo simulation approach as for the TN simulation assumptions.
Proposal 9: If TN simulation assumptions are using one single TN UE scheduled approach, NTN simulation assumptions should also use one single NTN UE scheduled approach.
Proposal 10: If TN simulation assumptions are using a density of TN UEs, NTN simulation assumptions should also use a density of NTN UEs.
Moreover, from the service perspective, a UE with both NTN and TN capabilities will most probably connect to the network providing higher QoS. For this reason, we expect less NTN UEs inside a TN network, and therefore the NTN UEs will probably be at the edge of the TN cell or even outside the TN cell.
Proposal 11: The simulation assumptions should consider UEs connecting with higher priority to the network providing higher QoS.
Proposal 12: The simulation assumptions could be further simplified with NTN UEs at the edge of TN network or outside TN network.
Conclusions
Proposal 1: RAN4 shall update “Simulation assumptions for NTN co-existence study” document with the Figure 1, the Figure 2 and the Figure 3.
[image: ]
Figure 1: S-band NTN-TN adjacent band coexistence scenarios with TN in FDD mode
[image: ]
Figure 2: S-band NTN-TN adjacent band coexistence scenarios with TN in TDD mode (e.g. n34)
[image: ]

Figure 3: S-band NTN-TN adjacent band coexistence scenarios with TN in TDD mode (e.g. n41)
Proposal 2: RAN4 shall update “Simulation assumptions for NTN co-existence study” document with the following information:The satellite max Tx power can be calculated by the equation as below:

NRB configuration per BandWidth size and SCS:
Configuration FR1 S-band
NRB (5MHz BW)
NRB (10MHz BW)
NRB (15MHz BW)
NRB (30MHz BW)
SCS 15 kHz
25
52
79
160
SCS 30 kHz
11
24
38
78

Set-1 satellite parameters for co-existence study (TR 38.821)
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 Tx max Gain

51 dBi
30 dBi
30 dBi
Satellite max TX power in dBm

SCS15: 44.53; 47.71; 49.53; 52.59dBm
SCS30: 43.98; 47.37; 49.36; 52.48dBm
SCS15: 46.53; 49.71; 51.53; 54.59dBm
SCS30: 45.98; 49.37; 51.36; 54.48dBm
SCS15: 40.53; 43.71; 45.53; 48.59dBm
SCS30: 39.98; 43.37; 45.36; 48.48dBm
Channel bandwidth

5; 10; 15; 30 MHz
5; 10; 15; 30 MHz
5; 10; 15; 30 MHz
3dB beamwidth

0.4011 deg
4.4127 deg
4.4127 deg
Satellite beam diameter

250 km
90 km
50 km




Proposal 3: RAN4 shall update “Simulation assumptions for NTN co-existence study” document with the following information:Satellite orbit
GEO
LEO-1200
LEO-600
Satellite altitude
35786 km
1200 km
600 km
NTN UE Assumptions (Distribution, Density/km2) for 15 MHz and 30 MHz configurations (FRF1)
Satellite Beam Diameter
2GHz
250 km
90 km
50 km
Mean Throughput Rate per (Active) NTN UE

250 kbps
250 kbps
250 kbps
Satellite Spectrum Efficiency Assumption

1.35bit/sec/Hz
1.35bit/sec/Hz
1.35bit/sec/Hz
Channel Bandwidth Assumption per Beam

5; 10; 15; 30 MHz
5; 10; 15; 30 MHz
5; 10; 15; 30 MHz
Maximum Throughput per Beam

6.75; 13.5; 20.25; 40.5 Mbps
6.75; 13.5; 20.25; 40.5 Mbps
6.75; 13.5; 20.25; 40.5 Mbps
Number of NTN (Active) UEs per Beam

30 MHz assumption:
162 NTN UEs/beam 
15 MHz assumption:
81 NTN UEs/beam 
30 MHz assumption:
162 NTN UEs/beam 
15 MHz assumption:
81 NTN UEs/beam
30 MHz assumption:
162 NTN UEs/beam 
15 MHz assumption:
81 NTN UEs/beam
NTN UE Density per Given Service Type (for Simulation Purpose)

30 MHz assumption:
0.0033 NTN UEs/km2
15 MHz assumption:
0.0016 NTN UEs/km2
30 MHz assumption:
0.0255 NTN UEs/km2
15 MHz assumption:
0.0127 NTN UEs/km2
30 MHz assumption:
0.0825 NTN UEs/km2
15 MHz assumption:
0.0412 NTN UEs/km2












Proposal 4: The maximum BW size used for NTN coexistence simulation purpose in MSS S-Band should consider the same maximum configurable BW size as for TN n65.
Note1: It should be considered that the TN UE operating in n65 has the capability to operate also in the considered NTN MSS S-Band, since the UE uses the same implementation for both TN and NTN connectivity. For this reason, for the coexistence analysis, same BW configuration should be probably used for both TN and NTN.
Note2: The TN maximum BW size in n65 is currently 20 MHz, and therefore NTN maximum supported BW size in MSS S-Band should also be 20 MHz.
Note3: Simulation assumptions may be further updated accordingly.

Proposal 5: RAN4 should consider the number of TN UEs or their respective densities as a function of interference type.
Proposal 6: RAN4 should consider the number of NTN UEs or their respective densities as a function of interference type.
Proposal 7: Depending on who is the aggressor, and who is the victim, the simulation approach may be different. For generating interference, RAN4 simulations may consider multiple sources, but for measuring interference, RAN4 simulation may use one single destination in different locations.
Proposal 8: NTN simulation assumptions should follow similar Monte-Carlo simulation approach as for the TN simulation assumptions.
Proposal 9: If TN simulation assumptions are using one single TN UE scheduled approach, NTN simulation assumptions should also use one single NTN UE scheduled approach.
Proposal 10: If TN simulation assumptions are using a density of TN UEs, NTN simulation assumptions should also use a density of NTN UEs.
Proposal 11: The simulation assumptions should consider UEs connecting with higher priority to the network providing higher QoS.
Proposal 12: The simulation assumptions could be further simplified with NTN UEs at the edge of TN network or outside TN network.


END
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